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Objective Assessment of the Contrast Sensitivity Function using 
the nGoggle
Yute Wang1, 2, Masaki Nakanishi1, 2, Fabio B. Daga1, Nara G. Ogata1, 
John Zao3, Tzyy-Ping Jung2, Felipe Medeiros1. 1Visual Performance 
Laboratory, University of California San Diego, La Joll, CA; 2Swartz 
Center for Computational Neuroscience, University of California 
San Diego, La Jolla, CA; 3Computer Science, National Chiao Tung 
University, Hsinchu, Taiwan.
Purpose: Contrast sensitivity is one of the most important visual 
function measures, being strongly related to the ability to perform 
many daily tasks. Assessment of the contrast sensitivity function, 
however, is generally a subjective and cumbersome task. The 
nGoggle (nGoggle, Inc., San Diego-CA) is a portable brain-computer 
interface for objective assessment of visual function loss, which 
is able to successfully detect visual field loss in glaucoma. In the 
present study, we implemented modifications in the nGoggle visual 
function testing protocol and investigated its ability to objectively 
quantify the contrast sensitivity function.
Methods: This study included 16 eyes of 8 patients. Patients were 
tested with contrast sensitivity assessments using the nGoggle and 
the Pelli-Robson chart (Precision Vision, La Salle, IL). The nGoggle 
integrates wearable, wireless, dry electroencephalogram systems and 
a head-mounted display (HMD), allowing detection of steady-state 
visual evoked potentials (SSVEP) corresponding to pattern reversal 
visual stimuli. The visual stimulus presented on the nGoggle’s 
display consisted of Gabor patches flickering at 10 Hz with sweeping 
contrasts from low to high (0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0, 
and 96%) and five spatial frequencies (0.5, 1.0, 2.0, 4.0, and 8.0 
cycles/degree). SSVEPs amplitudes were computed by discrete 
Fourier transform under all conditions. The relationship between the 
amplitude of SSVEPs and the results of Pelli-Robson chart for each 
eye was investigated using a linear regression model.
Results: Mean age of patients was 59.9 ± 20.5 years. Pelli-Robson 
chart mean contrast sensitivity was 1.49 ± 0.18 log units. The 
nGoggle mean SSVEP amplitude was 0.38 ± 0.11µV. The amplitude 
of SSVEPs at a contrast level of 16.0% and spatial frequency of 
2.0 cycles/degree was strongly associated with contrast sensitivity 
measured by the Pelli-Robson chart (R2=65.6%; P<0.001).
Conclusions: The nGoggle was able to objectively assess contrast 
sensitivity and its measurements were strongly associated with 
conventional metrics. The portability and objectivity of the nGoggle 
may facilitate measurement of the contrast sensitivity function in 
practice.

A subject with the nGoggle.

Relationship between steady-state visual evoked potential (SSVEP) 
amplitude at contrast level of 16.0% and spatial frequency of 2.0 
cycle/degree, and contrast sensitivity measured by Pelli-Robson chart 
for each eye.
Commercial Relationships: Yute Wang; Masaki Nakanishi, None; 
Fabio B. Daga, None; Nara G. Ogata, None; John Zao, nGoggle 
(I); Tzyy-Ping Jung, nGoggle (I); Felipe Medeiros, Allergan, Inc 
(R), Reichert, Inc (F), Sensimed (F), Alcon Laboratories Inc. (F), 
Bausch & Lomb (I), National Eye Institute (F), Allergan, Inc (C), 
Carl Zeiss Meditec, Inc (C), Carl Zeiss Meditec, Inc (R), Novartis 
(C), Heidelberg Engineering, Inc (F), Reichert, Inc (R), Alcon 
Laboratories Inc. (R), nGoggle (I), Topcon, Inc (F), Carl Zeiss 
Meditec, Inc (F), Allergan, Inc (F), Merck, Inc. (F)
Support: National Institutes of Health/National Eye Institute grants 
EY025056 (FAM), EY021818 (F.A.M).
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Two Novel Electrophysiological Diagnostic Tests for Detection 
of Reversal of Retinal Ganglion Cell Dysfunction in Ocular 
Hypertension Patients
Dilru Amarasekera2, ARTHUR RESENDE1, Michael Waisbourd1, 
Lisa A. Hark1, L. Jay Katz1, Anand V. Mantravadi1. 1Glaucoma 
Research, Wills Eye Hospital, Exton, PA; 2Sidney Kimmel Medical 
College, Philadelphia, PA.
Purpose: Retinal ganglion cell (RGC) dysfunction is one of the 
earliest signs of glaucoma. Though structural and functional changes 
in the optic nerve have been noted following intraocular pressure 
(IOP)-lowering therapy, few studies have confirmed reversal of RGC 
dysfunction. We aimed to determine whether two electrophysiological 
tests, steady-state pattern electroretinogram (ss-PERG) (Diopsys Inc., 
Pine Brook, NJ) and short duration transient visual evoked potentials 
(SD-tVEP) (Diopsys Inc., Pine Brook, NJ), could be used to detect 
reversal of RGC dysfunction after IOP reduction in participants with 
ocular hypertension (OHTN).
Methods: Participants with OHTN (IOP>22 mmHg, normal optic 
discs and visual fields) underwent ss-PERG and SD-tVEP testing at 
baseline and again 3 hours after administration of bimatoprost and 
brimonidine. Two ss-PERG stimuli, 64-bar size and 32-bar size, both 
with low contrast (Lc) and high contrast (Hc) settings were used. 
Parameters compared before and after treatment were MagnitudeD, 
MagnitudeD/Magnitude, and the signal-to-noise ratio (SNR). Two 
SD-tVEP stimuli, 32x32 checkerboard spatial frequency with Lc and 
Hc settings, were used to compare signal amplitude and latency at 
baseline and 3 hours after treatment.
Results: Ten participants (18 eyes) with OHTN were tested before 
and after receiving IOP-lowering medications. Mean IOP was 
reduced from 23.8 mmHg to 17.6 mmHg following treatment 
(P<0.001). The SD-tVEP signal amplitude was found to be 
significantly higher in participants 3 hours post-treatment when 
using a 32x32 spatial frequency Lc stimulus (P=0.016). No other 
parameters were found to be significantly different when compared 
before and after IOP-lowering intervention.
Conclusions: The novel SD-tVEP test (32x32 spatial frequency Lc) 
detected reversible functional changes in participants with OHTN 
shortly after receiving IOP-lowering therapy. Further study is needed 
to investigate whether electrophysiological tests have a potential role 
in identifying participants with OHTN who may benefit from IOP-
lowering therapy.
Commercial Relationships: Dilru Amarasekera; 
ARTHUR RESENDE, None; Michael Waisbourd, None; 
Lisa A. Hark, None; L. Jay Katz, None;  
Anand V. Mantravadi, None
Support: Diopsys Grant 11-125E

