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A Novel Index to Define the Rate of Visual Field Change in 
Glaucoma
lilian mohamed, Esteban Morales, Nucharee Parivisutt, 
Pradtana Hirunpatravong, Reza Alizadeh, Fei Yu, Abdelmonem Afifi, 
Kouros Nouri-Mahdavi, Joseph Caprioli. glaucoma, jules stein eye 
institute, Los angeles, CA.
Purpose: To present a novel method (Progression Index) to measure 
the rate of glaucomatous VF progression on a normalized scale, and 
throughout the entire perimetric range.
Methods: In this retrospective, longitudinal, observational study, 
8,486 eyes of 4,610 glaucomatous patients with a minimum of 
6 visual fields (VF) and 3 years of follow up were included. To 
reduce noise, all threshold values in a series for a test location with 
Cook’s distance >1 or Studentized residuals >3 were removed. VF 
locations were partitioned into “decay exponential” or “improvement 
exponential” models, depending on the a prior linear trend. The 
Standardized Percentage Rate of Change (SPRoC) for each location 
was calculated. Criteria for statistically and clinically significant 
change at each location required the slope to be 1) beyond the 95% 
confidence interval, and 2) > three times the normal aging rate. A 
normalized Progression Index (PI) was calculated for each eye based 
on the sum of the SPRoC for decaying and improving locations with 
boundaries for maximum and minimum rates set by simulated VF 
series. The PI was normalized from -1 to 1 where -1 is fastest decay, 
0 is no change, and 1 is fastest improvement. Eyes with PI scores of 
< −0.03 were categorized as progressors and those with PI < −0.14 
were considered fast progressors; these values were based on an ROC 
curve from a separate VF database of expert evaluations of serial 
VFs.
Results: The total number of VF exams was 89,704 with 425,039 test 
locations. A total of 2.8% of locations were removed. The proportion 
of decay, no change, and improvement for individual locations were 
5.6%, 93.7%, and 0.7%, respectively. The mean SPRoC for the decay, 
no change, and improvement test locations were −5.0 (±5.6) %/year, 
and −0.6 (±2.5) %/year, and 4.5 (±3.7) %/year, respectively. These 
rates refer to the % of the entire perimetric range lost per year. A 
total of 1,801 (21.2%) eyes were categorized as progressors and 453 
(5.3%) were categorized as fast progressors.
Conclusions: This method provides a normalized index for 
approximating the rates of worsening (or improvement) of serial 
perimetric measurements in glaucomatous eyes. The PI is designed to 
represent statistically and clinically significant change, operates over 
the entire perimetric range, and can be used to identify those patients 
who are fast progressors.
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Threshold visual field assessment using eye-tracking perimetry 
compared to standard automated perimetry in glaucoma
Andrew J. Tatham1, Ian Murray1, Antonios Perperidis2, 
Lorraine Cameron2, Alice McTrusty2, Harry Brash1, Brian Fleck1, 
Robert Minns1. 1University of Edinburgh, Edinburgh, United 
Kingdom; 2Glasgow Caledonian University, Glasgow, United 
Kingdom.
Purpose: To evaluate a new eye-tracking perimeter for threshold 
visual field assessment in glaucoma, the Saccadic Vector Optokinetic 
Perimeter (SVOP), and compare results to standard automated 
perimetry (SAP).
Methods: A cross-sectional study including 36 patients (70 eyes) 
with glaucoma and 27 controls (54 eyes) recruited at University of 
Edinburgh, Scotland. All subjects performed SAP and threshold 
SVOP, with the order randomized. SVOP consists of a computer, 
display screen and eye tracker, which assesses gaze responses to 
stimuli presented on the screen. Unlike SAP, the patient is not 
required to press a response button. Instead a computer algorithm was 
developed to determine if stimuli are perceived based on direction 
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and amplitude of the gaze response. The test pattern used was 
equivalent to SAP 24-2 and stimuli were presented at Goldmann size 
III. The size and position of the stimuli were automatically adjusted 
to compensate for changes in patient’s position during testing 
meaning there was no requirement for a chin rest. Stimuli luminance 
levels corresponded to 14-40 dB. Average and point-wise sensitivity 
values obtained from both tests were compared using Pearson’s 
correlation coefficient.
