Investigative Ophthalmology & Visual Science

Full-Field Pupillary Light Responses, Luminance
Thresholds, and Light Discomfort Thresholds in CEP290
Leber Congenital Amaurosis Patients

Frederick T. Collison,! Jason C. Park,? Gerald A. Fishman,"? J. Jason McAnany,?

and Edwin M. Stone?

IThe Pangere Center for Inherited Retinal Diseases, The Chicago Lighthouse for People Who Are Blind or Visually Impaired,

Chicago, Illinois, United States

2Department of Ophthalmology and Visual Sciences, University of Illinois at Chicago College of Medicine, Chicago, Illinois, United

States

3The University of lowa Carver College of Medicine, Department of Ophthalmology and Visual Sciences, Stephen A. Wynn Institute
for Vision Research, Howard Hughes Medical Institute, Iowa City, Iowa, United States

Correspondence: Gerald A. Fishman,
The Pangere Center for Inherited
Retinal Diseases, The Chicago Light-
house for People Who Are Blind or
Visually Impaired, 1850 West Roose-
velt Road, Chicago, IL 60608, USA;
gerafish@uic.edu.

Submitted: June 11, 2015
Accepted: September 16, 2015

Citation: Collison FT, Park JC, Fishman
GA, McAnany JJ, Stone EM. Fullfield
pupillary light responses, luminance
thresholds, and light discomfort
thresholds in CEP290 Leber congeni-
tal amaurosis patients. Invest Opb-
thalmol Vis Sci. 2015;56:7130-7136.
DOI:10.1167/i0vs.15-17467

Purprosk. To investigate visual function in patients with CEP290 Leber congenital amaurosis
(LCA-CEP290), using three full-field tests that can be performed by patients with poor
fixation.

MEeTHODS. Six patients (age range, 9-39 years) with LCA-CEP290 participated in the study.
Stimuli for all three tests (full-field stimulus test [FST], pupillometry, and light discomfort
threshold [LDT] testing) were generated by the Diagnosys ColorDome ganzfeld, by using
achromatic stimuli as well as long- and short-wavelength stimuli to target rod and cone
photoreceptors with all three tests and, in the latter two tests, melanopsin photoreceptors.

Resurts. Dark-adapted FST thresholds in LCA-CEP290 patients were cone mediated and
elevated between 4.8 and 6.2 log units above the normal achromatic threshold. The FST
threshold was not measurable in one patient. The rod-mediated transient pupillary light reflex
(PLR) was absent in all but the youngest patient, where unreliable responses precluded PLR
quantification. Cone-mediated transient PLRs were subnormal in five patients, and absent in
another. Sustained melanopsin-mediated PLRs were measurable in all patients. Full-field LDT
thresholds were elevated compared to normal controls, and were lower for short-wavelengh
than for long-wavelength stimuli.

Concrusions. The FST thresholds and transient PLRs were cone mediated in our cohort LCA-
CEP290 patients. Rod-mediated PLRs were undetectable, whereas melanopsin-mediated
sustained responses were detected in all patients, suggesting a relative preservation of inner-
retina function. The LDT elevations for the patients are somewhat paradoxical, given their
subjective perception of photoaversion. Relative aversion to short-wavelength light suggests
influence from melanopsin on LDTs in these patients.
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Lebcr congenital amaurosis (LCA) refers to a group of severe
inherited retinal disorders characterized by profound
congenital vision impairment, nystagmus, and most often
autosomal recessive inheritance. Mutations in the gene
CEP290 (also known as NPHPG)! have been found in at least
21% of LCA patients descended from various parts of Europe,!-3
making it the most common cause of nonsyndromic LCA in
those populations. The CEP290 protein localizes to the base of
the connecting cilium of photoreceptors,* and loss of function
of this protein in the human retina leads to an early loss of rod
photoreceptor function and structure, as well as poor cone-
mediated central vision.

