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Ellipsoid zone thickness measurements by high resolution  
mode-locked laser optical coherence tomogramphy in healthy 
eyes
Itaru Kimura1, Hiroto Kuroda1, Masayuki Suzuki1, Hisashi Ibuki1, 
Takuhei Shoji1, Kei Shinoda1, Makoto Araie1, 2, Shin Yoneya1. 
1Department of Ophthalmology, Saitama Medical University Faculty 
of Medicine, Iruma-gun, Japan; 2Kanto Central Hospital, Tokyo, 
Japan.
Purpose: Ellipsoid zone (EZ) thickness has been measured by means 
of optical coherence tomography (OCT) technique. We measured 
EZ thickness obtained by high resolution mode-locked laser OCT in 
healthy eyes.
Methods: In 31 eyes of 16 healthy subjects (12 males and 4 females 
with an average age of 33.3±7.3 y/o), longitudinal reflectance 
profile (LRP) was produced by measurements of luminance at 5 
points (foveola, 0.5mm, 1.0mm nasal, or temporal from the foveola) 
in A-scans. Full width at 75% maximum in LRP was defined 
as EZ thickness. We developed the OCT system using an ultra-
broadband Kerr lens mode-locked Ti:Sapphire laser and a wideband 
spectrometer. The spectral bandwidth of the light source was 200 nm 
full-width at half maximum at a central wavelength of 840 nm. A 
high-speed CCD camera with 2048×300 pixels (Basler, Ahrensburg, 
Germany) was used as the detection system. The measurement speed 
was 50,000 depth-scans/s, and depth resolution was measured to be 
less than 2.0 µm into the tissue (Kuroda H, et al, Applied Physics 
Letters 2013).
Results: The averaged EZ thickness values at 1.0mm, 0.5mm  
temporal from foveola, foveola, 0.5mm, 1.0mm nasal from foveola  
were 15.6±6.2µm, 16.5±5.2µm, 14.1±5.4µm, 17.2±7.2µm,  
17.4±7.0µm, respectively. This result was almost equal to the report  
by Matsui, et al, using ultrahigh resolution SD-OCT (16.8±1.8µm, 
16.7±2.3µm,16.5±2.7µm,15.9±2.4µm, 
16.7±2.8µm,respecitively. Japanese Retina & Vitreous Society, 
Japanese Society for Ocular Circulation Joint Meeting 2015).
Conclusions: Ellipsoid zone thickness measurements by high 
resolution mode-locked laser OCT don’t coincide with measurements 
by conventional SD-OCT, but coincide with those by ultrahigh 
resolution SD-OCT.
Commercial Relationships: Itaru Kimura, None; Hiroto Kuroda, 
None; Masayuki Suzuki, None; Hisashi Ibuki, None; 
Takuhei Shoji, None; Kei Shinoda, None; Makoto Araie, None; 
Shin Yoneya, None
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Agreement between droopy eyelid diagnoses made by in-person 
examination compared to analysis of digital images
Pimkwan Jaru-ampornpan1, Taylor Blachley1, Shannon Joseph1, 
Cesar Briceno2, Victor Elner1, Alon Kahana1, Hakan Demirci1, 
David C. Musch1, Raymond Douglas1, Christine Nelson1. 
1Ophthalmology and Visual Sciences, University of Michigan, Ann 
Arbor, MI; 2Ophthalmology, Scheie Eye Institute, Philadelphia, PA.
Purpose: Digital external photography shows promisng role in 
oculo-telemedicine consultation. We performed a retrospective, 
observational study to assess the agreement between external images 

and conventional face-to-face consultation in arriving at clinical 
diagnoses and management of droopy eyelids.
Methods: 18 patients at a single institution were randomly 
selected from droopy eyelid patient database. All were verified 
to have a complete sequence of external photographic images 
(Figure 1). Images were taken with Canon 6D camera with 100mm 
r/2.8 macro lens by professional photographers at the time of 
consultation. Six graders (oculoplastic surgeons with varying 
practice experiences) were asked to identify the cause(s) of droopy 
eyelids (dermatochalasis, blepharoptosis, and/or brow ptosis) and 
recommend surgical managements from the images. Specificity, 
sensitivity, Kappa coefficients and 95% confidence intervals were 
calculated to assess agreement between each grader and the in-person 
examination results.
Results: Graders had low levels of agreement with the in-person 
examination when diagnosing dermatochalasis or blepharoptosis 
and deciding whether to recommend upper lid blepharoplasty and 
ptosis repair, whereas they did better when diagnosis brow ptosis 
and deciding whether to recommend a brow lift (Figure 2a). Several 
graders had very high sensitivity coupled with a very low specificity 
when diagnosing upper lid dermatochalasis and blepharoptosis and 
recommending blepharoplasty and/or ptosis repairs. On the other 
hand, diagnosing brow ptosis and recommending brow lifts showed 
the opposite coupling of low sensitivity and high specificity  
(Figure 2b). The graders required only 3 images (full face and close-
up view of both eyes open in primary gaze and closed) to provide 
the diagnoses and felt that additional photos in the sequence did not 
change their diagnoses in most cases.
Conclusions: External ophthalmic photography in oculoplastics 
research and telemedicine consultation should be used with caution, 
given lack of agreement with the in-person examination in arriving at 
diagnoses and surgical management agreement shown in our study.

Figure 1. External photography sequence for droopy eyelid 
evaluation
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Figure 2. a) Kappa coefficient plot; A kappa coefficient of 1 indicates 
perfect agreement, while 0 indicates a level of agreement expected by 
chance. b) Specificity and Sensitivity plot
Commercial Relationships: Pimkwan Jaru-ampornpan, None; 
Taylor Blachley, None; Shannon Joseph, None; Cesar Briceno, 
None; Victor Elner, None; Alon Kahana, None; Hakan Demirci, 
None; David C. Musch, None; Raymond Douglas, None; 
Christine Nelson, None
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Diagnostic Accuracy and Reliability of Retinal Pathology Using 
the Forus 3nethra Fundus Camera Compared to Ultra Wide-
Field Imaging
Dana Y. Darwish1, Samir N. Patel2, Judy E. Kim3, Yan Gao4, 
Pooja Bhat1, Felix Y. Chau1, Jennifer I. Lim1, Jogin Jose1, 
Karyn E. Jonas1, RV Paul Chan1, Supriya Mehta5, Ann-Marie Lobo1. 
1Ophthalmology and Visual Sciences, Illinois Eye and Ear Infirmary, 
University of Illinois at Chicago, Chicago, IL; 2Memorial Sloan 
Kettering, New York, NY; 3Ophthalmology, Medical College of 
Wisconsin, Milwaukee, WI; 4Biostatistics, University of Illinois 
at Chicago School of Public Health, Chicago, IL; 5Epidemiology, 
University of Illinois at Chicago School of Public Health, Chicago, 
IL.
Purpose: The Forus 3nethra non-mydriatic fundus camera was 
developed as an affordable, portable screening tool for eye conditions 
in resource-limited settings. We evaluated the accuracy and reliability 
of detecting retinal pathology using Forus fundus photographs 
compared to clinical exam and ultra wide-field (UWF) imaging.
Methods: We recruited patients referred for fundus photography 
from eye clinics at Illinois Eye and Ear Infirmary. Thirty-five dilated 
eyes of 18 patients were included. Patients underwent mydriatic 
UWF imaging with the Optos 200Tx (Optos, Marlborough, MA) and 
fundus photography with the Forus 3nethra camera (Forus Health, 
Bangalore, India). Four views of each eye were taken with the 
3nethra camera: central, nasal, superior, inferior. Using a web-based 
system, three graders independently evaluated de-identified images 
for the presence or absence of pathology, image clarity, and specific 
clinical diagnoses. The sensitivity and specificity of each grader 
by imaging system was determined using the clinical diagnosis by 
ophthalmoscopy as the reference standard. Inter-grader agreement 
was assessed using the unweighted kappa statistic.
Results: Prevalence of any pathology based on clinical exam 
was 80%; 14% choroidal lesions, 9% uveitis, and 11% diabetic 
retinopathy. Accuracy of detecting ocular pathology was similar 
between the Forus and UWF images (sensitivity 71.3% vs 77.4%, 
95% CI [-28.9%, 16.7%], p=0.60; specificity 42.8% vs 47.6%, 
95% CI [-56.8%, 47.2%], p=0.85) among 3 graders. Clarity of the 
Forus images was good or acceptable in 77% compared to 34% in 
UWF images (p= 0.0003). Although sample sizes were too small to 
determine statistical significance, there was a trend towards greater 
sensitivity for detection of choroidal lesions for UWF compared to 
Forus (93% vs 33%) but similar sensitivity for uveitis and diabetic 

retinopathy. Graders reported greater confidence in diagnosis with 
Forus compared to UWF for clinical scenarios of diabetic retinopathy 
(58%), uveitis (67%), and choroidal lesions (60%). Inter-grader 
agreement was moderate among graders for both Forus (0.50) and 
UWF (0.40).
Conclusions: The Forus 3nethra images demonstrated similar 
accuracy and reliability compared to UWF in detecting ocular 
pathology. Further studies will determine the utility of the Forus 
3nethra as a screening tool for specific eye diseases.
Commercial Relationships: Dana Y. Darwish, None; 
Samir N. Patel, None; Judy E. Kim, None; Yan Gao, None; 
Pooja Bhat, None; Felix Y. Chau, None; Jennifer I. Lim, None; 
Jogin Jose, None; Karyn E. Jonas, None; RV Paul Chan, Visunex 
(C); Supriya Mehta, None; Ann-Marie Lobo, None
Support: NIH/NEI K12 EY021475 and Unrestricted Departmental 
Grant from Research to Prevent Blindness

Program Number: 4818 Poster Board Number: A0340
Presentation Time: 3:45 PM–5:30 PM
The distribution of macular pigment in different macular 
diseases
Roy Schwartz, Roxanne Crosby-Nwaobi, Adam M. Dubis, 
Philip G. Hykin, Sobha Sivaprasad. Biomedical Research Centre, 
NIHR Moorfields, London, United Kingdom.
Purpose: Macular pigment (MP) is mainly located in the 
photoreceptor axons but also to a lesser extent through the 
photoreceptor (PR) outer segments and inner retina. Its distribution 
has been studied in different macular diseases, but no comparison 
has been made between different diseases. In this prospective 
observational study we used dual wavelength autoflourscence 
(DWAF) to measure the distribution of MP in several diseases and 
examined its correlation with retinal layer thickness.
Methods: 72 eyes of 37 patients aged 18 years or older with different 
macular diseases (central serous chorioretinopathy (CSC) (n=7), 
non-proliferative diabetic retinopathy (NPDR) (n=28), early and 
intermediate age-related macular degeneration (AMD) (n=18), 
advanced AMD (n=10)) and normal patients (n=9) were included 
in the study. The MP optical density (MPOD) was measured using 
DWAF at 0.5° and 2° eccentricities. MPOD measurements were 
examined for correlation with central foveal thickness (CFT). 
Additionally, MPOD at 0.5° was examined for correlation with the 
thickness of the outer nuclear layer, using a measurement from the 
outer plexiform/inner nuclear layer interface to the external limiting 
membrane (ONL+), and the thickness of the PR layer (external 
limiting membrane to RPE). These measurements were done at 150 
µm from the center of the fovea, corresponding to 0.5°.
Results: In all eyes, we found a correlation between MPOD and CFT 
at 0.5°, but not at 2° (p=0.02 and 0.07, respectively). MPOD at 0.5° 
was more closely correlated with the PR layer than the ONL when all 
eyes were compared (p=0.19 vs. p=0.9, respectively). However, that 
correlation varied among the different groups. For instance, NPDR 
(p=0.04 vs. p=0.8), advanced AMD (p=0.16 vs. 0.66) and normals 
(p=0.05 vs. 0.50) followed the trend. In contrast, earlier AMD (p=0.8 
vs. p=0.2) and CSC (0.90 vs 0.74) showed the opposite relationship.
Conclusions: Our results show that more MP is found in retinas 
with a thicker photoreceptor layer, which lends evidence to MP’s 
neuroprotective effect. Our data suggests that in some diseases 
(NPDR, advanced AMD, and in normal patients) there was a stronger 
correlation between PR layer thickness and MPOD, while in others 
(early and intermediate AMD and CSC) the correlation was with 
ONL+. This may result from differences in disease pathology. Future 
work involving more precise segmentation and more subjects may be 
needed to improve analysis.
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Spatial distribution modelling of retinal lesions with application 
to retinal capillary non-perfusion in malarial retinopathy
Gabriela Czanner1, 2, Ian J. MacCormick4, 5, Yalin Zheng3, 2, 
Silvester Czanner6, Yitian Zhao8, Peter Diggle7, Simon P. Harding3, 2. 
1Department of Eye and Vision Science and Biostatistics, University 
of Liverpool, Liverpool, United Kingdom; 2St. Paul’s Eye Unit, 
Royal Liverpool University Hospital, Liverpool, United Kingdom; 
3Department of Eye and Vision Science, University of Liverpool, 
Liverpool, United Kingdom; 4Malawi-Liverpool-Wellcome Trust, 
Blantyre, Malawi; 5Centre for Clinical Brain Research, University of 
Edinburgh, Edinburgh, United Kingdom; 6Manchester Metropolitan 
University, Manchester, United Kingdom; 7CHICAS Lancaster 
Medical School, Lancaster University, Lancaster, United Kingdom; 
8School of Optics and Electronics, Beijing Institute of Technology, 
Beijing, China.
Purpose: Evaluation of retinal disease typically focuses on assessing 
the number or size of lesions, but this ignores the fact that the retina 
is made up of diverse anatomical regions. Adding spatial location to 
analyses may increases the power to detect retinal disease features. 
We use capillary non-perfusion (CNP) as an example because CNP is 
common and relevant for diabetic retinopathy, retinal vein occlusion 
and posterior uveitis. We use malarial retinopathy as an example with 
death as a clear endpoint.
Methods: Comatose Malawian children with cerebral malaria and 
malarial retinopathy were recruited into a prospective observational 
study and underwent dilated ophthalmoscopic exam and fluorescein 
angiography (FA) on admission. We divided the macula and mid 
periphery (6.3 mm radius) into 48 sectors (see Figure) and used 
percentage of CNP pixels in each sector to characterise the spatial 
distribution of lesions across the retina. We developed a hierarchical 
statistical model to represent the CNP spatial distribution with 
goniometric functions, estimated the model parameters by maximum 
likelihood and tested associations with the primary outcome, death.
Results: 172 cases were recruited (2009 to 2014) amongst whom 138 
had fair, good or excellent quality FA images (120 survived and 18 
died). Using our spatial model we found that in malarial retinopathy 
macular CNP generally occurs around the fovea and in the temporal 
macula with increased CNP in death (p=0.03). The highest CNP 
differences were in the macular temporal area (27% vs 31%, for 
survived vs died, p=0.01) and peripheral temporal area (15% vs 22%, 
for survived vs died, p<0.01). Less strong associations were found 
using two-sample t-tests, with insignificant associations between 
the macula and outcome (all 24 p-values >0.05) and one significant 
sector for periphery (p-value=0.02, other 23 p-values >0.05). Lower 
image quality led to higher within-eye variation (17% and 28% 
higher SD for good and fair vs. excellent quality images).
Conclusions: We developed a novel statistical modelling approach to 
analyse spatial lesion in the retina. We illustrated the spatial approach 
in the analysis of lesions of macular CNP and showed that it provides 
both a richer description of lesions than existing methods and 
increased power to detect associations with clinical outcome. This 
technique is relevant to a range of retinal diseases.

