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Flash and Pattern ERG Findings in Schizophrenia and Their 
Relationships to Visual Function
Steven Silverstein1, Docia Demmin1, Roché Matthew1, 
Quentin Davis2, Frank Taranto3, Aaina Menon1. 1Psychiatry, Rutgers 
University, Piscataway, NJ; 2LKC Technologies, Inc., Gaithersburg, 
MD; 3Diopsys, Inc., Pine Brook, NJ.
Purpose: In this ongoing study we are using flash and pattern 
electroretinography (fERG and pERG) to clarify the contributions 
of retinal signaling abnormalities to previously reported changes in 
contrast sensitivity, visual acuity, and contour integration in people 
with schizophrenia.
Methods: Data were collected on 24 patients and 25 age-matched 
healthy controls. fERG data were collected under both light- 
and dark-adapted conditions, using a range of flash intensities, 
backgrounds, and temporal frequencies. The primary fERG variables 
of interest were a-wave activity (reflecting photoreceptor response), 
b-wave activity (reflecting primarily bipolar cell activity) and the 
photopic negative response (PhNR) (reflecting ganglion cell activity). 
The primary pERG variables of interest were magnitude, magnitude 
D, and the magnitude D/magnitude ratio for low and high contrast 
stimuli.
Results: On photopic fERG tests, schizophrenia patients 
demonstrated significantly weaker photoreceptor response when a 
flash was presented against an unlit background (p<.05), and during 
a steady-state flicker test (p<.005). On scotopic tests, the rate of 
response gain per unit of intensity increase was significantly weaker 
for patients than controls (group x condition interaction p=.001). 
In both light- and dark-adapted conditions, patients demonstrated 
weaker signaling of bipolar cells (ps < .005). The schizophrenia 
group was also characterized by a weaker PhNR (p<.05). Multiple 
tests’ a- and b- wave amplitudes were related to behavioral contrast 
sensitivity impairments in the schizophrenia group (ps < .05 or .001), 
but not to visual acuity or contour integration. The groups did not 
differ significantly on pERG variables. For patients only, significant 
relationships were observed between poorer contour integration and 
reduced pERG amplitudes and longer latencies (all ps either < .05 or 
.001). For controls only, higher pERG values were related to better 
near and far visual acuity (ps < .05 or .01).
Conclusions: These data suggest that both reduced signaling of 
photoreceptor and bipolar cells, as well as attenuated response gain, 
are associated with schizophrenia. Both rod and cone responses 
appear to be affected, and these changes may be related to the 
contrast sensitivity reduction in this group. The issue of ganglion cell 
function in schizophrenia is less clear, but its relationships to contour 
integration warrant further study.
Commercial Relationships: Steven Silverstein, None; 
Docia Demmin, None; Roché Matthew, None; Quentin Davis, 
LKC Technologies, Inc. (E); Frank Taranto, Diopsys, Inc. (E); 
Aaina Menon, None
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Pattern ERG as an objective measure of contrast senitivity 
function
Rustum Karanjia3, 1, Jack J. Tian4, 3, Kirsten Anderson3, 4, 
Anne G. Irvine4, Kenneth L. Lu3, 4, Stuart G. Coupland1, 2, 
Alfredo A. Sadun4, 3. 1Ophthalmology, University of Ottawa, Ottawa, 
ON, Canada; 2Ottawa Hospital Research Institute, Ottawa, ON, 
Canada; 3Ophthalmology, David Geffen School of Medicine at 
UCLA, Los Angeles, CA; 4Doheny Eye Institute, Los Angeles, CA.
Purpose: Contrast sensitivity is difficult to objectively quantify. The 
pattern ERG (pERG) is an objective measure of retinal ganglion 
cell functionality. The purpose of this study is to determine if pERG 
can be used to objectively measure contrast sensitivity function at 
different spatial frequencies in healthy eyes.
Methods: The right eye of 5 normal subjects with a mean age 
of 25 years were tested for this study. All subjects had no ocular 
disease, and had best corrected visual acuity of at least 20/20. The 
pERGs were recorded using an ISCEV compliant Espion E3 system 
(Diagnosys LLC, Lowel MA). Each subject had pERG testing at 
7 different spatial frequencies (0.125, 0.25, 0.5, 0.75, 1, 2, and 5 
cycles-per-degree (CPD)). At each CPD, subjects were tested across 
7 black-and-white contrast intensities including 100%, 95%, 90%, 
85%, 80%, 75% and 70% contrast. Each individual subjects’ data 
was then averaged to produce a single N95 amplitude value for each 
combination of contrast intensity and CPD. The contrast intensity 
at which the N95 amplitude of the response was half that at 100% 
contrast was determined for each data series.
Results: There was a linear decrease in the N95 amplitude as contrast 
intensity decreased, across all CPD/spatial frequency trials for all 
subjects. The half maximal N95 amplitude occurred at increasing 
contrast intensities between 0.125 and 0.25 CPD and subsequently 
decreased until 5 CPD for all subjects.
Conclusions: For healthy eyes, the half maximal N95 response 
produces an inverted “U”-shaped curve of increasing, followed 
by decreasing contrast sensitivity function at increasing spatial 
frequencies. This curve is similar to the inverted “U”-shaped curve 
of contrast sensitivity function produced using subjective methods of 
contrast detection. This can be a useful tool for objectively measuring 
contrast sensitivity function.
Commercial Relationships: Rustum Karanjia; Jack J. Tian, None; 
Kirsten Anderson, None; Anne G. Irvine, None; Kenneth L. Lu, 
None; Stuart G. Coupland, None; Alfredo A. Sadun, None
Support: RPB, IFOND, LHON.org
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Eye shall return: investigation on double take during free-
saccade visual search task
Makoto Miyakoshi1, Scott Makeig1, Alberto Diniz-Filho2, 
Felipe Medeiros2. 1Swartz Center for Computational Neuroscience, 
University of California San Diego, La Jolla, CA; 2Department of 
Ophthalmology, Laboratory of Performance and Visual Function, La 
Jolla, CA.
Purpose: To understand visual behavior in natural conditions, we 
developed a novel active visual search task in which participants 
saccade freely across an evolving display of Gabor patches. Using 
data mining approach, we identified a characteristic visual search 
behavior and examined the correlated brain activity using high-
density EEG recording with advanced EEG signal processing.
Methods: Participants were 19 healthy young adults. Five Gabor 
patches were present on a gray background. A sequence of 1200 
patches were pseudo-randomly selected from four patch sizes and 
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five orientations (SOA 2 sec, duration 10 sec). The participant’s 
task was to detect infrequent (15%) instances in which the size and 
orientation of the newest patch matched those of another patch that 
was still visible, prompting a button press. Eye-tracking data were 
obtained from the left eye while 205-channel, 512-Hz scalp EEG 
data were recorded. EEG data were preprocessed using independent 
component analysis and subsequently their equivalent current dipole 
were estimated.
Results: Approximately 50% (100 trials) of successful target 
detection trials followed this visual search pattern: they fixate near 
the Matching (new) stimulus at 900ms (the latency is relative to the 
button press), then fixate near the Matched (old) stimulus at 400ms, 
then fixate again near the Matching (new) stimulus at 150ms (Figure 
1). Here, the returning to the Matching (new) stimulus as a second 
fixation emerged as an interesting question because 150ms is too 
short to change the behavior. Event-related potential (ERP) analysis 
showed that even though both the first and the second fixations 
showed sharp ERP spike relative to fixation onsets, the second 
fixation showed 600ms early ERP time course within temporal 
and occipital sources. Linear regression was used to separate 
the overlapping fixations and button press events, but the 600ms 
preceeding time course for the second fixation remained the same.
Conclusions: Our interpretation for the preceeding ERP time 
course in the occipital visual areas is that it is due to reconstructive 
perception based on visual memory. Evidence for this type of neural 
activity is known as remapping; animal electrophysiology showed 
that receptive filed predictively fires before the beginning of saccade 
(Duhamel et al., 1992). The double take may consist of constructive 
confirmation of the visual reality.