Both photopic and scotopic full-field electroretinograms
(ERGs) tend to be nondetectable, even at an early age.!:3>
Visual acuity in patients with CEP290 mutations is typically
poor, with most falling in the range of hand motion to no light
perception.®® In spite of poor central vision, optical coherence
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tomography has shown that foveal cone structure can be
relatively preserved decades longer than rod structure,>%1° a
finding that suggests the potential for therapeutic intervention.
Owing to very poor visual acuity and mild photoaversion, LCA-
CEP290 has been referred to as a “cone-rod dystrophy.”!-3> On
the other hand, LCA-CEP290 has more recently been referred
to as a “rod-cone dystrophy”” owing to relative sparing of the
macula and early loss of rod structure.’

Given the poor fixation and large visual sensitivity losses in
LCA-CEP290 patients, typical clinical measures of visual
function are not ideally suited either to assess functional losses
or to track changes in visual function over time. This is
important because substantial progress has been made in the
development of gene therapies for application to patients with
LCA-CEP290, but techniques for assessing therapeutic efficacy
in these patients are relatively limited. The primary purpose of
this study was to address this limitation by investigating the use
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Tasie 1. LCA-CEP290 Demographics, Genotypes, Visual Acuities, and Historical (Done Years Before Current Study) ERG and Visual Field Data
Patient Age, GVF
No. y Sex CEP290 Mutations Visual Acuity Full-Field ERG (V4e Target)

P1 9 F IVS26+1655 A>G (€.2991+1655A>G); LP with projection OD, OS Nondetectable  Not done
GIn1654del2cAA (c.4961_4962delAA)

P2 24 M Glul656Stop GAA>TAA (¢.4966 G>T); LP with projection OD, OS Nondetectable  Not detected
IVS34-3dell1gC (c.4438-3delC)

P3 31 F Glu277stop GAA>TAA (¢.829 G>T); OD: HM; OS: 10/160 Not done <8°
IVS34-3del1gC (c.4438-3delC)

P4 39 F 1IVS26+1655 A>G (¢.2991+1655A>G) homozygous OD: 5/225; OS: 5/350 Nondetectable  <10°

P5 36 F Glu277stop GAA>TAA (¢.829 G>T); OD: NLP; OS: LP (inconsistent)  Nondetectable <8°
IVS34-3del1gC (c.4438-3delC)

P6 22 F IVS26+1655 A>G (¢.2991+1655A>G); 20/200 OD; 4/350 OS Nondetectable <8°

Arg1926stop CGA>TGA (¢.5776 C>T)

HM, hand motion; LP, light perception; NLP, no light perception.

of three fullfield tests of visual function in patients with
nonsyndromic LCA-CEP290: (1) pupillary light reflexes (PLRs);
(2) luminance thresholds; and (3) light discomfort (photo-
aversion). A secondary purpose of this study was to investigate
the disagreement in classification of LCA-CEP290 as either a
“cone-rod” or “rod-cone” dystrophy through the use of
chromatic stimuli to study the relative contributions of
different photoreceptor types (rods versus cones) to the PLR
and luminance thresholds, as well as through the inclusion of
light discomfort threshold (LDT) testing.

For the PLR, we followed a published method that uses 1-
second chromatic stimuli at various luminance levels to target
rod, cone and melanopsin responses.!! For the luminance
thresholds, we tested patients with the full-field stimulus
threshold test (FST),'>13 also using chromatic stimuli to
determine rod- versus cone-mediation of dark adapted thresh-
olds. As a measure of photoaversion, we adapted a published
measure of LDT'%15 by using a full-field stimulus, and we added
chromatic stimuli to evaluate the effect of wavelength on LDTs
in LCA-CEP290 patients.

METHODS

Six patients with LCA-CEP290 participated in the study (P1-
PG; ages 9, 24, 31, 39, 36, and 22 years). All six were diagnosed
with LCA by a specialist in hereditary retinal diseases (GAF),
and were either homozygous or compound heterozygous for
disease-associated variants of the CEP290 gene. Genetic testing
was performed as described previously.!” In five of the six
patients, previously performed clinical full-field ERG had
shown nondetectable responses. Patient 4 (sister of patient
3) had no record of having had an ERG. Also, in five of the six
patients, Goldmann visual field (GVF) testing had shown less
than 20° of visual field to the V4e target (Table 1), and patient 1
had no record of having had a GVE Visual acuity data from all
six of these patients have been published previously,® although
visual acuities given in the present report are updated from the
most recent clinical visit (Table 1). P4 had keratoconus, and P6
had optic disc drusen. None of the patients had optic atrophy
or retinal coloboma, and none had any known nonocular
medical conditions suggestive of a CEP290-associated multi-
system ciliopathy syndrome (Joubert syndrome, Senior-Lgken
syndrome, Meckel-Gruber syndrome, or Bardet-Biedl syn-
drome).? Although subtle nonocular findings, such as abnor-
malities of respiratory cilia, have been associated with LCA-
CEP290,'%17 here we refer to LCA-CEP290 in our six patients
as “nonsyndromic” to differentiate it from the four syndromes
listed above.

