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The MeyeSight Visual Fitness App
August Colenbrander1, Donald C. Fletcher1, Huiying Shen1, 
Stuart Carduner2. 1Smith-Kettlewell Eye Res Inst, Novato, CA; 
2Open Mind Foundation, Sherwood, MD.
Purpose: Purpose The MeyeSight Visual Fitness test is an Android 
smartphone app that provides a simple self-administered visual 
screening test. It differs from other tests because it screens not only 
for visual acuity, but also for contrast and for defects in the central 
field.
Methods: Methods All three parts present and arrow target, 
pointing up, down, left or right. The subject responds by swiping 
in the direction indicated by the arrow. For the visual acuity test, a 
1-down/2-up staircase procedure is used.
For the contrast test, the same procedure is repeated with a low 
contrast (20% Weber) target. The HC-LC difference, which is also 
used on the Mixed Contrast cards (ARVO 2005, 2006), is relevant for 
ADL performance.
For the central field, a novel procedure is used, which is much faster 
and less strenuous than existing tests. An initial screening for normal 
eyes takes less than 30 seconds. The program stores the results for 
future comparisons.
Results: Use of the app was validated in a variety of settings. 
Results Patient appeal – Of 50 patients, who tried the app in an eye 
clinic waiting room, 100% (50/50) found the app interesting and 
simple to use. All said they would like to use it at home to monitor 
their vision, and would recommend it to a friend. Although the app 
will be free, 80% (40/50) said they were willing to pay a moderate 
price. Several older patients had initial difficulty making the swiping 
movements. Younger patients rarely had this problem. The same was 
found in other settings. Of 15 companions, all were interested and 
eager to try the app. 
Results Low vision patients – to date, 28 patients with visual 
acuity values from 2/20 to 20/400 and a variety of diagnoses 
(AMD in 17/25) were tested. HC acuity could be obtained in all. 
As expected, the variability is larger than with formal ETDRS 
testing. LC acuity could be obtained in 27/28. As expected, patients 
with impaired contrast vision took longer to reach their endpoint. 
HC-LC differences ranged from 0 to 6 lines, with an outlier at 13 
lines. Central field data could be obtained in 16/28 patients; the 
results conformed to other field tests. For the remaining subjects, the 
standard target was too dim. A marked correlation between reading 
difficulties and performance on the central field test was observed.
Conclusions: Conclusion The app provides a simple, attractive 
and effective means for home screening. Subjects with consistently 
abnormal results should seek a professional examination.
Commercial Relationships: August Colenbrander, None; 
Donald C. Fletcher, None; Huiying Shen, None; Stuart Carduner, 
None
Support: Reder's Digest - Partners for Sight Foundation
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The Impact of a Novel Artificial Vision Device (OrCam) on the 
Quality of Life of Participants with End-Stage Glaucoma
Joshua Newman2, Michael Waisbourd1, Lisa A. Hark1, 
Debra Robinson1, L Jay Katz1. 1Glaucoma Research, Wills Eye 
Hospital, Philadelphia, PA; 2Sidney Kimmel Medical College, 
Philadelphia, PA.
Purpose: 
To determine the impact of OrCam device on vision-related quality of 
life (QoL) of legally blind participants. OrCam (OrCam Technologies 
LTD, Jerusalem, Israel) uses artificial vision technology built 
into a miniature smart camera that sits on the wearer’s eyeglasses 
frame. The technology converts visual information into the spoken 
word. OrCam reads any printed text, including newspapers, books, 
computer screens, restaurant menus, labels on supermarket products, 
and street signs, instantly relaying it to the user through a built-in 
mini speaker.
Methods: This prospective, 4-week observational study enrolled 
27 legally blind participants with end-stage glaucoma and difficulty 
or inability to read. Participants were provided with the OrCam 
device during the study period and trained how to use it. Participants 
were administered the National Eye Institute Visual Functioning 
Questionnaire-25 (NEI-VFQ-25) at baseline and again at the final 
visit (4 weeks). A satisfaction questionnaire was administered at 
the final visit and consisted of a series of 10 questions pertaining to 
benefits and challenges participants may have experienced in using 
the OrCam device. A weekly phone survey was also to assess both 
the average number of hours participants spent using OrCam daily, as 
well as their current comfort-level using the device.
Results: Participants responded positively to OrCam, with 74.1% 
(n=20) demonstrating an increase in their overall QoL according to 
the NEI-VFQ results.
Participants that could read with or without the device, OrCam 
assisted them in reading at a 17% (332.7 to 277.6 sec) faster rate on 
average. The remaining 21 participants were able to read an entire 
article once equipped with OrCam.
The average time participants spent using OrCam each day increased 
from 1.9 to 2.7 hours from week 1 to week 4. The vast majority, 89% 
(n=24), reported being “very satisfied” or “satisfied” with the device. 
Furthermore, 23 participants (85%) reported that they were either 
“very likely” or “likely” to recommend the device to others.
Conclusions: OrCam, allowed legally blind participants with end-
stage glaucoma to read independently, subsequently improving their 
QoL. This device may offer visually impaired participants additional 
resources to help read and function independently.
Commercial Relationships: Joshua Newman, None; 
Michael Waisbourd, None; Lisa A. Hark, None; Debra Robinson, 
None; L Jay Katz, None
Support: Wills Eye Innovation Grant# 14-396 3/14 - 8/15 
NCT02526680
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The MeyeSight App for Screening of Visual Acuity, Contrast 
Vision, and the Central Visual Field
Kimberly Tang1, Geraldine R. Slean1, August Colenbrander2, 1. 
1California Pacific Medical Center, San Francisco, CA;  
2Smith-Kettlewell Eye Research Institute, San Francisco, CA.
Purpose: To evaluate the usability of the MeyeSight app, an 
interactive smartphone application to screen for defects of visual 
acuity, contrast vision, and the central visual field in healthy controls 
and visually impaired patients.
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Methods: MeyeSight was piloted on visually impaired patients 
and healthy controls through convenience sampling. After their 
participation, subjects were engaged in semi-structured qualitative 
interviews to better understand their reactions and experience to the 
application.
Results: 46 visually impaired patients and 19 healthy controls 
participated. To avoid confusion with clinical visual acuity 
measurements, results were coded from A to Z in steps of 0.1 
logMAR. In patients, median visual acuity score under high contrast 
was K (range E through Q) and under low contrast was M (range 
G through S), a 2-line difference. Healthy controls scored better 
with median visual acuity score under high contrast a C (range B 
to E) and under low contrast a D (range B to F), a 1-line difference. 
Median visual search time was 104.5 seconds (range 11-294) in the 
visually impaired, six times longer than the 17.3 seconds (range 9-33) 
in healthy controls. The majority of subjects (87% patients, 100% 
controls) found the application easy to use, and all (100%) would use 
the application at home and recommend it to friends and family.
Conclusions: MeyeSight is an easy-to-use smartphone application 
that can help the visually impaired, those at risk for eye disorders, or 
even healthy individuals monitor visual changes by measuring visual 
acuity, contrast vision, and visual fields.

Subjects are shown an arrow and respond by swiping in the indicated 
direction in the corner of the screen.

Example of an actual result plot that can be saved. The left part 
shows retinal sensitivity around fixation. The uneven circles indicate 
uneven search times, which is abnormal. The right part shows 
responses at high and low contrast (A = smallest target, green = 
seen, red = missed, arrow = visual acuity). The 4-line difference is 
abnormal. Although this subject has normal high contrast acuity, 
contrast sensitivity and the central field are abnormal. He deserves a 
full eye examination.
Commercial Relationships: Kimberly Tang, None; 
Geraldine R. Slean, None; August Colenbrander, None
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The impact of using eSight Eyewear on functional vision and 
oculo-motor control in low vision patients
Marie-Celine Lorenzini, Jonathan Jarry, Walter Wittich. Optometry, 
Université de Montreal, Montreal, QC, Canada.
Purpose: Low vision rehabilitation has yet to reliably demonstrate 
the impact of interventions on the location and stability of a preferred 
retinal locus, and to show the close link between changes in oculo-
motor control and functional improvements. Recently, eSight Corp. 
(Toronto, Canada) has developed a wearable, electronic low vision 
aid, eSight Eyewear, intended to improve the functional visual 
performance of people with low vision. The goal of this study was to 
evaluate if the use of eSight Eyewear improves visual function and 
whether it is associated with better oculo-motor control.
Methods: Seven men and six women (age 36 to 63, M = 49 SD =10) 
with low vision (VA 20/63 to 20/400 in the better eye) affected by 
hereditary visual diseases were recruited. They completed measures 
of distance and near visual acuity (DVA, NVA), contrast sensitivity 
(CS), and reading speed (RS), at baseline, and after 3 months of using 
the eSight Eyewear, with and without the device. At each time point, 
fixation location and stability were assessed using the Optos OCT 
SLO microperimeter (Optos pic, Scotland). Participants returned 
home with the device for 3 months, with a training guide containing 
exercises for 1 month.
Results: Within-subject analysis of variance of DVA revealed a 
significant interaction effect of time and device use, indicating 
that acuity improved with time, however only with the device, p 
= .01(Figure). Complete fixation assessments across the two time 
points were available in 5 participants. Fixation location remained 
the same for all participants as categorized by the OCT SLO (% 
of fixation recorded within 2 degrees), whereby improvements of 
fixation stability (% of fixations recorded within 2 and 4 degrees) 
were recorded for 3 participants. Fixation stability using the bivariate 
contour ellipse area did not show a significant difference after 3 
months, p = .20.
Conclusions: In all participants, we found improvements of DVA, 
NVA, RS and CS using the eSight Eyewear, indicating that the device 
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improves visual function. Results also indicate that a 3-months 
utilisation improves DVA, indicating the benefit of training and/
or practice. Moreover, eSight Eyewear does not modify fixation 
location but may improve its stability. Further studies, including more 
participants and a longer training period, are needed to confirm if 
both fixation location and stability are influenced by head-mounted 
displays.

Commercial Relationships: Marie-Celine Lorenzini, eSight (F); 
Jonathan Jarry, None; Walter Wittich, eSight (F)
Support: Mitacs/eSight Accelerate Fellowship
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VA Low-Vision Intervention Trial II (LOVIT II):  
One-Year Outcomes
Joan Stelmack1, 2, Xiaoyin Tang1, Yongliang Wei1, Scott Sayers1, 
Robert W. Massof3. 1Hines VA Hospital, Hines, IL; 2Ophthalmology, 
Illinois Eye & Ear Infirmary, Chicago, IL; 3Wilmer Eye Institute, 
Johns Hopkins, Baltimore, MD.
Purpose: To evaluate the effectiveness of low-vision rehabilitation in 
2 cohorts derived from LOVIT II.
Methods: In a prospective study we observed all of the patients 
(134 in LV rehabilitation group and 121 in Basic LV group) who 
completed the one-year LOVIT II follow-up after the trial ended at 
4 months. During the trial, the LV rehabilitation group received LV 
devices, homework and LV rehabilitation with a therapist. The Basic 
LV group received LV devices, initially without therapy, and usual 
care LV therapy after the 4 month follow-up. Overall visual ability 
and visual ability domain scores (reading, mobility, visual motor 
skill, visual information) were estimated using Rasch analysis of 
difficulty ratings on the 48-item Veterans Affairs Low-Vision Visual 
Functioning Questionnaire. Mean changes (baseline to 4 months, 4 
months to one-year, baseline to one-year) were compared.
Results: At baseline, there were no significant differences between 
groups. From baseline to 4 months, all domain scores and overall 
visual ability improved in both groups (p <0.01) except mobility in 
the Basic LV group. From baseline to one-year, both groups improved 
in overall visual ability and all visual ability domains (p<0.001). But, 
from 4 months to one-year, both groups lost visual reading ability 