Commercial Relationships: Makoto Miyakoshi, None; 
Scott Makeig, None; Alberto Diniz-Filho, None; Felipe Medeiros, 
Sensimed (F), Carl Zeiss Meditec Inc. (F), Allergan Inc. (F), Reichert 
Inc (R), Alcon Laboratories Inc (F), Carl Zeiss Meditec Inc. (R), Carl 
Zeiss Meditec Inc. (C), Bausch & Lomb (F), Heidelberg Engineering 
Inc. (F), Novartis (C), Topcon Inc. (F), Allergan Inc. (R), Merck Inc 
(F), Reichert Inc (F), Allergan Inc. (C), Alcon Laboratories Inc (R)
Support: NIH grants EY025056, EY021818, NIH core grant 
P30EY022589, Swartz Foundation
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The Effect of the Full Field ERG on a Subsequent Multifocal 
ERG
Wendy W. Harrison, Nathan Biancardi, Jamison Langston, 
Russell Gray, Taylor Kneip, Reese Loveless, Kaila Osmotherly. 
Optometry, Midwestern Univ Arizona Coll of Optometry, Glendale, 
AZ.
Purpose: The clinical standards for multifocal electroretinogram 
(mfERG) call for adaption to normal room lighting before the 
mfERG. They also specify that completion of any assessments where 
bright lights are used, such as ophthalmoscopy, should be done after 
the mfERG to prevent excess stimulation of retinal cells. However, 
full field (FF) ERGs, which place bright flashes on the retina, are 
routinely performed prior to mfERGs in clinical settings. It is unclear 
from the literature if the FFERG has an impact on the mfERG. This 
study seeks to examine the effect of the FFERG on the mfERG when 
performed sequentially.
Methods: Thirty subjects (age 27.1 ± 3.5 years) with 20/20 vision 
and no retinal abnormalities were included. Subjects reported for 
two visits and were fully dilated to over 6 mm at both visits. At visit 
one a FFERG was recorded (VERIS 6.2) using our clinical protocol 
which includes an ISCEV standard flash sequence with an additional 
10.0 log bright flash; each flash condition was repeated 4-6 times. 
Following the FFERG, an mfERG was recorded using a 4 minute 
m-sequence at near 100% contrast (VERIS FMSII). At visit two only 
the mfERG was recorded. A burian-allen contact lens electrode filled 
with celluvisc was used for all recordings with a ground clip on the 
earlobe. The two mfERGs were compared for foveal and overall 
implicit time (IT) and amplitudes (amp). Paired t-tests were used to 
evaluate the data.
Results: There was a small but statistically significant difference 
in foveal amplitudes (p=0.004) wherein the amplitude was larger 
following the FFERG stimuli. When examining individuals this 
was true for 24 of the 30 subjects. The mean difference was 11.1 nV 
(100.9 nV vs 89.8nV). There was no difference in foveal IT (p=0.66). 
There was no difference in overall IT or amp when averaging the 
entire eye (p=0.27 amp and p=0.56 IT). Qualitative noise between the 
two recordings did not appear to differ.
Conclusions: The small difference in foveal amplitude is most likely 
the result of a small long term cone adaptation but further studies are 
needed here. While it is statistically significant, the small difference 
of 11 nV is unlikely to be clinically important. These results should 
help increase clinical confidence in mfERG results when recorded 
following a FFERG.
Commercial Relationships: Wendy W. Harrison, None; 
Nathan Biancardi, None; Jamison Langston, None; 
Russell Gray, None; Taylor Kneip, None; Reese Loveless, None; 
Kaila Osmotherly, None
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Full-field ERG measurements of the photopic negative response 
recorded under four different conditions in a clinical setting
Radouil T. Tzekov2, 1, Gonzalo Ortiz2, Connor Hyde2. 1Roskamp 
Institute, Sarasota, FL; 2Ophthalmology, University of South Florida, 
Tampa, FL.
Purpose: Accurate and precise measurement of the full-field ERG 
photopic negative response (PhNR) could be very useful as an 
estimate of the retinal ganglion cell function in various ophthalmic 
diseases. The purpose of this work was to evaluate and compare 
PhNR parameters recorded under four different conditions in a 
clinical setting.
Methods: A retrospective analysis of the PhNR records of patients 
undergoing routine clinical full-field ERG testing at USF (Tampa, 
FL) was conducted. All records had to have recordable PhNR 
response under four different conditions: red flash on a white 
background of 30 cd/m2 (Condition #1); red flash on a dim blue 
background of 1.9 cd/m2 (Condition #2); red flash on a bright blue 
background of 28 cd/m2 and a stimulation rate of 1 Hz (Condition 
#3) and red flash on a bright blue background and a stimulation rate 
of 2.8 Hz (Condition #4). The intensity of the red flash was kept 
at 5.35 cd.s/m2 for all conditions. The PhNR was measured at two 
locations on the ERG trace: before the i-wave (PhNR#1) and after the 
i-wave (PhNR#2).
Results: The records of 29 patients satisfied the criteria; one patient’s 
records contained significant artifacts; of the remining 28 patients, 10 
were males (50.4 +/- 20.4 yrs.) and 18 were females (45.9 +/- 20.5 
yrs.). Statistical analysis demonstrated that there was no difference in 
PhNR#1 amplitude between the four conditions. However, Condition 
#1 and Condition #2 showed larger PhNR#2 amplitude compared to 
Condition #4 (p<0.05). Correlations between PhNR#1 and PhNR#2 
amplitudes were high (0.84, 0.73, 0.71, 0.89). PhNR amplitudes were 
more correlated with the amplitudes of the corresponding a-waves 
(range 0.12 to 0.63) compared to the amplitudes of the b-waves 
(range 0.002 to 0.24) for every condition. Eye movement artifacts 
were relatively infrequent and interfered more with the PhNR#2 
(6.8%) vs. PhNR#1 (4.1%) responses. In two patients, reliable PhNR 
responses could not be recorded in Condition #4 and the magnitude 
of eye movement artifacts were more pronounced in that condition.
Conclusions: Some conditions were more favorable for acquiring 
a reliable PhNR response compared to others. The implications for 
introducing PhNR into the clinical ERG standard are discussed.
Commercial Relationships: Radouil T. Tzekov, None; 
Gonzalo Ortiz, None; Connor Hyde, None
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EFFECT OF INDUCED REFRACTIVE ERROR ON 
ELECTRORETINOGRAMS
Erin G. Sieck, Robert Enzenauer, Michelle Pedler. Ophthalmology, 
University of Colorado, Denver, CO.
Purpose: Prior studies have noted decreased amplitudes in myopic 
patients compared to age related controls in electroretinograms 
(ERGs). However, these studies did not account for any retinal 
degeneration commonly associated with myopia. In refractive error, 
there is an optical defocus of light that we hypothesized would 
decrease recorded amplitudes in the absence of retinal pathology.
Methods: Ten otherwise healthy rabbits were selected for our study. 
Refractive error was induced by placing Proclear Cooper VisionTM 
contact lenses with powers of -10D, +10D, -20D and +20D. Control 
ERGs were performed with no contact lenses first. The rabbits were 
then randomized into receiving varied strengths of contact lenses 