Pupillometry

The apparatus and stimuli used to elicit and record the PLR are
described elsewhere.!18 In brief, full-field stimuli were
generated by the Diagnosys ColorDome ganzfeld associated
with the Espion E? system (Diagnosys, LLC, Lowell, MA, USA),
with narrow-band LEDs of 465 nm (blue), and 642 nm (red).
Pupil responses were measured with a plastic frame-mounted
infrared camera system (Arrington Research, Scottsdale, AZ,
USA).' The PLR was measured in the better-seeing eye of each
patient by using 1-second long luminance pulses under
conditions designed to target the rod, cone, and melanopsin
pathways.!! The rod response was elicited by a pulse of —3 log
cd/m? blue light after a period of 10 minutes dark adaptation.
The melanopsin response was elicited by a pulse of 2.6 log cd/
m? blue light without a background light. The cone response
was elicited by a 1 log cd/m? red light on a blue background of
0.78 log cd/m?. The rod- and cone-mediated PLRs were defined
as the maximum constriction relative to baseline pupil size
(before light onset), per convention,'! and the melanopsin
response was measured as the median pupil size between 5
and 7 seconds after the stimulus offset, relative to baseline.!!
All three conditions were tested twice, and threshold was
calculated as an average of the two trials for each condition.
Nine similarly aged, visually normal subjects (mean age 28.4
years; SD 6.2) were tested with the same pupillometry
protocol.

Full-Field Stimulus Test

The FST is a measure of luminance threshold using full-field
stimuli. The FST stimuli were generated by the narrow-band
LEDs of the Espion E*> ColorDome. Stimuli below 0.01 cd-s/m?
(“dim” LEDs) had peak wavelengths of 468 nm (blue) and 632
nm (red); stimuli above 0.01 cd-s/m? (“bright” LEDs) were 444
nm (blue) and 632 nm (red). A button box was used by the
subject to indicate whether or not the brief, full-field stimulus
was perceived (see Klein and Birch!'? for more information
regarding setup and statistical threshold determination with
the Diagnosys FST). P1 was only tested in one eye (OD) due to
her age, and P5 was unable to reliably perform the FST in either
eye. The subjects’ pupils were dilated (1.0% tropicamide and
2.5% phenylephrine), and the FST was performed in the dark
after 30 minutes of dark adaptation, first testing with a 6500-K
white stimulus,'? followed by red and blue stimuli. All three
stimuli were tested three times, and the threshold was
calculated as an average of the three trials for each stimulus.
The right eye was tested before the left eye. Dark-adapted
thresholds were assumed to be rod mediated if the threshold
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TaBie 2. LCA-CEP290 Present Study Monocular Data
Full-Field Light Discomfort
Pupillometry Stimulus Threshold Threshold
Eye White Stimulus, White Stimulus,
Patient No. Tested Rod Cone Melanopsin log phot cd*s/m? log phot cd/m?
P1 OD Noisy 8% 26% —1.1 (cone only) Not done
P2 OD Absent 27% 31% —1.5 (cone only) 3.6
P3 oS Absent 28% 29% —2.0 (cone only) 3.6
P4 oD Absent 20% 25% —1.5 (cone, slight rod?) >3.6
P5 oS Absent Absent 9% Unrecordable Not reported
P6 oD Absent 13% 23% —2.5 (cone only) >3.6

Control mean 24% (SD 4%) 35%* (SD 4%)

48%" (SD 6%)

