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Association between Cognitive Impairment and Primary  
Open-Angle Glaucoma Using the Montreal Cognitive Assessment
Makayla McCoskey, Victoria Addis, PRITHVI SANKAR, Jin Sha, 
Maureen G. Maguire, Eydie G. Miller-Ellis, Amanda Lehman, 
Rebecca J. Salowe, Laura O’Keefe, Joan M. O’Brien. 
Ophthalmology, University of Pennsylvania, Philadelphia, PA.
Purpose: It has been hypothesized that primary open-angle glaucoma 
(POAG) may be associated with cognitive impairment and/or 
dementia because both are age-related neurodegenerative processes. 
Neuropathy in POAG extends throughout the visual pathway, from 
the optic nerve to visual cortex. It is unclear whether glaucoma 
affects other neurological functions, such as cognition, in addition to 
vision. This study examined the potential association between POAG 
and cognitive impairment.
Methods: The Montreal Cognitive Assessment (MoCA) was 
administered to patients enrolled in the Primary Open-Angle African 
American Glaucoma Genetics (POAAGG) study at the Scheie Eye 
Institute. This was an initial pilot study. Patients were categorized 
into two groups: POAG cases and non-POAG controls. A single 
investigator, masked to patient diagnostic status, administered 
the MoCA to all patients. Patients received a total score (out of 
30 possible points), as well as sub-scores evaluating visuospatial/
executive function, naming, memory, attention, language, abstraction, 
and orientation. Scores were compared between diagnostic 
categories. Cases were further assessed by retinal nerve fiber layer 
(RNFL) thickness measurements. Adjustments were made for age, 
sex, and educational level.
Results: The MoCA was administered to 88 patients in total: 49 
cases (average age=70.2, age range=44-88) and 39 controls (average 
age=64.9, age range=39-87). Before adjustment, the mean difference 
between cases and controls was -1.40 (95% CI=-3.08-0.28, p=0.09). 
After adjustment for age, sex, and educational level, however, the 
mean difference was not statistically significant, at -0.63 (95% CI=-
1.92-0.67, p=0.34). There was no statistically significant association 
between RNFL thickness and MoCA score in POAG cases (95% 
CI=-0.21-0.03, p=0.17).
Conclusions: These data do not demonstrate large differences 
between POAG cases and controls in cognitive function as measured 
by the MoCA. Neurodegeneration associated with glaucoma may 
be limited to the visual pathway, and may not extend more globally 
in the brain to affect neural pathways involved in cognition. 
Alternatively, the MoCA may not be a sensitive enough test to 
evaluate subtle differences in cognitive ability in POAG patients. 
Finally, it is possible that only a subset of patients manifest a 
cognitive impairment associated with POAG, so a larger, better-
powered study is planned.
Commercial Relationships: Makayla McCoskey; 
Victoria Addis, None; PRITHVI SANKAR, None; Jin Sha, 
None; Maureen G. Maguire, None; Eydie G. Miller-Ellis, 
None; Amanda Lehman, None; Rebecca J. Salowe, None; 
Laura O'Keefe, None; Joan M. O'Brien, None

Support: This work was supported by the National Eye Institute, 
Bethesda, Maryland (grant #1RO1EY023557-01) and the Department 
of Ophthalmology at the Perelman School of Medicine, University 
of Pennsylvania, Philadelphia, PA. Funds also come from the 
F.M. Kirby Foundation, Research to Prevent Blindness, The Paul 
and Evanina Bell Mackall Foundation Trust, and the National 
Eye Institute, National Institutes of Health, Department of Health 
and Human Services, under eyeGENETM and contract Nos. 
HHSN260220700001C and HHSN263201200001C, and the Clinical 
Neuroscience Training Program at the Perelman School of Medicine, 
University of Pennsylvania. The sponsor or funding organization had 
no role in the design or conduct of this research.
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Predictive factors for going blind in normal tension glaucoma: a 
subgroup analysis
Akira Sawada, KENJI OZAWA, Tetsuya Yamamoto. Ophthalmology, 
Gifu Univ Grad School of Med, Gifu-shi, Japan.
Purpose: To explore predictive factors for going blind in the low 
and high maximum intraocular pressure (IOP) subgroups in normal 
tension glaucoma (NTG).
Methods: We retrospectively investigated 375 patients diagnosed 
as bilateral NTG, and followed for at least 5 years. We reviewed the 
patients’ data of best-corrected visual acuity (BCVA) and visual field 
from our records. A cut-off value of maximum IOP was tentatively 
set as 18 mmHg. The blindness was defined according to the World 
Health Organization (WHO) criteria. The probabilities of blindness 
were calculated using Kaplan Meier life-table analyses. To identify 
risk factors for the development of blindness, we used a stepwise 
selection method for Cox proportional hazards regression.
Results: The mean age at diagnosis was 56.1 ± 11.7 years. Men were 
146, and women were 229. The mean follow-up period was 14.3 ± 
5.8 years. The low IOP group included 127 patients (33.9%). The 
probability of blindness in at least one eye at 20 years was estimated 
to be 14.9 ± 2.7% in the high IOP group, and 9.5 ± 4.6% in the low 
IOP group (P=0.042; log-rank test). The Cox proportional hazard 
model analysis showed that a worse initial BCVA (both groups; P 
< 0.05), a smaller spherical equivalent refraction (high IOP Group; 
P = 0.035) and worse Advanced Glaucoma Intervention Study 
(AGIS) score at diagnosis (both groups; P < 0.05) were significantly 
associated with the development of blindness in at least one eye.
Conclusions: An early detection of NTG might be most essential for 
preventing a future blindness.
Commercial Relationships: Akira Sawada, None; 
KENJI OZAWA, None; Tetsuya Yamamoto, None
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Association of Ocular Dominance and Humphrey Visual Field 
Parameters: Mean Deviation, Pattern Standard Deviation, and 
Visual Field Index
Sharnjit Bains, Nadia Hua, Enitan Sogbesan.  
Surgery - Ophthalmology, McMaster University, Hamilton, ON, 
Canada.
Purpose: This study aims to determine whether ocular dominance is 
associated with glaucoma severity using visual field (VF) parameters 
in glaucoma patients.
Methods: Consented glaucoma patients underwent a complete 
standardized ophthalmological assessment including baseline 
Humphrey Visual Fields (HVF). Ocular dominance was determined 
using the Dolman Test (hole-in-the-card). HVF mean deviation 
(MD), pattern standard deviation (PSD) and visual field index (VFI) 
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for each eye was extracted from the HVF printout and classified. 
Glaucoma severity was determined based on HVF by using 
standardized Glaucoma Staging System, as recommended by the 
Canadian Ophthalmology Society’s clinical practice guidelines for 
the treatment of glaucoma. Data was analyzed using SPSS Software 
v20.
Results: Patients (n = 207) mean age was 67.5 ± 10.6 years; 35.3% 
were male and 64.7% were female and approximately 90.3% 
Caucasian population. Right-eye dominance was observed in 58.8%, 
left-eye dominance in 38.2%, and 3.4% were both-eyed dominant. 
Paired t-test analysis of HVF-MD was found to be lower in the non-
dominant eye (-4.92 ± 6.54, p<0.001) and higher in the dominant 
eye (-2.77 ± 4.24, p<0.001). There was a greater proportion of 
suspect and early (87.5%) stages of glaucoma severity for MD in 
the dominant eye compared to the non-dominant eye which tended 
to have greater proportions within moderate to severe (24.0%) 
glaucoma. VFI was found to be higher in the dominant eye (93.5 
± 12.2, p<0.001) compared to the non-dominant eye (87.7 ± 19.8, 
p<0.001). PSD was found to be higher in the non-dominant eye 
(4.00 ± 3.47, p<0.001) indicating greater variation compared to the 
dominant eye (3.02 ± 2.69, p<0.001). This study shows that the 
non-dominant eye has greater glaucoma severity based on lower 
MD, lower VFI, and an increase in the proportion of patients who 
progressed into more severe stages of glaucoma classification in the 
non-dominant eye.
Conclusions: Glaucoma appears to be more severe in the non-
dominant eye using HVF parameters. The dominant eye tends to 
have a protective effect on glaucoma onset and severity based on 
higher MD, higher VFI, a lower variation of PSD and the occurrence 
of less severe glaucoma classifications in the suspect and early 
stage categories. This study shows that glaucoma progression is 
independent of ocular dominance and occurs in either eye.
Commercial Relationships: Sharnjit Bains, None; Nadia Hua, 
None; Enitan Sogbesan, None
Support: McMaster University Surgical Association Grant
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Disruption of binocular rivalry processes in patients with mild 
glaucoma
Luminita Tarita-Nistor1, Taylor Brin1, 2, Esther G. Gonzalez1, 3, 
Graham E. Trope3, Martin J. Steinbach1, 3. 1Vision Science Research 
Program, Krembil Research Institute, Toronto Western Hospital, 
Toronto, ON, Canada; 2Centre for Vision Research, York University, 
Toronto, ON, Canada; 3Ophthalmology and Vision Sciences, 
University of Toronto, Toronto, ON, Canada.
Purpose: Glaucoma affects neural structures in the visual system 
beyond the retina. Recent imaging reports indicate neurodegeneration 
of the corpus callosum—a deep neuronal bundle that connects the 
two brain hemispheres. Its dysfunction should be evident during 
binocular rivalry. The purpose of this study was to test binocular 
rivalry processes in patients with mild glaucoma and age-matched 
controls. We hypothesize that there is a disruption in alternation rates 
and in stimulus dominance in the glaucoma group relative to age-
matched controls.
Methods: Thirteen patients with mild glaucoma (mean age 68 
± 6 years) and 12 age-matched controls (mean age 63 ± 6 years) 
participated. All subjects underwent a thorough visual assessment 
including visual acuity, standard perimetry, and optical coherence 
tomography. Then they participated in 4 one-minute-long 
psychophysical tests designed to measure binocular rivalry. The 
stimuli were orthogonal gratings with a spatial frequency of 0.5 c/deg 
and a size of 10 x 10 deg, presented on a computer screen and shown 

dichoptically through a double-mirror stereoscope. The participants 
pressed different buttons of a button-response box when they 
perceived only one orientation, the other, or both. Alternation rates 
and stimulus dominance were recorded.
Results: The retinal nerve fiber layer was significantly thinner (p 
< .05) and the cup-to-disc ratio significantly higher (p < .05) in the 
glaucoma group versus the control group, but the standard perimetry 
results were comparable. Visual acuity (monocular and binocular) 
was normal in both groups, although it was significantly better in 
controls than in patients. For example, mean binocular acuity in 
control group was -.06 ± .08 logMAR and in the glaucoma group .02 
± .07 logMAR.
The difference in exclusive dominance of the stimulus presented to 
the right and left eyes was small for controls (mean 5.5 ± 3s) and 
significantly higher (p = .003) for the patients (mean 18.2 ± 12s). The 
mean alternation rate was 9 ± 2 times/min for the control group, but 
the patients appeared to have two distinct responses: one (n = 2) with 
very high rates (mean 17 ± 1 times/min) and another (n = 11) with 
significantly lower rates (mean 6 ± 3 times/min) than controls  
(p = .02).
Conclusions: The results show major differences in rivalry responses 
between the glaucoma and control groups which may indicate 
dysfunction of the inter-hemispheric transfer of visual information.
Commercial Relationships: Luminita Tarita-Nistor, None; 
Taylor Brin, None; Esther G. Gonzalez, None; Graham E. Trope, 
None; Martin J. Steinbach, None

Program Number: 2838 Poster Board Number: B0441
Presentation Time: 8:30 AM–10:15 AM
Relationship between Silent Reading Performance and Clustered 
Visual Field in Patients with Glaucoma
Noriaki Murata1, 2, Daiki Miyamoto2, Tetsuya Togano2, 
Takeo Fukuchi2. 1Department of Orthoptics and and Visual Sciences, 
Niigata University of Health and Welfare, Niigata-shi, Japan; 
2Division of Ophthalmology and Visual Science, Graduated School of 
Medical and Dental Science, Niigata University, Niigata-shi, Japan.
Purpose: To investigate the relationship between silent reading 
parameters and clustered visual field (VF) in Patients with glaucoma.
Methods: Fifty glaucoma patients (mean age; 52.8±10.6 yr) were 
included in the study. VF testing was performed using the Humphrey 
Field Analyzer (HFA; Carl Zeiss Meditec, Inc., Dublin, CA, USA). 
HFA24-2 test points were divided 6 clusters and averaged visual 
sensitivity in each cluster. We also calculated integrated visual 
field (IVF), and sensitivities were further averaged in 3 clusters, 
respectively. Patients silently read Japanese articles while the Tobii 
TX300 eye tracker (Tobii Technology, Danderyd, Sweden) monitored 
and calculated reading duration per 100 characters (RD), number of 
fixations per 100 characters (NF), and mean fixation duration (mFD). 
Spearman correlation coefficient analysis was applied to assess the 
relationship between silent reading performance and clustered VF of 
the right (R) versus left (L) eye and the better (B) versus worse (W) 
eye and clustered IVF.
Results: Reading parameters of glaucoma patients were: RD, 9.5±3.4 
sec; NF, 33.4±10.8 times; mFD, 232.8±25.6 msec. RD correlated 
significantly with the mean sensitivities of 24-2 R clusters 1-4, 24-2 
W cluster 1 (rs=-0.307- -0.379, P<0.05). NF correlated significantly 
with the sensitivities of 24-2 R cluster 1 and 24-2 W cluster 1 (rs=-
0.305, -0.347, P<0.05). There was no significant correlation between 
clustered IVF and RD or NF. For mFD, significant correlation 
were observed with 24-2 R clusters 1,3,4, 24-2 L clusters 2-4, 24-2 
B clusters 1~4, 24-2 W clusters 3,4 (rs=-0.280- -0.438, P<0.05). 
Significant correlation was also identified between mFD and IVF 
clusters 1,3 (rs= -0.316, -0.344, P<0.05).
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Conclusions: We found that VF in the higher sensitivity contributed 
to the reduction of reading performance in the analysis of the 
monocular VF. Furthermore, not only the central but also peripheral 
IVF correlated with increased mFD. Overall, mFD might be 
associated with partially glaucomatous VF defects even if visual 
acuity was preserved.

Commercial Relationships: Noriaki Murata, None; 
Daiki Miyamoto, None; Tetsuya Togano, None; Takeo Fukuchi, 
None
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Association between the Cognitive Performance of Elderly 
Patients Measured by the Mini-Mental State Examination and 
the Reliability of Humphrey Standard Automated Perimetry in 
Patients with Glaucoma
LUCAS A. SANTANA, Maurício Paolera, Mateus Matuoka, 
Alessandra Kussabara, Niro Kasahara, Diego Tebaldi, 
João Figueiredo, Bruno Rocha. Ophthalmology, Irmandade Santa 
Casa de São Paulo, SAO PAULO, Brazil.
Purpose: Humphrey Standard Automated Perimetry (SAP) is an 
exam of difficult comprehension and execution by patients. In clinical 
practice the prevalence of non-reliable tests is high, especially for 
elderly patients with glaucoma. This study tested the hypothesis that 
patients with low cognitive performance measured by the Mini-
Mental Estate Examination (MMEE) have more difficulty to perform 
Humphrey Standard Automated Perimetry
Methods: Thirty patients over 65 years old from the Department 
of Ophthalmology of Santa Casa de São Paulo Hospital underwent 
the MMEE right after doing the Humphrey Standard Automated 
Perimetry, 24-2 SITA standard strategy. Only eyes with at least Visual 
Acuity (VA) of 20/200 were included. Patients were divided into two 
2 groups: Non-reliable SAP tests (fixation loss [FL] > 20% or false 
positive [FP] responses > 15% or false negative [FN] responses > 
15%) and reliable SAP tests (FL ≤ 20% or FP ≤ 15% or FN ≤ 15%). 
The student’s t test (demographic data) and Mann-Whitney U test 
(MMEE score) were used for statistical comparisons.
Results: The non-reliable tests included 22 patients and the reliable 
tests comprised 28 subjects. There was no statistical difference 
between the groups when comparing age (non-reliable: 74.2 + 3.2, 
reliable: 71.9 + 5.7, P = 0.08), Mean Deviation (MD) (non-reliable: 
-8.9 + 7.2, reliable: -9.8 + 7.3, P = 0.669) and VA (non-reliable: 
0.60 + 0.46, reliable: 0.55 + 0.22, P = 0.466). When MMEE score 
was compared between groups, the non-reliable group had lower 
mini-mental score as compared to the reliable group. The difference, 
however, failed to reach statistical significance (non-reliable: 22.6 + 
4.3, reliable: 24.7 + 4.1 with P = 0.06)

Conclusions: Patients with lower cognitive performance shows a 
tendency of performing worse SAP tests when compared to those 
with better MMEE scores
Commercial Relationships: LUCAS A. SANTANA, 
None; Maurício Paolera, None; Mateus Matuoka, None; 
Alessandra Kussabara, None; Niro Kasahara, None; 
Diego Tebaldi, None; João Figueiredo, None; Bruno Rocha, None
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Comparison of Threshold Visual Field Results Using Translucent 
and Opaque Occlusion
Thomas Callan, Carmen Yoo, Sophia Yu. R&D, Carl Zeiss Meditec, 
Inc., Dublin, CA.
Purpose: Many claim that use of a translucent occluder for visual 
fields is a better method for testing than using an opaque occluder. 
Patients are said to be more comfortable with translucent occlusion 
and may be more sensitive in their testing results (Fuhr, 1990). The 
purpose of this study was to investigate whether visual field results 
are significantly different when using a white (W) translucent eye 
patch compared to a black (B) opaque eye patch for occlusion of the 
non-tested eye under standard testing conditions.
Methods: Volunteers with no known ophthalmic diseases were 
recruited and both eyes were tested with the Swedish Interactive 
Thresholding Algorithm (SITA) Standard 24-2 test using an opaque 
(black) eye patch and a translucent (white) eye patch on the HFA3 
(Humphrey Field Analyzer) Model 860 (ZEISS, Dublin, CA). Testing 
was randomized for eye dominance and color of the eye patch 
between subjects. The subjects ran two pairs of visual field tests for 
a total of four tests on the same day with a minimum of 45 minutes 
between testing sessions. Patient comfort was surveyed and results 
tabulated.
Results: Ten normal subjects (mean age 46.5; range 31 – 63 years) 
were studied. In this cohort of subjects, the mean deviation (MD) was 
slightly better with the translucent eye patch (W: -0.191 dB, B: -0.365 
dB) with a small mean difference of - 0.174 dB. The difference was 
not statistically significant (P = 0.616). Similar small differences for 
Pattern Standard Deviation (PSD) and Visual Field Index (VFI) were 
determined to not be statistically significant as well (see Table 1). 
Subjects were surveyed as to whether they had a preference for the 
translucent or opaque occluder. Eight out of the ten subjects either 
“greatly” or “somewhat” preferred the translucent (white) eye patch.
Conclusions: There is no statistically significant difference in MD, 
PSD or VFI results between the use of an opaque occluder or the use 
of a translucent occluder when performing standard SITA threshold 
visual fields. Patients reported being more comfortable when being 
tested with the translucent occluder. These findings using the 24-2 
SITA Standard threshold test under normal testing conditions are 
consistent with the findings of Fuhr.