Program Number: 5845 Poster Board Number: B0397
Presentation Time: 11:30 AM–1:15 PM
Applications of Isolated-check Visual Evoked Potential in Early 
-Stage of Open-angle Glaucoma Patients
Xiang Fan, Lingling Wu. Department of Ophthalmology, Peking 
University Third Hospital, Beijing, China.
Purpose: To determine whether isolated-check visual evoked 
potential (icVEP) could detect visual function abnormalities in early-
stage of open-angle glaucoma (OAG), and to explore the potentials 
and relating factors of diagnosing by icVEP.
Methods: Forty-four OAG patients with early-stage of visual field 
loss detected by standard automated perimetry (Humphrey Field 
Analyzer, 30-2 SITA program) and twenty-six control observers were 
included in a cross sectional study. Low-contrast bright isolated-

checks were luminace-modulated against a static background 
at 10 Hz in order to drive preferentially the magnocellular ON 
pathway. Visual evoked potentials were recorded during 1-s epochs 
of stimulation and responses at the stimulus frequency were 
measured. Artifact rejection features ensured that eight valid runs 
were obtained per eye. Optical coherence tomography (Spectralis 
SD-OCT, Heidelberg Engineering, Heidelberg, Germany) was used 
to detect and confirm retinal nerve fiber layer (RNFL) defects for 
OAG patients. Signal-to-noise ratios (SNR) were derived based on a 
multivariate statistic. Eyes that yielded an SNR≤1 were considered 
as abnormal. Receiver-operating-characteristic (ROC) curve 
analysis was used to estimate the accuracy of group classification. 
Correlations between SNR and relating factors were analyzed.
Results: By SNR criterion of 1, icVEP had the sensitivity of 68% and 
the specificity of 95% for diagnosing early-stage of OAG with 81% 
of classification accuracy. However, ROC curve analysis implied 
that SNR criterion of 0.93 could reach the sensitivity of 66% and 
the specificity of 100%, which produced the highest classification 
accuracy (82%). Thickness changing of RNFL in the temporal 
superior quadrant on OCT showed significant correlated with 
SNR (p<0.05, r=0.370). Amount of abnormal test points in central 
11°visual field (pattern deviation, P<0.5%) was significantly negative 
correlated with SNR (p<0.05, r=-0.332).
Conclusions: The icVEP could detect glaucomatous visual function 
abnormalities in about 70% of eyes with early-stage OAG with 
specificity about 95%. The severity of SNR correlated with both the 
the decreases of RNFL thickness detected by OCT and severity of 
central 11°visual field loss to some extent. Above results suggested 
the icVEP could be a potential objective visual function test for early 
glaucoma.
Commercial Relationships: Xiang Fan, None; Lingling Wu, None