Commercial Relationships: Gabriela Czanner, None; 
Ian J. MacCormick, None; Yalin Zheng, None; Silvester Czanner, 
None; Yitian Zhao, None; Peter Diggle, None; Simon P. Harding, 
None
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Morning Eyelid Congestion Severity Captured using an 
Electronic Diary Photography System
Yesha Raval1, Endri Angjeli2, Keith J. Lane2, Paul J. Gomes1. 
1Allergy, ORA, Andover, MA; 2R&D, ORA, Andover, MA.
Purpose: Morning eyelid congestion (MEC) is characterized by 
significant redness and lid swelling due to natural, age-related 
changes in the lid tissues and the presence of subacute inflammatory 
mediators in the closed-eye tear film. MEC is most apparent 
upon awakening and decreases as the day progresses. Due to its 
episodic frequency and limited duration, MEC has been difficult 
to study. Previous attempts to study MEC involved Phase 1 units 
for monitoring of subjects immediately upon awakening. However, 
broader screening is needed to identify subjects with moderately 
severe signs and symptoms. To this aim, we developed an Electronic 
Diary Photography System called myLid diary for subject reporting 
of MEC-related redness and swelling.
Methods: 22 subjects were enrolled in a 3-Visit observational study 
conducted over a 3 week period: 1 week of diary run-in, followed by 
2 weeks of environmental assessments. At Visit 1 (Day 1) subjects 
received the myLid system and were instructed to assess lid swelling 
and redness for 1-week (Day 1-6) at the following time-points: 
in the evening (before bed), upon awakening, at 30 minutes after 
awakening, and hourly thereafter for 6 hours. At Visit 2 (Day 7) a 
trained clinician verified the presence of morning eyelid swelling 
from myLid diary images and qualified patients continued the at-
home diary assessments (Days 7-20). At Visit 3 (Day 21) subjects 
underwent study exit procedures.
Results: Signs significantly increased from before-sleep scores 
to upon awakening scores using the lid swelling severity scale 
(P<0.001), the VAS scale (P<0.001) and the ocular redness scale 
(P<0.001). By hour 6 after wakening, signs had returned to close to 
baseline. The average range of morning eyelid severity was 1.7 to 3.3 
upon awakening, and 0.84 to 2.45 at the 6-hour time point.
Conclusions: Lid swelling upon awakening was significantly higher 
than the previous evening, demonstrating a clear diurnal pattern. 
MEC is a significant ocular condition that warrants attention. This 
tracking technology provides an appropriate method for studying 
therapies targeted at severe episodes of MEC.
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The relationship between central retinal artery equivalent and 
cerebral artery diameters
Mengxue Zhou8, Kojiro Imai6, Masahide Hamaguchi2, 
Akio Okuma5, Kazuhiko Mori7, Koichiro Yata3, Naoki Okumura8, 
Shigeru Kinoshita1, Takao Kojima4, Noriko Koizumi8. 1Kyoto 
Prefectual University of Medicine, Kyoto, Japan; 2Department 
of Diabetology, Kameoka Municipal Hospital, Kameoka, Japan; 
3Department of Ophthalmology, Murakami Memorial Hospital, 
Asahi University, Gifu, Japan; 4Department of Gastroenterology, 
Murakami Memorial Hospital, Asahi Universitymorial Hospital, 
Gifu, Japan; 5Health Screening Center, Murakami Memorial Hospital, 
Asahi University, Gifu, Japan; 6Department of Medical Innovation 
and Translational Medical Science Graduate School of Medical 
Science, Kyoto Prefectual University of Medicine, Kyoto, Japan; 
7Department of Ophthalmology, Graduate School pf Medical Science, 
Kyoto Prefectual University of Medicine, Kyoto, Japan; 8Department 
of Biomedical Engineering, Faculty of Life and Medical Sciences, 
Doshisha University, Kyotanabe, Japan.
Purpose: Embryologically, the retina is an extension of the 
diencephalon, and both retina and brain share a similar pattern of 
vascularization during development. Investigative techniques used 
to study cerebral vasculature are expensive, and are only available 
in specialized medical centers, while the retinal vasculature can be 
directly visualized in vivo, and then photographed (Patton et al. 
2005). Due to the homology between the retinal vasculature and 
cerebral vasculature and the simplicity of retinal imaging analyses, 
the findings of retinal vasculature examinations can be used as proper 
markers of cerebrovascular diseases. The purpose of this present 
study was to investigate the relationships between central retinal 
artery equivalent, internal carotid artery, and middle cerebral artery in 
the vessel diameter.
Methods: This study involved 53 patients (23 males, mean age: 
52.1±8.6 years, and 29 females, mean age: 53.1±5.2years), who 
underwent a medical checkup of the brain at Murakami Memorial 
Asahi University, Gifu, Japan in 2013. Of those, we selected the 25 
patients (18 males, mean age: 52.2±9.3 years, and 7 females, mean 
age: 53.6±5.8 years) with a normal body mass index and blood 
pressure based on health examination data. The magnetic resonance 
imaging (MRI) data of the middle cerebral artery diameter and 
internal carotid artery diameter were then measured using EV Lite 
software. For both arteries, we chose two locations on the left and 
right side, and then averaged the data. IVAN software was then used 
to measure the central retinal artery equivalent. The relationships 
among the three vascular diameters were then examined using the 
correlation coefficient.
Results: The correlation coefficients between the internal carotid 
artery diameter and the middle cerebral artery diameter were 0.40 
(p<0.05, left eye) and 0.43 (p<0.05, right eye). The correlation 
coefficients between the central retinal artery equivalent and the 
internal carotid artery diameter were -0.11 (p=-0.30, left eye) and 
0.05 (p=0.60, right eye), and between the central retinal artery 

equivalent and the middle cerebral artery diameter were -0.14 
(p=0.25, left eye) and -0.31 (p=0.06, right eye).
Conclusions: The correlation coefficients showed no strong 
association between the central retinal artery equivalent measured 
by retinal imaging and cerebral artery diameters calculated from the 
MRI and magnetic resonance angiogram images.
Commercial Relationships: Mengxue Zhou, None; Kojiro Imai, 
None; Masahide Hamaguchi, None; Akio Okuma, None; 
Kazuhiko Mori, None; Koichiro Yata, None; Naoki Okumura, 
None; Shigeru Kinoshita, None; Takao Kojima, None; 
Noriko Koizumi, None
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Effects of 3D stratification of Retinal Ganglion Cells in Sholl 
Analysis
John Gobran1, Delaney C. Henderson1, Balwantray C. Chauhan1, 2. 
1Physiology and Biophysics, Dalhousie University, Halifax, NS, 
Canada; 2Ophthalmology and Visual Sciences, Dalhousie University, 
Halifax, NS, Canada.
Purpose: Sholl analysis is an analytical technique used to quantify 
the complexity of dendritic arbors of neurons. Previous studies have 
compared 2D and 3D Sholl analysis in CNS neurons, demonstrating 
a significant difference between 2D and 3D Sholl profiles due to 
extensive stratification of dendrites. Retinal ganglion cell (RGC) 
dendrites also stratify, to varying degrees, in the inner plexiform 
layer. The purpose of the present study was to compare 2D and 3D 
Sholl analysis parameters and determine the implications of RGC 
dendrite stratification in Sholl analysis.
Methods: Retinas from transgenic mice, with less than 0.5% 
of RGCs expressing yellow fluorescent protein (YFP; Thy-
1 YFP line H; Jackson Laboratories, ME) were processed for 
immunohistochemistry and fluorescence imaging (z-stacks, Zeiss 
Apotome). Dendritic arbors were traced with the simple neurite tracer 
plugin (Fiji) and Sholl analysis (Bitmap plugin, Fiji) was performed 
on each z-stack (3D Sholl) and maximum projected image of the 
z-stack (2D Sholl) for each RGC. Sholl profiles were plotted for 
each cell and area under the curve (AUC) calculated for each method 
(2D vs. 3D Sholl). AUC provides a measure of dendritic arbor 
complexity. To determine whether estimates of dendritic complexity 
were altered based on measuring 2D vs. 3D RGC reconstructions; 
AUC was calculated for each cell, along with the maximum number 
of intersections.
Results: AUC calculated from 2D Sholl profiles was, on average, 
13.6% higher compared to those from the 3D images (Figure; mean 
(SD): 5889 (1738) vs. 6770 (1761), 3D vs. 2D; n=10, P < 0.01). The 
maximum number of intersections was also slightly higher in 2D 
images (by 10.1%) compared to 3D Sholl profiles (27.7 (7.0) vs. 30.9 
(7.6), 3D vs. 2D; P = 0.01). The average arbour radius was 449 (67) 
microns away from the cell soma and the mean arbor thickness (depth 
of stratification) was 13.7 (5.1) microns. Therefore, the results of the 
present study show that the difference in Sholl profiles generated 
from 2D and 3D RGC reconstructions are not negligible.
Conclusions: Statistical analysis performed on 2D and 3D Sholl 
analysis suggests that the dendritic stratification of RGCs has an 
impact on Sholl analysis parameters.
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Optical Coherence Tomography retinal segmentation changes 
induced by gradual ascent to high altitude in mountaineers 
randomized to acetazolamide vs placebo
Mariano Cozzi1, 2, Alex Clarke3, Christopher Imray4, 
Sergio Pagliarini2. 1Ophthalmology, Eye Clinic Luigi Sacco Hospital, 
Milan, Italy; 2Ophthalmology, University Hospitals Coventry & 
Warwickshire NHS Trust, Rugby, United Kingdom; 3Warwick 
Medical School, Warwick, United Kingdom; 4Vascular Surgery, 
University Hospitals Coventry and Warwickshire NHS Trust, 
Coventry, United Kingdom.
Purpose: Structural and functional changes of the human 
macula have been described after acute exposure to high altitude. 
Acetazolamide is known to reduce the incidence of acute mountain 
sickness. We report the effect of a gradual altitudinal ascent on retinal 
segmentation and subfoveal choroidal thickness (SCT) on a group of 
mountaineers who were randomized to acetazolamide vs placebo.
Methods: 20 healthy mountaineers who undertook an ascent from 
the base at Gressonay (1,640m) to Margherita Hut (4,559m) on 
Monte Rosa, Italy were randomized to treatment with acetazolamide 
250mg BD vs placebo. Acclimatization was pursued with a first day 
1,000 ascent and return to base followed by approximately 1,000 
progressive ascent per day to Mount Rosa over 3 days (from 1,640m 
at base to 2,646m, 3,647m and 4,559m).
OCT Spectralis (Heidelberg Engineering) was carried out at 1640m 
and at 4,599m. Fast volume 20x20° cube scans centered on the 
fovea and vertical and horizontal 9mm EDI crosslines scans were 

acquired. Changes in overall retinal thickness and 8-retinal layers 
segmentation were calculated using the EyeEx software (Version 
6.3.2). SCT was obtained as an average of vertical and horizontal 
manual measurements of the distance from the RPE/BM complex 
to the choroidal-scleral junction. All measurements were taken late 
afternoon-evening to minimize diurnal variation.
Results: The right eye of 20 subjects (mean age 36.3 SD±19.7) was 
included in the analysis. There was no significant difference between 
intervention and control groups for any retinal layer or SCT.
A statistically significant all-participant ETDRS grid mean thickness 
increase was seen only for RNFL 2.36µm (p = 0.006), GCL 1.18 µm 
(p = 0.050) and OPL 2.31µm (p = 0.028). When ETDRS areas were 
grouped into larger and smaller vessel sectors the larger vessel group 
saw a significantly greater increase in mean RNFL thickness with 
altitude than the less vascularized group (% change 3.1 vs 0.24,  
p = 0.048). This difference was not present for other layers. The mean 
SCT decreased significantly by 8.8µm (p = 0.008).
Conclusions: Acetazolamide seems not to affect retinal and choroidal 
thickness changes after gradual ascent to high altitude. The RNFL 
contribution to increased altitudinal retinal thickness appears to be 
greater in sectors with larger retinal vessels. This is not the case for 
OPL expansion.
Commercial Relationships: Mariano Cozzi, Heidelberg 
Engineering (F), Alcon (F), Bayer (F); Alex Clarke; 
Christopher Imray, None; Sergio Pagliarini, Alcon (R), Allergan 
(R), Heidelberg Engineering (R), Novartis (R), Zeiss (R), Bayer (R)
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The Impact of Imaging Modalities and Acetazolamide on Retinal 
Vessel Diameter at High Altitude
Alexander Clarke1, Mariano Cozzi2, Charles Hand1, Chris Imray3, 
Sergio Pagliarini4. 1Warwick Medical School, Spital Tongues, 
United Kingdom; 2Ophthalmology, Eye Clinic Luigi Sacco 
Hospital, Milan, Italy; 3Vascular Surgery, University Hospitals 
Coventry & Warwickshire NHS Trust, Coventry, United Kingdom; 
4Ophthalmology, University Hospitals Coventry & Warwickshire 
NHS Trust, Rugby, United Kingdom.
Purpose: Acute mountain sickness (AMS) is common at altitude, 
and can presage the more serious complication of cerebral oedema. 
One major hypothesis for the development of this condition is 
venous outflow insufficiency. This has in turn increased interest in 
the retinal vessels, with their accessibility to imaging and anatomical 
connections to the cerebral vasculature. However there remains major 
unanswered methodological questions in these studies. As part of an 
expedition to the Italian Alps we studied two major causes of study 
design heterogeneity; the use of disparate imaging modalities and the 
concurrent use of acetazolamide, an AMS prophylactic.
Methods: 20 participants (mean age 36.3, SD 19.7) ascended Monte 
Rosa (4634m) over 4 days as part of a double-blind parallel RCT. 
Randomisation was between a twice daily 250mg acetazolamide 
capsule and placebo. All participants underwent evening fundus 
digital photography (Zeiss Visucam) and near-infrared retinal 
reflectance (Heidelberg Engineering Spectralis) in Gressoney 
(1600m) and the Capanna Margherita (4559m). Right eye retinal 
vessel diameter was measured using automated software (Imedos 
Vesselmap1).
Results: A highly significant increase in mean venous diameter was 
seen at altitude on both digital camera images (10.6µm, p < .001) and 
infrared camera images (11.3µm, p < .001). This was also true for 
mean arterial diameter, with increases of 5.2µm (p < .001) and 5.1µm 
(p < .001) for digital and infrared cameras respectively. However, 
there was no significant difference between intervention and control 
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groups in venous or arterial calibre in either imaging modality. 
Pearson correlation found a very strong association between digital 
and infrared images for both venous calibre (r = .772, p < .001) and 
arterial calibre (r = .813, p < .001).
Conclusions: In line with existing studies, arterial and venous retinal 
vessel diameter have been shown to increase significantly with 
altitude. Moreover it was shown that acetazolamide, commonly used 
by climbers to attenuate AMS, is unlikely to confound studies of 
retinal vasculature. Finally it was found that digital and near-infrared 
camera images correlate well when measuring altitude related vessel 
diameter changes.
Commercial Relationships: Alexander Clarke, None; 
Mariano Cozzi, Heidelberg Engineering (F), Alcon (F), Bayer (F); 
Charles Hand, None; Chris Imray, None; Sergio Pagliarini, Alcon 
(R), Allergan (R), Heidelberg Engineering (R), Novartis (R), Zeiss 
(R), Bayer (R)
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Collagen architecture in the third dimension:3D polarized light 
microscopy (3DPLM) for mapping in-plane (IP) and out-of-plane 
(OOP) collagen fiber architecture
Bin Yang1, Ning-Jiun Jan1, 2, Po Lam1, Kira L. Lathrop1, 2, 
Ian A. Sigal1, 2. 1Ophthalmology, University of Pittsburgh, Pittsburgh, 
PA; 2Bioengineering, University of Pittsburgh, Pittsburgh, PA.
Purpose: The collagen fibers of the eye have a complex 3D 
organization critical to its mechanical functions, however, 
quantification of 3D fiber orientation of the eye in high-resolution 
over wide fields has remained a challenge. Here, we demonstrate the 
application to the posterior sclera of 3DPLM techniques that we have 
developed that allows determination of collagen fiber orientation in 
3D, including IP and OOP components.
Methods: A goat eye (<2 yo) was obtained from a local 
slaughterhouse and fixed overnight in formalin (10%) within 24 hours 
of death. Following fixation, the eye was cryosectioned sagittally into 
25µm sections. A section through the optic nerve head was selected 
and imaged using polarized light microscopy (Olympus IX70 with 
4X, and 10X objectives) as previously described (Jan et al., BOE, 
2015). Three sclera regions of interest (ROIs) shown in Fig. 1a were 
selected for analysis of IP and OOP orientation: adjacent to the sclera/
dura interface, innermost and the mid-sclera 400µm from the canal.
Results: The polarization enhanced, IP and OOP fiber orientation 
maps are shown in Fig. 1a-c, respectively. The OOP fiber orientation 
varies with location in respect to the canal. The mean OOP angles 
were 56.2±17.2°, 26.6±15° and 37.5±21.7°, in ROIs 1, 2 and 3, 
respectively. Higher magnification revealed fiber bundles and 
fascicles (Fig. 2a-b) with a clear distinction between interweaving 
fibers in and out of plane (Fig. 2c-d). Fig. 2e-f show 3D fiber 
orientation maps with shorter lines indicating larger OOP angles.
Conclusions: We demonstrated a novel 3DPLM imaging approach to 
quantify IP and OOP fiber orientation in ocular tissues. The technique 
allowed identification of regions with predominantly circumferential, 
radial or mixed-orientation. 3DPLM can be used to acquire high 
magnification images with a wide field of view, making it ideal for 
studying 3D ocular tissue microstructures.

Figure 1 (a) polarization enhanced image, (b) OOP fiber orientation 
map with 0 degree being in-plane and 90 degrees being out-of-plane 
and (c) in-plane fiber orientation map. Scale bar=300µm.