(p<0.001) and the LV Rehabilitation group also lost overall visual 
ability (p<.005); mean changes in visual reading ability were - .64 
(1.2) logit LV rehabilitation group and -.63 (1.4) logit Basic LV 
group; the loss of overall visual ability in the LV rehabilitation group 
was -.20(0.8) logit.
Conclusions: The LV rehabilitation protocol used in LOVIT II and 
usual care LV therapy are both effective in improving visual ability 
in veterans with macular diseases and best-corrected distance visual 
acuity (better-eye) from 20/50 to 20/200. As both groups lost visual 
ability from 4 months to one-year, patient follow-up for mild and 
moderate LV is recommended at one year.
Commercial Relationships: Joan Stelmack, None; 
Xiaoyin Tang, None; Yongliang Wei, None; Scott Sayers, None; 
Robert W. Massof, None
Support: VA Rehabilitation Research and Development Service 
Grant # C958R
Clinical Trial: NCT00958360
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Design and in-office evaluation of a customizable Low Vision 
Tele-Rehabilitation Program
Valeria Silvestri, Marco Sulfaro, Paola Piscopo, 
Margherita Guidobaldi, Filippo M. Amore. National Centre 
of Services and Research for the Prevention of Blindness and 
Rehabilitation of Low Vision Patients, International Agency 
Prevention Blindness, Italia, Rome, Italy.
Purpose: The aim of this study was to evaluate the efficacy of a 
customizable computer-based tele-rehabilitation program (CBTP), 
called EyeFitness (NIDEK Technologies, Padova, Italy), dedicated 
to low vision patients on an in-office setting before starting the tele-
rehabilitation intervention.
Methods: An ad hoc created CBTP including 17 customizable 
exercises was developed. The exercises were designed to rehab 
different visual functions. Setting and stimulus parameters (number, 
position, size, contrast) can be modified for each exercise in order to 
create a visual training plan tailored to every eye defects. Seventeen 
patients affected by visual impairment due to different eye diseases 
were recruited with a best corrected visual acuity (BCVA) between 
1 and 0,5 LogMAR in the better eye. Patients underwent to 20 
consecutive visual training sessions of 45 minutes each, performed 
twice a week binocularly. Five patients did not receive any training 
and were used as controls. In both groups, BCVA, Contrast sensitivity 
(CS), Reading acuity (RA), Reading speed (RS), Bivariate contour 
ellipse area (BCEA), Retinal sensitivity (ReS) were compared 
before and after training. Moreover, accuracy and reaction time were 
evaluated.
Results: Contrast sensitivity was found to be significantly improved 
both in the better eye (from 0,61±0,41 LogC to 0,92±0,40 LogC, 
p=0,03) and in the worse one (from 0,43±0,47 LogC to 0,81±0,43 
LogC, p=0,04) for patients trained with CBTP. Statistically 
significant differences were also registered for BCEA values for 1-, 
2-, 3- standard deviations ellipses in both eyes (p=0,05). Reading 
performance increased significantly from the average of 41,1±18,2 
words per minute (wpm) to 53,7±18,9 wpm (p=0,05). Moreover, the 
comparison between pre and post visual stimulation for both accuracy 
(from 77,1±16,5 % to 95,5±1,5, p=0,0001) and reaction time (from 
3,9±5,7sec to 0,94±0,03 sec, p=0,03) showed significant differences.
Conclusions: These data provide evidence by showing an 
improvement of visual functions in low vision patients underwent 
to CBTP. After the first session dedicated to software setting and 
exercises’ explanation, no issues (problems or difficulties) were 
reported neither by rehabilitation therapist nor by patients. Therefore, 
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the benefits from stimulating residual vision suggest that this strategy 
could be adopted for future home training with certain advantages for 
patients and caregivers.
Commercial Relationships: Valeria Silvestri, 
None; Marco Sulfaro, None; Paola Piscopo, None; 
Margherita Guidobaldi, None; Filippo M. Amore, None
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Profile of acceptance of low vision aids in eye diseases
Akanksha Prasad. Icare Eye Hospital, New Delhi, India.
Purpose: Assessing the ocular health and the impact of disease on 
visual function.
Evaluating the functional status of low vision patients
Acceptance of low vision intervention and devices, taking into 
account the patient’s special vision demands, needs and adjustment to 
vision loss
Methods: In our prospective study, 100 low vision patients were 
assessed at a tertiary eye hospital in India. The study was done to 
know the demographic status and presentation of the impact of 
disease on visual function. The functional status was evaluated 
through clinical and functional low vision assessment. The 
prescription and acceptance of low vision devices were done for 
distance and near, taking into account the patient’s special vision 
demands, needs and adjustment to vision loss.
Results: Mean age of our study population was 52.85 years (SD = 
26.24). The maximum number of patients was in the age group 71-80 
years (23 patients, 23%).
Retinal disorders comprised the most common cause of low vision 
in our study group affecting 61 patients (61 %) out of the total 100 
low vision patients. Specifically, Age related macular degeneration 
was the most common cause of low vision in our study group – 24 
patients (24%)
Conclusions: We can conclude that congenital conditions like 
hereditary macular degeneration and retinitis pigmentosa are 
significant causes of low vision in the paediatric age group while 
age related conditions like Age related macular degeneration are 
significant causes of low vision in the age group 71-80 yrs in our 
study. Retinal disorders comprised the most common cause of low 
vision in our study group affecting 61%. Distance vision improved 
by refractive correction (48%) and an accurate refraction can help 
the patient to improve the reading skills for day to day work. Even 
though telescopes are absolute vision enhancers, many patients did 
not purchase LVD prescribed due to cost factor and cosmesis. In our 
study, it was seen that 34 patients improved to 0.8 M after using low 
vision aid for near. Overall 42 patients were prescribed spectacle 
magnifiers of various powers (ranging from 5 D to 20 D) for near 
vision. (24%) were prescribed dome magnifiers. We observed that 
the majority of low vision patients- 72 patients (72%) had good 
acceptance with low vision device prescribed to them. Thus, we can 
conclude that majority of low vision patients had good acceptance to 
the LVD prescribed as it improved the reading and writing skills.
Commercial Relationships: Akanksha Prasad

Program Number: 3271 Poster Board Number: B0404
Presentation Time: 11:00 AM–12:45 PM
Determining success of the Orcam MyEye/MyReader in patients 
with visual impairment
Wing Yip1, 2, zory stoev1, 3. 1Illinois college of optometry, Forest Park, 
IL; 2chicago lighthouse, Chicago, IL; 3Spectrios institute for vision 
rehabilitation, Wheaton, IL.
Purpose: The OrCam is a device that uses optical character 
recognition technology in the form of a mounted camera that reads 

characters, recognizes faces and identifies products. This device is 
relatively new, therefore not much research has been done to evaluate 
the efficacy and characteristic patient population that would most 
benefit from it’s features. Our study aimed to identify which visually 
impaired individuals utilize the OrCam most and what specific tasks 
are most commonly used with the device, hence identify which 
factors contribute to being a successful user of the device.
Methods: 
A telephone survey consisting of 18 questions was conducted with 
14 patients from the Chicago Lighthouse and Spectrios Institute who 
have purchased the OrCam. Out of the 14 patients, 2 declined to be 
a part of the study. Subjects ranged in age from 18 to >60 years old, 
8 of them being over the age of 60 and all had a documented vision 
impairment.
Results: Visual acuity was divided into two groups; visually impaired 
to legally blind and profound vision loss. 100% of the subjects used 
the OrCam for reading (N=12), with an average task satisfaction 
score of 3.8/5 using a likert scale self reported by subjects. 75% 
(9) of subjects were somewhat satisfied or highly satisfied with the 
OrCam reading ability. Of the subjects who had the MyEye, 55.5% 
(5) utilized the facial recognition feature and 44.4% (4) utilized the 
product identification feature. All subjects in the study had a history 
of using other technology devices such as CCTV, OCR, Siri, iPads, 
and not optical devices alone. 58% (7) used only technology and 42% 
(5) used a combination of optical and technology devices prior to 
obtaining the OrCam. 83% (10) of the subjects reported the OrCam 
was able to help them accomplish tasks they were not able to do prior 
to obtaining the device with continuous text reading being the most 
popular task.
Conclusions: OrCam enabled patients to complete tasks of daily 
living that they were not able to do prior to obtaining the device, with 
the most common task being continuous text reading. All subjects 
have had exposure to other assistive technology, which may indicate 
the OrCam requires some level of technological knowledge or patient 
motivation to embrace technology. OrCam should be introduced to 
patients regardless of visual acuity level and age, making this an 
appropriate low vision device for a broad population of patients.

Commercial Relationships: Wing Yip, None; zory stoev, None
Support: Illinois Society for Prevention of Blindness Grant

Program Number: 3272 Poster Board Number: B0405
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Providers’ Ratings of their Experiences with Delivering Remote 
Telerehabilitation Services to Low Vision Patients
Nicole Ross1, Pat Yoshinaga2, Angie Bowers3, Tony Succar4, 
John Shepherd6, Ava K. Bittner5. 1Low Vision, New England College 
of Optometry, Arlington, MA; 2College of Optometry, Marshall B. 
Ketchum University, Anaheim, CA; 3Alphapointe, Kansas City, MO; 
4Envision, Wichita, KS; 5Optometry, NOVA Southeastern University, 
Fort Lauderdale, FL; 6Ophthalmology, University of Nebraska 
Medical Center, Omaha, NE.
Purpose: A recent systematic review found no publications with 
results for telerehabilitation for low vision (LV). We explored the 
delivery of follow-up LV rehabilitation services using a commercially 
available, HIPAA compliant videoconference platform and requisite 
hardware devices. Our goal was to perform the initial steps needed to 
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develop, refine, execute and evaluate components required to deliver 
telerehabilitation involving remote communication between a LV 
provider and patient.
Methods: Three LV providers (1 OT licensed in KS and MO; 2 ODs 
from MA and CA) conducted telerehabilitation sessions from their 
office with eight adults in their homes. Subjects had bilateral vision 
loss due to AMD or diabetic retinopathy, recently received a hand-
held magnification device for reading, and self-reported difficulty 
with returning for follow-up rehabilitation training at their provider’s 
office. We obtained providers’ ratings for the use of hardware devices 
(i.e., iPad mini, Android tablets, Verizon MiFi, external speakers) and 
secure videoconference software (zoom.us) during telerehabilitation 
sessions at which MNread charts were used to evaluate reading.
Results: Using the preferred tablet, providers had no difficulty with 
evaluating subjects’ reading speed with their magnification device for 
all participants except one for whom there was only a little difficulty. 
For a majority of the subjects (n=5), providers had no difficulty 
with determining reading accuracy, while in three other cases they 
reported only a little difficulty, which was largely due to fair to poor 
audio quality in KS/MO when using Android tablets, prior to the 
implementation of iPads in MA/CA for which the audio was rated 
excellent or very good. For all subjects except one, the providers 
reported only a little (n=4) or no difficulty (n=3) with observing the 
subjects’ working distance with their magnifier. Providers rated the 
video quality as good (n=3), very good (n=3) and excellent (n=2). To 
all subjects but one, the providers gave feedback they thought would 
be helpful to improve their magnifier use.
Conclusions: Feedback from providers in this pilot study supports 
the feasibility of evaluating LV patients’ hand-held magnifier use for 
reading via telerehabilitation and is valuable to determine requisite 
hardware and software needed in future randomized controlled trials 
to evaluate the efficacy of telerehabilitation.
Commercial Relationships: Nicole Ross; Pat Yoshinaga, None; 
Angie Bowers, None; Tony Succar, None; John Shepherd, None; 
Ava K. Bittner, None
Support: Envision Research Institute
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Wilkins Reading Rates in Early and Intermediate AMD 
Compared to Age Matched Normal Patients
William H. Ridder, Pat Yoshinaga, George Comer, Stephen Ridder. 
Basic & Visual Science, Southern California Coll of Optometry, 
Cypress, CA.
Purpose: Age related macular degeneration (AMD) is a progressive 
degenerative disease of the retinal pigment epithelium, Bruch’s 
membrane, and choriocapillaris. Reading difficulty is a common 
complaint in AMD patients, normal elderly patients, and patients with 
decreased visual acuity. The purpose of this study was to investigate 
reading rates in age-matched normal and early to intermediate AMD 
patients with similar acuity.
Methods: Twenty-one subjects took part in this study (11 AMD (age 
78.4 ± 7.49) and 10 normal controls (age 75.2 ± 5.75) p = 0.53). All 
subjects had a complete eye exam (VA, fields, OCT, fundus photos). 
The logMAR visual acuities for the test eye were not significantly 
different between the groups (AMD = 0.09 ± 0.098 and Control 
= 0.03 ± 0.043, p = 0.127). The AMD patients were grades 2 – 4 
according to the simplified AREDS scale (average = 3.3 ± 0.65) 
and the control patients did not have drusen within 2 disc diameters 
of the fovea. The Tobii TX300 Eye Tracker was used to record eye 
movements (saccades, fixations, regressions, and blinks) during 
reading. The Wilkins Rate of Reading Test was used to determine 
reading rate under monocular and binocular conditions. The words 