Program Number: 5846 Poster Board Number: B0398
Presentation Time: 11:30 AM–1:15 PM
Inverse Relationship between Hc & Lc VEP Latency in Paired 
Glaucomatous Eyes
Susan L. Johnson1, William E. Sponsel1, Rick Trevino1, 
Carolyn Majcher1, Matthew A. Reilly2. 1Rosenberg School of 
Optometry, University of the Incarnate Word, San Antonio, TX; 
2Biomedical Engineering, The Ohio State University, Columbus, OH.
Purpose: Glaucomatous eyes show higher tendency for delayed 
visual evoked potential (VEP) latency than normals. We reaffirmed 
this among our clinical pop. and have then observed that an 
unexpectedly high proportion of patients show high contrast(Hc) 
latency delay in 1 eye & low contrast(Lc) delay in the fellow 
eye (Fig 1). In order to ascertain whether a potentially bilaterally 
compensatory tendency is significantly prevalent among our clinical 
pop., we evaluated all subjects who exhibited only 1 latency defect 
per eye to determine the proportion showing the same deficiency (Hc 
or Lc) in both eyes vs. those having 1 eye with normal Hc latency & 
the other with normal Lc latency.
Methods: Diopsys® NOVA-LX system was used to measure VEP 
Hc & Lc latency in 440 adult glaucoma patients/suspects, of whom 
32(20F, 12M, mean age=55.6) showed only 1 significant Hc or Lc 
latency defect in each eye. Exclusion criteria included eyes with any 
other ocular disease, TBI, unexplained visual loss, demyelinating 
conditions & neuropathies. The confidence interval m-E≤m≤m+E 
was computed iteratively to est. the corr. Z value using E=Z/(2√n), 
where n=# of patients. Hc were plotted against Lc latency values 
for all 64 eyes to determine whether a significant inverse correlation 
existed for these values among 32 subjects.
Results: With the 64 paired eyes, 32 had mild, 15 moderate & 17 
severe glaucoma using standard perimetric scoring criteria, and for 
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all 64 eyes VEP amplitude values were normal. All VEP latency 
measurements had a reliability ≥70%. There was no preference 
for VEP latency at either contrast level between OS & OD. 24 
of the 32 patients had delayed Lc latency in 1 eye & delayed Hc 
latency in the other, while only 8 had delayed latencies for the 
same contrast category in both eyes. This corresponds to about 
99.5% confidence(p=0.005) that this difference is not due to 
chance predicted by the H0(r=0.5). A strong inverse correlation 
(P=0.0000003) was observed between the Hc & Lc latency values 
among the 64 paired eyes(Fig 2).
Conclusions: These findings extend our earlier observations on CNS 
control of binocular neural function in bilateral glaucoma based on 
visual field refined data analysis(TVST 2014-15). It appears when 
both magno & parvocellular function cannot be fully supported by 
either eye, 1 eye will tend to favor 1 function while the fellow eye 
favor the other. Such complementarity could not exist in functionally 
independent eyes.

Commercial Relationships: Susan L. Johnson, None; 
William E. Sponsel, Diopsys (C); Rick Trevino, None; 
Carolyn Majcher, None; Matthew A. Reilly, None

Program Number: 5847 Poster Board Number: B0399
Presentation Time: 11:30 AM–1:15 PM
Binocular inverse correlation of low- vs. high-contrast VEP 
latency in glaucoma shows association with pericentral vs. 
midperipheral visual field loss
Sylvia L. Groth1, William E. Sponsel3, 4, Matthew A. Reilly2, 
Susan L. Johnson3, Rick Trevino3, Carolyn Majcher3. 
1Ophthalmology, University of North Carolina, Chapel Hill, Chapel 
Hill, NC; 2Biomedical Engineering, Ohio State University, Columbus, 
OH; 3Rosenberg School of Optometry, University of the Incarnate 
Word, San Antonio, TX; 4Biomedical Engineering, University of 
Texas, San Antonio, San Antonio, TX.

Purpose: Our previous work affirmed that in glaucoma paired eyes 
and brain work together to maximize the binocular field, avoiding 
overlapping areas of visual loss (the Jigsaw Effect; TVST 2013,14). 
We also observed that among glaucomatous eyes with either 
high(85%; Hc) or low(15%; Lc) contrast VEP latency in each eye 
showed a strong inverse relationship (P=0.0000003) between Hc 
and Lc latency between the paired eyes, presumably conserving 
binocular dynamic function (Ly et al ARVO 2017). We sought to 
determine whether central vs midperipheral visual field loss tended to 
correspond with bilateral Hc/Lc functional bias.
Methods: 30 paired glaucomatous eyes that each demonstrated either 
Hc or Lc latency abnormality on SD-tVEP (Diopsys, Inc, Pine Brook, 
NJ) underwent masked assessment of recent paired visual fields 
(HVFA or FDT) to determine whether field loss was dominantly 
central (C), peripheral (P), or normal (N). Binary analysis of Hc and 
Lc versus C and P was performed.
Results: 60 eyes from 30 patients were evaluated. 48 eyes of 24 
patients mean age 55.6 ± 3.1(SEM) qualified (2 eyes with VEP + 
HVF or FDT within 12 months with C/P grades). 6 pairs had VF 
graded N. 66.7% of eyes with dominantly C VF loss showed Lc 
abnormality and 62.5% of eyes with dominantly P loss showed Hc 
abnormality (P=0.0441; mean 0.2917; confidence interval 0.0081-
0.5753).
Conclusions: Paired glaucomatous eyes with inverse bilateral Lc and 
Hc latency functionality showed a significant tendency for peripheral 
visual field loss in the eye with Lc VEP latency dysfunction and 
for central visual field loss in the Hc dysfunctional eye. This 
suggests CNS-directed binocular conservation of magnocellular and 
parvocellular function in progressive glaucoma is associated with 
bilaterally complementary patterns of visual field loss.
Commercial Relationships: Sylvia L. Groth, None; 
William E. Sponsel, Diopsys (C); Matthew A. Reilly, None; 
Susan L. Johnson, None; Rick Trevino, None; Carolyn Majcher, 
None

