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Abstract

Background—YVisual dysfunction in MS can be quantified using a variety of tests. Many vision
tests have not been formally evaluated among MS patients with existing visual dysfunction.

Objective—Evaluate several versions of visual acuity and contrast sensitivity tests, measures of
central and peripheral vision, retina structure, electrophysiologic function, and quality of life
among MS patients with moderate/severe visual dysfunction.

Methods—Cross-sectional study of 46 patients with stable, incompletely recovered optic
neuritis. Testing included Snellen eye charts, several Sloan low contrast charts, Pelli Robson (PR)
contrast sensitivity charts, optical coherence tomography, visual fields, Farnsworth Munsell 100-
hue test, visual evoked potentials (VEP), and visual function quality of life (VFQ-25) testing.

Results—98% of eyes could read two lines of the PR chart, while only 43% read the 2.5%
contrast chart. Low contrast tests correlated strongly with each other and with retinal nerve fiber
layer (RNFL) thickness, visual fields, and color vision but not with VEPs. For patients with RNFL
<75um, VFQ-25 scores dropped by approximately 2 points for every 1 um decrease in RNFL.

Conclusion—Among MS patients with visual impairment due to optic neuritis, PR contrast
sensitivity could be utilized as a single chart. Visual quality of life was associated with RNFL
thinning below 75um.
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Introduction?

Methods

Subjects

Visual dysfunction is common in multiple sclerosis (MS), a concern for patients, and a
frequent cause of disability and reduced quality of life (1). The visual system can be readily
assessed by a number of measures including low contrast visual acuity (LCVA), visual
evoked potentials (VEP), visual fields, color vision and retinal nerve fiber layer (RNFL)
thickness (2-8). While such measures are interrelated, each test highlights a unique facet of
the visual system. In some instances, several variations of a test exist. Which test to utilize
depends upon the research question, how a therapy is postulated to work, and the
characteristics of the patient population being recruited.

Recent studies of visual testing in MS have focused on patients with normal or near-normal
vision. LCVA testing using 2.5% contrast charts has emerged from this work as a test that is
sensitive for detecting visual disability and tracking it over time (9, 10). RNFL thickness is
another informative outcome measure increasingly utilized in clinical practice and trials (6,
11) and color vision is frequently impaired in MS patients with and without a history of
optic neuritis (12, 13). Because most of these tests have not been evaluated in patients with
moderate to severe visual dysfunction, whether these instruments will be useful across the
full spectrum of MS patients has yet to be established.

To determine which clinical tests of visual function are most useful for detecting and
quantifying deficits among patients with baseline visual impairment, we performed a
comprehensive battery of visual tests on 46 MS patients with residual visual dysfunction due
to past optic neuritis (ON) and relatively low vision qualify of life scores.

This prospective, cross-sectional observational study of 46 patients with clinically definite
MS (by 2010 McDonald criteria) and incompletely recovered optic neuritis was performed
at the John L. Trotter Multiple Sclerosis Center at Washington University in St. Louis.
Patients had at least one clinical episode of ON, diagnosed by an MS-specializing
neurologist or neuro-ophthalmologist, which occurred >12 months prior to study entry. All
patients underwent ophthalmologic evaluation to exclude other ocular pathology, and all
visual tests were performed with best refracted vision. Patients were required to have
ongoing self-reported visual dysfunction and at least one eye with best corrected visual
acuity 0.67 (20/30) or worse. Participants were required to read at least 2 letters on the 5%
Sloan contrast chart at 3 meters in at least one clinically affected eye (the other eye may also
be affected and unable to read the 5% chart). Use of disease modifying drugs was noted.
Patients with known ophthalmologic conditions other than past ON and those who had
received glucocorticoids within the last 3 months were excluded. All visual tests were
performed monocularly. One prosthetic eye was excluded from the analysis. The study

LAbbreviations: FM-100: Farnsworth Munsell 100-hue test; HCVA: high contrast visual acuity; LCVA: low contrast visual acuity;
MD: mean deviation; MS: multiple sclerosis; OCT: optical coherence tomography; ON: optic neuritis; PR: Pelli Robson contrast
sensitivity; RNFL: retinal nerve fiber layer; TES: total error score; TPES: total partial error score; VEP: visual evoked potential; VFQ:
visual function quality of life
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received institutional review board approval and written informed consent was obtained
from each patient.

