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Abstract Thinning of the retinal nerve fiber layer

(RNFL) of clinically unaffected eyes is seen in patients

with multiple sclerosis (MS). It is uncertain when this

thinning occurs, and whether ongoing RNFL loss can be

measured over time with optical coherence tomography

(OCT). Using time-domain OCT, we studied 34 patients

with progressive MS (16 primary progressive MS, 18

secondary progressive; 14 male; 20 female; mean age at

study entry 51 years; median EDSS 6; mean disease

duration at study entry 12 years) on two occasions with a

median interval of 575 (range 411–895) days apart. Eigh-

teen healthy controls (10 male; eight female; mean age at

study entry 46 years) were also studied twice, with a

median interval of 656 days (range 398–890). Compared to

controls, the patients had significant decreases in the RNFL

thickness and macular volume of their clinically unaffected

eyes at study entry. No significant decrease in RNFL

thickness was observed between baseline and follow-up in

either patients or controls. Macular volume declined

significantly in patients and controls, but there was no

difference in this change between the two groups. The

study findings suggest that time domain OCT detects little

disease-related ongoing loss of retinal axons in progressive

forms of MS and has limited use for monitoring potential

neuroprotective therapies at this stage of disease. Further

studies are needed using higher-resolution OCT systems

and in larger groups of patients, to elucidate the timing and

mechanism of RNFL loss that is observed in clinically

unaffected nerves in MS.

Keywords Multiple sclerosis � Retina �
Optical coherence tomography � Axonal loss

Introduction

Neuroaxonal loss is thought to be the basis for persistent

disability in multiple sclerosis (MS). Axonal loss can be

inferred in vivo by measuring brain, spinal cord, or optic

nerves atrophy with MRI [12, 16, 23]; however, this may

be subject to confounding by myelin loss and other tissue

changes such as inflammation or gliosis.

The retinal nerve fiber layer (RNFL) is formed largely of

the axons of retinal ganglion cells. These are unmyelinated,

and thus measurement of the thickness of this layer is not

subject to possible confounding by myelin loss. Investi-

gation of the RNFL thickness in vivo thus provides a

means for detecting axonal damage in the anterior visual

pathway. RNFL axonal loss has been recognized in MS

since Frisén and Hoyt observed slit-like defects in the

RNFL using fundoscopy [11] and the development of

optical coherence tomography [17] (OCT) as an imaging

tool has allowed quantification of these RNFL changes. An

early OCT study demonstrated thinning of the RNFL
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following unilateral optic neuritis [26] compared to the

fellow eye. This finding has been confirmed with newer-

generation time domain OCT devices [4, 34], and a single

event of optic neuritis typically results in a mean loss of

about 18–22% of RNFL thickness compared to the fellow

eye [5, 21].

A number of studies have also reported thinning of the

RNFL in clinically unaffected eyes (i.e., eyes in which

there has not been a previous clinical episode of optic

neuritis) of people with MS when compared with healthy

controls [10, 15, 26, 28]. The reductions are less marked

than those seen following optic neuritis, but nonetheless are

statistically significant. The degree of RNFL loss following

optic neuritis and in MS has been consistently correlated with

quantitative measures of visual dysfunction [3, 15, 28, 34],

and in some studies [13, 33] but not others [15] it has

also been correlated with global measures of disability in

MS.

The time course of thinning of the RNFL that occurs

following acute optic neuritis has been partly characterized

[4, 5]—most of the loss being evident after 3–6 months.

However, it is not known when and how the loss of RNFL

thickness that is observed in clinically unaffected nerves in

MS occurs. Two possible explanations—which are not

mutually exclusive—is that there is a relatively sudden

(i.e., over months) stepwise loss of the RNFL associated

with sub-clinical attacks of inflammatory demyelination in

the optic nerve or that there is a gradual and progressive

loss of nerve fibers in the anterior visual pathway. The

former mechanism would be expected to be most evident in

the earlier relapsing and remitting stage of MS and the

latter in progressive stages of the disease either primary or

secondary.