Program Number: 5848 Poster Board Number: B0400
Presentation Time: 11:30 AM–1:15 PM
Visual Evoked Potential and Pattern ERG correlation to Central 
Corneal Thickness and Intraocular Pressure
Annie Liu1, Peter H. Derr2, Alberto Gonzalez-Garcia2, 
Robert Ritch1, 2. 1Einhorn Clinical Research Center, New York Eye 
and Ear Infirmary of Mount Sinai, New York, NY; 2Diopsys Inc., Pine 
Brook, NJ.
Purpose: To obtain Visual Evoked Potential (VEP) and Pattern 
Electroretinography (PERG) measured outcomes of ocular 
hypertensive (OHT) patients with thick and thin corneas and not 
receiving treatment to determine if the VEP and PERG parameters 
are affected by central corneal thickness (CCT).
Methods: Twenty-two subjects, with OHT and with CCT ranging 
from 317µm to 668 µm were tested with Diopsys NOVA Vision 
Testing System’s Contrast PERG and Multi-contrast VEP protocols 
to measure their electrophysiological visual function response. Each 
patient was tested three times with each protocol in both eyes. The 
Pearson product moment correlation coefficient (r) was calculated 
for the influence of CCT on IOP. The correlation was also calculated 
between the VEP/PERG parameters and both the CCT and IOP to 
determine the effects of the CCT and IOP on the visual function 
response.
Results: The Pearson’s r for the correlation between CCT and IOP 
was 0.239 (95% CI: -0.031 to 0.476, p=0.082), which suggests 
that there may be an influence of CCT on IOP. Tables 1-4 show 
the correlation between the VEP/PERG parameters and CCT and 
between the VEP/PERG and IOP. The CCT did not have a significant 
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effect on the PERG parameters. The CCT had no significant effect 
on either the low contrast (Lc) or high contrast (Hc) N75 parameters, 
nor was there an effect on Lc P100 latency. However, CCT had a 
significant effect on the Lc P100 and Hc P100 amplitudes and the Hc 
P100 latency.
Conclusions: The CCT does appear to affect the Lc and Hc P100 
components of the VEP with the exception of the Lc P100 latency. 
The Lc and Hc N75 component is not dependent on CCT. The CCT 
did not appear to alter the PERG parameters, which indicates that 
the function of the retina is not affected. The Lc and Hc N75 VEP 
parameters and the PERG parameters represent the visual function of 
the eye independent of the corneal thickness of patients with OHT. 
Since the IOP maybe under/overestimated depending on CCT, VEP/
PERG parameters will be useful in aiding the clinician in determining 
when to treat patients with apparent OHT.

Commercial Relationships: Annie Liu, None; Peter H. Derr, 
Diopsys Inc. (E); Alberto Gonzalez-Garcia, Diopsys Inc. (E); 
Robert Ritch, Diopsys Inc. (R)

Program Number: 5849 Poster Board Number: B0401
Presentation Time: 11:30 AM–1:15 PM
Improved VEP and visual fields following panmacular 
subthreshold diode micropulse laser (SDM) in open angle 
glaucoma
Jeffrey K K. Luttrull1, Bryant J. Lum2, David Kent3, John R. Samples4. 
1Retina, Ventura County Retina Vitreous Medical Group, Ventura, 
CA; 2Glaucoma, Ventura Ophthalmology, Ventura, CA; 3Retina, 
The Eye Clinic, Kilkenny, Ireland; 4Glaucoma, The Eye Clinic PC, 
Portland, OR.
Purpose: To determine the effect of panmacular subthreshold diode 
micropulse laser (SDM) on optic nerve function measured by visually 
evoked potentials (VEP) as an indicator of neuroprotection in open 
angle glaucoma (OAG).
Methods: The records of all patients in a private vitreoretinal 
subspecialty practice (JKL) with advanced OAG evaluated by VEP 
testing both before and after panmacular SDM were reviewed. 

Additional testing included automated Omnifield resolution  
perimetry (ORP).
Results: 88 eyes of 48 patients were identified for study, 20 male and 
28 female, aged 57-94 (avg. 79). All patients had glaucomatous optic 
nerve cupping and/or visual field loss prior to SDM. Pretreatment, 
IOPs ranged 6-23mm Hg (avg. 13) on 0-3 (avg. 1.6) medications. 33 
eyes had undergone major glaucoma surgery. Visual acuities ranged 
20/15 to count fingers (median 20/60) prior to SDM. Following 
SDM, VA and IOP were unchanged. VEP P1 amplitudes significantly 
improved (p=0.001). Best logMAR visual acuities with 6 degrees 
of fixation (BA6); global macular acuity (an average of logMAR 
acuities within 10 degrees of fixation, GMA); and visual area by 
ORP all significantly improved as well following SDM (p<0.0001, 
p=0.003, and p<0.0001 respectively). There were no adverse 
treatment effects.
Conclusions: Significantly improved VEP P1 amplitudes 
indicate a neuroprotective effect from panmacular SDM in OAG. 
The improvements in optic nerve function were accompanied 
by significant improvements in mesopic visual function. All 
improvements were achieved without IOP lowering or adverse 
treatment effects. These findings suggest panmacular SDM may be 
the first clinically useful neuroprotective treatment for OAG that can 
also improve visual function and visual fields, independent of IOP 
lowering.

