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Abstract

Background—Benign MS, traditionally defined as EDSS <3 and =15 years’ disease duration, is
thought to follow a milder course. We determined the extent of visual pathway axonal loss by
optical coherence tomography (OCT) retinal nerve fiber layer (RNFL) thickness in a benign MS
cohort, and examined the relation to vision and quality of life (QOL).

Methods—In this longitudinal study of vision in MS at three academic centers, a subset of
patients with EDSS, visual function, OCT, and QOL assessments was analyzed. Low- and high-
contrast letter acuity were performed to assess visual function. RNFL thickness was determined
using OCT-3. QOL scales included the 25-Item National Eye Institute Visual Functioning
Questionnaire (NEI-VFQ-25) and SF-36.

Results—Among 68 patients (135 eyes) studied longitudinally, 13 (26 eyes) had benign MS
using criteria of EDSS <3 and =15 years disease duration. Benign MS eyes had as much RNFL
thinning (-3.6 um, A=0.0008 vs. baseline, paired t-test) as typical MS eyes (-3.3 um, A<0.0001).
Both groups had significant low-contrast acuity loss. Prior history of optic neuritis (ON) was more
frequent in benign MS (69% vs. 33% of eyes). History of ON distinguished benign vs. typical MS
(P=0.002) and correlated with RNFL thickness at baseline (£=0.002) and disease duration
(P=0.03), but not EDSS (P=0.32, logistic regression). NEI-VFQ-25 scores were also worse for
benign MS, accounting for age (75+21 vs. 88+11, P=0.005).

Conclusions—~Patients with benign MS have RNFL axonal loss that is as marked as that of
typical MS, and have reduced vision and QOL. While overall neurologic impairment is mild,
visual dysfunction, not well-captured by the EDSS, accounts for a substantial degree of disability
in benign MS.
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METHODS

Multiple sclerosis (MS) is characterized by a wide range of clinical presentations (1).
Patients with limited neurological signs and symptoms have been described as having a
milder or benign form of MS (2-13). Benign MS has been traditionally defined as an
Expanded Disability Status Score (EDSS) score <3 with =15 years disease duration (14).
However, a recent consensus definition suggested using an EDSS score <2 and disease
duration =10 years (12). Ultimately, the diagnosis of benign MS can only be made in
retrospect (2-14). It is exceedingly difficult to predict which patients will continue to follow
a benign clinical trajectory after 10-15 years (6). As few as 20% of patients categorized as
having benign MS at 10 years of disease duration, will continue to follow this same course
after 20 years of follow-up (2,7).

Despite relatively preserved motor function, patients with benign MS have a similar or even
greater MRI T2 lesion burden compared to typical MS (14-27). Possible explanations
include sparing of clinically eloquent regions (14-19), paucity of tissue damage in and
around MS lesions (19-24), and effective compensatory mechanisms (25-27). EDSS scores
do not adequately reflect the frequent and often disabling component of MS associated
cognitive impairment, an important feature that correlates with increased MRI lesion burden
in benign MS (28-32). Vision is also not well-captured by the EDSS, yet is as important as
walking is to patients with early MS (33-38).

Optical coherence tomography (OCT) has brought visual function to the forefront as a
model for testing new MS therapies (33-35). We determined the extent of visual pathway
axonal loss by OCT retinal nerve fiber layer (RNFL) thickness in a benign MS cohort, and
assessed how visual function, history of acute optic neuritis (ON), and QOL differ for
benign vs. typical MS. While primary analyses used the traditional definition of EDSS <3
and disease duration =15 years, the recently revised consensus definition (EDSS <2, 210
years duration) was also examined.

Study Participants

Participants were a subset of patients from an ongoing prospective longitudinal study of
visual outcome measures in MS at the University of Pennsylvania, University of Texas
Southwestern Medical Center at Dallas, and Johns Hopkins University. Subjects represented
a subset who had undergone EDSS, visual function testing, OCT, and QOL assessments and
were not selected based on clinical features or extent of symptoms. Patients with =6 months
of follow-up were included in these analyses. The present study represents a unique cohort
of patients who fulfilled published definitions for benign MS, and does not represent
substantial overlap with previous reports (34,35).

