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Active MS is associated with accelerated
retinal ganglion cell/inner plexiform layer
thinning

ABSTRACT

Objective: To determine the effect of clinical and radiologic disease activity on the rate of thinning
of the ganglion cell/inner plexiform (GCIP) layer and the retinal nerve fiber layer in patients with
multiple sclerosis (MS) using optical coherence tomography (OCT).

Methods: One hundred sixty-four patients with MS and 59 healthy controls underwent spectral-
domain OCT scans every 6 months for a mean follow-up period of 21.1 months. Baseline and annual
contrast-enhanced brainMRIswere performed. Patientswho developed optic neuritis during follow-up
were excluded from analysis.

Results: Patients with the following features of disease activity during follow-up had faster rates of
annualized GCIP thinning: relapses (42% faster, p 5 0.007), new gadolinium-enhancing lesions
(54% faster, p , 0.001), and new T2 lesions (36% faster, p 5 0.02). Annual GCIP thinning was
37% faster in those with disability progression during follow-up, and 43% faster in those with dis-
ease duration ,5 years vs .5 years (p 5 0.003). Annual rates of GCIP thinning were highest in
patients exhibiting combinations of new gadolinium-enhancing lesions, new T2 lesions, and disease
duration ,5 years (70% faster in patients with vs without all 3 characteristics, p , 0.001).

Conclusions: MS patients with clinical and/or radiologic nonocular disease activity, particularly
early in the disease course, exhibit accelerated GCIP thinning. Our findings suggest that retinal
changes in MS reflect global CNS processes, and that OCT-derived GCIP thickness measures
may have utility as an outcome measure for assessing neuroprotective agents, particularly in
early, active MS. Neurology� 2013;80:47–54

GLOSSARY
CIS 5 clinically isolated syndrome; EDSS 5 Expanded Disability Status Scale; GCIP 5 ganglion cell/inner plexiform; HC 5
healthy control; MSFC 5 Multiple Sclerosis Functional Composite; MS 5 multiple sclerosis; MSSS 5 Multiple Sclerosis
Severity Scale; OCT5 optical coherence tomography; ON5 optic neuritis; PPMS5 primary progressive MS; RNFL5 retinal
nerve fiber layer; RRMS 5 relapsing-remitting MS; SPMS 5 secondary progressive MS.

The anterior visual pathway is frequently affected in multiple sclerosis (MS), with 94% to 99% of
patients with MS demonstrating optic nerve lesions postmortem.1,2 Transected and/or demyeli-
nated optic nerve axons are thought to undergo retrograde degeneration.3 Because these axons are
derived from the retinal nerve fiber layer (RNFL), the RNFL atrophies.4 In turn, the ganglion cell
neurons from which these axons originate correspondingly degenerate.5 Optical coherence tomog-
raphy (OCT), a reproducible, noninvasive imaging technique, enables high-resolution quantifica-
tion of retinal structures,6–9 and demonstrates peripapillary RNFL thinning in MS eyes with and
without a history of optic neuritis (ON).10–14 Accordingly, OCT has been proposed as an
outcome measure for assessing neuroprotection in MS.

The advent of OCT segmentation enables estimation of macular ganglion cell layer integrity
by quantifying the composite thickness of the ganglion cell and inner plexiform (GCIP) layer
(figure).15–17 GCIP thinning also occurs in MS eyes with and without ON history, although
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GCIP thickness measures may have better
reproducibility and superior structure-function
correlations with vision than RNFL thickness
measures.16,18 Although some studies have as-
sessed longitudinal RNFL change in non-ON
MS eyes,19,20 the GCIP remains to be explored
longitudinally. Moreover, the effect of MS dis-
ease activity on the rate of retinal neurodegen-
eration remains largely unexamined, an issue
relevant for both the clinical utility of OCT
and for the design of future trials utilizing
OCT as an outcome. Our hypothesis was that
patients with greater nonocular disease activity
will have more neuroaxonal damage that will
be measurable as more rapid thinning of the
RNFL and GCIP layer.