Figure 2 (a-b) polarization enhanced image and OOP orientation map 
of ROI with single white arrow, (c-d) polarization enhanced image 
and OOP orientation map of ROI with double white arrow, (e-f) 
vector map. Red arrows indicate fiber fascicles. Scale bar=50µm.
Commercial Relationships: Bin Yang, None; Ning-Jiun Jan, None; 
Po Lam, None; Kira L. Lathrop, None; Ian A. Sigal, None
Support: NIH R01-EY023966, NIH P30-EY008098
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Ultrasound Characterization of Blood-Flow in the Choroid and 
Retina
Raksha Urs1, Jeffrey Ketterling2, D Jackson Coleman1, 
Ronald Silverman1. 1Ophthalmology, Columbia University Medical 
Center, Teaneck, NJ; 2Lizzi Center for Biomedical Engineering, 
Riverside Research, New York, NY.
Purpose: To image and measure flow-velocity and perfusion in the 
choroid and retina using a recently developed linear-array based 
ultrasound technique, coherent compound plane-wave imaging 
(CCPWI).
Methods: We programmed a research ultrasound platform 
(Verasonics Vantage 128) to perform CCPWI using a 20 MHz 
linear array. B-mode images of the posterior pole were acquired at 
15,000 images/s. 15 images were acquired over ±15ο to form 1000 
compound images/s by coherent addition. Images were acquired for 
2.25 seconds to capture 2-3 cardiac cycles. We developed methods 
to visualize slow-flow in the retinal-choroidal region offline and 
produce power Doppler images. We measured blood flow over the 
entire visualized retina-choroidal region using short-time Fourier 
transform and obtained spatially averaged mean velocity. Perfusion 
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was measured as the integral of the power Doppler signal. Retinal-
choroidal perfusion was characterized as a function of time. The peak 
frequency of perfusion variation (corresponding to the heart rate) was 
extracted and the Fourier-component corresponding to that frequency 
summed with the DC component was used to model perfusion 
variation. Power Doppler Index (PDI) was calculated from the model 
as (PDMax - PDMin)/PDMax. To demonstrate this technique, we acquired 
two sets of images each, before and at 1 and 2 hours after intake of 
40 mg sildenafil, a medication believed to cause dilation of retinal/
choroidal vessels. Experiments were performed on one subject on 
three separate days.
Results: Paired t-tests revealed all measurements were significantly 
different before and after sildenafil intake. Mean pre-treatment 
velocity was measured as 11.72±0.99 mm/s, decreasing to 10.39±1.99 
mm/s (-11%; p=0.08) at 1 hour post sildenafil intake, and 10.03±1.76 
mm/s (-14%; p=0.02) at 2 hours. Normal PDI was 0.40±0.06 but 
increased to 0.55±0.19 (+36%; p=0.03) at 1 hour post sildenafil and 
0.48±0.1 (+23%; p=0.01) at 2 hours.
Conclusions: Ultrasound CCPWI presents a novel method of 
determining flow velocity and perfusion in the retinal-choroidal 
region. We foresee immediate research and clinical applications of 
this method in the evaluation of conditions influencing retinal and 
choroidal flow, such as glaucoma and macular degeneration.
Commercial Relationships: Raksha Urs, None; Jeffrey Ketterling, 
None; D Jackson Coleman, None; Ronald Silverman, None
Support: NIH Grants EY025215, P30 EY019007, Research to 
Prevent Blindness
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Using ultrasound biomicroscopy in evaluation of lacrimal 
drainage obstruction: a preliminary study
Paola Brito Sandoval. Ophthalmology, Hospital Nuestra Señora De 
La Luz, Mexico City, Mexico.
Purpose: The ultrasound biomicroscopy (UBM) is a high resolution 
imaging study. The lacrimal system is an accessible structure through 
the skin and contains liquid which makes it ideal for the realization 
of UBM. Never the less its use to evaluate this structure has not been 
widespread. We performed an observational and comparative study to 
evaluate each structure in the lacrimal drainage system with UBM, its 
normal measurements and compared them with patients with lacrimal 
obstruction.
Methods: UBM was performed in healthy subjects and patients with 
lacrimal obstruction, adults, above 18 years old. As a immersión 
container we used modified swimming goggles. We used a VuMAX, 
Sonomed UBM with the 35mHz probe.
Results: We evaluated 18 patients, 12 controls and 6 cases of 
lacrimal obstruction. Controls: we identified the following structures 
and its measurements: canaliculi with an mean diameter of 0.71 mm, 
common canaliculus 1.23 mm and lacrimal sac 3.43 mm. Cases: there 
were 2 cases of upper lacrimal obstruction, 2 cases of lower lacrimal 
obstruction and 2 cases that had dacryointubation surgery performed. 
Measurements: canaliculi with a mean diameter of 0.62mm, common 
canaliculus 1.07mm and tear sac 3.58mm. The was no diference in 
the diameters between the cases and controls. We compared between 
male and female and we did found a diference.
Female/Male
Tear Sac: 2.87mm/ 4.26mm
Common canaliculus: 0.95mm/ 1.33mm
Superior and inferior canaliculus: 0.64mm/ 0.72mm
The patients with dacryointubation surgery, we didnt visualize the 
silicone probe inside the canaliculi or sac, due to the attenuation of 

the sound waves and the lumen is not empty or hypoechoic as in 
controls.
Other findings: One of the patients didnt have a common canaliculus, 
another had a bifurcation of the naso-lacrimal duct. All had prominent 
mucosal folds and valves narrowing the lumen and debris in the 
lumen. We visualized the angular vessels.
Conclusions: We were able to observe the diferent parts of the 
lacrimal drainage. We observed no difference in the diameters 
between the groups, but we did when we compared the females 
with males. The study was tolerated, causing minimal discomfort. 
There was a slight leak of liquid due to the sealing of the goggles. 
In conclusion, UBM is a useful, easily accessible, low cost and 
noninvasive tool to evaluate eyelid and lacrimal structures, with no 
complications.
Commercial Relationships: Paola Brito Sandoval
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An Imaging Based Virtual Review Model for Rapid Access 
Assessment of Patients with Macular Disease. The Manchester 
EMAC service
Vivian Anakwenze1, K Balaskas1, Tariq Aslam1, 2, Yvonne D’Souza1, 
Amy Stone1, Romi Chhabra1, Sajjad Mahmood1. 1Central Manchester 
Foundation Trust, Manchester, United Kingdom; 2The University of 
Manchester, Manchester, United Kingdom.
Purpose: The Manchester Emergency Macular Service (EMAC) 
is a rapid access pathway through which primary care optometrists 
and general ophthalmologists can refer patients with suspected 
urgent macular pathology. The service aims to improve time to 
assessment enabling more rapid access to treatment for patients with 
macular disease and thus greater potential for visual improvement. 
The referral to initial assessment target is a maximum of 48 hours. 
This study evaluated types of pathology referred and time to first 
appointment using this model.
Methods: During an EMAC appointment patients attending have 
visual acuity assessment, colour fundus photography and optical 
coherence tomography (OCT scan). Patients’ images are then 
reviewed and triaged in a virtual clinic setting. Intravitreal treatment 
is arranged urgently when indicated in accordance with guidelines 
from the UK Royal College of Ophthalmologists. This retrospective 
study reviewed one hundred consecutive cases referred to the EMAC 
service during September and October 2016. Time to first assessment 
and disease types referred were evaluated.
Results: The modal number of days from date of referral to EMAC 
service was 1 day. 61% of patients were seen within 48 hrs. Over the 
time period reviewed 94% of patients received an appointment within 
a week. Nearly all patients seen outside 5 working days were due 
to patients requesting a preferred date due to social circumstances. 
A range of macular pathology was documented. The most common 
disease detected was dry age related macular degeneration accounting 
for 34% of referrals to EMAC. Wet age related macular degeneration 
was detected in 32%. Less commonly, branch retinal vein occlusion 
in 10% - of which 40% had foveal involvement. Central serous 
retinopathy was seen in 5% of patients referred during this period.
Conclusions: The EMAC service model may be easily implemented 
in ophthalmic units and provides a rapid access route for urgent 
assessment of macular pathology in a virtual clinic using modern 
imaging technologies. This enables rapid evaluation by macular 
specialists and rapid access to intravitreal therapy when indicated.
Commercial Relationships: Vivian Anakwenze, None; K Balaskas, 
None; Tariq Aslam, None; Yvonne D'Souza, None; Amy Stone, 
None; Romi Chhabra, None; Sajjad Mahmood, None
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Dynamic Light Scattering of Vitreous in Patients with Vitreous 
Floaters Compared to Macular Pucker
Kassandra Kershaw1, 2, Derek Nguyen2, Kenneth M. Yee2, 
Justin Nguyen2, Michael Harrington1, J Sebag2. 1Huntington Medical 
Research Institutes, Pasadena, CA; 2VMR Institute for Vitreous 
Macula Retina, Huntington Beach, CA.
Purpose: Vitreous opacities and posterior vitreous detachment (PVD) 
disturb vision by degrading contrast sensitivity (AJO 172:7-12, 
2016). Increased light scattering is the presumed mechanism. To test 
this hypothesis, dynamic light scattering (DLS) was performed on 
excised vitreous of patients with clinically significant floaters, and 
compared to macular pucker controls.
Methods: Undiluted, unfixed vitreous was procured during 25-gauge 
vitrectomy in 14 subjects (age=59 ± 6.6 years) with clinically 
significant vitreous floaters, and 6 controls (age=66.5 ± 8.7 years; 
P=0.10) with macular pucker. Total protein concentration was 
determined by fluorescent Quant-iT™ protein assay kit  
(Invitrogen/Molecular Probes, Eugene, OR) with bovine serum 
albumin (500 ng/ml) as a standard. Fluorescence (excitation at  
470 nm and emission at 570 nm) was measured using a Gemini XPS 
Dual-Scanning Microplate Spectrofluorometer and data analyzed 
using SoftMax® Pro software (Molecular Devices, Sunnyvale, 
CA). DLS (NS300, Malvern Instruments, Westborough, MA) 
measurements were performed in each specimen after 10-fold 
dilution in phosphate buffered saline to optimize concentration in 
each specimen and determine the mean number of particles, the 
particle size distributions, and the average particle sizes.
Results: Total protein concentration in vitreous specimens trended 
higher in macular pucker controls (1037 ± 1038 µg/mL) than 
eyes with vitreous floaters (353.7 ± 141.1 µg/mL; P=0.08). When 
normalized to total protein concentration, the number of particles in 
vitreous from floater eyes was more than 2-fold greater than controls 
(P< 0.04). Particle size distributions were similarly two-fold greater 
in vitreous from floater subjects as compared to controls (P< 0.05). 
The average particle size in vitreous from floater eyes was 315.8 ± 
194.6 nm, compared to 147.7 ± 129.3 nm in macular pucker controls 
(P=0.039).
Conclusions: Vitreous from eyes with clinically significant floaters 
contains more particles of larger sizes as compared to controls, likely 
accounting for the degradation of contrast sensitivity previously 
found in these patients (Retina 34:1062-8, 2014; IOVS 56:1611–7, 
2015; AJO 172:7-12, 2016). DLS could elucidate the underlying 
molecular abnormalities in patients afflicted with bothersome vitreous 
floaters and help develop clinical tools to better measure vitreous 
floaters as well as test the efficacy of various therapies.
Commercial Relationships: Kassandra Kershaw, None; 
Derek Nguyen, None; Kenneth M. Yee, None; Justin Nguyen, 
None; Michael Harrington, None; J Sebag, None
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CONGENITAL TOXOPLASMOSIS M-HEALTH NETWORK 
IN ARGENTINA
Guillermo Andrés Monteoliva, GABRIELA SAIDMAN. Calle 12 
esquina 67 #1698, RED ROP ZONA SUR VI XI, La Plata, Argentina.
Purpose: Interest in smartphone fundoscopy has been growing 
unceasingly, with several devices developed. We presented last year 
a headband mounted holder for hands-free indirect funduscopy. Our 
purpose is to show the development of a Congenital Toxoplasmosis 
M-health (mobile telemedicine) network in Argentina.

Methods: The helmet prototype was delivered to ophthalmologists 
in public hospitals in Argentina. The learning curve with this device 
is easy. We have worked in a smartphone network to spread the 
technique by M-learning, and also in presencial courses with wet 
lab eyes. Informed consent for retinal images registration is signed 
by family. In newborn babies with serology suspect of congenital 
toxoplasmosis, examination with retinal images capture was 
performed and shared with medical consultant team (ophthalmologist, 
Infactious diseases experts). Early treatment could be achieved this 
way, avoiding reference of babies in many cases. Follow up of the 
cases was performed with images and clinical reports.
Results: Congenital Toxoplasmosis images registered by smartphone 
helmet prototype were taken. Evaluation of images and clinical data 
was performed in Base Hospital. Early treatment could be started 
through this network.
Conclusions: The M-health Congenital Toxoplasmosis Network 
is now developing a protocole. The headband prototype allows 
peripheral images to be taken. This Telemedicina Network has been 
found very useful for newborn babies with retinal toxoplasmosis 
to start an early treatment. Validation work of the images and final 
protocole are still needed in this network.

Congenital toxoplasmosis in a new born baby. smartphone retinal 
images were sent to base hospital. Work up and early treatment could 
be performed.
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hands free helmet prototype allows indentation and indirect 
ophthalmoscopy technique in babies.
Commercial Relationships: Guillermo Andrés Monteoliva, None; 
GABRIELA SAIDMAN, None
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Changes in Subretinal Hyperreflective Material in Phase I/II 
Study of Proton Beam Irradiation combined with anti-VEGF 
Therapy for Exudative Age-Related Macular Degeneration
Jonathan Lu1, Inder Daftari2, Kavita Mishra2, Ala Moshiri1, 
Susanna S. Park1. 1University of California Davis, Sacramento, CA; 
2University of California San Francisco, San Francisco, CA.
Purpose: Since size of the subretinal hyperreflective material 
(SRHM) on OCT imaging has been correlated with long-term 
visual outcome in exudative age-related macular degeneration 
(eAMD) treated with intravitreal anti-vascular endothelial growth 
factor (VEGF), we tested the hypothesis that low dose proton beam 
treatment (PBT) with anti-VEGF reduced the volume of SRHM by 
reducing the fibrotic part in the choroidal neovascular membrane 
associated with eAMD.
Methods: Baseline, 1 and 2 year OCT of eyes completing 24 months 
follow-up of a prospective phase I/II randomized, prospective, sham-
controlled study of PBT combined with antiVEGF therapy were 
analyzed for SRHM volume using the automated volume measure 
of subRPE lesion (Cirrus). Eyes were randomized 1:1:1 to 24GyE 

PBT, 16GyE PBT or sham radiation and followed for antiVEGF 
retreatment as needed based on new OCT fluid and/or macular 
hemorrhage after three monthly antiVEGF.
Results: Among 30 eyes, 15 completed 24 months of the study, and 
had OCT images. All showed SRHM, ranging 0.01 to 2.05 mm^3 
at baseline (mean 0.48 mm^3+0.62 mm^3), 0 to 2.76 mm^3 at 12 
months (mean 0.38 mm^3 + 0.77 mm^3), and 0.01 to 3.84 mm^3 
at 24 months (mean 0.51 mm^3 + 1.04 mm^3). No significant 
difference in mean volume was noted among groups at 12 and 24 
months. As measure of very small volume SRHM (i.e. < 0.01 mm^3) 
has limited accuracy, further analysis was on 14 eyes with SRHM 
volume of > 0.01 mm^3 at baseline (n=5 24GyE, n=3 16GyE, n=6 
sham). The proportion with SRHM volume decreases by > 50% 
from baseline at 12 months was 3/5 in 24GyE, 3/3 in 16GyE, and 1/6 
in sham, with a significant difference between PBT versus sham at 
12 months (p = 0.03 by X2) and a trend at 24 months (p = 0.057 by 
X2). Eyes with > 50% decrease in SRHM at 24 months had similar 
reduction in SRHM at 12 months.
Conclusions: Interim OCT analysis of eyes in this small prospective 
phase I/II sham controlled study of eAMD show a significantly 
higher proportion of eyes with greater than halving in volume of 
SRHM among eyes with eAMD treated with PBT and antiVEGF 
therapy as compared to antiVEGF monotherapy. This supports the 
hypothesis that low dose radiation with intravitreal antiVEGF may 
reduce the size of SRHM in eAMD. A larger study may be warranted 
to further characterize this effect.
Commercial Relationships: Jonathan Lu; Inder Daftari, None; 
Kavita Mishra, None; Ala Moshiri, None; Susanna S. Park, None
Support: Strategic Opportunities Support Award, Clinical and 
Translational Science Institute (UCSF)
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Evaluation of Automatic Following of Anatomical Structures for 
Live Intraoperative OCT Repositioning
Stefan Duca1, Konstantinos Filippatos1, Jochen Straub2, M. 
Ali Nasseri3, Daniel M. Zapp3, Nassir Navab4, Mathias M. Maier3, 
Hessam Roodaki4, Abouzar Eslami1. 1Carl Zeiss Meditec AG, 
München, Germany; 2Carl Zeiss Meditec, Inc., Dublin, CA; 
3Klinikum rechts der Isar, TUMuenchen, München, Germany; 
4Technische Universität München, München, Germany.
Purpose: The scan location of microscope integrated optical 
coherence tomography is primarily controlled through the foot 
panel joystick. We study the feasibility of automatically following 
an arbitrary structure by tracking the surgical view and updating 
the OCT scan location during porcine wet labs and on recorded 
operations.
Methods: Two Lumera 700 microscopes equipped with RESCAN 
700 (Zeis, Oberkochen) were modified to allow the surgeon to set 
the scan location of the live iOCT at any position such as macula 
to be automatically followed and acquire cross-sectional scans 
continuously. The system needed to be robust to illumination 
changes, instrument occlusion, out of focus views, and other common 
issues during actual surgeries. Two groups of surgeons including 5 
posterior-segment surgeons and 1 anterior segment surgeon tried the 
modified system during wet labs. Following wet lab with porcine 
eyes, all surgeons answered yes or no to the questions:
1- Is the feature beneficial during surgery?
2- Is the system sufficiently fast?
The second group of surgeons also answered yes or no to the 
questions:
3- Is the tracker robust to the illumination change?
4- Is the tracker robust to the occlusions by surgical instrument?
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In addition to the subjective tests, the performance of the tracker 
was evaluated by reviewing individual frames from several recorded 
operations. Landmarks were manually annotated every 5 frames and 
their position was compared with the estimated position from the 
algorithm.
Results: The answers of the surgeons to the questionnaire are 
reported in the following table. A total of 10250 fundus view frames 
from 38 operations were reviewed for accuracy and figure 1 shows 
the performance of the algorithm in following structures with 
different magnifications. The accuracy of the algorithm is measured 
as 11.19 ± 9.48 pixels and its Bland-Altman plot is shown in figure 2.
Q1 (5 Y 1 N)
Q2 (6 Y 0 N)
Q3 (1 Y 1 N.A.)
Q4 (2 Y 0 N)
Conclusions: Most surgeons participating in this study agree on 
the performance of the proposed feature for following anatomical 
structures. This is supported by the quantitative analyses.