MS was diagnosed by standard criteria (39). All patients had neurologic status graded by the
Expanded Disability Status Scale (EDSS). Benign MS has been variably defined in the
literature (2-14). We therefore performed analyses using both a more traditional definition of
benign MS (EDSS score <3 and >15 years disease duration) as well as a newer consensus
definition (EDSS score <2 and =10 years disease duration) (12).

Participants with co-morbid ocular conditions, pathologic hyperopia or myopia (spherical
refractive error > +8.00 or < —8.00 diopters) were excluded. A past history (months to years
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prior to enrollment) of acute optic neuritis (ON) was determined by self- and physician
report and confirmed by record review. Patients with acute ON that was ongoing, or had
occurred within 3 months prior to testing, were not included in this study; optic disc
swelling was not noted among any participants. Institutional Review Board (IRB) approval
and written informed consent were obtained. The study was conducted in accordance with
Health Insurance Portability and Accountability Act (HIPAA) guidelines.

Visual Function Testing

Low-contrast letter acuity was tested for each eye using retroilluminated low-contrast Sloan
letter charts (2.5%, 1.25% contrast, 2 meters, Precision Vision, LaSalle, IL) (33,37). High
contrast visual acuity was assessed using retroilluminated Early Treatment Diabetic
Retinopathy Study (ETDRS) charts at 3.2 meters following detailed refractions. Numbers of
letters identified (maximum 70/chart) were recorded for each eye. Testing was performed by
trained technicians experienced in research examinations.

Clinically meaningful visual loss over time was also categorized by determining whether
changes exceeded the amount that would be expected from repeated testing when there was
no real change (35). For high-contrast visual acuity (VA), 2-line, or 10-letter, differences
have been used traditionally as criteria for clinically meaningful change, based on studies of
test-retest variability (33). However, recent studies have demonstrated that, in patients with
relatively good visual acuity, 5-letter or 1-line changes in high-contrast VA are unlikely to
be due to testing error (35). Examination of our inter-rater reliability study data has revealed
that 5 letters represents two standard deviations of inter-rater difference for VA in patients
with MS (35). Correspondingly, two standard deviations of inter-rater difference for low-
contrast acuity were equal to 7 letters.

Optical Coherence Tomography (OCT)

Optical coherence tomography (OCT) was performed using OCT-3, version 4.0 software
(Carl Zeiss Meditec, Inc., Dublin, CA). While patients in our longitudinal cohort now also
undergo spectral-domain OCT, these analyses focused on time-domain OCT since patients
have the longest duration of follow-up using this device. Fast retinal nerve fiber layer
(RNFL) thickness protocols were used. If the pupils were large enough (=5 mm) to permit
adequate imaging, scanning was completed without use of mydriatic drops. Good quality
scans were defined as signal strength =7 (maximum 10), centered optic disc, and uniform
brightness. Eyes with signal strength <7 were excluded from analyses.

Quality Of Life (QOL) Assessment

QOL instruments were self-administered at study visits; when possible, patients completed
all questionnaires prior to vision testing. The NEI-VFQ-25 is the standard vision-specific
QOL scale used in ophthalmologic research and clinical trials (36,37). Scores for the NEI-
VFQ-25 composite and sub-scales range from 0 to 100 (higher scores=better HRQOL). We
included a 10-1tem Neuro-Ophthalmic Supplement to the NEI-VFQ-25 designed in a
previous study by our group to target additional aspects of vision not captured by the NEI-
VFQ-25 in MS (36).

The Short Form-36 Health Survey (SF-36) was used to measure overall HRQOL. Summary
scale scores for the SF-36, including the Physical (PCS) and Mental Components Summary
(MCS), are calculated based on U.S. population standards, with a standardized score of 50
(standard deviation=10) representing the mean or “norm.”
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Statistical Analysis

Statistical analyses were performed using Stata 11.0 software. Changes from baseline in
RNFL thickness, VA, low-contrast acuity, and EDSS scores were determined for patients
who had received at least one follow-up visit. Changes in RNFL, acuity, and EDSS from
baseline to last follow-up were examined for significance using paired t-tests. Proportions of
eyes with clinically significant changes in visual function for benign vs. typical MS status
were compared using logistic regression, accounting for within-patient, inter-eye
correlations. Linear regression was used to examine the association of QOL scores at
follow-up to benign vs. typical MS status, accounting for age. Associations of prior history
of acute ON, EDSS score, and disease duration with benign vs. typical MS status were
examined using logistic regression models. Type I error for significance was ~<0.05.