METHODS Patients. Patients with MS or clinically isolated

syndromes (CIS) were enrolled from the Johns Hopkins MS Cen-

ter. Participants underwent clinical evaluations and OCT every 6

months, as well as annual brain MRI scans. Patients with ,6

months of clinical follow-up were excluded from analysis. MS diag-

nosis was based on 2005 McDonald criteria.21 Patients with CIS

had experienced an initial CNS inflammatory attack with MRI

features compatible with MS, but did not fulfill MS diagnostic

criteria. Patients with diabetes, glaucoma, refractive errors of 66

diopters, or other ophthalmologic or neurologic disorders (other

than MS) were excluded. Because acute swelling temporarily in-

creases the RNFL thickness, patients with acute ON or evidence of

optic disc swelling on fundoscopy within 3 months of baseline

assessment, or during study follow-up, were excluded. Data from

9 patients were excluded for the following reasons: inadequate signal

strength on baseline scan, glaucoma, diabetes, refractive error .6

diopters, revision of MS diagnosis, central serous chorioretinopathy

(2 patients), and development of acute ON during the study

(2 patients). Healthy controls (HCs) were recruited from among

medical center staff. HCs were invited for OCT scans annually.

HCs with ,12 months of follow-up were excluded from analysis.

Standard protocol approvals, registrations, and patient
consents. Johns Hopkins University and University of Texas

Southwestern Medical Center Institutional Review Board appro-

vals were obtained, and all participants provided written informed

consent.

Clinical data. Patients were classified as having CIS, relapsing-

remitting MS (RRMS), secondary progressive MS (SPMS), or pri-

mary progressive MS (PPMS). Expanded Disability Status Scale

(EDSS) scores were determined by a certified EDSS examiner at

study visits.22 Baseline disease duration and EDSS scores were used

to determine subjects’ baseline Multiple Sclerosis Severity Scale

Figure Illustration of the layers of the retina

Note that the retinal nerve fiber layer is composed of axons of the ganglion cells. Demyelination or transection of optic nerve
axons (derived from the retinal nerve fiber layer) cause retrograde degeneration, resulting in atrophy of the retinal nerve
fiber layer and ganglion cell body death. Reproduced from Saidha et al.9 with permission from Remedica Medical Education
and Publishing.
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(MSSS) scores.23 EDSS progression was defined as a $1-point

increase in EDSS score from baseline to final EDSS examination.

Multiple Sclerosis Functional Composite (MSFC)24 scores were

available on a subset of MS/CIS patients (n5 95). Trial runs were

performed to mitigate learning effects. MSFC progression was

defined as worsening from baseline on scores of at least 1 MSFC

component by 20% (MSFC progression-20), sustained for $3

months.25 The occurrence of ON and non-ON relapses was

recorded at study visits.

Magnetic resonance imaging. Contrast-enhanced brain MRI

scans were performed on a 3-T Intera scanner (PhilipsMedical Sys-

tems, Best, The Netherlands). A reviewer blinded to the patients’

clinical status assessedMRIs for the presence of contrast-enhancing

lesions and the development of new T2-hyperintense lesions.