Table 1: Two-Sample T-Test and CI for MD, PSD and VFI (Black, 
White)
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Pupil Size Over Course of Perimetry Exam – Influence of 
Translucent and Opaque Occlusion
Buck Cunningham, Thomas Callan, Carmen Yoo, Sophia Yu. R&D, 
Carl Zeiss Meditec, Inc., Dublin, CA.
Purpose: Currently pupil size is determined once at the beginning of 
a perimetry test on the Humphrey Field Analyzer (HFA). However, 
pupil size has been observed to change during the course of the 
test. The purpose of this study was to record and analyze pupil size 
measurements using a standardized threshold visual field test (24-2 
SITA-Standard) with a high speed camera. Data was collected on 
subjects taking visual field examinations using both translucent and 
opaque eye patches over the occluded eye.
Methods: Volunteers with no known ophthalmic diseases were 
recruited and both eyes were tested with the Swedish Interactive 
Thresholding Algorithm (SITA) Standard 24-2 test using an opaque 
(black) eye patch and a translucent (white) eye patch on the HFA3 
Model 860 (ZEISS, Dublin, CA). Each eye of each subject was tested 
once with each eye patch for a total of four tests per subject. Pupil 
size was measured by the HFA at the start of each test. During the 
tests, the pupil size was continuously recorded every 100ms, using 
the new HFA3 eye image processing capability. Mean and standard 
deviation of pupil size as a function of time though the course of the 
visual field test were calculated.
Results: Ten normal subjects (mean age 46.5; range 31 – 63 years) 
were studied. Mean pupil size using translucent (W) occlusion (4.53 
mm, SD 1.18) was slightly smaller than with opaque (B) occlusion 
(4.70 mm, SD 1.27) while the mean pupil size range during the test 
was slightly larger for white than black (W: 1.91 mm SD 0.61; B: 
1.87 mm SD 0.82) but neither was statistically significant  
(P= 0.640 and P= 0.854 respectively). The mean value for all pupil 
size measurements was within 0.5 mm of the initial reported value in 
92% of the tests. Range of pupil size variation was from 0.9 mm to 
3.4 mm (see Figure 1). Also, the pupil size was within 0.5 mm of the 
mean for 89% of the test time.
Conclusions: There was no significant difference in pupil size with 
either opaque or translucent occlusion. Though there is fluctuation of 
the pupil and a range of pupil size during a visual field test, the initial 
pupil size recorded by the HFA was within 0.5 mm of the mean size 
for most of the visual field tests. Also, the pupil size measured within 
0.5 mm of the mean for most of the test duration.

Fig. 1 Examples of small and large range of pupil size changes over 
time.
Commercial Relationships: Buck Cunningham, Carl Zeiss 
Meditec, Inc. (E); Thomas Callan, Carl Zeiss Meditec, Inc. (E); 
Carmen Yoo, Carl Zeiss Meditec, Inc. (C); Sophia Yu, Carl Zeiss 
Meditec, Inc. (E)
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Perimetric Threshold Predictability Between Goldmann Size III 
and V Stimuli
Luke X. Chong1, Paul H. Artes2, Michael Wall3, Thomas Callan4, 
Vincent Michael Patella4, Gary C. Lee4, Matthias Monhart4, 
John G. Flanagan1. 1School of Optometry and Vision Science, 
University of California Berkeley, Berkeley, CA; 2Eye and Vision 
research group, Plymouth, United Kingdom; 3Neurology & 
Ophthalmology, University of Iowa, Iowa City, IA; 4Carl Zeiss 
Meditec, Inc., Dublin, CA.
Purpose: Prior studies have demonstrated that a size V stimulus 
extends the clinically useful dynamic range of visual field testing, 
and has better repeatability. The aim of this study was to establish 
whether it is feasible to switch from size III to V whilst continuing 
to accurately monitor glaucomatous progression. We determined the 
conversion factors for perimetric sensitivity from Goldmann stimulus 
sizes III and V in order to assess their predictability.
Methods: Ninety-six patients with early glaucoma (mean deviation 
-4.0 dB or better) and 118 healthy patients were examined using the 
Full Threshold 24-2 strategy with sizes III and V, as well as the SITA 
Standard 24-2 procedure (SS). We compared results after applying a 
uniform global correction across the whole field versus a correction 
based on eccentricity. Scatter plots and Bland-Altman plots were 
generated to assess predictability between procedures.
Results: There was no clinically significant difference between 
applying a global correction and a correction based on eccentricity. 
There was no significant difference in the Bland-Altman limits of 
agreement when comparing III predicting III, SS predicting III, and 
III predicting V in both the healthy (Figure 1; III predicting III = 9.8 
dB; SS predicting III = 9.5 dB; III predicting V = 10.2 dB) and early 
glaucoma (Figure 2; III predicting III = 12.8 dB; SS predicting III = 
12.7 dB; III predicting V = 13.4 dB) groups. The limits of agreement 
for SS predicting V were 1 dB tighter than III predicting V in the 
healthy group (SS predicting V = 9.2 dB; III predicting V = 10.2 dB), 
and 1.6 dB tighter in the early glaucoma group (SS predicting  
V = 11.8 dB; III predicting V = 13.4 dB).
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Conclusions: Applying a global correction to convert between 
stimuli is suitable, as using a correction by eccentricity does not 
provide any increase in accuracy or precision of threshold estimates 
when converting between size III and V stimuli. Our results showed 
that III predicting V is no worse than III predicting III, and therefore 
suggest that it is feasible to switch from size III to V without 
sacrificing accuracy.

Figure 1: Scatter (left column) and Bland-Altman (right column) 
plots of the healthy group with global correction.

Figure 2: Scatter (left column) and Bland-Altman (right column) 
plots of the early glaucoma group with global correction.
Commercial Relationships: Luke X. Chong, None; Paul H. Artes, 
None; Michael Wall, None; Thomas Callan, Carl Zeiss Meditec, 
Inc. (E); Vincent Michael Patella, Carl Zeiss Meditec, Inc. (E); 
Gary C. Lee, Carl Zeiss Meditec, Inc. (E); Matthias Monhart,  
Carl Zeiss Meditec, Inc. (E); John G. Flanagan, Carl Zeiss Meditec, 
Inc. (C)
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Comparison Between 24-2 SITA-Standard and 24-2 SITA-Fast 
Strategies in Standard Automated Perimetry
Brian Benenati1, Nariman Nassiri2, Chaesik Kim2, Ronald Swendris2, 
Alma M. Mas-Ramirez2, Justin Tannir2, Anju Goyal2, Mark S. Juzych2, 
Bret A. Hughes2. 1Wayne State University School of Medicine, 
Detroit, MI; 2Kresge Eye Institute, Detroit, MI.
Purpose: Swedish Interactive Threshold Algorithm (SITA)-Standard 
(SS) and SITA-Fast (SF) are widely utilized standard automated 
perimetry(SAP) strategies used in glaucoma management. In this 
retrospective comparative study, we aimed to compare several 
parameters of visual field testing between SS and SF strategies.
Methods: We reviewed all 24-2 SS and SF visual field tests 
(Humphrey® Field Analyzer; Carl Zeiss Meditec) of glaucoma and 
glaucoma suspect eyes performed between Jan. 2013 and Aug. 2016 
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at the Kresge Eye Institute. We only included the better eye of each 
patient based on mean deviation. To reduce the learning effect, we 
only included the third visual field test of each eye. Other criteria 
included: age >30 years, best corrected visual acuity > 20/100, 
spherical equivalent > -8 diopters, and astigmatism > 3 diopters at the 
time of visual field testing. Eyes with neurological and major retinal 
diseases were excluded. The study outcomes included: test duration, 
mean deviation, pattern standard deviation, visual field index, fixation 
loss, false positive and false negative errors. To define the number 
of reliable tests in each group, we used the reliability cut off points 
defined by the manufacturer(FL< 20%, FP <15% and FP <15%). 
There were no selection criteria for choosing patients to do SS or 
SF tests. Selection was completely based on practice pattern of the 
glaucoma specialists at our institution.
Results: 468 SS and 472 SF visual field tests were included in this 
study. Table 1 compares different study outcomes between the two 
study groups. SS strategy showed significantly longer test duration 
(p<0.001) and worse fixation loss (p=0.013)(Table 1). SF strategy 
showed significantly more reliable visual field tests compared 
to SS strategy(51.27% vs. 42.09%; p= 0.041)(Table 2). Logistic 
regression analysis revealed test duration and SF strategy had 
significant negative (coefficient: -0.438; p < 0.001) and positive (odds 
ratio: 1.31; p <0.001) association with visual field test reliability, 
respectively(Table 2).
Conclusions: SF strategy showed shorter test duration, better fixation 
loss and more reliable visual field tests. False positive and negative 
errors were comparable between two strategies. Logistic model 
showed test duration and SF strategy are significantly associated with 
test reliability. Severity of glaucoma indicated by MD, PSD and VFI 
was not associated with test reliability.

Commercial Relationships: Brian Benenati, None; 
Nariman Nassiri, None; Chaesik Kim, None; Ronald Swendris, 

None; Alma M. Mas-Ramirez, None; Justin Tannir, None; 
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Preliminary results of test-retest variability of Compass vs 
Humphrey Perimeters
Paolo Fogagnolo, Maurizio Digiuni, giovanni montesano, 
Luca M. Rossetti. Università degli Studi di Milano, Milano, Italy.
Purpose: To compare the variability of visual field (VF) results 
obtained using Compass fundus perimeter (CMP, Centervue, Italy) 
and Humphrey Field Analyzer (HFA, Zeiss, Germany).
Methods: Thanks to a retinal tracking system, CMP actively 
compensates for eye movements during VF testing by displacing 
the stimuli according to the position of fixation at any given time. 
9 patients with moderate-advanced glaucoma (Mean Sensitivity of 
13.57±6.95 dB) and 7 normal subjects underwent test-retest with both 
CMP and HFA on one eye (randomly chosen). ZEST 24° was used 
for CMP, and SITA Standard 24° for HFA. Tests that were not reliable 
were excluded. Mean Sensitivity Difference (MSD) and Mean 
Absolute Difference (MAD) between test and retest were compared 
between CMP and HFA.
Results: In glaucoma, MSD was -0.10±1.05 dB for CMP and 
-0.59±1.55 dB for HFA (P=0.36); MAD was 2.37±0.74 dB for CMP 
and 3.34±1.10 dB for HFA (P=0.20). In normal subjects, MSD was 
0.05±0.50 dB for Compass and 0.24±0.43 dB for HFA; MAD was 
1.50±0.32 dB for Compass and 1.45±0.35 dB for HFA. Average test 
duration for the group of subjects with glaucoma was comparable for 
the two devices (6:47 CMP; 7:00 HFA).
Conclusions: Test-retest variability for glaucoma patients seems to 
be lower with Compass than with the HFA, with a reduction of 30% 
in MAD. Sample size will be expanded, and additional data will be 
collected to assess variability in the full range of VF sensitivities.
Commercial Relationships: Paolo Fogagnolo, CenterVue 
(C); Maurizio Digiuni, None; giovanni montesano, None; 
Luca M. Rossetti, CenterVue (C)
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Detecting central visual field defect in early glaucoma patients: 
Humphrey vs Octopus comparison study
Gloria Roberti1, Francesco Oddone1, Manuele Michelessi1, 
Lucia Tanga1, Sara Giammaria2, Davide Rastelli2, Gianluca Manni2. 
1IRCCS-Fondazione GB Bietti, Rome, Italy, Rome, Italy; 2DSCMT, 
University of Rome Tor Vergata, Rome, Italy.
Purpose: Humphrey 10-2 SITA-Standard program (10-2, Humphrey 
Field Analyzer, Carl Zeiss Meditec, Inc., Dublin, CA) detects central 
visual field defects (CVFD) better than Humphrey 24-2 SITA-
Standard program (24-2) even in the early stage of the disease. The 
Octopus G1 Dynamic program (G1, Haag-Streit AG, Switzerland) 
has 17 test locations in the central area and 42 in the periphery. The 
aim of this single-arm cross sectional study was to compare 10-2 and 
G1 programs detecting CVFD in early glaucoma patients (EGP) and 
the agreement between G1 and 24-2 program detecting peripheral 
visual field defects.
Methods: EGP (mean deviation, MD<-7dB) without CVFD dected 
by 24-2 were included in the study. Glaucoma was defined by the 
presence of significant pattern standard deviation or MD values 
(p<5%) and a glaucoma hemifield test outside normal limits in 2 
consecutive reliable 24-2 tests and by glaucomatous defect of the 
optic nerve head confirmed by reduced retinal nerve fibre layer 
thickness dected by optical coherence tomography (Spectralis, 
Heidelberg Engineering). Patients underwent full ophthalmological 
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examination including visual acuity assessment, intraocular pressure 
measurement, and fundoscopy. Patients performed 10-2 and G1 
visual field tests randomly. Student T test and Mann-Whitney test 
were used to compare parametric and non parametric continuous 
variables. A p value<0.05 was considered statistically significant.
Results: Thirty eyes of 27 early glaucoma patients (mean MD-
3.9±2.7 dB) were included in the study.10-2 detected CVFD in 
66.6% of eyes, while G1 detected CVFD in 80% of eyes. Eighteen 
eyes (60%) showed agreement between 10-2 and G1 results. G1 
mean retinal sensitivity (MS) was statistically inferior compared 
to 24-2 MS (21.4±10.5 dB vs 25.0±3.0 db, p<0.0001). G1 number 
of significant depressed test locations (SDTL) in the superior and 
inferior hemifield was statistically higher compared to that of 
24-2(superior SDTL 14.3±7.2 vs 6±4.6, p<0.0001; inferior SDTL 
16.4±7.4 vs 8.4±4.3, p<0.0001). The duration of G1, 5±1.1 min, was 
similar to the duration of 24-2, 5.1±0.7 min (median 5 min, IQ 5-6, 
p=0.21).
Conclusions: Both 10-2 and G1 are able to detect CVFD not 
detected by 24-2 with good agreement between tests. G1 shows worst 
functional defect compared to 24-2 with similar duration of the tests. 
G1 seems to be able to detect both central and peripheric visual field 
defects.
Commercial Relationships: Gloria Roberti, None; 
Francesco Oddone, Santen (S), Allergan (R), Omikron (S), 
Alcon (S); Manuele Michelessi, None; Lucia Tanga, None; 
Sara Giammaria, None; Davide Rastelli, None; Gianluca Manni, 
Santen (S), Allergan (S), Omikron Italia srl (R), Alcon (S)
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A deep-learning based automatic glaucoma identification
Serife Seda S. Kucur1, Mathias Abegg2, Sebastian Wolf2, 
Raphael Sznitman1. 1ARTORG Center, University of Bern, Bern, 
Switzerland; 2Department of Opthalmology, Inselspital Bern, Bern, 
Switzerland.
Purpose: The inherent local and global characteristics of visual 
fields (VFs) can be exploited in a strong data-driven sense and could 
provide better understanding of VFs with regards to glaucoma. 
Ultimately, this may help to efficiently automatize the diagnosis 
process. Our hypothesis is that alternative representations of 
raw VFs, in terms of different spatial scales, could be learned by 
computers using machine learning techniques towards an effective 
automatized glaucoma identification task. Accordingly, we present 
a Convolutional Neural Network (CNN)-based approach for 
classification of VFs as being glaucomatous or non-glaucomatous.
Methods: We used two datasets. One dataset (D1) consists of VFs 
measured with Octopus (Haag-Streit AG, Koeniz, Switzerland) 
containing 44538 VFs from a mixed population of 14849 patients  
(i.e. healthy patients as well as patients of different and unknown 
visual impairments). The diagnosis for VFs in this dataset was 
determined using a custom implementation of the Glaucoma 
Hemifield Test. Accordingly 40738 VFs were found to be 
glaucomatous whereas 3800 VFs were normal. The second dataset 
(D2) includes 4863 VFs from 139 glaucomatous subjects and 245 
VFs from 22 healthy subjects, acquired with Humphrey Visual 
Field Analyzer (Carl Zeiss Meditec AG, Jena, Germany). In our 
method, we first created voronoi diagrams out of the VFs in both 
datasets, which produce image representations of the VFs. Then, we 
constructed a CNN with 3 convolutional layers, 1 max-pooling layer 
and 3 fully connected layers and trained it on D1. The trained CNN 
was tested on D2 and its classification performance was measured 
using the False Positive Rates (FPR), area under Receiver Operating 
Characteristic (ROC) and Precision-Recall (RC) curves.

