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LISTE DES ABRÉVIATIONS  
 

- AMP : Assistance médicale à la procréation 

- BOC : Bandes oligoclonales 

- CIS : Syndrome cliniquement isolé  

- EDMUS : European Database for Multiple Sclerosis 

- FIV : Fécondation in vitro 

- FIV-ICSI : FIV avec micro-injection intracytoplasmique  

- FSH : Hormone folliculo-stimulante 

- GnRH : Gonadolibérine (Gonadotropin Releasing Hormone) 

- hCG : Hormone chorionique gonadotrope 

- IIU : Insémination intra-utérine 

- IRM : Imagerie à résonnance magnétique 

- NEDA : No Evidence of Disease Activity 

- PP : Primitivement progressive 

- RIS : Syndrome radiologiquement isolé 

- RR : Récurrente rémittente 

- SEP : Sclérose en plaques 

- SNC : Système nerveux central 

- SP : Secondairement progressive 

- TAP : Taux annualisé de poussées 

- TE : Transfert d’embryon  
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Cette thèse est organisée en deux parties :   

- Une première partie, consacrée à l’introduction de l’étude, nous permettra de revenir 

sur des généralités concernant la sclérose en plaques (SEP), sur les aspects particuliers 

de la prise en charge de cette maladie au cours du projet de grossesse, mais également 

sur quelques notions concernant les procédures d’assistance médicale à la 

procréation (AMP). Puis nous rappellerons les résultats des précédentes études.  

- Une seconde partie, écrite sous la forme d’un article rédigé en anglais, sera dédiée à 

l’évaluation du risque de poussées de SEP au décours de stimulations ovariennes 

réalisées dans le cadre de procédure d’AMP dans les régions d’Alsace, de Bourgogne 

et de Franche-Comté. 

 

I. Sclérose en plaques 

1. Définition et épidémiologie 

La sclérose en plaques est une maladie inflammatoire chronique du système nerveux 

central (SNC).1 C’est une maladie auto-immune à médiation cellulaire, responsable d’une 

destruction de la myéline par un clone lymphocytaire auto-réactif (lésion de démyélinisation) 

parfois associée à des lésions axonales (atteinte dégénérative).   

C’est une pathologie fréquente qui touche plus d’une personne sur 1000 en France. En 2024, 

on dénombre 120 000 personnes atteintes de sclérose en plaques en France.2 Elle survient 

généralement entre 20 ans et 39 ans,3 et constitue la première cause de handicap non 

traumatique chez le sujet jeune.4 Elle touche majoritairement les femmes, avec un sex-ratio 

de 3/1.3 Bien que l’ensemble des mécanismes physiopathologiques pouvant favoriser 

l’apparition d’une SEP ne soit pas connu, plusieurs facteurs de risques sont identifiés comme 

pouvant favoriser l’apparition de cette maladie.5 
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2. Formes cliniques et critères diagnostics  

Plusieurs formes cliniques de SEP sont initialement décrites : la forme rémittente-

récurrente (RR), la forme primaire progressive (PP) et la forme secondairement 

progressive (SP).6 7 

En 2013, Lublin propose une classification prenant en compte le mode d’entrée dans la 

maladie, le mode d’évolution et la persistance d’une activité inflammatoire au cours de la 

maladie 8 (Figure 1). Il est également décrit deux nouveaux syndromes :  

- Le syndrome cliniquement isolé (CIS), qui correspond à un premier évènement 

clinique compatible avec une poussée inflammatoire démyélinisante, mais sans 

arguments suffisants (clinique, radiologique ou biologique) pour confirmer le 

diagnostic de SEP par la présence d’une dissémination temporelle et spatiale.9 Le 

principal facteur prédictif du passage d’un CIS vers une SEP est la présence en IRM de 

lésions évocatrices de démyélinisation du SNC.10 11 

- Le syndrome radiologiquement isolé (RIS), qui consiste en la découverte de lésions 

démyélinisantes visibles en IRM, en l’absence de symptomatologie clinique associée. 