Optical coherence tomography. Retinal imaging was per-

formed using Cirrus HD-OCT (model 4000) with software ver-

sion 5.0 (Carl Zeiss Meditec, Dublin, CA), as described in detail

elsewhere.26 Peripapillary data were obtained with the Optic Disc

Cube 200 3 200 protocol. Macular data were obtained using the

Macular Cube 5123 128 protocol. OCT scanning was performed

by 3 trained technicians who monitored scans to ensure reliable

fixation. Scans with signal strength ,7/10 or with artifact were

excluded from analysis. Macular Cube scans were further analyzed

in a blinded manner using segmentation software, as previously

described by our group.16,17 The interrater reproducibility of the

GCIP measurement was previously found to be very high in both

MS patients and HCs (intraclass correlation 0.99 for both

groups).15

Visual function. Standardized visual function testing was per-

formed with retro-illuminated eye charts of constant light source

in a darkened room. High-contrast Early Treatment of Diabetic

Retinopathy Study charts (at 4 m) and low-contrast Sloan letter

charts (2.5% and 1.25% contrast at 2 m) were used. Testing

was performed monocularly, with subjects using their habitual

distance spectacles or contact lenses as needed for corrected

vision. High-contrast visual loss was defined as a decrease of

$5 letters during follow-up, and low-contrast (both 2.5% and

1.25%) visual loss was defined as a decrease of $7 letters during

follow-up, in accordance with previously published data.19,27,28

Eyes with baseline high-contrast letter-acuity scores of,5 letters,

or baseline 2.5%- or 1.25%-contrast letter-acuity scores of ,7

letters were excluded from visual loss analyses, because these eyes

could not fulfill visual loss criteria.

Statistical analyses. Statistical analysis was completed on STATA

version 11 (StataCorp, College Station, TX). Analyses included

both eyes of participants. Mixed-effects linear regression adjusting

for age and sex, accounting for within-subject intereye correlations,

was used to assess differences between baseline OCTmeasures and

visual function between patients with MS and HCs. Age and sex

were used as covariates because prior studies have found them to

be significantly associated with OCT measures.29 Using time-to-

visit from baseline as a continuous variable, annual rates of change

in OCT measures were determined using mixed-effects linear

regression adjusting for age and sex, accounting for within-subject

intereye correlations. Interaction terms with time were used to

determine differences in the annual rates of change in OCTmeas-

ures according to the following characteristics: disease duration,5

years and,10 years, prior ON, baseline MSSS and EDSS scores,

disability progression, baseline gadolinium-enhancing lesions,

MSFC progression-20, non-ON relapses, new gadolinium-

enhancing lesions, new T2 lesions, or visual loss (high-contrast

or low-contrast) during follow-up. Type I error for significance

was defined as p 5 0.05.

RESULTS A total of 164 MS/CIS patients (116
RRMS, 24 SPMS, 16 PPMS, and 8 CIS) and 59
HCs were followed, with a mean follow-up duration
of 21.1 months for both groups. Ninety percent of
the patients with RRMS and CIS and 53% of the
patients with SPMS and PPMS received treatment with

Table 1 Baseline demographics and disease characteristics

All MS/CIS RRMS SPMS PPMS CIS HCs

No. (eyes) 164 (328) 116 (232) 24 (48) 16 (32) 8 (16) 59 (118)

Age, y (SD) 43.5 (11.9) 40.1 (10.5) 55.7 (5.4) 55.8 (6.6) 31.6 (9.2) 36.8 (9.8)

Female (%) 117 (71) 86 (74) 16 (67) 9 (56) 6 (75) 39 (66)

Mean follow-up time, mo (SD) 21.1 (7.7) 20.4 (7.9) 23.7 (6.2) 23.2 (6.6) 18.8 (8.9) 21.1 (11.5)

Mean disease duration, y (SD) 11.1 (9.0) 8.8 (6.7) 21.5 (8.2) 11.9 (8.8) 1.0 (0.8) —

ON eyes (%) 95 (29) 78 (34) 10 (21) 0 (0) 7 (44) —

Mean EDSS score (SD) 3.2 (2.1) 2.5 (1.6) 5.9 (1.3) 5.4 (1.4) 1.2 (1.2) —

Mean MSSS score (SD) 4.1 (2.5) 3.5 (2.3) 5.7 (2.0) 6.4 (2.1) 3.4 (3.0) —

Letter acuity, 100% contrast (SD) 58.5 (10.1) 59.4 (10.7) 57.3 (6.6) 55.0 (8.8) 57.7 (11.8) 61.5 (6.2)

