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A The most frequent structural biomarker used to evaluate the progression of disease and axonal damage is the Magnetic Resonance Imaging (MRI). Nonetheless, MRI does not isolate axonal loss from demyelination, thus it represents a limited 4,5 method. Furthermore MRI is also costly, time consuming and cannot be done routinely. Consequently it appears necessary to focus on other tools to evaluate axonal loss.

An interesting alternative is the Optical Coherence Tomography (OCT), an imaging technique used in ophthalmology to determine the retinal nerve fiber layer (RNFL). The RNFL is an arrangement of -predominantly unmyelinated -axons of retinal ganglion cells existing in the retina which represents the most proximal part of the optic nerve and of central nervous system. Therefore, measurements of RNFL thickness with OCT can be used to determine axonal damage without the variable of tissue loss due to demyelination. OCT is also a non-invasive, easy and highly reproducible method.

Several studies have shown that OCT -measured RNFL values are reduced in MS patients with or without a history of optic neuritis [START_REF] Parisi | Correlation between morphological and functional retinal impairment in multiple sclerosis patients[END_REF][START_REF] Albrecht | Optical coherence tomography measures axonal loss in multiple sclerosis independently of optic neuritis[END_REF][START_REF] Lamirel | Optical coherence tomography (OCT) in optic neuritis and multiple sclerosis[END_REF] but fewer have focused on its relationship with disability. The main aim of this study is to identify if EDSS score is correlated with RNFL thickness and to evaluate if RNFL thickness can be helpful in predicting MS progression and severity. Secondly, the purpose of this work is to analyze the correlation between EDSS and visual measurement to define which visual outcome best reflects disability in MS patients.

METHODS

Patients with a diagnosis of multiple sclerosis -according to the Mc Donald criteria -were enrolled from May 2010 to February 2011. Patients with refractive errors superior to 5 spherical diopters and with concomitant ocular or systemic disease that might impair or bias the OCT measures (primary open angle glaucoma, abnormal disc ,opacity of cornea or lens, severe nystagmus) were excluded.

Each patient underwent a neurological and an ophthalmological examination.

Patients were identified through the Lorraine Multiple Sclerosis Register [START_REF] Debouverie | Increasing incidence of multiple sclerosis among women in Lorraine, Eastern France[END_REF][START_REF] Debouverie | Earlier disability of the patients followed in Multiple Sclerosis centers compared to outpatients[END_REF] . This register comprises neurologists (office-based and hospital practitioners), MS centers, radiologists, biologists, nurses, physiotherapists, and the MS Association. Together they account for nearly all of the diagnoses of MS in the Lorraine region [START_REF] Debouverie | Increasing incidence of multiple sclerosis among women in Lorraine, Eastern France[END_REF][START_REF] Debouverie | Earlier disability of the patients followed in Multiple Sclerosis centers compared to outpatients[END_REF][START_REF] Debouverie | Natural history of multiple sclerosis in a population-based cohort[END_REF] . The data were entered in the EDMUS (European Database for Multiple Sclerosis) system [START_REF] Confavreux | EDMUS, a European database for multiple sclerosis[END_REF] . Individual case reports include: identification and demographic data, medical history; key episodes in the course of MS (date of disease onset, date of diagnosis, relapses, onset of the progressive course). Individual case reports also include: irreversibility score Expanded Disability Status Scale (EDSS) and Functional Score (FS) at all neurological exams [START_REF] Kurtzke | Rating neurologic impairment in multiple sclerosis: an expanded disability status scale (EDSS)[END_REF] , times of assignment of the successive scores of irreversible disability, as well as biological, electro physiological, MRI data and treatment. We obtained data from the primary medical files. Data were subsequently collected prospectively after each visit to a neurologist, and the new data were checked by a Clinical Research Assistant and by the neurologists in charge of the study. The data collection was approved by CNIL, the French National Commission in charge of data protection and liberties. Confidentiality and safety of the data were ensured in accordance with their recommendations. The patients gave their informed consent for their data to be store in database and to be used for research purposes.