Results: Of 124 test pairs, 5 were excluded due to poor quality eye 
tracking and 10 due to poor reliability or artifact on SAP leaving 109 
test pairs for analysis. There was excellent agreement between mean 
threshold values obtained using SVOP and SAP (r = 0.95, P<0.001) 
(Figure 1). Excluding the blind spot, correlation between SVOP and 
SAP individual test point sensitivity ranged from 0.61 to 0.90, with 
48 of 54 test points > 0.70. Overall SVOP showed good repeatability 
with a Pearson correlation of 0.88. The repeatability on a point-by-
point basis ranged from 0.66 to 0.98, with 45 of 54 points (83.3%) > 
0.80. Repeatability of SAP was 0.87 ranging from 0.69 to 0.96, with 
47 of 54 (87.0%) points > 0.80.
Conclusions: We have demonstrated an alternative method of 
measuring threshold visual fields that is repeatable and compares 
well with SAP. The technique has advantages over SAP as it does not 
require the patient to maintain fixation on a single spot, to keep their 
chin on a rest, or press a button to register a response. Eye-tracking 
perimetry could have utility for evaluating glaucoma, particularly in 
patients who struggle with conventional automated perimetry.
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Utilizing a Commercially Available Virtual Reality Device to 
Detect Visual Field Defects in Glaucoma and Glaucoma Suspect 
Patients
Jared T. Sokol1, Darin T. Rosen1, Henry Litt2, Justin Hellman3, 1, 
Lilli Farrokh-Siar4, Susan Ksiazek4. 1University of Chicago Pritzker 
School of Medicine, Chicago, IL; 2University of Chicago, Chicago, 
IL; 3Department of Ophthalmology and Vision Sciences, UC Davis 
Medical Center, Sacramento, CA; 4Department of Ophthalmology 
and Visual Science, University of Chicago, Chicago, IL.
Purpose: Visual field testing is a common method for assessing 
peripheral vision in conditions such as glaucoma, stroke, pituitary 
disease, and brain tumors. There is an unmet need for an accurate 
visual field test that is portable, less expensive than current 
commercially available testing devices, and that could be used for 
glaucoma screening. Therefore, we developed and tested the efficacy 
of SimField, an inexpensive visual field test that utilizes a consumer 
virtual reality headset (Oculus Rift), in glaucoma and glaucoma 
suspect patients.
Methods: We developed a software program (SimField) that uses 
the Oculus Rift Development Kit 2 (DK2) headset to measure visual 
fields, utilizing a laptop computer for data collection. Based on 
interpretation of SimField results by two glaucoma specialists and 
one general ophthalmologist, we developed an algorithm to generate 
either a positive (abnormal visual field) or negative screening test 
result. The results of the SimField algorithm were compared to the 
corresponding gold-standard Humphrey Visual Field Analyzer (HFA) 
tests to determine sensitivity and specificity. Patients with diagnosed 
or suspected glaucoma, that had previously undergone HFA exams, 
were recruited from the University of Chicago Department of 
Ophthalmology and Visual Science.
Results: SimField visual field testing was performed successfully 
on 19 of 20 patients (mean age 70.9) who had previous reliable 
performance (false positives (FP)<15%, F negatives (FN) <15%, 
fixation loss (FL) <15%, and difference in mean deviation<1) on 
two 24-2 SITA standard HFA exams, the most recent of which was 
within 6 months. SimField testing was performed on 24 eyes, of 
which 19 had abnormal and 5 had normal previous HFA exams. The 
SimField exam measured threshold values at the same 54 points as 
the 24-2 SITA standard software and calculated the FP, FN, and FL. 
The sensitivity of SimField detection of abnormal visual fields was 
94.7% and the specificity was 80%. The mean test performance FP 
rate was 11.3%, the mean FN rate was 1.5%, and the mean FL rate 
was 37.8%. Refinement of the technique used in testing of the last ten 
eyes decreased mean FL to 20.1%.
Conclusions: SimField appears to be an effective, inexpensive test 
for identifying glaucomatous visual field loss and can be easily 
performed with a laptop computer and a cost-effective virtual reality 
headset.