Visual acuity assessment

Standard Snellen visual acuity testing was performed. Corrected high contrast visual acuity
(HCVA) and LCVA were measured using low contrast 3 meter Sloan letter charts with
100%, 25%, 10%, 5% and 2.5% contrast (Precision Vision, IL, USA). LCVA testing requires
the identification of progressively smaller gray letters with a fixed contrast level on a white,
retroilluminated background. Subjects who had a clinically affected eye that was unable to
visualize the 5% chart from the standard distance were also tested with 10% and 25%
contrast charts. The number of letters identified correctly was recorded (maximum score of
100). Pelli-Robson (PR) 1 meter contrast sensitivity charts (Precision Vision, IL, USA)
consist of 48 letters of a fixed large size, and contrast is decreased within each group of three
letters. The number of correct responses was recorded as log contrast sensitivity. LCVA and
contrast sensitivity testing were performed in the early morning for all patients.

Color vision assessment

Color vision was measured using the Farnsworth Munsell 100-Hue test (FM-100) (X-Rite,
MI, USA). Patients were required to sort 85 hues across the visual spectrum. A daytime
source light booth was used to ensure consistent testing conditions (X-Rite Judge I1, M,
USA), and a patch was placed over the eye not being tested. Total error scores (TES) were
tabulated for each subject; error scores of <100 correspond to average color discrimination
and scores of >100 indicate poor color discrimination compared to normative data.
Additionally, total partial error scores were calculated by tabulating errors in caps 13-33 and
55-75 for the red-green axis and in caps 1-12, 34-54, and 76-85 for the blue-yellow axis (14,
15).

Other visual testing

Pattern reversal visual evoked potentials (VEP) were recorded using an Espion E2 system
(Diagnosys, LLC). Monocular VEPs were recorded from an active electrode placed on the
occipital scalp 2 cm above the inion and referenced to an identical at electrode placed on the
mastoid. Responses were recorded to 60' check size, 100% contrast, counter phased at 4
reversals per second. P100 latencies and amplitudes were recorded. Spectral domain optical
coherence tomography (OCT) of the retina was performed by an experienced technician
using a Zeiss Cirrus machine (Zeiss, Dublin, CA, USA). A signal strength =7 was required,
and data were reviewed by a neurologist or neuro-ophthalmologist for artifacts prior to
inclusion. RNFL thickness was measured on average and segmented into superior, inferior,
nasal and temporal quadrants. Participants had automated perimetry in both eyes with
Humphrey Field Analyzer SITA Standard program 24-2 (Zeiss, Dublin, CA, USA). The
testing was performed by a technician certified by the Visual Field Reading Center.

Quality of life

The National Eye Institute's Visual Function Questionnaire (VFQ-25) is a vision targeted
quality of life scale that is the standard patient reported outcome tool for ophthalmologic
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research and clinical trials (16). The VFQ-25 consists of 12 sub-scales representing 11
aspects of visual function and a general health rating question. The composite score is an
unweighted average of the subscales, excluding general health. Scores range from 0 to 100,
with higher scores representing better vision.

Statistical analysis

Results

Statistical analysis was performed using the SPSS 21 package (IBM, Somers, NY, USA) and
SAS 9.4/STAT 13.2. For correlations between measures of low contrast vision, OCT,
FM-100 score, VEPs and visual fields, rank correlations were performed. Accounting for the
additional level of correlation between the two eyes of single patients, one randomly
selected eye per patient was included in each instance of a correlation and the procedure was
repeated 1000 times. The correlation coefficients reported are the median values from these
1000 repetitions. P-values were false discovery rate-adjusted for multiple comparisons.
Comparisons of visual function in patients with =75 pm versus <75 um RNFL were carried
out using Wilcoxon rank sum tests calculated from 1000 randomly selected samples of one
eye per patient and p-values determined as described above. Visual function quality of life is
a single value that depends on binocular vision. Since other visual tests were performed
monocularly, simple correlations were not possible. The relationship of VFQ-25 scores to
other visual measures was examined by plotting a locally weighted regression line over the
scatterplots with a smoothing factor of 0.9.