Results: We obtain 0.932 ±0.0028 area under ROC curve, 0.996 
±0.0002 area under PR curve for the CNN classifier tested on dataset 
D2. Moreover, for a FNR of 0.05, the FPR was found to be 0.417 
±0.02.
Conclusions: These results support the fact that processing VFs 
through a CNN generates different representation of data in terms of 
its hidden characteristics and patterns that are efficient to discriminate 
between glaucomatous and non-glaucomatous VFs in an automated 
way. The performance could be further improved with a different 
CNN architecture. The trained CNNs have the potential to be utilized 
for glaucoma progression analysis as well since they are successful in 
providing better representation of VFs.
Commercial Relationships: Serife Seda S. Kucur, None; 
Mathias Abegg, None; Sebastian Wolf, None; Raphael Sznitman, 
None
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Piloting A New Method For Estimating Effects Of Visual Field 
Loss In A Panoramic Naturalistic Environment
David Anderson1, Deepta A. Ghate2, Sachin Kedar1, 2, 
Matthew Rizzo1. 1Neurological Sciences, University of Nebraska 
Medical Center, Omaha, NE; 2Stanley F Truhlsen Eye Institute, 
University of Nebraska Medical Center, Omaha, NE.
Purpose: Visual field (VF) defects negatively affect driving 
performance in glaucoma patients. Driving Simulator VF (DSVF) 
was designed in a high-fidelity driving simulation system with 290° 
panoramic environment to explore the external validity of clinic 
Humphrey VF (HVF) in naturalistic driving settings.
Methods: Subjects were experienced field takers. DSVF tested 
40 grid locations spanning 60° horizontal and 20° vertical visual 
angle at 2.5 m. Red supra-threshold stimuli (0.5° visual angle, 6° 
between loci straddling the vertical and horizontal meridian similar 
to HVF 30-2 strategy with stimulus III) on gray background were 
presented randomly with each location tested 4 times. Test duration 
was 4 minutes. Subjects maintained central fixation and responded 
after each stimulus detection. Response rates (0-4) and cortical 
magnification weights were used to calculate a global VF index  
(DS-VFI) and mean response scores (MRS). Monocular and 
binocular DSVFs were performed twice in randomized order.
Results: 3 glaucoma suspects (HVF-VFI range 99-100%) and 2 
glaucoma subjects (HVF-VFI range 43-100%) underwent DSVF. 
Glaucoma suspect DS-VFI was 93.5±3.6% (mean ±SD) for binocular 
fields, 87.7±1.4% left eye (OS), and 85.5±3.6% right eye(OD); 
(Figure 1 and 2)
1. DSVF were reproducible. Absolute VFI difference between each 
of 2 trials per tested field was 2 ±2% (glaucoma suspects) and 4±3% 
(glaucoma patients).
2. DVSF and HVF grayscales were similar. Blind spot mapped 
correctly (15° location) in 18/20 monocular fields in all patients. 
Glaucoma-specific scotoma mapped correctly binocular (Patient A) 
and OS (Patient B) VF defects.
3. A-pillar scotoma: In all 30 trials, decrease in DS-VFI compared 
to HVF-VFI occurred in the same left hemifield location (21-27°), 
corresponding to the vehicle’s A-pillar.
Conclusions: DSVF is a novel platform to estimate reliable and 
reproducible VFs in a naturalistic setting. We also identified a new 
artificial scotoma in the DSVF attributable to in-cab geometry. Future 
studies will use the DSVF to evaluate the impact of pathologic and 
artificial scotomas on driving performance.
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Modelling visual field loss and spatial summation characteristics 
of patients with glaucoma across the 30-2
Jack Phu, Sieu Khuu, Michael Kalloniatis. Optometry and Vision 
Science, Centre for Eye Health, Kensington, NSW, Australia.
Purpose: Different sized stimuli have been suggested for 
examination of the visual field (VF) of patients with glaucoma. Small 
stimuli (e.g. Goldmann (G) I-II) operating within complete spatial 
summation (Ac) have been shown to reveal the greatest number and 
depth of VF defects, but have a narrower dynamic range compared to 
larger stimuli (e.g. GIII-V). We determined the optimal stimulus sizes 
to assess VF defects of different depths and to model Ac, which may 
guide stimulus selection in glaucoma patients.
Methods: 30 patients (mean age: 62 ± 10.7 years) with early to 
moderate glaucoma (average mean deviation: -3.28 ± 2.24 dB) and a 
control group of 60 normal, healthy subjects (mean age: 42.5 ± 16.3 
years) underwent VF testing on the Humphrey Field Analyzer using 
GI-V across the 30-2 test grid in full threshold mode. Thresholds 
were converted into a 50 year-old equivalent subject for analysis. 
The number of ‘events’ (number of points below the 95% lower limit 
of normal) and global indices (mean deviation and pattern standard 
deviation) were determined. Ac values were obtained using segmental 
nonlinear regression and modelled for glaucoma subjects.
Results: Stimuli operating within Ac (GI, GII) revealed more 
‘events’ (31.9 ± 22.2) compared to GIII-V (21.9 ± 18.1, p=0.015). 
GI-II revealed worse global indices MD and PSD compared to 
GIII-V (p<0.01). On average, stimuli outside of Ac detected 43.3% 
of the magnitude of defect found using stimuli within Ac, i.e. 

underestimation (Figure 1). There was an eccentricity-dependent 
effect, with central locations showing more underestimation 
(p<0.0001). Modelled Ac values in glaucoma patients were enlarged 
by a mean of 0.32 ± 0.24 log degrees2, and were correlated with 
defect depth (R2=0.54, p<0.0001).
Conclusions: Stimuli close to or within Ac reveal the maximum 
threshold elevation in glaucoma patients. Ac enlarges with greater VF 
loss; however, defect depth is significant before Ac reaches GIII-V. 
Different sized stimuli may be useful for different stages of disease 
severity and at different locations to maximise defect detection and 
dynamic range.

Figure 1: Ratio (R) (mean ± 95% confidence interval) of threshold 
elevation found with stimuli outside Ac divided by the defect found 
using stimuli within Ac as a function of spatial location (color 
coded by the inset 30-2 figure). The gray shaded region indicates 
underestimation by stimuli outside Ac.
Commercial Relationships: Jack Phu, None; Sieu Khuu, 
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Predicting False-Positive Glaucoma Hemifield Test Results by 
Representative Glaucomatous Visual Field Patterns
Mengyu Wang1, Louis R. Pasquale2, Lucy Q. Shen2, 
Michael V. Boland3, Sarah R. Wellik4, Carlos G. De Moraes5, 
Jonathan S. Myers6, Hui Wang1, 7, Neda Baniasadi1, 8, Peter J. Bex9, 
Tobias Elze1. 1Schepens Eye Research Institute, Mass. Eye and 
Ear, Harvard Medical School, Boston, MA; 2Mass. Eye and Ear, 
Harvard Medical School, Boston, MA; 3Wilmer Eye Institute, 
Johns Hopkins University, Baltimore, MD; 4Bascom Palmer Eye 
Institute, University of Miami, Miami, FL; 5Edward S. Harkness 
Eye Institute, Columbia University Medical Center, New York, NY; 
6Wills Eye Hospital, Thomas Jefferson University, Philadelphia, PA; 
7Institute for Psychology and Behavior, Jilin University of Finance 
and Economics, Changchun, China; 8Department of Biomedical 
Engineering and Biotechnology, University of Massachusetts Lowell, 
Lowell, MA; 9Department of Psychology, Northeastern University, 
Boston, MA.
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Purpose: Glaucoma Hemifield Test (GHT) is an important functional 
measure for glaucoma diagnosis. Assuming that glaucomatous 
visual field (VF) loss is irreversible, a reversal from 2 consecutive 
GHT outside normal limits (ONL) to within normal limits (WNL) is 
considered a false-positive result. In this retrospective cohort study, 
we investigate the relationships between such GHT reversals and the 
VF loss patterns of the baseline in early-stage glaucoma patients.
Methods: From 5 large glaucoma practices, eyes with reliable 
baseline and two annual follow-up Humphrey VFs (fixation 
loss≤33%, false negative/positive rates≤20%, SITA Standard 24-2), 
baseline mean deviation (MD) ≥-3dB and GHT ONL for the first 2 
VFs were selected. For each baseline VF, the pattern coefficients are 
calculated for the 11 glaucomatous VF loss archetypes (ATs) and 
the normal AT, chosen from all 17 VF ATs identified by [1] (see Fig. 
1; AT indices according to [1]). Logistic regression was applied to 
model the relationship between AT coefficients, MD, pattern standard 
deviation (PSD), and false-positive GHT. Stepwise regression was 
performed to select the best predictive model for false-positive GHT. 
10 times repeated 10-fold cross validation was applied to evaluate 
the predictive model performance by the area under the receiver 
operating characteristic curve (AUC).
Results: 2,506 eyes were selected for data analysis. 12.1% of the 
GHTs reversed from 2 consecutive ONLs to WNL at follow-up. Fig. 
2a shows the best predictive model (relevant parameters: 8 ATs, MD, 
and PSD): Higher values of MD and lower values of PSD and all ATs 
predict GHT false positives with an AUC of 0.717 (95% confidence 
interval: [0.715, 0.719]; Fig. 2b). A lower similarity to glaucomatous 
ATs as well as to the normal AT, reflected by negative coefficients, 
implies a higher probability of false positive GHTs.
Conclusions: 12.1% of eyes with baseline MD≥-3dB and two 
consecutive GHT ONL reverse to normality and may therefore 
be false-positives. Using a previously proposed computational 
VF decomposition method [1], we show that these false-positives 
can be statistically predicted by the lack of similarity to typical 
glaucomatous and typical normal VF patterns at baseline. Our model 
can be potentially used to recommend patients for VF retest.

[1] Elze et al., J. R. Soc. Interface 12:20141118, 2015

Fig. 1
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Spatial correlation between localized decreases in the exploratory 
visual search performance and areas of glaucomatous visual field 
loss
Jayter S. Paula1, CASSIA SENGER1, Marcelo J. Silva1, C Gustavo De 
Moraes2, Andre Messias1. 1Department of Ophthalmology, USP - 
Ribeirao Preto Medical School, Ribeirao Preto, Brazil; 2Department 
of Ophthalmology, Columbia University Medical Center, New York, 
NY.
Purpose: Visual search is a critical skill for several daily tasks. We 
reported that patients with primary open-angle glaucoma (POAG) 
presented lower exploratory visual search performance (EVSP) 
which was correlated with worse visual field (VF) scores (ARVO, 
2016). Thus, the objective of this study was to evaluate the spatial 
correlation between localized decreases in EVSP and areas of VF loss 
in POAG eyes with good visual acuity.
Methods: Twenty-nine normal vision (better than 0.2 logMAR) 
patients with POAG (mean±SD age: 61±11 years old) underwent a 
comprehensive ophthalmological examination, including Humphrey 
VF tests (SITA-Fast 24-2). An explorative search digit-based task 
was performed using a custom software that quantifies the duration 
(s) until patients found the number “4” on a random array of digits 
distributed in five sectors on the screen. Each sector was spatially-
matched with the 24-2 VF total deviation (TD) map, after adjusting 
for the angle and distance. The correlation between mean EVSP (s) 
and corresponding mean scores of the TD map was tested for each 
sector using Pearson’s correlation.
Results: Patients’ VF mean deviation was -8.0±7.9 dB and 
significantly correlated with global EVSP (6.5±3.8 s; r= -0.45; p= 
0.011). EVSP also correlated with the corresponding mean scores 
of VF in peripheral nasal sectors (superiorly: r= -0.50; p= 0.006 and 
inferiorly: r= -0.41; p=0.030) and in the peripheral inferotemporal 
sector (r= -0.44; p=0.016). EVSP in the central and the peripheral 
superotemporal sectors did not correlate with corresponding mean VF 
scores.
Conclusions: Our results are consistent with our hypothesis that 
losses in peripheral VF sectors are spatially associated with worse 
corresponding EVSP in patients with POAG. Since all study patients 
had good visual acuity, these findings underscore the importance of 
adding visual search tools for evaluating the impact of peripheral VF 
loss in daily activities of glaucoma patients, such as driving.
Commercial Relationships: Jayter S. Paula; CASSIA SENGER, 
None; Marcelo J. Silva, None; C Gustavo De Moraes, None; 
Andre Messias, None
Support: FAPESP 2016/09515-1
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Contrast sensitivity in patients with advanced glaucoma
Alessandro A. Jammal2, Alexandre S. Reis2, Bruna G. Ferreira2, 
Camila Zangalli2, Paul H. Artes1, Vital P. Costa2. 1Eye and Vision 
Research Group, Plymouth University, Plymouth, United Kingdom; 
2Universidade Estadual de Campinas (UNICAMP), Campinas, Brazil.
Purpose: To investigate contrast sensitivity (CS) in glaucoma 
patients with advanced visual field damage from glaucoma, and to 
evaluate the precision of two clinical CS tests.
Methods: Thirteen patients with advanced open-angle glaucoma 
(median age, 68 y, range 47 to 100 y); visual field Mean Deviation, 
median -28.8 dB, range -31.2 to -21.3 dB; best-corrected visual 
acuity (BCVA), median +0.10 logMAR (range, 0.00 to +0.28 
logMAR) underwent CS testing with the Pelli-Robson (PR) chart 
(Precision Vision, IL, USA; distance, 1 m) and the Freiburg Visual 
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Acuity and Contrast Test (FrACT, http://michaelbach.de/fract/, 
version 3.9.3; distance, 1.60 m). Retest measurements were obtained 
after one week.
Results: Median contrast sensitivity was 1.30 log units (range, 1.05 
to 1.65 log units) with the PR chart and 1.35 log units (range, 1.00 
to 1.90 log units) with FrACT. Visual acuity explained <50% of the 
variance in contrast sensitivity.
CS estimates of both tests were closely related (Spearman rank 
correlation coefficient, 0.86), but CS was 0.08 log units higher with 
FrACT (median; 95% CI, -0.02 to 0.16 log) than with the PR chart, 
and Bland-Altman 95% repeatability intervals appeared slightly 
tighter with the PR chart (Figure).
Conclusions: All patients were able to perform both tests, and 
almost all patients showed moderate or profound deficits in contrast 
sensitivity (normal value, ~1.70 log units) despite near-normal visual 
acuity. Contrast sensitivity should be routinely evaluated alongside 
visual acuity to monitor foveal visual function in patients with 
advanced glaucoma.

