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Program Number: 4297
Presentation Time: 11:00 AM–11:15 AM
Severe Loss of Tritan Colour Discrimination in RPE65 Associated 
Leber Congenital Amaurosis
Neruban Kumaran1, 2, Caterina Ripamonti3, Angelos Kalitzeos1, 
James W. Bainbridge1, 2, Michel Michaelides2, 1. 1Institute of 
Ophthalmology, University College London, London, United 
Kingdom; 2Moorfields Eye Hospital, London, United Kingdom; 
3Cambridge Research Systems Ltd, Rochester, United Kingdom.
Purpose: RPE65 associated Leber Congenital Amaurosis (RPE65-
LCA) is a progressive Early Onset Severe Retinal Dystrophy that 
results in profound early dysfunction of rod photoreceptor cells 
followed by progressive cone photoreceptor degeneration. To date, 
assessment of colour discrimination has been limited to traditional 
plate-based colour vision tests. In this study we used three different 
computerised colour vision tests, which consistently reveal a 
severe colour discrimination defect, predominantly along the Tritan 
confusion axis.
Methods: 6 adult subjects (aged 17 to 21) with molecularly 
confirmed RPE65- LCA underwent monocular colour discrimination 
assessment using both the trivector and the ellipse version of the 
following computerised tests: Cambridge Colour Test (CCT), 
low vision version of the Cambridge Colour Test (lvvCCT), and 
the Universal Colour Discrimination Test (UCDT). Stimuli were 
presented on a calibrated LCD Display++ monitor controlled by 
the Metropsis software (Cambridge Research Systems Ltd). For 
comparison, subjects were also tested using the Hardy Rand Rittler 
(HRR) plates. Each test was repeated three times.
Results: The trivector version of the tests demonstrated that colour 
discrimination along the Tritan axis was undetectable in 4 subjects, 
and severely reduced in 2 subjects. These findings were confirmed by 
the ellipse version of the tests, which showed that the orientation of 
the ellipse coincided with the orientation of the Tritan confusion axis. 
Colour discrimination along the Protan and Deutan axes was evident 
but subnormal in 5 of the 6 subjects, as demonstrated by the areas of 
the individual colour discrimination ellipses. Four of the 6 subjects 
were unable to read any of the HRR plates.
Conclusions: Computerised colour vision tests facilitate 
measurement of colour discrimination in RPE65-LCA. The condition 
is associated with severe impairment of colour discrimination, 
particularly along the Tritan axis indicating early involvement of 
S-cones. This technique is likely to be valuable in measuring the 
impact of intervention on cone function.
Commercial Relationships: Neruban Kumaran, None; 
Caterina Ripamonti, None; Angelos Kalitzeos, None; 
James W. Bainbridge, Meira GTx (C); Michel Michaelides, Meira 
GTx (C)
Clinical Trial: NCT02714816
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Colorblindness confined to one eye
Jay Neitz, Maureen Neitz. Ophthalmology, Univ of Washington, 
Medical School, Seattle, WA.
Purpose: The study of colorblindness has been a guide to the nature 
of normal color vision and a test for theories of it. A fundamental 
question is what do colorblind people see? One approach is to 

study individuals in which dichromacy is confined to one eye. 
Understanding the underlying cause of the disturbance is important 
for assessing the validity of one eye representing normal and the 
other dichromatic vision; however, none have been reported since it 
has been possible to assess the genetics of the disorder to determine 
its cause and nature. We examined the genes and color vision of 
a woman who self-reports having a colorblind father and having 
normal vision in one eye but being colorblind in the other.
Methods: L and M opsin genes were amplified separately and 
sequenced. The first gene and all downstream opsin genes in the 
array were separately amplified and sequenced. A MassArray based 
assay that distinguishes L and M genes and the first gene from 
downstream genes was used to estimate opsin gene copy number and 
the proportion of L vs. M genes. Standard tests of color vision were 
performed. The subject also made comparisons of color appearance 
between the two eyes.