—7.3 rodt; —3.8 conet (n = 10) 2.7 (SD 0.56; n = 7)

For light discomfort, >3.6 indicates ceiling effect (test was never stopped by subject). The pupillary response is defined as percentage relative

constriction: [1 — (Minimum Pupil Size)/(Baseline Pupil Size)] X 100%.
* P < 0.001.
T P < 0.0001.

was at least 2.2 log units lower for the blue stimulus than for
the red stimulus, based on our own dark-adapted normative
data, as well as other studies involving the Diagnosys Color-
Dome.!!'!2 Thresholds were assumed to be cone mediated if
red stimulus thresholds were equal to blue stimulus thresholds,
as measured in photopic units. Thresholds were assumed to be
a complex mix of rod and cone mediation if blue stimulus
thresholds were between 0.1 and 2.1 log units less than red
stimulus thresholds.

Rod- and cone-mediated FST thresholds from 10 normally
sighted subjects were obtained as part of a previously
published study.?® In short, for the control subjects, rod-
mediated thresholds were obtained after 30 minutes of dark
adaptation (as described above), whereas cone-mediated
thresholds were obtained during the cone-plateau phase of
dark adaptation in the normal subjects. Dark-adapted white
and red stimulus thresholds were not reported in the previous
article,?° but are now shown here.

Light Discomfort Threshold Testing

The five older patients (P2-P6) participated in the LDT. For
LDT testing, the Espion E? system was used with “bright” LEDs
only, with the addition of a 528 nm (green) stimulus. The
button box was used by the subject to start and stop the LDT
test. The LDT procedure was partly based on a published
method that was designed for testing “photophobia” in
migraine patients.'®!'> The main difference between the
previously published method and our method is the visual
angle covered by the light stimulus. In contrast to the small-
field stimuli used previously,'%'> the LDT test was performed
with full-field stimuli, which minimizes the effect of fixation
instability, allowing us to test patients with LCA who have poor
fixation and nystagmus.

Before testing, both pupils were dilated (1.0% tropicamide
and 2.5% phenylephrine) and one eye was adapted to a 30 cd/
m? 6500-K white background light for 5 minutes, then dark
adapted for 5 minutes. The fellow eye was patched for
measurements made with the 6500-K white stimulus. The
initial exposure to a 30 cd/m? 6500-K white light was intended
to equate the prior light exposure level among the subjects.
Testing was performed monocularly with the 6500-K white
stimulus, which was tested three times, with 3 minutes
between each test.

The luminance of the light source was increased step-wise,
with a 2-second stimulus and a 2-second interstimulus interval
of darkness. For the white stimulus, the first stimulus was —0.6
log cd/m? (0.25 cd/m?), and subsequent stimuli were increased
by 0.3 log units (approximately a doubling of the luminance

with each step) until the luminance reached the maximum of
3.6 log cd/m? (3981 cd/m?). The subject was asked to indicate,
by button press, when the stimulus was perceived to be
“uncomfortable,” which ended the test.'%!> Seven visually
normal subjects were also tested with this protocol.

Chromatic testing was performed binocularly in the LCA-
CEP290 patients following the test with the white stimulus.
Monocular thresholds too often exceeded the highest lumi-
nance stimulus available (the test was not stopped at the
highest luminance level), therefore the subjects were tested
binocularly'® in an attempt to lower thresholds into a
measureable range. Red, blue, and green stimuli were each
tested once binocularly after at least 18 minutes of dark
adaptation. Tests for red, green, and blue stimuli began at 64
cd/m? and doubled in each luminance step, as in the paradigm
used for the white stimuli. The purpose of testing with
chromatic stimuli was to evaluate whether there was a short-
wavelength bias in eyes without rod function.

Color Naming

A simple method of color naming was performed during the
fullfield tests. With pupillometry and light discomfort testing,
the stimuli were often suprathreshold, and the narrow-band
LEDs of the ColorDome provided stimuli that were easily
named “red,” “green,” and “blue” by normally sighted
individuals. Patients were asked whether they perceived color
during chromatic testing with all three full-field tests, and they
were asked to name the color (although not necessarily in a
forced-choice manner). Their responses aided in interpretation
of the results of the three fullfield tests.