Definition of diagnostic criteria, neurologic impairment and clinical course of MS were defined as in the usual literature [START_REF] Poser | New diagnostic criteria for multiple sclerosis: guidelines for research protocols[END_REF][START_REF] Mcdonald | Recommended diagnostic criteria for multiple sclerosis: guidelines from the International Panel on the diagnosis of multiple sclerosis[END_REF][START_REF] Polman | Diagnostic criteria for multiple sclerosis: 2005 revisions to the "McDonald Criteria[END_REF][START_REF] Lublin | Defining the clinical course of multiple sclerosis: results of an international survey. National Multiple Sclerosis Society (USA) Advisory Committee on Clinical Trials of New Agents in Multiple Sclerosis[END_REF] .

For our study, the following neurological data were noted:

-History of MS: duration of the disease from diagnosis -Type of MS: primary progressive (PP), secondary progressive (SP), relapsing remitting (RR), CIS (clinical isolated syndrome)

-EDSS score -Clinical evaluation using Kurtzke functional system scale -History of optic neuritis (ON). Eyes with ON in the last 3 months were not included. In our study, information concerning past history of optic neuritis and information concerning which eye was affected was not available for all patients.

We conducted an ophthalmological examination in order to eliminate patients who did not correspond to inclusion criteria and to find which ophthalmological exam best correlates with EDSS. That's why, ophthalmological examination included:

-Measurement of best corrected visual acuity analyzed by means of the logarithm of the minimum angle of resolution (logMAR) score, converted from Snellen visual acuity scale.

Counting fingers and hand movements visual acuity were given the values of 0,01 (+2logMAR) and 0,001 (+3logMAR) respectively.

-Measurement of intraocular pressure -Biomicroscopic examination of anterior segment -Biomicroscopic fundus examination (FE)

-Goldman Visual Field which was classified as normal or deficient.

-Color Vision using Farnsworth 15 Hue desaturated of Lanthony which was classified as normal or abnormal.

-RNFL Thickness by Stratus OCT Model 3 ( Carl Zeiss Meditec AG, Jena, Germany) using the fast RNFL acquisition 3.4mm diameters scans .The average (overall) and quadrant (temporal, superior, nasal, inferior) RNFL thickness were obtained in microns. All scans had a signal strength requirement superior to 7.

This examination was performed by well-trained ophthalmologist residents.

Statistical Analysis:

Demographics, neurological and ophthalmologic characteristics were described as mean, standard error, and minimum, maximum for continuous variables as frequencies for categorical variables. The association between visual characteristics and disability were explored using Pearson correlations. Analysis was performed using SAS 9.2 and a p value lower than 0, 05 was considered statistically significant.

RESULTS

1-Demographics and clinical characteristics

The study enrolled 74 patients. The mean age was 44, 5 years old (+/-12, 6 with a minimum of 19 years old and a maximum of 66 years old). There were 66, 2% of women.

Both eyes of patients were included so we had 74 right eyes and 74 left eyes.

41% of right eyes and 41,5% of left eyes had a history of optic neuritis.

Neurological characteristics are summarized in Table 1.

The mean of EDSS was 3, 83 with a minimum of 0 and a maximum of 7. 55, 4% had an EDSS score inferior to 4. 

2-Relationship between RNFL thickness and disability

EDSS was negatively correlated with OCT RNFL thickness for both eyes. In table 3, we note a negative moderate correlation which is statistically significant between OCT average RNFL thickness and EDSS for both eyes. No difference was found for the temporal quadrant compared to the others.

We did not find any statistically significant correlation between EDSS and any quadrant RNFL thickness.

Moreover, reduction of RNFL correlated well with disease duration. (-0,4 , p=0, 02).

3-Visual Measures and disability

EDSS was very weakly correlated with visual measures as shown in table 4 but it was not statistically significant. No ophthalmological explorations seem to detect optical nerve impairment in MS in our study. 

DISCUSSION

The main goal of this study was to determine to what extent EDSS score is correlated with RNFL thickness in assessing RNFL thinning as a measure of axonal loss. We found a moderate negative correlation which is statistically significant between OCT average RNFL thickness and EDSS. However, no statistically significant correlation was established between EDSS and measures of visual function.