were equivalent to a 20/50 Snellen letter at 60 cm. The subjects wore 
their optimal correction for the reading distance.
Results: The reading rates for the test eye (AMD = 116.2 ± 22.98 
wpm, Control = 146.9 ± 23.01 wpm, p = 0.01) and under binocular 
conditions (AMD = 122.0 ± 23.47 wpm, Control = 152.6 ± 15.45 
wpm, p = 0.004) were significantly slower for the AMD patients. 
There were no significant differences between AMD patients and 
normal controls for saccade amplitude, fixation time, number of 
saccades or fixations, number of regressions, or blinks (all p values > 
0.05). The average saccade velocity was greater for the AMD patients 
(AMD = 70.9 ± 21.18 deg/sec, Control = 54.0 ± 11.23 deg/sec, p = 
0.047).
Conclusions: The reading rate for early to intermediate AMD 
patients is slower than age-matched normal control patients with 
similar acuity. The decrease in the reading rate cannot be explained 
by eye movement parameters.
Commercial Relationships: William H. Ridder, None; 
Pat Yoshinaga, None; George Comer, None; Stephen Ridder, 
None
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Computer-generated MNREAD sentences for measuring acuity 
and reading-speed: A comparison of Times and Courier
John Stephen Mansfield, Angela M. Lewis. Psychology, SUNY 
Plattsburgh, Plattsburgh, NY.
Purpose: The MNREAD acuity chart consists of standardized 
sentences printed at a wide range of print sizes. Each sentence has 60 
characters, uses 3rd-grade vocabulary, and is typeset using the Times 
font on 3 lines of left-right justified text with minimal adjustment of 
the space between words. It has been challenging to write sentences 
that meet these constraints; there are just 95 sentences distributed 
across five versions of the chart. However, there is a demand for 
many more sentences meeting the MNREAD constraints: for clinical 
research requiring repeated measures, and for new vision tests that 
use multiple trials at each print size.
Methods: We have created an algorithmic sentence generator that 
uses phrase-structure grammars to produce sentences that fit the 
MNREAD linguistic, length, and typesetting constraints. So far, 
the generator has produced 116,000 sentences (see Figure 1). Many 
of these sentences also fit the MNREAD constraints in fonts other 
than Times (e.g., 20% fit the constraints for Courier.) This allows 
for comparisons of reading performance across different fonts using 
identical sentences. To demonstrate: we compared reading speed in 
50 college students for sentences printed in Times and Courier (print 
size = 1M). Students read booklets of 8 pages with 60 sentences per 
page. Students were randomly assigned to either of two versions of 
the booklet, the sentence order was the same in each, but the font 
order (alternating pages of Times and Courier) was counterbalanced. 
For each page, the students were given 2 minutes to read as many 
sentences as they could, indicating whether or not each sentence 
“made sense”.
Results: Reading speeds were calculated from the number of 
words read in each 2-minute interval. A mixed-effects model with 
participant and sentence-set as random effects showed a significant 
fixed effect of font — Times was read 3.5% faster than Courier 
[CI=0.6%–6.4%, p<0.05]. This outcome is consistent with findings 
using earlier versions of the MNREAD chart showing a reading 
speed advantage for Times over Courier in readers with normal vision 
(Mansfield, Legge, & Bane, IOVS 37, 1996).
Conclusions: Our sentence generator substantially expands the 
reading materials for clinical research on reading vision using the 
MNREAD test.
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Figure 1. Example algorithmically-generated sentence printed in 
Times and Courier.
Commercial Relationships: John Stephen Mansfield, Precision 
Vision (R); Angela M. Lewis, None
Support: NIH EY002934
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Comparing reading with classic versus computer-generated 
MNREAD sentences
nilsu atilgan1, Gordon E. Legge1, John Stephen Mansfield2. 
1Psychology, University of Minnesota, Minneapolis, MN; 
2Psychology, State University of New York College at Plattsburgh, 
Plattsburgh, NY.
Purpose: The MNREAD Acuity chart measures three parameters 
of reading performance —reading acuity, critical print size and 
reading speed. Each of the five versions of the chart has 19 sentences 
spanning a wide range of print sizes. These 95 “Classic” sentences 
are standardized to meet linguistic and typographic constraints. There 
is a need to enlarge the corpus of MNREAD testing material for 
research requiring repeated testing and for evaluating effects of text 
variables other than print size. An algorithmic sentence generator has 
been developed that produces thousands of “Generator sentences” 
that fit the MNREAD constraints. Here, we ask how reading 
performance measured with the Generator sentences compares with 
performance measured with the Classic MNREAD sentences.
Methods: 9 normally sighted subjects were tested on a computerized 
version of the MNREAD test in three sentence conditions: Classic 
sentences, Generator sentences, and Unordered sentences (i.e., 
Classic sentences with scrambled word order.) Testing was repeated 
in three “blur” conditions: No blur, Mild Blur (digital low pass 
filtering with an effective acuity of 20/80) and Severe Blur (effective 
acuity of 20/320). For each subject and each testing condition, curve 
fitting was used to estimate the three parameters of reading.
Results: No significant differences were found between the Classic 
and Generator sentences in estimates of reading acuity, critical print 
size and reading speed at any level of blur. Unordered sentences 
yielded reduced maximum reading speed, and Mild and Severe blur 
yielded larger values for reading acuity and critical print size.
Conclusions: Measuring visual reading performance with the 
Generator sentences yields findings comparable to those obtained 
with the Classic MNREAD sentences. The results with Mild and 
Severe blur support the use of the Generator sentences in testing 
individuals with reduced acuity.
Commercial Relationships: nilsu atilgan, None; Gordon E. Legge, 
None; John Stephen Mansfield, None
Support: NIH grant EY002934
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Simulating the Effect of Acuity Reduction on Reading 
Performance
YINGZI XIONG1, Jeffrey Boucher1, 2, Aurelie Calabrese1, 3, Quan Lei1, 
Gordon E. Legge1. 1University of Minnesota, Minneapolis, MN; 
2École Normale Supérieure, Paris, France; 3Aix-Marseille University, 
Marseille, France.
Purpose: Reduced visual acuity (VA) and contrast sensitivity (CS) 
are major contributors to reading problems in low vision. The current 
study investigates the impact of these variables on reading text by 

simulating different levels of low VA. A successful simulation would 
show approximately matched reading performance between normally 
sighted subjects with simulated VA and CS losses and corresponding 
low-vision subjects. Such a simulation could be useful in evaluating 
the accessibility of text for readers with different levels of low vision.
Methods: Low-pass spatial-frequency (SF) filters, created by shifting 
normal contrast-sensitivity functions (CSF) leftward along the SF 
axis (Lei et al., ARVO 2016), were used to simulate logMAR VA of 
0, 0.3, 0.6, 0.9, 1.2 and 1.5. Calibration of the filters was confirmed 
by testing letter acuities after filtering. The filters were then applied to 
MNREAD charts to simulate reading with reduced VA. 38 normally 
sighted subjects were tested with the filtered charts. At each VA level, 
maximum reading speed (MRS), critical print size (CPS) and reading 
acuity (RA) were estimated to quantify reading performance. 14 
subjects were tested with both Times and Courier fonts. Reading with 
the simulation was compared with MNREAD data from 43 actual 
low-vision subjects (Mean VA = 0.77 ± 0.06 logMAR).
Results: MNREAD results with the simulation showed linear 
relations for RA and CPS with reduced VA, while MRS remain 
constant at about 2.26 log wpm. Performance was better for Courier 
than Times in RA and CPS across all simulated VA levels, with a 
mean difference of 0.06 and 0.07 logMAR respectively. No font 
difference in MRS was observed. Comparison of MNREAD results 
between simulated and actual low vision with matched VA showed 
approximately matched RA (p = .42), while the simulation group 
had significantly faster MRS (p < .001) and smaller CPS (p = 0.032). 
Regression analysis of CPS against VA showed the same slopes 
(0.95) but different intercepts (0.38 and 0.58 logMAR for simulated 
and actual low vision), representing about 60% larger CPS for actual 
low-vision subjects.
Conclusions: Simulation of reading with reduced VA, based on a 
leftward-shifted CSF filter accounts for low-vision RA and places an 
upper bound on MRS and lower bound on CPS. Future incorporation 
of simulated CS reduction is expected to enhance the overall match 
between simulated and actual low-vision reading performance.
Commercial Relationships: YINGZI XIONG, None; 
Jeffrey Boucher, None; Aurelie Calabrese, None; Quan Lei, None; 
Gordon E. Legge, None
Support: NIH EY002934
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Measuring visual span
Deyue Yu, Landon Perry. College of Optometry, Ohio State 
University, Columbus, OH.
Purpose: Visual span refers to the number of letters recognized 
reliably without moving the eyes. Reduced size of the visual span 
limits reading speed in patients with central vision loss (Legge et 
al., 2001). Typically, visual span is measured with a trigram task 
(identifying random strings of three letters). The middle letters of the 
trigrams are thought to represent crowded interior letters of words. 
In daily reading, words often contain more than three letters, and 
their interior letters may suffer more crowding than the middle letters 
of the trigrams. Here we investigate how visual span changes as a 
function of string length.
Methods: Five normally-sighted subjects recognized letters 
presented at 9 various positions left and right of the midline at the 
fovea and 10° eccentricity in the inferior visual field. Stimulus 
contained 1, 2, 3, 4, 5 or 6 random-selected letters. Print sizes were 
larger than the critical print size at each eccentricity. To minimize 
nonvisual cognitive influences such as memory demand, partial report 
(i.e. recognizing one letter on each trial) was used.
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Results: We found that visual-span size was at the ceiling for single 
letter recognition, and decreased linearly with increasing string 
length starting from two letters. The slope of the best fitted line was 
-2.82±0.32(SE) bits per letter at the foveal and -3.20±0.23 at the 10° 
eccentricity. By comparing the results with our previous studies, we 
found that visual span measured with trigrams was larger for partial 
report than for full report (e.g., Yu et al., 2007; 2010). The difference 
was small at the fovea (~3%) and larger at the 10° eccentricity 
(~20%), indicating that nonvisual cognitive influences on letter 
recognition increase with increasing eccentricity.
Conclusions: In summary, to reflect the level of crowding in the 
printed text, we may need to use longer letter strings to measure 
visual span in both central and peripheral vision. Partial report should 
be used to minimize the task-specific cognitive influences.
Commercial Relationships: Deyue Yu; Landon Perry, None
Support: NIH Grant EY025658
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The quick reading method: its efficiency and accuracy in 
assessing reading performance in the periphery
Timothy G. Shepard1, Fang Hou2, Peter J. Bex3, Luis A. Lesmes4, 
Zhong-Lin Lu5, Deyue Yu1. 1College of Optometry, Ohio State 
University, Columbus, OH; 2Wenzhou Medical University, Wenzhou, 
China; 3Psychology, Northeastern University, West Newton, MA; 
4Adaptive Sensory Technology, San Diego, CA; 5Psychology, Ohio 
State University, Columbus, OH.
Purpose: Patients with central vision loss have to rely on their 
peripheral vision for reading. Accurate assessment of reading 
performance can help prescribe suitable adaptive devices to the 
patients. In this study, we develop an adaptive method, quick 
reading (qR), to measure reading speed in the periphery. While the 
conventional method is adequate, qR utilizes a Bayesian adaptive 
framework to select optimal stimuli, thus allowing for an efficient 
assessment of reading speed in the periphery.
Methods: Eight normally-sighted observers participated. We used a 
rapid serial visual presentation (RSVP) paradigm where words were 
serially presented at 10° in the lower field. The conventional method 
involved measuring reading accuracy as a function of exposure 
duration. Reading speed at a given print size is defined as the duration 
at which subject’s response is 80% correct. The reading speed versus 
print size function was estimated by measuring reading speed at five 
print sizes (a total of 180 trials). In the qR procedure, reading speed 
versus print size was described by an exponential function with three 
parameters (asymptotic performance level, print size corresponding 
to a reading speed of 6 wpm, and a decay constant). Following each 
trial (50 trials total), posterior distributions of the parameters were 
updated based on subject’s response, and a stimulus condition (print 
size and exposure duration) was selected to provide the maximal 
expected information gain for the upcoming trial.
Results: Reading curves (reading speed vs. print size) estimated 
using the two methods were comparable across observers (area under 
curve: t(7)=1.87, p=0.10). The conventional data was analyzed using 
the Bayesian fitting component of qR. A paired-samples t-test was 
conducted to compare 68.2% credible intervals between the qR and 
conventional methods. The qR method was more precise (i.e. smaller 
credible intervals) than the conventional method when considering 
only 50 conventional trials (p=0.0004) and comparable when 180 
conventional trials were included (p=0.11).
Conclusions: The current investigation demonstrates that the qR 
method can adequately measure reading function in the periphery but 
with higher precision than the conventional method.