Longitudinal studies are needed to investigate further the

temporal evolution of RNFL loss in clinically unaffected

eyes of people with MS. To date, only one longitudinal

study has been published reporting both MS patient and

comparative healthy control data [30], which demon-

strated—in a cohort with predominantly relapsing remitting

MS or clinically isolated syndromes—a loss of RNFL

thickness over time greater than that seen in controls,

although it was not stated if this was statistically significant.

We previously reported a cohort of primary and sec-

ondary progressive MS patients [15] in whose clinically

unaffected eyes there was significant loss of RNFL thick-

ness that was correlated with measures of visual dysfunc-

tion. We now report longitudinal OCT findings in a subset

of subjects from the same cohort in whom follow-up was

possible at a second time point after a median interval of

approximately one and a half years. The aim of this follow-

up study was to investigate whether increasing loss of the

RNFL could be detected in a progressive MS cohort in the

absence of clinical episodes of optic neuritis.

Methods

Patients and controls who had participated in a cross-sec-

tional study with OCT analysis in multiple sclerosis were

asked to return for review, including one patient who had

been excluded from the earlier analysis because of prior

bilateral acute optic neuritis. The original cohorts consisted

of 50 subjects with progressive MS and 20 controls: of

these, 34 with MS and 18 controls returned for follow-up.

Sixteen patients (ten male and six female) had primary

progressive and 18 patients (four male and 14 female)

secondary progressive MS. Of the original cohort, one

control moved overseas and one was lost to follow-up;

seven patients with secondary progressive MS entered a

clinical trial of a potential neuroprotective treatment and

two developed disability that precluded returning for the

study investigations; one patient with primary progressive

MS had moved overseas, and six were lost to follow-up.

All patients met the revised McDonald criteria for MS [27]

and their disease course was classified according to the

criteria of Lublin and Reingold [24]. No subject was

receiving disease-modifying therapy.

Of the patients with secondary progressive MS, eight

had had unilateral optic neuritis prior to study entry, and

one had had separate episodes of optic neuritis in both eyes

at different times prior to study entry. No patient or control

had any other known ophthalmological disease.

Clinical assessment

A history was taken from patients and controls to deter-

mine the presence of ophthalmological and neurological

disorders. The patients had their level of disability assessed

using the Extended Disability Status Score (EDSS) [22].

Retinal imaging

OCT images were acquired with a time domain OCT

(Stratus OCT Model 3000; Carl Zeiss Meditec, Dublin,

CA, USA). All OCT imaging was performed by a single

observer (AH). RNFL images were acquired by taking

three circular 3.4-mm scans, centered on the optic disc, the

mean of which was used to express RNFL thickness (Fast

RNFL thickness protocol). The thicknesses of the quad-

rants of the RNFL were automatically calculated by the

OCT device software. Macular thickness maps were

acquired by making six radial scans centered on the fovea,

and by construction of a map from these scans (Fast

macular thickness map scanning protocol). Both OCT

protocols were performed twice at both the original and

follow-up visit, and the mean value at each visit was used

for the purpose of statistical analysis. One patient was not

able to fix with one eye, due a large centrocecal scotoma,
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and measures from this eye were excluded from analysis as

accurate RNFL thickness measurements and macular vol-

ume maps could not be obtained. OCT images are given a

signal strength by the Stratus OCT device, with a maxi-

mum of 10. OCT images were rejected if an individual eye

was\7, the inter-eye signal strength difference was[2, or

if the difference in signal strength between baseline and

follow-up scans was [2.

Visual testing

Visual acuity was measured in all subjects with a retro-

illuminated Early Treatment Diabetic Retinopathy Study

(ETDRS) chart, and was recorded as the 4-m logarithm of

the minimum angle of resolution (logMAR acuity). Sloan

25, 5, and 1.25% contrast ETDRS charts were used at 4 m

to calculate the low-contrast visual acuity. If subjects were

unable to perceive any letters at 4 m, they were retested at

1 m, and a correction made for the change in distance as

proposed by Ferris et al. [9]. Subjects used their usual

distance refractive correction when tested.

Statistical analysis

To calculate annualized rates of change, the difference

between the first and second sets of measures was divided

by the number of days that elapsed between the measures,

and then this number was multiplied by 365.25. Within-

group changes and between-group comparisons of change

were estimated from a single regression model with

annualized change as response variable and subject group

indicators. When entered into the model, age and sex did

not influence the results, and the coefficients shown do not

include these variables in their calculation. Relationships

between EDSS and retinal measures were investigated

using Spearman rank correlation. Changes in EDSS were

analyzed for significance with the Wilcoxon sign-rank test,

and differences in the change in EDSS by the Wilcoxon

rank sum test.