Letter acuity, 2.5% contrast (SD) 27.4 (12.3) 28.5 (12.3) 26.8 (9.1) 23.5 (12.6) 22.5 (16.3) 33.7 (7.8)

Letter acuity, 1.25% contrast (SD) 13.1 (11.4) 14.3 (11.9) 10.4 (8.3) 8.1 (9.3) 14.9 (12.9) 20.0 (8.4)

Mean RNFL thickness, mm (SD) 84.7 (12.5) 85.0 (12.4) 79.5 (12) 87.9 (11.2) 87.7 (13.3) 92.0 (10.2)

Mean GCIP thickness, mm (SD) 71.6 (9.8) 71.9 (9.9) 68.5 (10.3) 73.7 (7.1) 72.7 (10.1) 81.3 (6.5)

Patients with gadolinium-enhancing lesion at baseline (%) 15/112 (13.4) 15/76 (20) 0/18 (0) 0/14 (0) 0/4 (0) —

Abbreviations: CIS 5 clinically isolated syndrome; EDSS 5 Expanded Disability Status Scale; GCIP 5 ganglion cell/inner plexiform; HC 5 healthy control;
MS 5 multiple sclerosis; MSSS 5 Multiple Sclerosis Severity Scale; PPMS 5 primary progressive MS; RNFL 5 retinal nerve fiber layer; RRMS 5 relapsing-
remitting MS; SPMS 5 secondary progressive MS.
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an MS disease-modifying therapy for the duration of
this study. Baseline demographics are shown in table 1.

Baseline analyses. At baseline, peripapillary RNFL thin-
ning was greatest in patients with SPMS (79.56 12.0
mm), followed by RRMS (85.0 6 12.4 mm), CIS
(87.7 6 13.3 mm), and PPMS (87.7 6 13.3 mm),
relative to HCs (92.0 6 10.2 mm). A similar pattern
was observed for macular-GCIP thinning: SPMS (68.5
6 10.3 mm), RRMS (71.9 6 9.9 mm), CIS (72.7 6

10.1 mm), and PPMS (73.76 7.1 mm) vs HCs (81.3
6 6.5 mm). Patients with MS and CIS had lower
values on all OCT and visual acuity measures relative
to HCs at baseline (table 2). Differences in GCIP
thickness were significant for all MS subtypes and
CIS (table 2). Although RNFL thickness was signifi-
cantly lower in the total MS/CIS cohort, the RRMS
subgroup, and the SPMS subgroup relative to HCs,
RNFL thickness was not significantly different
between PPMS or CIS and HCs at baseline. For visual
acuity, 1.25% low-contrast letter acuity provided the

greatest ability to discriminate between all MS/CIS
patients and HCs (table 2).

A multivariate linear regression model was used to
assess factors influencing baseline OCT measures in
the MS/CIS cohort. Disease duration and prior ON in
eyes were found to bemost strongly associated with base-
line OCT values in this model. Disease duration was
associated with a thinner baseline RNFL (b: 20.35
mm/year, p , 0.001) and GCIP layer (b: 20.26
mm/year, p , 0.001). Eyes with ON history had on
average 9.5 mm lower RNFL thicknesses and 8.4 mm
lower GCIP thicknesses than eyes without ON history
(p , 0.001 for both). Age or baseline MSSS score was
not significantly associated with baseline RNFL or GCIP
thicknesses in this cohort. Although RNFL and GCIP
thicknesses differed by MS subtype at baseline, these
differences were not significant after adjusting for disease
duration.

