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Diagnostic accuracy of retinal

abnormalities in predicting disease activity
in MS

ABSTRACT Objectives: To assess the association between the thickness of the retinal nerve fiber
layer (RNFL), assessed by optical coherence tomography (OCT), retinal periphlebitis (RP), and multiple
sclerosis (MS) disease activity. Methods: We studied a prospective cohort of 61 patients and 29
matched controls for 2 years, performing a neurologic assessment every 3 months and an ophthalmo-
logic evaluation, including OCT scans, every 6 months. Baseline MRI studies were also carried out
from which brain volume and lesion load were assessed. Results: We found that the RNFL thickness in
patients with MS was thinner than in controls, particularly in the temporal quadrant (p = 0.004).
Although RNFL atrophy was greater in patients who also had optic neuritis (p = 0.002), it also aug-
mented in MS patients who did not have optic neuritis compared with controls (p = 0.014). RNFL
atrophy was correlated with greater disability (r = —0.348, p = 0.001) and longer disease duration
(r=-0.301, p = 0.003). Furthermore, baseline temporal quadrant RNFL atrophy was associated
with the presence of new relapses and changes in the Expanded Disability Status Scale by the end of
the study (p < 0.05 in all cases). Indeed, RNFL thickness was correlated with white matter volume (r =
0.291, p = 0.005) and gray matter volume (r = 0.239, p = 0.021). The presence of RP was a risk
factor for having new relapses in the next 2 years (odds ratio = 1.52, p = 0.02), and patients with RP
had larger gadolinium-enhancing lesions volume (p = 0.003). Conclusion: Retinal nerve fiber layer
atrophy and the presence of retinal periphlebitis are associated with disease activity, suggesting that
retinal evaluation can be used as biomarkers of multiple sclerosis activity. NEUROLOGY 2007;68:
1488-1494

The visual pathways are frequently affected by multiple sclerosis (MS),! even in patients who
have no visual disturbances.>* Moreover, retinal periphlebitis (RP) is an asymptomatic find-
ing in 10 to 20% of patients.*® Optical coherence tomography (OCT) is a reliable technique
for measuring the retina nerve fiber layer (RNFL) thickness.”® Previous studies reported the
association between RNFL atrophy measured with OCT and visual impairment, abnormal
visual evoked potentials, and optic nerve atrophy in patients with severe optic neuritis.”'? In
addition, the RNFL proved to be thinner in patients with MS.'® Because the retina is part of
the CNS, it is commonly affected in MS and their axons lack myelin and because it is accessi-
ble for clinical examination, measuring RNFL thickness may be a useful biomarker' to assess
axonal loss in patients with MS.

In this study, we evaluated the association and diagnostic accuracy of RNFL thicknesses
measured with OCT and the presence of RP for predicting disease activity in patients with
MS. We studied a cohort of patients in the early to intermediate phase of their disease in the
absence of a bias for patients with clinical involvement of the visual pathway. In addition, we
assessed the relationship between RNFL atrophy and CNS atrophy and lesion load and be-
tween the presence of RP and CNS active lesions on MRI.
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METHODS Subjects. We studied a cohort of 61 consecutive
patients with MS (revised McDonald criteria®) in the early to
middle phase of their disease as well as 29 sex- and age-matched
healthy controls (HCs). Patients were recruited by their neurol-
ogist after obtaining informed consent. The Ethical Review
Committee of the University of Navarra had approved the
study. The inclusion criteria were having MS for <10 years,
irrespective of the disease subtype or use of immunomodula-
tory drugs, and the ability to provide informed consent. We
excluded patients with a disease duration >10 years with high
disability (Expanded Disability Status Scale [EDSS] score >7.0)
or with ophthalmologic diseases that might impair or bias OCT
measurements (e.g., diabetes, glaucoma). Patients were in-
cluded before performing any ophthalmologic or MRI exami-
nations. Baseline neurologic and ophthalmologic examinations
and OCT and MRI studies were performed in the same month.

Clinical assessment. Neurologic evaluation was performed
every 3 months for 2 years and included assessment of new
relapses and disability and use of immunomodulatory therapy.
We scored disability using the EDSS,'® MS Severity Scale,”” and
MS Functional Composite (MSFC)" by trained personnel. To
define disability progression, we assessed the change in the
EDSS score confirmed in a second visit after 6 months."” Oph-
thalmologic evaluations were performed every 6 months for 2
years (five evaluations) by blinded ophthalmologists and in-
cluded visual acuity using high-contrast Snellen carts; direct
ophthalmoscopic examination after pupil dilation using 1%
tropicamide to assess the presence of uveitis, RP, or vitreal cells;
and the measurement of RNFL thickness by OCT. Visual im-
pairment was defined as a visual acuity (VA) =0.8 (equivalent
to 20/40) after refractory correction and normalized to con-
tralateral eye visual acuity. The presence of RP was recorded as
being focal or diffuse and arterial or venous and the number of
RP for each eye and the quadrant location. Because retinal an-
giography did not increase the identification of RP at the base-
line visit (data not shown), we did not repeat this examination

in the following visits.