Ce syndrome est une situation à risque d’apparition d’une SEP, particulièrement en cas 

de lésions prenant le contraste, de lésions médullaires ou de présence de bandes 

oligoclonales (BOC) dans le liquide céphalo-rachidien.12 13 14 

Avec l’amélioration des performances de détection en IRM et l’augmentation du nombre 

d’examens demandés (bilan de céphalées, post-traumatique…) des RIS sont de plus en plus 

fréquemment mis en évidence, contrairement aux CIS, souvent reclassés en SEP.  

 

Au cours des années, différents critères diagnostiques ont été proposés. Ce sont actuellement 

les critères de McDonald de 2017 15 qui permettent de poser le diagnostic de sclérose en 

plaques :  

- Pour les SEP débutant par une poussée inflammatoire, le diagnostic repose sur 

l’affirmation d’une dissémination temporelle et spatiale. La dissémination temporelle 

peut consister en la survenue de deux évènements cliniques distants de plus 

d’un mois ; en la présence simultanée de lésions typiques de SEP réhaussées et non 



9 
 

réhaussées par le gadolinium en IRM ; en l’apparition d’une nouvelle lésion lors d’une 

IRM de suivi ; ou encore par la mise en évidence d’une synthèse intrathécale 

d’immunoglobulines. La dissémination spatiale est quant à elle affirmée lorsque les 

lésions inflammatoires touchent plus de deux des territoires suivants : 

périventriculaire, cortical/juxta-cortical, infratentoriel et médullaire.  

- Pour les SEP de début progressif, une progression du handicap sur un an ou plus doit 

être objectivée en l’absence de poussée inflammatoire. Il faut également mettre en 

évidence des éléments en faveur d’une atteinte inflammatoire chronique 

démyélinisante du SNC, de façon radiologique (présence d’au moins une lésion 

cérébrale et/ou deux lésions médullaires évocatrices de SEP) ou biologique (présence 

de BOC dans la ponction lombaire). 

 

Une poussée de sclérose en plaques est définie cliniquement comme « l’apparition de 

symptômes cliniques reflétant un évènement démyélinisant inflammatoire focal ou multifocal 

du système nerveux central, d’apparition aiguë ou subaiguë, d’une durée d’au moins 24 

heures, avec ou sans récupération et en l’absence de fièvre ou d’une infection ».15 La maladie 

débute majoritairement par une poussée (88.9%), alors que seulement 11.1% des patients 

débutent d’emblée par une sclérose en plaques progressive.16 

Les critères diagnostics de SEP ont été révisés au cours de l’année 2024, et seront publiés au 

cours de l’année 2025. 
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Figure 1 : Différentes formes radio-cliniques de SEP selon Fred D. Lublin 2014. 8 
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Les dernières années ont permis le développement de nombreuses 

thérapeutiques, permettant un contrôle de plus en plus performant de l’activité 

inflammatoire de la sclérose en plaques.4 17  

Afin d’aider les neurologues dans leur travail quotidien, le Professeur Christian 

Confavreux est à l'origine du développement dans les années 1990, du logiciel EDMUS. Il 

s’agit d’un dossier médical informatisé qui permet aux neurologues libéraux et 

hospitaliers de saisir des informations médicales standardisées, recueillies lors du suivi 

des patientes atteintes de SEP ou de maladies apparentées. Chaque centre participant au 

projet OFSEP (Observatoire Français de la Sclérose en Plaques) possède une base de 

données EDMUS.18 19 La plateforme nationale EDMUS centralise les données recueillies 

localement et permet leur exploitation, facilitant ainsi les travaux de recherche clinique.  
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II. SEP et grossesse 
La sclérose en plaques est donc une maladie fréquente, touchant particulièrement la femme 

jeune, en âge de procréer. Depuis quelques dizaines d’années, les interactions entre la 

grossesse et la sclérose en plaques font l’objet d’un intérêt particulier.  