Baseline characteristics for patients with follow-up time =6 months (n=68, 135 eyes) are
shown in Table 1. Proportions of patients that met criteria for benign MS were similar for
the 15-year (13/68, 19%) and 10-year (16/68, 24%) definitions. Age, median EDSS scores,
and follow-up in the study were similar among the benign vs. typical MS categories; by
definition, the disease duration was substantially greater for the benign MS groups. Most
patients in all categories had relapsing-remitting MS (85-93%), with the remainder classified
as secondary-progressive. High-contrast visual acuity (VA), low-contrast letter acuity, and
retinal nerve fiber layer (RNFL) thickness at baseline were similar for benign vs. typical

MS.

The benign MS groups had greater proportions of eyes with a history of acute optic neuritis
(ON) prior to study enrollment (69% vs. 33% for the 15-year definition; 50% vs. 37% for
the 10-year. The association of benign MS with a prior history of ON was only significant,
however, for the 15-year-definition (P=0.002, logistic regression accounting for age and
adjusting for within-patient, inter-eye correlations). The level of significance for this
association was less when disease duration was accounted for in the models (£=0.01), but
did not change when accounting for baseline EDSS score (£=0.002). When only patients
with a disease duration of =15 years were considered, the occurrence of ON still remained
higher in the benign group (69%) compared to those with typical MS (42%). So, even when
we equalize the duration of disease, one of the benign groups had a greater proportion of
eyes with a history of ON compared to a typical RRMS group. The proportions with history
of ON were equal for the 10-year definition (50% of eyes in both groups).

Eyes of patients with benign MS had as much RNFL thinning from baseline as those with
typical MS (Fig. 1). Benign MS eyes had similar degrees of thinning, even adjusting for
length of follow-up: —2.1 wm/ year for benign MS (15-year definition) vs. —=2.1 pum/ year for
typical MS; —2.5 wm/ year for benign MS (10-year definition) vs. —2.0 wm for typical MS.
RNFL thickness at last follow-up visit was significantly lower compared to baseline values
for benign and typical MS (P<0.0008, paired t-tests, Fig. 1). Greater degrees of RNFL
thinning were seen among eyes with a prior history of acute ON (~=0.01, logistic
regression). Benign and typical MS eyes demonstrated significant losses of visual function
over time (Fig. 2), with patterns similar to those of RNFL thinning. Quality of life (QOL)
scores at follow-up were uniformly in the direction of worsening among patients with
benign MS compared to typical MS (Fig. 3). Using the 15-year definition, worse scores for
vision-specific scales, including the NEI-VFQ-25, were significantly associated with benign
MS (P=0.005, linear regression, accounting for age, Fig. 3A). The 10-Item Neuro-
Ophthalmic Supplement to the NEI-VFQ-25 showed similar results. Physical aspects of
QOL, measured by the SF-36 PCS, were significantly more affected in benign MS, again
using the 15-year definition (P=0.007, accounting for age). Using an alternative criterion for
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benign MS proposed by some authors, EDSS<2.0 and disease duration =20 years (14 eyes of
8 patients in this cohort), results for change in RNFL thickness, visual function, and QOL
were similar to those observed for the 15-year definition in Figs. 1-3.

Among patients who met criteria for benign MS by the 10-year (EDSS <2) criteria (n=16), 8
(50%) also had benign MS by the 15-year (EDSS <3) definition. Patients with benign MS at
baseline by the 15-year definition (n=13) remained benign at follow-up in 62% of cases
(Table 2). Using 10-year criteria, 8/16 patients (50%) had benign MS at both baseline and
follow-up.

Twenty-five percent of eyes had visual loss during follow-up based on changes from
baseline of =5 letters for high-contrast VA or =7 letters for low-contrast acuity. While
proportions of patients worsening by =1 point on the EDSS during the study were similar for
benign vs. typical MS groups (38% vs. 37% for 15-year definition, Table 2), clinically
significant visual loss, particularly for low-contrast acuity, was predominantly observed
among eyes of patients with benign MS (42% vs. 21%). Worsening of EDSS and vision
combined was present in both the benign and typical MS groups (12% vs. 9% using 15-year
definition); the combined outcome of low-contrast acuity or EDSS worsening captured the
most patients and was more frequent among those with benign MS (69% vs. 49%, Table 2).