Forty-six subjects contributed 91 eyes to the analysis (Table 1). A remote clinical history of
ON was present in 100% of patients and 81% of eyes (74/91). Testing by VEP and OCT
revealed subclinical ON in an additional 5% (5/91) of eyes, defined as results falling >2
standard deviations from published normative values. The median cohort HCVA was 20/40
(0.5); HCVA was worse than 20/20 (1.0) in 85% of eyes (77/91) and worse than 20/40 (0.5)
in 33% of eyes (30/91). The mean NEI-VFQ-25 composite score was 70, consistent with
markedly decreased quality of life and functional activities due to visual impairment (17).

Previous work has established both two line (10 letter) and 7-letter changes in Sloan LCVA
testing scores (2.5% contrast) as clinically meaningful for visual function (3, 18). We
assessed whether this cohort could achieve these thresholds, allowing these criteria to be met
in the context of disease progression or a therapeutic intervention. Only 43% of the eyes
(n=39/91) in our cohort were able to read two lines of the 2.5% contrast chart under standard
testing conditions; 50% (n=45/91) could read at least 7 letters. A median Snellen visual
acuity of 20/25 (0.8) was required to read two lines of the 2.5% chart, and no one with a VA
of less than 20/70 (0.29) was able to accomplish this task (Figure 1A). Similarly, the 5%
contrast chart required a median visual acuity of 20/30 (0.67); no patients with VA worse
than 20/70 (0.29) could read two lines of this chart (Figure 1A). Results were comparable
when 7 LCVA letters were used as the cutoff (Figure 1C).

Pelli Robson (PR) contrast sensitivity testing differs from Sloan LCVA testing by
maintaining a single large letter size (20/60 optotype) to be read at 1 meter, but contrast
decreases progressively down the chart. Two-triplet (6 letter) changes in PR scores has
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previously been considered clinically meaningful (19). Two triplets of the PR chart were
read by 98% of patients, with a median VA of 20/40 (0.5). Three eyes in this cohort had
visual acuity worse than 20/800 (<0.025), yet one of these severely affected eyes was able to
read 20 letters on the PR chart. All individuals with VA of 20/400 or better were able to read
at least two triplets on the PR chart (Figure 1B, C).

Both LCVA and PR tests correlated strongly with RNFL thickness (r=0.66 to 0.69,
p<0.001), color vision testing (r=-0.59 to -0.63, p< 0.001), and visual fields (r=0.59 to 0.72,
p=<0.001), but not with VEP latencies (Table 2). Correlating quadrant-specific RNFL
thickness with other measures of visual function demonstrated that the superior and inferior
quadrants performed similarly to average RNFL thickness; nasal and temporal quadrants
were not associated with other measures of visual function (data not shown).

Retinal nerve fiber layer thinning below 75um has previously been identified as a clinically
relevant threshold, as patients below this level had significantly poorer performance on
Humphrey visual fields than those with RNFLs of =75um thickness (20). Among the current
cohort of ON patients, 59/91 (65%) had thin RNFLs by this criterion. These eyes performed
significantly more poorly on LCVA and visual field testing when compared to eyes with
normal RNFL thickness, but did not differ with regards to color vision or VEP latency
(Table 3).

Patients' self-report of activities and quality of life related to visual function, as measured by
the VFQ-25, correlated with average RNFL thickness below a critical threshold of 75 um.
Each additional 1 um decrease in RNFL thickness was associated with a 2.4 point decrease
in VFQ-25 score. Above 75 um, no relationship between RNFL thickness and VFQ-25 was
apparent (Figure 2). Linear relationships were not evident between VFQ-25 and the other
quantitative visual measures in this cohort.

Color vision, measured by the FM-100, was markedly impaired for most of this cohort; 83%
of eyes had poor color discrimination compared to normative data. FM-100 scores correlated
strongly with RNFL thickness (p = -0.55, p<0.001), LCVA testing (p = -0.61 to -0.65,
p<0.001) and PR testing (p = -0.63, p<0.01) (Table 2). When total error scores were
subdivided into total partial error scores (TPES) along different color spectrums, MS
patients did not demonstrate differentiation of dyschromatopsia along either partial color
axis (mean TPES 139 for red/green, mean TPES 146 for blue/yellow, p=0.66), in accordance
with previous work (13, 21). Both red/green and blue/yellow TPESs correlated significantly
with overall RNFL thickness but color disturbances could not be topographically mapped to
any specific retinal quadrant (data not shown).