All statistical tests were performed using Stata 9 soft-

ware (StataCorp; College Station, TX), and p \ 0.05 was

considered the level of significance.

Results

The demographic details of the patients are summarized in

Table 1. When the followed-up MS cohort (n = 34) was

compared to the larger group that had been studied at

baseline (n = 50), there were no significant differences in

age, gender, disease duration, or EDSS; thus the followed-

up cohort was thought to be representative of the original

study population. None of the patients had an MS relapse

or episode of optic neuritis between the first and second

study.

OCT measures from clinically unaffected eyes: baseline

values

As with the original cohort [15], the follow-up MS group,

when compared to the controls, had significantly reduced

RNFL thickness and macular volume at baseline, which in

the SPMS group was evident for the whole and temporal

quadrant RNFL and macular volume, and in the PPMS

group for the temporal quadrant RNFL (Tables 2, 3).

OCT measures in clinically unaffected eyes: change

compared with baseline values

Whole RNFL None of the subject groups had a significant

decrease in mean RNFL thickness when compared to

baseline, although there was a non-significant trend in

primary progressive MS patients (annual change in mean

RNFL thickness -0.99 lm, p = 0.075, 95% CI -2.09,

0.10) (Table 4).

Quadrants There was a significant reduction in inferior

quadrant RNFL thickness in primary progressive MS

patients (annual change -2.99 lm, p = 0.008, 95% CI

-5.15, -0.83). Aside from this, none of the individual

quadrants of the RNFL had a significant change in any

subject group (see Table 2).

Both controls and progressive MS groups had a signi-

ficant and similar reduction in macular volume (annual

change for controls -0.038 mm3, p = 0.013, 95% CI

-0.067, -0.008; progressive MS -0.031 mm3, p = 0.005,

CI -0.052, -0.009). The macular volume decrease was

Table 1 Demographic details of patients

Control Progressive MS (all cases) PPMS SPMS

Gender (M:F) 10:8 14:20 10:6 4:14

Mean age at study entry, years (SD) 46 (14) 51 (11) 51 (12) 51 (10)

Median follow-up, days (range) 656 (398–890) 575 (411–895) 592 (411–762) 579 (453–895)

History of optic neuritis – 9 (1 bilateral) – 9 (1 bilateral)

Median EDSS (range) N/A 6 (3–8) 6 (3–7) 6 (4–8)

Mean duration of disease at study entry, years (SD) – 16 (9) 12 (6) 20 (10)
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also significant in the primary progressive subgroup

(p = 0.03) with a borderline significant trend in secondary

progressive MS (p = 0.059).

Longitudinal OCT measures from clinically unaffected

eyes: comparisons of groups

There were no significant differences between the annual

change in any of the OCT measures (whole and quadrant

RNFL thickness and macular volumes) in the progressive

MS versus control group and in either MS clinical sub-

group versus controls or each other (Table 5).

OCT measures from eyes with a prior history of optic

neuritis

At baseline, eyes that had previously been affected by an

episode of optic neuritis had significantly lower RNFL

thickness (mean 76.3 lm SD 15.5 vs. 86.1 lm SD 9.4;

p = 0.012 by paired t test) and macular volume (mean

6.27 mm3 SD 0.40 vs. 6.48 mm3 SD 0.41; p = 0.005 by

paired t test) compared with clinically unaffected fellow

eyes. The follow-up RNFL thickness and macular volume

of the affected eyes was not significantly decreased com-

pared with the baseline measure (mean change in RNFL in

eyes previously affected by optic neuritis -0.75 lm,

p = 0.926 95% CI -17.9, 16.4; mean change in macular

volume 0.122 mm3, p = 0.577, 95% CI -0.340, 0.586;

both p values by paired t test).