and ERGs were repeated. Six rabbits received +10 or -10D and four 
received +20D or -20D as a higher impact on ERGs with increasing 
refractive error was anticipated. ERGs were preformed by standard 
protocol, with 20 minutes of dark adaption prior to scotopic testing. A 
total of three ERGs were preformed per rabbit per eye.
Results: Step 1 of the ERG was analyzed for the dark adapted 
scotopic response as rods predominate in rabbit retinas. Comparing 
control ERGs to ERGs preformed with contact lenses, there was a 
statistically significant decrease in amplitudes using the two tailed 
paired t-test in 3 of the 4 groups of induced refractive errors. There 
was no difference of implicit times in both induced myopia or 
hyperopia. The greatest reduction in amplitude occurred with +20D 
induced myopia (n=4), with p=0.021 (95% CI 5.5 to 54.5). Induced 
myopia with +10D (n=6) noted significant decrease in amplitude, 
p=0.049 (95% CI 0.14 to 27.36). Lastly, induced hyperopia with 
-20D lens (n=4) also was found to significantly decrease amplitude, 
p=0.048 (95% CI 0.11 to 19.9). Induced hyperopia with -10D lens 
(n=6) was found to cause no statistically significant change, p=0.82.
Conclusions: ERGs remain a mainstay in visual prognosis. Based 
on our small study, both induced hyperopia and myopia decrease 
recorded amplitudes as predicted. It appears that there may be a 
relationship between decreasing amplitudes and increasing power of 
refractive error. Consequently, knowledge of high refractive errors 
would be important in considering abnormal ERG results.
Commercial Relationships: Erin G. Sieck; Robert Enzenauer, 
None; Michelle Pedler, None

Program Number: 4885 Poster Board Number: B0274
Presentation Time: 3:45 PM–5:30 PM
The late foveal response component in slow flash multifocal 
electroretinogram: A parametric study
Yoshiaki Shimada. Ophthalmology, Fujita Health Univ Banbuntane 
Hosp, Nagoya, Japan.
Purpose: To investigate the characteristics of the late foveal response 
component (lfrc, Kariman et al. 2016) that presents only on the fovea 
on the first slice of the second-order kernel (K2.1) in multifocal 
electroretinograms (mfERGs) obtained with a slow base rate.
Methods: mfERGs with 103 hexagonal stimulus elements were 
recorded under a base rate of 18.75 Hz and a net recording time of 
3 min 38 seconds using bipolar contact lens electrodes from four 
healthy subjects. The intensity of the stimulus (Isti) was changed 
parametrically, i.e., 0.16, 0.33, 0.67, 1.33, 2.67, 5.33, 10.67 cds/m2. 
Responses on the centermost 7 hexagons (with a diameter of 3.0-
4.1°) were summed into a foveal mfERG.
Results: At Istim 0.33 cds/m2, measurable lfrc on K2.1 of foveal 
mfERGs was recorded initially from all subjects. The amplitude 
(0.5 ± 0.1 microV) was between the start (37.7 ± 5.5 ms) and the 
end (62.3 ± 1.3 ms) peaks. Istim 5.33 cds/m2 maximized lfrc (2.1 
± 0.4 microV between 43.7 ± 2.0 ms and 55.2 ± 3.0 ms). At the 
highest Istim 10.67 cds/m2, Ifrs was reduced keeping the peak times 
unchanged (1.7 ± 0.6 microV between 43.5 ± 0.8 ms and 55.0 ± 5.3 
ms).
Conclusions: Although the lfrc obtained with a 18.75 Hz base-rate 
differed in form from the lfrc with a 75 Hz base-rate, the timing of 
the potential change around at 50 ms was common. Dim flashes 
evoked the lfrc with an early start peak and a late end peak. At high 
Istim values, the behavior of lfrc was nonmonotonic, saturated with 
5.33 cds/m2 and then decreased with 10.67 cds/m2.
Commercial Relationships: Yoshiaki Shimada, None



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.

Program Number: 4886 Poster Board Number: B0275
Presentation Time: 3:45 PM–5:30 PM
Electrophysiological Characterization of Macular Telangiectasia 
Type 2 (MacTel)
Mali Okada1, Anthony G. Robson1, 2, Catherine A. Egan1, 
Ferenc Sallo1, 2, Simona Degli Esposti1, Tjebo F. Heeren1, 3, 
Graham E. Holder1, 2. 1Moorfields Eye Hospital, London, United 
Kingdom; 2Institute of Ophthalmology, University College London, 
London, United Kingdom; 3Department of Ophthalmology, 
University of Bonn, Bonn, Germany.
Purpose: To investigate the electrophysiological features of Macular 
Telangiectasia type 2 (MacTel) and their relationship to structure as 
determined by optical coherence tomography (OCT) imaging.
Methods: Retrospective observational study of patients enrolled 
in the MacTel Natural History Observation Study who had 
electrophysiological study as part of their diagnostic work-up. Forty-
two eyes from 21 patients were analysed. All patients had full-field 
(ERG) and pattern (PERG) electroretinography with a subset of 
patients (n=13) additionally having multifocal electroretinography 
(mfERG). Multiple linear regression modelling assessed the 
relationship between size of the ellipsoid zone break on en-face OCT 
imaging to the mfERG central hexagon response amplitude.
Results: Full-field ERG was normal in all 42 eyes. Eleven eyes 
(26%) had subnormal PERG P50 amplitudes. Twenty of 26 eyes 
(77%) had reduced central or paracentral stimulus response on 
mfERG. There was a significant correlation between ellipsoid zone 
break size and both the P1 amplitude (Correlation coefficient B = 
-1.4, p = 0.002, overall model R2 = 0.46) and P1:N1 ratio (B = -0.7,  
p = 0.002, R2 = 0.45) of the central hexagon on mfERG.
Conclusions: The electrophysiological findings are consistent with 
the central localized involvement of MacTel type 2 demonstrated 
by OCT imaging and known from histological examination. There 
is a relationship between ellipsoid zone break size and mfERG 
reduction. The reduced P1:N1 ratio is in keeping with an inner retinal 
site of dysfunction. The mfERG is more sensitive than the PERG in 
demonstrating the highly localised dysfunction present in MacTel.
Commercial Relationships: Mali Okada, None; 
Anthony G. Robson, None; Catherine A. Egan, None; 
Ferenc Sallo, None; Simona Degli Esposti, None; Tjebo F. Heeren, 
None; Graham E. Holder, None
Support: Lowy Medical Research Institute