Commercial Relationships: Timothy G. Shepard; Fang Hou, US 
Provisional Patent 62/378,334 (P); Peter J. Bex, Adaptive Sensory 
Technology (I), Adaptive Sensory Technology (P); Luis A. Lesmes, 
Adaptive Sensory Technology (E), Adaptive Sensory Technology (I), 
Adaptive Sensory Technology (P); Zhong-Lin Lu, Adaptive Sensory 
Technology (I), Adaptive Sensory Technology (P); Deyue Yu, US 
Provisional Patent 62/378,334 (P)
Support: NIH grants EY025658(DY) and EY021553 (ZLL)
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Preliminary findings on the development of a Head Mounted 
Device application to improve reading ability in patients with 
central scotomas
Xian Hui Lim1, Arnout E. Wessels2, Daniel Ting1, 3, Shengdong Zhao2, 
Anna C. Tan1, 3. 1Ophthalmology, Singapore National Eye Centre, 
Singapore, Singapore; 2School of Computing, National University of 
Singapore, Singapore, Singapore; 3Singapore Eye Research Institute, 
Singapore, Singapore.
Purpose: 
Patients with a macula scar can develop a central scotoma which 
results in central vision loss and difficulties with reading. This may 
be overcome through an adaptive behavior called eccentric fixation, 
which involves the projection of images on to an adjacent area of 
healthy retina instead. We performed a pilot study investigating the 
usability and acceptance of a newly developed Head Mounted Device 
application to train eccentric fixation and improve the reading ability 
of patients with central scotomas.
Methods: Google Glass is a type of Head Mounted Device which 
projects virtual images upon a selected area of the retina. Three 
patients with macular scars and central scotomas were shown 
numbers of similar font, size and contrast on a standardized 
computer screen and Google Glass. We showed a series of numerals 
of decreasing size on each medium and recorded the maximum 
number of numerals that could be read accurately. An application 
prototype using rapid serial visual presentation was then created and 
we obtained feedback from 15 additional patients to optimize the 
usability of the application.
Results: Two patients with CS were able to read 11 of 14 numerals 
accurately using the Head Mounted Device, with less head 
movements compared with using the computer screen. The other 
patient was unable to read using the Head Mounted Device due to 
a large macular scar. Patient feedback on the application prototype 
resulted in the inclusion of modifiable font properties, text and 
background colour variations and different types of fixation targets.
Conclusions: A Head Mounted Device application using rapid serial 
visual presentation is a promising method of enabling patients with 
CS to read despite a few limitations in the patient population it may 
be used in. Rapid serial visual presentation, with the addition of 
various types of fixation targets, may help overcome Troxler fading 
and improve reading ability. Intensive training over several sessions 
with adjustments of the settings for each individual patient may be 
required for optimal results.
Commercial Relationships: Xian Hui Lim, None; 
Arnout E. Wessels, None; Daniel Ting, None; Shengdong Zhao, 
None; Anna C. Tan, None
Support: Singapore Eye Research Institute Health Research 
Endowment Fund Grant
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Selection criteria of the retinal locus used for biofeedback fixation 
training with microperimetry in patients with central vision loss
Marco U. Morales1, Saker Saker1, Craig Wilde1, Paolo G. Limoli2, 
Winfried M. Amoaku1. 1Division of Clinical Neurosciences, Academic 
Ophthalmology, Nottingham University, Nottingham, United 
Kingdom; 2Centro Studi Ipovisione, Milan, Italy.
Purpose: Fixation stability (FS) of the Preferred Retinal Locus 
(PRL) may be improved by biofeedback fixation training (BFT) with 
microperimetry (MP). However the selection process of the fixation 
training target (FTT) locus has not been described. We performed 
an observational pilot study to test the hypothesis that our selection 
methodology of a functional retinal locus may improve eccentric 
fixation.
Methods: Fifteen study patients (SG), 11 female and 4 male (mean 
age = 72.5 years) and 5 controls (CG), 4 female and 1 male (mean 
age = 70 years), with bilateral central vision loss, no stable fixation 
and visual acuity (VA) worse than LogMAR 0.3, were recruited 
for BFT with MP (MAIA, Centervue). The eye with higher VA was 
chosen. A customized MP test (30°, 83 stimuli) was done. Projection 
strategy (MAIA 4LF) tested retinal sensitivity (RS) at four levels of 
intensity: 25, 15, 5 and 0 dB. RS was scored as “good”, “relatively 
good”, “relatively poor”, “poor” and “scotoma”. The retinal loci with 
at least 2 adjacent stimuli of good threshold sensitivity (GTS) were 
noted. A new MP exam (7°x5°, 35 stimuli) was done centered on the 
GTS loci with 4-2 projection strategy.
Within SG, FTT was set between the 2 adjacent stimuli with the 
highest sensitivity and lowest distance from the anatomical fovea. On 
CG it was set in the patient’s baseline PRL.
Twelve weekly BFT sessions were performed asking patients to move 
their gaze towards the selected FTT during 10 minutes. Biofeedback 
signals aid patients in the oculomotor process. Outcomes were: 
classification of fixation, FS area and VA. Linear regression was used 
to investigate relationships between variables.
Results: All SG outcomes improved after BFT. At baseline, 10 eyes 
were classified as relatively-unstable and 5 with unstable fixation. 
After BFT, 5 eyes were classified as stable, 6 as relatively-unstable 
and 4 as unstable. Mean FS improved from 31.9±28.9 to 19.3±22.3 
deg2. Mean VA from 1.3±0.57 to 1.0±0.6 LogMAR. On CG, mean 
FS got worse from 20.8±8.3 to 24.9±31.5 deg2 and mean VA did not 
change (1.4±0.6 to 1.4±0.8 LogMAR).
Conclusions: Our research provides a guideline to select the best 
retinal locus for BFT, with the aim to improve eccentric fixation 
with MP and biofeedback. Further studies are needed to prove the 
effectiveness of our methodology.
Commercial Relationships: Marco U. Morales, Centervue (C), 
Centervue (I), Centervue (F); Saker Saker, None; Craig Wilde, 
None; Paolo G. Limoli, None; Winfried M. Amoaku, Centervue (F)
Clinical Trial: NRES Committee East Midlands - Nottingham 1, 12/
EM/0116
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Natural progression of scotopic and photopic macular function 
loss in patients with Stargardt disease: The SMART Study
Millena Bittencourt1, Mohamed A. Ibrahim1, Xiangrong Kong1, 
Rupert W. Strauss2, 5, Ann-Margret Ervin3, Alexander Ho4, 
Muneeswar Gupta Nittala4, Isabelle S. Audo6, 7, David G. Birch8, 
Hendrik P. Scholl9. 1Ophthalmology, Johns Hopkins University, 
Edmond, OK; 2Ophthalmology, Moorfields Eye Hospital and 
UCL Institute of Ophthalmology, London, United Kingdom; 
3Epidemiology, Johns Hopkins University, Baltimore, MD; 4Doheny 
Eye Institute, Los Angeles, CA; 5Ophthalmology, Johannes Kepler 
University Linz, Linz, Austria; 6ophthalmology, CHNO des Quinze-
Vingts, DHU Sight Restore, INSERM-DHOS CIC 1423, Paris, 
France; 7Ophthalmology, Sorbonne Universités, UPMC Univ Paris 
06, INSERM, CNRS, Paris, France; 8Retina Foundation of the 
Southwest, Dallas, TX; 9ophthalmology, University of Basel, Basel, 
Switzerland.
Purpose: To assess changes in scotopic and photopic macular 
function in patients with Stargardt disease type 1 (STGD1) using 
microperimetry (MP).
Methods: Patients molecularly (ABCA4 gene mutations) confirmed, 
a sub-cohort of the ProgStar Study, were enrolled and followed 
every 6 months. The best eye from every patient was tested using a 
custom pattern on the MP1S system (Nidek Technologies). Patients 
underwent mesopic MP first using a white stimulus; they were then 
dark-adapted, and scotopic MP performed using a combination of 
blue stimuli and 1ND filter. Tests were graded at the Doheny Image 
Reading Center. Mean sensitivity (MS) in the ring 4-10 degrees from 
the fovea was calculated for both the mesopic (mMS) and scotopic 
(sMS) tests. The distance of the center of gravity of fixation points 
(preferred retinal locus or PRL) from the anatomical fovea was 
measured. Here we report changes from baseline to the 6-month visit.
Results: MP1 data from 59 patients from 6 centers were analyzed. 
61% were female, 90% were white. The mean age was 34.2 
(Standard deviation [SD] 13.4) years, the mean age of symptom 
onset was 25.3 (SD 13.4) years, and the mean disease duration was 
9 years (SD 7.1). At baseline, the mean best corrected visual acuity 
was 53.2 letters (SD±19.1). The mean mMS was 12 (SD±5.0) dB, 
and the mean sMS was 11.3 (SD±5.4) dB. The mean mPRL was 4.9 
degrees(SD 4.2) and the mean sPRL was 5.0 degrees (SD 3.8). Over 
6 months, there was no significant change in mMS (change=-0.22, 
95%CI (-4.5, 4.8) dB) or sMS (change=0.49, 95%CI (-4.9, 7.1)
dB). The changes in mMS and of sMS showed a Pearson correlation 
coefficient of 0.53 (p<0.0001). There was also no significant change 
in mPRL (change=0, 95%CI -9,6 degree), or in sPRL (0.03, 95%CI 
-7, 9 degrees). The changes in mPRL and of sPRL showed a Pearson 
correlation coefficient of 0.53 (p<0.0001).
Conclusions: Neither scotopic nor mesopic macular sensitivity 
showed statistically significant reduction at month 6. Similarly, there 
were no observed changes in PRL distance under scotopic or mesopic 
testing conditions at month 6. A longer follow-up period may likely 
be needed to estimate the rate of change in macular sensitivity and 
the dynamics of the PRL
Commercial Relationships: Millena Bittencourt, None; 
Mohamed A. Ibrahim, None; Xiangrong Kong, None; 
Rupert W. Strauss, None; Ann-Margret Ervin, None; 
Alexander Ho, None; Muneeswar Gupta Nittala, None; 
Isabelle S. Audo, None; David G. Birch, None; Hendrik P. Scholl, 
Gerson Lehrman Group (C), Vision Medicines, Inc. (C), Acucela 
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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.

Group Plc/Ora Inc. (R), Daiichi Sankyo, Inc.: (C), NightstaRx Ltd.: 
(F), Intellia Therapeutics, Inc (C), Shire (C)
Support: grant numbers W81-XWH-07-1-0720 and 
W81XWH-09-2-0189
Clinical Trial: NCT01977846

Program Number: 3282 Poster Board Number: B0415
Presentation Time: 11:00 AM–12:45 PM
Effect of background brightness on preferred retinal loci
Satoshi Ishiko1, Tomoko Mase2, Eiichi Sato2, Kazuhiro Sugawara2, 
Hideo Mukai3, Hisashi Kataoka3, Akitoshi Yoshida2. 1Medicine 
and Engineering Comb Res Inst, Asahikawa Medical University, 
Asahikawa, Japan; 2Ophthalmology, Asahikawa Medical University, 
Asahikawa, Japan; 3Tomey Corporation, Nagoya, Japan.
Purpose: Evaluation of the preferred retinal loci (PRL) would be 
useful for low-vision care and can be performed by microperimetry 
(MP). However, the background brightness for the MP examination is 
much lower than the ambient light. We performed a cross-sectional, 
observational clinical study to evaluate the effect of background 
brightness on the PRL in patients with age-related macular 
degeneration (AMD).
Methods: The study included 21 eyes of 21 patients (2 women, 19 
men; mean age, 72.4±6.1 years) with AMD and visual acuity (VA) 
levels of 0.3 or lower. MP was performed to evaluate the PRL and 
scotoma under the conventional background brightness of 10 cd/
m2. We developed a new device to evaluate the PRL under a higher 
background brightness of 650 cd/m2. A cross-shaped fixation target 
was used; in both instruments, the length was set to 3 degrees and the 
width to 0.3 degree.
Results: In patients with VA levels over 0.1, the PRLs under the 
different brightnesses differed in one (12.5%) of eight eyes in the 
central or paracentral (within a 4-degree circular area from the fovea) 
fixation group (counting fingers) evaluated by MP and in two (66.7%) 
of three eyes in the eccentric fixation group. In patients with VA 
levels of 0.1 or lower, the PRLs differed in one (25%) of four eyes 
and six (100%) of six eyes, respectively, a difference that reached 
significance (p<0.05 by analysis of variance). Some patients had a 
PRL with the bright background within the deep scotomatous area 
evaluated by MP.
Conclusions: PRLs differed under different brightnesses, especially 
in eyes with lower VA and with eccentric fixation evaluated by MP 
under conventional background brightness. Inconsistencies in the 
PRL between the two lighting conditions might occur depending on 
the residual macular function. It might be more beneficial to evaluate 
PRLs under brighter background conditions such as in ambient light 
when performing a low-vision care for patients with AMD.
Commercial Relationships: Satoshi Ishiko, Tomey Corporation (P), 
Tomey Corporation (F); Tomoko Mase, None; Eiichi Sato, None; 
Kazuhiro Sugawara, None; Hideo Mukai, Tomey Corporation (P), 
Tomey Corporation (E); Hisashi Kataoka, Tomey Corporation (P), 
Tomey Corporation (E); Akitoshi Yoshida, Tomey Corporation (P)
Support: JSPS KAKENHI Grant Number JP26462676, Japan 
Agency for Medical Research and Development 27-029
Clinical Trial: http://www.umin.ac.jp/ctr/index-j.htm, R000023738
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Retinal sensitivity and fixation stability as surrogate markers of 
visual function in molecularly confirmed choroideremia patients
Vaishnavi Batmanabane, Ajoy Vincent, Elise Heon. Ophthalmology 
and Visual Sciences, The Hospital for Sick Children, Toronto, ON, 
Canada.