Figure 1 Performance of following structure on different surgical 
videos.

Figure 2 Bland-Altman plot of the tracking accuracy.
Commercial Relationships: Stefan Duca, Carl Zeiss Meditec AG, 
München (E); Konstantinos Filippatos, Carl Zeiss Meditec AG, 
München (E); Jochen Straub, Carl Zeiss Meditec, Inc., Dublin 
(E); M. Ali Nasseri, None; Daniel M. Zapp, None; Nassir Navab, 
None; Mathias M. Maier, None; Hessam Roodaki, None; 
Abouzar Eslami, Carl Zeiss Meditec AG, München (E)
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Minimizing inter-camera image variation effects on retinal image 
screening algorithms with autoencoder
Niranchana Manivannan1, Jeremy Benson1, 2, Sheila C. Nemeth1, 
Zyden Jarry1, Trilce Estrada2, E Simon Barriga1, Peter Soliz1. 
1VisionQuest Biomedical LLC, Albuquerque, NM; 2Computer 
Science Dept., University of New Mexico, Albuquerque, NM.
Purpose: Screening for retinal diseases has expanded rapidly in the 
field of telemedicine. A major hurdle to successfully implementing 
automatic screening is the lack of scalability of the algorithms so that 
the single algorithm cannot be applied to images from any arbitrary 
retinal camera. The purpose of this study is to demonstrate a machine 
learning technique to normalize images from any retinal camera 
such that they can be used for screening without modification of the 
automatic algorithms.
Methods: 2352 optic disc centered retinal images were collected 
from two retinal cameras (Canon CR1 and CR2). The goal was to 
emulate the characteristics of the CR2 camera using images from 
the CR1. The common approach is to crop and interpolate to fit 
another camera’s format. Our approach using a autoencoder takes 
spatial (size) and camera (illumination, contrast) characteristics into 
account when converting an image. A sparse autoencoder model with 
700 hidden layers was developed. We used green channel images. 
To evaluate the quantitative differences in the images, entropy and 
contrast were calculated using gray-level co-occurrence matrix for 
the CR1, CR2, interpolated and autoencoded images. For evaluating 
qualitative changes, the CR1, autoencoded, and interpolated images 
were graded for Diabetic Retinopathy.
Results: Figure 1 shows CR1 images before and after autoencoding. 
Agreement (Cohen’s kappa) between the gradings from CR1 and 
the gradings from the interpolated images and the autoencoded 
images was 0.83 and 0.84, respectively (almost perfect agreement). 
These results show that the autoencoding algorithm does not change 
structural information in the image, which influences the grader’s 
decision while preserving the other image characteristics. The 
difference in contrast and entropy between the converted images 
and the target camera format (CR2) were reduced by 14% and 18% 
respectively, when autoencoding was used instead of interpolation. 
This shows that using autoencoder enabled the contrast and entropy 
values of CR1 to match the target (CR2) better than interpolation.
Conclusions: We demonstrated that our autoencoding model 
converts images obtained from one camera model to emulate the 
characteristics of another and therefore, enabling it be used in 
automatic algorithms which are not compatible with that camera 
model.
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Figure 1: CR1 (left) and CR1 autoencoded to CR2 format (right)
Commercial Relationships: Niranchana Manivannan, VisionQuest 
Biomedical LLC (E); Jeremy Benson, VisionQuest Biomedical 
LLC (E); Sheila C. Nemeth, VisionQuest Biomedical LLC (E); 
Zyden Jarry, VisionQuest Biomedical LLC (E); Trilce Estrada, 
University of New Mexico (E); E Simon Barriga, VisionQuest 
Biomedical LLC (I); Peter Soliz, VisionQuest Biomedical LLC (I)
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Assessing bue light hazards in surgical microscopes
Brian Redman, Edward LaVilla, Jim Schwiegerling. Optical Sciences, 
University of Arizona, Tucson, AZ.
Purpose: To measure the irradiance and spectral content of the light 
source from a surgical operating microscope at various illumination 
settings. This information is then used to determine the retinal blue 
light hazard as a function of exposure time for both the phakic and 
aphakic cases.
Methods: A Leica M501 surgical microscope is being used as the 
testing apparatus. The setup consists of a 2 inch integrating sphere 
capable of absolute flux measurements placed below the focal plane 
of the surgical microscope. The integrating sphere is outfitted with 
an 8 mm aperture to simulate the dilated pupil. The spectral flux was 
measured at ten different illumination levels over the wavelength 
range 300nm to 900nm and converted to spectral radiance. These 
values are then weighted against blue light photochemical, aphakic 
photochemical, and thermal damage thresholds of the eye to 
determine safe exposure times.
Results: The figure below shows the calculated spectral radiance 
for the various illumination settings. The microscope provides a 
strong attenuation below wavelengths of 400nm limiting the risk of 
ultraviolet and blue light hazards.
Conclusions: The above procedures show that the Leica M501 
surgical microscope has a low risk of damaging the eye during the 
length of common surgeries.

Commercial Relationships: Brian Redman, Alcon Research, Ltd. 
(F); Edward LaVilla, Alcon Research, Ltd. (F); Jim Schwiegerling, 
Alcon Research, Ltd. (F)

Program Number: 4835 Poster Board Number: A0357
Presentation Time: 3:45 PM–5:30 PM
Usability testing of a smartphone-based retinal camera among 
new users in the primary care setting
Patrick Li, Tyson Kim, Jose R. Davila, John Gosbee, 
Yannis M. Paulus. Ophthalmology and Visual Sciences, University of 
Michigan Kellogg Eye Center, Ann Arbor, MI.
Purpose: Primary care clinic based diabetic retinopathy (DR) 
screening is a potential solution to improve the low national DR 
screening rates, but is limited by the high cost, bulky nature, and 
specialized training required of traditional table-top retinal cameras. 
Smartphone-based retinal photography can help address these 
limitations. The goal of this study is to improve the usability of a 
smartphone-based retinal camera, CellScope Retina, among medical 
staff who are inexperienced with retinal imaging.
Methods: 24 medical assistants and technicians were recruited 
for a total of 4 rounds of usability testing. Participants were given 
a 1-minute tutorial on how the smartphone-based retinal camera 
worked, and then asked to capture photos from 5 fields of the retina 
of a model eye. The duration of image acquisition was documented. 
Software, hardware, and instructional modifications were made after 
each round of testing in accordance with user feedback. Afterwards, 
a proof-of-concept test was performed on the dilated eye of a human 
volunteer. An IRB exemption for this study was granted due to no 
direct patient involvement.
Results: There was an overall decrease in average image capture 
time after each round (Trial 1: 260 ± 60 seconds for 1 image, 325 ± 
60 seconds for 5 images; Trial 2: 55 ± 20 seconds for 1 image, 121 ± 
41 seconds for 5 images; Trial 3: 43 ± 16 seconds for 1 image, 108 
± 13 for 5 images; Trial 4: 34 ± 17 seconds for 1 image, 119 ± 26 
seconds for 5 images; Human trial: 66 ± 7 seconds for 1 image, 229 ± 
114 for 5 images).
Conclusions: CellScope Retina allows medical assistants who are 
naïve to retinal photography to rapidly (in < 1 minute) acquire a high 
quality photograph of the retina. Afterward, a test performed on a 
human eye demonstrated clear images with only a small increase 
in imaging time. Usability testing is a rapid, high-yield approach 
for feedback-driven improvements of smartphone-based retinal 
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photography among inexperienced users. Additional testing with 
human subjects is needed for further improvements.

(A) The following modifications were made after each trial: After 
trial 1, improved instructions; after trial 2, improved application 
graphic user interface (GUI); after trial 3, improved device 
ergonomics and illumination with further GUI modification. (B) 
1-superior, 2-temporal, 3-central, 4-nasal, and 5-inferior views of 
human retina captured by naïve user
Commercial Relationships: Patrick Li; Tyson Kim, Cellscope 
Retina (P); Jose R. Davila, None; John Gosbee, None; 
Yannis M. Paulus, None
Support: University of Michigan Center for Entrepreneurship Dean’s 
Engineering Translational Prototype Research Fund, University of 
Michigan Translational Research and Commercialization for Life 
Sciences (MTRAC) Grant # N021025, and University of Michigan 
Department of Ophthalmology and Visual Sciences Department 
Support
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Presentation Time: 3:45 PM–5:30 PM
Smartphone Ophthalmoscopy (D-Eye System) for Detection of 
Optic Nerve Pathology and Cup-to-Disc Ratio in an Outpatient 
Clinical Setting
Diane K. Dao2, 1, Neepa Shah1, Madhura Tamhankar1, Paul Tapino1, 
Wei Pan1, Gui-Shuang Ying1, Keirnan Willett1, Brian L. VanderBeek1, 
Alexander J. Brucker1. 1Scheie Eye Institute, University of 
Pennsylvania, Philadelphia, PA; 2Perelman School of Medicine at the 
University of Pennsylvania, Philadelphia, PA.
Purpose: We performed a cross-sectional study to assess the 
sensitivity and specificity of the D-Eye System in detecting optic 
nerve pathology and determining cup:disc ratio (CDR).
Methods: Patient presenting to Scheie Eye Institute for eye exam 
were consented to obtain non-mydriatic and mydriatic fundus 
videos. Videos were graded for image quality, optic nerve pathology 
(presence, possible, absence), and CDR independently by a neuro-
ophthalmologist and a general ophthalmologist. Each patient was 
examined by an ophthalmologist for optic nerve pathology (e.g. 
papilledema, glaucoma, pallor). Sensitivity and specificity were 
calculated by comparing video gradings to findings on clinical eye 
exam (gold standard).
Results: 97 mydriatic and 110 non-mydriatic fundus videos of 122 
eyes of 61 patients were obtained. Among 74 mydriatic and 71 
non-mydriatic fundus videos that were deemed gradable by both 
ophthalmologists, the sensitivity and specificity for mydriatic videos 
was (58%, 79%) for the neuro-ophthalmologist and (58%, 70%) for 
general ophthalmologist; for non-mydriatic videos, it was (61%, 
84%) for the neuro-ophthalmologist and (46%, 58%) for general 
ophthalmologist (Table 1). Sensitivity was lower and specificity was 

higher when treating possible pathology as a negative outcome. The 
two graders had moderate agreement in grading mydriatic video 
(kappa=0.43) and non-mydriatic video (kappa=0.52).
There was moderate agreement of CDR between grading videos 
and clinical exam, with small mean difference (≤0.07) and moderate 
intraclass correlation coefficient (ICC) (Table 2). The inter-grader 
agreement for CDR was high with small mean difference (0.00 
for mydriatic videos; 0.03 for non-mydriatic videos) and high ICC 
(>0.80).
Conclusions: The D-Eye system has a moderate sensitivity and 
specificity for detecting optic nerve pathology by ophthalmologist 
and good agreement with clinical determination of CDR. Smartphone 
cameras are an easy to use screening tool for assessing and 
documenting optic nerve appearance that may aid clinical exam.

Table 1: The sensitivity and specificity for detecting optic nerve 
pathology using the smartphone mydriatic video and non-mydriatic 
video

Table 2 Agreement of cup:disc ratio determination using the 
smartphone mydriatic video or non-mydriatic video vs. eye exam 
determination and the inter-grader agreement from image evaluation 
of cup:disc ratio
Commercial Relationships: Diane K. Dao, None; Neepa Shah, 
None; Madhura Tamhankar, None; Paul Tapino, None; 
Wei Pan, None; Gui-Shuang Ying, None; Keirnan Willett, None; 
Brian L. VanderBeek, None; Alexander J. Brucker, None
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Image Quality Assessment of Diabetic Retinopathy Screening 
Using a Portable Retinal Camera in Monterrey, Mexico
Gilberto Zamora1, E Simon Barriga1, Zyden Jarry1, Javier Lozano2, 
Sheila C. Nemeth1, Omar Meza2, Eduardo Martinon2, 
Jeremy Benson1, Peter Soliz1. 1VisionQuest Biomedical, LLC, 
Albuquerque, NM; 2Clinicas del Azucar, San Pedro Garza Garcia, 
Mexico.
Purpose: To present an assessment of image quality of a portable 
retinal camera for screening for diabetic retinopathy (DR) as part of 
a tele-screening system at Clinicas del Azucar (CDA), Monterrey, 
Mexico.
Methods: DR screening at two CDA clinics was performed using 
the Pictor Plus camera (Volk Optical Inc, Mentor, OH). A case is 
composed of at least one image of the macula and one image of 
the optic disc from each eye. The Image Quality Analyzer (IQA), 
a software to detect retinal images of insufficient quality for 
interpretation was developed by VisionQuest. Images are read within 
48 hours in the USA by a certified retinal grader for disease and 
quality according to the International Clinical DR Grading Scale. 
Images were processed by the IQA and its results compared to the 
grader’s quality evaluation.
Results: From May to October, 2016, 387 cases, comprising more 
than 1,500 images, were acquired. The number of unreadable cases 
was 61 or 16%. Of these, 29 cases (48%) are due to photographers’ 
technical errors (focus, alignment, etc.) and the rest (32 or 52%) due 
to physiological issues (cataracts, small pupils, etc.). Of the readable 
cases, 255 (66%) had no signs of DR or Mild NPDR, 51 (13%) had 
moderate NPDR, 20 (5%) had severe NPDR or worse, and 18 cases 
(5%) were deemed suspect for CSME.
A subset of 744 images were processed by the IQA and their outputs 
compared to the grader’s quality evaluation. The IQA correctly 
identified 84% of the images that the grader deemed as inadequate 
for interpretation. The IQA likewise identified 56% of the images 
that the grader classified as low quality. Further, the IQA classified 
as unreadable, only 27% of the images that the grader classified as 
medium quality, and only 7% of those classified as good quality.
Conclusions: These results show that it is clinically feasible to 
use a portable retinal camera, such as the Pictor Plus, as part of a 
tele-retinal screening system. Portable cameras can have unreadable 
image rates comparable to table top cameras as reported in the 
literature, e.g. 11% to 29%. The results of real-time, automatic 
image quality assessment show that immediate feedback to the 
photographer, such as suggestions on what steps to take to eliminate 
artifacts affecting image quality, can further reduce the percentage 
of unreadable images. The savings by switching to low cost cameras 
will facilitate the expansion of this service.
Commercial Relationships: Gilberto Zamora, VisionQuest 
Biomedical LLC (E); E Simon Barriga, VisionQuest Biomedical 
LLC (E); Zyden Jarry, VisionQuest Biomedical LLC (E); 
Javier Lozano, Clinicas del Azucar (I); Sheila C. Nemeth, 
VisionQuest Biomedical LLC (E); Omar Meza, Clinicas del Azucar 
(E); Eduardo Martinon, Clinicas del Azucar (E); Jeremy Benson, 
VisionQuest Biomedical LLC (E); Peter Soliz, VisionQuest 
Biomedical LLC (I)
Support: R44 EY018971