Discussion

This study of MS patients with vision loss from incompletely recovered ON demonstrated
that the Pelli-Robson contrast sensitivity chart could be read by 98% of eyes, whereas the
Sloan 2.5% contrast chart could be read by no more than half of eyes tested. Prior studies
have demonstrated increased sensitivity for detecting abnormal vision using the 2.5% charts
in MS patients with preserved high contrast visual acuity (10, 22, 23) and have shown that in
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well-recovered ON eyes, Pelli-Robson testing detected abnormal contrast sensitivity
(defined as two standard deviations below normative data) in 17% while Sloan 2.5% contrast
charts were abnormal in 28% (24, 25). Thus, the 2.5% contrast may have an advantage in
patients with normal high-contrast visual acuity (26). In contrast, the Pelli-Robson test
performed well as a single chart used across a range of visual outcomes.

Both Pelli-Robson and Sloan charts were strongly and similarly correlated with retinal nerve
fiber layer thickness, FM-100 scores and visual field testing. Neither chart was inferior in its
relationship to other visual measures. Retinal nerve fiber layer thickness was associated with
vision-related quality of life below the critical threshold of 75 um. This complements prior
work demonstrating a relationship between contrast sensitivity and VFQ-25 scores (3) with
the added benefit that RNFL thickness is a quantifiable measure with low intra-site and
intra-visit variability. Although VEP latency was frequently abnormal, it was not associated
with the degree of visual dysfunction. This lack of correlation may not be unexpected, as
P100 latency reflects demyelination while RNFL thickness assesses axon density. The fact
that the measures did not correlate in this cohort emphasizes that each test addresses distinct
components of vision. P100 prolongation early after ON predicts later retinal axonal loss
(27), thus VEPs may have utility as a prognostic biomarker. However, an isolated change in
VEP latency among stable MS patients may be dissociated from other aspects of visual
function and the patient's ability to function. Based upon this cross-sectional study, a
potential lack of relationship between VEP latency and visual function should be considered
when evaluating mechanisms of action for remyelinating therapies. Whether an intervention
that improves VEP latency through remyelination can also improve visual function from an
individual's baseline remains to be demonstrated (28).

Another important aspect of contrast testing in clinical trials is sensitivity to change. While
the present study did not assess longitudinal changes with treatment, Sloan charts have
demonstrated sensitivity in other studies. Indeed, 1.25% and 2.5% contrast charts were
incorporated into the AFFIRM trial of natalizumab and investigators and detected a
treatment effect of natalizumab for sustained visual improvement (18, 29). In our cohort,
recruited based on incompletely recovered ON, LCVA remained a sensitive measure of
visual dysfunction. However, the previously characterized 2.5% contrast chart was
unreadable by a large fraction of our cohort, indicating a floor effect. Multiple low contrast
charts ranging from 2.5% to 25% contrast allowed accurate determination of patients' best
low contrast visual acuity but were cumbersome to administer and challenging to analyze.
Alternatively, PR charts were readable regardless of the level of visual dysfunction and
therefore may have value in studies of progressive MS where vision is more likely abnormal.
The phase 11 trial of alemtuzumab included the Pelli-Robson, and demonstrated a strong
treatment effect on contrast sensitivity with this measure (30).

RNFL thinning has emerged as a biomarker for MS severity, correlating with global cerebral
volume loss and clinical disability as well as with past ON (31-33). We found that RNFL
thickness correlated strongly with LCVA in patients with previous ON, complementing prior
work which demonstrated that RNFL thinning occurs independent of ON (34, 35) and
correlates with LCVA in patients without significant visual disability (2, 6). Interestingly,
although retinal thinning in MS usually begins in the papillomacular bundle and the
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temporal quadrant (11, 36, 37), retinal thickness in this region did not correlate with other
tests of visual function in this cohort.