Bland-Altman 95% intervals of repeatability for contrast sensitivity 
with the Pelli-Robson chart (C) and FrACT (D). Visual fields 
examples (Humphrey Field Analyzer, SITA 10-2 test, stimulus size 
III) are shown for 2 patients (A, B; highlighted data points). Data 
points are color coded for visual acuity (see E).
Commercial Relationships: Alessandro A. Jammal, 
None; Alexandre S. Reis, None; Bruna G. Ferreira, None; 
Camila Zangalli, None; Paul H. Artes, None; Vital P. Costa, None
Support: Fight for Sight UK #1736/37
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Quantifying the signal/noise ratio with perimetric stimuli 
optimised to probe changing spatial summation in glaucoma
Lindsay Rountree1, Padraig J. Mulholland2, 3, Roger S. Anderson2, 3, 
James E. Morgan1, David Garway-Heath3, Tony Redmond1. 1School 
of Optometry and Vision Sciences, Cardiff University, Cardiff, 
United Kingdom; 2Optometry and Vision Science Research Group, 
School of Biomedical Sciences, Ulster University, Coleraine, United 
Kingdom; 3National Institute for Health Research (NIHR) Biomedical 
Research Centre, Moorfields Eye Hospital NHS Foundation Trust and 
UCL Institute of Ophthalmology, London, United Kingdom.
Purpose: Guided by changes in spatial summation in glaucoma, we 
undertook a cross-sectional prospective study to compare disease 
signal, response variability, and signal/noise ratio (SNR) between 
perimetric stimuli varying in area, contrast, and both simultaneously, 
in patients with glaucoma and age-similar healthy controls.
Methods: Participants were 30 glaucoma patients (median 
[interquartile range] age: 70.4 years [66.2, 73.5], MD: -4.04dB 

[-9.65, -2.85]) and 20 controls (age: 69.3 years [66.1, 77.8], MD 
+0.38dB [-0.36, +0.91]). Using a 3-stage approach (1: staircase 
procedure; 2: short Method of Constant Stimuli (MOCS, 180 
presentations); 3: extended MOCS (640 presentations)), threshold 
(50% seen) and response variability (slope) were measured for 200ms 
achromatic spot stimuli, presented at 4 diagonal locations (9.9° from 
fixation). Stimuli were: A - fixed contrast (ΔI: 0.5, starting within 
Ricco’s area), varying in area; C1 - fixed area (0.02deg2, within 
Ricco’s area), varying in contrast; AC - varying in both area and 
contrast simultaneously (starting within Ricco’s area); C2 - fixed 
area (0.15deg2), equivalent to Goldmann III, varying in contrast. 
Stimuli were defined by a common scale (energy: luminance x area 
x duration). Step size and visibility were equated across all stimulus 
forms. Total deviation (TD, calculated from healthy subjects for each 
stimulus form), slope, and SNR (TD/slope) were compared between 
stimuli per hemifield in three TD strata (upper, middle, lower, 
according to TD for the C2 stimulus).
Results: Overall, the greatest disease signal was found with A and 
AC stimuli (Fig.1A). Response variability was least dependent on 
depth of defect with the A stimulus, and most for the C2 stimulus 
(Fig.1B). The SNR was greatest for the A stimulus, and the difference 
from that for the C2 stimulus was statistically significant in the 
superior hemifield in the middle (p=0.04) and lower (p=0.049) strata 
(Fig.2).
Conclusions: Area-modulated stimuli likely offer benefits for 
measuring glaucomatous changes in spatial summation, in the form 
of greater disease signal and least dependence on depth of defect than 
conventional fixed-area, contrast-modulated stimuli.
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(A) TD for each stimulus form as a function of C2 TD; (B) Response 
variability as a function of stimulus-specific TD; superior hemifield. SNR across three TD (C2) strata in superior and inferior hemifields

Commercial Relationships: Lindsay Rountree, None; 
Padraig J. Mulholland, Heidelberg Engineering (R); 
Roger S. Anderson, Heidelberg Engineering (R); James E. Morgan, 
None; David Garway-Heath, Heidelberg Engineering (F), 
Heidelberg Engineering (R), Topcon (F), Moorfields MDT (P), 
Centervue (R); Tony Redmond, Heidelberg Engineering (F)
Support: College of Optometrists postgraduate scholarship
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Investigating the Impact of Primary Open-Angle Glaucoma on 
the Visual Perception of Higher-Order Motion
Kadé Diallo, Lyne Racette, Evan Hansen, Allison Young, 
Amanda Gosch. Ophthalmology - Glick Eye Institute, Indiana 
University School of Medicine, Indianapolis, IN.
Purpose: Glaucoma is commonly thought of as a neurodegenerative 
disease. However, a growing body of evidence suggests that there 
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may be negative neurological effects associated with primary open-
angle glaucoma (POAG) beyond the optic nerve. The purpose of this 
study was to determine whether deficits in the higher-order motion 
perception occur in POAG.
Methods: Ten participants were included in this prospective cross-
sectional study. Participants were at least 40 years of age, had visual 
acuity of 20/40 or better, and had normal cognitive function. Of 
these, four had POAG and 6 served as controls. For patients, the eye 
that was most healthy was tested if the visual field was abnormal 
but had at least one quadrant with normal total deviation value at 12 
degree of eccentricity and at all surrounding locations. First-order 
and second-order motion were presented foveally and peripherally in 
randomized order. A two alternative forced choice method was used 
in which participants reported the direction of motion (either left or 
right). Lower-level motion was assessed using six luminance-defined 
(first-order) contrast levels: central assessed using 0.04, 0.02, 0.01, 
0.005, 0.0025, and 0, peripheral assessed with 0.05, 0.03, 0.02, 0.01, 
0.005, and 0.0025. Higher-level motion was assessed using five 
textured-defined (second-order) contrast levels: central assessed using 
1, 0.333, 0.143, 0.111, and 0.059, peripheral assessed with 1, 0.666, 
0.5, 0.333, and 0.111. Data were analyzed using unpaired one-tailed 
t-tests.
Results: No difference in age was found between the groups (mean 
age: 51.7 years for controls and 58.0 years for patients; p=0.22). The 
detection of first-order motion was significantly lower centrally in 
patients (97.50%) compared to controls (100%) at contrast levels 
0.01 (p=0.03) and 0.0025 (POAG: 46.25%; controls: 60.83%; 
p=0.04), and peripherally at contrast level 0.01 (POAG: 78.75%; 
controls: 96.67%; p=0.03). The detection of second-order motion 
was significantly lower centrally in patients (47.50%) compared to 
controls (68.57%) at contrast level 0.143 (p=0.01), and peripherally 
only the contrast level 1 (0.049).
Conclusions: Patients with glaucoma exhibited deficits in processing 
first- and second-order motion in areas of normal vision. This 
suggests that glaucoma may affect areas beyond the optic nerve, 
including the cortical visual areas involved in processing motion.
Commercial Relationships: Kadé Diallo, None; Lyne Racette, 
None; Evan Hansen, None; Allison Young, None; Amanda Gosch, 
None
Support: This project was supported in part by a pilot grant and an 
unrestricted grant from Research to Prevent Blindness.
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Comparison of the Global Visit Effect model and Pattern 
Deviation over a varying number of affected visual field points
Susan R. Bryan1, Hans G. Lemij2, Koenraad A. Vermeer1. 1Rotterdam 
Ophthalmic Institute, Rotterdam, Netherlands; 2Glaucoma Service, 
Rotterdam Eye Hospital, Rotterdam, Netherlands.
Purpose: One of the difficulties in modeling visual field (VF) data 
is the sometimes large and correlated measurement errors (‘visit 
effects’) in the point-wise sensitivity estimates. Previously, we 
proposed to model these errors from the same VF as Global Visit 
Effects (GVEs) (Bryan et al. IOVS 2015). For the pattern deviation, 
the VF is adjusted such that the 85th percentile of the VF matches the 
85th percentile of a normal, reference VF. This is done to compensate 
a general reduction of retinal sensitivity throughout the VF (due to, 
for example, cataract), but may hide diffuse progression by doing so. 
Our aim was to evaluate and compare the performance for estimating 
progression for both approaches as a function of the number of 
affected VF locations.
Methods: For the analysis, we simulated 100 eyes, each with 7 
VFs. Censoring (at 0 dB) and a sensitivity-dependent measurement 

error were taken into account. Censored Bayesian hierarchical linear 
regression models were used. An example of the percentile and 
GVE models for one simulated eye is shown in Figure 1. The mean 
absolute errors (MAE) in the slopes (simulated – estimated) for 
the two models were computed for a varying number of damaged 
locations, different disease severities and progression rates. Disease 
severity was defined as severe, moderate or mild for an intercept at 
presentation of 10, 20 and 30 dB, respectively. Progression rates of 
-1, -2 and -3 dB/year were used.
Results: The MAE of the estimated slopes were similar when only 
a limited number of points progressed. It was lower for the GVE 
model than for the percentile model after 20, 30 or 40 locations were 
progressing for cases with severe, moderate and mild glaucoma, 
respectively. This was irrespective of the progression rate.
Conclusions: The pattern deviation (adjustment at 85th percentile) 
model overcorrects the entire VF height when a number of points are 
affected by loss (depending on the level of loss), thereby masking 
progression. In contrast to the pattern deviation, the GVE model 
allows us to compensate for visit effects without disrupting the 
estimation of the progression.

Figure 1: Illustration of the two main components which make up 
the model fit and how these differ between the percentile and GVE 
models

Figure 2: Mean absolute errors in estimating the slopes for the 
percentile and GVE models over a varying number of damaged 
locations within each eye
Commercial Relationships: Susan R. Bryan, None; 
Hans G. Lemij, None; Koenraad A. Vermeer, None
Support: Stichting Wetenschappelijk Onderzoek het Oogziekenhuis, 
Stichting voor Ooglijders
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A Psychophysical Investigation of Deficits in Visual Attention 
Associated with Primary Open-Angle Glaucoma
Evan Hansen, Lyne Racette, Kadé Diallo, Allison Young, 
Amanda Gosch. Ophthalmology, Eugene and Marilyn Glick Eye 
Institute, Indiana University School of Medicine, Indianapolis, IN.
Purpose: Primary open-angle glaucoma (POAG) is an optic 
neuropathy in which damage to the retinal ganglion cells results 
in visual field loss. There is a growing body of evidence showing 
neurodegeneration that occurs in glaucoma throughout the visual 
system. The goal of this study was to determine whether POAG 
affects visual attention.
Methods: Nine subjects ≥40 years with normal cognitive function 
and visual acuity of 20/40 or better were included. Four participants 
had a clinical diagnosis of POAG and had an abnormal visual field. 
Patients were also required to have at least one quadrant with normal 
total deviation values at 12° of eccentricity and at all visual field 
locations surrounding that location. Seven participants with healthy 
eyes matched for age, eye and quadrant tested served as controls. A 
forced-choice two-alternative method was used to assess exogenous 
and endogenous attention. In the exogenous condition, an attention 
cue was presented to automatically grab attention. For endogenous 
condition, participants were asked to shift their attention while 
maintaining central fixation. In all conditions, participants were 
asked to report whether bars in a grating were oriented horizontally 
or vertically. A total of 270 trials were presented in each condition: 
144 valid (attention and response cue in same quadrant), 36 invalid 
(attention and response cue in different quadrants) and 90 neutral 
(participants attended to the entire display). One-tailed unpaired 
t-tests were used to compare the patient and control groups.
Results: Mean age was 52.4 and 58.0 years among controls and 
patients respectively (p > 0.2). For exogenous attention, accuracy 
was 74% and 56% (neutral, p < 0.04), 79% and 56% (valid, p > 
0.05) and 63% and 53% (invalid p < 0.04) for controls and patients, 
respectively. For endogenous attention, accuracy was significantly 
lower in patients for the valid trials (88% vs 63%; p < 0.01). No 
significant differences were found for the neutral (74% and 59%), and 
invalid trials (68% and 57%).
Conclusions: The results of this study suggest that POAG patients 
may not be able to attend to visual stimuli as well as controls, 
particularly for voluntary shifts of attention. If confirmed, this finding 
may partially explain the difficulties reported by glaucoma patients in 
performing activities of daily living.
Commercial Relationships: Evan Hansen, None; Lyne Racette, 
None; Kadé Diallo, None; Allison Young, None; Amanda Gosch, 
None
Support: This project was supported in part by a pilot grant and an 
unrestricted grant from Research to Prevent Blindness
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Resilience of area-modulated perimetric stimuli to increased 
intraocular straylight
Tony Redmond1, Lindsay Rountree1, Roger S. Anderson2, 3, 
Padraig J. Mulholland2, 3. 1School of Optometry and Vision Sciences, 
Cardiff University, Cardiff, United Kingdom; 2Optometry and Vision 
Science Research Group, School of Biomedical Sciences, Ulster 
University, Coleraine, United Kingdom; 3National Institute for Health 
Research (NIHR) Biomedical Research Centre, Moorfields Eye 
Hospital NHS Foundation Trust and UCL Institute of Ophthalmology, 
London, United Kingdom.

Purpose: To compare, in a cross-sectional prospective study, the 
resilience to increased intraocular straylight (IOS) of four energy 
modulation stimuli designed to probe changes in spatial summation 
in glaucoma.
Methods: Threshold (ΔE) was measured at 18 visual field locations 
in one eye of three young, healthy, psychophysically-experienced 
observers with normal media [age: 25, 31, 33 years], using four 
different energy modulation stimuli, each under four different levels 
of IOS. Stimuli were: A - fixed contrast (ΔI: 0.5, starting within 
Ricco’s area), varying in area; C1 - fixed area (0.02 deg2, within 
Ricco’s area), varying in contrast; AC - varying in both area and 
contrast simultaneously (starting within Ricco’s area); C2 - fixed 
area (0.15 deg2), equivalent to Goldmann III, varying in contrast. 
Step sizes (energy; luminance x area x duration) were equivalent for 
each stimulus. IOS was measured with an Oculus C-Quant (Oculus, 
Wetzlar, Germany) for each participant with each of three filters of 
increasing white opacity (filters 1, 3, and 5, LEE filters, Andover, 
UK), and with no filter (baseline), in a randomised order. Stimulus 
type and filters were randomised between all threshold tests. Mean 
visual field threshold was calculated for each participant and between 
participants, and plotted as a function of IOS.
Results: Mean IOS at baseline was 1.2 log(s). Filter 5 (greatest 
opacity) gave a mean IOS of 2.0 log(s). Simulated ages, calculated 
from normative IOS values (van den Berg et al, Am J Ophthalmol, 
2007;144(3):358-63), are given in Fig.1. An increase in mean ΔE 
with increasing IOS was found for all stimuli, but was greatest for C1 
and C2 stimuli, particularly with low/moderate levels of IOS (Fig.1). 
Mean ΔE for A and AC stimuli, were significantly lower than those 
for C1 and C2 stimuli with filters 1 and 3 (all p<0.05). The smallest 
increase in ΔE, and greatest resilience to moderate increases in IOS 
was found for stimuli in which area was modulated (A and AC). The 
overall effect persisted in individual participants’ data.
Conclusions: Area-modulated perimetric stimuli showed greater 
resilience to increased IOS, compared to conventional perimetric 
stimuli of fixed area, modulating in contrast, at least over the normal 
range of IOS expected across the typical human lifespan.

Mean ΔE for all observers as a function of IOS. The highest straylight 
values may be considered representative of significant cataract.
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Commercial Relationships: Tony Redmond, Heidelberg 
Engineering (F); Lindsay Rountree, None; Roger S. Anderson, 
Heidelberg Engineering (R); Padraig J. Mulholland, Heidelberg 
Engineering (R)
Support: Research fellowship (TR) and postgraduate scholarship 
(LR), awarded by the College of Optometrists

Program Number: 2857 Poster Board Number: B0460
Presentation Time: 8:30 AM–10:15 AM
Detection accuracy and reaction time for lights and darks in early 
stages of glaucoma
Muen Yang, Mitchell W. Dul, Carmen Pons, Jose-Manuel Alonso. 
SUNY State College of Optometry, Forest Hills, NY.
Purpose: We have previously shown that dark targets are detected 
faster than light targets when presented in a noisy background and 
that this dark/light asymmetry increases as a function of severity of 
glaucoma over a wide range of visual field loss (-22.21-1.4 dB MD). 
To investigate how the dark/light asymmetry increases in earlier 
stages of glaucoma, we repeated our measures in a larger sample of 
patients with a mean deviation (MD) visual sensitivity between +1.24 
and -3.7 dB.
Methods: 11 glaucoma patients with visual field MD better than -4 
dB were recruited; their data were pooled with 14 early glaucoma 
patients and compared with 21 age-matched controls from Zhao 
et al’s (2015). Subjects were asked to report as fast as possible the 
number of 1-3 light or dark targets (1 x1 degree squares) positioned 
at random in a binary noise background, within the central 30 
degrees. Stimuli were presented using MATLAB and Psych-toolbox 
on a gamma calibrated monitor (Mitsubishi DP2070SB or Display 
++ LCD). The duration of each presentation was determined by the 
observer’s reaction time. Each hour long session results in a total of 
600-800 presentations.
Results: Significance for the correlation between visual sensitivity 
and dark-light asymmetries could be reached by calculating the 
average dark-light difference in reaction time using a sliding window 
that increased its range from the best visual sensitivity in the sample 
(+1.24 dB, only one dark-light value) to the worst visual sensitivity 
(-3.7 dB, average of all dark-light values). With this sliding window, 
the dark-light difference in reaction time significantly increased at 39 
ms/dB if we included patients with visual sensitivities larger than 0 
(slope: -39 ms/db, r=-0.66, p< 0.0001) and at 59 ms/db if we included 
only patients between 0 and -3.7 dB (slope: -59 ms/db, r=-0.69, p< 
0.001). There was no significant difference in mean accuracy between 
early glaucoma and controls (darks: 94.6% vs. 95.6%, p=0.47; lights: 
89.0 vs. 87.5, p=0.32, 2 tailed t-tests) but the reaction time was 
significantly slower in early glaucoma (darks: 1.83 ms vs. 1.39 ms, 
p=0.01; lights: 2.44 ms vs. 1.92 ms, p=0.03, 2 tailed t-tests).
Conclusions: Reaction time to dark and light stimuli is significantly 
slower in patients with early stages of glaucoma versus controls. 
This difference increases at a rate between 40 - 60 ms/dB of loss of 
sensitivity.
Commercial Relationships: Muen Yang, None; Mitchell W. Dul, 
None; Carmen Pons, None; Jose-Manuel Alonso, None