Longitudinal analyses. Clinical and radiologic changes
during the study are summarized in table 3, and

Table 2 Differences in OCT and visual measures at baseline between patients and healthy controlsa

All MS/CIS vs HCs RRMS vs HCs SPMS vs HCs PPMS vs HCs CIS vs HCs

RNFL difference, mm (p value) 27.26 (,0.001) 27.50 (,0.001) 29.05 (0.01) 22.16 (0.58) 22.31 (0.57)

GCIP difference, mm (p value) 29.97 (,0.001) 29.90 (,0.001) 212.82 (,0.001) 27.05 (0.006) 26.93 (0.006)

Letter acuity difference, 100%
contrast (p value)

22.15 (0.12) 21.77 (0.24) 22.17 (0.25) 24.10 (0.07) 21.56 (0.42)

Letter acuity difference, 2.5%
contrast (p value)

25.32 (0.002) 24.81 (0.007) 22.31 (0.42) 25.83 (0.08) 29.92 (0.002)

Letter acuity difference, 1.25%
contrast (p value)

25.70 (,0.001) 25.12 (0.004) 24.76 (0.09) 26.25 (0.04) 25.48 (0.10)

Abbreviations: CIS 5 clinically isolated syndrome; GCIP 5 ganglion cell/inner plexiform; HC 5 healthy control; MS 5 mul-
tiple sclerosis; OCT 5 optical coherence tomography; PPMS 5 primary progressive MS; RNFL 5 retinal nerve fiber layer;
RRMS 5 relapsing-remitting MS; SPMS 5 secondary progressive MS.
aAll analyses are adjusted for age, sex, and within-subject intereye correlations.

Table 3 Summary of clinical and radiologic changes during the study

RRMS SPMS PPMS CIS HCs

Worsening vision, 100%
contrast (%)

98/218 (45) 13/46 (28) 12/32 (38) 5/16 (31) 18/78 (23)

Worsening vision, 2.5%
contrast (%)

63/199 (32) 16/45 (36) 12/28 (43) 3/11 (27) 24/76 (32)

Worsening vision, 1.25%
contrast (%)

44/147 (30) 10/27 (37) 4/13 (31) 2/10 (20) 21/74 (28)

1-point EDSS worsening (%) 31/114 (27) 3/24 (13) 1/15 (7) 3/8 (38) —

Sustained 1-point EDSS
worsening (%)

21/100 (21) 5/23 (22) 0/15 (0) 3/8 (38) —

MSFC progression-20 (%) 47/56 (16) 2/20 (10) 4/12 (33) 0/7 (0) —

Relapse during the study
period (%)

29/116 (25) 0/24 (0) 0/16 (0) 5/8 (62) —

New gadolinium-enhancing
lesion (%)

20/114 (18) 1/23 (4) 2/14 (14) 2/8 (25) —

New T2-hyperintense lesion (%) 36/113 (32) 3/23 (13) 1/14 (7) 4/8 (50) —

Abbreviations: CIS 5 clinically isolated syndrome; EDSS 5 Expanded Disability Status Scale; HC 5 healthy control; MSFC
progression-20 5 Multiple Sclerosis Functional Composite 20% progression; PPMS 5 primary progressive multiple scle-
rosis; RRMS 5 relapsing-remitting multiple sclerosis; SPMS 5 secondary progressive multiple sclerosis.

50 Neurology 80 January 1, 2013

ª 2012 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



differences in OCT and vision outcomes between
baseline and end-of-study visits are summarized in
table e-1 on the Neurology® Web site at www.neurol-
ogy.org (unlike the results reported below, results in
table e-1 do not account for OCT or vision measures
during the intervening visits between the baseline and
end-of-study visits). Among patients with RRMS and
CIS, 27% experienced a nonocular relapse during the
study, and 33% developed new T2-hyperintense MRI
lesions. Correcting for age and sex, the overall rate of
change in the MS/CIS cohort was20.21 mm/year for
RNFL thickness (p 5 0.01) and 20.37 mm/year for
GCIP thickness (p , 0.001). In HCs, the rate of
change was 20.25 mm/year (p 5 0.04) for RNFL
thickness and 20.20 mm/year (p , 0.001) for GCIP
thickness. The rate of GCIP thinning was 46% faster in
patients with MS/CIS than HCs (p5 0.008), whereas
there was no significant difference in the rate of RNFL
thinning between patients with MS/CIS and HCs.