Procedures adhered to the Declaration of Helsinki and were
approved by the institutional review boards (IRBs) of the
University of Illinois at Chicago and the Western IRB.

REesuLTs
Pupillometry

Figure 1 shows the PLRs for the patients, obtained under rod-
(Fig. 1A), cone- (Fig. 1B), and melanopsin-mediated (Fig. 1C)
conditions. Table 2 lists the PLR amplitudes for all three
conditions. The gray region in each panel represents the range
of normal. The PLRs are displayed in relative amplitude as a
proportion of baseline pupil diameter. The PLR data under the
rod condition (Fig. 1A) are only shown for five of the six
patients because the results were too noisy to confidently
assess in the case of P1, although she appeared to have a
detectable rod-mediated response. The rod-mediated PLR was
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Ficure 1. Chromatic fullfield pupillometry results, measured in the
better-seeing eye in all six patients. Gray areas represent the normal
range. (A) Pupillary light reflex responses to rod-targeting stimuli. P1 is
excluded from the rod condition owing to noisy recording conditions.
The traces for P2 to P6 all show a lack of rod-mediated PLR. (B) Pupillary
light reflex responses to cone-targeting stimuli. Cone-mediated PLR
amplitudes varied from near-normal to nondetectable. (C) Sustained PLR
responses to melanopsin-targeting stimuli. The smallest responses in all
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absent in patients 2 to 6. The cone-mediated PLRs (Fig. 1B)
were subnormal in patients 2 to 4 and P06, and absent in P5.
The mean cone-mediated PLR for the patients was significantly
smaller than that of the controls (f = 4.62, P < 0.001). The
melanopsin-mediated response (Fig. 1C) was measurable, but
reduced in all patients (t=6.67, P < 0.001). While all patients
produced measurable melanopsin-mediated PLRs, the response
of one patient (P5; Fig. 1C, green line) showed significantly
smaller amplitude and slower onset to constriction. This may
reflect the absence of a transient component of the PLR, which
should be mediated by rod and/or cone pathway, and the sole
dominance of melanopsin in this patient’s PLR. As noted in the
Methods section, the PLRs were measured twice under each
condition and the data shown in Figure 1 and Table 2 are based
on the mean of the two responses. The mean PLR amplitude
difference between pairs of measurements was 5% for the LCA-
CEP290 patients, and the amplitude difference between the
two responses for all conditions was less than 12% for all
subjects.

Full-Field Stimulus Thresholds

Reliable FST thresholds were obtained from five of the six
patients. P5, who was the exception, was unable to reliably
perform the FST, and she also had inconsistent responses to
informal clinical testing of light perception. Dark-adapted
achromatic FST thresholds in the remaining five patients were
elevated between 48 and 62 dB from the normal dark-adapted
6500-K white threshold (individual thresholds for the achro-
matic stimulus are listed in Table 2). The mean dark-adapted
achromatic FST threshold for the five patients was significantly
greater than that of the controls (# = 28.5, P < 0.001).
Achromatic FST thresholds were measured three times from
cach of the five patients, and the data shown in Figure 2 and
Table 2 are based on the mean of the three responses. The
results of the three measurements were highly consistent: the
largest variation between any pair of trials was 3.0 dB (in the 9-
year-old patient).

Figure 2 shows the chromatic FST thresholds for the five
patients. Data are shown for measurements made with the blue
(Fig. 2, left) and red (Fig. 2, right) stimuli (each symbol
represents a different patient, given in the key). The colored
boxes represent the range of normal for the blue and red
stimuli. For the red stimuli, two separate red boxes are shown,
one for dark-adapted control thresholds (rod mediated, lower)
and one for light-adapted control thresholds (cone mediated,
upper). The control thresholds for the dark-adapted blue and
red stimuli differed by approximately 25 dB, suggesting that
the rod pathway mediated performance. In contrast, dark-
adapted thresholds for LCA-CEP290 patients were similar for
red and blue stimuli, suggesting that the cone pathway
mediated the thresholds. However, when compared to normal
cone-mediated thresholds, LCA-CEP290 dark-adapted FST
thresholds were elevated between 7 and 25 dB (shown in
Fig. 2; t = 8.94, P < 0.0001). In all cases, the cone threshold
elevation was at least four times as large as the variation
between trials. For P4, the blue stimulus thresholds were
slightly lower than the red stimulus thresholds in each eye;
therefore, we were unable to entirely rule out a small rod
contribution to P4’s FST threshold for the blue stimulus.