Program Number: 4887 Poster Board Number: B0276
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Comparison of ERG responses obtained using a portable device 
and a conventional recording system
Rotem Kimia1, Ronald M. Hansen1, 2, Anne Moskowitz1, 2, 
Anne B. Fulton1, 2. 1Boston Children’s Hospital, Boston, MA; 
2Harvard Medical School, Boston, MA.
Purpose: In pediatric centers, full-field electroretinography (ffERG) 
may be performed under anesthesia because of age or behavioral 
issues. The RETevalTM (LKC Technologies, Inc.) is a portable ERG 
device that uses skin electrodes and does not require pupil dilation. 
The aim of this study is to compare RETeval results to results 
obtained with a conventional ERG device (e2 and ColorDome; 
Diagnosys LLC).
Methods: Full-field ERGs were recorded from 12 healthy dark-
adapted adult volunteers (median age 22.5, range 20-39 years) using 
both recording systems. For the RETeval, pupils were undilated; a 
strip electrode array containing an active, a reference and a ground 
electrode was placed on the skin overlying the inferior orbital rim; 
and responses were recorded to the five standard ISCEV stimulus 
conditions. For the e2, one pupil was dilated; a bipolar Burian-Allen 

contact electrode was placed on the cornea and a ground electrode 
over the mastoid; and responses were recorded to series of scotopic 
flashes (dark adapted, ~5 log range, blue) and photopic flashes  
(white background, ~2.4 log range, red). The ISCEV stimuli were 
included in these stimulus series. Amplitude and implicit time of the 
a- and b-waves were measured.
Results: Across the five ISCEV conditions, RETeval amplitudes 
were approximately 15% that of e2, and the average coefficient 
of variation was approximately 1.6 times larger for the RETeval 
amplitude data [mean (SD) 0.348 (0.041)] than for the e2 amplitude 
data [mean (SD) 0.222 (0.037)]. For the ISCEV scotopic conditions, 
a-wave and b-wave amplitude [Spearman’s rho; a-wave R=0.46, 
p<0.05; b-wave R=0.57, p<0.05] and implicit time [a-wave R=0.69, 
p<0.01; b-wave R=0.81, p<0.01] recorded by the RETeval correlated 
to e2 a-wave and b-wave amplitude and implicit time. Photopic and 
30 Hz flicker measures obtained by the RETeval did not correlate to 
e2 measures.
Conclusions: While correlation was demonstrated, caution should 
be exercised translating results from one device to another. The 
high coefficient of variation indicates that larger sample sizes are 
needed to achieve similar statistical power. High variability may be a 
consequence of using a skin electrode. In a previous study, we found 
that the coefficient of variation for skin electrodes was 0.32 compared 
to 0.19 for Burian-Allen contact electrodes for subjects tested with 
dilated pupils and the conventional ERG.
Commercial Relationships: Rotem Kimia, None; 
Ronald M. Hansen, None; Anne Moskowitz, None; 
Anne B. Fulton, None
Support: NIH EY 10597 and the Massachusetts Lions Eye Research 
Fund

Program Number: 4888 Poster Board Number: B0277
Presentation Time: 3:45 PM–5:30 PM
Modeling the pattern electroretinogram in patients with primary 
open-angle glaucoma
Kate Godwin1, Brett Mueller2, Joern B. Soltau2, Judith  
Mohay-Ambrus2, Paul DeMarco1. 1Psychological and Brain Sciences, 
University of Louisville, Louisville, KY; 2Ophthalmology & Visual 
Science, University of Louisville, Louisville, KY.
Purpose: Previous work from our lab and others indicates that the 
pattern electroretinogram (PERG) may be modeled from responses 
generated by the flash electroretinogram (FERG) using appropriate 
stimulus patterns. Since patients with primary open-angle glaucoma 
(POAG) typically exhibit normal FERG responses, but reduced 
PERG responses, the present work sought to validate this PERG 
model by testing it in a sample of glaucoma patients.
Methods: Both transient (2.0 Hz) and steady-state (SS, 7.5 Hz) 
PERG and FERG responses were collected from a group of patients 
with diagnoses of severe POAG (N = 15, mean age = 71.60±2.41 
years) and age-similar controls (N = 12, mean age = 61.00±3.52 
years). The height and width of each stimulus subtended 14.3° 
×14.3°. To create the PERG simulation, long-duration increment 
and decrement FERG responses were additively combined and then 
subjected to a series of modeling parameters that manipulated the 
amplitudes and phases of the individual responses to the increment 
and decrement flashes. Amplitudes were measured from both the 
actual PERG responses and the simulations for both the control group 
and the patient group.
Results: For PERG recordings, amplitude of the transient P50 
component was found to be statistically equal between the control 
group and the POAG group. However, N95 amplitude was reduced 
in the POAG group relative to the control group (M = 1.198 vs. 
2.201; t(25) = 2.522, p = 0.018), and this same pattern was found 
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for SS amplitudes of the POAG group relative to the control group 
(M = 0.573 vs. 0.347, t(25) = 2.621, p = 0.015). Using the modeling 
parameters that provided the best fit for each individual, the same 
pattern was found with the P50 showing no significant amplitude 
difference between the POAG and control group, but both N95 and 
SS amplitudes being reduced in the group with POAG relative to the 
controls (N95: M = 1.385 vs. 2.205, t(25) = 2.722, p = 0.012; SS: M 
= 0.322 vs. 0.438, t(25) = 2.372, p = 0.026). This suggests that both 
N95 and SS PERG responses can be successfully modeled using 
long-duration FERG responses.
Conclusions: Both the N95 and steady-state amplitudes from 
simulations could be adequately modeled in POAG patients and 
age-similar controls. Further studies with larger sample sizes will be 
required to address the predictive validity of PERG modeling as a 
tool for tracking disease progression in clinical populations.
Commercial Relationships: Kate Godwin, None; Brett Mueller, 
None; Joern B. Soltau, None; Judith Mohay-Ambrus, None; 
Paul DeMarco, None
Support: Research to Prevent Blindness