Program Number: 4838 Poster Board Number: A0360
Presentation Time: 3:45 PM–5:30 PM
Using A Portable, Non-Invasive, Non-Mydriatic Fundus Imaging 
Camera On Two Wheeler- A cost-effective screening model in 
Urban Slums of Mumbai 
Sundaram Natarajan1, Radhika Krishnan2, Manish Sonawane2. 
1Vitreo Retina, Aditya Jyot Research in Vision & Ophthalmology, 
Mumbai, India; 2Aditya Jyot Foundation for Twinkling Little Eyes, 
Wadala, India.
Purpose: Introduction:
The low income populations have limited access to health services 
due to inadequate health literacy. This creates signifiacnt gaps in 
health care delivery among low income populations. Aditya Jyot 
Foundation for Twinkling Little Eyes (AJFTLE) has developed novel 
approaches to increases the accessibility, affordability and quality of 
health care services to the slum populations via innovative health care 
delivery models. AJFTLE eye care delivery model shows a range of 
innovations in health care delivery which have the ability to better 
serve the poor’s health care.
Objective:
Evaluation of usefulness of a portable, non-invasive, non-mydriatic 
fundus camera, as an effective screening device for ophthalmic 
diseases in under-served locations.
Methods: Methods: 348 known cases of diabetes were screened 
using the portable fundus imaging
camera, ‘3nethra’, for various ophthalmic diseases (including 
cataract, glaucoma and
diabetic retinopathy) in three different settings of screening camps.
Results: Result: A total of 696 diabetic eyes were screened, of whom 
23% (n=82) patients were
diagnosed with potential eye diseases. Among them, the incidence of 
cataract, various
stages of diabetic retinopathy (DR), glaucoma and miscellaneous eye 
disorders was 8.5%
(n=30), 10.8% (n=38), 1.7% (n=6) and 2.3% (n=8) respectively.
Conclusions: Conclusion: Ocular screening by technicians using a 
portable non-mydriatic camera helped
in effective screening of the study participants by accurately 
identifying those requiring
prompt referral to the ophthalmologist for detailed evaluation and 
definitive management.
The utilisation of ‘3nethra’ can ensure faster and more accurate 
screening and diagnosis of
various ocular disorders while reducing the cost and manpower 
required in the screening process, especially when used in 
underserved areas.
Commercial Relationships: Sundaram Natarajan; 
Radhika Krishnan, None; Manish Sonawane, None

Program Number: 4839 Poster Board Number: A0361
Presentation Time: 3:45 PM–5:30 PM
Assessment of the usability of slit lamp adapters in conjunction 
with smartphones to capture anterior segment images
Audrey Hudson. Optometry, University of California, Berkeley, 
Berkeley, CA.
Purpose: The use of mobile devices for ophthalmic image capture 
has become more prevalent with the advent of mobile imaging 
adapters. However, these imaging adapters vary in quality and 
usability, and require the use of secure software for HIPAA-
compliance. This study assesses the usability of slit lamp adapters in 
conjunction with mobile smart phones to efficiently capture quality 
anterior segment images.
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Methods: Two slit lamp adapters; Universal Eyepiece adapter 
(New Vision Meditec Co., Limited) and HookUpz Universal Optics 
Adapter (Carson), were evaluated in conjunction with the iPhone 6 
(Apple) on categories including ‘cost of equipment’, ‘fit of adapter’, 
‘alignment’, ‘view’, ‘image quality’, ‘time to secure adapter on 
phone’, ‘time to secure adapter on slit lamp’, and ‘ability for single 
user to capture images’ in order to assess usabilIty of this tool to 
capture anterior segment images. Images were taken on Paxos Scope 
mobile app and instantly sent to a cloud based server so that images 
could be assessed later on a computer.
Results: Both slit lamp adapters in conjunction with a mobile device 
were able to capture clear, infocus anterior segment images and 
took less than two minutes to attach to the slit lamp eyepiece. The 
Universal Eyepiece adapter was found to have better alignment, a 
more secure fit, and was easier to use with just one operator.
Conclusions: Both adapters used in conjunction with a mobile 
device were able to capture clear, focused images, with the Universal 
Eyepiece adapter having the greatest ease of use. Due to the ease 
of use and the wide availability of mobile devices, along with the 
slit lamp’s inability to capture and store images on its own, there is 
potential for this combination of devices to aid in monitoring anterior 
segment disease by enabling photo-documentation of pathology in 
a way that wasn’t previously possible. Mobile devices also feature 
communication tools that can be used to share captured images and 
enable real-time consultations, a use case which warrants further 
exploration.

Summary of evaluation criteria and results for the Universal Eyepiece 
adapter and HookUpz Universal Optics adapter for mobile slit lamp 
imaging.
Commercial Relationships: Audrey Hudson, DigiSight 
Technologies (C)

Program Number: 4840 Poster Board Number: A0362
Presentation Time: 3:45 PM–5:30 PM
Quality and Utility of a Portable Anterior Segment and Non-
mydriatic Fundus Camera Linked to a Smartphone-Based 
Virtual Consultation Platform
Melissa Sieber1, Abtin Shahlaee1, Murtaza K. Adam1, 
Michael Cohen2, Jay L. Federman1. 1Ophthalmology, Wills Eye, 
Philadelphia, PA; 2Tufts, Boston, MA.
Purpose: Development and validation of high-resolution portable 
imaging devices with image transmission through secure networks 
is key to furthering the impact of teleophthalmology on patient care. 
This study evaluates the quality and utility of a handheld anterior 

segment and non-mydriatic fundus camera linked via a secure 
smartphone-based virtual consultation platform.
Methods: Prospective, cross-sectional study of patients subjected 
to bilateral anterior segment (AS) and non-mydriatic fundus 
photography (FP) with the Volk Pictor (Volk Optical Inc, Mentor, 
OH) in the Wills Eye Emergency Room (WEER). Images and 
ophthalmic nursing triage for each patient were transmitted to 3 
masked graders via a Health Insurance Portability and Accountability 
Act (HIPPA) compliant smartphone-based virtual consultation 
platform (HippaBridge, Burlington MA). Image quality was 
recorded on a 5-point scale (with a grade of 1 having no diagnostic 
utility and a grade of 5 representing an ideal image). Pre-specified 
AS and fundus exam findings identified on virtual consultation 
were compared to standard slit lamp and binocular indirect 
ophthalmoscopic examination documented in the WEER. Statistical 
analysis was performed by constructing contingency tables and using 
the Pearson Chi-squared test.
Results: Thirty-eight consecutive patients (76 eyes) with mean age 
46.3 years were enrolled. AS image quality was equal to FP image 
quality (2.8 vs 2.8, p=0.87). Overall sensitivity rates of virtual consult 
images and WEER examinations to identify critical exam findings 
were statistically similar for anterior segment and posterior segment 
photos (89% versus 96%; P=0.13). Detection of all critical anterior 
segment findings demonstrated greater than 80% agreement with 
WEER documentation, aside from superficial punctate keratitis (68%) 
and cataract (59%). Detection rates of critical posterior segment 
findings ranged from 90% (optic nerve cupping) to 100% agreement 
(retinal vaso-occlusion and optic nerve edema). Twenty-two percent 
of eyes (17 of 76) imaged demonstrated a 100% detection rate of both 
critical AS and FP findings found on standard WEER examination.
Conclusions: Utilizing a high-resolution anterior segment and non-
mydriatic fundus camera linked to a HIPAA-compliant smartphone-
based virtual consultation platform, high sensitivity for detecting 
critical examination findings was achieved.
Commercial Relationships: Melissa Sieber, None; Abtin Shahlaee, 
None; Murtaza K. Adam, None; Michael Cohen, None; 
Jay L. Federman, Retina Implant AG. (C)
Support: 2015 Wills Eye Innovation Grant
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Quantitative MRI of extra-ocular muscles in the clinical 
evaluation of systemic diseases
Jan-Willem Beenakker1, 2, Luc van Vught1, Robert de Meel3, 
Jedrzej Burakiewicz2, Stijn Genders1, Martine J. Jager1, 
Jan Verschuuren3, Hermien Kan2, Irene Notting1. 1Ophthalmology, 
Leiden University Medical Center, Leiden, Netherlands; 2Radiology, 
Leiden University Medical Center, Leiden, Netherlands; 3Neurology, 
Leiden University Medical Center, Leiden, Netherlands.
Purpose: Most ophthalmic techniques cannot image extra-ocular 
tissues. MRI could be extremely useful for this purpose. In Graves 
orbitopathy, for example, the muscles and orbital fat are inflamed, 
while in myasthenia gravis, the patients suffer from dysfunction of 
these muscles. Quantitative MRI data could facilitate more targeted 
treatment selection and a direct method to determine treatment 
response, which varies greatly between patients.
In this study we develop and evaluate the clinical value of the 
DIXON-technique, which enables a reliable determination of the 
water/fat ratio.
Methods: All scans were performed on a 7Tesla MRI, using a 
cued-blinking paradigm to minimize eye-motion. The DIXON 
was acquired with a 0.7x0.7x1.0mm3 resolution, TR/TE/
FA:2.4ms/10ms/3.
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5 healthy subjects (24-49 years, 2M, 3F), 1 myasthenia (68 years, F) 
and 1 Graves orbitopathy (32 years, M) patient were scanned. The 
muscles, optic nerve and orbital fat were manually segmented on 
the first coronal slice posterior to the globe. The mean water and fat 
signal intensity and surface area were determined for all ROIs.
Results: The scans proved to be robust against eye-motion for all 
participants, Fig 1. The cross-sectional area of the different muscles 
was similar for all participants, Fig 2D. The cross-sectional area of 
the orbital fat was, however, almost twice as high for both patients. 
The muscular fat fraction of the patients (26%, 23%) was higher than 
the healthy subjects (11%), Fig 2H.
Although only a small number of patients have been included 
so far, the DIXON data already are highly promising in terms of 
clinical relevance. The high fat content of the ocular muscles of the 
myasthenia patient was unexpected and warrants further study. The 
high water-content of the orbital fat in the Graves patient quantifies 
the presence of inflammation. These pilot data were based on the 
evaluation of one standard slice, but volumetric MRI-data enables an 
evaluation of complete muscles, Fig 1JKL.
Conclusions: Quantitative MRI can provide key clinical information 
on the status of extra-ocular muscles and orbital fat for patients with 
systemic diseases, which are not available with the conventional 
techniques.

(A-I) 3D DIXON MRI quantifies water and fat content.
(JKL) Pilot 3D segmentation.

(A-D)Crosssectional areas of the muscles. Values indicate the healthy 
subject average.
(ED)Water/fat ratio maps show increased fat levels in the patients’ 
muscles.
Commercial Relationships: Jan-Willem Beenakker, 
None; Luc van Vught, None; Robert de Meel, None; 
Jedrzej Burakiewicz, None; Stijn Genders, None; 
Martine J. Jager, None; Jan Verschuuren, None; Hermien Kan, 
None; Irene Notting, None
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MRI findings in patients with acute optic neuritis. A prospective 
study
Kerstin Soelberg1, 2, Pernille Skejø4, Jesper Mehlsen5, 
Jakob Grauslund2, Friedemann Paul6, 7, Terry Smith10, 
Søren Lillevang9, Brian G. Weinshenker8, Nasrin Asgari1, 3. 
1Department of Neurology, Kolding Hospital, Odense, Denmark; 
2Department of Ophthalmology, Odense University Hospital, 
Denmark, Denmark; 3Department of Neurobiology, Institutes of 
Molecular Medicine, Denmark, Denmark; 4Department of Radiology, 
Aleris-Hamlet Hospital, Copenhagen, Denmark; 5Department of 
Ophthalmology, Vejle Hospital, Vejle, Denmark; 6Department 
of Neurology, Charité - Universitätsmedizin Berlin, Clinical and 
Experimental Multiple Sclerosis Research Center and NeuroCure 
Clinical Research Center, Berlin, Germany; 7Experimental and 
Clinical Research Center, Max Delbrueck Center for Molecular 
Medicine and Charité – Universitätsmedizin Berlin, Berlin, 
Germany; 8Department of Neurology, Mayo Clinic, Rochester, MN; 
9Department of Clinical Immunology, Odense University Hospital, 
Odense, Denmark; 10Department of Ophthalmology and Visual 
Sciences, University of Michigan Medical School, Ann Arbor, MI.
Purpose: Idiopathic optic neuritis (ON) is an inflammatory optic 
neuropathy, that causes acute vision loss often accompanied with 
pain. Magnetic resonance imaging (MRI) in the acute phase may help 
to confirm the diagnosis as well as exclude alternative diagnoses. The 
aim of this study was to evaluate MRI in the acute phase of a first ON 
episode.
Methods: A prospective cohort study of patients with idiopathic 
ON including acute ON evaluation with a one year follow-up was 
performed in the Region of Southern Denmark from 2014-2016. 
Patients were seen in a coordinated diagnostic investigation including 
clinical examination, analysis of blood and cerebrospinal fluid, 
measurement of evoked potentials, optical coherence tomography 
and MRI (1.5 Tesla scanner). On the MRI, the optic nerves were 
divided into the following three segments: intra-orbital, canalicular 
(optic foramen back to chiasm) and chiasmal (chiasm + optic 
tracts) for lesion characterization. The MRIs were evaluated by 
a neuroradiologist, who was masked to clinical and serological 
information.
Results: Sixty-three patients were evaluated for ON and 52 were 
included in the study. Thirty-one had an MRI evaluation of brain 
including orbit at a single episode of acute ON. Median time between 
onset of symptoms and the MRI was 22 days (range 3-55 days). The 
median age at onset was 40 years (range 17-66 years). Twenty-nine 
patients had unilateral and two had bilateral ON. Signal abnormalities 
of the optic nerve were demonstrated in 81 % (25/31) of the patients 
on MRI. The optic nerve lesions had intraorbital location for 48 
% (12/25), canalicular for 8 % (2/25) and combined intraorbital 
and canalicular for 44% (11/25). Of these 84 % (21/25) had brain 
MRI abnormalities, 40 % (10/25) of whom met the diagnostic 
criteria for multiple sclerosis (MS) at the acute ON episode. A total 
of 80 % (8/10) of the MS-patients had optic nerve lesions located 
intraorbitally.
Conclusions: In the acute phase of a single ON episode MRI 
abnormalities of the optic nerve occur frequently. Intraorbital location 
was the most common. Concurrently, a high occurrence of brain 
abnormalities was observed.
Commercial Relationships: Kerstin Soelberg, None; 
Pernille Skejø, None; Jesper Mehlsen, None; Jakob Grauslund, 
None; Friedemann Paul, None; Terry Smith, None; 
Søren Lillevang, None; Brian G. Weinshenker, None; 
Nasrin Asgari, None
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Changes of Brain Connectivity in Primary Open Angle 
Glaucoma: High Pressure Glaucoma vs Normal Tension 
glaucoma
Paolo Frezzotti1, Antonio Giorgio2, Francesco Costantino2, Nicola De 
Stefano2. 1Ophthalmology, University of Siena, Siena, Italy; 
2University of Siena, Siena, Italy.
Purpose: In order to test the hypothesis that in primary open angle 
glaucoma a spreading of neurodegeneration occurs through the brain, 
this study investigates the correlation of glaucoma severity indicators 
with parameters of axonal and myelin integrity of the whole-brain
Methods: We performed multimodal MRI and subsequent whole-
brain explorative voxelwise analyses in 17 primary open angle 
glaucoma /High Pressure Glaucoma (POAG/HPG) patients, 
17 primary open angle glaucoma/Normal Pressure glaucoma 
(POAG/NPG), and 29 age-matched normal controls (NC). POAG 
patients were classified according to the Hodapp/Bascom Palmer 
classification. We used multimodal magnetic resonance imaging 
(MRI) in 34 patients with the three POAG stages and in 29 age-
matched normal controls (NC). Voxelwise statistics was performed 
with nonparametric permutation testing
Results: Compared with NC, disrupted anatomical connectivity 
(AC) was found in the whole POAG group (HPG and NPG) along 
the visual pathway and in nonvisual white matter tracts (P<0.001). 
Moreover, POAG patients showed decreased functional connectivity 
(FC) in the visual (P=0.004) and working memory (P<0.001) 
networks whereas an increase occurred in the default mode (P=0.002) 
and subcortical (P<0.001) networks. Altered AC and FC were already 
present in early POAG (n=20) in both visual and nonvisual systems 
(P<0.01). Only severe POAG (n=10) showed gray matter atrophy and 
this mapped on visual cortex (P<0.001) and hippocampus (P<0.001). 
Increasing POAG stage was associated with worsening AC in both 
visual and nonvisual pathway (P<0.001), progressive atrophy in the 
hippocampus and frontal cortex (P<0.003). Most of the structural and 
functional alterations within and outside the visual system showed 
correlation (P<0.001 to 0.02) with computerized visual field and 
retinal nerve fiber layer thickness. In NPG patients changes seem to 
be less compared to those seen in patients with HPG.
Conclusions: In conclusion, the complex pathogenesis of POAG 
includes widespread damage of AC and altered FC within and beyond 
the visual system since the early disease stage. The association of 
brain MRI changes with measures of visual severity emphasizes 
the clinical relevance of our findings. In NPG patients this lower 
impairment in the brain is anyway significant and less dependent on 
intraocular pressure
Commercial Relationships: Paolo Frezzotti, None; 
Antonio Giorgio, None; Francesco Costantino, None; Nicola De 
Stefano, None
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Giant cell arteritis: Correlation between MRI findings and 
immunohistology
Thomas Ness1, Olga Richter1, Julia Geiger2, Thorsten Bley3, 
Sonja Heinzelmann1. 1Eye Center, University of Freiburg, Freiburg, 
Germany; 2Department of Radiology, University Childrens’ 
Hospital Zürich, Zürich, Switzerland; 3Department of Diagnostic 
and Interventional Radiology, University Hospital of Würzburg, 
Würzburg, Germany.
Purpose: To find the source of magnetic resonance imaging (MRI) 
signal in giant cell arteritis (GCA) we correlated MRI findings with 
histology and immunohistology in temporal artery biopsy (TAB).
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Methods: We analysed the clinical and MRI data of 106 patients who 
underwent TAB in the Eye Center, University of Freiburg between 
2004 and 2010. MRI findings were classified. In addition to the 
morphologic histologic diagnosis, we performed immunohistology 
(CD3 and CD68) and correlated the results with MRI findings. TAB 
was conducted within 7 days following MRI. Statistical analysis was 
performed using a multivariate model (ROC analysis).
Results: Positive histology was observed in 50 patients, while 56 
were negative. Histologic results correlated with ACR criteria. 
Erythrocyte sedimentation rate, CRP and fibrinogen were higher in 
the group with positive histology. Detection of inflammation in MRI 
and positive TAB were statistically significantly correlated (p<0.001). 
ROC curve showed high specificity and sensitivity (AUC = 0.83, 
p<0.001). 
Comparing MRI signal with immunohistology showed that 
infiltration of CD3 positive cells in the adventitia (p<0.001) and 
CD68 positive cells in the intima (p<0.01) was sufficient to evoke a 
signal in MRI. The more histologic infiltration of the vessel, the more 
the MRI signal increased.
Conclusions: Detection of GCA in MRI and histology correlated 
statistically significant. Early MRI signal seemed to be generated by 
infiltration of CD3 cells in the adventitia and CD68 cells in the intima 
of the temporal artery.
Commercial Relationships: Thomas Ness, Santen (F), Allergan 
(R), Abbvie (R), Novartis (R), Bayer (R); Olga Richter, None; 
Julia Geiger, None; Thorsten Bley, Siemens (R), Medac (F), Bracco 
(F); Sonja Heinzelmann, Santen (F), Abbvie (F)
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Evaluation of Occipital Cortex in Glaucoma Patients using 
3-Tesla Magnetic Resonance Imaging
Carolina P. Gracitelli1, 2, Gloria L. Duque-Chica3, 4, 
Liana G. Sanches2, Ana Laura D. Moura1, 4, Balazs Nagy4, 
Sergio H. Teixeira1, Edson Amaro2, Dora F. Ventura4, 
Augusto Paranhos Jr.1, 2. 1Ophthalmology, UNIFESP Paulista Sch 
of Med, Sao Paulo, Brazil; 2Hospital Israelita Albert Einstein, Sao 
Paulo, Brazil; 3Departamento de Psicología, Universidad de Medellín, 
Medellin, Colombia; 4Psychology Institute, University of São Paulo, 
Sao Paulo, Brazil.
Purpose: To evaluate the occipital cortex in glaucomatous patients 
using 3-Tesla high-speed magnetic resonance (MR) imaging and its 
association with structural and functional damage in patients with 
glaucoma and controls.
Methods: This was a cross-sectional prospective study including 
healthy volunteers and glaucoma patients. All participants performed 
SITA-standard 24-2 automated perimetry (SAP), frequency doubling 
perimetry (FDT) (psychophysical tests), optic disc stereophotograph, 
spectral-domain optical coherence tomography (Cirrus HD-OCT), 
and MR. Comparison between healthy control patients and glaucoma 
was performed using ttest. Correlation between MR findings and 
structural and functional damage was performed using linear 
regression.
Results: 30 glaucoma patients and 18 healthy volunteers were 
included. Mean age was 61.83±10.03 and 55.72±7.74 years in 
glaucoma and healthy group, respectively (p>0.05). Average SAP 
24-2 mean deviation (MD) for glaucoma and healthy group were 
-10.20±9.67 dB and -1.60±2.30 dB, respectively (p<0.001). Average 
retinal nerve fiber layer (RNFL) thickness (Cirrus HD-OCT) for 
glaucoma and healthy group were 76.72±2.13 µm and 97.36±1.58 
µm, respectively (p<0.001). There was a significant difference 
between the area of occipital pole in left hemisphere in glaucoma 
group (mean: 1253.90±149.34 mm2) and in the control group 