In our study, we conducted a prospective analysis with a relatively large cohort of patients. The data of MS patients were all collected in the Lorraine Multiple Sclerosis Register. This element is a main advantage for our work because it indicates that all the data used have been checked and thus are reliable. The mean of EDSS in our population was around 3,83 suggesting a moderate disability in our group of patients. This element is very important in order to compare the population studied with other ones. In the main studies which concern RNFL and EDSS, the disability is moderate.

We found that the EDSS score correlated moderately with RNFL thinning in MS patients. This relation between EDSS score and OCT has been observed in previous studies. Sepulcre et al. [START_REF] Sepulcre | Diagnostic accuracy ofretinal abnormalities in predicting disease activity in MS[END_REF] was the first to find in 2007 an inverse correlation between RNFL thickness and neurological disability (-0,348). The correlation was also moderated in two previous studies (-0,399 for Toledo et al. [START_REF] Toledo | Retinal nerve fiber layeratrophy is associated with physical and cognitive disabilityin multiple sclerosis[END_REF] ; -0, 3 for Siepman [START_REF] Seipman | Retinal nerve fiber layer thickness in subgroups of multiple sclerosis, measured by optival coherence tomography and scanning laser polarimetry[END_REF] ). Only, Siger [START_REF] Siger | Optical coherence tomography in multiple sclerosis:thickness of the retinal nerve fiber layer as a potential measure of axonal loss and brain atrophy[END_REF] found a strong correlation (-0, 7) between RNFL thickness and EDSS score. But, his cohort of patients represents a very homogenous relapsing-remitting subpopulation whereas in our study we included an heterogeneous group of patients with CIS, RRMS, PPMS, and SPMS. Furthermore, the mean EDSS in Siger's study was 2,49 which indicates a much lower disability. Moreover, these data are consistent with a previous report by Fisher 22 and al. and Grazioli and al. [START_REF] Grazioli | Retinal nerve fiber layer thickness is associated with brain MRI outcomes in multiple sclerosis[END_REF] describing a significant reduction of the RNFL with increasing EDSS percentiles.

In our report, we found no interesting correlation between EDSS and temporal RNFL thickness. On the contrary, Sepulcre and al. [START_REF] Sepulcre | Diagnostic accuracy ofretinal abnormalities in predicting disease activity in MS[END_REF] found that patients with more active disease developed a thinner temporal quadrant RNFL compared with neurologically stable patients. This was also revealed in Toledo's [START_REF] Toledo | Retinal nerve fiber layeratrophy is associated with physical and cognitive disabilityin multiple sclerosis[END_REF] study. Indeed, patients with progression of neurological disability showed a thinner RNFL in the temporal quadrant than patients who were stable. This observation suggests that RNFL thickness and particularly the temporal quadrant may be helpful in predicting with MS progression and severity.

Unlike Siepman and al. [START_REF] Seipman | Retinal nerve fiber layer thickness in subgroups of multiple sclerosis, measured by optival coherence tomography and scanning laser polarimetry[END_REF] who found significant correlations between EDSS and visual field we did not establish a strong correlation between EDSS and visual measures. Contrary to our study, Siepman's study showed a high level of disability with a mean EDSS at 6 and he also used a standard automated perimetry.

We did not demonstrate any significant link between RNFL thickness and subtypes of MS. This can most likely be attributed to the lack of statistical power due to the small number of patients under study in MS subgroups.

RNFL thickness measured by OCT appears to be an interesting tool to evaluate axonal loss. Moreover, the technique (OCT) used to access RNFL thickness is a very reliable, easy, highly reproducible, non invasive method. The OCT allows us to measure a central nervous system structure that consists of axons without myelin. Because there is no myelin in the retina, RNFL measurements are independent of myelin disorders, and may only reflect axonal thinning or loss [START_REF] Lamirel | Optical coherence tomography (OCT) in optic neuritis and multiple sclerosis[END_REF] .