When serial changes in OCT measures were compared

in the eyes with a history of optic neuritis versus the fellow

eye from the same patient, there were no significant dif-

ferences between the changes in RNFL thickness (ON

affected eye–fellow eye difference 0.05 lm, p = 0.975

95% CI: -3.80, 3.91), macular volume (ON affected eye–

fellow eye difference 0.071 mm3, p = 0. 0.313 95% CI:

-0.087, 0.228), or any individual quadrant of the

RNFL (temporal quadrant ON affected eye–fellow eye

difference -2.00 lm, p = 0.565 95% CI: -9.83, 5.83;

superior quadrant ON affected eye–fellow eye difference

-1.69 lm, p = 0.773 95% CI: -14.97, 11.60; nasal

quadrant ON affected eye–fellow eye difference 2.93 lm,

p = 0.510, 95% CI: -7.06, 12.97; inferior quadrant ON

affected eye–fellow eye difference 1.44 lm, p = 0.726

95% CI: -7.89, 10.76).

Visual measures: change compared with baseline

values

Controls did not have a significant change in either Log-

MAR or low contrast visual acuity over the study period.

The whole progressive MS cohort had small but significant

reductions in LogMAR visual acuity (mean 0.03 95% CI

0.00, 0.07 p = 0.003) and Sloan 25% contrast acuity (mean

Table 2 Baseline OCT measures

Control All patients PPMS SPMS

Mean RNFL thickness, lm (SD) 98.2 (10.0) 89.1 (11.3) 91.7 (12.8) 86.7 (9.4)

Macular volume, mm3 (SD) 6.77 (0.27) 6.47 (0.4) 6.53 (0.41) 6.41 (0.45)

Temporal quadrant RNFL thickness, lm (SD) 75.8 (13.0) 55.8 (12.6) 61.9 (12.2) 50.4 (10.4)

Superior quadrant RNFL thickness, lm (SD) 119.0 (14.7) 111.9 (17.0) 113.3 (17.1) 110.6 (17.4)

Nasal quadrant RNFL thickness, lm (SD) 77.9 (15.8) 75.8 (18.7) 75.3 (24.3) 76.2 (12.6)

Inferior quadrant RNFL thickness, lm (SD) 119.9 (15.0) 113.8 (15.4) 116.9 (20.4) 111.0 (8.5)

Table 3 Intergroup comparisons of retinal measures at baseline (eyes unaffected by optic neuritis)

All patients–control PPMS–control SPMS–control

Mean RNFL thickness, lm (95% CI) -8.7 (-15.3, -2.2) p = 0.010 -6.1 (-13.7, 1.5) p = 0.115 -11.1 (-18.5, -3.7) p = 0.004

Macular volume, mm3 (95% CI) -0.32 (-0.56, -0.09) p = 0.008 -0.26 (-0.53, 0.02) p = 0.065 -0.38 (-0.65, -0.12) p = 0.006

Temporal quadrant RNFL

thickness, lm (95% CI)

-19.6 (-27.3, -11.9) p = 0.000 -13.5 (-21.9, -5.0) p = 0.002 -25.0 (-33.2, -16.8) p = 0.000

Superior quadrant RNFL

thickness, lm (95% CI)

-6.1 (-15.9, 3.7) p = 0.218 -4.7 (-16.3, 6.9) p = 0.421 -7.4 (-18.6, 3.9) p = 0.195

Nasal quadrant RNFL

thickness, lm (95% CI)

-1.7 (-12.5, 9.1) p = 0.748 -2.2 (-15.0, 10.6) p = 0.730 -1.3 (-13.7, 11.1) p = 0.831

Inferior quadrant RNFL

thickness, lm (95% CI)

-5.8 (-15.1, 3.4) p = 0.213 -2.7 (-13.5, 8.1) p = 0.621 -8.6 (-19.1, 1.89) p = 0.106
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0.04 95% CI 0.01, 0.07 p = 0.020). This change was also

significant in the secondary progressive MS subgroup but

not in the primary progressive MS group. There was no

significant change in Sloan 5% contrast and Sloan 1.25%

contrast acuity in any patient group (Tables 6, 7).

Compared with controls (Table 7), there was a signifi-

cant deterioration in LogMAR acuity and Sloan 25%

contrast acuity for the whole progressive MS group and for

secondary progressive patients, but not for primary pro-

gressive patients (although there was a trend for deterio-

ration in the LogMAR acuity, p = 0.079).