DISCUSSION

Results of this study demonstrate that, compared to patients with typical MS, those with
benign MS have similar and perhaps even greater degrees of visual pathway involvement.
Patients in our benign MS cohort had RNFL thinning and low-contrast acuity loss over time,
and showed consistent trends of greater worsening for benign MS. Using the traditional
definition of benign MS (EDSS <3, disease duration =15 years), vision-specific and overall
QOL at last follow-up were significantly worse for benign MS. These findings suggest that
while overall neurologic impairment is mild, visual dysfunction, not well-captured by the
EDSS, accounts for a substantial degree of disability in benign MS. Importantly, our results
emphasize that the term “benign MS” may not be clinically useful when looking at standard
disability measures such as the EDSS.

Our study is novel and important in demonstrating: 1) the occurrence of substantial visual
pathway axonal loss even in patients with relatively mild overall neurologic impairment; 2)
a greater frequency of a history of acute optic neuritis (ON) among patients with benign MS,
with disease duration being more important than EDSS as a factor in the relation between
benign MS and ON; and 3) patients with benign MS have worse scores for both vision-
specific and overall QOL scales in this longitudinal cohort. Given the importance of vision
to QOL, even among patients with low EDSS scores, our results further strengthen the role
of the anterior visual pathway as a model for assessing treatment efficacy in MS.

Our findings emphasize the difficulties inherent in defining benign MS by EDSS and disease
duration alone (2-14). Patients with benign MS may be categorized based on a definitional
bias that overlooks visual pathway disease in the absence of involvement of areas that affect
the EDSS. The EDSS incorporates high contrast (black-and-white) visual acuity (VA), a
measure that is insensitive to clinical changes over time in MS. VA did not demonstrate
treatment effects on sustained visual loss in MS clinical trials of natalizumab, even when
tested using standardized research methods (33-35). Similarly in the present study, low-
contrast letter acuity, particularly at the 2.5% contrast level, showed greater degrees of
change over time compared to high-contrast VA.

This study also demonstrated that patients with benign MS have substantial degrees of
RNFL axonal loss over time. Although patients with benign and typical MS all had baseline
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mean RNFL thickness values of 91 um (Table 1), longitudinal RNFL thinning was 3-5 um
for benign MS using both definitions. This is similar to the degree of axonal loss seen in
patients with clinically significant visual loss by low-contrast acuity (=7 letters) over time in
a larger, more heterogeneous MS cohort (35). While 12% of eyes in our published
longitudinal cohort had clinically significant low-contrast acuity loss over a 1.7 year average
follow-up, 42% of eyes with benign MS in the present study had this degree of worsening
using the traditional (15-year) definition (compared to 21% with typical MS) in a similar
time frame. In contrast, EDSS progression by =1 point combined with vision loss occurred
in only 12% of benign MS patients in our cohort. Recent pathologic studies of MS eyes also
demonstrate that RNFL thinning and ganglion cell loss occur across all disease subtypes
(40).

In our study, eyes of patients with benign MS had equal or greater degrees visual and RNFL
loss, and were twice as likely to have a prior history of acute ON compared to those with
typical MS (69% vs. 33% using the 15-year definition). History of ON correlated with
degrees of RNFL thinning and with disease duration, but not with EDSS scores. Stated
differently, the association of benign MS with greater frequency of ON was less pronounced
when disease duration was accounted for in the regression models, but did not change when
accounting for baseline EDSS score. While patients with typical MS and =15 years still had
lower proportions of eyes with a history of acute ON compared to benign MS (42% vs.
69%), those with typical MS and =10 years duration had the same proportions with ON
(50%). Furthermore, disease duration was substantially longer in the benign MS cohort even
though patient age was similar to those with typical MS (Table 1). Collectively, the findings
of greater disease duration and increased frequency of history of ON in the benign cohort
may have several potential explanations: 1) patients presenting with ON are likely to be
identified earlier in their disease course as visual loss may be recognized as a clinically
meaningful and measurable event, therefore making it easier to meet the definition of benign
MS; 2) a history of ON at presentation may also increase patients’ risk of further episodes of
ON during their course (in the Optic Neuritis Treatment Trial, 35% of patients had recurrent
ON over 10 years (41); 3) patients observed over a greater disease duration have a greater
probability of ON just by chance alone.