Program Number: 4889 Poster Board Number: B0278
Presentation Time: 3:45 PM–5:30 PM
Normative parameters for rapid photopic electroretinogram 
recordings with a hand-held device: results from over 500 
subjects
Talha Soorma1, 2, Ibtesham Hossain1, Ibrahim Sheriff1, 
Noor Hassan1, Diana Kozareva3, Ekaterina Yonova3, Yemi Adelaja3, 
Miles Stanford1, 3, Katie M. Williams1, 3, Christopher J. Hammond1, 3, 
Omar A. Mahroo1, 4. 1Ophthalmology, St. Thomas’ Hospital, London, 
United Kingdom; 2Barts and The London School of Medicine and 
Dentistry, London, United Kingdom; 3Department of Twin Research 
and Genetic Epidemiology, King’s College London, St Thomas’ 
Hospital Campus, Westminster Bridge Road, London, United 
Kingdom SE1 7EH, London, United Kingdom; 4NIHR Biomedical 
Research Centre for Ophthalmology at Moorfields Eye Hospital and 
the UCL Institute of Ophthalmology, 162 City Road, London, United 
Kingdom EC1V 2PD, London, United Kingdom.
Purpose: The RETeval system (LKC Technologies Inc., 
Gaithersburg, MD, USA) is a hand-held device for eliciting and 
recording electroretinograms (ERGs) with skin electrodes. The 
device holds promise in facilitating rapid screening assessments of 
retinal function. In this study, we recorded photopic ERGs in several 
hundred volunteers to establish some normative values.
Methods: Subjects were recruited over 14 months from the TwinsUK 
cohort at St Thomas’ Hospital in London. Photopic ERGs were 
recorded from subjects in light-adapted conditions (standard room 
light). Pupils were not pharmacologically dilated, but stimulus 
intensities were adjusted by the device according to pupil area to 
deliver retinal iluminances corresponding to international standards. 
Skin electrodes were applied without cleaning the skin to minimise 
delay. Flash stimuli were delivered first and then flicker stimuli; the 
right eye was stimulated first then the left. Parameters were averaged 
from both eyes where recordings from both eyes were available. 
Right and left eyes were compared where recordings from both eyes 
were available (paired t test).
Results: Over the study period, 558 participants underwent 
recordings (84% female; 90% white ethnicity). Mean (SD) age 
was 50.0 (17.0) years. Mean (SD) amplitudes were -7.8 (9.3), 30.0 
(13.0) and 30.8 (9.9) microvolts for photopic flash a-wave, b-wave 
and flicker responses respectively (5th centile values were -1.8, 
13.3 and 16.6 microvolts respectively). Mean (SD) implicit times 
for these parameters were 12.1 (2.9), 28.7 (2.1) and 25.6 (1.5) 
ms respectively (95th centile values were 17.2, 31.1 and 27.8 ms). 

Statistically significant inter-eye differences (p<0.01) were found 
for flicker amplitudes and implicit times, and flash a-wave and 
b-wave amplitudes: right eye flicker responses were on average 3.9 
microvolts larger, and 0.2 ms faster than left eye responses; right 
a-waves and b-waves were on average 1.2 and 3.7 microvolts larger 
respectively.
Conclusions: This study provides normative data for the handheld 
device from a large cohort, with cut-off values that may be useful for 
studies in patients. These values differ from those obtained with other 
methods of recording. Interesting right-left differences were found, 
which might relate to electrode position or to adaptive effects as the 
eyes are recorded from sequentially.
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Evaluation of a soft, disposable, conformal ERG lens electrode 
prototype vs. Burian-Allen lens and DTL fiber electrodes
Safa Rahmani1, Tamas Ban2, Shresta Patangay4, Jason C. Park3, 
J Jason McAnany3, 4, John R. Hetling4, 3. 1Ophthalmology, 
Massachusetts Eye and Ear Infirmary, Boston, MA; 2RetMap, Inc., 
Greys Lake, IL; 3Ophthalmology and Visual Sciences, University 
of Illinois at Chicago, Chicago, IL; 4Bioengineering, University of 
Illinois at Chicago, Chicago, IL.
Purpose: The Burian-Allen (B-A) contact lens electrode and the 
DTL fiber electrode (invented in 1954 and 1979, respectively) are 
the most frequently used electrodes in the US for recording the 
electroretinogram (ERG), but each present challenges with regard to 
convenience, safety and/or signal quality. A new design for an ERG 
electrode (RM) that overcomes many of the limitations of the B-A 
and DTL electrodes was developed (Fig. 1A-C) and compared to the 
older designs for signal quality, comfort and ease of use.
Methods: A soft silicone electrode substrate was designed to closely 
conform to the anterior surface of the eye and position a ring-shaped 
electrode outside the margin of a dilated pupil. The electrode is 
recessed within a channel and makes electrical contact via the tear 
film. The substrate extends beneath the eyelids for stability, and is 
shaped to prevent blinking. The three electrode styles were compared 
using full-field flash stimuli in a dark-adapted healthy subject. 
Responses were evaluated for pre-stimulus noise, a- and b-wave 
amplitudes, and repeated-measure variability.
Results: Mean a-wave amplitudes (+/-1 SD) were significantly larger 
with the RM electrode (198+/-13 uV) compared to the B-A electrode 
(92+/-3 uV) and the DTL electrode (145+/-13 uV); similar results 
were obtained for b-wave amplitudes. The B-A reference electrode 
picks up a measurable ERG signal, which is then subtracted from 
the signal recorded at the corneal electrode by differential amplifiers. 
A-wave amplitudes for repeated stimuli were most consistent with the 
B-A electrode, and least consistent with the DTL electrode (standard 
deviation as % of mean: 4% for B-A, 7% for RM, 9% for DTL). Both 
DTL and B-A electrodes had significant baseline drift (+/-200 uV) 
compared to the RM design (+/-50 uV). The RM design was more 
comfortable and less imposing during installation than the B-A but 
comparable to the DTL.
Conclusions: The greater signal to noise ratio and lower baseline 
drift observed with the RM electrode design is attributed to the 
increased stability on the eye, optimum corneal contact and 
reference electrode location. These advantages are obtained in a soft, 
disposable design, increasing patient comfort and safety.
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(A) The prototype soft, disposable, conformal ERG electrode (RM). 
(B) Burian-Allen (B-A) lens electrode.(C) DTL fiber electrode.
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Routine Testing of Visual Evoked Potential Asymmetry in 
Pediatric Patients with Albinism
Simone L. Li, Richard W. Hertle. Ophthalmology, Akron Children’s 
Hospital, Akron, OH.
Purpose: Visual evoked potential (VEP) asymmetry in which a 
preponderance of nasal and temporal retina afferents project to the 
contralateral hemisphere after full-field monocular stimulation is 
considered to be specific to albinism. In this study, we examined 
whether a commercially available VEP testing unit, under ordinary 
clinical conditions, could evaluate VEP asymmetry in pediatric 
patients with albinism.