No significant correlation was found between cone-mediat-
ed transient PLR amplitudes and FST red (presumably cone-

three subfigures are from P5 (green trace), who had no response under
the rod or cone conditions, but had a modest, delayed response to the
bright blue light under the melanopsin condition.
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Ficure 2. Dark-adapted FST thresholds for blue and red stimuli,
measured in the better-seeing eye of five LCA-CEP290 patients. All but
one subject (P4) demonstrated thresholds to short-wavelength stimuli
that were at or above the threshold to long-wavelength stimuli,
consistent with cone mediation of the responses. In P4 (age 39 years),
the short-wavelength thresholds were less than 3 dB lower than the long-
wavelength thresholds, suggesting a possible small contribution from
rods in her thresholds. Fellow-eye results were very similar, with the
exception of P1, who was not tested in the fellow eye. Thresholds for
P5, who had inconsistent bare light perception, were not measurable.
Control subject responses are shown as blue and red bands at 468 and
628 nm, respectively, where the vertical dimension of each band
represents the control range for that stimulus. The blue band (lower
left) represents the control range of dark-adapted, rod-mediated
thresholds with the blue stimulus. Two red bands are displayed on
the right side: the lower red band represents dark-adapted (rod-
mediated) thresholds with the red stimulus; the upper red band
represents the light-adapted (cone-mediated) thresholds with the same
red stimulus, obtained during the cone-plateau phase of dark adaptation.
Thresholds are measured in decibels, where zero dB = 0.1 cd-s/m?3.

mediated) thresholds for the five LCA-CEP290 patients who
performed both tests (Pearson » = 0.17; P = 0.77).

Light Discomfort Threshold Testing

Four of the tested LCA-CEP290 patients (P2-P4 and P6) were
found to have monocular LDTs that were higher than the
mean of seven normally sighted subjects (2.7 log cd/m?).
Thresholds for the achromatic stimulus are listed in Table 2.
Two of the patients (P4 and P6) did not stop the test even at
the highest luminance (3.6 log cd/m?), which was not the
case for the visually normal controls. From these data we can
unambiguously conclude that this cohort of LCA-CEP290
patients was not subnormal (more photoaverse than normal)
in its full-field LDTs. The monocular achromatic LDTs were
tested three times in a row. The seven normal subjects, as a
group, had an average absolute difference of 0.23 log cd/m?
between pairs of trials. Analysis of intravisit variability in the
patients is difficult because all but one of the LCA-CEP290
patients had at least one trial in which they did not stop the
test. As such, meaningful quantification of the variation in
achromatic LDT is not possible. For the same reason,
statistical comparison of the LDT values for the patients and
controls was not performed.

During binocular testing with chromatic stimuli, patients 2
to 4 all were found to have LDTs that were lower for shorter-
wavelength stimuli than longer-wavelength stimuli (Fig. 3). P6
failed to stop the test at the highest luminances tested for all
chromatic stimuli and is therefore not shown in Figure 3. As
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Ficure 3. Fullfield binocular LDTs (OU) for patients 2, 3, and 4 (P2,
P3, P4). Upward arrow (]) indicates the subject surpassed the highest
luminance stimulus (ceiling effect). The results of all three LCA-
CEP290 patients, plotted here, demonstrate greater aversion to the
shorter-wavelength stimuli than to longer-wavelength stimuli, suggest-
ing the influence of melanopsin on their LDTs. P6 is not shown
because she failed to stop the test at the highest luminance for all three
chromatic stimuli.

with her FST responses, P5’s LDT thresholds were inconsistent
and are not reported. P1 was not tested with the LDT.