(mean: 1341.94±129.84 mm2), p=0.043. There was also a significant 
difference between the area of occipital pole in right hemisphere in 
glaucoma group (mean: 1910.50±309.44 mm2) and in the control 
group (mean: 2089.06±164.24 mm2), p=0.029. Regarding different 
glaucoma levels (mild, moderate and severe glaucoma according 
to SAP 24-2 MD level), there was a significant difference between 
area of occipital right and left hemisphere (p=0.003 and p=0.032, 
respectively). Area of occipital pole in the left hemisphere was 
significantly associated with SAP 24-2 MD, visual acuity, age 
and RNFL (p=0.001, P<0.001, p=0.010, p=0.006, respectively). 
Addionally, area of occipital pole in the right hemisphere was 
significantly associated with SAP MD, VFI, visual acuity, age and 
RNFL (p<0.001, p=0.007, P<0.001, p=0.046, p<0.001, respectively).
Conclusions: Glaucoma patients presented a significant difference 
in area of occipital pole on the left and right hemisphere. Area of 
occipital pole was associated with functional and structural ocular 
parameters from glaucoma patients.
Commercial Relationships: Carolina P. Gracitelli, None; 
Gloria L. Duque-Chica, None; Liana G. Sanches, None; Ana 
Laura D. Moura, None; Balazs Nagy, None; Sergio H. Teixeira, 
None; Edson Amaro, None; Dora F. Ventura, None; 
Augusto Paranhos Jr., None
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Appropriate power correction of glasses leads the V1 response
Masako Sugai. Tokyo Denki University, Chuo-ku, Japan.
Purpose: Appropriate power of lens fits well for us, however, we do 
not have the tactics how much V1 works on wearing glasses. In this 
study, we used NIRS for V1 measurement, and applied recurrence 
plot for the obtained data to qualify and quantify the cortical 
activation.
Recurrence plot is a novel and simple technique for non-linear time 
series analysis. With two parameters (time delay and embedding 
dimension), given time series show the hidden characteristics in 
higher embedding phase space. In this study, we apply the un-
threshold recurrence plot for the NIRS data, and visualize the V1 
activation for the visual task.
Methods: Two healthy volunteers participated in the experiment. 
Each subject had no visual nor neurological disorder except for mild 
myopia (about -4D (diopter)). Landolt’s rings were used in the visual 
acuity examination and in the experiment.
Block deign was adopted which consisted of three parts, 20 seconds 
of rest, 20 seconds of task and 20 seconds of rest. Five blocks were 
repeated in every measurement.
Subjects were asked to see the Landolt’s ring and answer the 
direction of the ring (i.e. visual examination) without concave lens 
in the rest period, and with the lens in the task period. They also 
asked to push the button to answer for the visual examination. In task 
period, we used two lens power, -1D (weak) and -3D (appropriate) 
and three size of visual targets, corresponding to 0.1(large), 
0.3(middle) and 0.7(small) in visual acuity, so six measurements were 
performed for every subject. The obtained data were embedded into 
high dimensional phase space and constructed for recurrence plot for 
each measurement.
Results: With weak power lens and small size of stimuli, cortical 
activation of V1 was not so clear (fig.1). On the contrary, with 
appropriate power lens and small size of stimuli, the activation was 
clear (fig.2). Scaling is same in two figs.
Conclusions: Appropriate power of lens makes V1 activates 
efficiently while weak power of lens does not. With NIRS and 
recurrence plot, V1 activation can be visualized not only in 



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.

qualitative way but also in quantitative way. This study contributes 
the measurements how much V1 works for targets quantitatively.

Fig.1 Recurrence plot for weak power of lens and small visual 
stimuli. The contrast between rest and task is not clear.

Fig.2 Recurrence plot for appropriate power of lens and small visual 
stimuli. The contrast between task and rest is clear compared to Fig.1.
Commercial Relationships: Masako Sugai, None

Program Number: 4847 Poster Board Number: A0369
Presentation Time: 3:45 PM–5:30 PM
Repeatability and reproducibility of foveal avascular zone area 
measurement on normal eyes by different optical coherence 
tomography angiography instruments
Anna Crepaldi1, Elisabetta Pilotto1, Enrico Della Dora1, 
Davide Deganello1, Luisa Frizziero1, Enrica Convento1, 
Evelyn Longhin1, Edoardo Midena1, 2. 1Department of Ophthalmology, 
University of Padova, Padova, Italy; 2G.B. Bietti Foundation, IRCCS, 
Rome, Italy.
Purpose: To compare foveal avascular zone (FAZ) area 
measurements produced by different optical coherence tomography 
angiography (OCTA) devices when imaging normal eyes.
Methods: All eyes in this cross-sectional study underwent OCTA 
using two different OCTA devices: Spectralis HRA+OCTA 
(Heidelberg Engineering) and Nidek RS-3000 Advance device 
(Nidek, Gamagori, Japan). Using OCT en face angiograms, 

automatically segmented into the superficial retinal capillary plexus 
(SCP) and the deep retinal capillary plexus (DCP), two graders 
manually measured the FAZ area.
Results: A total of 59 normal eyes from 33 subjects were included 
(17 males, 16 females; mean 26 ± 3 years of age).
Mean FAZ areas were 0.327 ± 0.091 mm2 at the SCP and 0.568 ± 
0.173 mm2 at the DCP measured at Nidek RS 3000, 0.299 ± 0.085 
mm2 at the SCP and 0.349 ± 0.079 mm2 at the DCP measured at 
Spectralis. The two devices’ measures were significantly different 
both at the SCP and at the DCP (p< 0.0001, for both).
The intra-operator agreement was excellent with both devices at the 
SCP [ICC= 0.96 (95% CI: 0.93 to 0.98) with Nidek RS-3000 and 
0.97 (95% CI: 0.93 to 0.98) with Spectralis]. At the DCP, it was good 
with Spectralis [ICC: 0.85 (95% CI: 0.62 to 0.93), fair with Nidek 
RS-3000 [ICC= 0.64 (95% CI: 0.33 to 0.81)].
The inter-operator agreement was excellent for Spectralis [ICC= 
0.97 (95% CI: 0.93 to 0.98), good for Nidek RS-3000 [ICC= 0.93 
(95% CI: 0.57 to 0.98) at the SCP. It was good at the DCP with both 
devices [ICC: 0.74 (95% CI: 0.52 to 0.87) with Nidek RS3000; and 
0.81 (95% CI: 0.63 to 0.91) with Spectralis].
Conclusions: OCTA is a reliable method for the quantification 
of FAZ area, particularly when measured in the SCP. However, 
FAZ area measurements obtained with different OCTA devices are 
different. These differences appear to be primarily attributable to the 
analysis algorithms used to set SCP and DCP. These findings should 
be taken in consideration when planning a follow-up of patients with 
retinal vascular diseases that affect capillary plexuses.
Commercial Relationships: Anna Crepaldi, None; 
Elisabetta Pilotto, None; Enrico Della Dora, None; 
Davide Deganello, None; Luisa Frizziero, None; Enrica Convento, 
None; Evelyn Longhin, None; Edoardo Midena, None
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Repeatability and Reproducibility of Vascular Density 
Quantification on CIRRUS HD-OCT with AngioPlex
Michael H. Chen, Lin An, Nathan D. Shemonski, Mary K. Durbin. 
Carl Zeiss Meditec, Inc., Dublin, CA.
Purpose: To determine the repeatability and reproducibility of 
vascular density measurements using CIRRUS™ HD-OCT 5000 with 
AngioPlex™ OCT Angiography (ZEISS, Dublin, CA) on normal and 
diseased eyes.
Methods: Subjects were divided into 2 groups in this prospective 
study. Group 1 (n=12) consisted of healthy subjects with no systemic 
or ocular disease; group 2 (n=15) consisted of subjects with a variety 
of retinal diseases, including diabetic retinopathy, age-related macular 
degeneration, and glaucoma. Subjects were scanned on 3 commercial 
CIRRUS HD-OCT devices with AngioPlex capability. Each study 
eye was randomized to be scanned with either the Angiography 3x3 
mm or 6x6 mm scan pattern, and 3 scans were acquired centered 
on the fovea, giving a total of 9 scans per eye. The order in which 
the subjects were scanned with an operator-device combination was 
randomized. The preset superficial en face layer was then analyzed 
with investigational software to determine vascular density. Two 
measures were used: the area of blood vessels, and the length of 
blood vessels. The software quantified density measurements in each 
subfield of the ETDRS grid, as well as average densities for each 
ring of the ETDRS grid. Analysis of variance was used to calculate 
the repeatability and reproducibility standard deviations for each 
subfield. Coefficient of variation (CV) was calculated by dividing 
these by the mean measurement.
Results: Repeatability and reproducibility of vascular density 
measurements are shown in Table 1 and 2.
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Conclusions: Repeatability and reproducibility of vascular density 
measurements are generally good. The small difference between 
reproducibility and repeatability suggests that the effect of instrument 
and operator are negligible. Retinal vasculature is known to be 
affected in the setting of diseases such as diabetes mellitus and 
glaucoma.1, 2 Several studies have shown that retinal vascular density 
decreases with progression of disease.3 Given the repeatability and 
reproducibility of these measurements, retinal vascular density may 
aid in the monitoring of disease progression or treatment response.

Table 1. Repeatability and reproducibility of vascular density 
measurements on healthy eyes.

Table 2. Repeatability and reproducibility of vascular density 
measurements on diseased eyes.
Commercial Relationships: Michael H. Chen, Carl Zeiss Meditec, 
Inc. (C); Lin An; Nathan D. Shemonski, Carl Zeiss Meditec, Inc. 
(E); Mary K. Durbin, Carl Zeiss Meditec, Inc. (E)
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Repeatability and Reproducibility of Foveal Avascular Zone 
Manual Measurements on CIRRUS HD-OCT with AngioPlex
Carmen Yoo, Mary K. Durbin, Michael H. Chen, Lin An, 
Nathan D. Shemonski. R&D, Carl Zeiss Meditec, Inc., Dublin, CA.
Purpose: To determine the repeatability and reproducibility of 
Foveal Avascular Zone (FAZ) manual measurements on CIRRUSTM 
HD-OCT 5000 with AngioPlexTM OCT Angiography (ZEISS, Dublin, 
CA) on normal and diseased eyes.
Methods: Two groups of subjects (normal retinas and diseased 
retinas) were scanned on three commercial CIRRUS devices with 
AngioPlex. Each study eye was randomized to either the Angio 3X3 
mm or 6X6 mm scan pattern and scanned three times each. The order 
of devices was randomized. Three graders analyzed the AngioPlex 
Metrix FAZ overlay to determine if the FAZ was acceptable. If it 
was deemed acceptable, no manual edits were made. Otherwise, the 
grader used the AngioPlex Metrix FAZ edit tool to outline the FAZ. 
Analysis of variance was used to calculate the repeatability and 
reproducibility standard deviations for each measurement. Coefficient 
of variation (CV) was calculated by dividing these by the mean 
measurement.