Omnifield resolution perimetry prior to SDM. Note marked visual 
field constriction and poor logMAR visual acuity indices (BA6=best 
acuity witin central 6 degrees; GMA=global macular acuity; 
VA=visual area).
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Visual field by Omnifield resolution perimetry, showing  
post-treatment visual field of same eye one month post panmacular 
SDM. Note marked improvement in all field field and all logMAR 
visual acuity indices.
Commercial Relationships: Jeffrey K K. Luttrull, None; 
Bryant J. Lum, None; David Kent, None; John R. Samples, None

Program Number: 5850 Poster Board Number: B0402
Presentation Time: 11:30 AM–1:15 PM
Macular changes in multifocal photopic negative response 
(mfPhNR) and visual field sensitivity in glaucoma patients
Emily Freeman, Nabin Joshi, Mitchell W. Dul, Suresh Viswanathan. 
SUNY College of Optometry, New York, NY.
Purpose: To examine the relationship between mfPhNR amplitude 
and visual field sensitivity (VFS) changes in the macula of open 
angle glaucoma patients.
Methods: Multifocal electroretinograms were recorded with an 
Espion system (Diagnosys LLC) from 16 open angle glaucoma 
patients and 13 age-matched controls. The stimulus consisted of a 
10 degree circular patch divided into 4 quadrants. The 13 ms white 
stimulus (1000 cd/m2), followed by at least 267 ms of blank frames, 
was presented on a white background (30 cd/m2). Superior and 
inferior hemifield (SF & IF) responses were obtained by adding 
the responses of the quadrants in the respective hemifields. The 
mfPhNR amplitude was measured at a fixed time from baseline 
and normalized to the b-wave (NmfPhNR) to minimize variability. 
Behavioral VFS was measured using the 10-2 SITA Standard 
strategy of the Humphrey Visual Field Analyzer (Carl Zeiss Meditec, 
Inc.). The correlation of mean deviation (MD) of VFS loss in dB 
to the NmfPhNR amplitude was evaluated with a simple linear 
model (SLM) previously used to describe the relationship between 
multifocal visually evoked potential amplitude and VFS loss [Hood 
et al., IOVS 2002]. The SLM in the current context assumes that the 
NmfPhNR amplitude reduces linearly with VFS loss to a point where 
it reaches a plateau as VFS deteriorates further.
Results: The MD (dB) in glaucomatous eyes ranged from -33.71 to 
+0.68 in the SF and -20.82 to +0.44 in the IF and were significantly 
different from controls for both hemifields (SF: p=0.012; IF: 
p=0.0017). However, the NmfPhNR amplitude of the glaucomatous 
eyes was significantly different from control eyes only in the SF 
(p=0.03). The average NmfPhNR for the control eyes were 43% 

and 41%, respectively, for SF and IF. Based on the mean NmfPhNR 
values of the control eyes and MD values of the glaucomatous eyes 
the model predicted that the NmfPhNR amplitudes will reduce 
linearly with visual field sensitivity loss to reach a plateau at 4% and 
7% NmfPhNR amplitudes in the SF and IF. The SLM provided a 
reasonable fit to the data with summed NmfPhNR amplitude residuals 
for SF and IF close to zero.
Conclusions: The NmfPhNR and VFS were reduced in the macula 
of glaucoma patients. The SLM provides a reasonable description of 
the data that relates NmfPhNR amplitude in the macular region to 
corresponding VFS losses in glaucoma.
Commercial Relationships: Emily Freeman, None; Nabin Joshi, 
None; Mitchell W. Dul, None; Suresh Viswanathan, None
Support: T35EY020481 (SUNY College of Optometry)