Les premières études sur le sujet étaient rassurantes quant au déroulement de la grossesse 

chez les patientes atteintes de SEP, et mettaient en évidence une diminution du taux annualisé 

de poussées (TAP) au cours de la grossesse, tout particulièrement pendant le troisième 

trimestre. On notait en revanche une augmentation du TAP (reflet de l’activité inflammatoire 

de la maladie) au cours des 3 à 6 mois post-partum.20 21 La diminution du TAP au cours de la 

grossesse puis sa majoration en post-partum ainsi que des données rassurantes quant au 

déroulé des grossesses des patientes atteintes de sclérose en plaques, ont été confirmées 

dans plusieurs autres études par la suite.22  

 

 

Figure 2 : Taux annualisé de poussées par trimestre avant, pendant et après la grossesse, chez 227 femmes atteintes de 
SEP, selon C. Confavreux et al 21. 
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Sur le plan physiopathologique, plusieurs études se sont intéressées au rôle des hormones 

sexuelles sur l’activité inflammatoire de la sclérose en plaques,23 24 ainsi qu’aux modifications 

immunologiques au cours de la grossesse, modifiant l’activité inflammatoire de la sclérose en 

plaques 25 (cf infra).  

 

Concernant la fertilité, il semble que les patientes atteintes de SEP aient une moindre 

fécondité que les autres femmes, bien que leur fertilité ne soit pas altérée.26 Cette diminution 

de la fécondité peut être en partie expliquée par des dysfonctions sexuelles liées à la SEP,27 

mais aussi par l'anxiété d’avoir un enfant en cas de handicap préexistant, l’appréhension d’une 

majoration du handicap en post-partum ou la peur de transmettre la maladie à leur enfant. 26 

Par ailleurs, la présence de traitement de fond tératogène peut également retarder un projet 

de grossesse.28 

À la suite des récentes avancées des thérapeutiques, de nombreux traitements de fond de la 

sclérose en plaques apparaissent compatibles avec la grossesse, ainsi qu’avec l’allaitement. 

Alors que les premières études sur l’évolution du TAP au cours de la grossesse montraient une 

majoration significative du TAP en post-partum (TAP moyen à 3 mois de l’accouchement à 

1.2 dans l’étude de C. Confavreux et al.21), cette majoration semble plus faible dans les 

dernières études sur le sujet (TAP moyen en post partum à 0.2 selon R.Alroughani et al, 0.05 

selon S.C.MacDonald et al. en 2019 29 30 31). Cette diminution du TAP est vraisemblablement 

en lien avec la meilleure connaissance des facteurs de risques de poussées dans les mois 

suivants l’accouchement,22 ainsi qu’une meilleure gestion des thérapeutiques qu’à cette 

période.32 33  

Au cours des dernières décennies, la position des neurologues quant à la grossesse chez les 

patientes atteintes de sclérose en plaques a donc beaucoup évolué. Actuellement, il semble 

primordial de ne pas décourager les patientes ayant un projet de grossesse, et d’anticiper au 

maximum cette période afin de mettre en place la prise en charge la plus adaptée à chacune 

d’elles, pour assurer un bon contrôle de la maladie tout en limitant au maximum les risques 

pour le fœtus.28  
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III. SEP et procédures d’AMP 

1. Définition 

Dans le code de la santé publique, l’assistance médicale à la procréation (AMP) correspond à 

l’ensemble « des pratiques cliniques et biologiques permettant la conception in vitro, la 

conservation des gamètes, des tissus germinaux et des embryons, le transfert d'embryons et 

l'insémination artificielle ».34  

Les premières procédures d’AMP ont eu lieu en France en 1982.35 Elles ont pour objectif 

d’aider les couples infertiles à augmenter leurs chances d’obtenir une grossesse, mais elle 

permet également de limiter le risque de transmettre une maladie grave aux enfants de 

parents portant une mutation génétique particulière.  

Plusieurs techniques sont utilisées, telles que l’insémination intra-utérine (IIU), la fécondation 

in vitro (FIV) la fécondation in vitro avec injection intracytoplasmique (FIV-ICSI) et le transfert 

d’embryon (TE) en fonction de l’étiologie de la stérilité.36 37 38 39  
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2. Techniques d’AMP 

L’insémination intra-utérine (ou insémination artificielle) consiste à introduire de façon 

instrumentale des gamètes masculins au niveau du tractus génital féminin (le col utérin, ou le 

plus souvent la cavité utérine). Elle peut être réalisée en suivant le cycle hormonal naturel de 

la femme, ou en réalisant au préalable une stimulation ovarienne.40 Cette stimulation utilise 

le plus souvent des gonadotrophines telles que la FSH (hormone folliculostimulante), ou plus 

rarement du citrate de clomifène (notamment en cas d’insuffisance ovarienne).41 

L’insémination est idéalement effectuée à 36h de l'ovulation, qui peut être spontanée 

(détectée par le pic de LH) ou déclenchée artificiellement par l‘injection d’un analogue de 

l’hCG (hormone chorionique gonadotrope). 