Results: Twenty seven eyes of seventeen subjects with pathologies 
such as age-related macular degeneration, diabetic retinopathy, and 
glaucoma in at least one eye, met the criteria to be included in the 
diseased eye cohort. Acceptable sets of scans were acquired for 
22 eyes, 11 with the Angio 3x3 scans and 11 with the Angio 6x6 
scans. Repeatability and reproducibility CV are shown in Table 1 
for all groups and all 3 FAZ parameters. The CV for reproducibility 
is shown as bold if the analysis of variance found the contribution 
of grader to be significant. Manual grading resulted in significant 
operator effect for almost all parameters, whereas automated 
measurements showed an effect of system/operator only for 
circularity. The operator component was small in all cases, as shown 
by comparing the reproducibility CV to the repeatability CV. Manual 
grading improved reproducibility only for the 6x6 scans in the 
presence of disease.
Conclusions: Automated measurements of the FAZ may occasionally 
fail to correctly identify the FAZ. Tools to manually correct the 
FAZ improve the repeatability and reproducibility of the FAZ 
measurements to an acceptable range and may allow for monitoring 
the FAZ over time. This is especially helpful for 6x6 scans in the 
presence of disease. Overall, the repeatability and reproducibility 
of FAZ measurements are good, and automated measurements are 
acceptable for 3x3 scans and 6x6 scans of normal eyes.

Table 1: Repeatability and reproducibility CV
Commercial Relationships: Carmen Yoo, Carl Zeiss Meditec, 
Inc. (C); Mary K. Durbin, Carl Zeiss Meditec, Inc. (E); 
Michael H. Chen, Carl Zeiss Meditec, Inc. (C); Lin An, Carl Zeiss 
Meditec, Inc. (E); Nathan D. Shemonski, Carl Zeiss Meditec, Inc. 
(E)
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The distribution of the density of micro-vascular around macula 
and optic disc
JIN MA, Xiaohu Ding. Retina, Zhongshan Ophthalmic Center, 
Guangzhou, China.
Purpose: To report the optical density of the superfical retinal small 
vessel network and deep retinal capillary network in normal Chinese 
adult.
Methods: A spectral-domain optical coherence tomography 
angiography (SD-OCTA) devices (Cirrus; Carl ZeissMeditec, 
Inc, Dublin, California, USA) were used to capture the superficial 
and deep retinal vascular plexus. The Image Pro Plus (Medical 
Cybernetics, Version 6.0) software was used to grading the optic 
density of the image.
Results: A total of 64 eyes of 64 subjects (51% male) were 
analyzed. The mean age was 44±13 years old. The intra-observer 
reproducibility and inter-observer repeatability of this method was 
between 0.85 to 0.95 and 0.78 to 0.87, respectively. The general 
density of superficial para-papillary micro-vascular was 85.4±10.2, 
inferiorly, superiorly, nasally and temporally was 92.2±10.9, 
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92.4±9.8, 78±9.4 and 79.4±8.6, respectively. The general density 
of deep parapapillary micro-vascular was 59.5±6.9, inferiorly, 
superiorly, nasally and temporally was 60.2±6.9, 53.4±6.6, 64.2±9.8 
and 61.2±8.3, respectively. The general density of superficial para-
macular micro-vascular was 51.7±9.2, inferiorly, superiorly, nasally 
and temporally was 50.3±10.8, 54.2±9.7, 53.1±6.7 and 50.4±10.7, 
respectively. The general density of deep para-macular micro-
vascular was 59.5±6.9, inferiorly, superiorly, nasally and temporally 
was 49.5±5.6, 49.3±6.9, 49.7±3.1 and 48.6±4.3, respectively.
Conclusions: The micro-vascular density was greater in vertical than 
horizontal, which was explained by the anatomy of the retina.
Commercial Relationships: JIN MA, None; Xiaohu Ding, None
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Non-invasive imaging of retinal blood flow with high spatio-
temporal resolution
Abhishek Rege1, Yusi Liu1, Yici Jing1, Jonathan Howarth1, M. 
Jason Brooke1, Osamah Saeedi2. 1Vasoptic Medical Inc, Baltimore, 
MD; 2Department of Ophthalmology and Visual Sciences, University 
of Maryland Baltimore, Baltimore, MD.
Purpose: Noninvasive monitoring of vascular blood flow and tissue 
perfusion in the retina may offer new insights on ophthalmologic, 
neurologic and cardiovascular pathophysiology. Here, we 
demonstrate the ability of a novel speckle-based retinal imaging 
investigational device—the XyCAM ID™—to noninvasively capture 
retinal blood flow velocities (BFV) and its fluctuations with high 
spatio-temporal resolution.
Methods: The XyCAM ID was mounted on a slit lamp base and 
used to acquire speckle images from the right eye of two healthy 
individuals (authors MJB, YL) through self-experimentation. 
Imaging was performed twice, five days apart. On each day, images 
were acquired through a dilated pupil when the subject was rested 
(baseline), and after the subject had performed vigorous exercise 
as confirmed by elevation of the heart rate to 120 ± 10 beats/
minute. Each imaging session comprised of serial acquisition of 
speckle images at a frame rate of 120 Hz for a period of 5 seconds, 
of a region of interest (ROI) centered on the optic disc illuminated 
with red laser. A plethysmogram was simultaneously recorded for 
reference. The acquired speckle images were processed in sliding 
batches of 11 frames each to obtain maps of retinal BFV. BFV values 
were averaged over all pixels in the ROI, and within pixels comprised 
in the central half-diameter of six manually identified vessel segments 
in each imaged eye, for assessment of temporal characteristics.
Results: Fig. 1 shows an exemplary sequence of BFV maps and 
temporal trend in BFV fluctuations obtained from a human retina. 
The high spatio-temporal resolution permits probing of individual 
vessels (Figs. 2A-C) which exhibit pulsatility with a similar 
frequency as other vessels in the retina, but dissimilar amplitudes. 
The frequency of pulsations in the XyCAM based flow measurements 
varied commensurately with heart rate. In both pre- and post-exercise 
conditions, the correlation between measured retinal BFV and 
associated plethysmogram was high (Fig. 2D), but varied with image 
acquisition time (greater than 0.49 ± 0.17; p<0.001 for 4 second 
acquisition).
Conclusions: Preliminary results from our investigation validate the 
ability of the XyCAM ID to resolve regional and vascular blood flow 
fluctuations over multiple cardiac cycles with high fidelity. Further 
development is necessary to address relative inter-frame motion that 
can permit automated assessments over longer acquisition periods.

Commercial Relationships: Abhishek Rege, Vasoptic Medical 
(E), Vasoptic Medical (I), Vasoptic Medical (P); Yusi Liu, Vasoptic 
Medical (E), Vasoptic Medical (I); Yici Jing, Vasoptic Medical 
(E); Jonathan Howarth, Vasoptic Medical (E); M. Jason Brooke, 
Vasoptic Medical (E), Vasoptic Medical (I), Vasoptic Medical (P); 
Osamah Saeedi, None
Support: NIH Grant R43AG048758
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Near-Infrared Autofluorescence in Choroideremia: anatomical 
and functional correlations
Anna Paola Salvetti1, 2, Johannes Birtel3, 4, Kanmin Xue1, 2, 
Martin Gliem3, 4, Philipp Mueller3, 4, Frank G. Holz3, 4, 
Robert E. MacLaren1, 2, Peter Charbel Issa2, 3. 1Nuffield Laboratory of 
Ophthalmology, Department of Clinical Neurosciences, University of 
Oxford, Oxford, United Kingdom; 2Oxford Eye Hospital, University 
of Oxford, Oxford, United Kingdom; 3Center for Rare Diseases 
Bonn (ZSEB), University of Bonn, Bonn, Germany; 4Department of 
Ophthalmology, University of Bonn, Bonn, Germany.
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Purpose: To describe features on near-infrared autofluorescence 
(NIR-AF) imaging in patients with choroideremia (CHM) and 
to correlate these with findings on blue autofluorescence (B-AF) 
imaging, retinal structure and visual function.
Methods: All patients underwent best-corrected visual acuity 
(BCVA), 10-2 microperimetry (Macular Integrity Assessment-
MAIA, CenterVue, Padova, Italy) and a full ophthalmic examination. 
Multimodal retinal imaging with spectral domain optical coherence 
tomography (SD-OCT), NIR-AF (at 805 nm excitation wavelength) 
and B-AF (at 488 nm excitation wavelength) was carried out on the 
Heidelberg Spectralis HRA and HRA II (Heidelberg Engineering, 
Heidelberg, Germany).
Results: 78 eyes of 39 consecutive patients were included in the 
study. Three different phenotypes were identified based on NIR-AF 
imaging. In group 1 (n = 17 eyes), NIR-AF showed preserved foveal 
surrounded by a granular pattern, which corresponded to the residual 
retinal pigment epithelium (RPE) visible on B-AF images. In group 
2 (n = 16), only the foveal NIR-AF was present. In group 3 (n = 6 
patients) the NIR-AF signal from the RPE was absent. The areas of 
preserved RPE on B-AF images were greater in group 1 compared 
to group 2 and 3 (p<0.0001), but there was no statistically significant 
difference between the latter group 2 and 3. No difference in central 
retinal thickness (mean thickness within the central 1.0 mm ETDRS 
circle on SD-OCT volume scans) was detected between the three 
groups. A significant difference in BCVA (p<0.05) was only detected 
between group 1 (mean 0.16 logMAR, SEM = 0.023) and group 2 
(mean 0.29 logMAR, SEM = 0.045), possibly due to the low number 
of patients in group 3 (mean 0.26 logMAR, SEM = 0.045). Mean 
central sensitivity on microperimetry testing was significantly higher 
in group 1 compared to group 3 (p<0.05), but was not significantly 
different for other inter-group comparisons.
Conclusions: A preserved NIR-AF signal in choroideremia patients 
is associated with larger areas of intact RPE and with better visual 
function. NIR-AF may be used as an additional factor for visual 
prognostication or as an outcome measure in clinical trials such as 
gene therapy for choroideremia.
Commercial Relationships: Anna Paola Salvetti; Johannes Birtel, 
None; Kanmin Xue, None; Martin Gliem, None; Philipp Mueller, 
None; Frank G. Holz, None; Robert E. MacLaren, None; 
Peter Charbel Issa, None
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Quantitative Fundus Autofluorescence in Smokers Compared to 
Non-smokers
Yao Wang, Kevin Firl, Tu Tran, Erik J. Van Kuijk, 
Sandra R. Montezuma. University of Minnesota, Minneapolis, MN.
Purpose: To quantitatively compare fundus autofluorescence in 
healthy retinae of smokers to nonsmokers.
Methods: This was a cross-sectional study conducted at the 
Minnesota State Fair from September 2-4th, 2016. Participants 
self-reported pertinent past medical and ocular history and 
underwent general eye examination as well as quantitative fundus 
autofluorescence (qAF) imaging with Spectralis confocal scanning 
laser ophthalmoscope (cSLO; 488nm excitation; 30 degrees) 
equipped with an internal fluorescent reference. Two sets of images 
were obtained per eye. Stepwise multiple regression was used to 
examine the relationship between mean qAF values of the eight 
segments of middle ring and two smoking variables—positive 
smoking history and number of pack-years smoked.
Results: Autofluorescence images were acquired from 54 smokers 
and 51 non-smokers (61 female, 44 male; age range: 18-78). Positive 
smoking history was associated with higher qAF values for the right 

eye, left eye, and composite of both eyes (p=0.034, 0.006, 0.005, 
respectively). Further, number of pack-years smoked was positively 
associated with qAF values of the right eye and composite of both 
eyes (p=0.038, 0.031 respectively). qAF of the left eye and pack-
years smoked did not reach statistical significance (p=0.1). Older 
age and female sex were also associated with higher qAF levels. 
The repeatability coefficients between the first set and second set of 
images were +/-21% of their mean qAF values.
Conclusions: There was increased fluorophore-related qAF in 
smokers, with a tendency for qAF to increase with the number of 
pack-years smoked. Several large epidemiological studies have 
shown that smoking is significantly associated with age-related 
macular degeneration (AMD). Oxidative damage induced by cigarette 
smoking could increase fluorophores like A2E and lipofuscin, thereby 
elevating the qAF level. While this does not provide direct evidence 
of increased lipofuscin accumulation in AMD, it does suggest higher 
levels of autofluorescent material in retinal pigment epithelium of 
smokers with increasing pack-years.
Commercial Relationships: Yao Wang, None; Kevin Firl, None; 
Tu Tran, None; Erik J. Van Kuijk, None; Sandra R. Montezuma, 
None
Support: VitreoRetinal Surgery Foundation Research Award
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Quantitative Fundus Autofluorescence (qAF) in Normal Phakic 
and Pseudophakic Patients Using SPECTRALIS® qAF Imaging 
and Analysis Module
Meleha Ahmad, Nicole Topilow, Julia Agee, Samantha Ayoub, 
Nathaniel Tracer, Heather Leisy, Gabriella Guevara, Theodore Smith. 
Ophthalmology, New York University School of Medicine, New 
York, NY.
Purpose: qAF imaging is used to track retinal pigment epithelium 
(RPE) health in the research setting and will soon be available 
clinically. Knowledge of normal qAF patterns is useful in detecting 
qAF abnormalities caused by RPE disease. Our purpose was to 
establish normative data on the investigational SPECTRALIS® 
qAF Imaging and Analysis Module for younger phakic and older 
pseudophakic patients.
Methods: We performed qAF imaging on 51 patients (82 eyes) 
using the SPECTRALIS® qAF Imaging and Analysis Module. We 
included 32 phakic patients < 50 years old without cataracts and 19 
pseudophakic patients > 50 years old with clear posterior capsules. 
Patients with evidence of retinal abnormalities on dilated fundus 
exam or macular spectral domain optical coherence tomography 
were excluded. Analysis was conducted using inbuilt qAF software 
for the third concentric ring of the “Delori pattern” centered on the 
fovea to generate qAF-8 values for each eye. In patients with bilateral 
imaging, qAF-8 was averaged for both eyes to generate a single 
mean qAF-8 measurement. qAF-8 was plotted against age with linear 
regressions on all patients and patient groupings of < 50 and > 50 
years old.
Results: qAF-8 was positively associated with age in the overall 
group (correlation coefficient (CC) 0.51, R2 0.05, range 76-243). 
In addition, qAF-8 was positively associated with age in younger 
patients (CC 3.03, R2 0.32, range 76-230) and in older patients 
(CC 1.90, R2 0.09, range 70-243). There was no significant overall 
difference between average qAF-8 in phakic patients < 50 years and 
pseudophakic patients > 50 years old (p=0.52).
Conclusions: qAF-8 can be successfully measured in healthy eyes 
using the SPECTRALIS® qAF Imaging and Analysis Module. qAF-
8 values are positively associated with age and show significantly 
higher variability in pseudophakic patients > 50 years as compared 



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.

to phakic patients < 50 years old. In pseudophakic patients, however, 
the SPECTRALIS® qAF Analysis Module appears to underestimate 
the qAF compared to the expected upward continuation of the values 
for younger phakic patients. Further exploration of normative qAF 
values for this new technology is required.

qAF-8 vs. age for phakic patients < 50 years old (blue line) and 
pseudophakic patients > 50 years old (red line).
Commercial Relationships: Meleha Ahmad, None; 
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None; Theodore Smith, None
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Inverse spectroscopic optical coherence tomography and two-
photon autofluorescence imaging applied to the evaluation of 
ocular surface lesions
Hyunjoo J. Lee1, Lei Zhang2, Sharmila Masli1, Ji Yi2. 1Ophthalmology, 
Boston University School of Medicine, Brookline, MA; 2Medicine, 
Boston University School of Medicine, Boston, MA.
Purpose: The ability to diagnose ocular surface neoplasia with the 
aid of imaging modalities is improving, but still hindered by the 
limitations of currently available techniques. Inverse spectroscopic 
optical coherence tomography (IS-OCT) is an emerging technique 
capable of detecting nanoscale ultrastructural differences in pre-
neoplastic and neoplastic states within gut mucosa. Two-photon 
autofluorescence imaging (TPI) can detect autofluorescence of 
metabolic markers: nicotinamide adenine dinucleotide (NADH) and 
flavin adenine dinucleotide (FAD), alterations in which have been 
associated with neoplasia. In this pilot study, we investigated the 
utility of IS-OCT and TPI in diagnosing lesions of the ocular surface 
by evaluating excised conjunctival and corneal lesions.
Methods: With IRB approval, informed consent was obtained from 
patients undergoing excision of ocular surface lesions at Boston 
Medical Center by a single surgeon. The surgeon used a 1 or 2mm 
biopsy punch to separate a central portion of the excised lesion, 
leaving the lateral margins intact, and sent the peripheral portion 
directly to the pathology lab and the central portion for ex vivo IS-
OCT and TPI. Immediately after imaging, the central specimen was 
also sent to the pathology lab for histological diagnosis. The IS-OCT 
and TPI findings were correlated to the histologic findings.
Results: There were 7 specimens imaged by IS-OCT. Based 
on histologic findings, 1 of the specimens was diagnosed as 
a conjunctival papilloma and 6 were diagnosed as pterygium. 
A quantitative measurement correlating to the ultrastructural 
compaction measured by IS-OCT, D value, was 2-fold higher in 
papilloma compared to pterygium (3.73 vs 1.81 ± 0.88) [Figure 
1]. The papilloma also displayed roughly 8-fold higher NADH 

autofluorescence intensity by TPI compared to pterygium (25.98 vs. 
3.19 ± 1.03).
Conclusions: Compared to pterygium, conjunctival papilloma, which 
is not malignant but shares some clinical features in common with 
ocular surface squamous neoplasia, had higher D and higher NADH, 
which have been associated with higher malignant potential and 
higher cellular proliferation, respectively. We demonstrate proof of 
concept that IS-OCT and TPI can be applied to the examination of 
ocular surface lesions. Further studies of the utilization of IS-OCT 
and TPI for ocular surface neoplasia are ongoing.