Program Number: 5851 Poster Board Number: B0403
Presentation Time: 11:30 AM–1:15 PM
Positive Correlation of High- and Low-Contrast ERG in 
Glaucoma Patients with Negative Correlation of High- and Low-
Contrast VEP Latency
Rick Trevino1, William E. Sponsel1, 2, Susan L. Johnson1, 
Matthew A. Reilly3, Carolyn Majcher1. 1Rosenberg School of 
Optometry, University of the Incarnate Word, San Antonio, TX; 
2Biomedical Engineering, University of Texas at San Antonio, San 
Antonio, TX; 3Biomedical Engineering, Ohio State University, 
Columbus, OH.
Purpose: We have previously identified an inverse relationship 
between high contrast (Hc) and low contrast (Lc) visual evoked 
potential (VEP) latency in fellow eyes of certain glaucoma patients. 
The current study was undertaken to characterize electroretinogram 
(ERG) parameters in glaucoma patients displaying an inverse VEP 
latency relationship.
Methods: Clinical records of 440 adult glaucoma patients and 
suspects who underwent Diopsys® NOVA-LX to measure VEP 
Hc & Lc latency were reviewed to identify individuals with one 
significant Hc or Lc latency defect in each eye as determined by the 
device’s intrinsic software. Exclusion criteria included eyes with any 
other ocular disease, TBI, unexplained visual loss, demyelinating 
conditions and neuropathies. The records of 32 patients that met 
the inclusion criteria were reviewed to identify those patients 
with Diopsys NOVA contrast sensitivity ERG results available for 
analysis.
Results: 14 (10F, 4M) of 32 patients (44%) had ERG data available 
for analysis. Their mean age (54.6y) did not differ significantly from 
the 18 patients without ERG data (p=0.88). There was no statistically 
significant difference between Magnitude (Mag) or Magnitude-D 
(MagD) between right and left eyes under Hc or Lc stimulus 
conditions. Linear regression analysis revealed significant positive 
correlation between Hc and Lc Mag (P = 0.01, r2 = 0.22) and between 
Hc and Lc Mag-D (P = 0.0002, r2 = 0.41) (FIGURE, panels A and C). 
In addition, there was significant positive correlation between right 
and left eyes for Mag (P < 0.0001, r2 = 0.63) and MagD (P = 0.0001, 
r2 = 0.44) (FIGURE, panels B and D).
Conclusions: Patients demonstrating significant negative correlation 
between Hc and Lc VEP latency demonstrate significant positive 
correlation in Hc and Lc ERG Mag and MagD. These findings 
suggest that the observed inverse VEP correlations may originate at 
centers above the level of the retina.
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Figure: Significant positive correlations existed between high- and 
low-contrast ERG magnitudes in individual eyes (A) and between 
eyes (B). Statistically significant positive correlations were also 
observed for magnitude-D in individual eyes (C) and between eyes 
(D).
Commercial Relationships: Rick Trevino, None; 
William E. Sponsel, Diopsys Inc. (C); Susan L. Johnson, None; 
Matthew A. Reilly, None; Carolyn Majcher, None

Program Number: 5852 Poster Board Number: B0404
Presentation Time: 11:30 AM–1:15 PM
Neuro-Vascular changes associated with the Water Drinking 
Stress Test
Gustavo R. Gameiro, Pedro Monsalve, Vittorio Porciatti. 
Ophthalmology, Bascom Palmer Eye Institute, São Paulo, Brazil.
Purpose: The Water Drinking Test (WDT) is used to temporarily 
elevate intraocular pressure (IOP) and predict peak IOP in glaucoma 
to help determinate risk of progression. This study investigates 
unknown neurovascular changes associated with WDT in normal 
subjects.
Methods: Eleven healthy young subjects (mean age 32 ± 7.8 years) 
participated in this study. WDT typically consisted of drinking 1 liter 
of water within 5 minutes. Outcome measures were IOP (Reichert 
PT-100), mean brachial blood pressure (MAP), heart rate (HR), and 
steady-state pattern electroretinogram (PERG, Jorvec Corp), which 
were assessed before WDT and 4 times after at 15 minutes interval. 
The same protocol was repeated in a different session without WDT 
as a measure of test-retest variability. IOP and PERG measures of 
each eye were averaged and used as single entry in the statistical 
analysis. Significant changes of outcome measures over time were 
assessed with repeated measures ANOVA and post-hoc t-tests.
Results: While the control recording without WDT did not show 
significant changes over time (p> 0.5) in all outcome measures, WDT 
resulted in significant peak changes of the following parameters 
compared to baseline: IOP: baseline 17.67 ± 2.52 mmHg, 30 min 
after WDT, 20.39 ± 4.13 (p<0.0001); MAP: baseline, 89.75 ± 10.08 
mm Hg, 15 min after WDT, 94.15 ± 9.73 mm Hg (p=0.05); HR: 
baseline 69.32 ± 8.26 bpm, 15 min after WDT 59.27 ± 8.41 bpm, 
(p<0.0001); PERG phase: baseline 67.8 ±11.3 deg, 15 min after 

WDT, 59.2 ± 11.03 deg (P=0.0002). The PERG amplitude was  
not different (p=0.2) before (1.28 ±0.42 µV) and after WDT  
(1.21 ± 0.31 µV).
Conclusions: In addition to IOP elevation, WDT is associated with 
measurable changes of systemic blood pressure and retinal ganglion 
cell function in healthy subjects. As these represent risk factors for 
glaucoma, their assessment might increase the predictive power of 
the WDT for glaucoma development. Of note, head-down posture in 
control subjects also results in comparable IOP elevation and PERG 
phase delay (J Glaucoma 2013, 22:255-64). However, hemodynamic 
changes (MAP) upon head-down posture and after WDT occur in 
opposite directions.
Commercial Relationships: Gustavo R. Gameiro, None; 
Pedro Monsalve, None; Vittorio Porciatti, None