Results: The subject tested as a protanope with her left eye but 
showed a very mild color vision deficiency in her right. She had 
a low proportion of L genes compared to total genes consistent 
with either a protan defect or a protan-carrier genotype. However, 
sequence analysis indicated both L and M genes were present 
indicating protan carrier status. A single nucleotide substitution was 
detected in the promoter of a subset of her M genes.
Conclusions: This is the first case of protanopic color vision 
confined to one eye in which its been possible to examine the 
underlying genetics. There has been speculation that the patchiness 
of X-inactivation could produce a carrier with one normal and one 
colorblind eye much like the coat-color of calico cats. However, 
modern results indicate that the X-inactivation patches of cones are 
small or non-existent making the occurrence of monocular protanopia 
by this mechanism unlikely. Moreover, in 300 mothers of colorblind 
sons (Feig & Ropers, 1978, Hum. Genet. 41:313) monocular 
disturbances of color vision were not observed. Thus, it appears that 
a rare combination of genetic changes is required to produce the 
dramatic difference in color vision between the eyes reported here, 
providing a rare opportunity to gain insight into the perceptions of the 
colorblind.
Commercial Relationships: Jay Neitz; Maureen Neitz, None
Support: R01EY016861
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Presentation Time: 11:30 AM–11:45 AM
L- and M-cone driven temporal contrast sensitivity is reduced at 
low frequencies in patients with Stargardt’s disease
Cord R. Huchzermeyer1, Francesca Pasutto2, André Reis2, 
Jan J. Kremers1. 1Department of Ophthalmology, University Hospital 
Erlangen, Erlangen, Germany; 2Institute of Human Genetics, 
University Hospital Erlangen, Erlangen, Germany.
Purpose: To measure perifoveal temporal contrast sensitivity 
functions (tCSFs) for L-, M-, S-cone- and rod-isolating stimuli 
based on the silent substitution paradigm in patients with Stargardt’s 
disease.
Methods: Stimuli were created using an LED stimulator with a 
2° diameter central circular field and a 13° outer diameter annular 
surround field, each driven by four independent primaries. Sine-wave 
modulated stimuli were presented in the white surround field (mean 
luminance 2.7 log phot Td) while subjects fixated the darker, steady 
central field (2.3 log phot Td).
Isolating stimuli were created based on the triple silent substitution 
paradigm using the 10° cone fundamentals and scotopic luminous 
efficiency. For each condition, the critical flicker fusion frequency 
(CFF) was determined at the maximal available contrast. The tCSFs 
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were measured at 1, 2, 4, 6, 8, 10, 12, 16, 20, and 28 Hz, but only up 
to the frequency just above the CFF.
In total, the tCSFs were measured in 11 patients diagnosed with 
Stargardt’s disease. Mutations screening in ABCA4 gene by Sanger 
sequencing and MLPA analysis were used to confirm the clinical 
diagnosis. Patients’data were compared the data of 24 healthy 
subjects.
Results: According to the recessive model of Stargardt’s 
disease inheritance, the mutations screening revealed compound 
heterozygous disease-causing variants in all but one patient analyzed. 
The spectrum of identified mutations includes missense and nonsense 
mutations, splice mutations and deletion of few exons. Compared 
with the healthy subjects, the tCSFs of patients were more variable, 
and several patients showed generally reduced tCSFs. Systematic 
sensitivity decreases were especially pronounced at low frequencies 
for L- and M-cone stimuli. S-cone- and rod-driven tCSFs differed 
only slightly between patients and healthy subjects.
Conclusions: Measurements of tCSFs of the photoreceptor classes 
is feasible in patients with Stargardt’s disease using our protocol. 
In contrast to tCSFs of RP patients from an earlier study, where rod 
sensitivities at 10-12 Hz were best suited to separate patients from 
normal subjects, differences were most pronounced at low temporal 
frequencies for L- and M-cone isolating stimuli. In the future, our 
paradigm may allow more accurate genotype-phenotype correlations 
and offer advantages in the monitoring of progression of Stargardt’s 
disease.