Program Number: 2858 Poster Board Number: B0461
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Are differences in visual function between people of African and 
European descent with healthy eyes due to early glaucoma?
Erik Andrewski1, Linda M. Zangwill2, Christopher A. Girkin3, 
Jeffrey M. Liebmann4, Felipe Medeiros2, Robert N. Weinreb2, 
Sonia Jain2, Christopher Bowd2, Koosha Ramezani1, Lyne Racette1. 
1Department of Ophthalmology, Eugene and Marilyn Glick Eye 
Institute, Indianapolis, IN; 2Hamilton Glaucoma Center, Shiley Eye 
Institute, Department of Ophthalmology, University of California San 
Diego, La Jolla, CA; 3School of Medicine, University of Alabama, 
Birmingham, AL; 4Harkness Eye Institute, Columbia University 
Medical Center, New York, NY.
Purpose: Differences in visual function between the healthy eyes 
of people of European descent (ED) and African descent (AD) have 
been previously reported (Racette et al, 2010). The purpose of this 
study is to determine whether these differences are found in the same 
regional distribution as early glaucomatous visual field loss and thus 
may be indicative of subclinical pathology.
Methods: 760 participants (393 AD and 367 ED) with healthy eyes 
were selected from the Diagnostic Innovations in Glaucoma Study 
and from the African Descent and Glaucoma Evaluation Study. 
Healthy eyes had normal appearing optic discs and no history of 
elevated IOP. We compared the threshold, total deviation (TD) and 
pattern deviation (PD) values at 52 locations on standard automated 
perimetry (SAP) and short-wavelength automated perimetry (SWAP) 
between AD and ED. We hypothesized that if the previously reported 
racial differences were due to early glaucoma, differences would 
be observed in visual field locations that are commonly affected by 
glaucoma (e.g. arcuate area). If these differences were distributed 
randomly across the visual field, then it was unlikely they were due 
to early glaucoma. Fisher’s exact test was used for patient-specific 
categorical variables and the generalized estimating equation was 
used to adjust for inter-eye correlation. A subset of 41 AD and 41 ED 
eyes with normal SAP results at baseline and 3 years of longitudinal 
data were assessed to determine whether a higher proportion of 
people of AD with healthy eyes would develop visual field defects 
over time.
Results: On the PD plot, the AD group had 19 locations that were 
significantly worse than the ED group (p <0.05) on both SAP and 
SWAP. All were in the arcuate and nasal step regions (all p<0.05). 
Similar findings were found for the threshold, TD and PD values, as 
well as in a subset that excluded eyes with abnormal visual fields. 
After 3 years, a significantly higher proportion of AD (16.1%) with 
normal baseline visual field developed a repeatable visual field defect 
compared to the ED group (6.8%) (p<0.01).
Conclusions: These results suggest that the previously reported 
differences between AD and ED eyes may be due to early glaucoma. 
Clinicians may choose to carefully monitor AD eyes, even in the 
absence of visual field loss, as very early loss may be present before 
abnormalities are triggered on the visual field tests.
Commercial Relationships: Erik Andrewski, None; 
Linda M. Zangwill, National Eye Institute (F), Heidelberg 
Engineering GmbH (F), Topcon Medical Systems Inc. (F), Carl Zeiss 
Meditec Inc. (F), Optovue Inc. (F); Christopher A. Girkin, SOLX 
(F), Heidelberg Engineering, GmbH (F), National Eye Institute (F), 
EyeSight Foundation of Alabama (F), Carl Zeiss Meditec Inc. (F), 
Research to Prevent Blindness (F); Jeffrey M. Liebmann, Bausch 
& Lomb, Inc. (C), Heidelberg Engineering, GmbH (F), Reichert (C), 
Heidelberg Engineering, GmbH (C), Valeant Pharmaceuticals (C), 
Carl Zeiss Meditec, Inc. (C), Reichert (F), Carl Zeiss Meditec (F), 
National Eye Institute (F), Topcon (F), Allergan, Inc (C), Optovue 
(F), Alcon, Inc. (C), Bausch & Lomb (F); Felipe Medeiros, Alcon 
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(F), Allergan (R), Carl Zeiss Meditec Inc. (C), Bausch & Lomb (F), 
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Reichert (F), Merck (F), Alcon (F), Topcon (F), National Eye institute 
(R), Allergan (C); Robert N. Weinreb, Heidelberg Engineering (F), 
Aerie Pharmaceutical (C), Forsight (C), Vision V Sensimed (C), 
Alcon (C), Carl Zeiss Meditec (F), Quark (F), Topcon (F), Optovue 
(F), Eyenovia (C), Bausch & Lomb (C), Genentech (F), Allergan 
(C), Unity (C); Sonia Jain, None; Christopher Bowd, None; 
Koosha Ramezani, None; Lyne Racette, None
Support: P30EY022589 Eyesight Foundation of Alabama; Alcon 
Laboratories Inc.; Allergan Inc.; Pfizer Inc.; Merck Inc.; Santen Inc.; 
and the Edith C. Blum Research Fund of the New York Glaucoma 
Research Institute, New York, NY, Unrestricted grant from Research 
to Prevent Blindness, New York, New York, EY021818, EY11008, 
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Program Number: 2859 Poster Board Number: B0462
Presentation Time: 8:30 AM–10:15 AM
Lifestyle-parameters of glaucoma patients compared to  
age-matched controls
Gregor Thomaschewski, Karin R. Pillunat, Eberhard Spoerl, 
Lutz E. Pillunat. Ophthalmology, Augenklinik Universitaet Dresden, 
Dresden, Germany.
Purpose: It has been shown that patients suffering from chronic 
diseases tend to show a unhealthy lifestyle compared to controls.
Methods: 190 glaucoma patients were included in this study. 
The control group comprised 97 age-matched participants. They 
responded to a standardized questionnaire relating to physical 
activities, alcohol and nicotine consumption as well as high-salt and 
high-protein intake.
Contingency tables were prepared and analyzed by a chi-squared test.
Results: Of the 190 glaucoma patients, 81 patients had slight visual 
field impairments (MD<6dB) and 109 patients had moderately severe 
(MD<12dB) to severe (MD≥12dB) visual field defects. There were 
no statistically significant differences in relation to age and gender in 
the groups. Statistically significantly more glaucoma patients were 
non-smokers (n=169; 89.4%) compared to the control group (n=64; 
66.7%) (p=0.001). Statistically significantly more glaucoma patients 
were teetotal compared to the control group (24.5% compared to 
14.4%) (p=0.041). The level of physical activity was higher in 
the glaucoma group than in the control group (47.3% vs. 35.4%) 
(p=0.056). 176 (96.7%) glaucoma patients and 88 (90.7%) of the 
control group had high protein intake (p=0.035), salt intake did not 
differ between the groups (69.3% vs. 73.2%). The severity of visual 
field defects, whether slight, moderately severe or severe, had no 
statistically significant impact on lifestyle-parameters.
Conclusions: We expected that glaucoma patients would tend 
towards an unhealthier lifestyle, i.e. smoke more, drink more alcohol 
and are physically less active than the control group, due to their 
daily impairments caused by the stresses of a chronic illness with the 
risk of blindness.
However, the opposite was seen. Glaucoma patients have healthier 
lifestyles than the control group. Presumably, the cause of this 
healthier lifestyle is the fear of progression of glaucoma which might 
be provoked in particular by risk factors such as nicotine abuse.
Commercial Relationships: Gregor Thomaschewski, None; 
Karin R. Pillunat, None; Eberhard Spoerl, None; Lutz E. Pillunat, 
None
Clinical Trial: NCT01503996

Program Number: 2860 Poster Board Number: B0463
Presentation Time: 8:30 AM–10:15 AM
The Effective Dynamic Ranges for Visual Field Progression with 
Standard Automated Perimetry with Stimulus Sizes III and V
Michael Wall1, K. D. Zamba2, Paul H. Artes3. 1Neurology & 
Ophthalmology, Univ of Iowa, Carver Coll of Med, Iowa City, IA; 
2School of Public Health, University of Iowa, Iowa City, IA; 3Eye 
and Vision research group, Plymouth University, Plymouth, United 
Kingdom.
Purpose: It has been suggested that threshold estimates below about 
20 dB (32 cd/m; Weber contrast 3.2) have little effect on the ability 
to detect visual field progression in glaucoma with Goldmann size 
III (diameter, 0.43°). Our goals were to confirm these findings in 
a different dataset, and with different techniques of progression 
analysis, and to investigate if similar effects are observed with 
stimulus size V (diameter, 1.7°) which has lower retest variability 
than size III.
Methods: In the Iowa Variability in Perimetry (VIP) Study, 120 
glaucoma subjects and 60 normals were tested every six months 
for 4 years. Progression was determined with three complementary 
techniques: pointwise linear regression (PLR), Permutation of 
PLR (PoPLR), and linear regression of the Mean Deviation (MD) 
index. All analyses were repeated on ``censored’’ datasets in which 
threshold estimates below a given criterion value were set to equal 
the criterion value.
Results: 
Our analyses confirmed previous observations that threshold 
estimates below 15-25 dB contribute much less to visual field 
progression than estimates above this range with PoPLR (Figure) 
or PLR. These findings were broadly similar with stimulus sizes III 
and V. At high-specificity criteria, tests with stimulus size V revealed 
relatively more progression than those with stimulus size III.
Conclusions: Censoring of threshold values <15-25 dB has relatively 
little impact on the rates of visual field progression in glaucoma 
patients with mild to moderate visual field damage. Size V testing 
performs at least as well as size III for longitudinal glaucoma 
progression analysis.

Commercial Relationships: Michael Wall, Carl Zeiss Meditec (C); 
K. D. Zamba, None; Paul H. Artes, Carl Zeiss Meditec (C)
Support: VA Merit Review
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The influence of infrequent testing on detecting glaucomatous 
visual field progression
Andrew J. Anderson1, Rashima Asokan2, Hiroshi Murata3, 
Ryo Asaoka3. 1Dept of Optometry & Vision Sciences, The University 
of Melbourne, Parkville, VIC, Australia; 2Elite School of Optometry, 
Medical Research Foundation, Chennai, India; 3Department of 
Ophthalmology, The University of Tokyo, Tokyo, Japan.
Purpose: Previous work has investigated whether a significant 
regression slope in the first two years for the summary index Mean 
Deviation (MD) is predictive of rapid (≤−2dB/year) visual field 
progression in glaucoma. This work assumed six visual fields 
were obtained in the first two years, as recommended by several 
guidelines. In clinical practice it is common that only two or three 
fields are measured in the first two years, however. Here we use 
simulation methods to investigate how reducing the number of 
visual fields measured influences the prediction of rapid visual field 
progression, along with the influence of including criteria based on 
the magnitudes of the regression slope.
Methods: We simulated visual field series (N=100,000) spaced 
annually in the first two years and then biennially, consistent with 
recent data on test frequency within a UK hospital setting. MD 
values had a standard deviation of 1dB. The true underlying rates 
of progression were selected from a modified hyperbolic secant 
with parameters averaged from fits to large datasets from Canada, 
Sweden and the USA. We calculated positive and negative predictive 
values (PPV & NPV) for detecting rapid progression, based on a 
criterion of a significant negative regression slope of any magnitude. 
We performed a second simulation using test frequency and disease 
prevalence parameters designed to match those of a dataset of 255 
glaucoma patients from Tokyo, to check the validity of our simulation 
method.
Results: PPV at 2 years was 0.09, differing little from when six 
visual fields in the first two years were performed (PPV=0.10). 
PPV peaked at 0.11 at 4 years. Adding an additional regression 
slope criterion of ≤−2dB/year increased the 2-year PPV to 0.35. 
NPV values were 0.98 at two years, rising to 1.0 by six years, and 
remained above 0.98 with the addition of a regression slope criterion. 
Our simulated PPV and NPV values for the Tokyo dataset were close 
to those determined empirically.
Conclusions: Infrequent visual field testing does not substantially 
alter predictive values for detecting rapid visual field progression 
compared with more frequent testing. Our results do not, however, 
suggest that the rate of visual field progression can be accurately 
estimated when a small number of visual fields are performed.
Commercial Relationships: Andrew J. Anderson, None; 
Rashima Asokan, None; Hiroshi Murata, None; Ryo Asaoka, None
Support: Australian Research Council Future Fellowship 
FT120100407 (AJA)
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The usefulness of cluster-based trend analysis in assessing visual 
field progression in open-angle glaucoma
Shuichiro Aoki1, Hiroshi Murata1, Yuri Fujino1, Masato Matsuura1, 
Atsuya Miki2, Masaki Tanito3, 4, Shiro Mizoue5, Kazuhiko Mori6, 
Katsuyoshi Suzuki7, Takehiro Yamashita8, Kenji Kashiwagi9, 
Kazunori Hirasawa10, Nobuyuki Shoji10, Ryo Asaoka1. 
1Ophthalmology, The university of Tokyo, Tokyo, Japan; 
2Ophthalmology, Osaka University Graduate School of Medicine, 
Osaka, Japan; 3Ophthalmology, Shimane University Faculty of 
Medicine, Shimane, Japan; 4Division of Ophthalmology, Matsue Red 
Cross Hospital, Shimane, Japan; 5phthalmology, Ehime University 
Graduate School of Medicine, Ehime, Japan; 6Ophthalmology, Kyoto 
Prefectural University of Medicine, Kyoto, Japan; 7Yamaguchi 
University Graduate School of Medicine, Yamaguchi, Japan; 
8Ophthalmology, Kagoshima University Graduate School of Medical 
and Dental Sciences, Kagoshima, Japan; 9Ophthalmology, University 
of Yamanashi Faculty of Medicine, Yamanashi, Japan; 10Allied Health 
Sciences, Kitasato University, Kanagawa, Japan.
Purpose: Accurate and timely detection of visual field (VF) 
progression is essential to proper management of glaucoma. Trend 
analysis with global indices may not be ideal for the early detection 
of localized VF defects. Conversely, pointwise trend analysis can be 
unreliable because of the large variability. Cluster trend analysis is a 
compromise of these two approaches. We performed a retrospective, 
observational clinical study to investigate the usefulness of the 
Octopus (Haag-Streit, Switzerland) EyeSuite®’s cluster trend 
analysis in assessing progression in glaucoma, compared to the mean 
of total deviation trend analysis.
Methods: Series of ten reliable visual fields (VFs) with the 
Humphrey Field Analyzer (Carl Zeiss Meditec) were retrospectively 
collected from 728 eyes of 475 primary open angle glaucoma 
patients from eight institutions in Japan. Reliabe VFs were defined 
as fixation loss rate <20% and also false positive rate <15%. Mean 
total deviation (mTD) and cluster trend analyses were performed, 
using all ten VFs (VF1-10) or subsets of VFs, from the first to fifth 
VF (VF1-5) through to the first to ninth VF (VF1-9). Progression was 
deemed to have occurred when the progression rate was negative and 
statistically significant (p value <0.05). Three ‘consistency measures’ 
were calculated to compare the performance of detecting progression 
between cluster and mTD trend analysis: Proportion both progressing 
(PBP): both of prior series of VFs and VF1-10 were progressive, 
proportion both not progressing (PBNP): both of prior series of VFs 
and VF1-10 were not progressive, and proportion inconsistently 
progressing (PIP): VF1-10 was not progressive but prior series of 
VFs were progressive.
Results: Cluster and mTD trend analysis results were significantly 
associated in all clusters and with all VF series. Between 13.4 and 
57.0 % of progressive clusters were not-progressive with mTD trend 
analysis. Up to 4.8% of eyes were progressive with mTD trend 
analysis, but not-progressive with cluster trend analysis, using the 
criteria of at least two clusters were progressive. The PBP, PBNP and 
PIP rates were not significantly different between cluster and mTD 
trend analysis in most cases.
Conclusions: 
Whole field trend analysis can miss local VF progression. Cluster 
trend analysis seems as robust as mTD trend analysis and useful to 
assess both sectorial and whole field progression.
Commercial Relationships: Shuichiro Aoki, None; 
Hiroshi Murata, Beeline (F), WO2014 132470 (P), Nidek (F); 
Yuri Fujino, None; Masato Matsuura, None; Atsuya Miki, None; 
Masaki Tanito, None; Shiro Mizoue, None; Kazuhiko Mori, 
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Comparison between global, cluster, and pointwise trend analyses 
for detecting visual field change
Stuart K. Gardiner1, 2, Shaban Demirel1, 2. 1Discoveries In Sight 
Laboratories, Devers Eye Institute, Portland, OR; 2Legacy Research 
Institute, Legacy Health, Portland, OR.
Purpose: It is vital to be able to measure the rate at which the visual 
field deteriorates in eyes with glaucoma, but the best rate metric 
is unclear. Global measures such as Mean Deviation (MD) may 
miss localized defects; yet pointwise analyses are more variable. 
This study assesses an intermediate possibility, using cluster trend 
analysis.
Methods: Trend-based criteria for change were defined using global 
analysis (MD worsening with p<CritMD), cluster analysis (mean 
total deviation within ten clusters used by the Octopus perimeter; 
≥n clusters worsening with p<Critnc), and pointwise analysis (total 
deviation at ≥n locations worsening with p<Critnp), for different n. 
Critical p-values were chosen so that each criterion had specificity 
exactly 95% in a test-retest dataset: 45 eyes of 23 participants, tested 
5 times within a few weeks, using all 120 possible re-orderings of 
tests per eye. The criteria were applied to a separate longitudinal 
dataset: 506 eyes of 256 participants tested every ~6 months, mean 
14 visits, range 5-24. The time to detect change using each criterion 
was found, and compared between criteria using Cox proportional 
hazards models.
Results: For cluster analysis, the quickest criterion to detect change 
in ≥25% of eyes was “5 clusters worsening with p<0.259”. For 
pointwise analysis, the quickest was “9 locations worsening with 
p<0.139”, and this detected change significantly sooner than cluster 
or global criteria (both p<0.001; see figures). However, once 2 more 
fields after initial change detection were included, fewer than half of 
these eyes still met the criterion. Proportions confirmed were higher 
for cluster and global criteria (both p<0.001). Indeed if changes were 
only accepted if they were confirmed after 2 more fields, the cluster 
criterion detected change slightly, albeit non-significantly, sooner 
than global or pointwise criteria (p=0.16 and p=0.58 respectively). 
The same was true if changes had to be confirmed using the next 4 
fields.
Conclusions: For equal specificity, pointwise analysis detects change 
more rapidly than global or cluster trend analyses. However, a high 
proportion of these ‘changing’ series are likely false positives. By 
contrast, global trend analysis using MD detected change later, but 
it was more often subsequently confirmed. Cluster trend analysis 
appears a good compromise, detecting change sooner than global 
indices without too many false positives.