Program Number: 5853 Poster Board Number: B0405
Presentation Time: 11:30 AM–1:15 PM
Agreement between early PERG changes and expert OCT 
evaluations in identifying high risk glaucoma suspects
Pedro Monsalve, Gustavo R. Gameiro, Giacinto Triolo, 
John J. McSoley, Kara M. Cavuoto, William J. Feuer, 
Luis E. Vazquez, Vittorio Porciatti. Ophthalmology, Bascom Palmer, 
Miami, FL.
Purpose: To compare identification of high risk glaucoma suspects 
based on either PERG or OCT assessment.
Methods: The StopRGCD trial is a prospective randomized 
controlled trial assessing the usefulness of PERG in identifying high 
risk glaucoma patients candidates for randomization to treatment. 
We asked the question of whether high risk patients identified based 
on significant (p<0.05) PERG amplitude loss in at least one eye 
also displayed structural abnormalities consistent with glaucoma 
in corresponding eyes. Twenty glaucoma suspects recruited into 
the StopRGCD trial underwent baseline steady-state PERG (Jorvec 
Corp) and Cirrus OCT testing that included RNFL and GCIPL scans. 
PERG was recorded simultaneously from each eye from surface 
electrodes in response to horizontal square-wave gratings presented 
on a LED visual display (1.6 cycles/deg, 98% contrast, reversal rate 
15.63 Hz, 25 deg square field; 800 cd/sqm mean luminance). Three 
expert clinicians reviewed baseline RNFL and GCIPL OCT scans and 
characterized OCT scans as either normal or consistent with early 
pre-perimetric glaucomatous changes. All clinicians were masked to 
PERG status and each other’s evaluations. Agreement was assessed 
with the kappa coefficient (agreement ≤0.4=poor, ≥0.75=excellent) 
and by computing sensitivity and specificity of OCT findings as a 
predictor of PERG abnormalities (PERG considered gold standard).
Results: Kappa coefficients of agreement between PERG and OCT 
determinations differed for the 3 clinicians, ranging from poor (0.33, 
p=0.14), to fair (0.44, p=0.02), to moderate (0.57, p=0.01). One 
clinician had 100% specificity and 50% sensitivity in identifying 
patients with PERG abnormalities based on OCT scans, another had 
92% sensitivity and 63% specificity, while the 3rd clinician had results 
intermediate between the two.
Conclusions: There was agreement beyond chance between 
PERG determinations and clinician OCT assessments, which were 
statistically significant for 2 of 3 clinicians, but the agreement was 
no better than moderate as assessed with kappa. Clinicians varied 
in their interpretations of OCT abnormalities as judged against 
PERG, one with high specificity at the expense of sensitivity, 
another with high sensitivity at the expense of specificity, and a 3rd 
intermediate between the two. PERG assessment may complement 
OCT assessment in the identification of patients with pre-perimetric 
glaucoma.
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Glaucomatous retinal dysfunction and optic nerve phenotype in 
microfibril deficient mice
Hang Jing Wu, George Naratadam, Ralph Hazelwood, 
Abudi Nashabi, John Kuchtey, Rachel W. Kuchtey. Vanderbilt Eye 
Institute, Nashville, TN.
Purpose: Our previous identification of a disease-causing mutation in 
a microfibril-associated gene (ADAMTS10) in a dog glaucoma model, 
led us to a hypothesis that microfibril defects may cause glaucoma. 
Here, we investigated retinal function in an established microfibril 
deficient mouse line which carries the tight skin (Tsk) mutation to test 
our hypothesis.
Methods: Retinal function was evaluated at 3 and 16 months of age 
by positive scotopic threshold response (pSTR) and a- and b-wave 
responses in flash electroretinography (ERG) experiments. Visual 
acuity threshold was assessed by optokinetic reflex (OKR). Whole 
mount retinas were stained for Brn3a to assess number of retinal 
ganglion cell (RGC) bodies at 16 months of age. Cross-sections of 
the optic nerves from the same cohort were stained with P-Phenylene 
Diamine (PPD) for manual axon quantification and area measurement 
using ImageJ. Two-tailed Student’s t-test was used for statistical 
analysis. Results are presented as mean ± SD.
Results: The pSTR, as well as a- and b-wave amplitudes, were 
decreased in Tsk+/- mice as compared to wild type (wt) at 3 and 16 
months of age, with prolonged latency at 16 months of age. The 
pSTR amplitudes normalized to the b-wave showed no significant 
difference at 3 months of age, but progressed to significant decrease 
for Tsk+/- at 16 months (0.12 ± 0.06 vs 0.23 ± 0.08, n = 9 and 22, 
Tsk+/-, wt, respectively, p < 0.001). Tsk+/- mice (n = 26) progressed 
to 20.9% decrease in acuity threshold compared to wt (n = 11, p 
< 0.001) at 16 months of age. Although density of Brn3a+ RGCs 
was not different, axon number was significantly lower in Tsk+/- 
mice (41,040 ± 2,851 vs 44,389 ± 4,413, n = 19 and 9, Tsk+/-, wt, 
respectively, p < 0.05). At 16 months, optic nerve cross-sectional 
area was expanded by 22.5% in Tsk+/- mice (0.15 ± 0.02 mm2, n = 11) 
compared to wt (0.12 ± 0.02 mm2, n = 21, p < 0.01). The distribution 
of axon cross-sectional area was similar at 6 months, but shifted to 
larger size in Tsk+/- mice at 16 months (Figure).
Conclusions: Reduction in the normalized pSTR amplitude and 
decrease in visual acuity threshold indicates inner retinal dysfunction 
progresses with advanced age in microfibril deficient Tsk+/- mice. 
Retinal dysfunction is accompanied by persistent RGC cell bodies, 
axon loss, nerve expansion and axon enlargement, suggesting 
microfibril defects cause glaucoma.