Figure 3 : Insémination intra-utérine avec stimulation ovarienne (invitra.fr). 42. 

 

 

 

La fécondation in vitro consiste à féconder un ovocyte avec un spermatozoïde en dehors du 

tractus génital féminin, puis à implanter l'œuf fécondé dans l’utérus. La première étape est la 

stimulation ovarienne, permettant de mettre en croissance plusieurs follicules ovariens. Cette 

stimulation dure en moyenne 8 à 10 jours, et peut être effectuée grâce à différents protocoles 

(utilisant le plus souvent des gonadotrophines associées à des antagonistes de la GnRH 

(Gonadotropin Releasing Hormone), ou des agonistes de la GnRH).43 44 Puis l’ovulation est 

déclenchée grâce à un analogue de l’hCG, afin de procéder à la ponction folliculaire, le plus 

souvent par voie trans-vaginale.  
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Une fois le sperme récupéré et préparé, la fécondation peut être réalisée. Elle peut consister 

en la simple mise en contact des gamètes pendant plusieurs heures (FIV “classique”), ou elle 

peut être couplée à une technique de micro-injection permettant d’introduire le 

spermatozoïde dans le cytoplasme de l’ovocyte (FIV-ICSI). Les ovocytes fécondés sont ensuite 

placés en culture. Si la fécondation aboutit à la création d’un zygote, celui-ci est alors transféré 

2 à 5 jours plus tard (au stade d’embryon) dans la cavité utérine. 

Figure 4 : Fécondation in vitro (invitra.fr). 45 

 

 

Le transfert d’embryon consiste à déposer l’embryon dans le fond de la cavité utérine. Il peut 

être réalisé directement à l’issue d’une FIV avec un embryon dit “frais”, mais aussi avec un 

embryon congelé issu d’une précédente FIV ou d’un don d’embryon.  

Ce transfert peut être effectué en suivant le cycle hormonal naturel de la femme, ou alors en 

“cycle substitué”. Ce dernier consiste à bloquer la production hormonale naturelle (grâce à un 

agoniste de la GnRH le plus souvent) puis à apporter des hormones exogènes (estrogènes et 

progestérone) pour préparer l’endomètre et le maintenir dans des conditions optimales en 

vue d’une grossesse.  
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Figure 5 : Transfert d'embryon (invitra.fr). 46 

 

 

Les techniques d’AMP peuvent donc avoir recours à différents protocoles de stimulation 

ovarienne. Or, plusieurs études ont mis en évidence un lien entre les modifications 

hormonales et l’activation du système immunitaire.47 48 49 Ainsi, des taux élevés d’œstrogène 

et de progestérone (comme ceux observés lors de la grossesse) semblent avoir un effet anti-

inflammatoire, alors que des taux plus bas d’œstrogènes (comme ceux observés lors d’une 

stimulation ovarienne) auraient une action pro-inflammatoire.23 50 De plus, l’utilisation 

d’agoniste de la GnRH est associée à une majoration des cytokines pro-inflammatoires et à 

une profération lymphocytaire.48 51 52 Enfin, l’échec d’une procédure d’AMP conduit à une 

décroissance rapide et importante du taux circulant d’hormones sexuelles (similaire à la chute 

de ces hormones dans le post-partum), et pourrait alors favoriser la survenue d’une poussée.21 
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3. Épidémiologie  

En France au cours de l’année 2022, 1 couple sur 7 consultait pour un désir d’enfants.53 La 

même année, on comptait 27 000 enfants nés grâce à une procédure d’AMP, 54 soit 3.72% des 

naissances en France.55 Ce nombre est en constante augmentation d’une année sur l’autre. 56  

De plus, suite à la loi du 2 août 2021,57 l’accès aux procédures d’AMP a été étendu des couples 

hétérosexuels, aux couples de femmes et aux femmes seules. Ainsi depuis la promulgation de 

cette loi et la fin juin 2023, 2851 procédures d’AMP ont été réalisées chez des couples de 

femmes ou des femmes seules, menant à 343 naissances.58 

Le nombre de procédures d’AMP est donc vraisemblablement amené à augmenter au cours 

des prochaines années, du fait d’un meilleur accès aux centres d’AMP (de plus en plus 

nombreux sur le territoire), d’une meilleure connaissance de ces techniques et de l’extension 

de la population pouvant en bénéficier. L’AMP va donc concerner de plus en plus de femmes, 

avec parmi elles des femmes atteintes de sclérose en plaques.  