Color Naming

P1, P2, and P5 denied any subjective perception of color. P3 and
P4 claimed only modest perception of color, and P6 claimed she
was able to distinguish basic colors. When queried, only one of
the six patients (P6) was able to consistently name the colors of
the narrow-band stimuli used in the full-field tests. This is an
interesting finding in light of FST thresholds and transient PLRs
that were cone mediated in this cohort.

DISCUSSION

The purpose of the present study was to investigate the use of
three fullfield tests of visual function in patients with
nonsyndromic LCA-CEP290. We also investigated the relative
residual function of rod, cone, and melanopsin photoreceptors
in LCA-CEP290 with chromatic stimuli. In general, the six
patients in our sample were able to perform the tests well
enough to assess rod, cone, and melanopsin function. The data
indicated the general absence of rod responses and measurable
melanopsin responses. Pupillary light reflex and FST can
provide complementary information regarding retinal function
and may have their own roles as outcome measures in future
clinical trials involving LCA-CEP290 patients.

Pupillometry

Pupillometry using multiple methods has been reported in
patients with LCA who do not have an identified mutation,!!-2!
as well as in a few specific genotypes.??~2* The PLR has also
been used to demonstrate efficacy in the various RPEGS5 gene
therapy treatment trials.?>-2® The specific PLR paradigm used
in this study has been previously demonstrated in three
patients with LCA, where the genotype was not specified.!!
Chromatic full-field pupillometry has been performed on
Abyssinian cats with CEP290 mutations, showing reduction
of pupil responses with advancing disease stage.?® However, to
our knowledge, the PLR in human LCA-CEP290 has not been
described previously.
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Pupillometry testing revealed measurable cone responses in
five of six LCA-CEP290 patients. From this result alone, full-field
pupillometry may have a role as an objective measure of retinal
function in LCA-CEP290 patients, as compared with standard
full-field ERG, where responses are generally nondetectable.!3->
On the other hand, rod-mediated PLRs were not detected in five
of six patients, with one patient, the youngest at 9 years of age,
being indeterminate owing to noisy responses. Findings of a rod-
mediated transient PLR in a 9-year-old would not be inconsistent
with the spectral-domain optical coherence tomography and
short-wavelength autofluorescence findings of Cideciyan et al.,’
who has concluded that some rod structure is present early in
life, even though it is largely lost within the first decade in
humans with LCA-CEP290.

Pupillometry revealed measurable melanopsin-mediated
sustained responses in all six LCA-CEP290 patients. Most
importantly, melanopsin-mediated responses were detected in
the patient who had no appreciable rod or cone PLRs. A very
similar, long latency melanopsin-mediated PLR has been
previously reported in an LCA patient (gene mutation not
specified) who also lacked rod- and cone-mediated respons-
es.'! The melanopsin-mediated pupillometry test can demon-
strate measurable melanopsin-containing retinal ganglion cells
and optic nerve function, even in patients with no light
perception,!! and therefore may play a role in patient selection
for future treatments.

Full-Field Stimulus Thresholds

The FST was designed specifically with LCA and LCA clinical
trials in mind,'?> and has been another valuable tool in
demonstrating efficacy in RPEG5 clinical trials.?>3° Cideciyan
et al.> have reported two-color dark-adapted FST results in eight
LCA-CEP290 patients. Six of their LCA-CEP290 patients had
cone-mediated responses only, similar to those of our patients.
Two of their patients (ages 11 and 17 years) had at least some
rod contribution to the dark-adapted FST. We did not find
significant rod-mediated responses, even in our 9-year-old LCA-
CEP290 patient (P1), with the exception of a possible slight rod
contribution to blue stimulus thresholds in one patient (P4).

Cideciyan et al.> have proposed that cones (as opposed to
rods) should be targeted in LCA-CEP290 treatments. We found
that LCA-CEP290 FST thresholds were elevated well above
both rod and cone normal thresholds, and that intravisit
variability was quite small relative to threshold elevations.
Therefore, dark-adapted two-color FST should be able to detect
sensitivity improvement regardless of which photoreceptor
type is targeted, precluding the need for either a bleach
recovery? or a background light?* to isolate cones.