We examined a history of ON at any time prior to enrollment, but other investigations have
looked at ON as an initial presentation of MS (42-44). While these studies are often cited as
having established an association between ON and a more benign course, they also
demonstrated that the course of patients with ON is dependent on the MRI features at
presentation (42-44). In one study, baseline MRI was normal in 49% of patients presenting
with ON, but was normal in only 18-24% in those with brainstem, spinal cord, or other
syndromes (42). When patients with abnormal cranial MRI results at baseline were
considered, no differences in the rates of conversion to clinically definite MS were found.
Other investigations have demonstrated that T2 lesion load and presence of baseline
gadolinium-enhancing lesions on MRI are the greatest predictors of disability and clinical
course (43-44). Conversely, while brain atrophy has been found to be less severe among
patients with benign MS (16), similar or greater degrees of RNFL loss were seen in our
study and are likely reflective of the higher incidence of ON with its inherent visual
pathway-specific axonal degeneration. Although patients with benign MS may experience
less difficulty with ambulation by definition based on their EDSS, they have reduced QOL
scores not only for vision but for overall aspects of physical functioning. This was observed
in our study for the SF-36 Physical Components Summary (PCS), as well as for the NEI-
VFQ-25 and 10-Item Neuro-Ophthalmic Supplement. These reductions in patient-reported
QOL underscore the importance of vision to patients with MS. In a recent survey, patients
were asked to rank 13 bodily functions in terms of their importance. Patients ranked vision
very highly, second only to lower limb function (38). NEI-VFQ-25 composite scores for
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vision-specific QOL were lower (worse) among patients with benign MS who met criteria
by the 15-year definition compared to typical MS (Fig. 3). Using the 10-year definition, on
the other hand, the benign and typical MS groups did not have significantly different scores.
These findings are likely due to the fact that the 15-year definition incorporates a longer
disease duration; these patients have had a longer time to experience or accumulate disease
in the visual pathways that can affect vision-specific QOL.

Given the variable nature of the disease and the location of the lesions, RRMS may
encompass a group of patients with varying degrees of disability within several different
neurological domains. Our study suggests that vision is one of those domains and that the
EDSS inadequately captures dysfunction within the visual system. Patients with visual
dysfunction early in the course of their disease may be inappropriately labeled as having
benign disease largely because the disability scales we use did not capture dysfunction in
this area well. A similar cohort of patients with prominent cognitive symptoms also has been
reported (29). Optimizing the treatment of patients with benign MS based on visual and
cognitive dysfunction may help this group to better maintain employment and to improve
their QOL. New trials for therapies that involve neuroprotection and neurorepair will also
benefit from use of the visual pathway as a model for correlating function with structural
aspects of axonal and neuronal loss.

One limitation of our study was that this was a convenience sample of patients willing to
undergo visual function testing and OCT scanning. Therefore, those with visual disability
may have had greater representation than in the general population of MS patients. Visual
symptoms and concerns may have motivated this group to pursue study follow-up. Another
limitation is the relatively small size of the cohort of patients with benign MS.

Our definitions of benign MS are limited by the tools that we currently use to measure
disability, particularly the EDSS. Furthermore, the diagnosis of benign MS can only be
made in retrospect. Although current definitions of benign MS are limited, our data would
suggest that those using lower EDSS scores (<2) are probably more reflective of an indolent
course. Accordingly, our study further emphasizes that the traditional definition of benign
MS, EDSS <3 and disease duration =15 years, may not truly reflect a benign MS course.

As examination and neuroimaging techniques improve, we will likely recognize that only a
small minority of patients ultimately ‘fit’ these definitions. Newer scales such as the
Multiple Sclerosis Functional Composite (MSFC) (45), combined with low-contrast letter
acuity testing, will refine our capability to more precisely define and prognosticate about
whether patients who remain ambulatory, despite longer disease duration, truly have a
benign form of MS.
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Retinal nerve fiber layer (RNFL) thinning from baseline for eyes of patients with benign vs.

typical MS, using two definitions for benign MS.

Abbreviations: MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; RNFL =

retinal nerve fiber layer thickness

* Pvalues are based on paired t-tests comparing baseline to follow-up values for retinal

nerve fiber layer (RNFL) thickness.
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FIG. 2.