 

Notre problématique est donc de savoir si la réalisation d’un protocole de stimulation 

ovarienne dans le cadre d’une procédure d’AMP, pourrait entrainer un surrisque de poussées 

chez les femmes atteintes de SEP. 
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IV. Revue de la littérature 
Au cours des deux dernières décennies, quelques études se sont intéressées à la question de 

savoir si les patientes atteintes de SEP étaient exposées à un surrisque de poussées de leur 

maladie suite à la réalisation de procédures d’AMP (Tableau 1).  

Les premières études ont été réalisées entre 2006 et 2012.59 60 61 48 62 Elles mettaient en 

évidence un surrisque de poussée de SEP dans les 3 mois après une procédure d’AMP 

(augmentation du TAP). Certaines de ces études ont mis en évidence une majoration plus 

importante du TAP en post-stimulation, en cas d’utilisation d’agoniste de la GnRH au cours du 

protocole de stimulation ovarienne.59 62  

En 2019, R. Bove et al réalisent une étude 63 sur 22 patientes, qui pour la première fois ne met 

pas en évidence d’augmentation du TAP au cours des trois mois suivant une FIV (FIV 

« classique » ou FIV-ICSI), comparativement au TAP de l’année précédant la procédure.  À la 

suite de cette étude de cohorte, une méta-analyse a été réalisée en intégrant également les 

résultats de trois autres études réalisées précédemment 61 48 62 (les deux études les plus 

anciennes n’ont pas pu être intégrées du fait d’un manque de données 59 60). Cette méta-

analyse montre une majoration signification du TAP dans les 3 mois suivant une stimulation 

ovarienne, même après stratification sur la parité, le protocole utilisé et la présence ou non 

d’un traitement de fond. 

La principale limite de ces études est la petite taille des populations étudiées (cohortes de 6 à 

32 patientes). De plus, certaines se basaient sur l’utilisation de questionnaires médicaux pour 

leurs recueils de données, les exposants à un biais de rappel.  

 

Plus récemment, deux études 64 65 menées sur de plus grands effectifs (n = 65 et n = 225), 

n’ont pas montré d’augmentation du TAP après différences techniques d’AMP (FIV et FIV-

ICSI64, stimulation ovarienne, transfert d’embryons et préservation de la fertilité 65). 

Ces deux études utilisaient les données de bases médico-administratives de remboursement 

d’actes de soin, pour identifier à l’aide d’algorithmes les patientes atteintes d’une SEP, la 

survenue d’une poussée de SEP (notamment via l’administration d’une corticothérapie en 

bolus) et les procédures d’AMP réalisées. Cette méthode permet d’obtenir un grand nombre 
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de patientes, mais expose cependant à un biais de classement s’il est conclu à tort la survenue 

d’une poussée (réalisation d’un bolus de corticoïdes en cas de fluctuations), ou si la date 

retenue de la poussée est inexacte (délai entre le début de la poussée et l’hospitalisation). Par 

ailleurs, une absence de cotation (absence d’hospitalisation ou de mise en place de traitement 

symptomatique à la suite d’une poussée) pourrait aboutir à un biais de sélection.    
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V. Justification de l’article 

Notre étude a donc pour objectif d’évaluer le risque de poussées de sclérose en plaques au 

décours d’une stimulation ovarienne, chez les patientes suivies pour une SEP ou un CIS en 

Alsace, en Bourgogne et en Franche-Comté, en s’appuyant sur des bases de données 

médicales. Nous chercherons également à identifier les facteurs de risque de poussées de SEP, 

afin de pouvoir proposer à chaque patiente la prise en charge la plus adaptée et sûre, tant sur 

le plan neurologique que gynécologique.  