Commercial Relationships: Cord R. Huchzermeyer, None; 
Francesca Pasutto, None; André Reis, None; Jan J. Kremers, 
None
Support: ELAN fund, FAU Erlangen-Nuernberg (11.03.15.1); IZKF, 
FAU Erlangen-Nuernberg(Rotationsstelle); ProRetina Foundation 
Germany (ProRe/KP/Huchzermeyer.1-2013)
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Color vision evaluation in albino patients by Cambrigde Colour 
Test and Ishihara Plates
Caroline S. Seto1, Dora Fix2, Ronaldo Sano1. 1Ophthalmology, 
Irmandade de Misericórdia da Santa Casa de São Paulo, São Paulo, 
Brazil; 2Psychophysics and Visual Electrophysiology Laboratory of 
the Experimental Psychology Department of the Psychology Institute, 
Universidade de São Paulo, São Paulo, Brazil.
Purpose: Color vision in albino patients is an issue that needs to be 
studied due to controversy among published studies, whose methods 
did not yet have computerized psychophysical tests with good 
sensitivity and specificity. We performed a cross-sectional study to 
evaluate the color vision of albino individuals using the Cambridge 
Colour Test (CCT) and Ishihara plates.
Methods: The study included 28 albino patients selected from the 
Pro-Albino project. Patients were referred to the Psychophysics 
and Visual Electrophysiology Laboratory (Psychology Institute of 
the University of São Paulo), where the tests were performed. The 
inclusion criterion was minimal visual acuity in both eyes 20/400. 
The exclusion criterion was ophthalmologic changes secondary to 
other diseases. The thresholds were used according to the age group, 
based on a control group. For statistical analysis of the results of 
the CCT, the color discrimination thresholds for each axis were 
compared between the albino patients and the control group using the 
Student’s t-test.
Results: The CCT showed three individuals presenting protanomaly, 
one tritanomaly and four diffuse changes, not specific. Nineteen 
individuals showed no change in color vision. Just one albinism 
subject in the sample showed abnormal color vision in the Ishihara 

plates. The sample tend to present higher thresholds of chromatic 
discrimination in the axes of confusion compared to the control 
group. However, there was no statistically significant difference for 
the discrimination thresholds in the protan (p = 0.146), deutan  
(p = 0.084) and tritan (p = 0.164) axes between groups.
Conclusions: Although studies have shown that foveal cones density 
in albino patients is lower, such alteration does not necessarily 
represent the presence of color vision impairment. In addition, the 
cases of protanomaly detected by the CCT were also not identified 
by the Ishihara planks, although such deficiency was detected by 
both tests. The presence of tritanomaly found in one individual was 
not detected in the Ishihara plates, as well as protanomaly cases, 
revealing the importance of performing the CCT in patients with 
albinism for their detection. Three individuals had protanomaly, 
constituting the most prevalent deficiency in this study. Although 
observed a small number of color vision deficiencies in the sample, 
the prevalence of these defects was higher than in the general 
population.
Commercial Relationships: Caroline S. Seto, None; Dora Fix, 
None; Ronaldo Sano, None
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Intense ultrashort pulsed light in the infrared selectively damages 
putative S cones
Christina Schwarz1, Robin Sharma2, Matthew Keller1, 3, 
David R. Williams1, 4, Jennifer J. Hunter1, 5. 1Center for Visual 
Science, University of Rochester, Rochester, NY; 2Oculus Research, 
Redmond, WA; 3College of Natural Science, Michigan State 
University, East Lansing, MI; 4The Institute of Optics, University 
of Rochester, Rochester, NY; 5Flaum Eye Institute, University of 
Rochester, Rochester, NY.
Purpose: Infrared ultrashort pulsed light is used for two-photon 
excited fluorescence (TPEF) ophthalmoscopy to excite naturally 
occurring retinal fluorophores such as retinoids and NADH in the 
ultraviolet. Previously, we have shown that the visual cycle can be 
tracked at light levels that do not cause detectable damage. However, 
safety standards are not well established. Here we explore damage 
thresholds for this pulse regime in the living macaque eye.