Commercial Relationships: Jared T. Sokol; Darin T. Rosen, None; 
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Virtual reality (VR) for measurement of visual disability in 
glaucoma patients
Christopher K. Leung, Alexander Lam, Elaine To. 3/F, University Eye 
Center, The Chinese University of Hong Kong, Hong Kong, Hong 
Kong.
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Purpose: While visual field (VF) examination is crucial in the 
evaluation of glaucoma, translating VF results to visual disability 
experienced by patients has been difficult. There is no clinical test 
that can integrate different components of vision for measurement 
of visual disability experienced by patients relevant to their daily 
activities. This study investigated the application of VR simulation 
for measurement of visual disability in glaucoma patients.
Methods: We designed and developed VR environments using 
Unity (Unity Technologies, CA) and Oculus Rift (Oculus VR, 
CA) simulating common daily tasks including (1) navigating in a 
street; (2) walking up/down flights of stairs; and (3) locating objects 
from a supermarket rack for evaluation of visual performance in 
glaucoma patients (Fig.1). Tasks (1) and (2) were performed in 
simulated daylight and nightlight conditions (Fig.2). VR simulation, 
NEI VFQ-25, and perimetry were performed in the same visit. 
Associations between visual performance (measured as the time 
required to complete a simulation and no. of collisions/errors made 
in a simulation) and VFQ-25 score/binocular VF sensitivity were 
evaluated with univariable and multivariable regression analyses.
Results: The mean age and VF MD of the 41 glaucoma patients 
(VA ≥20/40 for both eyes) were 50.0±9.8 years (26 to 68 years) 
and -15.8±7.5 dB (-2.33 to -32.81 dB), respectively. Time required 
to complete tasks (1) and (2) was significantly longer and the no. 
of collisions was significantly greater in simulated nightlight than 
daylight environments (p<0.001). Time required for task completion 
and no. of collisions were associated with binocular VF sensitivity 
and VFQ-25 score in all simulated nightlight conditions for tasks (1) 
and (2) (R2 range: 0.19-0.38; p≤0.004). Time required to complete 
task 3 was also associated with binocular VF sensitivity (R2=0.29, 
p<0.001) and VFQ-25 score (R2= 0.37, p<0.001). Binocular VF 
sensitivity and age explained up to 51% of visual performance 
measured in the VR environments (R2=0.51, p<0.001).
Conclusions: VR can provide a new paradigm to quantify and 
monitor visual performance/visual disability, which would empower 
clinicians to better understand from a patient’s perspective how 
visual impairment impacts activities of daily living and prescribe 
appropriate treatment and visual aids to improve patients’ quality of 
life.

Simulation of 3 daily tasks
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Simulation in day and at night
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Detecting Preperimetric Glaucoma with the nGoggle, a Portable 
Brain-Computer Interface for Assessing Neural Damage
Masaki Nakanishi1, 2, Yu-Te Wang2, Fabio B. Daga1, Tzyy-Ping Jung2, 
John Zao3, Nara G. Ogata1, Felipe Medeiros1. 1Visual Performance 
Laboratory, University of California San Diego, La Jolla, CA; 
2Swartz Center for Computational Neuroscience, University of 
California San Diego, La Jolla, CA; 3Department of Computer 
Science, National Chiao Tung University, Hsinchu, Taiwan.
Purpose: This study investigated the feasibility and efficacy of the 
nGoggle (nGoggle, Inc., San Diego, CA.), which is a portable brain-
computer interface for objective assessment of visual function loss, 
to diagnose functional damages in eyes with preperimetric glaucoma 
(PPG).
Methods: We included 30 eyes of 20 patients with PPG and 18 eyes 
of 11 healthy patients tested with the nGoggle, standard automated 
perimetry (SAP SITA 24-2) and spectral domain optical coherence 
tomography (SDOCT) within 3 months. Eyes with PPG had evidence 
of glaucomatous optic neuropathy on optic disc stereophotographs 
but normal visual field results on SAP. The nGoggle is a portable 
device that integrates wearable, wireless, dry electroencephalogram 
systems and a head-mounted display, allowing detection of multifocal 

steady-state visual evoked potentials (mfSSVEP) associated with 
visual field stimulation. Visual stimuli eliciting mfSSVEPs in 20 
sectors over the 35° field of vision were presented on the nGoggle’s 
display. The metrics of mfSSVEPs for all sectors were computed 
by canonical correlation analysis (CCA). A global CCA metric was 
calculated as the average of values for each sector. Receiver operating 
characteristic (ROC) curves were used to compare diagnostic 
accuracy.