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.

Commercial Relationships: Stuart K. Gardiner, Haag-Streit Inc 
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Comparison of the rates of visual field progression before and 
after primary Ahmed valve glaucoma implantation for Asian eyes 
with glaucoma
Jody Paige P. Goh1, Victor T. Koh1, David Chen1, Jessica Choo1, 
Yiong Huak Chan2, Seng Chee Loon1. 1Ophthalmology, National 
University Hospital, Singapore, Singapore; 2Biostatistics Unit, 
National University of Singapore, Yong Loo Lin School of Medicine, 
Singapore, Singapore.
Purpose: To compare the pre and post-surgery rates of visual field 
(VF) progression in Asian eyes with glaucoma undergoing primary 
Ahmed valve glaucoma (AVG) tube surgery

Methods: A retrospective case notes review of consecutive eyes 
undergoing primary AVG surgery between January 2008 and 
December 2012. All the subjects underwent static automated 
perimetry using Humphrey Field Analyzer (Carl Zeiss Meditec, 
Dublin, CA) with 24-2 SITA Standard algorithm. Only reliable 
fields (< 20% fixation losses, < 30% false-negative and < 30% 
false-positive results) were included. All subjects had at least 4 
preoperative and 4 postoperative tests each, and were followed-up 
for a minimum of 2 years before and after surgery. VF progression 
was determined by linear regression analyses of the visual-field index 
(VFI) and mean deviation (MD).
Results: Thirty-two eyes of 32 patients (mean age 60.9 ± 12.2 
years, 75.0% male) were included. Of the 32 eyes, only 1 (0.031%) 
had secondary glaucoma. 24 (75%) had open angle glaucoma and 
8 (25%) had angle closure glaucoma. 22 eyes (69%) underwent 
phacoemulsification with glaucoma drainage tube implant. The mean 
duration of follow up was 4.78 ± 2.71 years prior to surgery and 
4.03 ± 1.03 years following surgery. Mean preoperative cup-to-disc 
ratio was 0.74 ± 0.18. Mean postoperative IOP (9.68 ± 1.30 mmHg) 
and medications (0.75 ± 1.05) were significantly reduced (both p 
< 0.001) compared with prior to surgery (17.86 ± 5.98 mmHg and 
2.50 ± 1.46 respectively). The rate of VF progression using MD was 
0.011 Db/month preoperatively which improved to -0.012 Db/month 
postoperatively (p = 0.002). Likewise, the rate of VF progression 
using VFI was also shown to improve from 0.091 Db/month in the 
preoperative period to 0.011 Db/month postoperatively (p = 0.000).
Conclusions: Our study showed that AVG surgery is effective in 
significantly reducing the rate of VF deterioration in Asian eyes with 
glaucoma and further studies in comparison with other filtration 
surgeries should be performed.
Commercial Relationships: Jody Paige P. Goh, None; 
Victor T. Koh, None; David Chen, None; Jessica Choo, None; 
Yiong Huak Chan, None; Seng Chee Loon, None
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An individualized test to detect glaucoma progression in visual 
fields
Siamak Yousefi, Hiroshi Murata, Yuri Fujino, Ryo Asaoka. 
Ophthalmology, University of Tokyo, Tokyo, Japan.
Purpose: To detect glaucomatous progression in a longitudinal series 
of visual fields (VFs) by combining the significance of progression in 
all VF test locations
Methods: VFs from 106 eyes of 71 participants in the University 
of Tokyo hospital were obtained using the Humphrey 30-2 or 24-2 
VF tests. Eyes with at least 16 visits with approximately six-month 
interval between visits (interval greater than 3 months and less than 2 
years) were included in the study. All 30-2 tests were matched to 24-2 
tests resulting in 52 VF test locations for all eyes (excluding blind 
spots). Linear regression of each test location was computed and 
the significance of slopes (p-value) was calculated. All 52 p-values 
were combined using a modified version of Wilkinson approach 
(median of the significant points) to generate a single p-value. The 
accuracy of the progression detection was assessed on VF series of 
five visits to 15 visits (excluding the first visit) using the hit rate, that 
was computed on the original VF series, versus false positive rate 
(FPR), which was computed on the randomly permuted VF series. 
The proposed approach was compared against linear regression of 
mean deviation (MD) and permutation of point-wise linear regression 
(PoPLR) employing the receiver operating characteristic (ROC) 
curves.
Results: The partial area under the ROC curve (from 0 to 0.15 FPR) 
was 0.02 for linear regression of MD, PoPLR, and the proposed 
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approach using five visits while the partial area under the ROC curve 
was 0.08 for linear regression of MD and PoPLR and 0.10 for the 
proposed approach using 15 visits.
Conclusions: Accuracy of the linear regression of MD was 
comparable to accuracy of the PoPLR and the proposed approach 
using five visits. The accuracy of the proposed approach 
outperformed that of the linear regression of MD and PoPLR at 
higher number of visits.

Figure 1. Glaucoma progression detection. Left panel shows 
progression detection of linear regression of MD, the middle panel 
shows the progression detection of PoPLR, and the right panel shows 
the progression detection of the proposed approach for VF series of 
five visits to 15 visits.
Commercial Relationships: Siamak Yousefi, None; 
Hiroshi Murata, None; Yuri Fujino, None; Ryo Asaoka, None
Clinical Trial: 123
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Longitudinal comparison of visual field outcomes obtained by a 
tablet perimeter and those returned by Humphrey Field Analyzer
Yu Xiang George Kong2, 3, Mingguang He3, 1, Jonathan Crowston3, 1, 
Keith R. Martin2, Algis J. Vingrys4. 1Department of Ophthalmology, 
Centre for Eye Research Australia, East Melbourne, VIC, Australia; 
2Department of Ophthalmology, Cambridge University Hospitals 
NHS Foundation Trust, Cambridge, United Kingdom; 3Department 
of Ophthalmology, The University of Melbourne, Melbourne, 
VIC, Australia; 4Optometry & Vision Sciences, The University of 
Melbourne, Melbourne, VIC, Australia.
Purpose: Performing perimetry using modern tablet devices enables 
portable and more frequent perimetry testing. We aim to establish the 
medium term repeatability of perimetric results from an iPad-based 
app (Melbourne Rapid Fields, MRF) compared to Humphrey Field 
Analyzer (HFA) 24-2 SITA-Standard.
Methods: Thirty-seven patients with either treated glaucoma 
or ocular hypertension (n=32) or glaucoma suspects (n=5) were 
recruited into a 6-month longitudinal clinical study with visits at 
baseline, 2, 4 and 6 months. At each visit patients undertook visual 
field assessment using the HFA, the MRF radial pattern (MRF-r) 
and the MRF 24-2 modified grid pattern (MRF-g). Exclusion criteria 
were: inability to understand English instructions given by the iPad, 
acuity worse than 6/12, intraocular surgery in past 6 months and 
poor reliability indices on the HFA at baseline (>15% false positives, 
>20% false negatives or Fixation loss). Comparisons were made by 
establishing correlations (Pearson) and using Bland-Altman methods 
(Bias, 95% Limits of Agreement, LoA) for the summary statistics 
(Mean Deviation, MD, Pattern Deviation, PD).
Results: Both MRF-r and MRF-g returned shorter test times than the 
HFA (MRF-r 4.7±0.1 (SEM) vs. MRF-g 4.6±0.5 vs. HFA 6.3±0.1 
min, P<0.001). Pearson’s correlation R values between MRF-r 
and HFA for MD found at the four time points ranged from 0.88 
to 0.94; and for PD ranged from 0.79 to 0.90. Similarly Pearson’s 
correlation for MD between MRF-g and HFA ranged from 0.87 to 
0.93; and for PD ranged from 0.79 to 0.82. Test-retest repeatability 
of MRF-r outcomes was high after 2, 4 and 6 months with 95% 
LoA for MD being 4.0, 5.9, and 5.9 dB respectively. Similar high 

test-retest repeatability was found using MRF-g, with 95% LoA for 
MD being 3.7, 5.7, 4.7 dB respectively. This is compared to a more 
widespread 95% LoA generated by HFA for MD at the same times 
(9.4, 9.5, 7.4dB respectively). The variance ratios for MRF-r to HFA 
(F36,36=2.77) and MRF-g to HFA (F36,36 =3.48) confirmed significantly 
lower (p<0.001) variability with both MRF patterns.
Conclusions: Both radial and grid patterns on MRF gave strong 
correlations with HFA summary indices across 4 tests over a 6 month 
time period. Both tests when performed in clinic were shorter and 
have significantly lower test-retest variability than HFA. MRF has 
potential to be a portable method of monitoring visual fields.
Commercial Relationships: Yu Xiang George Kong, Glance 
Optical (S); Mingguang He, None; Jonathan Crowston, None; 
Keith R. Martin, None; Algis J. Vingrys, Glance Optical (S)
Support: Cambridge Addenbrooke's Charity Trust, Charitable Grant
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Improving the sensitivity of progression detection by accounting 
for Global Visit Effects in simulation studies
Koenraad A. Vermeer1, Susan R. Bryan1, Hans G. Lemij2. 1Rotterdam 
Ophthalmic Institute, Rotterdam Eye Hospital, Rotterdam, 
Netherlands; 2Glaucoma Service, Rotterdam Eye Hospital, 
Rotterdam, Netherlands.
Purpose: The Global Visit Effects (GVE) model takes into account 
a large part of the variability in visual field (VF) data, thereby 
producing more robust and accurate progression rate (slope) 
estimations (Bryan et al. IOVS 2015). To evaluate the GVE model 
for detecting VF progression, we determined the sensitivity for this 
model compared to a reference model without the GVE.
Methods: 
Two data sets (stable and progressing) were simulated, each 
consisting of 250 eyes with 52 VF locations, a varying number of 
VFs and intercepts based on data an early study (mean MD = -7.8 
dB, IQR = -11.7 to -2.3 dB). All locations in the stable group had a 
slope of 0 dB/year. In the progressing group all locations had a slope 
of -0.5 dB/year. An ageing effect of -0.1 dB/year was assumed for all 
cases. Censoring (at 0 dB) and a sensitivity-dependent measurement 
error were taken into account.
For the analysis, censored Bayesian hierarchical linear regression 
models were used. Point-wise sensitivity losses (dB/year) were 
estimated for both data sets with both models using 7 VFs. Limits 
of stability for a 95% specificity were determined from the stable 
group. In the progressing group, locations were then classified as 
progressing if the loss exceeded this limit. To determine the effect of 
the number of VFs, this was repeated for a varying number (3-7) of 
VFs and different progression rates.
Results: At a specificity of 95%, the sensitivity to detect progression 
in a series of 7 VFs increased from 20% to 80% by including the 
GVE (Figure 1). The sensitivity to detect progression improved for 
both models by including more VFs (Figure 2). However, the GVE 
model performed better than the reference model over all scenarios.
Conclusions: By including GVEs in the model, we were able to 
greatly improve the sensitivity to detect VF progression in simulated 
data. The more robust slope estimations from the GVE model enable 
us to correctly detect more locations as progressing. These results 
suggest that it would be useful to apply to the GVE model to real data 
for detecting disease progression.
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The distributions of the slopes for stable and progressing locations for 
the reference and GVE models using 7 VFs.

Sensitivities of both models over a varying number of visual fields 
for different progression rates
Commercial Relationships: Koenraad A. Vermeer, None; 
Susan R. Bryan, None; Hans G. Lemij, None
Support: Stichting voor Ooglijders, Stichting Wetenschappelijk 
Onderzoek het Oogziekenhuis
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Verification of the variational Bayes linear regression using the 
DIGS and the UKGTS datasets
Hiroshi Murata1, Yuri Fujino1, Linda M. Zangwill2, 
 David Garway-Heath3, Ryo Asaoka1. 1The University of Tokyo 
Hospital, TOKYO, Japan; 2University of California at San Diego, 
La Jolla, CA; 3UCL Institute of Ophthamology, London, United 
Kingdom.
Purpose: It is clinically very important to predict visual field (VF) 
progression accurately. We reported the variational Bayes linear 
regression (VBLR: Murata H et al. IOVS 2014), which outperformed 
the ordinary least squared linear regression (OLSLR) for predicting 
future VF progression. One of the merits of the model was its 
capability to exploit large datasets to improve prediction accuracy. 
However, the study was performed with training and validation data 
obtained at a single institute (the University of Tokyo Hospital). The 
purpose of the current study is to validate the VBLR model using two 
external datasets: Diagnostic Innovations in Glaucoma Study (DIGS), 
and United Kingdom Glaucoma Treatment Study (UKGTS).
Methods: The TOKYO data included 7070 eyes of 4166 patients: all 
University of Tokyo Hospital institutional data with VFs ≧ five times 

(5.6 ± 2.7 times), was used for training VBLR in the current study, to 
obtain the prior distribution of VF loss rates. The Baseline MD was 
-6.8 ± 6.5 dB, and the follow up period was -6.5 ± 2.9 years. DIGS 
and UKGTS data consisted of 248 eyes of 173 primary open angle 
glaucoma (POAG) patients and 609 eyes of 313 POAG patients; all 
subjects had ≧ 10 VF records, excluding baseline VFs. TD values of 
the 11th VF were predicted using TD values of 52 test points from 
the second to the tenth VFs (VF2-10) in each eye. The prediction 
performance was summarized by the root mean squared error 
(RMSE) using the difference between predicted and actual point wise 
sensitivities. RMSE was also calculated using OLSLR.
Results: RMSEs (mean + SD) with each dataset are shown in the 
following table. VBLR resulted in significantly smaller RMSEs than 
OLSLR (p < 0.05, linear mixed model), especially for shorter VF 
series, thus showing better prediction performance.
Conclusions: VBLR shows promise for improving our ability to 
predict progressive VF loss.

Commercial Relationships: Hiroshi Murata, WO 2014/132470 
A1 (P), Beeline (F); Yuri Fujino, None; Linda M. Zangwill, Quark 
(F), opcon Inc. (F), Carl Zeiss Meditec Inc. (R), Optovue Inc. (R), 
Heidelberg Engineering GmbH (F), Carl Zeiss Meditec Inc. (F), 
Optovue Inc. (F); David Garway-Heath, Pfizer (C), Heidelberg (R), 
Bausch and Lomb (C), Santen (C), Alcon (C), Aerie (C), Allergan 
(R), Pfizer (R), CenterVue (R), CZM and OptoVue (R), Allergan (C); 
Ryo Asaoka, WO 2014/132470 A1 (P), Beeline (F), NIDEK (F)
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An Exponential Regression Model to Measure Perimetric Rates 
of Decay in Glaucoma
Nathaniel Sears1, Mark Lin2, Esteban Morales1, Joseph Caprioli1. 
1Ophthalmology, UCLA Stein Eye Institute, Los Angeles, CA; 
2Ophthalmology, University of California, Irvine, CA.
Purpose: To develop and validate a Progression Index (PI) for 
estimating the rates of visual field (VF) decay in glaucoma.
Methods: Eyes in the AGIS VF database with at least 6 VF exams 
and 3 years of follow-up were included. A pointwise exponential 
regression (PER) was used to model the rates of change at each VF 
location. The sums of those rates were normalized on a scale of -1 to 
1, defining a progression index (PI): 0 is no change, negative values 
represent decay and positive values improvement. The extremes 
of -1 and 1 were defined with simulated VF series. To determine if 
different techniques correlate, the raw AGIS score, Mean Deviation 
(MD) rate of change, and PI change were linearly regressed 
against each other. Eyes with PI scores of < −0.03 were defined as 
progressing; this value was based on an ROC curve developed from 
a separate VF database of three expert evaluations. AGIS progression 
was defined as 3 consecutive VF scores of >4 from baseline, or a 
score of >19. Progression based on MD rate was set at a rate of >0.53 
dB/year (Gustavo De Moraes et al 2016).
Results: Serial VFs of 509 eyes of 402 patients were included. Mean 
(±SD) follow-up was 7.3 ± 1.7 years with 15.4 ± 3.8 VFs. There was 
a statistically significant correlation between the AGIS score and 
the rate of change in the mean deviation (r2 =0.4, P<0.001), PI and 
MD rate of change (r2 = 0.6, P<0.001) and between the PI and the 
rate of change of the AGIS score (r2 = 0.4, P<0.001) (Figure 1). The 
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proportion of eyes progressing with each technique was: AGIS (152, 
29.9%), PI (214, 42.0%), and MD rate (176, 34.6%) (Figure 2).
Conclusions: Visits that scored worse on PI correlated with worse 
AGIS scores and MD rates of change in a statistically significant 
manner. This was true across a wide range of disease severity with 
long follow-up. PI identified a higher proportion of progressive 
fields compared to the AGIS criterion. MD rate seemed less specific 
than PI or AGIS scores to identify true VF worsening. Future work 
will determine relative sensitivities and specificities of these and 
other approaches, and determine the best approach to identify early 
progression.