Commercial Relationships: Hang Jing Wu, None; 
George Naratadam, None; Ralph Hazelwood, None; 

Abudi Nashabi, None; John Kuchtey, None;  
Rachel W. Kuchtey, None
Support: NIH Grant EY020894

Program Number: 5855 Poster Board Number: B0407
Presentation Time: 11:30 AM–1:15 PM
Inducible retinal ganglion cell plasticity in DBA/2J mice
Tsung-Han Chou, Ganeswara R. Musada, Giovanni L. Romano, 
Vittorio Porciatti. Bascom Palmer Eye Inst, Univ of Miami, Miller 
Sch of Med, Miami, FL.
Purpose: Target-derived trophic support to RGCs can be chronically 
impaired by lesioning the superior colliculus, resulting in altered 
retinal protein expression and RGC function but not cell death (IOVS 
2013, 54:1898-1904). Here we tested the hypothesis that molecular 
and functional plastic changes can be induced by temporarily 
blocking retrograde axon transport in the optic nerve.
Methods: DBA/2J mice in pre-glaucomatous stage (n=10) received 
repeated retrobulbar injections of 4% Lidocaine (4 µL, 40mg/
mL, 4 injections every 3 days) in the left eye while the right eye 
received an equal volume of retrobulbar PBS. One month after 
treatment, RGC function was tested in each eye with PERG (Jorvec 
Corp.) at high (100%) and low (20% contrast) and also at high 
contrast with superimposed flicker at 11 Hz that induces functional 
hyperemia. Expression of relevant proteins (BDNF, TrkB, PSD95, 
Synaptophysin, GFAP) was assessed in a subgroup of mice (n=4), 
and RGC density was assessed in another subgroup of mice (n=6) 
from confocal images of flat mounted retina immunostained with 
RBPMS.
Results: Discriminant analysis revealed a dramatic difference 
(P<0.0001) between Lidocaine-treated and PBS-treated eyes in 
the level of expression of all proteins, with the exception of GFAP. 
Significant interocular differences (P<0.01) were also present when 
discriminant analysis was applied to protein subgroups representative 
of either neurotrophin expression (BDNF/TrkB) or synaptic structure/
function expression (PSD95/Synaptophysin). While the standard 
PERG at 100% contrast was not different between Lidocaine-treated 
and PBS-treated eyes (P=0.6), the PERG at low contrast had a 
relatively larger amplitude (P=0.02) in the Lidocaine-treated eyes 
compared to PBS controls. Also, the PERG with superimposed flicker 
had a significant longer latency (P=0.04) in the Lidocaine-treated 
eyes compared to PBS controls. RGC density was similar (P=0.3) in 
treated and control eyes.
Conclusions: Temporary blockage of retrograde axon transport 
induces long-term changes of expression of key neurotrophic and 
synaptic markers that are associated with changes of RGC function 
such as contrast gain and adaptation to metabolic challenge. These 
results indicate that RGC plasticity can be induced in a mouse model 
relevant to glaucoma using a non-invasive, translational approach. 
It remains to be established whether Lidocaine-induced endogenous 
preconditioning is neuroprotective in glaucoma.
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Chronic, mild intraocular pressure elevation impacts contrast 
sensitivity of retinal ganglion cells in mice
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Purpose: Previously we have found that behaviorally measured 
contrast sensitivity in mice is significantly decreased after acute or 
chronic intraocular pressure (IOP) elevation, but this has not been 
studied in individual retinal ganglion cells (RGCs) from affected 
mouse retinas (van der Heijden, et al., 2016). Others have shown 
that the receptive field (RF) size of some RGC subtypes is reduced 
following the elevation of IOP to high levels (Della Santina, et 
al., 2013; Feng, et al., 2013). This study investigates both contrast 
sensitivity and RF size in mouse RGCs exposed to chronic, mild IOP 
elevation.
Methods: IOP elevation in wild-type C57BL/6J mice was induced 
by anterior chamber injection of polystyrene microbeads in one 
eye. Saline injection to one eye of additional animals was used as a 
control. 2 to 3 weeks following the injection, retinas were dissected, 
mounted on a 60 electrode multielectrode array (MEA), and action 
potentials recorded. To characterize the receptive fields (RFs) of 
RGCs, a series of 32x32 checkerboards (50x50 µm2 in size) randomly 
flickering between white and black at 15 Hz were presented to the 
retina (Cowan, et al., 2016). RF was determined by a model fit to the 
spike-triggered average (STA). Drifting bars were used to examine 

response to direction and contrast. Bars were randomly presented in 8 
directions and at 18 contrast levels.
Results: Microbead injected mice showed a mild but significant 
inter-ocular IOP difference compared to saline injected mice after 3 
weeks (average IOP difference = 2.04±0.44 mmHg and 0.08±0.38 
mmHg, respectively). RFs of 330 RGCs were identified and the 
average RF size in IOP elevated eyes did not differ significantly 
from those in control eyes. Bead injected eyes showed reduced firing 
rates at low contrasts (<10%), but no change in either contrast gain 
or response gain. Additional analysis regarding RF properties and an 
extended contrast analysis are forthcoming.
Conclusions: Mild IOP elevation via a microbead injection model 
did not cause changes in RF size, but did alter RGC contrast-
dependent firing rate. These findings suggest that mild IOP increases 
have different effects on RGC function than more severe increases, 
and may preferentially impact contrast sensitivity.
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