Methods: Monocular transient pattern onset/offset VEP testing 
was performed using a UTAS Visual Diagnostic Test System 
manufactured by LKC Technologies Inc.® (MD, USA). The stimuli 
were presented on a 19-inch Acer LCD monitor. Three scalp 
electrodes were positioned with reference to bony landmarks and 
in proportion to the size of the head, according to the International 
10/20 system. The center electrode was placed at Oz and the lateral 
electrodes placed at O1 and O2 (about 3 cm away on both sides of 
Oz). Only VEP results obtained from the lateral electrodes were 
analyzed.
Results: Between January 2016 and November 2016, 16 albino 
children of various types from OCA 1-4 (63% male; age range:  
0.25-14.2 yo, with mean age of 5.07 yo) were recruited. The VEP 
results in 11 children (69%) were irreproducible in both right (OD) 
and left (OS) eyes recorded at both O1 and O2. In the remaining 5 
children (31%), reproducible VEP results were found in only one 
eye at one of the lateral electrodes, or in only one eye at both lateral 
electrodes, making determination of laterality impossible in this 
cohort.
Conclusions: VEP asymmetry can only be determined using 
reproducible recordings in both eyes. Our current routine clinical 
VEP testing using a pattern onset/offset with the commercially 
available LKC UTAS Visual Diagnostic Test System paired with 
an LCD monitor is insufficient to determine asymmetry in a mixed 
clinical population of patients with albinism. This could be due to the 
difficulty for LCD displays to maintain the mean luminance during 
the transition from checkerboard pattern to diffuse blank screen in a 
pattern onset/offset presentation.

VEP tracing showing our definition of irreproducible data OD and OS

VEP tracing showing our definition of irreproducible data OD and 
reproducible data OS
Commercial Relationships: Simone L. Li, None; 
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Electrophysiological Findings in Non Proliferative Sickle Cell 
Retinopathy according to Hemoglobin type
Olivia Zambrowski1, Caroline Bottin1, Julie Racine2, 
Salomon Y. Cohen1, Camille JUNG1, Alexandra Miere1, Eric Souied1. 
1Ophthalmology, Centre hospitalier intercommunal de Creteil, 
Creteil, France; 2Ophthalmology, National wide hospital, Columbus, 
OH.
Purpose: To characterize full-field electroretinogram (ffERG) in 
patients with early sickle-cell retinopathy according to hemoglobin 
type.
Methods: In this pilot study, we included patients with non 
proliferative sickle-cell retinopathy, with bilateral preserved visual 
acuity (>20/25), between November 2014 to April 2016. All patient 
underwent a ffERG, according to the ISCEV standards. Six eyes of 
healthy patients were used as control group. Scotopic ERG responses 
as a, b wave amplitudes and b/a ratio of the dark adapted (DA) 3.0 
and 10.0 cd.s.m-2 stimulation were the primary outcome measures. 
Result analysis was performed according to hemoglobin type (HbSS 
or HbSC) and compared to the control group.
Results: Eighteen patients were included: 6 HbSS; 6 HbSC and 6 
healthy patients. Comparison between the HbSS group and the HbSC 
group revealed that the b wave amplitude and b/a ratio of DA3.0 
(respectively p=0.037 and p=0.0006) and of DA10.0 (respectively 
p=0.043 and p=0.0010) ERG response was significantly lower in 
the HbSS group. However, no differences were found in the a wave 
amplitude of both DA3.0 and 10.0 in either group.
Conclusions: Dark adapted ERG response in the HbSS group 
suggests an early involvement of the inner retina, which may explain 
the fact that HbSS patients have a lower incidence of proliferative 
lesions, compared to HbSC patients.
Commercial Relationships: Olivia Zambrowski, None; 
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Head acceleration induced by blast wave exposure leads to 
abnormal visual evoked potential and eletroretinography in rats
Yanli Zhu, Ryan Morris, Peter Edsall, André Akers, William Elliott, 
Brian Lund, Jeffery Cleland. Ocular Trauma and Vision Restoration, 
US Army Institute of Surgical Research, Fort Sam Houston, TX.
Purpose: To characterize the changes of flash visual evoked potential 
(fVEP) and flash electroretinography (fERG) induced by blast 
exposure in rats.
Methods: Anesthetized adult male Long-Evans rats were positioned 
in a compressed air-driven shock tube with left side facing the 
incoming blast wave. In this orientation, the head underwent a 
significant acceleration in the horizontal plane. Rats received a 
single blast wave exposure with peak overpressure of 207±10kPa 
and a positive phase duration of 3.30±0.06ms. fVEP and fERG were 
recorded prior to, and at 72h and 1, 2, 4, and 8 weeks post exposure. 
fVEP was recorded for both eye (OU), right eye (OD) and left eye 
(OS) stimulations using subdermal wire electrodes. The amplitudes 
and latencies of waveforms of 0-N1, P1-N1 and N1-P2 were analyzed 
(n=5). fERG was recorded simultaneously from both eyes using 
contact lens electrodes. The amplitudes and latencies of a-wave and 
b-wave were evaluated (n=5). One way RM ANOVA, RM ANOVA 
on Ranks and nonparametric Signed Rank Test were used for 
statistical analysis.