Purpose: To study the microperimetry features (retinal sensitivity 
and fixation stability) of patients with choroideremia and correlate 
them with vision and visual field data.
Methods: Retrospective data of twelve patients (all male) with 
a molecular diagnosis of choroideremia who had been examined 
clinically between January 2014 and October 2016 was collected. 
Data collected included: demographic information, genetic testing, 
ophthalmic exam findings, Goldmann visual field (GVF), and 
microperimetry (MAIA, CenterVue, Italy) values. Outcomes assessed 
were logMAR vision, uniocular continuous horizontal visual field 
with the III4e target in degrees, retinal sensitivity (dB), and fixation 
stability (measured as bivariate contour ellipse area).
Results: Twelve eyes of 12 patients were included in analysis (the 
eye with better vision or the left eye if both eyes had equal vision). 
Patients’ mean age at visit was 34.83 ±15.29 years with an average 
logMAR vision of 0.1.8±0.18 and average GVF of 51.33±53.65 
degrees. With increasing age, the vision significantly decreased (r= 
0.71; p=0.009), but not the GVF (r= -0.43; p=0.15). Mean retinal 
sensitivity was 15.05±8.93dB and correlated well with age (r=-0.73, 
p=0.0066) and vision (r=-0.64, p=0.022). The fixation stability 
(mean= 29.05±33.68 deg2) was significantly poorer in older subjects 
(r=0.71; p=0.022) and in those with worse vision (r=0.71; p=0.009). 
In addition, fixation stability was significantly lesser (p<0.0001) in 
patients above the age of 30 (n=10) when compared to published age 
matched normalcontrols.
Conclusions: Retinal sensitivity and fixation stability measured 
by the MAIA microperimeter, correlate well with the vision in 
choroideremia. These can serve as surrogate markers of functional 
vision assessment in this population.
Commercial Relationships: Vaishnavi Batmanabane, None; 
Ajoy Vincent, None; Elise Heon, None
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Locomotion and visual search of objects with patients affected by 
retinitis pigmentosa in twilight conditions
Chloé Pagot1, Karine Becker1, ARIEL ZENOUDA1, Emilie Bochin1, 
Huchet Delphine1, Coen Cécilia1, Saddek Mohand-Said2, 
Jose A. Sahel3. 1Streetlab, PARIS, France; 2CHNO Quinze-Vingts / 
CIC Inserm, Paris, France; 3UMR-S 968, Institut de la Vision, Paris, 
France.
Purpose: Retinitis pigmentosa (RP) causes significant difficulties 
for patients in their daily life, especially for visual search of objects 
and locomotion, which are increased in twilight conditions. The 
objectives of this study are to analyze the behavior of patients 
affected by RP in twilight conditions and also provide knowledge 
about the threshold of comfort and discomfort for performing tasks in 
dark conditions.
Methods: 10 fully-sighted people (CO) and 17 RP subjects were 
recruited. RP people had a visual acuity > 0.5 and two groups were 
formed: visual field ≤ 20° (RP1) and 20° < visual field ≤ 40° (RP2). 
Tests took place in the Streetlab platform, a controlled environment 
integrating objective measurement tools. Two tasks were realized in 
five lighting conditions: adapted (235, 2 and 1 lux) and in transition 
(235 to 2 or 1 lux). For the locomotion task, the subjects had to avoid 
obstacles. To analyze the behavior with precision (preferred walking 
speed (PWS), percentage of PWS (PPWS), movement strategies, etc.) 
they were equipped with biometric sensors. The visual search task 
consisted of finding target objects on a desk among “distracters”. The 
data collected included scanning strategies, errors and time taken.
Results: During the locomotion task, PWS of RP1 was lower than 
the RP2 group (p<0.001). All RP PWS were reduced in twilight 
(p<0.01). PWS of all groups was lower in transition than in adapted 
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conditions (p<0.05). Similar results were found for PPWS except 
there was no difference between RP1 and RP2. Initiation time to walk 
was longer in RP1 group than in RP2’s, and increased in twilight 
for all groups. A significant difference was observed between RP 
groups and controls for all the walking parameters. RP patients also 
made more curves than controls (p<0.001). In the visual search task, 
RP1 were slower (p<0.001) and committed more recognition errors 
than RP2 (p<0.05). Bigger objects were better identified (p<0.05) by 
all, but contrast and object localization had no influence on finding 
objects. In RP1 group, 14% of target objects were not found in the 
time allotted, against 3% in RP2 group.
Conclusions: We provide quantitative measurements on the impact 
of twilight in RP patients, who are indeed more perturbed and 
anticipate less than the CO. In the future, it would be interesting to 
investigate other illumination values in twilight or glare conditions.
Commercial Relationships: Chloé Pagot, None; Karine Becker, 
None; ARIEL ZENOUDA, None; Emilie Bochin, None; 
Huchet Delphine, None; Coen Cécilia, None; Saddek Mohand-
Said, None; Jose A. Sahel, None
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Street-Crossing Decision-Making in Pedestrians with Simulated 
Central Field Loss
Essam S. Almutleb, Arthur Bradley, Jason Jedlicka, Shirin E. Hassan. 
Indiana University School of Optometry, Bloomington, IN.
Purpose: Street-crossing decision-making is negatively affected by 
vision loss. This study tested the hypothesis that as the size of an 
experimentally induced central scotoma increases, street-crossing 
performance worsens
Methods: Street-crossing decisions were measured in twelve young 
subjects aged between 23 and 31 years while monocularly viewing 
a non-signalized one way street for different vehicular arrival times 
(0.3-17 sec). Using a 5-point rating scale, subjects judged whether 
they could cross the street prior to vehicular arrival with habitual 
vision and simulated central field loss (CFL) using contact lenses 
(CLs) with different central opaque diameters. Using Receiver 
Operating Characteristics (ROC) curve analysis, we obtained 
subjects’ accuracy (amount of time in seconds where subjects either 
over- or under-estimated vehicular arrival time relative to their actual 
crossing time) and reliability (how quickly subjects transitioned from 
judging insufficient to adequate time to cross relative to their actual 
crossing time). Underestimation of vehicular arrival time relative 
to subjects’ crossing time generated positive inaccuracies but safe 
crossing judgments the converse was true for negative values. The 
quicker the transition from judging insufficient to adequate time to 
cross, the more reliable and hence better performance. The converse 
was true for slow transitions
Results: The centrally opaque CLs induced central scotomas with 
mean diameter of 18.85 degrees (±7.37 degrees). The mean accuracy 
values in street-crossing decisions for normally-sighted people with 
and without a simulated central scotoma were 1.43±0.27 sec and 
1.40±0.47 sec, respectively. No significant difference in accuracy 
was found between both conditions (p= 0.780). The median of 
reliability in street-crossing decisions was 0.55 for both conditions. 
Surprisingly, no statistically significant correlation was detected 
between scotoma size and accuracy and reliability in subjects’ street-
crossing decisions. (p=0.567 and p=0.265, respectively)
Conclusions: This data suggests that normally-sighted people with 
and without a simulated CFL adopted a safe street-crossing strategy 
by underestimating the vehicular arrival times relative to their 
crossing time. Moreover, an induced central scotoma did not appear 

to negatively affect the accuracy and reliability of subjects’  
street-crossing decisions
Commercial Relationships: Essam S. Almutleb, None; 
Arthur Bradley, None; Jason Jedlicka, None; Shirin E. Hassan, 
None
Support: Supported by NIH/NEI Grants: R01 EY022147, T35 
EY013937 and P30 EY019008
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Gait Characteristics of Age-related Macular Degeneration 
(AMD) patients
Varshini Varadaraj1, Aleksandra Mihailovic1, Rebecca Ehrenkranz3, 
Stephen Lesche2, Pradeep Ramulu1, Bonnielin K. Swenor4. 1Wilmer 
Eye Institute, Glaucoma, Johns Hopkins University School of 
Medicine, Baltimore, MD; 2Johns Hopkins School of Medicine, 
Baltimore, MD; 3Johns Hopkins Bloomberg School of Public Health, 
Baltimore, MD; 4Wilmer Eye Institute, Johns Hopkins, Baltimore, 
MD.
Purpose: To identify, as part of a cross-sectional, case-control study, 
gait characteristics in AMD patients that may put them at a higher 
risk for mobility difficulty and increased falls than visually normal 
controls.
Methods: Twenty-nine patients with AMD and 20 controls without 
AMD, all between the ages of 65 and 90 years and walking 
without any mobility devices, were recruited from the Wilmer Eye 
Institute, Johns Hopkins. The GAITRite electronic walkway was 
used to collect temporal and spatial gait parameters. Multiple linear 
regression models were utilized to assess association between gait 
parameters and AMD status after controlling for age, gender, and 
body mass index (BMI). For each measure, gait variability was 
judged via the inter-stride coefficient of variation value.
Results: Study participants were predominantly white (86%) and the 
majority were female (55%). Mean age of the full study population 
was 73.51 (SD: 8.14) years, while mean BMI was 27.80 (SD: 5.44) 
kg/m2. Median better-eye acuity (logMAR) was 0.23 (IQR=0.18, 
0.36) and -0.02 (-0.08, 0.02) for the AMD and control groups 
(p=0.00), respectively, while median binocular logCS values were 
1.44 (IQR=1.32, 1.56) and 1.76 (1.76, 1.80) (p=0.00). In regression 
models, AMD patients had significantly slower walking speeds (β= 
-11.79 cm/sec, 95% CI = -22.87, -0.72, p=0.037) and stride velocity 
(β= -11.92 cm/sec, 95% CI = -23.10, -0.73, p=0.037) as compared 
to controls. AMD was also associated with greater variability in 
stride length (β= -1.24 %, 95% CI = -2.26, -0.23, p=0.018) and stride 
velocity (β= -1.95 %, 95% CI = -3.61, -0.28, p=0.023) as compared 
to controls. There were no group differences in base of support, step 
length, and stride length, or variability in base of support and step 
length.
Conclusions: When compared to controls, AMD patients have 
significantly slower walking speeds and exhibited greater gait 
variability. Each of these gait parameters has been previously 
associated with a greater risk of fall, suggesting that these gait 
characteristics may contribute to mobility issues and falls in patients 
with AMD.
Commercial Relationships: Varshini Varadaraj, None; 
Aleksandra Mihailovic, None; Rebecca Ehrenkranz, 
None; Stephen Lesche, None; Pradeep Ramulu, None; 
Bonnielin K. Swenor, None
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Looming and bearing effects on pedestrian collision judgment in 
open-space walking simulations
Cheng Qiu, Lauren Spano, Merve Tuccar-Burak, Robert B. Goldstein, 
Eli Peli. Schepens Eye Research Institute, Boston, MA.
Purpose: Patients with visual field loss report difficulties in 
navigating open spaces, where they tend to collide with other 
pedestrians. A better understanding of the visual cues people use 
in detecting pedestrian collisions will benefit the design of field 
expansion devices. In a preliminary investigation, we measured 
the responses of normally-sighted subjects as they made pedestrian 
collision judgments.
Methods: We configured an open-space virtual walking using a 
driving simulator. The simulated pedestrians initially appeared at 
the subject’s bearings of 10°, 30°, or 45°, and they were on collision 
courses with the subject (time-to-collision 6 s) or they aimed to 
pass the subject either behind or in front. The distance between the 
subject and pedestrian when it crossed the subject’s path (defined 
as the cross-path distance, or CPD) was tested at -4, 0, +4, and +12 
m. Subjects (N = 5) indicated on each trial whether the simulated 
pedestrian would collide with them. Both the response time (RT) 
when the subjects detected the pedestrians and the time when they 
made collision judgments were recorded.
Results: As for subjects’ perceived collision decisions, significant 
main effects of the CPDs, bearings, and their interactions were 
observed (all p < 0.001). More perceived collisions were reported 
in the conditions with a 10° initial bearing, which is consistent with 
the presence of a stronger looming effect in these conditions. Given 
a large initial bearing, the rate of perceived collision was larger 
when the pedestrians passed in front (CPD +4 m) than behind (-4 
m), which may be due to slower bearing changes while passing in 
front. Across all trials, the RT for pedestrian detection was 1.0 ± 0.5 
s, and the decisions were made 2.0 ± 1.6 s after the detection. The 
detection RT was similar across all conditions. However, the decision 
RT was significantly influenced by the bearings (p = 0.01), CPDs (p 
< 0.001), and their interactions (p = 0.003). A longer decision time 
was required when the pedestrians passed in front at +4 m CPD. 
Additionally, comparing with collision decisions, the non-collision 
decisions took slightly longer to make (p < 0.001).
Conclusions: Normally-sighted observers take both looming and 
bearing cues into consideration when judging pedestrian collisions. 
Oncoming pedestrians are more likely perceived as colliding when 
the bearings change more slowly and/or a stronger looming appears.
Commercial Relationships: Cheng Qiu, None; Lauren Spano, 
None; Merve Tuccar-Burak, None; Robert B. Goldstein, None; 
Eli Peli, None
Support: NIH R01-EY023385
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iAid: Ultrasonic and GPS controlled Joystick Mobility Device
ALEXANDER DEANS. Engineering, McGill University, Windsor, 
ON, Canada.
Purpose: Currently, visually impaired persons rely on white guide 
canes for guidance. A more precise and effective mobility aid with 
precise tactile feedback using an omnidirectional toggle system 
linked to a portable ultrasound mapping device with GPS guidance 
was devised to improve navigation.
Methods: A novel, user-worn device (iAid) was devised using an 
Arduino microprocessor and Android platform. Outdoor navigation 
was facilitated by a GPS/ compass controlled joystick, which tilted 
to indicate distance and rotated to show direction to the destination. 