However, the main weakness of our study was related to the patient's history of optic neuritis. The history of optic neuritis was recorded during the ophthalmological examination and confronted to the exhaustive database of the "Lorraine Register of Multiple Sclerosis". Nonetheless, we did not have the information of previous history of optic neuritis for all patients. We had complete information for only 48 patients among 74. Moreover, in our study, we considered both eyes of patients without excluding those who had a past history of optic neuritis. However, several studies have chosen to study the ophthalmological parameters of the previously unaffected eye [START_REF] Seipman | Retinal nerve fiber layer thickness in subgroups of multiple sclerosis, measured by optival coherence tomography and scanning laser polarimetry[END_REF] .For these authors, this appears the most reliable method, as previous inflammatory attacks may confound the natural cause of neurodegeneration in the eye.

To make RNFL thickness a real biomarker of axonal it would be necessary to conduct further exploration. A more detailed study with a larger population, a controlled-group, focusing on eyes without previous optic neuritis would be necessary. Moreover, at the time of the study we only disposed of a time -domain OCT. It would have been interesting to measure RNFL thickness with the new generation of OCT "spectral domain OCT" to have an increased resolution of retinal layer. Furthermore it would have been useful to have a MRI of each patient so we could compare results of axonal loss with EDSS, RNFL thickness and MRI.

CONCLUSION

In De nombreuses études chez les patients porteurs de SEP ont mis en évidence une réduction des fibres nerveuses rétiniennes dans les yeux ayant eu ou non préalablement un antécédent de SEP. L'originalité de notre travail tient à l'étude du handicap par l'échelle EDSS et à la recherche de sa corrélation avec l'épaisseur des fibres nerveuses rétiniennes dans le but de faire de l'épaisseur des fibres nerveuses rétiniennes un marqueur de la perte axonale et du handicap.
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with history of optic neuritis Left Eye with history of optic neuritis MSType Disease Duration EDSS Age (Years) Sex (Women)table 1 .

 1 Neurological characteristicsData of ophthalmological examination are presented in Table2. Mean visual acuity was 0,2 logMAR in both eyes. Goldman visual fields found a deficiency in 17,2% of right eyes and in 25,7% of left eyes. Colour vision was altered for 27% of right eyes and for 20,3% of left eyes. The abnormalities of colour vision were poorly systematized. The mean of RNFL thickness measured by OCT is 82,5% for the right eyes and 84,2% for the left eyes.

	table 2. Ophthalmological charateristics			
	N normal normal normal normal normal normal Visual Acuity Right (logMAR) PP CIS RR SP * standard-deviation Temporal Left Nasal Left Superior Left Inferior Left OCT Right Overall OCT Left Overall Temporal Right Nasal Right Superior Right Inferior Right FE Right FE Left Colour vision Left Visual Field Left Colour vision Right Visual Acuity Left (logMAR) Right Eye N %/moy 74 44,5 49 66,2 74 11 10 13,5 3 4,1 31 41,9 30 40,5 3,83 48 41 %/moy SD* 12,6 8,4 14,4 ET* médiane 45 8,7 médiane 74 0,2 0,4 0,1 74 0,2 0,4 0,1 61 82,4 55 74,3 54 73 59 79,7 54 73 57 77 74 82,5 19,9 86,5 74 84,2 20,4 87 74 56 21,2 54,5 74 67,6 28,4 63 74 101,6 24,8 106,5 74 104,2 34,3 101,5 74 55,6 18 53 74 69,2 28,8 67,5 74 106,7 26,4 109,5 74 106,8 30,8 108 Visual Field Right	min	19 0 min 0 35 0 0 32 12 19 27 6 25 29 32 11	max 31,8 66 7 max 118 3 3 154 126 190 147 174 101 178 170 203
	48	41,5	10,7	
	* standard-deviation			

Table 4 .

 4 Correlation between EDSS and visual measures

	Colonne1	EDSS	p
	LogMAR right	0,02	0,08
	LogMAR left	-0,03	0,81
	Visual field right	0,1	0,38
	Visual field left	0,096	0,41
	Colour vision right	0,21	0,07
	Colour vision left	-0,02	0,86
	FE right	0,09	0,4
	FE left	0,23	0,05