Results: For fVEP in OU stimulation, the wave amplitude of 0-N1 
were significantly decreased at 8wks post exposure (vs. the baseline 
p=0.027). There were no significant differences in P1-N1 and N1-
P2. In OD stimulation, the wave amplitudes of 0-N1, P1-N1 and 
N1-P2 were significantly decreased at 8wks post exposure (vs. the 
baselines p=0.012, 0.046 and 0.009). In OS stimulation, there were 
no significant changes of wave amplitudes being observed. For fVEP 
latencies in OD stimulation, there were only significant differences in 
P1-N1 at 72h, 1w and 2wks post exposure (vs. the baseline p=0.019, 
0.026 and 0.006). There were no significant differences of the 
latencies in OS or OU stimulations. fERG b-wave amplitudes in OD 
were significantly decreased at 72h and 2wks post exposure (vs. the 
baseline p=0.024 and 0.013). There were no significant differences of 
b-wave amplitude in OS, and a-wave amplitudes in both OD and OS. 
There were no significant changes of fERG latencies in OD and OS 
in both a-wave and b-wave.
Conclusions: The single blast exposure resulted in abnormal wave 
amplitudes and latencies in fVEP and fERG in rats. The head 
accelerations may cause blast related TBI and responsible for such 
changes. The morphological studies in visual neurons will be useful 
to elucidate the mechanisms of such visual dysfunction.
Commercial Relationships: Yanli Zhu, None; Ryan Morris, None; 
Peter Edsall, None; André Akers, None; William Elliott, None; 
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Visual Evoked Potential as a Clinical Tool with Regard to mTBI
Robert Orsillo1, 2. 1Orsillo Vision Care, Tallahassee, FL; 2Diopsys Inc, 
Pine Brook, NJ.
Purpose: Can biasing the magnocellular pathways with pattern 
reversing checkerboard stimulus using successive spatial frequencies 
while simultaneously measuring the Visual Evoked Potential latency 
be an indicator of the neural impulse. If the VEP is an indicator, then 
can it determine dysfunction of the retina neural network represented 
by the loss of synchronization ot the successive differing spatial 
frequencies resulting from mTBI when compared to normal patients. 
Will visual therapy remedy the cognitive and related motor disorders, 
resulting in a synchronized VEP.
Methods: Fiftysix normal controls ranging in age from 13 to 67 year-
old, fortyone mTBI patients ranging in age from 13 to 67 year-old, 
were tested with Diopsys NOVA Vision Testing System’s VEP ad 
hoc module to measure their electrophysiological visual function’s 
responsen to successively presented with 16x16, 32x32 and 64x64 
checkerboard stimuli at a 15% Michelson contrast level. Twentyone 
mTBI patients received treatment and had VEPs obtained post 
treatment. The latencies of the normal controls were compared to the 
latiencies of the mTBI patients pre and post treatment. The Pearson’s 
coefficient was calculated for the pre and post treatment population at 
the three spatial frequencies.
Results: The VEP’s P100 latency is an indicator of the 
neural impulse. Normal controls average P100 latiencies was 
102.40ms (95%CI:99.96 to104.70),112.45ms (95%CI:110.34 
to114.55) and 125.37ms (95% CI:123.03 to 127.71) for 
the successive spatial frequencies. This upward slope is 
interpreted as synchronization of the retina;s neural network. 
The mTBI patients showed a loss of synchronization. The VEP 
responses for the successive spatial frequencies were 119.11ms 
(95%CI:112.06 to126.16),116.88ms(95%CI:112.22 to 121.48) 
and 120.70ms (95%CI:117.52 to 123.88). Post treatment VEP 
latencies of successive stimulus are: 107.36ms (95%CI:102.83 
to 111.90),114.45ms (95%CI:110.42 to 118.49) and 125.92ms 
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(95%CI:120.34 to 131.51) indicating synchronization. The 
correlation between the pre and post treatment group at the three 
spatial frequencies was:16x16 (r=0.00, p=.9999) 32x32 (r=0.5788, 
95%CI:0.207 to 0.804, p=.0048) and 64x64 (r=0.375, 95%CI: -0.694 
to 0.0067, p=.094)
Conclusions: VEPs can indicate normal function and dysfunction 
of retinal signals indicated by the slope produced from the 
measurements of successive spatial frequencies. This clinical tool can 
be helpful in response to mTBI.
Commercial Relationships: Robert Orsillo
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The effect of simulated pendular nystagmus on pattern-reversal 
and pattern-onset VEPs
Stuart G. Coupland3, 2, Lynca Kantungane3, 2, John Hamilton1, 3, 
Rustum Karanjia3, 2. 1New England College of Optometry, Boston, 
MA; 2Ottawa Hospital Research Institute, Ottawa, ON, Canada; 
3University of Ottawa Eye Institute, Ottawa, ON, Canada.
Purpose: Pattern-reversal visual evoked potentials (PR-VEP) are 
an important tool for objective assessment of visual function. In 
patients with oculomotor instabilities who cannot maintain steady 
fixation due to nystagmus the PR-VEP can be significantly reduced 
in amplitude. Although Pattern-onset VEPs (PO-VEP) have markedly 
higher interindividual variability than PR-VEPs they are preferred 
in special situations such as diagnosis of albinism or for patients 
with nystagmus. The aim of this study was to quantify the effects of 
simulated horizontal pendular nystagmus on PR-VEP and PO-VEPs 
in normal subjects.
Methods: Twenty eyes of 10 visually normal subjects were assessed 
on pattern-reversal and pattern-onset VEPs of 60 and 15 minutes 
checksize. VEPs were recorded from occipital midline according 
to ISCEV standards under monocular stimulation. A reversal rate 
of 2 Hz was used for pattern-reversal VEPs and pattern-onset VEP 
presentation rate of 200 msec onset and 400 msec offset was used. 
Simulated pendular nystagmus was produced by superimposition of a 
horizontally moving fixation target over the 15 degree checkerboard 
pattern stimulus subtending 5 degrees either side from central 
fixation.
Results: Simulated pendular nystagmus significantly decreased PR- 
VEP amplitude by a mean reduction of 60% (p<0.05) for both 60 and 
15 minute checksizes compared to PO-VEP amplitude reduction of 
25% (ns). There was no significant effect of eye movement on PR-
VEP or PO-VEP timing.
Conclusions: Pattern-onset stimulation with simulated pendular 
nystagmus supports previous reports on PO-VEPs in nystagmus 
patients. It is likely that motion-induced image blur is responsible for 
PR-VEP amplitude reduction.
Commercial Relationships: Stuart G. Coupland, Diagnosys LLC 
(C); Lynca Kantungane, None; John Hamilton; Rustum Karanjia, 
None
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Relative motion loss in high functioning children with Cerebral 
Visual Impairment (CVI)
Arvind Chandna1, 2, Anthony Norcia3, Sylwia Migas2. 1Smith 
Kettlewelll Eye Research Institute, San Francisco, CA; 2Department 
of Paediatric Ophthalmology, Alder Hey Children’s Hospital, 
Liverpool, United Kingdom; 3Psychology, Stanford University, 
Stanford, CA.