Waypoints were determined using Google Maps Directions API. 
Four ultrasonic belt-mounted sensors scanned a horizontal 90° field, 
and obstacles within 60 cm triggered a high frequency piezo buzzer. 
Indoors, belt-mounted sensors rotated the joystick to show the most 
open path. The data was compared to navigating unaided and with 
the aid of a guide cane. Volunteers (n = 20) were tested on an indoor 
course with various doorways and obstacles. The time to complete 
the course and the number of collisions was recorded for each of 
the following: blind, blind with guide cane, and blind with iAid. 
The outdoor system was tested by driving a car through multiple 
courses with waypoints, simulating a pedestrian’s path. This had the 
advantage of rapid testing of 23 different courses ranging from 400m 
to 6 km.
Results: An 80% reduction in collisions (p<0.01) was observed when 
using the iAid (21.5 ± 12.6), versus blind volunteers (103.4 ± 16.6) 
or 43.8 ± 11.9 collisions using a guide cane (p < 0.01). Overall, iAid 
users completed the course in 123.1 ± 4.4 seconds, requiring 57% of 
the time (p<0.001) compared to navigating blindfolded (214.5 ± 49 
s) and in 79% of the time (p<0.001) required with a cane (156 ± 4.2 
s). The 23 different outdoor destinations were tested with a round trip 
to simulate the intended use of the device. All routes were completed 
successfully, with no misdirections. The iAid was able to guide the 
user to a previously unknown outdoor destination.
Conclusions: The iAid, which uses phone-based multimodal 
feedback, improves navigation by reducing collisions and increasing 
speed and safety versus using a cane and navigating unaided. It 
shows that a combination of tactile and auditory feedback is an 
effective way to improve navigation.
Commercial Relationships: ALEXANDER DEANS, None
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Optimized position of dual-array STS retinal prosthesis for 
mobility examined by retinal prosthesis simulator
Kenta Hozumi, Takao Endo, Masakazu Hirota, Hiroyuki Kanda, 
Takeshi Morimoto, Takashi Fujikado, Kohji Nishida. Ophthalmology, 
Osaka University, Osaka City, Japan.
Purpose: We are developing a second-generation large angle retinal 
prosthesis by Suprachoroidal-Transretinal Stimulation (STS). To 
obtain a good performance of mobility, it is necessary to optimize the 
position of electrode array. In this study, we developed a simulator of 
retinal prosthesis and investigated the relationship between the results 
of mobility test and the size or position of artificial visual field.
Methods: Twelve healthy subjects (male: 8, female: 4, age: 21~40) 
wore a retinal prosthesis simulator (NIDEK). Images captured 
by a web-camera attached on a head-mount display (HMD) was 
processed by a computer and displayed on the HMD. Three types 
of artificial visual fields which imitate phosphenes obtained by 
single (5×5 electrodes, visual angle; 15°) or dual (5×5 electrodes×2, 
visual angle; 30°) electrode array were created. Type 1 creates lower 
visual field corresponding to dual array implanted upward, Type 2 
creates lower visual field corresponding with single array implanted 
downward, Type 3 creates upper visual field corresponding with dual 
array implanted downward. In each type of artificial visual fields, a 
natural circular visual field (visual angle; 5°) co-existed at the center. 
Subjects were asked to walk to and avoid white circles (obstacles) 
attached on a black carpet (6 m long × 2.2 m wide). The circles were 
10 cm in radius and 40 cm in intervals. We measured head scanning, 
the time to reach the endpoint, and the number of footsteps stepping 
into the white circles. We compared the results among 3 types of 
artificial visual fields.
Results: The number of footsteps stepping into the white circles was 
lowest in Type 3 visual field (Bonferroni/Dunn; P=0.028, paired-t; 
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type1 vs type3 P=0.039, type2 vs type3 P=0.012). Among the 
different visual fields, there was no significant difference in the time 
to reach the end and the amount of head scanning.
Conclusions: Dual electrode array, which creates a large upward 
visual field, may result in better waking performance than single 
electrode array with a small upward visual field or dual electrode 
array with a large downward visual field.
Commercial Relationships: Kenta Hozumi; Takao Endo, 
None; Masakazu Hirota, None; Hiroyuki Kanda, NIDEK 
(P); Takeshi Morimoto, None; Takashi Fujikado, NIDEK (F); 
Kohji Nishida, None
Clinical Trial: https://osaka.bvits.com/esct/Common/, 13208-3
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Development and Validation of a Portable Visual Navigation 
Challenge for Assessment of Retinal Disease in Multi-Centered 
Clinical Trials
Aron Shapiro, Peter Corcoran, Christian Sundstrom, Endri Angjeli, 
John D. Rodriguez, Mark B. Abelson, David A. Hollander. Ora, Inc, 
Andover, MA.
Purpose: Traditional visual function endpoints used to evaluate 
retinal disease often are not sensitive to detect clinically meaningful 
changes in visual function in patients with vision loss from an 
inherited retinal disease. The goal of this study was to create a metric 
which can provide a reproducible measure of functional vision in a 
setting that can be applied to multi-center clinical trial protocol.
Methods: The visual navigation challenge (VNC) employs a 
homogeneous, modifiable lighting environment to an area featuring 
marked paths and a series of physical obstacles. Subjects were asked 
to navigate courses under a range of light levels. Validation included 
testing of normal subjects and subjects with goggle-simulated visual 
impairment for modeling of mild or severe retinitis pigmenta (RP).
Results: Light levels were measured over the entire VNC course at 
intensity settings from 1-400 lux; deviations in lux values were 2.3-
7.5% over the entire area. Navigation times for normal, mild RP and 
severe RP displayed consistent differences across all test light levels 
(see figure), and showed significant differences between these groups 
by paired t-test (p < 0.05 for all points).
Conclusions: We have developed and validated a visual navigation 
challenge designed to assess visual function in a simulated “real-
world” setting, immersing a patient in a 360-degree visual challenge 
environment with obstacles and varying lighting levels. Use of the 
Ora-VNC can differentiate simulated inherited retinal disease states. 
This mobile system (including lighting) facilitates its use in multi-
center clinical trials.

Commercial Relationships: Aron Shapiro, Ora, Inc (E); 
Peter Corcoran, Ora, Inc (E); Christian Sundstrom, Ora, Inc (E); 
Endri Angjeli, Ora, Inc (E); John D. Rodriguez, Ora, Inc (E); 

Mark B. Abelson, Ora, Inc (E), Ora, Inc (P);  
David A. Hollander, Ora, Inc (E)
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Circumstances, locations, and outcomes of falls in patients with 
glaucoma
Andrea V. Yonge1, Aleksandra Mihailovic1, Laura Gitlin2, 
Sheila West1, David S. Friedman1, Pradeep Ramulu1. 1Wilmer 
Eye Institute, Johns Hopkins University, Baltimore, MD; 2Center 
for Innovative Care in Aging, School of Nursing, Johns Hopkins 
University, Baltimore, MD.
Purpose: Glaucoma is associated with an increased risk for falls due 
to visual field (VF) loss and poor contrast sensitivity (CS). In this 
prospective, observational study, we characterize the circumstances, 
locations, and outcomes of falls in patients with glaucoma.
Methods: Patients aged 57 years or older receiving care for 
suspected or diagnosed glaucoma filled out monthly calendars to 
report any falls. After each reported fall, a 30-item questionnaire 
was administered to determine the fall location, circumstances, and 
resulting injury (if any). Falls from September 2013 through May 
2016 were included for analysis. Humphrey 24-2 VFs were obtained 
to calculate average integrated VF sensitivity, a measure of disease 
severity.
Results: One-hundred forty-two patients experienced a total of 330 
falls. Mean baseline age was 71.3 years, and approximately half of 
participants were male (45.1%). Average duration of follow-up was 
24.5 months, and patients fell an average of 2.3 times during the 
study period; there was no difference in the mean number of falls by 
severity of VF loss (normal, mild-moderate, or severe). Vision issues 
were cited as a direct cause in 15.9% of falls. Falls were slightly 
more common indoors (50.3%), and the most common location 
for indoor falls was the patient’s home (117/166 falls, 70.5%). The 
stairs (29 falls, 24.8%) and bedroom (22 falls, 18.8%) were the most 
common home areas for falls. Among outdoor falls, 73 (44.5%) 
occurred within the vicinity of the home (e.g. driveway, yard). There 
was no difference in fall location across the three levels of VF loss 
(p>0.20 for all). Overall, 143 of 330 total falls (43.3%) resulted in 
some injury, with 15 falls (4.5%) resulting in a fracture and 11 falls 
(3.3%) resulting in a hospital admission. Patients with more medical 
comorbidities were more likely to experience an injurious fall (odds 
ratio 1.41, p=0.001). Neither severity of VF nor CS loss predicted 
whether a fall would be injurious (p>0.56 for both).
Conclusions: Several participants fell multiple times during the 
study period, and the majority of falls occurred within or near the 
home environment. Nearly half of all falls resulted in injury, though 
severity of visual impairment did not predict whether a fall would 
be injurious. Interventions to prevent falls should focus on the 
home environment and be directed toward all individuals who are at 
increased risk of falling, regardless of glaucoma severity.
Commercial Relationships: Andrea V. Yonge, None; 
Aleksandra Mihailovic, None; Laura Gitlin, None; Sheila West, 
None; David S. Friedman, None; Pradeep Ramulu, None
Support: NIH R01 EY022976-01; Research to Prevent Blindness
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Correlation of multi-luminance mobility testing with visual 
function tests in a phase 3 trial of voretigene neparvovec for 
biallelic RPE65-mediated inherited retinal disease
Daniel C. Chung1, Stephen R. Russell2, Jean Bennett3, 
Albert M. Maguire3, Jennifer A. Wellman4, Zi-Fan Yu5, Amy Tillman5, 
Katherine A. High4. 1Medical Affairs, Spark Therapeutics, Inc, 
Philadelphia, PA; 2University of Iowa, Iowa City, IA; 3Perelman 
School of Medicine, University of Pennsylvania, Philadelphia, PA; 
4Spark Therapeutics, Inc, Philadelphia, PA; 5Statistics Collaborative, 
Inc., Washington, DC.
Purpose: A phase 3 trial of voretigene neparvovec (VN) in biallelic 
RPE65-mediated inherited retinal disease used a novel multi-
luminance mobility test (MLMT) endpoint to measure subjects’ 
ability to navigate in various light levels. However, MLMT is not 
available in non-research settings. These post hoc analyses addressed 
the correlation between change in MLMT performance and change 
in more common tests of visual function, including full-field light 
sensitivity threshold (FST), and Humphrey visual field (HVF) foveal 
sensitivity and macula thresholds.
Methods: Twenty-nine subjects with RPE65 gene mutations 
received bilateral, subretinal injections of VN in a phase 3 study 
(randomization 2:1 intervention to control), with control subjects 
receiving VN after one year. Subjects were tested for accuracy 
and speed on MLMT at 7 standardized illumination levels from 1 
to 400 lux. The lowest level at which subjects could pass MLMT 
was determined at baseline. The primary endpoint was change in 
bilateral MLMT score at 1 year. In this analysis, bilateral change 
score was reported as percentage of maximum possible improvement 
(%max) from baseline MLMT lux score, reducing the impact of 
possible ceiling effect on the analysis. Additional endpoints were 
change in FST, HVF foveal sensitivity, and HVF macula threshold. 
Each pairing of variables was graphed as a scatterplot; a Pearson 
correlation coefficient measured the linear relationship between the 
two variables.
Results: Correlation between MLMT bilateral change score %max 
and FST was -0.74 (Fig. 1). The correlations between MLMT 
bilateral change score %max and HVF foveal sensitivity and MLMT 
bilateral change score %max and HVF macula threshold were 0.66 
and 0.63, respectively (each p<0.001).
Conclusions: MLMT showed good correlation with FST, HVF 
foveal sensitivity, and HVF macula threshold. Improvements in 
MLMT, FST, and HVF macula threshold testing may indicate a 
greater retinal sensitivity to lower luminance levels, which may 
increase independent ambulation and improve ability to conduct 
activities of daily living in low- or lower-light environments.