Relationship of change in visual measures and change

in OCT measures

With the exception of macular volume and Sloan 25%

contrast acuity in secondary progressive MS patients,

(which does not survive adjustment for multiple compari-

sons and is likely to be a chance finding), there were no

statistically significant relationships between change in

retinal measures and change in visual acuity or low contrast

acuity measures.

Change in disability and relationship with change

in OCT measures

There was no change in EDSS in either MS group over the

study follow-up period (median EDSS change overall 0,

range -0.5 to 1, p = 0.129 for all patients, p = 0.610 for

primary progressive MS patients and p = 0.129 for sec-

ondary progressive MS patients by Wilcoxon signed rank

test), and there was no difference in the change in EDSS

between secondary progressive MS (median EDSS change

0, range -0.5 to 1) and primary progressive MS patients

(median EDSS change 0, range -0.5 to 1; p = 0.370 by

Wilcoxon rank-sum test). Mean (SD) EDSS for all patients

was 5.75 (1.18) at baseline and 5.93 (0.18) at the second

visit, but this increase was not significant (p = 0.529 by

t-test).

After adjustment for multiple comparisons, there were

no significant relationships between change in any of the

retinal measures and change in EDSS. When the group of

patients whose EDSS increased by 0.5 or more (n = 10)

was compared to the remainder of the patients, there was

no significant difference in annualized change in RNFL

thickness (p = 0.469) nor macular volume (p = 0.546).

This was also true when the group of patients whose EDSS

increased by 1.0 or more (n = 5) were compared to the

remainder of the patients (p = 0.356 for RNFL thickness,

p = 0.246 for macular volume).

Discussion

In this cohort of progressive MS patients who did not

experience any relapses and who had a significant (mean

-8.7 lm) RNFL loss compared to healthy controls at study

entry, we did not observe significant longitudinal decrease

in RNFL thickness after an average follow-up of over

18 months when compared with an age-matched control

population (mean annualized loss was -0.2 lm greater in

patients, p = 0.75). Although significant decrease over

time in macular volume was seen in patients and controls

its extent was very similar in both groups. These study

findings are further discussed in the context of current

knowledge of retinal abnormalities using time-domain

Table 6 Annual change in visual acuity in patient groups compared with change in controls over the same period

Progressive MS–control PPMS–control SPMS–control

LogMAR visual acuity(95% CI) 0.03 (0.00, 0.07) p = 0.079 0.03 (–0.01, 0.07) p = 0.203 0.04 (0.00, 0.08) p = 0.080

Sloan 25% contrast visual acuity(95% CI) 0.04 (0.01, 0.07) p = 0.020 0.03 (–0.01, 0.06) p = 0.132 0.04 (0.01, 0.08) p = 0.012

Sloan 5% contrast visual acuity(95% CI) 0.02 (-0.02, 0.05) p = 0.418 0.02 (-0.02, 0.07) p = 0.302 0.00 (-0.04, 0.05) p = 0.706

Sloan 1.25% contrast visual acuity(95% CI) 0.03 (-0.04, 0.10) p = 0.437 0.06 (-0.02, 0.14) p = 0.156 0.00 (-0.08, 0.08) p = 0.976

Table 7 Mean annual change in visual acuity measures

Control All patients PPMS SPMS

LogMAR acuity 0.00 (-0.03, 0.03) p = 0.974 0.03 (0.01, 0.05) p = 0.003 0.03 (0.00, 0.06) p = 0.079 0.04 (0.01, 0.07) p = 0.013

Sloan 25% acuity -0.01 (-0.03, 0.02)

p = 0.498

0.03 (0.01, 0.04) p = 0.002 0.02 (0.00, 0.04) p = 0.144 0.04 (0.01, 0.06) p = 0.004

Sloan 5% acuity -0.01 (-0.04, 0.03)

p = 0.739

0.01 (-0.01, 0.03)

p = 0.350

0.02 (-0.01, 0.05)

p = 0.259

0.00 (-0.03, 0.03) p = 0.843

Sloan 1.25%

acuity

-0.03 (-0.09, 0.02 p = 0.253 0.00 (-0.04, 0.03)

p = 0.787

0.02 (-0.03, 0.08)

p = 0.384

-0.03 (-0.08, 0.02)

p = 0.222
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OCT to study both optic neuritis and MS, in order to better

understand possible mechanisms for RNFL loss and to

consider the implications for using time-domain OCT as a

tool to monitor potential experimental neuroprotective

therapies in MS.