Color vision is commonly impaired in MS, and dyschromatopsia has long been recognized
as a sequale of ON (38). Recent work linking dyschromatopsia to retinal anatomy has been
limited to brief screening tests of color vision (4). These were abnormal in MS patients
compared to controls, and scores correlated well with RNFL thickness. Nevertheless, we
hypothesized that using the more exhaustive FM-100 would increase the sensitivity of this
assessment. As expected, FM-100 scores were abnormal in almost all MS eyes. TESs
correlated well with RNFL thickness, but were not statistically different in eyes with RNFLs
less than 75um (Table 3). Similar to prior literature, there appears to be no advantage to the
time-consuming FM-100 when compared to shorter screening tests of color vision (39). We
also confirmed that in optic neuritis due to MS, both red-green and blue-yellow color axes
are affected (40). While we did not include less cumbersome tests of color vision for direct
comparison, the literature would support use of the more feasible Hardy-Rand-Rittler plates
or the Lanthony D15 test (41).

This study was limited to MS patients with chronic visual dysfunction and complements
previous work in less disabled patients. Our study provides evidence that LCVA, contrast
sensitivity, color vision, and Humphrey visual fields correlate well with retinal anatomy in
patients with existing visual dysfunction and underscores the clinical utility of RNFL
measurements. For clinical implementation, PR contrast sensitivity testing holds some
practical advantages over Sloan LCVA charts in that a single testing paradigm can be used
for all patients, regardless of the degree of visual impairment. In contrast, Sloan LCVA
testing may require modified procedures to accommodate patients with poor vision.
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Figure 1.
Patient performance on low contrast visual testing is dependent on high contrast visual

acuity.

Best LCVA (A) was defined as the lowest contrast chart that was readable by a given eye; n
represents the number of eyes for which this was the best LCVA chart. Performance on low
contrast vision testing correlated strongly with visual acuity (A, B). Many eyes were unable
to read 2.5% or 5% LCVA charts (C). Patients were determined to have read a chart when
they read at least 2 lines (A, C), 7 letters (for Sloan charts, C), or two triplets (for PR charts,
C). LCVA: low contrast visual acuity.
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Figure 2.

Relationship between retinal nerve fiber layer thickness and visual function quality of life.
Visual function quality of life score was plotted against RNFL thickness and a locally
weighted regression line with a smoothing factor of 0.9 was calculated. Shading represents

the 95% confidence interval for the smoothed line.
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Table 1

Demographic data for cohort
n=46 patients/91 eyes
Age, y, mean (SD) 47 (10)
Sex, n (%), female 34 (74)
Caucasian, n (%) 33(72)
RRMS, n (%) 38 (83)
Eyes with clinical ON history, n (%) 74 (81)
MS disease duration, y, median (range) 11.5 (<1-27)
Patients with disease modifying treatment, n (%) 41 (89.1)
EDSS score, median (range) 3.75(1.5-8.5)
Monocular Snellen VA (median, range) 0.5 (0-1.33)
NEI-VFQ-25 composite score, mean (SD) 70 (19.8)
Pelli-Robson contrast sensitivity score (mean, SD) 1.5 (0.39)
EDTRS 5%, no of letters (max score 50), (mean, SD) 21 (16.8)
EDTRS 2.5%, no of letters (max score 50), (mean, SD) | 12 (12.8)
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Table 3

Visual performance as a function of RNFL thickness.

RNFL 75 um (n= 32)

RNFL <75 pm (n= 59)

RNFL thickness (um)

Median (range)

136 (44-234)

Mean £ SD 84.8+7.6 63.8+6.8

Median (range) 83.5 (75-105) 64.0 (47-74)
PR score

Mean + SD 1.8+0.2 1.4 £ 0.4%***

Median (range) 1.75 (1.45-2.05) 1.4 (0-2.05)
FM-100 TES

Mean + SD 149 + 76 355 + 258

266 (0-1064)

Sloan 5% contrast

Median (range)

120.8 (94.5-148.5)

Mean + SD 343+98 13.2 + 15.0%***
Median (range) 37.5 (13-49) 3 (0-45)
Sloan 2.5% contrast
Mean = SD 21.3+129 6.7£9.7**
Median (range) 25.0 (0-40) 0.0 (0-34)
Humphrey visual field MD
Mean + SD -24+£20 -8.7 £ 8.5****
Median (range) -2.0 (-6.7-0.4) -5.3(-32.9--0.1)
VEP 60m amplitude
Mean + SD 59+39 39+29
Median (range) 4.8 (1-21) 3.6 (0-19)
VEP P100 latency
Mean + SD 122.3+13 122.4+£215

125 (0-177.5)
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