Fig. 1. Correlation between change in MT and change in FST
Commercial Relationships: Daniel C. Chung, Spark Therapeutics 
(E), Spark-submitted patent related to the MLMT (P), Spark 
Therapeutics (I); Stephen R. Russell, Spark Therapeutics (F); 
Jean Bennett, Foundation for Fighting Blindness (F), Spark 
Therapeutics (F), Spark-submitted patent related to the MLMT (P), 
NIH (F); Albert M. Maguire, Foundation for Fighting Blindness (F), 
Spark Therapeutics (F); Jennifer A. Wellman, Spark Therapeutics 
(E), Spark-submitted patent related to the MLMT (P), Spark 
Therapeutics (I); Zi-Fan Yu, Spark Therapeutics (C);  
Amy Tillman, Spark Therapeutics (C); Katherine A. High,  
Spark Therapeutics (E), Spark-submitted patent related to the MLMT 
(P), Spark Therapeutics (I)
Support: This study was sponsored by Spark Therapeutics.
Clinical Trial: NCT00999609
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Do people with hemianopia spontaneously adapt their gaze 
scanning to differing hazard detection demands?
Alex R. Bowers, Concetta F. Alberti, Robert B. Goldstein, Eli Peli. 
Ophthalmology, Harvard Medical School, Schepens Eye Research 
Institute, Boston, MA.
Purpose: People with complete homonymous hemianopia (HH) 
receive no visual cues from peripheral vision as to when or how far to 
scan into the blind hemifield, yet they may be able to use cognitive/
voluntary control to guide their blind-side scanning. We investigated 
whether HH subjects were able to spontaneously (and without 
instruction) adapt their blind-side scan magnitudes in response to 
differing scanning demands for detection of pedestrians in a driving 
simulator when differing cues about pedestrian eccentricities and 
movement behaviors were available in the seeing hemifield.
Methods: Twelve HH subjects without spatial neglect completed 
two sessions (each 60 minutes) in a driving simulator pressing the 
horn when they detected a pedestrian. Stationary pedestrians outside 
the travel lane were presented in one session and approaching 
pedestrians on a collision course in the other. Equal numbers of 
pedestrians were presented at the same eccentricities on the left and 
right. Eye and head movements were tracked. Gaze movements 
of ≥ 6° were analyzed for pedestrians initially appearing at ≈14° 
in the blind hemifield (total 312 events across all subjects). After 
appearing, the stationary pedestrians’ eccentricity increased rapidly 
from ≈14° to median 31° after 2.5 s requiring increasingly larger 
scans for detection while the approaching pedestrians’ eccentricity 
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remained constant at ≈14°, requiring a more moderate scan (≈14°) 
for detection. No instructions were given about how far to scan to the 
blind side.
Results: Contrary to expectations, median gaze scan magnitudes 
did not differ in the two conditions (approaching: 14° [IQR 9-15°]; 
stationary: 13° [IQR 9-20°]; p = 0.43). Only three subjects showed 
evidence of adapting (increasing) their gaze scan magnitudes in the 
stationary condition between the start and end of the session (S5: 
20° to 46°; S8: 13° to 26°; S9: 11° to 22°). Subject S5 also showed 
adaptive behavior in the approaching condition, decreasing gaze scan 
magnitudes from 27° (larger than needed to detect pedestrians at 14°) 
to 11°.
Conclusions: Our results suggest the majority of participants (9/12) 
did not apply voluntary/cognitive control to modify their blind-side 
gaze scanning in response to the differing scanning demands of the 
two conditions despite the information about pedestrian eccentricity 
available in the seeing hemifield.
Commercial Relationships: Alex R. Bowers, None; 
Concetta F. Alberti, None; Robert B. Goldstein, None; Eli Peli, 
None
Support: NIH grants: R01-EY025677, R00-EY018680, R01-
EY12890 and S10RR028122
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Strabismic hemianopic field expansion and mobility
Philip M. Bronstad, Eli Peli, Amy Doherty, Anne B. Fulton. 
Ophthalmology, Harvard Medical School, Boston, MA.
Purpose: We document several ways that hemianopic visual fields 
can be expanded by strabismus. We hypothesized that patients with 
strabismus would have better mobility than those without field 
expansion, and that more expansion, especially when stimuli in the 
expanded field are perceived in the correct directions, would enable 
better mobility.
Methods: Seven hemianopic patients (ages 15 y.o. to 24; hemianopia 
onset perinatal to 17) were tested for their ability to detect peripheral 
pedestrians in a driving simulator and in a walking simulator. 
Pedestrians represented potential collisions and could appear within 
the blind, seeing, or expanded visual field. Dichoptic visual fields 
were measured and standard clinical tests were used. Suppression 
was measured using standard clinical tests and an in-house developed 
anaglyph system with red and green lasers and variable neutral 
density filters.
Results: Three participants had strabismic visual field expansion with 
while the other four did not. Those with
field-expansion detected mobility relevant stimuli presented to their 
blind hemifields more often (150/191
pedestrian appearances), than those without field expansion (155/264 
pedestrians), X2=19.7, p<0.01.
Conclusions: 
Hemianopic visual field may be expanded with strabismus in a 
variety of implementations, all of which have
utility improved over hemianopia. Greater field expansion and 
anomalous correspondence are both associated with improved 
performance on hazard detection tasks.
Commercial Relationships: Philip M. Bronstad, None; Eli Peli, 
None; Amy Doherty, None; Anne B. Fulton, None
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Quality of Life Measures in Patients with Retinal Degeneration
Anum Butt1, 2, Jasleen K. Jolly1, 2, Clare Couldridge1, 2, Kanmin Xue1, 2, 
Robert E. MacLaren1, 2. 1Oxford Eye Hospital, Oxford University 
Hospitals NHS Trust, Oxford, United Kingdom; 2Nuffield Laboratory 
of Ophthalmology, University of Oxford, Oxford, United Kingdom.
Purpose: A cross-sectional study to assess the impact of inherited 
retinal dystrophies and contrast sensitivity function (CSF) on the 
quality of life.
Methods: Twenty male patients (mean age 36 years ±11 SD) with 
genetically confirmed retinal dystrophies seen in the Oxford Eye 
Hospital underwent binocular CSF testing (Cambridge Research 
Systems, Cambridge, UK) and completed the National Eye Institute 
Visual Functioning Questionnaire - 25 (VFQ-25) and the Daily 
Living Tasks Dependent on Vision (DLTV) questionnaire. The 
VFQ-25 composite score was calculated as a sum of 11 sub-scores, 
covering 11 aspects of daily living including mental health and 
social function. The DLTV was used to assess impact of vision loss 
on tasks of daily living, and scored by summing the scores of the 22 
core items, resulting in scores ranging from 22 (signifying severe 
difficulty in visual performance) to 88 (representing no difficulty with 
visual tasks).
The contrast sensitivity for each patient was measured at five 
spatial frequencies (1, 2, 4, 8 and 10) and an area under the curve 
was calculated to summarize all the spatial frequency data in a 
single number. The single value CSF was then correlated to the 
questionnaire results using regression analysis. An alpha value of 5% 
was used as the significance criterion for the tests.
Results: The DLTV and VFQ-25 scores ranged from 46-85 and 30-
84 respectively and the average CSF was 24.6±15.6. A statistically 
significant correlation was noted between the VFQ-25 composite 
scores and the CSF (r=0.56, p=0.01) whereas correlation between the 
DLTV scores and CSF was not significant (r=0.37, p=0.106).
Conclusions: These represent interim analysis from an ongoing 
study. The VFQ-25 questionnaire revealed a significant correlation 
between deterioration of quality of life and reduction in contrast 
sensitivity function in inherited retinal degenerations. The lack of 
association detected by the DLTV may be due to the test focusing 
on high contrast related visual functions, whereas the VFQ-25 
covers a wider spectrum of visual functions as well as psychological 
measures. These findings might be helpful in assessing quality of life 
improvements in patients undergoing novel treatments for inherited 
retinal dystrophies.
Commercial Relationships: Anum Butt, None; Jasleen K. Jolly, 
None; Clare Couldridge, None; Kanmin Xue, None; 
Robert E. MacLaren, None
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Measuring Contrast Sensitivity with SPARCS in Specific Areas of 
Vision – A Meaningful Way to Assess Quality of Life and Ability 
to Perform Daily Activities in Glaucoma Patients
Karishma Kodia3, Michael Waisbourd2, Priyanka Gogte2, 
Hamoon Eshraghi2, Daniel Lee2, 1, Remy Serge Manzi Muhire2, 
Sheryl S. Wizov2, Jonathan S. Myers2, 1, Scott S. Fudemberg2, 1, 
Anand V. Mantravadi2, 1, L Jay Katz2, 1, Marlene Moster2, 1, 
Michael Pro2, 1, George L. Spaeth2, 1, Lisa A. Hark2, 1. 1Opthamology, 
Thomas Jefferson University, Philadelphia, PA; 2Glaucoma, Wills 
Eye Hospital, Philadelphia, PA; 3Sidney Kimmel Medical College, 
Philadelphia, PA.



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.

Purpose: To investigate in patients with glaucoma: 1) correlations 
between measurements of contrast sensitivity (CS) in specific areas of 
vision and corresponding visual field (VF) areas, and 2) the impact of 
reduced CS in these areas on subjective assessment of vision-related 
quality of life (VRQoL) and objective performance-based measures.
Methods: The Spaeth-Richman Contrast Sensitivity Test (SPARCS) 
measured CS in the inferior, superior, and central areas and the 
Pelli-Robson test measured central CS. Visual fields were tested in 
all participants using standard automated perimetry and the mean 
deviation (MD) average scores for the corresponding areas were 
calculated. The National Eye Institute Visual Function Questionnaire 
(NEI-VFQ-25) assessed VRQoL, and the Compressed Assessment 
of Ability Related to Vision (CAARV) assessed vision-related 
performance.
Results: Three hundred twenty two eyes of 161 participants were 
included in our analysis. Significant correlations were found 
between CS and VF scores in the inferior, central, and superior areas 
(P<0.0001 for all). Significant correlations were found between 
SPARCS scores in the inferior areas in both eyes and most CAARV 
scores (P<0.05). Significant correlations were also found between 
SPARCS scores in the inferior and superior areas in the worse eye 
and most NEI-VFQ-25 scores (P<0.05). In the better eye, the superior 
and inferior areas had stronger correlations (P<0.0001 and P<0.0001, 
respectively) with VF MD than the central area (P<0.0001). The 
same was true in the worse eye, where the superior and inferior areas 
(P<0.0001 and P<0.0001, respectively) correlated more strongly than 
the center area (P<0.0001). There are strong correlations between 
total SPARCS score and PR score, for both the better (P<0.0001) and 
the worse (P<0.0001).
Conclusions: Contrast sensitivity and VF scores significantly 
correlated in all tested areas. Reduced CS in the inferior areas of both 
eyes affected most performance-based measures. Measurement of CS 
areas by use of SPARCS is a meaningful way to assess VRQoL and 
the ability to perform daily activities in participants with glaucoma.
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Self-reported visual function and related quality of life in low-
income visually impaired patients
Nivea Nunes Cavascan, Paula Sacai, Hye Lim Oh, Paula B. Silva, 
Carla R. Santos, Ariadne S. Leal, Celia R. Nakanami. Ophthalmology 
and Visual Science, Universidade Federal de Sao Paulo, Sao Paulo, 
Brazil.
Purpose: Rehabilitative intervention may benefit low-vision patients 
by improvement of their useful residual vision, social inclusion and 
quality of life. The purpose of this study was to assess self-reported 
visual function and related quality of life in low-income visually 
impaired patients referred for visual rehabilitation.
Methods: Adult subjects referred to visual rehabilitation with best-
corrected distance visual acuity ≤0.6logMAR in the better-vision eye 
were included. Participants underwent to monocular and binocular 
visual acuity (ETDRS chart) for distance (DVA) and near (NVA), and 
the visual performance (VP) with optical device was measured when 
it was used. The WHO 20-item International Visual Functioning 
Questionnaire (VFQ) was administered in individual interviews. 
VFQ validation was provided by examining internal consistency 
of responses to subscale questions as measured by Cronbach’s 
alpha statistic. Pearson’s correlation and t-test were used to assess 
the association of VFQ scores with age, gender, visual impairment 
severity, time lived with disability and optical device usage. 
Statistical significance was considered as p≤0.05.
Results: Twenty participants (12 females – 60%) with ages ranging 
from 19 to 82 years (mean=50.0±20.0) were included. Mean 
binocular DVA was 0.97±0.28logMAR and NVA 0.92±0.29logMAR, 
and 65% (n=13) of participants were enabled to use optical devices, 
achieving VP from 0.0 to 0.6 logMAR with them. Subscales for 
visual functioning (VF: general vision, distant vision, near vision, 
sensory adaptation) and quality of life (QOL: pain, social activities, 
mental status) had internal consistency of responses of 0.89 and 
0.74, respectively. VF score was significantly higher for rehabilitated 
participants when compared to those without optical device usage 
(t=-2.213; p=0.040). Higher QOL score was significantly associated 
with older age (r=0.489; p=0.029). VF and QOL scores were not 
influenced by gender, visual impairment severity and time lived with 
disability.
Conclusions: Patients enabled to use of optical devices had a higher 
VF score while younger patients had a worse QOL score through the 
VFQ instrument. This method of evaluation may be useful in clinical 
practice to assess the real impact of the rehabilitation program on the 
daily life of visually impaired persons.
Commercial Relationships: Nivea Nunes Cavascan, None; 
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Visual Function Measurements from the nGoggle are Associated 
with Patient-Reported Quality of Life in Glaucoma
Carolina N. Susanna1, 2, Fabio B. Daga2, Masaki Nakanishi2, 3,  
Bianca Nicolela Susanna1, 2, Yu-Te Wang3, Remo Susanna5, 
Nara G. Ogata2, John Zao4, Tzyy-Ping Jung4, 3, Felipe Medeiros2, 4. 
1Faculdade de Medicina do ABC, São Paulo, Brazil; 2Ophthalmology, 
University of California San Diego, San Diego, CA; 3Neural 
Computation, University of California San Diego, San Diego, CA; 
4nGoggle Inc., San Diego, CA; 5Ophthalmology, Universidade de São 
Paulo, São Paulo, Brazil.