RNFL changes on OCT following optic neuritis

Substantial reductions seen in both RNFL thickness and

macular volume have been consistently reported following

a clinical episode of acute optic neuritis [4, 21, 26, 34].

Typical average reductions compared to the fellow unaf-

fected eye are of the order of 18–22%, although the range

in individual eyes is large. Serial and single time point

studies at variable intervals following the episode indicate

that most of this RNFL loss is evident 3–6 months

following the onset of visual dysfunction.

RNFL changes on OCT in clinically unaffected eyes

in MS

Single time point cross-sectional studies of MS cohorts that

compared clinically unaffected eyes (i.e., no previous

episode of optic neuritis) with healthy controls have

revealed smaller but significant reductions in RNFL

thickness. A reduction of RNFL thickness between 5 and

8.6% has been reported, and has been evident in all of the

major clinical subgroups of MS: relapsing remitting, pri-

mary and secondary progressive [10, 15, 28]. However, the

temporal evolution of this RNFL loss is unclear: only one

previous serial OCT study has reported findings from

clinically unaffected eyes in comparison to a healthy

control group. Sepulcre et al. [30] followed a predomi-

nantly relapsing cohort of 61 patients with MS or clinically

isolated syndromes and 29 healthy controls, and found

mean RNFL loss of 2.4 lm per year in patients and 1.1 lm

per year in controls. These changes were significant for

both patient and control groups when compared to baseline

values, although it was not reported whether the difference

in longitudinal change between the two groups was sig-

nificant. A more recent study [6] reported no significant

change in RNFL over 2 years in 39 RRMS and seven

SPMS patients; however, the study did not report com-

parative data from healthy controls. In the present study,

we found no significant change in RNFL thickness in either

progressive MS patients (annualized mean decrease of

-0.7 lm/year) or healthy controls (mean -0.5 lm/year).

Sepulcre et al. [30] also found that lower values of

temporal quadrant RNFL at baseline were associated with

increased relapse number over the two-year follow-up

period, suggesting that clinically silent RNFL loss in

RRMS is associated with a tendency to experience relap-

ses. In our cohort of progressive MS patients, we observed

a trend for more RNFL loss in the SPMS cohort when

compared with PPMS [15] (Table 1). Unlike PPMS, SPMS

patients have experienced previous relapses. In addition,

MRI brain lesion load and activity—which are both indi-

cators of focal inflammatory demyelination—are greater in

SPMS than PPMS [31, 32]. Taking all of these observa-

tions together, one might build a hypothesis that RNFL loss

in clinically unaffected eyes in MS occurs more so in

patients who have relapsing disease, particularly in the

relapsing remitting phase, as a result of the occurrence of

sub-clinical acute inflammatory demyelinating lesions in

the optic nerve. On the other hand, our study does not

provide evidence for ongoing retinal axonal loss in the

progressive and non-relapsing phase of MS. It is also

noteworthy that although eyes of the SPMS patients that

had previously affected by optic neuritis had more severe

RNFL loss at study entry, they did not exhibit a further

decrease in RNFL thickness at follow-up.

The lack of evidence of increasing RNFL loss in this

progressive MS cohort is consistent with the clinical

observation that progressive visual loss is an uncommon

manifestation in MS compared with the much more com-

monly observed progressive myelopathy or ataxia [25, 29].

We did, however, observe a decline in the quantitative

measure visual acuity in progressive MS patients, over and

above that seen in controls. It is possible that it derives

from changes in the posterior visual pathways, or in ocular

media, which would not be expected to be detected in OCT

measurements that predominantly reflect change in the

anterior visual pathway (although acquired posterior visual

pathway lesions may cause reductions in the RNFL, puta-

tively through trans-synaptic degeneration [19]. Alterna-

tively, there may have been a greater sensitivity of the

visual function than the OCT measures used in this study to

detect a subtle increase in axonal damage and dysfunction

in the anterior visual pathway. There are non-neural tissue

components in the RNFL, and their presence may obscure

small degrees of axonal loss.