With only five subjects performing both PLR and FST, no
significant correlation was found between PLR amplitudes and
FST thresholds. Even with larger numbers of subjects, it is
possible that a strong correlation between these two tests may
not be obtained in LCA-CEP290. Although the stimuli were
similar between these two tests in this study, suprathreshold
cone-mediated PLRs likely depend on the summed response
across several degrees of visual angle,'® whereas the FST could
theoretically be mediated by only a small patch of relatively
sensitive photoreceptors.!?

Light Discomfort Thresholds

From their cohort of 47 patients, Perrault et al.? have described
slight photoaversion as a characteristic feature of LCA-CEP290.
Photoaversion has been documented in other studies of LCA-
CEP290 as well.>7 Photoaversion in a retinal dystrophy such as
LCA-CEP290, where rod function appears to be impaired to a
greater degree than cone function, is somewhat paradoxical.
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We chose to investigate this complaint because five of our six
LCA-CEP290 patients noted at least mild photoaversion, with
two reporting it as “mild to moderate.”

The subjective responses used in this form of LDT testing
lead to variation in the data, and a more objective method of
measurement, such as electromyography®! or lid-fissure
measurement,3? may be preferable in future studies. Although
the variability inherent in such a subjective test precludes
detailed analysis, a couple of general conclusions can be made:
thresholds for the patients in our sample were in the normal
range or above and thresholds were lower for short-wavelength
stimuli than for long-wavelength stimuli. It is interesting that
full-field LDT thresholds in the four LCA-CEP290 patients were
all above the normal control mean (i.e., they were less
sensitive), despite their subjective photoaversion. Therefore,
this form of LDT testing would not likely be of great value in
monitoring for improvement in any treatment of LCA-CEP290,
because of a lack of room for improvement in patient
thresholds that are already at least normal.

A possible explanation for the normal-to-elevated LDT
thresholds is that the fullfield stimulus used in this experiment
did not test the particular aspect of their vision on which they
base the claim of hypersensitivity to bright light. For example,
it is possible that what LCA-CEP290 patients interpret as
excessive sensitivity to bright light is a phenomenon related to
pattern vision, such as a loss of contrast in bright light
situations. The diffusing sphere used in this study does not
contain patterns or details that the patients might use to
recognize such an effect on their pattern vision.

In a study of “photophobia,” Stringham et al.>! have found
that normal subjects are more averse to shorter-wavelength
than longer-wavelength stimuli. However, their methods
involve more focal stimuli as well as radiometric units, making
direct comparison to the present study difficult. It is interesting
that our patients, who have very poor vision, were also more
averse to the potentially more harmful short-wavelength light.
The lack of rod mediation of either PLRs or FST thresholds in
our LCA-CEP290 patients essentially rules out rods as a source
of the relative discomfort with short-wavelength light. S-cones
are a potential source of this short-wavelength bias, but this
seems unlikely because the patients did not have higher
sensitivity to short-wavelength light in the FDT or PLR. An
argument might be made that a subjective (cortical) color bias
could affect the LDTs; however, this is also unlikely because
only one of the six patients was able to consistently name the
colors of the narrow-band chromatic stimuli. It seems most
likely that the relatively lower discomfort thresholds for short-
wavelength stimuli can be attributed to mediation by
melanopsin-containing retinal ganglion cells, given that all
patients had measurable melanopsin-mediated PLRs and the
peak spectral sensitivity of melanopsin is near that of our short-
wavelength LED.

CONCLUSIONS

Our primary purpose in this study was to assess tests that
could be valuable in patients with the low levels of vision
associated with LCA-CEP290. Between pupillometry and FST,
responses could be measured in all patients. Both FST and
pupillometry appear to have an important role in assessing
future treatments of LCA-CEP290. Our five LCA-CEP290 adult
patients showed a lack of rod function, and all but one showed
some preservation of cone function, as demonstrated by FST
and pupillometry. The results from our cohort most support
labeling LCA-CEP290 as a rod-cone dystrophy, in spite of
reduced visual acuity, poor color perception, and subjective
photoaversion. Melanopsin appears to influence not only the



Investigative Ophthalmology & Visual Science

Full-Field Measures in CEP290 Leber Congenital Amaurosis

sustained response to high-luminance PLR stimuli, but also
LDTs to short-wavelength stimuli.
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