  conclusion, our study demonstrates that RNFL thickness is statistically correlated with EDSS score. RNFL thickness measured by OCT in MS patients appears to be an interesting biomarker to detect axonal loss in MS patients. Larger studies are warranted to confirm if RNFL thickness could serve as a surrogate of EDSS score.La sclérose en plaques est une maladie qui touche en France 50000 personnes avec une incidence de 2000 nouveaux cas par an. Il s'agit d'une maladie qui touche préférentiellement les sujets jeunes (30 ans environ) et de sexe féminin. l'examen le plus sensible (> 90 % pour l'IRM cérébrale, toutes formes de SEP confondues), mais il est non spécifique. Il doit être réalisé sur une machine d'au moins1 Tesla et comporter au minimum les séquences suivantes : T1, FLAIR, T2 double écho, T1 réalisée 5 minutes après injection d'une simple dose de gadolinium. L'IRM médullaire est indiquée en cas de myélopathie. Elle peut également être proposée en l'absence de lésion 7.5. Incapable de faire plus de quelques pas ; strictement confine au fauteuil roulant ; a parfois besoin d une aide pour le transfert ; peut faire avancer luimême son fauteuil ; ne peut y rester toute la journée ; peut avoir besoin d un fauteuil électrique.  8.0. Essentiellement confiné au lit ou au fauteuil, ou promené en fauteuil par une autre personne ; peut rester hors du lit la majeure partie de la journée ; conserve la plupart des fonctions élémentaires ; conserve en général l'usage effectif des bras.  8.5. Confiné au lit la majeure partie de la journée ; garde un usage partiel des bras ; conserve quelques fonctions élémentaires.  9.0. Patient grabataire ; peut communiquer et manger.  9.5. Patient totalement impotent, ne peut plus manger ou avaler, ni communiquer.  10. Décès lie à la SEP. La sclérose en plaques est une maladie chronique et souvent invalidante. La perte axonale globale semble être responsable du handicap. La rétine apparaît comme une structure très intéressante pour étudier cette perte axonale car elle est constituée essentiellement d'axones et de cellules gliales amyéliniques. L'OCT ou Optical Coherence Tomography est une technique d'imagerie reposant sur l'interférométrie fréquemment utilisée en ophtalmologie pour mesurer l'épaisseur de la couche nerveuse rétinienne ou RNFL (Retinal Nerve Fiber Layer). Il s'agit d'une technique non invasive, rapide, et facilement réalisable qui permet de visualiser la couche des fibres nerveuses rétiniennes en réalisant quasiment une coupe histologique de la zone étudiée. La première étude associant OCT et SEP a été réalisée en 1999 par Parisi. Elle retrouvait une diminution de l'épaisseur des fibres nerveuses rétiniennes chez les patients porteurs de SEP et ayant présenté un épisode de neuropathie optique. Cependant, cette étude était réalisée avec les toutes premières générations d'OCT. Trip en 2005 fut le premier à retrouver ses résultats avec un OCT Time Domain.

		ANNEXE 1: SCLEROSE EN PLAQUES Nombre de Nombre de ANNEXE 3	
		lésions	lésions	
	VU	différentes sur	différentes sur	Bandes
		les données de	les données IRM	oligoclonales
		l'examen	et/ou Potentiels	sur le l'analyse
	NANCY, le 23 mai 2011 Le Président de Thèse Professeur K. ANGIOI AUTORISE À SOUTENIR ET À IMPRIMER LA THÈSE / 3645 NANCY, le 26 mai 2011 Le Doyen de la Faculté de Médecine Professeur H. COUDANE NANCY, le 6 juin 2011 LE PRÉSIDENT DE L'UNIVERSITÉ DE NANCY 1 Par délégation Les critères diagnostiques de la sclérose en plaques ont été énoncés dans la Conférence de Consensus de 2001 ci-jointe : CRITERES DIAGNOSTIQUES DE LA SCLEROSE EN PLAQUES La SEP est caractérisée par des lésions inflammatoires de la substance blanche (SB) du système nerveux central (SNC), disséminées dans le temps et l'espace. Il n'y a pas de marqueur diagnostique spécifique. Le diagnostic repose sur un faisceau d'arguments cliniques, para cliniques et évolutifs. Il suppose l'absence d'une autre affection susceptible d'expliquer les signes observés. 1. Arguments cliniques Age de début (20 à 40 ans, moyenne 30 ans) et prépondérance féminine (sex-ratio 1,7/1). 1.1. Formes avec poussées les plus fréquentes. Pour être distinctes, deux poussées doivent débuter à plus de 30 jours d'intervalle. 30 à 55 % sont d'emblée multifocales (diffusion spatiale). En cas de début mono focal, les arguments diagnostiques sont :  antécédents régressifs (diffusion temporelle) ;  signes cliniques en faveur de lésions multiples (diffusion spatiale) ;  neuropathie optique rétrobulbaire unilatérale et atteinte médullaire, particulièrement évocatrices. 1.2. Formes progressives La progression est définie par une aggravation continue sur 6 voire 12 mois. 2. Arguments para cliniques 2.1. IRM Nb de poussées neurologique évoqués du LCR Cliniquement définie 2 2 indifférent indifférent Cliniquement définie 2 1 Et 1 indifférent Biologiquement définie 2 1 Ou 1 positif Biologiquement définie 1 2 indifférent positif Biologiquement définie 1 1 Ou 1 positif Cliniquement probable 2 1 indifférent indifférent Cliniquement probable 1 2 indifférent indifférent Cliniquement probable 1 1 Et 1 indifférent Biologiquement probable 2 0 0 positif C'est Catégorie Tableau 1 : Critères de Poser
		Madame C. CAPDEVILLE-ATKINSON	