Methods: Following dark adaptation, the photoreceptor layer of 3 
macaques was exposed at several retinal locations between 2 and 15° 
eccentricity from the fovea with a 730 nm, 55 fs pulsed laser. Tested 
retinal radiant exposures were 214, 428, and 856 J/cm2. Reflectance 
videos and TPEF were recorded simultaneously with an adaptive 
optics scanning light ophthalmoscope, and the TPEF time course of 
rods and cones was tracked. Locations were followed up immediately 
after the exposure and over several weeks.
Results: Only the highest tested exposure (5x ANSI) resulted in 
detectable changes. During the immediate follow up, a regularly 
spaced subset of cones emitted ~3x less TPEF and showed an altered 
TPEF time course. The relative number of affected cones was  
11-15%, consistent with the occurrence of S cones in macaque.  
Over several weeks, the diameter of these cones decreased. Ten 
weeks after the initial exposure, their space was occupied by cells 
with the appearance of rods. Other photoreceptors in the exposed area 
appeared to be unaffected. No changes in structure and TPEF time 
course were detected when the likelihood of two-photon events was 
decreased by broadening the pulse duration, while keeping the  
time-averaged exposure the same.
Conclusions: Retinal exposures to 856 J/cm2 with infrared ultrashort 
pulsed light can cause selective photoreceptor damage. The 
density and distribution of the affected cells suggest that they are 
S cones. While S cones have the lowest sensitivity in the infrared 
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of any receptor class, they are known to be particularly susceptible 
to ultraviolet and blue light. The effect appears to be due to a 
multiphoton event and distinct from pure thermal and mechanical 
mechanisms often associated with ultrashort pulse exposures.
Commercial Relationships: Christina Schwarz, None; 
Robin Sharma, Oculus Research (E), University of Rochester 
(P); Matthew Keller, None; David R. Williams, Canon Inc. (R), 
University of Rochester (P), Canon Inc. (F); Jennifer J. Hunter, 
University of Rochester (P)
Support: Research reported in this publication was supported by 
the National Eye Institute of the National Institutes of Health under 
Awards P30 EY001319, R01 EY022371, R01 EY004367, U01 
EY025497, and EY007125. The content is solely the responsibility 
of the authors and does not necessarily represent the official views 
of the National Inst. of Health. This study was also supported by an 
Unrestricted Grant to the University of Rochester, Department of 
Ophthalmology from Research to Prevent Blindness, New York, New 
York, the Beckman-Argyros Award and the Alcon Research Award.
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Yellow nighttime driving glasses reduce pedestrian detection 
performance with headlight glare
Merve Tuccar-Burak1, 2, Alex Hwang1, 2, Eli Peli1, 2. 1Schepens Eye 
Research Institute, MEEI, Boston, MA; 2Harvard Medical School, 
Boston, MA.
Purpose: Higher fatalities at nighttime mostly affect pedestrians. 
Oncoming headlight glare (HLG) is annoying many drivers and is 
presumed to reduce the visibility of pedestrians. Glasses with yellow 
lenses are advertised to help drivers see better at night, and reduce the 
impact of HLG. We measured the impact of three such glasses on the 
response time for detecting a pedestrian with and without simulated 
HLG in a driving simulator.
Methods: Three nighttime glasses, Night-Lite (Eagle Eyes Optics, 
Van Nuys, CA), HD Night Vision (IdeaVillage Co., Wayne, NJ), 
and Knight Visor (Blupond Inc., Netanya, Israel) were tested. Four 
normally sighted (NV) subjects (n=4) drove a nighttime scenario 
8 times (with/without HLG simulation X with/without nighttime 
glasses). Each 10-minute driving session included 30 pedestrian 
encounters. The pedestrian either walked along or cross the road 
while an oncoming car is passing by. Six null-pedestrian events were 
included (where no pedestrian showed up when an oncoming car was 
approaching). Driving order for the HLG and glasses conditions was 
counterbalanced. Subjects were instructed to press the horn as soon 
as they detected a pedestrian while driving the scenario. Reaction 
time (between pedestrian appearance and honk) was measured. A 
two-way ANOVA was computed for within-subject analysis for each 
glass condition.