Several clinical and radiologic characteristics were
assessed to determine whether they were associated
with more rapid RNFL or GCIP thinning in MS/
CIS (table 4). This was done using mixed-effects linear
regression models adjusting for age and sex. Several
markers of disease activity during follow-up were asso-
ciated with greater rates of GCIP thinning in patients,
as compared with those without these features: non-
ocular relapses (42% faster;20.55 vs20.32mm/year,
p 5 0.007), new gadolinium-enhancing lesions (54%
faster; 20.63 vs 20.29 mm/year, p , 0.001), and
new T2 lesions (36% faster; 20.50 vs 20.32 mm/
year, p 5 0.02). Rates of GCIP thinning were faster
in patients exhibiting disability progression ($1-point
increase in EDSS score during follow-up) than in
patients without disability progression during follow-
up (37% faster;20.52 vs20.33 mm/year, p5 0.01).
GCIP thinning was also faster in those with disease
duration ,5 years vs .5 years (43% faster; 20.54 vs
20.31 mm/year, p5 0.003). Rates of GCIP thinning
were highest in patients exhibiting combinations of
new gadolinium-enhancing lesions, new T2 lesions,
or disease durations ,5 years (table 4).

New gadolinium-enhancing lesions during follow-
up in patients with disease duration ,5 years were
associated with 67% faster rate of GCIP thinning
compared with patients with disease duration ,5
years without new gadolinium-enhancing lesions
(20.89 vs 20.29 mm/year, p , 0.001). Similarly,
new T2 lesions during follow-up in those with disease
durations ,5 years were associated with 70% faster
rates of GCIP thinning vs those with disease duration
,5 years without new T2 lesions (20.86 vs 20.26
mm/year, p , 0.001).

Patients with both new gadolinium-enhancing and
new T2 lesions during follow-up, regardless of disease
duration, had 57% faster rates of GCIP thinning
(20.72 vs 20.31 mm/year in those without both dur-
ing follow-up, p , 0.001). The combination of both
new T2 lesions and new gadolinium-enhancing lesions
in those with disease duration ,5 years was associated
with 70% faster rates of GCIP thinning (21.09 vs
20.33 mm/year in those with disease durations ,5
years without both new gadolinium-enhancing and
new T2 lesions during follow-up, p , 0.001). Disease
duration dichotomized at 10 years, baselineMSSS score,
baseline EDSS score, MSFC progression-20, MS sub-
type, prior ON, and high-contrast or low-contrast visual
loss were not significantly associated with rates of
GCIP thinning.

Clinical and radiologic markers of MS disease activ-
ity were not associated with RNFL thinning, unlike
GCIP thinning, although prior ON in eyes was associ-
ated with a trend toward a greater rate of RNFL thin-
ning (78% faster; 20.41 vs 20.09 mm/year in eyes
without prior ON, p 5 0.07).

Table 4 Effect of clinical and radiologic characteristics on the rate of change in
GCIP and RNFL thicknesses in patients with MS and CISa

GCIP RNFL

Disease duration <5 y 20.23 (0.003)b 20.34 (0.08)

Disease duration <10 y 20.01 (0.82) 0.14 (0.41)

Age, y 0.004 (0.12) 20.006 (0.42)

Non-ON relapses 20.23 (0.007)b 20.01 (0.92)

Enhancing lesion on baseline MRI 20.17 (0.21) 20.34 (0.30)

New enhancing lesion 20.34 (,0.001)b 20.18 (0.38)

New T2 lesion 20.18 (0.02)b 20.007 (0.96)

Baseline MSSS score 20.009 (0.51) 20.03 (0.37)

Baseline EDSS score 20.01 (0.33) 0.02 (0.60)

1-point EDSS score increase 20.19 (0.01)b 20.10 (0.61)

6-mo sustained EDSS score progression 20.0004 (0.99) 0.27 (0.19)