Purpose: CVI, characterized by structural damage to the 
retrochiasmatic visual areas of the brain from a variety of causes in 
preterm and early life, presents with a spectrum of mild to severe 
visual and oculomotor dysfunction. Structured history taking from 
parents of children with mild CVI and near normal visual acuity (VA) 
reveals behaviorisms suggestive of higher visual function deficits 
(HVFDs) - these frequently include difficulties with perceiving 
motion in everyday scenes such being able to see stationary objects 
while in motion and vice versa (relative motion). These reported 
HVFDs including motion deficits have not been studied before in this 
unique sub-population.
Methods: 35 children (age range 4.4 yrs – 14.4 yrs) with ophthalmic, 
neurologic and radiologic diagnosis of mild CVI and letter acuity 
better than 20/40 and 27 visually normal children and (age range 3.70 
yrs – 14.53 yrs) participated in the study. We recorded Visual Evoked 
Potentials (VEPs) with a vernier VEP paradigm (Norcia, Wesemann 
et al. 1999) as this elicits both position-specific (vernier) responses 
at the first harmonic (an electrophysiological correlate of optotype 
acuity) and relative motion responses at the second harmonic. VEP 
evoked responses were also recorded with a fast jitter stimulus (Shea, 
Chandna 1999) that gave comparative information on absolute 
motion responses
Results: VEP Vernier acuity thresholds were equal in the CVI 
and normal control groups, consistent with their optotype acuity. 
By contrast, children with CVI showed significant losses of 
suprathreshold amplitude that were particularly large for the second 
harmonic (relative motion) component. No differences were seen 
between neurotypical and CVI children for their responses to absolute 
motion.
Conclusions: The results suggest selective losses of supra-threshold 
relative motion responses in children with mild CVI.
Commercial Relationships: Arvind Chandna; Anthony Norcia, 
None; Sylwia Migas, None
Support: vision4children (The Littler Trust)
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Visual evoked potentials measure luminance contrast masked by 
color noise
Genevieve Schade1, Ketan Brodeur2, Olutomi Akinduru2, Joyce dos 
Santos Freitas3, Railson Cruz Salomão4, Diego Leite Guimarães3, 
Malinda E. Fitzgerald1, 2, Givago S. Souza5. 1Southern College of 
Optometry, Memphis, TN; 2MHIRT, Christian Brothers University, 
Memphis, TN; 3Núcleo de Medicina Tropical, Universidade 
Federal do Pará, Belém, Brazil; 4Instituto de Ciências Biológicas, 
Universidade Federal do Pará, Belém, Brazil; 5Núcleo de Medicina 
Tropical, Instituto de Ciências Biológicas, Universidade Federal do 
Pará, Belém, Brazil.
Purpose: Luminance contrast is influenced by color (chromatic) 
noise. We investigated the sensitivity of the visual evoked cortical 
potential (VEP) to chromatic and spatial noise to determine its 
utility as a measure of these influences. Essentially, do changes in 
VEP amplitude evidence that our visual system detects changes in 
luminance without chromatic cues?
Methods: Five adults (four males, 20-30yrs) underwent a visual 
acuity test, Ishihara color test, and basic disease evaluation by 
indirect ophthalmoscopy to ensure normative vision. The stimulus 
controlled for mean luminance (10cd/m2) and composed of 
chromatically and spatially varied mosaic circles on a mosaic field 
gave the perception of various spatial gratings. Four spatial frequency 
gratings alternating at 60% contrast were temporally reversed at 
0.5Hz. The target covered 6° of the visual field. O1 and O2 surface 
electrodes were used to record VEPs from each participant at 
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each stimulus permutation. VEP amplitudes from each participant 
were averaged for each stimulus type and data from trichromatic 
participants were analyzed using repeated-measures ANOVA for 
linear trends.
Results: One participant was missing 2x2-grating data at the O1 
recording site and was excluded from these analyses (O1 N=4, 
O2 N=5). Typical waveform features (P1, N1, P2) were consistent 
across participants. At O1, a quadratic analysis produced large effect 
sizes, which we interpreted given our sample size limitations: VEP 
amplitudes decreased with lower spatial frequencies, then increased 
with higher spatial frequencies for P1 and N1 values (p=.252, 
η2=0.40 for P1; p=.267, η2=0.38 for N1;). The opposite was true for 
P2 values (p=.255, η2=0.40 for P2). At O2, large effect sizes were 
present for a linear trend (also non-significant): VEP at P1 and P2 
increased in amplitude with increasing spatial frequency (p=.610, 
η2=0.63 for P1; p=.235, η2=0.33 for P2); no trend was evident at N1. 
No pairwise amplitude comparisons were statistically significant, 
although large O1 N1, O2 P1, and O2 N1 η2 values implied 
differences with a larger N.
Conclusions: The cortical responses to luminance contrast masked 
by chromatic noise were reliable among the subjects and this pilot 
study suggests VEP sensitivity to the combined impact of luminance 
and color on the visual system. Future work should expand on 
statistical trends observed here to confirm reliability of the VEP’s 
sensitivity to these measures.
Commercial Relationships: Genevieve Schade, None; 
Ketan Brodeur, None; Olutomi Akinduru, None; Joyce dos 
Santos Freitas, None; Railson Cruz Salomão, None; Diego Leite 
Guimarães, None; Malinda E. Fitzgerald, None; Givago S. Souza, 
None
Support: NIHT37 md001378-15, CNPq #486545/2012-1 and 
442191/2014-6; FAPESP Thematic Project, #08/58731-2; NIH 5T37 
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Relative genetic and environmental contributions to variations in 
electroretinogram responses quantified in a twin study
Mohsin Patel1, Taha Bhatti1, 2, Ambreen Tariq1, Ting Shen1, 
Katie M. Williams1, 2, Christopher J. Hammond1, 2, 
Omar A. Mahroo1, 3. 1Ophthalmology, King’s College London, 
London, United Kingdom; 2Twin Research and Genetic 
Epidemiology, King’s College London, London, United Kingdom; 
3NIHR BRC for Ophthalmology, Moorfields Eye Hospital and UCL 
Institute of Ophthalmology, London, United Kingdom.

Purpose: To estimate heritability of parameters of human retinal 
electrophysiology in a classic twin study, and explore changes with 
age.
Methods: Adult monozygotic (MZ) and dizygotic (DZ) twin pairs 
were recruited from the TwinsUK cohort. Electroretinogram (ERG) 
responses were recorded using conductive fibre electrodes in response 
to stimuli incorporating standards set by the International Society for 
the Clinical Electrophysiology of Vision (ISCEV). ISCEV parameters 
were extracted, and, in addition, photopic negative response (PhNR, 
originating from retinal ganglion cells) and i-wave components were 
extracted from responses to the photopic single flash. Parameter 
values were averaged from both eyes. Mean values were calculated 
for the cohort. Coefficients of correlations with age were calculated 
(using one twin from each pair). Coefficients of intra-pair correlation 
were calculated for MZ and DZ twins. Age-adjusted heritability 
estimates were derived using structural equation modelling.
Results: 
Responses were recorded from 210 participants (59 MZ and 46 DZ 
twin pairs). 93% were female. Mean (SD) age was 62.4 (11.4) years. 
In general, age correlated negatively with response amplitudes, 
and positively with implicit times. Correlations were statistically 
significant (p<0.05) and moderate or strong (coefficient >0.35) for 
the following parameters: scotopic standard and bright flash a-wave 
implicit times; photopic 30 Hz flicker and single flash b-wave implicit 
times; PhNR and i-wave implicit times. Intra-pair correlations 
were higher for MZ than DZ twins, suggesting important genetic 
influences. Age-adjusted estimates of heritability were significant 
for all parameters (except scotopic dim flash b-wave implicit time), 
ranging from 0.34 to 0.85. Highest estimates were for photopic single 
flash a-wave and b-wave amplitudes (0.84 and 0.85 respectively).
Conclusions: Most parameters showed significant heritability 
indicating genetic factors are important, determining up to 85% of 
the variance in some cone system response parameters. Parameters 
relating to retinal ganglion cell function were also heritable, and 
showed increasing delay with age. Scotopic responses tended to 
show lower heritability (possibly relating to greater rod system 
susceptibility to environmental factors).
Commercial Relationships: Mohsin Patel; Taha Bhatti, None; 
Ambreen Tariq, None; Ting Shen, None; Katie M. Williams, 
None; Christopher J. Hammond, Fight for Sight UK (F); 
Omar A. Mahroo, Fight for Sight UK (F)