Plots correlationing AGIS score, Mean Deviation rate and 
Progression Index. Linear fit with R2 values (P<0.001) are reported. 
Visits scoring worse on PI statistically correlated with AGIS scores 
and MD change rates

Venn diagram showing the proportion of eyes identified as 
progressing.
Commercial Relationships: Nathaniel Sears, None; Mark Lin, 
None; Esteban Morales, None; Joseph Caprioli, None
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Using Kalman Filtering to Personalize the Monitoring of Persons 
with Normal Tension Glaucoma
Mariel S. Lavieri1, Xiang Liu1, Zhining Zhou1, Jingyuan Wang1, 
Kazuhisa Sugiyama2, Koji Nitta3, Chris Andrews1, Mark Van 
Oyen1, Joshua D. Stein1. 1University of Michigan, Ann Arbor, MI; 
2Department of Ophthalmology, Kanazawa University Graduate 
School of Medical Science, Kanazawa, Japan; 3Department of 
Ophthalmology, Fukui-ken Saiseikai Hospital, Fukui, Japan.
Purpose: To evaluate whether the dynamic glaucoma forecasting 
and monitoring algorithms we previously calibrated and validated 
on patients with moderate to severe primary open angle glaucoma 
(POAG) can generate personalized forecasts of disease progression in 
a cohort of patients with normal tension glaucoma (NTG).
Methods: A Kalman filter was used to personalize the monitoring of 
patients with NTG to assess for disease progression. As additional 
VF and IOP tests are performed on each patient, the Kalman filter 
updates our knowledge about each patient’s unique disease trajectory 
to determine personalized schedules of the timing of the next set of 
VF and IOP tests for each patient to optimize progression detection. 
Parameterization of the models was performed using longitudinal 
data from 571 patients with POAG who were enrolled in the CIGTS 
and AGIS trials. The models were then applied (using bootstrapping 
with replacement with 1000 replications) to a cohort of Japanese 
patients with NTG who had ≥ 5 years of longitudinal follow-up. Our 
algorithm was compared against 1-, 1.5-, and 2-year fixed interval 
schedules for obtaining VFs and IOP measurements to determine 
which testing schedule was more efficient (i.e. performing IOP and 
VF tests at times when progression was observed) and had reduced 
diagnostic delay (i.e. length of time between when progression was 
first observed in the historical data and when progression was first 
detected) for identifying progression.
Results: Among the 168 eyes with NTG who were followed over 
an average of 6.0 ± 0.5 years, 63 (37.5%) experienced progression 
over a mean of 2.2 ± 1.4 years. Compared to 1 year fixed intervals 
of performing VFs and IOPs to check for progression of NTG, our 
algorithm using Kalman filtering achieved a 41.2% [41.1-41.3%] 
increased efficiency in detecting NTG progression and detected NTG 
progression 8% [6-9%] sooner (i.e., reduced diagnostic delay by 8%) 
using the same number of tests per patient.
Conclusions: Dynamic and personalized schedules for obtaining 
IOP and VF tests using a Kalman filter approach can improve 
the efficiency of detecting NTG progression and identify 
NTG progression a little sooner compared with a 1 year fixed 
interval schedule. Predictions are very likely to be enhanced by 
parameterizing the models with data on patients with NTG rather 
than those with POAG as NTG may behave differently than POAG.
Commercial Relationships: Mariel S. Lavieri, 13/668,280 (P); 
Xiang Liu, None; Zhining Zhou, None; Jingyuan Wang, None; 
Kazuhisa Sugiyama, None; Koji Nitta, None; Chris Andrews, 
None; Mark Van Oyen, 13/668,280 (P); Joshua D. Stein, 
13/668,280 (P)
Support: R01EY026641
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Validation and Reproducibility of the Heidelberg Edge Perimeter 
in the Detection of Visual Field Defects in Glaucoma Participants
Jonathan M. Lam, Lisa A. Hark, Jonathan S. Myers, L Jay Katz, 
Safa Siraj, Michael Waisbourd, Priyanka Gogte, Qi J. Cui. 
Glaucoma, Wills Eye Hospital, Philadelphia, PA.
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Purpose: To compare standard automated perimetry (SAP) using 
Heidelberg Edge Perimeter (HEP) with the Octopus Visual Field 
(OVF) analyzer and determine test-retest repeatability in detecting 
glaucomatous visual field losses.
Methods: This prospective, cross-sectional study was conducted 
at Wills Eye Hospital, Philadelphia, PA. Glaucoma participants 
and healthy controls underwent visual field testing using HEP and 
OVF. Participants returned for repeat testing to determine test-retest 
repeatability. The HEP SAP III 30-2 ASTA FAST protocol and OVF 
G-TOP white-on-white strategy were used. Testing order (HEP/
OVF) was randomized. Correlations for both mean deviation (MD) 
and pattern standard deviation/Loss of Variance (PSD/sLV) were 
compared. Receiver Operating Characteristic (ROC) analysis was 
performed to determine the diagnostic ability of HEP and OVF. 
Intraclass correlation coefficients (ICCs) were calculated to assess 
test-retest repeatability.
Results: A total of 79 participants with glaucoma and 36 normal 
controls were enrolled. In the glaucoma group, HEP and OVF were 
significantly correlated for both MD (r=-0.86; P<0.001) and PSD/
sLV (r=0.83; P<0.001). The MD ROC curves were also comparable 
for OVF (AUC=0.79) and HEP (AUC=0.74; P=0.26). The PSD/sLV 
ROC curves were similar for the OVF (AUC=0.82) and the HEP 
(AUC=0.74; P=0.08). The ICCs for test-retest repeatability were 
higher for HEP (0.96 for MD; 0.95 for PSD) than OVF (0.82 for MD; 
0.88 for sLV). The OVF mean test duration was significantly shorter 
(OVF=2.63 minutes; HEP=5.15 minutes, P<0.0001).
Conclusions: The HEP and OVF showed strong correlation for both 
MD and PSD parameters in participants with glaucoma. The HEP 
demonstrated better test-retest repeatability, however its average test 
duration was significantly greater.

Figure 1. Bland-Altman plots and correlations between the 
Heidelberg Edge Perimeter and Octopus Visual Field Analyzer for 
Mean Deviation and Pattern Standard Deviation/Loss of Variance.

Figure 2. Area under the Receiver Operating Characteristic (ROC) 
curves for the Heidelberg Edge Perimeter (HEP) and the Octopus 
Visual Field Analyzer (OVF), showing the diagnostic ability of 
the two devices. Comparisons were made for Mean Deviation and 
Pattern Standard Deviation/Loss of Variance.
Commercial Relationships: Jonathan M. Lam, None; 
Lisa A. Hark, None; Jonathan S. Myers, None; L Jay Katz, None; 
Safa Siraj, None; Michael Waisbourd, None; Priyanka Gogte, 
None; Qi J. Cui, None
Support: Wills Eye Innovation grant #WEF15064

Program Number: 2872 Poster Board Number: B0475
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Sensitivity and Specificity of a new perimeter for glaucoma 
diagnostics
Maria Tafel1, Oliver Stachs1, Bernhard Lobmayr2, 
Anselm G. Juenemann1. 1Department of Ophthalmology, University 
of Rostock, Rostock, Germany; 2Ellex, Berlin, Germany.
Purpose: Compass is a new device that combines automated 
perimetry with confocal images of the retina and optical nerve 
head. Furthermore, the incorporated eye tracking system facilitates 
identical follow up investigations. The aim of the study was to 
compare the results of Compass perimetry (Ellex, Germany) with 
those of Humphrey perimetry (Carl Zeiss Meditec, Germany).
Methods: A total of 47 subjects (26 control subjects, 21 patients 
with open angle glaucoma) underwent full perimetric evaluation 
using the FAP Zest (Compass) and HFA Sita Fast (Humphrey Field 
Analyzer 3). Only one eye was included into the analysis. Technical 
specifications of the Compass device are: background luminance: 
31,4 asb, maximum luminance: 10000 asb, stimulus size: Goldmann 
III, stimulus duration: 200 ms and 24-2 grid (54 locations spaced 
by 6 degrees). HFA parameter are: background luminance: 31,5 
asb, maximum luminance: 10000 asb, stimulus size: Goldmann IV, 
stimulus duration: 200 ms and 24-2 grid (54 locations spaced by 6 
degrees). Perimetry specificity and sensitivity were determined using 
MD, PSD and MD+PSD whereas MD >- 2 and PSD < 6 are used as 
cutting off values. Spearman correlation coefficient was calculated 
for MD and PSD.
Results: Six subjects (1 control, 6 glaucoma) were excluded due 
to low reliability (fixation loss, false positives). The specificity of 
Compass and HFA was 100% in the control group for MD, PSD 
and MD+PSD. The sensitivity of Compass in glaucoma patients 
was 73,33% for MD, 66,67% for PSD and 66,67% for MD+PSD. 
The sensitivity of Humphrey in glaucoma patients was 93,33% for 
MD, 66,67% for PSD and 66,67% for MD+PSD. Compass and HFA 
showed significant correlation for MD (r=0.87, p=0.00002) and PSD 
(r=0.89, p<0.00001).
Conclusions: Based on the current study, Compass provides similar 
perimetric results compared to the Humphrey device. The difference 
in MD sensitivity between Compass and HFA might be due to the 
different stimulus size. As a forefront advantage Compass combines 
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the retinal threshold sensitivity directly with confocal images of the 
retina.
Commercial Relationships: Maria Tafel, None; Oliver Stachs, 
None; Bernhard Lobmayr, Ellex (E); Anselm G. Juenemann, 
None

Program Number: 2873 Poster Board Number: B0476
Presentation Time: 8:30 AM–10:15 AM
Evaluation of SEP, a new perimetry test strategy for fast and 
accurate threshold estimation
Derk S. Wild1, Serife Seda S. Kucur1, Mathias Abegg2, 
Sebastian Wolf2, Raphael Sznitman1. 1ARTORG Center for 
Biomedical Engineering Research, University of Bern, Bern, 
Switzerland; 2Department of Ophthalmology, Inselspital, Bern, 
Switzerland.
Purpose: One of the difficulties in static white-on-white automated 
perimetry (SAP) are fatigue effects, which make the patient responses 
less reliable with time. Thus, perimetry should be as fast as possible 
while still providing accurate estimation of the visual field. Our 
hypothesis is that the threshold of a visual field location can be 
inferred using thresholds of its neighbor locations. Following this 
hypothesis, we developed a novel SAP strategy that aims to reduce 
test time compared to conventional methods without compromising 
accuracy.
Methods: We use a conditional random field (CRF) to 
comprehensively model each visual field location and its relationship 
with its neighbors. The model is trained on a dataset of 4863 visual 
fields of 139 patients. While individual locations are tested using 
zippy estimation by sequential testing (ZEST), the visual field model 
is constantly updated yielding new estimates for untested locations. 
Four locations are measured and the next location to measure is 
chosen by entropy and spatial threshold gradient. Locations with 
entropy or gradient magnitude smaller than a specified value are not 
tested but directly inferred from the CRF. We evaluate our approach, 
which we call Spatial Entropy Pursuit (SEP), in simulation using a 
dataset of 128 visual fields from patients with various eye diseases. 
The results are compared to common methods i.e. the dynamic test 
strategy (DTS) and tendency oriented perimetry (TOP) in terms of 
error and test time. For each measurement, the error was quantified 
by the root-mean square deviation and the test time was quantified by 
the number of stimulus presentations.
Results: SEP allowed for a visual field acquisition in 128 ± 32 steps 
i.e. stimulus presentations and yielded similar accuracy levels as the 
DTS. For the same visual field acquisitions the DTS needed 154 ± 12 
steps. This represents a speed up of 17%.
Conclusions: The results demonstrate that a more data driven 
approach can lead to significant speed up in perimetry. Even tough 
the model was only trained on glaucomatous visual fields it allowed 
for a speed up on a broad range of eye diseases. Larger speed ups 
are likely if SEP is trained on data of a broader range of diseases or 
if the model is specific to the disease under observation. However, 
to achieve this, much larger datasets for a range of eye diseases are 
needed.

Commercial Relationships: Derk S. Wild, None; Serife 
Seda S. Kucur; Mathias Abegg, None; Sebastian Wolf, None; 
Raphael Sznitman, None

Program Number: 2874 Poster Board Number: B0477
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Comparison of Test Duration and Test Reliability Between 
Octopus 900 Perimetry and Humphrey SITA-Standard 
Perimetry
Michael Beyer, Kevin Lodewyk, Nariman Nassiri, Chaesik Kim, 
Bret A. Hughes, Mark S. Juzych, Marshall Cyrlin. Kresge Eye 
Institute, Detroit, MI.
Purpose: The Octopus and Humphrey perimeters are two standard 
achromatic perimetry (SAP) instruments often utilized to diagnose 
and track visual field defects in glaucoma patients. In this prospective 
cross-sectional comparative study, we aimed to compare 24-2 
Humphrey field Analyzer (HFA) II SITA-standard and Octopus 900 
Tendency-oriented Perimetry tests in assessment of glaucomatous 
visual field defects. No previous study has compared these two 
devices.
Methods: Eligibility criteria included glaucoma or glaucoma suspect 
eyes of patients > 30 years old with best-corrected visual acuity 
20/100 or better, spherical equivalent > −8 diopters and astigmatism 
<3 diopters. Patients initially performed 24-2 Humphrey field 
Analyzer (HFA) II SITA-standard and then Octopus 900 Tendency-
oriented Perimetry tests with an interval of 6 to 12 months (median: 
9 months). Different test parameters of HFA and Octopus 900 were 
collected (Table 2). Criteria for test reliability were based on the 
manufacturers’ recommendations defined as FP< 20%, FP and FN 
< 15% for HFA and FP, FN and RF < 15% for Octopus 900. Visual 
defect size and severity in superior, inferior, and whole fields were 
measured (method in Table 2).
Results: 78 eyes of 43 patients were included in this study. Patient 
demographics and baseline characteristics are in Table 1. The average 
age was 73.7 ± 13.6 (range: 32 to 97) years old. Octopus 900 showed 
statistically significantly shorter test duration (minutes) compared 
to HFA (3.09 ± 2.22 vs. 4.50 ± 1.61, p <0.001) (Table 2). Out of 78 
tests, Octopus 900 demonstrated more reliable tests (53) than HFA 
(46); 33 and 12 tests were reliable and unreliable with both devices, 
respectively. The difference was not statistically significant (p=0.39; 
Chi-squared test). There was a statistically significant difference 
between Octopus 900 sLV and HFA PSD; (4.23 ± 2.44 vs. 4.90 
± 3.91, p=0.04). There was no statistically significant difference 
between two groups with regard to Octopus 900 MD vs. HFA 
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MD, visual field defect size and defect severity in pattern and total 
deviation plots in each and the whole fields (p > 0.05 for all) (Table 
2).
Conclusions: While defect size and defect severity are comparable 
between two devices, Octopus 900 showed shorter test duration and 
better test reliability.

Commercial Relationships: Michael Beyer, None; 
Kevin Lodewyk, None; Nariman Nassiri, None; Chaesik Kim, 
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None; Bret A. Hughes, None; Mark S. Juzych, None; 
Marshall Cyrlin, None

Program Number: 2875 Poster Board Number: B0478
Presentation Time: 8:30 AM–10:15 AM
Development of Clock Chart Driving Edition for self-checking 
the binocular visual field
Marika Yamashita, Chota Matsumoto, Shigeki Hashimoto, 
Sachiko Okuyama, Hiroki Nomoto, Mariko Eura, 
Tomoyasu Kayazawa, Takuya Numata, Yoshikazu Shimomura. 
Ophthalmology, Kindai University Faculty of Medicine, OSAKA-
SAYAMA, Japan.
Purpose: Recently, Japan has been experiencing the problem of 
automobile accidents caused by drivers unaware of their visual field 
defects under binocular vision. We developed a simplified self-check 
screening sheet (Clock Chart Driving Edition: Clock Chart DE) to 
help those possible patients to notice abnormalities in binocular 
visual field and evaluated its clinical usefulness.
Methods: Our test chart facilitates subjects in noticing their own 
visual field defects. It has four targets of a child, bicycle, car and 
traffic light displayed at 10°, 15°, 20°, and 25° eccentricity zones, 
respectively. Subjects rotate the chart through a 360° turn by 
themselves and come to recognize defects. This clinical research 
enrolled 88 eyes of 44 glaucoma patients (21 males, 23 females; 
mean age: 64.4 ± 13.1 years) and 64 eyes of 32 normal individuals(22 
males, 10 females; mean age: 32.0 ± 8.4 years). The glaucomatous 
patients were given both Clock Chart DE testing and static visual 
field testing. HFA SITA-Standard 30-2 and binocular Esterman 
Program were used for testing static visual field. Binocular visual 
field was obtained by the Best Location Method. The normal 
individuals were also tested to obtain the Clock Chart DE specificity.
Results: The sensitivity of Clock Chart DE was 85% and 82% for 
HFA and Esterman, respectively when contiguous two or more 
scotomata (<10 dB) within the central 30° were defined as the visual 
field defect. We also used another definition similar to the British 
standards for driver’s license and obtained the sensitivity of 88%. The 
specificity of Clock Chart DE was 100% for the normal subjects.
Conclusions: Unlike the traditional perimetry, Clock Chart DE 
enabled the patients to notice their visual field abnormalities by 
themselves under the binocular condition. It will be a useful visual 
field self-check tool for occasions such as acquisition and renewal of 
the driver’s license.
Commercial Relationships: Marika Yamashita, None; 
Chota Matsumoto, None; Shigeki Hashimoto, None; 
Sachiko Okuyama, None; Hiroki Nomoto, None; Mariko Eura, 
None; Tomoyasu Kayazawa, None; Takuya Numata, None; 
Yoshikazu Shimomura, None

Program Number: 2876 Poster Board Number: B0479
Presentation Time: 8:30 AM–10:15 AM
Simulating observer responses in kinetic perimetry using 
KANGA
Astrid Zeman1, Allison M. McKendrick1, Andrew Turpin2. 1Optometry 
& Vision Sciences, University of Melbourne, Melbourne, VIC, 
Australia; 2Computing and Information Systems, University of 
Melbourne, Melbourne, VIC, Australia.
Purpose: Simulation is the cornerstone of assessing new perimetric 
algorithms, enabling exhaustive testing of the reliability and accuracy 
of new procedures. We developed a novel simulation algorithm, the 
Kinetic Adaptive Numerous Gamma Algorithm (KANGA), which 
simulates kinetic perimetry responses based on an individual’s static 
perimetry thresholds.