Results: Mean age was 68.7±10.3 years in PPG group and 65.1±10.5 
years in control group (P=0.363). As expected, there were no 
significant differences in SAP 24-2 MD (-0.1±1.4 dB vs. 0.6±1.2 dB; 
P=0.092) and PSD (1.6±0.3 dB vs. 1.5±0.2 dB; P=0.481) between 
groups. There was a significant difference in SDOCT average retinal 
nerve fiber layer (RNFL) thickness between groups (81.7±11.4 μm 
vs. 98.4±10.5 μm; P<0.001). The nGoggle mfSSVEP parameter 
also showed a statistically significant difference between groups 
(0.291±0.021 vs. 0.334±0.028; P<0.001). The area under the ROC 
curve (AUC) for the nGoggle summary parameter was 0.896  
(95% CI: 0.801-0.984), which was comparable to the AUC of 0.879 
(95% CI: 0.785-0.972) found for SDOCT average RFNL thickness 
(P=0.800).
Conclusions: The nGoggle was able to discriminate eyes with PPG 
from healthy eyes, with a performance comparable to SDOCT, 
suggesting it is capable of early detection of glaucoma damage.

A subject with the nGoggle.
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Receiver operating characteristic curves for nGoggle summary 
parameter and spectral domain optical coherence tomography 
(SDOCT) retinal nerve fiber layer (RNFL) thickness.
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Meditec Inc. (R), Merck Inc. (F), Carl Zeiss Meditec Inc. (C), Bausch 
& Lomb (F), nGoggle Inc. (I), Heidelberg Engineering Inc. (F), 
Novartis (C), Topcon Inc. (F), Alcon Laboratories Inc. (R), Allergan 
Inc. (R), Allergan Inc. (C)
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Comparison between the nGoggle and Optical Coherence 
Tomography for Detecting Glaucoma
Fabio B. Daga1, 2, Masaki Nakanishi1, 3, Yu-Te Wang3,  
Tzyy-Ping Jung3, John Zao4, Nara G. Ogata1, Ivan M. Tavares2, 
Felipe Medeiros1. 1Visual Performance Laboratory, University 
of California San Diego, La Jolla, CA; 2Ophthalmology, Federal 
University of São Paulo, São Paulo, Brazil; 3Swartz Center for 
Computational Neuroscience, University of California San Diego, 
San Diego, CA; 4Department of Computer Science, National  
Chiao-Tung University, Hsînchu, Taiwan.
Purpose: The nGoggle (nGoggle, Inc., San Diego, CA) is a portable 
device capable of objectively assessing visual function loss through 
the assessment of multifocal steady-state visual evoked potentials 
(mfSSVEP) associated with visual field stimulation (Figure 1). In a 
previous study, the nGoggle has been shown to be able to identify 
functional losses in eyes with glaucomatous visual field defects 
on standard automated perimetry (SAP). In this study we further 
investigate the ability of the nGoggle in detecting glaucomatous 
damage, by comparing its diagnostic accuracy to that of RNFL 
thickness measurements obtained with Spectral-Domain Optical 
Coherence Tomography (SDOCT).
Methods: 80 eyes of 42 glaucomatous patients and 33 eyes of 
18 healthy controls were included. Glaucoma was diagnosed 
based on masked grading of optic disc stereophotographs. The 
nGoggle is a portable device that integrates wearable, wireless, dry 
electroencephalogram and electrooculogram systems, and a head-
mounted display (HMD). Visual stimuli eliciting mfSSVEP signals 
in 20 sectors over the field of vision were presented on the nGoggle’s 
cell phone-based HMD. The area under the receiver operating 

characteristic curve (AUC) was used to compare the diagnostic 
accuracies of the different parameters investigated in the study.
Results: Average SAP MD was -4.2 ± 6.3 dB in glaucoma eyes 
vs. -0.9 ± 2.8 dB in controls (P = 0.002). Average RNFL thickness 
measurements were thinner in glaucoma compared to healthy eyes 
(74.0 ± 15.4 μm vs. 93.2 ± 12.3 μm, respectively; P < 0.001). The 
global nGoggle mfSSVEP parameter also showed a significant 
difference between glaucoma and healthy eyes (0.294 ± 0.021 vs. 