Macular volume findings

The significant reduction over time of macular volume in

healthy controls confirms previous study findings [2, 8, 20].

Using visual field perimetry findings to infer the loss of

retinal ganglion cells, Harwerth et al. [14] reported that

age-related RNFL layer loss in healthy subjects as deter-

mined by OCT is smaller than ganglion cell layer loss. As

the macula contains a proportionately greater component of

ganglion cells, the macular volume measure may be a more

sensitive measure of age-related retinal changes, as the

findings in our healthy control cohort suggests. The decline

that we observed in macular volume in healthy controls

was not accompanied by measurable changes in visual
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acuity or color vision. The almost identical mean macular

volume change observed in progressive MS patients sug-

gests that it was related to normal ageing rather than dis-

ease effects and emphasizes the importance of including

healthy control data for comparison in longitudinal studies

that investigate the macular volume.

Study limitations

It is possible that very small but progressive changes in the

RNFL occurred that were below the limits of resolution

and measurement precision of our time domain OCT

device, or that we did not study a large enough group to

detect such changes. The patient population studied, rela-

tively older and later in the course of the disease, with

relatively stable disease, may not be representative of the

progressive MS population. Newer-generation spectral or

Fourier domain OCT devices, which have better resolution

and measurement precision, and with the capacity for

accurate image registration, may allow detection of smaller

differences in retinal measures [7]. The sample sizes in this

study may be too small to allow detection of small changes

in RNFL thickness and macular volume, and was limited

by the loss to follow-up of 16/50 of the original baseline

cohort.

Notwithstanding, it is noteworthy that compared to

controls, the progressive MS patient cohort had a sub-

stantial mean reduction in RNFL at study entry of 8.7 lm

and on the other hand exhibited a mean annualized

reduction in RNFL of 0.2 lm compared to healthy controls

at follow-up; if this rate of change is linearly extrapolated

backwards it would take more than 40 years for the dif-

ference seen at baseline to have developed. An alternative

explanation, which we prefer, is that RNFL loss develops

in a non-linear, non uniform temporal pattern, e.g., there is

more rapid RNFL loss in earlier RRMS when subclinical

inflammatory demyelination is common and may involve

the optic nerve. Inflammatory MRI brain lesions are also

not uncommon at an early clinical stage in primary pro-

gressive MS [18].

Additional serial OCT studies are warranted to elucidate

the timing and mechanisms of RNFL loss in clinically

unaffected eyes in MS. Specifically, information would be

of interest on serial measurements of RNFL thickness and

macular volume in earlier, relapsing remitting MS and

matched controls. In such a MS cohort sub-clinical

inflammatory demyelinating episodes are more likely, and

concurrent observation using visual evoked potentials and

MRI of the optic nerve could provide corroborative evi-

dence for sub-clinical demyelination. More frequent time-

point sampling than was the case in the present study

would also be informative. There is also a small group of

MS patients who have progressive visual loss [25] (none

were included in our study), and longitudinal OCT in these

subjects could usefully investigate whether they exhibit

progressive thinning of the RNFL.

Implications for use of OCT in MS trials

of neuroprotection

While acknowledging the foregoing caveats, our overall

study findings, when considered along with previous OCT

studies, suggest that the time-domain OCT technology used

in this study has only limited ability to detect longitudinal

axonal changes in the anterior visual pathway in progres-

sive forms of MS. In considering whether serial OCT with

time-domain technology might be used to monitor potential

neuroprotective therapies in MS, the present study findings

suggest that it would be insensitive and unsuitable in pro-

gressive forms of MS. Studies that investigate and report

serial OCT findings in relapsing remitting MS will be

welcome. Further longitudinal studies in progressive forms

MS would also be of interest using the new, high-resolution

spectral or Fourier domain OCT systems, and/or focusing

on the small group of MS patients who experience pro-

gressive visual loss. Apart from its unquestionable sensi-

tivity and pathobiological plausibility as a tool to monitor

experimental trials of neuroprotection in acute optic neu-

ritis [1], a role for OCT in neuroprotection studies in MS

remains unproven.
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