OCT. Thickness of the RNFL was measured in each eye by an
experienced technician, blind to the results of other studies, us-
ing OCT with StratusOCT 3000 and OCT 4.0 software (Carl
Zeiss, Dublin) using the RNFL thickness 3.4 protocol with no
pupil dilatation. Pupil dilatation has been shown to have little
impact on OCT values and reproducibility,” and its avoidance
is preferred by patients. All scans obtained met the signal
strength requirements of >7 (maximum 10) and involved uni-
form brightness across the scan circumference. We obtained the
average and quadrant (temporal, superior, inferior, and nasal)
RNFL thickness in micrometers. Using the normative database
of age-matched control subjects provided by the OCT 4.0 soft-
ware, we assigned a rank of normal (>5th percentile) or below
normal (5th and 1st percentiles).

MRI studies. MRI studies were performed using a 1.5-T Sie-
mens Maestro Class Symphony (Erlagen, Germany). Three-
dimensional T1-weighted scans with 88 contiguous axial slices
(256 X 256 matrix, field of view [FOV] = 256 mm, flip angle 30
degrees, echo time [ET] 4.6 msec, in-plane voxel size 0.98 X
0.98 mm?) with a single doses of gadolinium (0.1 mmol/kg) and
T2-weighted/proton density images with 48 contiguous axial
slices (256 X 256 matrix, FOV = 256 mm, TE 120 msec, in-
plane voxel size 0.47 X 0.47 mm?) were acquired from all pa-
tients. MRI studies were performed at the time of the first visit.

No subjects were experiencing a clinical reactivation of the dis-
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Table 1 Baseline demographics of the patients and
HC group
MS (n =61) HC (n = 29)
Age* 36.38(9) 33.83(6.48)
Sex, M/F 22/39 8/21
Duration, y* 5.7(7) -
Disease subtype
CIS 22 =
RR 28 =
SP 5 =
PP 6 =
EDSS* 2(0-7) =
MSSS 4.6 =
MSFC* 0.64(0.76) —
*Mean (SD)

“Median (range).

HC = healthy control; MS = multiple sclerosis; CIS = clinically
isolated syndrome; RR = relapsing-remitting; SP = secondary
progressive; PP = primary progressive; EDSS = Expanded Dis-
ability Status Scale; MSSS = MS Severity score; MSFC = MS
Functional Composite.

ease at the time that the scans were performed, and no patients
were taking steroid treatment within the month prior to neuro-
imaging. We used MRlIcro software (Chris Rorden, University
of Nottingham, UK) to manually delimit the lesions in the T1-
and T2-weighted scans of all patients (intraclass correlation co-
efficient = 0.892 [p < 0.001]). The volume of T1-, T2-, and
gadolinium-enhancing lesion in each patient was calculated by
multiplying the total number of lesion voxels by the size of the
voxel. To quantify gray matter (GM) or white matter (WM)
volume, we performed a voxel-based morphometry (VBM)
analysis using the three-dimensional T1-weighted studies and
the SPM2 software (Wellcome Department of Cognitive Neu-
rology, University College of London, London, UK), running
under Matlab v. 6.5 (Mathworks Inc., Natick, MA). We used a
modified protocol of the optimized VBM method optimized for
MS as described elsewhere? to obtain the normalized and seg-
mented images of each subject but avoiding the bias introduced
by WM lesions. A trained neurologist blind to the results of the

ophthalmologic examinations performed MRI analysis.

Statistical analysis. Different statistical tests were used to
analyze group differences or longitudinal changes depending on
the normal distribution (¢ test and analysis of variance) or not
(Mann-Whitney U test, Wilcoxon test, Kruskal-Wallis test, and
Friedman test) of the variables. The normal distribution of all
variables was assessed using the Kolmogorov-Smirnov test.
The correlation between RNFL and clinical variables such as
disability was carried out using the bivariate correlation (Pear-
son’s or Spearman’s correlation). Multiple linear regressions
were used as a multivariate analysis to assess independent asso-
ciation between lesion load or whole GM/WM volumes and
RNFL thickness (adjusted by sex and age). Logistic regressions
were used to assess risk factors in the RP subanalysis. The level
of significance was set at p < 0.05. For this analysis, we used
the statistic package SPSS 13.0 (SPSS Inc., Chicago, IL). Because
each subject has two RNFL measurements that might differ
(one from each eye), we used the RNFL thickness from the eye
showing the smaller RNFL thickness to calculate the predictive
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