Results: Without HLG presence, there was minimal effect on 
response time with the glasses. With HLG presence, the response 
time increased in both with and without the glasses conditions. The 
detrimental effect of HLG was much larger with the yellow glasses. 
No significant main effects of HLG types (all ps>0.13) and glasses 
types (all ps>0.14) were found. However, significant interactions 
were found for Night-Lite (F(1,3)=12.82, p=0.037) and HD Night 
Vision (F(1,3)=15.32, p=0.03). Although the interaction for the 
Knight Visor was not significant (F(1,3)=4.8, p=0.12), the data 
showed the same trend of performance degradation with the presence 
of HLG.
Conclusions: Yellow nighttime driving glasses did not improve 
pedestrian detection performance without HLG. However, with HLG, 
those glasses degraded performance more with than without glasses.

Commercial Relationships: Merve Tuccar-Burak; Alex Hwang, 
None; Eli Peli, None
Support: NIH Grant 5R01 EY024075-03
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Functional impact of fixational eye movements during an 
orientation discrimination task in people with macular disease
Susana T. Chung1, 2, Mehmet N. Agaoglu1, 2, Christy K. Sheehy3, 
Pavan Tiruveedhula1, 2, Austin Roorda1, 2. 1School of Optometry, 
University of California, Berkeley, CA; 2Vision Science Graduate 
Program, University of California, Berkeley, CA; 3Neurology, UCSF, 
San Francisco, CA.
Purpose: People with macular disease invariably exhibit highly 
unsteady fixational eye movements (FEMs), characterized by large 
amplitudes of slow drifts and microsaccades. Are these abnormal 
FEMs detrimental to vision due to the excessive retinal image 
motion, or are they helpful in enhancing fine spatial details for 
people with macular disease? In this study, we examined whether 
an exaggeration or a reduction in FEMs would lead to better 
performance for an orientation discrimination task in observers with 
macular disease.
Methods: A sinusoidal grating (1–4 cpd) tilted ±45° from vertical 
was presented at the preferred retinal locus (2.3–4.8° eccentricity) of 
four observers with long-standing macular disease, using a custom-
built eye-tracking scanning laser ophthalmoscope (TSLO). The 
TSLO allows simultaneous imaging of the retina while delivering 
stimulus at a precise retinal location, as well as stabilization of the 
stimulus on the retina. A range of image stabilization gains was tested 
such that the image of the grating could be stabilized, unstabilized or 
moved more or less than the natural FEMs on the retina. Following 
a 1-s presentation of the grating, observers reported the perceived 
orientation of the grating (left or right). Only trials with accurately 
delivered stimulus were analyzed. An offline cross-correlation 
algorithm (sampling rate 540 Hz) was used to extract the positions 
of the eye and the image of the grating from which the retinal image 
motion was calculated. Metrics including fixation stability and image 
velocity were used to characterize the retinal image motion.
Results: In general, observers’ performance accuracies for 
identifying the grating orientation varied with the range of metric 
values non-monotonically. For each observer and most metrics, 
although accuracy was never the highest at the value corresponding 
to unstabilized FEMs; it was only slightly lower than at other (usually 
smaller, corresponding to less retinal image motion) metric values 
(e.g. 72%-correct [unstabilized] vs. 79%-correct [smaller value] for 
fixation stability and peak retinal velocity).
Conclusions: Despite their abnormal FEMs, performance for 
orientation discrimination is close to the best that people with 
macular disease can attain when viewing the stimulus using their 
natural FEMs. Reducing the retinal image motion may improve 
performance for these individuals, but only modestly.
Commercial Relationships: Susana T. Chung; 
Mehmet N. Agaoglu, None; Christy K. Sheehy, C. Light 
Technologies (F), C. Light Technologies (I), C. Light Technologies 
(P), C. Light Technologies (E); Pavan Tiruveedhula,  
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C. Light Technologies (C), UC Berkeley (P); Austin Roorda, UC 
Berkeley (P), C. Light Technologies (S)
Support: NIH Grants R01-EY012810 and R01-EY023591, and 
Macula Vision Research Foundation