High-contrast visual acuity (VA, ETDRS charts) and low-contrast letter acuity loss from
baseline at 2.5% contrast level for eyes of patients with benign vs. typical MS, using two
definitions for benign MS.

Abbreviations: MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; ETDRS
= Early Treatment Diabetic Retinopathy Study

* Pvalues are based on paired t-tests comparing baseline to follow-up values for high-
contrast visual acuity (VA) and low-contrast letter acuity at 2.5% contrast.
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FIG 3.

Follow-up scores for the 25-1tem National Eye Institute Visual Functioning Questionnaire
(NEI-VFQ-25) and SF-36 Health Survey at follow-up for patients with benign vs. typical
MS, using two definitions for benign MS.

Abbreviations: MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; NEI-
VFQ-25 = 25-Item National Eye Institute Visual Functioning Questionnaire; SF-36 = SF-36
Health Survey; PCS = Physical Components Summary; MCS = Mental Components
Summary

* Pvalues are based on linear regression models, accounting for age, examining the
association of quality of life score to benign vs. typical MS.
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TABLE 1

Baseline characteristics of patients with benign vs. typical MS

EDSS <3,
Duration =15 Years

EDSS <2,
Duration 210 Years

Benign MS  Typical MS  Benign MS  Typical MS
n=13 n=>55 n=16 n=>52
(26 eyes) (109 eyes) (30 eyes) (105 eyes)
Age, mean (SD), y 52+5 50+8 51+5 50+8
. 2.0 2.0 2.0 25
EDSS score, median (range) (L5-3.0) (0-7.0) (L0-2.0) 0-7.0)
Disease duration, median 19 6.0 155 5.9
(range), y (15.3-29) (>1-46) (10.6 - 26) (>1-46)
Study follow-up, median (range), 15 1.4 18 13
y (1-35) (0.5-5.1) (0.8-5.1) (0.5-3.7)
Relapsing MS subtype (% o o o
patients) 85% 88% 93% 86%
History of optic neuritis (% eyes) 69% 33% 50% 37%
High-contrast visual acuity, 20/20 20/16 20/16 20/16
median (range), Snellen from (20/25 - (>20/250 - (20/25 - (>20/250 -
ETDRS 20/16) 20/12.5) 20/12.5) 20/12.5)
Low-contrast letter acuity (2.5%0),
mean (SD), number of letters 28+11 31+13 30+10 30+13
correct
NEI-VFQ-25 composite score,
mean (SD), best score 100 76 +19 89+15 88 +20 86 + 15
10-1tem Neuro-Ophthalmic
Supplement to the NEI-VFQ-25, 74 +18 86 + 15 86 + 19 83+15
mean (SD) best score 100
Retinal nerve fiber layer (RNFL)
thickness, TD OCT, mean (SD), 90+14 91+16 91+14 91+16
pm

Page 14

Abbreviations: MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; ETDRS = Early Treatment Diabetic Retinopathy Study; NEI-

VFQ-25 = 25-Item National Eye Institute Visual Functioning Questionnaire; TD = time-domain; OCT = optical coherence tomography
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TABLE 2

Follow-up findings in patients with benign vs. typical MS

EDSS <3, EDSS <2,
Duration =15 Years Duration 210 Years
Benign MS  Typical MS  Benign MS  Typical MS
at baseline  atbaseline  atbaseline  at baseline
n=13 n =55 n=16 n =52
(26 eyes) (109 eyes) (30 eyes) (105 eyes)
. 15 14 1.8 1.3
Study follow-up, median (range), y (1-35) (0.5-5.1) (0.8-5.1) (05-37)
Benign MS at follow-up (%) 62% 11% 50% 4%
Change in EDSS score, median 0.25 0.5 0.5 0.5
(range) (-05-45) (-2.0-6.0) (-05-45) (-2.0-6.0)
Worsening of EDSS by =1 point (%) 39% 37% 44% 35%
Worsening of low-contrast acuity o o o
(2.5%) by =7 letters (% of eyes) 42% 21% 33% 23%
Worsening of EDSS by =1 point and
worsening of low-contrast acuity by 12% 9% 10% 10%
27 letters (% of eyes)
Worsening of EDSS by =1 point or
worsening of high-contrast VA by 69% 49% 63% 50%

>5 letters (% of eyes)

Abbreviations: MS = multiple sclerosis; EDSS = Expanded Disability Status Scale; VA = high-contrast visual acuity
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