MSFC progression 0.20 (0.09) 20.06 (0.81)

Worsening vision, 100% contrast 20.01 (0.86) 0.09 (0.53)

Worsening vision, 2.5% contrast 20.05 (0.37) 20.04 (0.78)

Worsening vision, 1.25% contrast 0.08 (0.27) 0.41 (0.03)b

New T2 and enhancing lesions 20.41 (,0.001)b 20.22 (0.37)

New enhancing lesion and disease duration <5 y 20.60 (,0.001)b 0.26 (0.46)

New T2 lesion and disease duration <5 y 20.60 (,0.001)b 20.28 (0.43)

New T2 and enhancing lesions, disease duration <5 y 20.76 (,0.001)b 0.09 (0.81)

1-point EDSS score increase and disease duration <5 y 20.48 (0.001)b 0.13 (0.71)

Abbreviations: CIS 5 clinically isolated syndrome; EDSS 5 Expanded Disability Status
Scale; GCIP 5 ganglion cell/inner plexiform; MS 5 multiple sclerosis; MSFC 5 Multiple
Sclerosis Functional Composite; MSSS 5 Multiple Sclerosis Severity Scale; ON 5 optic
neuritis; RNFL 5 retinal nerve fiber layer.
a Values are b coefficients from the regression model indicating the difference in the rate of
GCIP or RNFL change between those with and without the covariate, measured in mm/year
(p value) (except age in which the b coefficient is the difference in rate of change per year of
baseline age and EDSS and MSFC scores in which the value represents the rate difference
associated with a difference of 1 point on the EDSS or MSSS). All analyses are adjusted for
age and sex.
bStatistically significant association.
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DISCUSSION In this study, we demonstrate that
MS-related subclinical optic neuropathy, and the neu-
rodegeneration associated with this process, occurs
more significantly in patients exhibiting classic evi-
dence of clinical and/or radiologic disease activity. This
suggests that clinical trials enriched with patients with
active MS may have better power to detect neuropro-
tective effects of novel therapeutic agents. Moreover,
our findings suggest that the basis for subclinical optic
neuropathy/subclinical optic nerve neurodegeneration
may at least be partially related to microscopic optic
nerve inflammatory disease. GCIP thinning was accel-
erated in patients exhibiting evidence of disease activity
such as non-ON relapses, new T2 lesions, and new
gadolinium-enhancing lesions. Patients exhibiting dis-
ability progression also were found to have faster rates
of GCIP thinning. Furthermore, rates of GCIP thin-
ning were faster in those with disease duration ,5
years, which may reflect a greater availability of retinal
ganglion cells for neurodegeneration earlier in the dis-
ease course, or a greater tendency for inflammatory
disease activity earlier in the disease course. Rates of
GCIP thinning were also augmented when these inde-
pendent factors were present in combination. For ex-
ample, patients with new T2 lesions, new enhancing
lesions, and disease durations,5 years exhibited 70%
faster rates of GCIP thinning. These results provide
evidence that longitudinal GCIP changes in MS may
be clinically meaningful and associated with more
aggressive inflammatory disease. In addition, GCIP
thinning was observed in all MS subtypes, suggesting
GCIP neurodegeneration occurs throughout the disease
course, perhaps related to microscopic inflammation.
Although overall rates of GCIP thinning were signifi-
cantly greater in patients with MS than in HCs, the rate
of GCIP thinning observed in patients with MS is rel-
atively modest. However, the mean duration of this
study was short and presented results are expressed as
annualized rates of thinning, rather than total thickness
reduction between study beginning and study end.