Purpose: The nGoggle (nGoggle, Inc., San Diego, CA) is a portable 
brain-computer interface designed to objectively assess functional 
loss in glaucoma and other eye diseases. A previous study has shown 
that nGoggle measurements are associated with visual field loss 
detected by standard automated perimetry (SAP). This study aimed 
at investigating whether functional loss measured by the nGoggle 
is also associated with patient-reported quality of life outcomes, as 
assessed by the National Eye Institute Visual Function Questionnaire 
(NEI VFQ-25).
Methods: 37 glaucoma patients and 14 healthy individuals were 
included in the study. All subjects were tested by the nGoggle, SAP 
SITA 24-2 and also responded NEI VFQ-25 questionnaires. The 
nGoggle is a portable device that integrates wearable, wireless, 
dry electroencephalogram and electrooculogram systems, and a 
head-mounted display (HMD), allowing detection of multifocal 
steady-state visual evoked potentials (mfSSVEP) associated with 
visual field stimulation (Figure 1). Rasch analysis was performed 
to obtain final scores of disability as measured by the NEI VFQ-25. 
Linear regression models were used to investigate the association 
between NEI VFQ-25 Rasch-calibrated scores and the global 
nGoggle mfSSVEP parameter, as well as SAP Mean Deviation (MD). 
Analyses were performed for the better and worse eyes for both 
nGoggle and SAP.
Results: Patients with glaucoma had significantly worse nGoggle 
mfSSVEP measurements compared to healthy subjects (0.300 
+- 0.233 vs. 0.342 +- 0.022, respectively; P<0.001). There was a 
statistically significant relationship between nGoggle measurements 
in the better eye and NEI VFQ-25 scores (r=0.352; P=0.011). Similar 
results were found for the worse eye. SAP MD in the better eye had 
a similar correlation to NEI VFQ-25 scores (r=0.347; P=0.013). In 
a multivariable model adjusting for age, gender, and race, nGoggle 
mfSSVEP measurements were still significantly associated with NEI 
VFQ-25 scores (P=0.010).
Conclusions: Assessment of neural damage by the nGoggle was 
significantly associated with patient-reported quality of life outcomes 
as measured by the NEI VFQ-25. This finding indicates that nGoggle 
measurements are indicative of patient disability and may be useful 
biomarkers for functional loss in glaucoma.
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Impact of Central Superior and Inferior Visual Field on Quality 
of Life in Glaucoma Patients
Shawn Gulati1, 2, Aleksandra Mihailovic3, 4, Jamie Odden1, 5, 
Michael V. Boland3, 4, David S. Friedman3, 4, Sheila West3, 4, 
Pradeep Ramulu3, 4. 1Department of Epidemiology and Biostatistics, 
Johns Hopkins Bloomberg School of Public Health, Baltimore, 
MD; 2Oakland University William Beaumont School of Medicine, 
Royal Oak, MI; 3Wilmer Eye Institute, Johns Hopkins University, 
Baltimore, MD; 4Dana Center for Preventive Ophthalmology, Johns 
Hopkins University, Baltimore, MD; 5University of North Dakota, 
School of Medicine and Health Sciences, Grand Forks, ND.
Purpose: To test the impact of damage to the integrated visual field 
(IVF) in the central superior and inferior hemifields on a broad range 
of functional outcomes. We also explore the validity of regression 
models with multiple correlated predictors.
Methods: 242 patients with glaucoma or suspect glaucoma 
underwent 24-2 visual field testing to derive IVF sensitivities. 
Questionnaires and functional testing assessed gait, reading, self-
reported driving patterns, accelerometer-defined physical activity, 
fear of falling, and overall quality of life (QoL). Multiple linear 
regression models analyzed the isolated and independent impacts 
of superior and inferior IVF sensitivity on these outcomes. Variance 
inflation factors (VIF) were calculated to assess multicollinearity 
between IVF regions.
Results: Regression models in which the independent effects of 
>2 IVF regions were examined (i.e. IVF quadrants) demonstrated 
high levels of multicollinearity (VIF>5). In models evaluating 
superior or inferior IVF sensitivity as the sole visual predictor, most 
outcomes (QoL, fear of falling, driving cessation, number of driving 
limitations, reading speed, and variability in stride velocity and stride 
length) were significantly associated with IVF sensitivity in both 
regions (p<0.015 for all). Daily steps were significantly associated 
with superior, but not inferior, IVF sensitivity (p=0.02), while base of 
support was associated with inferior, but not superior, IVF sensitivity 
(p=0.01). In models designed to determine the independent effects 
of superior and inferior IVF sensitivity, some outcomes (number 
of driving limitations, quality of life score) showed a significant 
association with superior, but not inferior, IVF sensitivity (p<0.02 for 
all), while others (driving status, base of support) were significantly 
associated with inferior, but not superior, IVF sensitivity (p<0.04 
for all). No outcomes showed independent effects of superior and 
inferior IVF sensitivity.
Conclusions: Strong multicollinearity prohibits the ability to assess 
the independent functional implications of more than 2 regions 
within the same IVF. The relative impact of superior and inferior IVF 
damage varies based on the functional outcome assessed, and efforts 
to determine the importance of various IVF regions should focus on 
specific functional domains and not questionnaires/instruments which 
integrate information from multiple functional areas.
Commercial Relationships: Shawn Gulati; 
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Glaucoma Severity Associated with Difficulty Performing Daily 
Life Tasks
Heather Livengood1, Nancy Baker2, Gadi Wollstein1, 
Hiroshi Ishikawa1, Mengling Liu3, Joel S. Schuman1. 1NYU Langone 
Eye Center, NYU School of Medicine, New York, NY; 2Department 
of Occupational Therapy, University of Pittsburgh School of 
Health and Rehabilitation Sciences, Pittsburgh, PA; 3Division of 
Biostatistics, Departments of Population Health and Environmental 
Medicine, NYU School of Medicine, New York, NY.
Purpose: Task performance is affected by glaucomatous visual 
field loss. People often use a compensatory strategy singly or in 
combination to manage the effects of disease to perform daily life 
tasks. Yet, they may still have difficulty performing daily life tasks. 
This analysis of cross-sectional data explored the relationship 
between glaucoma severity and difficulty performing daily life tasks.
Methods: We recruited community-dwelling adults aged 50 
years and older with glaucoma, no other ocular comorbidities, 
who underwent full ophthalmic evaluation. We measured 
glaucoma severity (visual field mean deviation [MD]) and task 
difficulty (Assessment of Life Habits [LIFE-H]). LIFE-H assesses 
performance of daily life tasks, in particular task difficulty and use of 
compensatory strategy. Correlation analyses and logistic regression 
were conducted to evaluate the association between MD and task 
difficulty.
Results: Subjects (n=87) on average were aged 60 years (range 
50-89) and had early stage glaucoma (MD better-seeing eye [Median 
(Q1, Q3)], -2.45 dB [-4.28, -0.54]). Subjects reported difficulty 
performing daily life tasks even when they used a compensatory 
strategy: 48% reported difficulty when using an assistive device/
adaptation, 89% reported difficulty when also receiving human 
assistance, 83% reported difficulty when using both an assistive 
device/adaptation and human assistance. MD had a negative 
relationship with task difficulty (Figure;
Spearman rho=-0.37, p<0.01). For each 1 dB of worsening MD the 
odds of reporting difficulty performing daily life tasks increased 0.15 
(OR=1.15, p<0.01; age-adjusted). Similar results were obtained with 
the worse-seeing eye.
Conclusions: Our results indicate that task difficulty is related to 
glaucoma severity. As glaucoma progresses, clinicians need to be 
aware of its effect on performance of daily life tasks, suggesting 
consult with vision rehabilitation as disease deteriorates.
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Correlation between visual function and an objective evaluation 
of the ability of glaucomatous patients to perform daily living 
activities
Lombardi Marco1, 3, Ariel Zenouda1, Line Azoulay-Sebban1, 
Emmanuel Gutman1, Emmanuelle Brasnu3, Pascale Hamard3,  
José-Alain Sahel1, 2, Christophe Baudouin3, 4, Antoine Labbé3, 4. 
1Streetlab, Institut de la Vision, Paris, France; 2Inserm, U968; UPMC 
Univ Paris 06, UMR_S968, Institut de la Vision; CNRS, UMR 7210; 
CHNO des Quinze-Vingts, INSERM-DHOS CIC 503, Paris, France; 
3Department of Ophthalmology III - DHU Sight Restore, Quinze-
Vingts National Ophthalmology Hospital, Paris, France; 4Department 
of Ophthalmology, Ambroise Paré Hospital, AP-HP, University of 
Versailles Saint-Quentin-en-Yvelines, Versailles, France.
Purpose: To analyze the correlations between functional clinical 
tests and objective tests evaluating daily living activities in glaucoma 
patients using artificial platforms (StreetLab® and Homelab®).
Methods: Thirty-two patients with chronic glaucoma, followed at 
the Quinze-Vingts National Ophthalmology Hospital, were included. 
All patients had a clinical evaluation of visual function including, 
best-corrected visual acuity (BCVA), contrast sensitivity (CS), and 
monocular and binocular visual field tests. Two standardized artificial 
platforms were used to evaluate activities of daily living (StreetLab® 
HomeLab®). Four different activities were evaluated: locomotion 
and obstacle avoidance in an artificial street, object detection, face 

recognition and eye-hand coordination. Patients performance in the 
different tasks were correlated to visual function evaluation including 
BCVA and visual field mean deviation (MD) of the better and the 
worst eye, Esterman binocular visual field (VF) and an integrated 
binocular visual field score (IVF).
Results: The Esterman score was significantly correlated to the 
locomotion and obstacles avoidance (Spearman correlation: r = -0.48; 
p = 0.006), object detection (r= -0.47; p = 0.006), face recognition 
tasks (r =-0.46; p = 0.008) and eye-hand coordination with small 
objects (r= -0.36; p = 0.046). The MD of the better eye was 
significantly correlated to the object detection (r = - 0.44; p = 0.010), 
face recognition (r = -0.4; p = 0.020) and eye-hand coordination with 
big object (r = -0.50; p = 0.003). The IVF score was significantly 
correlated to the object detection (r = 0.51; p = 0.003), face 
recognition (r = 0.49; p = 0.004) and eye-hand coordination with 
small and big objects (r = 0.37, p = 0.036 and r = 0.50, p = 0.004 
respectively).
Conclusions: Glaucoma patients’ ability to perform daily living 
activities could not be evaluated precisely with monocular visual 
field tests. The MD of the better eye and the IVF score appeared to 
better evaluate face recognition, eye-hand coordination, and object 
detection. For locomotion and obstacle avoidance, the Esterman VF 
seemed more useful.
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Functional Complaints of Patients Seeking Low Vision Services 
in Tamil Nadu, India
Gabrielle Shaughness1, Ashok Vardhan2, Jeyaseeli Flora2, 
Brian C. Stagg1, 3, Krishnamurthy Ilango2, Joshua R. Ehrlich1, 3. 
1Ophthalmology, University of Michigan, Ann Arbor, MI; 2Aravind 
Eye Care System, Tamil Nadu, India; 3Institute for Healthcare Policy 
and Innovation, University of Michigan, Ann Arbor, MI.
Purpose: To describe the functional impairments of patients with 
different causes of low vision at a tertiary eye hospital in Tamil Nadu, 
India.
Methods: We performed a prospective survey of consecutive patients 
undergoing initial evaluation by the Low Vision Service at Aravind 
Eye Care System, Madurai, India. Patients were asked whether 
they had any difficulty performing 13 different instrumental and 
non-instrumental tasks of daily living as a result of their vision. The 
primary cause of patients’ low vision was determined by the treating 
provider. The Fisher exact test was used to compare response data 
across diagnoses.
Results: 90 patients with low vision were surveyed about 
performance of 13 different tasks (Figure 1). Patients had a mean 
age of 41.4 ± 19.8 years, 63.3% were male, and 21.1% were not 
employed. Identifying the faces of other people was the most 
commonly impaired task across all low vision diagnoses, while 
reading bus numbers was cited nearly as frequently. The proportion 
of patients reporting impaired mobility varied significantly by 
diagnosis (p=0.04). Patients with congenital eye disease (83.3%) 
or glaucoma (75.0%) were most likely to report impaired mobility, 
while those with retinal pathology (excluding retinitis pigmentosa, 
diabetic retinopathy and age-related macular degeneration) or neuro-
ophthalmic diagnoses were least likely to report impaired mobility. 
These findings were not explained by differences in visual acuity 
between groups.
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Conclusions: Different causes of low vision are associated with 
distinct functional impairments among patients in Tamil Nadu, India. 
This information is important for identifying individuals at risk for 
specific forms of vision-related functional loss. Interventions to 
improve facial recognition and distance vision should be a key part of 
low vision therapy.
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Using Delphi methodology in the development of a new patient 
reported outcome measure for stroke survivors with visual 
impairment
Lauren R. Hepworth, Fiona J. Rowe. Health Services Research, 
University of Liverpool, Liverpool, United Kingdom.
Purpose: To ascertain what items stroke survivors and stroke care 
professionals think are important when assessing quality of life in 
stroke survivors with visual impairment.

Methods: Items were sourced from a systematic review of 
instruments relevant to visual impairment caused by stroke. The 
number of items were reduced and adapted following a pilot of 
version one of the new instrument, leading to version two (62 
items). Items from version two were evaluated in a Delphi survey. 
Stakeholders (stroke survivors/clinicians) were invited to take part 
in the process. The Delphi method involved three rounds of an 
electronic-based questionnaire. A consensus definition of ≥70% 
agreement was decided a priori. The survey asked participants to 
rank importance on a 9-point scale and also categorise the items 
by relevance to types of visual impairment following stroke or 
whether items were considered not relevant. Analysis of consensus 
(percentage response rate), stability (mean/SD) and agreement 
(weighted Kappa) were conducted.
Results: In total, 113 participants registered for the Delphi survey 
of which 47 (41.6%) completed all three rounds. Response rates 
to the three rounds were 78/113 (69.0%), 61/76 (81.3%) and 49/64 
(76.6%) respectively. The participants included orthoptists (45.4%), 
occupational therapists (44.3%) and stroke survivors (10.3%). 
Consensus was reached on 56.5% (n=35) of items in the three round 
process, all for inclusion of the item. A consensus was reached for 
83.8% (n=52) in the categorisation of items. The majority (82.6%) of 
the consensus were for relevant to ‘all visual impairment following 
stroke’; two (3.2%) items were deemed ‘not relevant’.
Conclusions: If this Delphi survey had been the primary method 
for further development of the new instrument, a reduction of two 
items would have been achieved. A further 27 items would require 
discussion at a consensus meeting. It was identified a hub and spoke 
model for the questionnaire based on the categorisation of items 
would not be possible due to a large number of core items (n=40) and 
few (n=13) additional items across four spokes. Psychometrics using 
Rasch analysis will be assessed prior to a consensus meeting. The 
consensus meeting will consider all data through facilitated clinical 
and patient input on the important items to assess quality of life with 
visual impairment following stroke.
Commercial Relationships: Lauren R. Hepworth, None; 
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