La poussée est définie par l'apparition, la réapparition, ou l'aggravation, en l'absence d'hyperthermie, de symptômes et de signes neurologiques, durant au moins 24 heures, avec régression totale ou partielle. 

MD has done consulting research and/or workshops for Biogen-Idec, Bayerd-Schering, Merck-Serono, Sanofi-Aventis and Teva Pharma. The organizations mentioned in this statement did not participate in any aspects of the design, execution, analysis, or writeup of this study.

A mon pépé Marc, « C'était comme un dimanche. » ABSTRACT Retinal nerve fiber layer thickness measured by optical coherence tomography correlates with Expanded Disability Status Scale (EDSS) in multiple sclerosis.

Objective: to determine if retinal nerve fiber layer (RNFL) thickness was correlated with Expanded Disability Status Scale (EDSS) score in patients with definite multiple sclerosis (MS) Methods: 74 consecutive patients (extracted from the prospective Lorraine Multiple Sclerosis Registry) were included. A neurological examination with determination of the EDSS score and an ophthalmological examination with visual acuity, visual field testing, and RNFL measurements with optical coherence tomography (OCT3-Carl Zeiss Meditec, Dublin California USA) were performed.

Results: Mean age was 44,5 years and 66% were women. EDSS average score was 3. Prior optic neuritis was present in 83% OD and 41% OS. EDSS score was negatively correlated with RNFL thickness (-0,28 p=0.04 OD and -0.2 p<0,1 OS). There were no correlation between RNFL thickness and MS subtype or any of other ophthalmological tests. At the opposite, RNLF thickness was significantly lower among eyes with prior optic neuritis (74 vs 90 OD and 76.8 vs. 90.3 micrometers, p<0.01). In addition we did not find any correlation between EDSS and other ophthalmological tests.

Conclusion:

Our study demonstrates that RNFL thickness is statistically correlated with EDSS score. RNFL thickness measured by OCT appears to be an interesting structural biomarker to detect global axonal loss in MS patients. Larger studies are warranted to confirm if RNFL thickness could serve as a surrogate of EDSS score.

4-RNFL thickness and different subtypes of MS

We did not observe a statistically significant difference in RNFL thickness between different subtypes of MS.

5-RNFL thickness and optic neuritis

When the history of ON concerned the right eye, the average of RNFL thickness of the right eye was significantly reduced (mean 74, 1 +/-26, 1 versus 89, 9 +/-17, 5; p≤0, 01). It was also statistically significant for nasal quadrant (mean 58,4 +/-20,3 versus 78,8 +/-34,5;p≤0,02) and superior quadrant (mean 91,5 +/-32,7 versus 108,3 +/-18,4;p≤0,03).

When the history of ON concerned the left eye, the average of RNFL thickness of the left eye was significantly reduced (mean 76, 8 +/-21, 9 versus 90,3 +/-1; p<0,05).

RNFL thickness is statistically reduced in the eye affected by optic neuritis.