Although baseline RNFL results in this study are
consistent with prior studies,10–14 the rate of RNFL
thinning in this study (20.21 mm/year) was lower
than that observed in some other studies, and was not
significantly different from HCs. In one study, the
rate of RNFL thinning in MS was 22.0 mm/year,19

and in another it was 22.7 mm/year.20 In the latter
study, a rate of RNFL thinning of21.4 mm/year was
also observed in HCs. Our results, however, are more
in line with 2 other studies in which no significant
decrease was observed in RNFL thickness during
follow-up.30,31 Discrepancies in RNFL change across
studies may relate to differences in cohort character-
istics. Our results raise the possibility that rates of
RNFL thinning may be greater in cohorts with larger
proportions of patients with prior ON. Also, another

source of potential difference is that the rates we
report control for several disease characteristics, whereas
some other studies have reported unadjusted rates. Dif-
ferences in the use of disease-modifying medication
could also account for different results. Although all
studies excluded patients who developed ON during
follow-up, an important factor still bearing consider-
ation is the differential effect of optic nerve inflamma-
tion on RNFL and GCIP thicknesses.17

Our finding that rates of GCIP thinning are acceler-
ated in those with nonocular disease activity suggests
that retinal changes in MS may be reflective of more
global CNS processes, consistent with cross-sectional
observations.32,33 However, the mechanism by which
retinal changes may reflect global CNS processes is
unclear. One plausible explanation is that disruption
of the blood-brain barrier in one part of the CNS
(reflected for example by an enhancing lesion) may
represent a susceptibility for the blood-brain barrier to
become disrupted elsewhere, such as in the optic nerves
(even though it may be subclinical). If this was the
case, it could imply that microinflammatory processes
may be occurring within the optic nerves of patients
with MS. Because optic nerve inflammation is associ-
ated with RNFL swelling but not GCIP swelling,17

these processes could result in the pseudonormalization
or swelling of the RNFL, thus underestimating the true
rates of RNFL thinning. The absence of GCIP swelling
during optic nerve inflammation, as well as the absence
of astroglial influence on GCIP thickness measures (the
retinal astrocytes are predominantly located in the
RNFL),16,34 may help explain the superiority of GCIP
thickness measures over RNFL thickness measures,
cross-sectionally and longitudinally. These factors may
contribute toward the better reproducibility and lower
variance of GCIP over RNFL thickness measures.16

It was surprising in this study that expected associ-
ations between worsening vision and changes in OCT
measures were not observed, because these measures
correlate well cross-sectionally.8,9 However, changes
in visual acuity can have multiple causes in MS (e.g.,
posterior visual pathway lesions, refractive changes,
temporary changes due to Uhthoff phenomenon),
potentially weakening the association between changes
in OCT and changes in vision in a cohort. Also, much
of the change in vision that correlates with change in
OCT measures comes from ON episodes. Because
data after acute ON episodes were excluded in this
study, this likely also weakened the ability to identify
an association between change in low-contrast vision
and change in OCT. Although patients with other
known ocular diseases were excluded, the patients in
this cohort were not systematically examined by an
ophthalmologist, which limits our ability to correlate
the OCT findings with aspects of visual function other
than high- and low-contrast vision.
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Given the potentially slow rate of change in OCT
measures in non-ONMS eyes and nonactive MS, it is
possible that a long timeframe may be needed to iden-
tify a neuroprotective therapeutic effect in a clinical
trial using OCT as an outcome measure (such as in
progressive MS). Nonetheless, if used as a secondary
outcome, a finding of slower OCT change in treated
relative to untreated patients may provide compelling
evidence for neuroprotection. OCT has already
shown promise as an outcome measure in acute
ON, whereby a 10% to 20% change in RNFL thick-
ness occurs within months.14 As discussed above,
GCIP thickness may be a more sensitive measure to
detect clinical change in MS than RNFL thickness.
Because patients exhibiting active MS in this study,
particularly early on in their disease course, had
greater rates of GCIP thinning, a clinical trial using
OCT as an outcome measure could potentially be
enriched by the recruitment of patients with early,
active MS. Our results suggest that researchers plan-
ning future trials incorporating OCT should consider
the inclusion of macular-GCIP thickness measures
(which will be commercially available soon), in addi-
tion to conventional peripapillary RNFL thickness
measures.
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