0.335 ± 0.028, P < 0.001). The nGoggle global parameter had AUC 
of 0.879 (95% CI: 0.817 – 0.941), which was comparable to the AUC 
for SDOCT RNFL (0.831; 95% CI: 0.753 – 0.908; P = 0.340) (Figure 
2). The nGoggle performed better than SAP MD (AUC = 0.684; P = 
0.002) and Pattern Standard Deviation (AUC = 0.667; P < 0.001).
Conclusions: The nGoggle, a portable and objective device for 
assessment of functional loss, performed better than SAP and had 
diagnostic accuracy comparable to OCT for detecting glaucomatous 
damage.

The nGoggle

Receiver operating characteristic curves for the nGoggle global 
parameter, SDOCT average retinal nerve fiber layer (RNFL) 
thickness, and Pattern Standard Deviation (PSD)
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Accelerometer-assessed physical activity and its association with 
progression of visual field loss in glaucoma
Moon Jeong Lee1, Jiangxia Wang2, David S. Friedman1, 
Michael V. Boland1, C Gustavo De Moraes3, Pradeep Ramulu1. 
1Wilmer Eye Institute, Johns Hopkins School of Medicine, Baltimore, 
MD; 2Biostatistics Center, Johns Hopkins Bloomberg School of 
Public Health, Baltimore, MD; 3Department of Ophathalmology, 
Columbia University Medical Center, New York, NY.
Purpose: Cross-sectional studies have demonstrated lower levels of 
physical activity (PA) in persons with greater visual field (VF) loss, 
and that PA can protect against optic nerve damage in animal models 
of glaucoma. Here, we examined the association between PA levels 
and the rate of VF loss in a cohort of glaucoma patients under clinical 
care.
Methods: PA was determined using accelerometers worn over 
1 week in 141 adults with glaucoma or suspect glaucoma. The 
primary activity measure was daily steps. VF data were collected 
within 5 years of PA assessment (prior or after). Linear mixed 
effects regression models modeled sensitivity over time at each 
VF test location, accounting for correlation between eyes of the 
same patient, hemifields of the same VF, points within the same 
hemifield, and repeated measures of the same point. Covariates and 
interactions between covariates and time (capturing rates of change) 
were incorporated given their established importance to disease 
progression.

Results: Mean age was 64.9 years at the time of activity assessment 
and 43% of subjects were male. In multivariate models, each 
increment of 1000 steps was associated with a 0.41 dB increase in 
sensitivity (p=0.048). Caucasian race and superior VF region were 
also associated with greater sensitivity (p<0.001). Overall, visual 
threshold sensitivities decreased by 0.24 dB/year (p=0.066). More 
steps were associated with a slower rate of sensitivity loss over time 
(+0.006 dB/year per 1000 steps, p<0.001). Factors associated with a 
faster rate of decline in sensitivity included glaucoma surgery  
(b=-0.14 dB/year, p<0.001), cataract surgery (b=-0.04 dB/year, 
p=0.001), age (b=-0.001 dB/year, p=0.04), non-Caucasian race  
(b=-0.11 dB/year, p<0.001) and worse baseline severity  
(b=-0.07 dB/year for patients with baseline MD between -6~-12 dB 
vs. those with MD>-6, p<0.001). VF hemifield and IOP were not 
significantly associated with rate of progression (p>0.05). Similar 
results were observed when rates of change were assessed over time 
periods more proximate to the PA assessment.
Conclusions: Increased PA was associated with a slower rate of 
glaucoma-related VF loss in a treated clinic-based population. 
Controlled studies are needed to prospectively investigate the 
effect of PA on VF loss in glaucoma, and to determine if lifestyle 
modifications (i.e. interventions to increase PA) can slow the rate of 
VF loss in glaucoma.
Commercial Relationships: Moon Jeong Lee, None; 
Jiangxia Wang, None; David S. Friedman, None; 
Michael V. Boland, None; C Gustavo De Moraes, None; 
Pradeep Ramulu, None