Methods: Using the Open Perimetry Interface on the Octopus 900 
perimeter, we measured size III white-on-white static thresholds at 
10 degree spacing for 3 individuals with normal vision (34-46 years 
old) along 6 kinetic vectors. Thresholds were taken as the average 
of 5 ZEST procedures. We fitted these with a parabola. We also 
measured kinetic responses to size III 27dB stimuli, moving from 
peripheral (unseen) to central (seen) locations at 3 deg/s. A low 27dB 
luminance level was required to ensure that kinetic thresholds fell 
within the measured static field of 60 degrees eccentricity. We fit a 
sum of gamma distributions to the distance between the 27dB static 
threshold location and the kinetic button press (corrected for reaction 
time). Simulated kinetic responses were based on an interpolated 
static threshold location plus a random sample from that gamma 
distribution. After fitting the model, we validated the predictive 
power of KANGA by comparing the mean and standard deviation 
between virtual and human kinetic responses (10 observers aged 
21-46) to size III stimuli over a range of luminance values (20, 24, 25 
and 30dB). KANGA was seeded with the average static fields of the 
same observers and generated 1000 simulations per vector.
Results: The model of best fit produced a mean difference of 0.66 
degrees across 6 vectors (90 kinetic button presses to size III 27dB 
stimuli), fitted to the first 3 observers (with a standard deviation of 
6.64 degrees). Taking these model parameters to simulate responses 
for 10 observers over a larger range of target luminance values (20, 
24, 25 and 30dB), KANGA produced an error between -2.4 and 
-9.1 degrees (depending on the luminance value of the target), and a 
standard deviation ranging between 3.4 and 6 degrees.
Conclusions: KANGA provides a platform for simulating observer 
responses to kinetic stimuli and may lead to further development of 
efficient procedures for assessing visual field loss in both at risk and 
diseased eyes.
Commercial Relationships: Astrid Zeman; 
Allison M. McKendrick, Haag-Streit AG (F), CenterVue SpA (C), 
Heidelberg Engineering GMBH (F); Andrew Turpin, Haag-Streit 
AG (F), CenterVue SpA (C), Heidelberg Engineering GMBH (F)
Support: ARC Linkage Grant LP150100815
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Presentation Time: 8:30 AM–10:15 AM
Investigating the Oculus Rift as a New Device to Study Vection in 
Glaucoma
Taylor Brin1, 2, Luminita Tarita-Nistor2, Esther G. Gonzalez2, 3, 
Graham E. Trope2, 3, Martin J. Steinbach2, 3. 1Centre for Vision 
Research, York University, Toronto, ON, Canada; 2Krembil Research 
Institute, Toronto, ON, Canada; 3Department of Ophthalmology and 
Vision Sciences, University of Toronto, Toronto, ON, Canada.
Purpose: Vection is the illusory sensation of self-motion, and is 
largely driven by peripheral vision. Previously, our lab demonstrated 
that vection responses are either weaker or absent in patients with 
mild glaucoma. The purpose of this study is to determine whether 
virtual reality (Oculus Rift™ system) can display a vection stimulus 
that induces powerful vection responses in both healthy controls and 
patients with glaucoma. We hypothesize that although patients with 
mild glaucoma take longer to experience vection, the Oculus Rift will 
be able to induce strong vection responses in this population.
Methods: Seventeen patients with mild, bilateral glaucoma (mean 
age 70.3 ±5 years) and sixteen controls with healthy vision (mean age 
60.4 ±9 years) participated. The circular vection test used a random 
dot pattern projected on the Oculus Rift viewer. The dots rotated left 
to right at a velocity of 20deg/s (slow) or 40deg/s (fast). Participants 
viewed the stimuli monocularly for 2 minutes in each condition, and 
vection latency and duration were measured using a button-response 
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box. After each condition, participants reported how strongly they felt 
vection, on a 1-10 scale.
Results: There was no vection response in both conditions for 5 of 
17 patients (29%) and 2 of 16 controls (13%). 2 x 2 mixed factorial 
ANOVAs showed that vection latency was significantly shorter for 
the control than for the glaucoma group (F(1,22) = 6.38, p = .019), 
but there was no significant difference between groups for vection 
duration or reported vection strength. Also, there was a significant 
main effect of stimulus velocity only on vection latency: mean 
vection latency was significantly shorter in the fast than in the slow 
condition (F(1,22) = 5.99, p = .023).
Conclusions: Our preliminary data suggest that the Oculus Rift can 
produce vection responses in both patients with mild glaucoma and 
controls. However, fewer patients with glaucoma experience vection, 
and their vection latencies were longer. Despite this, patients with 
glaucoma still rate their vection strength similarly to controls. The 
Oculus Rift appears to be a viable new tool for studying vection—
even in some patients with compromised peripheral vision.
Commercial Relationships: Taylor Brin, None; Luminita Tarita-
Nistor, None; Esther G. Gonzalez, None; Graham E. Trope, None; 
Martin J. Steinbach, None

Program Number: 2878 Poster Board Number: B0481
Presentation Time: 8:30 AM–10:15 AM
A head mounted perimeter “imo”: visual field test results in 
normal subjects
Hiroki Nomoto1, Chota Matsumoto1, Sachiko Okuyama3, 
Asami Minamino2, Tairou Kimura3, Keiji Yoshikawa4, Shiro Mizoue5, 
Aiko Iwase6, Makoto Aihara7, Takuya Numata1, Sayaka Yamao1, 
Shinji Kimura8, Yoshikazu Shimomura1. 1Ophthalmology, Kinki Univ 
School of Medicine, Sayama, Japan; 2Kagurazaka Minamino Eye 
Clinic, Tokyo, Japan; 3Ueno Eye Clinic, Tokyo, Japan; 4Yoshikawa 
Eye Clinic, Tokyo, Japan; 5ophthalmology, Ehime University School 
of Medicine, Touon city, Japan; 6Tajimi Iwase Eye Clinic, Tajimi 
city, Japan; 7ophthalmology, The University of Tokyo, Tokyo, Japan; 
8CREWT Medical System, Inc, Tokyo, Japan.
Purpose: We developed a portable head mounted perimeter “imo”. 
This study is an evaluation of imo visual field tests in normal 
subjects.
Methods: A hundred and sixty eight eyes of 168 normal subjects 
underwent imo visual field tests. Test locations were same as 
Humphrey 30-2. Test strategy was the Ambient Interactive ZEST 
(AIZE) which was modified ZEST (Zippy Estimated by Sequential 
Testing) strategy. Actual test times and mean thresholds were 
compared in 5 age groups. Aging slopes for mean threshold of all test 
locations and each threshold for point-wise location were calculated.
Results: Mean age was 45.9±14.5, mean thresholds and test times 
were 28.0±1.9 (dB) and 281±40 (sec). Mean threshold tended to 
higher in younger than elder age groups. Test time did not differ in 
age groups. Aging slope for 30-2 all test locations was -0.052 dB/
year. Both aging slopes for eccentricity 0-15 degree and 15-30 degree 
were -0.050 dB/year.
Conclusions: Age dependent decrease of threshold does not much 
differ between center and peripheral areas. Imo visual field test 
(AIZE) can be shorter a duration of test time than the SITA and the 
Dynamic in normal subjects.
Commercial Relationships: Hiroki Nomoto; Chota Matsumoto, 
CREWT Medical System, Inc (P); Sachiko Okuyama, 
None; Asami Minamino, None; Tairou Kimura, None; 
Keiji Yoshikawa, None; Shiro Mizoue, None; Aiko Iwase, None; 
Makoto Aihara, None; Takuya Numata, None; Sayaka Yamao, 
None; Shinji Kimura, CREWT Medical System, Inc (E); 
Yoshikazu Shimomura, None
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Chromatic multifocal pupilloperimetry for objective perimetry in 
retinal and optic nerve neurodegeneration
Ifat Sher-Rosenthal1, Maya Gurevich1, 2, Ygal Rotenstreich1, 2. 
1Goldschleger Eye Institute, Sheba Medical Center, Tel Hashomer, 
Israel; 2Goldschleger Eye Institute, Tel Aviv University, Tel Aviv, 
Israel.
Purpose: To objectively assess visual field (VF) defects and retinal 
cell function in healthy subjects and patients with retinal degeneration 
and glaucoma using a chromatic multifocal pupillometer.
Methods: Pupillary responses (PR) to red and blue light presented 
at 54 different locations of a 24-degree visual field (VF) were 
determined in 40 age-matched controls, 12 retinitis pigmentosa and 
12 glaucoma patients. Blue and red light stimuli (peak 485 nm and 
624 nm, respectively) were presented at light intensities of 170, 1000 
cd /m2, respectively. Fifteen parameters of the PR were evaluated 
including maximal percentage of pupil contraction (PPC), maximal 
velocity and acceleration of pupil contraction and dilation and their 
latencies. Patient’s PR were compared to their subjective VF testing 
(Humphrey 24-2) and spectral domain optical coherence tomography 
(SD-OCT) findings.
Results: Retinitis pigmentosa patients presented significantly 
diminished pupil response to blue and red light in areas that were 
abnormal by subjective perimetry. In these areas, PCP and maximal 
contraction velocity were lower than 3 standard errors away from 
the mean of controls. By contrast Glaucoma patients demonstrated 
significantly lower PCP and maximal velocity and acceleration of 
pupil contraction in responses to blue light throughout the visual field 
and longer latencies in areas that were abnormal by the Humphrey 
perimetry.
Conclusions: This study demonstrated the feasibility of using 
chromatic multifocal pupilloperimetry for identification of defects in 
visual pathways in different locations of the retina associated with 
VF defects due to retinal and optic nerve degeneration. Different 
parameters of PR to chromatic multifocal stimuli may clarify the 
pathophysiology of different neurodegeneration diseases.
Commercial Relationships: Ifat Sher-Rosenthal, Sheba Medical 
Center (P); Maya Gurevich, None; Ygal Rotenstreich, Sheba 
Medical Center (P), Accutome inc (F)
Support: Accutome research grant
Clinical Trial: NCT02014389

Program Number: 2880 Poster Board Number: B0483
Presentation Time: 8:30 AM–10:15 AM
Effect of Mobile Phone Distraction on Driving Performance in 
Patients with Glaucoma
Nara G. Ogata1, 2, Fabio Daga1, 3, Erwin R. Boer1, Remo Susanna2, 
Felipe Medeiros1. 1Visual Performance Laboratory, Department of 
Ophthalmology, University of California San Diego, La Jolla, CA; 
2Department of Ophthalmology, University of São Paulo, São Paulo, 
Brazil; 3Department of Ophthalmology, Federal University of São 
Paulo, São Paulo, Brazil.
Purpose: Conversing on mobile phones while driving is a common 
practice, however, it may lead to distraction and motor vehicle 
crashes. Mobile phone use while driving can lead to decrease in 
the so-called functional field of view (FOV) along with a decrease 
in the ability to divide attention. We hypothesized that due to an 
already compromised peripheral FOV, subjects with glaucoma would 
have worse driving performance while talking on a mobile phone 
compared to healthy subjects.
Methods: This cross-sectional study involved 11 patients with 
glaucomatous visual field loss and 8 control subjects. All subjects 
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underwent high-fidelity driving simulation using a full-size Ford 
Fusion cab equipped with realistic force feedback steering and 
motion platform (Figure 1). The driving task consisted of staying in 
a lane on a winding road with the driver only having to operate the 
steering wheel. Participants were required to complete the driving 
task under two conditions: with and without mobile phone use. The 
mobile phone task consisted of listening to a 5-word sentence every 
10 seconds, after which the driver was asked whether the sentence 
made sense or not, besides being required to report the last word. 
Driving performance metrics were calculated and ability to divide 
attention was assessed by measuring reaction times (RT) to peripheral 
visual stimuli presented during simulated driving (Figure 2), with 
longer RTs indicating worse performance. Due to considerable 
skewedness, a log transformation was applied to RTs.
Results: Subjects with glaucoma presented significantly longer 
RTs when compared to controls during mobile phone conversation 
while driving (0.20 ±0.13 vs. 0.06±0.15 log s; P=0.03). There was 
no difference in RT’s between glaucoma patients and controls in 
the task without mobile phone use (0.02±0.15 vs. -0.10±0.12 log s, 
respectively; P=0.08). Response to inquiries regarding conversation 
content did not differ between glaucoma subjects and controls (91.7% 
vs. 95.5%, respectively; P=0.06).
Conclusions: Mobile phone use while driving resulted in worse 
decrement in driving performance in glaucomatous compared to 
control subjects. Restrictions of mobile phone use while driving 
should probably be stricter for subjects with evidence of visual 
function loss from glaucoma.

Full cab realistic driving simulator used in the experiment.

Screen pictures showing the peripheral stimulus (A), and changes on 
it (B and C).
Commercial Relationships: Nara G. Ogata; Fabio Daga, None; 
Erwin R. Boer, None; Remo Susanna, Mundipharma (C), Alcon 
Laboratories Inc (C), Allergan Inc (C); Felipe Medeiros, Topcon Inc 
(F), Allergan Inc (F), Heidelberg Engineering Inc (F), Sensimed (F), 
Reichert Inc (R), National Eye Institute (F), Alcon Laboratories Inc 
(F), Merck Inc. (F), Allergan Inc (C), Bausch & Lomb (F), Novartis 
(C), Carl Zeiss Meditec Inc (C), Carl Zeiss Meditec Inc (F), Reichert 
Inc (F), Alcon Laboratories Inc (R), Carl Zeiss Meditec Inc (R), 
Allergan Inc (R)
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Presentation Time: 8:30 AM–10:15 AM
The Macula Progression Study (MAPS): Short-term variability 
of 10-2 visual fields for the detection of progression of central 
functional loss in glaucoma
Jeremy Reimann1, C Gustavo De Moraes1, Jeffrey M. Liebmann1, 
Lam Lu1, George A. Cioffi1, Lama Al-Aswad1, Dana Blumberg1, 
Robert Ritch2, Donald Hood3. 1Bernard and Shirlee Brown 
Glaucoma Research Laboratory, Department of Ophthalmology, 
Columbia University Medical Center, New York, NY; 2Einhorn 
Clinical Research Center, Department of Ophthalmology, NY, NY; 
3Department of Psychology, Columbia University, New York, NY.
Purpose: 24-2 standard automated perimetry (SAP), with aid of 
computerized statistical softwares, is generally recommended for 
measuring progression in eyes with glaucomatous visual field (VF) 
loss.1 However, compelling evidence show that 24-2 VFs can miss 
damage seen on 10-2 tests.2 Despite growing interest in incorporating 
10-2 tests in glaucoma practice, there is currently no commercially-
available software for detecting progression with 10-2 VFs. To 
address this issue, herewith we describe a database based upon short-
term variability of 10-2 metrics as a basis for detection of central field 
progression using event analysis.
Methods: We analyzed 56 patients (56 eyes) with established 
glaucoma and 24-2 MD >-6 dB from an ongoing prospective, 
longitudinal study. All participants had 10-2 VF tests (Carl Zeiss 
Meditec, Inc.) on the same day, which were repeated at 3±1 week 
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intervals at least 4 times. We calculated the measures of center and 
dispersion of global (MD and PSD) and pointwise metrics from the 
10-2 report. These measures were plotted to assess the relationship 
between severity and short-term variability.
Results: The mean (±SD) of the mean of 10-2 MD and PSD values 
were -1.52±1.9 dB and 2.42±2.1, respectively. The figures depict 
the relationship between 10-2 MD severity and its variability (based 
upon 10th and 90th percentiles of the data and the predicted 95% CI). 
The same analysis was performed for each of the 68 test locations’ 
threshold sensitivity, total deviation, and pattern deviation values. A 
similar pattern of increase in variability as a function of severity was 
observed.
Conclusions: We defined global and pointwise limits of short-term 
variability of 10-2 VF metrics which can be used to define 10-2 
progression using an event-based approach.
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