Commercial Relationships: Hyunjoo J. Lee, None; Lei Zhang, 
None; Sharmila Masli, None; Ji Yi, Northwestern University (P)
Support: NIH CTSI 1UL1TR001430
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Comparison Study of Funduscopic Exam Using the D-EYE 
Digital Ophthalmoscope and the Direct Ophthalmoscope
Amy Ruomei Wu1, Donny W. Suh2. 1School of Medicine, Creighton 
University, Omaha, NE; 2Ophthalmology, Children’s Hospital & 
Medical Center, Omaha, NE.
Purpose: Telemedicine-based applications may play a significant role 
in the future of ophthalmology. A comparison study was performed 
which used the fundus camera and the direct ophthalmoscope in 
order to assess the camera’s viability as a low-cost alternative for 
physicians. A fundus camera is a smartphone equipped with the 
D-EYE lens that works similarly to a direct ophthalmoscope to 
produce digital retinal imaging. Also, we surveyed the advantages 
and disadvantages of each device.
Methods: Twenty-five medical students were given 30 minutes 
of instruction on how to use the direct ophthalmoscope (DO) and 
D-EYE (D-EYE Srl, Padova, Italy; https://www.d-eyecare.com) by 
a pediatric ophthalmologist (PO). After completing the training, they 
used two methods to view the fundus of the eye under dim light on 
two undilated patients under direct supervision of the PO. D-EYE 
video imaging of the optic nerve was obtained by locating the red 
reflex and moving the device at 15 degrees temporally until 1 cm 
from the eye, on a patient instructed to fixate on an object 10 meters 
away. Each student had to describe their findings and show the video 
taken from the smartphone to the PO. Students also completed a 
survey rating their experience using each method.
Results: In rating their preferred device, 92% of participants 
preferred the D-EYE over the DO. Also, the students were able to 
identify the optic nerve and macula in a shorter amount of time, and 
were able to review the images from the D-EYE to confirm their 
findings. Overall, the medical students show a very strong preference 
for the D-EYE that was statistically significant (p<.001).
Conclusions: The D-EYE is a viable tool that could be incorporated 
into medical education and practice for utility in future physician 
performance. Feedback indicated the D-EYE is intuitive to use, with 
features that offer greater utility than the DO. It has the ability to 
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record fundus exams and facilitate communication between patient-
physician and physician-physician regarding a patient’s eye disease. 
Survey results also showed five students rated the D-EYE as more 
difficult to use initially, though three of them ultimately preferred the 
D-EYE due to the recording features and larger image of the fundus. 
Further studies comparing the D-EYE to the DO in identifying 
eye pathologies are warranted to increase our understanding of the 
device’s clinical utility.
Commercial Relationships: Amy Ruomei Wu, None; 
Donny W. Suh, None
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Inter-device comparison of retinal sensitivity assessments in a 
healthy population: the CenterVue MAIA and the Nidek MP-3 
microperimeters
Ayesha Karamat1, Siva Balasubramanian1, 2, Amir H. Hariri1, 2, 
Tudor Tepelus1, 2, Akihito Uji1, 2, Srinivas R. Sadda1, 2. 1Doheny Eye 
Institute, Santa Clarira, CA; 2Ophthalmology, David Geffen School of 
Medicine at UCLA, Los Angeles, CA.
Purpose: To compare and correlate the retinal sensitivity 
measurements obtained with the Nidek MP-3 and the CenterVue 
MAIA microperimeters in healthy subjects.
Methods: In this IRB approved, prospective comparative study, 
31 eyes of 23 subjects underwent complete ophthalmological 
examination including retinal sensitivity assessments using two 
microperimeters, the MP-3 (Nidek Technologies) and the MAIA 
(CenterVue). The mean retinal sensitivity (dB) and its corresponding 
luminance (asb) and contrast (log units) were analyzed between 
the two instruments using Paired Student’s t-tests. The inter-device 
reproducibility was assessed using intraclass correlation coefficient, 
and level of agreement of the sensitivity values between the 
devices was analyzed by Bland–Altman test. Pearson’s analysis 
was performed to evaluate the association of retinal sensitivity 
measurements with age, gender and spherical equivalent of the 
refractive power.
Results: The mean retinal sensivity (dB) measured by the MP-3 
(25.08 ± 0.92 dB) was significantly (p < 0.0001) lower compared 
with the MAIA (30.72 ± 0.77 dB). The luminosity levels were 
significantly (p <0.0001) higher with the MP3 (7.47 ± 0.80 asb) 
compared with the MAIA (0.93 ± 0.17 asb). The contrast sensitivity 
was significantly higher for the MP-3 (0.92 ± 0.33 log units) 
compared with the MAIA (0.25 ± 0.13 log units). This translated 
to a mean difference between the MAIA and MP-3 of 5.64 dB, - 
6.54 asb and - 0.67 log units for retinal sensitivity, luminance and 
contrast sensitivity, respectively. Despite these absolute differences, 
the intraclass coefficient was 0.85 (95% confidence interval [CI]: 
0.71-0.92) between the two devices, and after applying a standard 
correction factor to each data point (MAIA sensitivity = MP-3 
sensitivity + 5.64), the mean difference in retinal sensitivity between 
devices was 5.64 dB.
Conclusions: Retinal sensivity measures higher, but luminance 
and contrast sensivity measure lower for MAIA-generated values 
compared with the MP-3. The relationships, however, appeared fairly 
consistent, and application of a standard correction factor allowed the 
data to be inter-related, at least for normal eyes.
Commercial Relationships: Ayesha Karamat, None; 
Siva Balasubramanian, None; Amir H. Hariri, None; 
Tudor Tepelus, None; Akihito Uji, None; Srinivas R. Sadda, 
Novartis (C), Optos (C), Allergan (F), Carl Zeiss Meditec (F), 
Genentech (C), Thrombogenics (C), Optos (F), Genentech (F), Iconic 
(C), Allergan (C)
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Comparison Study of Funduscopic Exam of Pediatric 
Patients Using the D-EYE Method and Conventional Indirect 
Ophthalmoscopic Methods
Drew Dickson, Collin Macdonald, Donny W. Suh, Samiksha Jain, 
Daniel Agraz, Robin High. University of Nebraska Medical Center, 
Omaha, NE.
Purpose: Smartphones are growing in their application to 
diagnose and document ocular pathology. The D-EYE device, a 
new fundoscopic smartphone lens, has demonstrated its utility in a 
clinical setting, but has not been tested in the pediatric population. A 
prospective study was performed to explore the utility of D-EYE in 
pediatric fundus examinations.
Methods: Two non-ophthalmologists were trained to use the D-EYE 
device (D-EYE Srl, Padova, Italy; https://www.d-eyecare.com) and 
to interpret the images by a pediatric ophthalmologist (PO). Patients 
ages 3-19 years old underwent dilated fundus examinations by two 
masked examiners using the video function of the D-EYE, while 
indirect ophthalmoscopy was performed by the PO as a gold standard 
examination. The examiners independently analyzed the D-EYE 
videos for the presence or absence of abnormalities, cup to disc (C:D) 
ratios, optic nerve size, and optic nerve color. The D-EYE video 
findings were compared to indirect ophthalmoscopy to determine 
if the D-EYE device could adequately detect fundus abnormalities. 
Sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), positive likelihood ratio (PLR) and negative 
likelihood ratio (NLR) were calculated for the presence of fundus 
abnormalities, optic nerve size, and optic nerve color. Agreement on 
C:D ratios between the two graders and the imaging techniques was 
based upon the overall rate of agreement.
Results: 90 eyes from 45 patients were included in the study. In 
comparing D-EYE to indirect ophthalmoscopy for detecting fundus 
abnormalities, the sensitivity was 0.97, specificity was 0.73, PPV 
was 0.96, NPV was 0.80, PLR was 3.56, and NLR was 0.037. 
The agreement rate between the two D-EYE video graders for 
the C:D ratio within a value of 0.1 was 97.7%. Multiple different 
abnormalities were discovered using the D-EYE device, including 
nystagmus, optic nerve hypoplasia, optic disc edema, peripapillary 
atrophy, disc pallor, and optic disc drusen.
Conclusions: Fundoscopic imaging using the D-EYE smartphone 
lens reliably detects the presence of fundus abnormalities and has 
good reliability in assessing C:D ratios. The video capability is 
useful in patients with nystagmus or those who are poorly compliant 
with the examination and allowed for effective teaching by the 
PO. The D-EYE device may be employed in clinical diagnosis and 
documentation.
Commercial Relationships: Drew Dickson, None; 
Collin Macdonald, None; Donny W. Suh, None; Samiksha Jain, 
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Comparison of anterior segment optical coherence tomography 
(OCT) and ultrasound biomicroscopy (UBM) in diagnosis of 
anterior scleritis
Robert Purgert, Angela Bessette, Francesco Pichi, Careen Lowder. 
Ophthalmology, Cleveland Clinic Cole Eye Institute, Cleveland, OH.
Purpose: Optical coherence tomography (OCT) and ultrasound 
biomicroscopy (UBM) are imaging modalities that have individually 
been used for detecting characteristic inflammatory changes of 
anterior scleritis. This retrospective study compared OCT and UBM 
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to determine which modality better images the inflammatory changes 
of scleritis.
Methods: Charts of patients 18 years or older who had both anterior 
segment OCT and UBM performed on inflamed regions of sclera and/
or overlying tissue from January 2016 to the present were reviewed. 
The Optovue RTVue XR (Optovue Inc., Fremont, CA) and Quantel 
Medical Aviso S (Quantel Medical Inc., Cournon-d’Auvergne, 
France) were used to acquire OCT and UBM images, respectively, in 
these patients. Images were compiled and randomized. Two masked 
uveitis experts judged each image as being consistent with scleritis 
or not (Figures 1 and 2), based on previously-published descriptions 
of scleritis patterns in the OCT (Shoughy et al. Am J Ophthalmol 159 
(6), 1045-1049.e1. 2015) and UBM (Zur et al. Acta Ophthalmol 94 
(6), e384-e389. 2016) imaging modalities. The study was approved 
by the Cleveland Clinic Institutional Review Board and performed 
according to tenets of the Declaration of Helsinki.
Results: Analysis was performed on 12 eyes from 10 patients (mean 
age 63 +/- 8.4 years; age range 46 to 73; 60% women; 20% with 
bilateral disease; 90% with scleritis as the original indication for 
imaging; 30% with underlying systemic inflammatory disease). There 
was a significantly greater proportion of correct determinations of 
scleritis by OCT than UBM (0.83 +/- 0.08 vs. 0.58 +/- 0.10; p < 0.05; 
McNemar’s chi-square). Additionally, OCT demonstrated greater 
sensitivity for detecting scleritis than UBM (0.91 +/- 0.06 vs. 0.64 +/- 
0.10). Finally, OCT promoted a greater percentage agreement among 
image judges than UBM (84% vs. 50%).
Conclusions: Anterior segment OCT is a more accurate adjunctive 
tool for diagnosing anterior scleritis than UBM. This finding 
highlights for clinicians a superior imaging modality to aid in the 
diagnosis and follow-up of patients with scleritis.

Figure 1: Scleritis inflammatory changes on UBM. Non-homogenous 
scleral thickening (between arrows) with overlying low-reflectivity 
episcleral thickening (asterisk).

Figure 2: Scleritis inflammatory changes on OCT. Intrascleral edema 
(arrow) with subconjunctival fluid (arrowhead).
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Comparison of Anterior Chamber Depth measures obtained with 
IOL Master® 500 and Pentacam®

Daniela L. Marques1, Ivan C. Teixeira1, 2, Richard Y. Hida1, 
Fabricio Langella1, Helena Kurimori1. 1Ophthalmology, Irmandade 
da Santa Casa de Misericórdia de São Paulo, São Paulo, Brazil; 
2Hospital de Olhos Paulista, São Paulo, Brazil.
Purpose: To compare the Anterior Chamber Depth (ACD) measures 
obtained with two different techniques: the Scheimpflug camera 
(Pentacam HR Oculus®) and by interferometry (IOL Master 500 Carl 
Zeiss®).
Methods: Outpatients examination data from the Ophthalmology 
Service of the Hospital de Olhos Paulista, São Paulo-Brazil, 
performed in the period of May 2014 to March 2016 were 
retrospectively evaluated. Only patients with no previous ocular 
surgery or other ophthalmological comorbidities than cataract were 
included in this series. ACD sets of measurements were obtained 
consecutivally by an experienced examiner in both devices (IOL 
Master 500® and Pentacam HR®) and a single measure of good 
quality index was recorded for each equipment. The values were 
compared and had their agreement accessed by Intraclass Correlation 
Coeficient (ICC) and Bland-Altmann method in SPSS IBM® program 
version 16.0. Values of p < 0.05 were considered to be statistically 
significant differences. This study was approved by the Research and 
Etthics Comitee of the Santa Casa Hospital of São Paulo, Brazil.
Results: ACD measurements of 468 eyes from 270 patients were 
evaluated. The mean age of the population was 68 ± 1,17 years, 
ranging from 32 to 93. The mean ACD value obtained by Pentacam 
HR® was 3.14 ± 0.38 mm (range 2.03 - 4.50) and by IOL Master® 
500 was 3.12 ± 0.38 mm (range 1.99 – 5.29). The ICC observed in 
this series was 0.91 (p<0.001, CI 99%: 0.89- 0.93; type “a” model 
with absolute agreement for single measures). A high degree of 
reliability was found between the measures of ACD in this series.
Conclusions: The values of ACD obtained with both devices have 
demonstrated a strong correlation.
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Objectively measuring optical blurring in amniotic membranes 
and the effects of collagen cross-linking
Jeffrey Z. Tsao, Landon K. Grange, C Andres Benatti, 
Hideki Fukuoka, Natalie A. Afshari. Ophthalmology, Shiley Eye 
Institute, University of California at San Diego, San Diego, CA.
Purpose: Amniotic membranes are used in corneal and conjunctival 
surgeries to promote wound healing among other beneficial effects. 
We aimed to study the clarity of amniotic membranes as well as to 
examine the effects cross-linking on optical quality.
Methods: Five different amniotic membranes types (three 
cryopreserved and two dehydrated) and Collagen Shield as control 
were analyzed with two samples each (n = 15), three each for the 
dehydrated samples. Optical blurring quantified as “blur index” was 
calculated via image analysis of a photo taken of the sample over a 
laptop liquid crystal display, using the standard deviation ratio of gray 
values seen from the membrane over the petri dish they rested upon. 
A “transparency ratio” estimated transmittance by comparing the 
maximum gray values of sample versus petri dish. For cryopreserved 
membrane types, we also examined the impact of time after package 
opening on transparency (fresh vs 1 week old). Finally, using 
riboflavin and UV light we cross-linked a sample of each type and 
measured the optical effect.
Results: Blur indices among all membranes ranged from 0.255% 
to 24.6%, with smaller values signifying minimal blurring for all 
membrane types.
Transparency ratios ranged between 0.90 and 1.08, with greater 
values signifying more brightness. BI and TR had an inverse 
correlation (r = –0.923, 95% CI 0.847–0.962).

Cross-linking had a range of effects on BI values, from a 36% 
reduction to a 41% increase, and a smaller range of effects on TR 
values, from a 5% reduction to 3% increase.
Conclusions: This quick method helps objectively assess the amount 
of blurring from amniotic membranes. The blur index measurement 
could potentially be useful in predicting what a patient may 
experience visually, but further study would be needed to correlate 
with effects on visual acuity. Collagen cross-linking did not have a 
predictable or statistically significant effect on BI or TR.

Screenshot of image analysis with gray value graphs comparing an 
amniotic membrane to petri dish.
Commercial Relationships: Jeffrey Z. Tsao; Landon K. Grange, 
None; C Andres Benatti, None; Hideki Fukuoka, None; 
Natalie A. Afshari, None
Support: Research to Prevent Blindness