Cette étude fait suite au travail de thèse présenté en 2020 par le Dr Decreuse, étudiant selon 

le même protocole, le risque de poussées au décours de procédures d’AMP réalisées dans les 

Centres Hospitaliers et Universitaires de Dijon et de Besançon ainsi que dans une clinique 

agréée de Franche-Comté, chez 23 patientes suivies pour une SEP. Les résultats ne montraient 

pas de majoration significative du TAP au cours des 3 mois suivant une procédure d’AMP, mais 

étaient limités par le faible effectif (n = 23). On notait en revanche une tendance à la 

majoration du TAP en cas d’absence de traitement de fond de la SEP, et lors de l’utilisation 

d’agonistes au cours du protocole de stimulation ovarienne.  

Nous avons donc poursuivi ce travail en étendant notre zone de recueil aux patientes 

référencées dans la base de données EDMUS d’Alsace, de Bourgogne et de Franche-Comté ; 

ainsi que dans les bases de données de l’ensemble des 17 centres agréés d’AMP de ces 

régions. Nous avons également élargi notre période de recueil du 1er janvier 2000 au le 31 

mars 2023, afin de majorer la puissance de notre étude.  
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Abstract  

Introduction 

Multiple sclerosis (MS) is a chronic demyelinating inflammatory disease that affects the 

central nervous system. It primarily affects women of childbearing age. Many patients in this 

population wish to become pregnant, and sometimes turn to assisted reproductive 

technologies (ART). 

The aim of our study was to investigate the risk of MS relapse following ovarian 

stimulation (OS) in the context of ART in female patients with MS or clinically isolated 

syndrome (CIS). 

Aims  

The primary aim was to compare the annualized relapse rate (ARR) in the three months 

following OS with the ARR in the three months preceding OS. 

The secondary aim was to compare the ARR in the 3 months following OS to the ARR in two 

control periods: the 12 months preceding each OS and the 12 months following it.  

For both of these investigations we performed a subgroup analysis in order to assess the 

relationship between the risk of relapse and the patient’s disease-modifying therapy for MS 

(or lack of), the type of ART used, the OS protocol followed, and the outcome of the ART 

procedure. 

Materials and methods 

We conducted a retrospective, observational, multi-centre study in the French regions of 

Alsace, Bourgogne and Franche-Comté. We included all female patients registered in the 

European Database for Multiple Sclerosis (EDMUS) who had received a diagnosis of CIS or MS 

either before or in the 12 months following their first OS procedure and who had undergone 

an ART procedure including OS between 1st January 2000 and 31st March 2023 in an approved 

centre in Alsace, Bourgogne or Franche-Comté. 
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Results 

We included 65 female patients who had undergone a total of 152 OSs. The mean age at the 

time of the first OS was 33.9 +/- 5.2 years. The mean number of stimulations per patient was 

2.34. In our sample, 44.6% (29/65) of patients were receiving an effective disease-modifying 

therapy at the time of the first OS: 32.3% (21/65) were receiving a platform therapy, and 12.3% 

(8/65) were receiving a highly effective therapy. 

The mean ARR was significantly higher in the three months following OS than in the three 

months preceding OS (ARR 3 months pre-OS = 0.08 +/- 0.56, ARR 3 months post-OS = 0.32 

+/- 1.08, p= 0.02).  

The mean ARR in the first control period of 12 months prior to OS was lower than in the 

3 months following OS (ARR 12 months pre-OS = 0.29 +/- 1.04, ARR 3 months post-OS = 0.32 

+/- 1.08, p= 0.836). The ARR in the second control period of 12 months following OS was also 

lower than in the 3 months following OS (ARR 12 months post-OS = 0.29 +/- 1.04; ARR 3 

months post-OS = 0.32 +/- 1.08, p= 0.836). These differences were not statistically significant. 

The subgroup analysis showed a significant increase in the ARR of patients who were not 

receiving a disease-modifying therapy for MS (ARR 3 months pre-OS = 0.05 +/- 0.43, 

ARR 3 months post-OS = 0.46 +/- 1.28, p = 0.008). The ARR did not increase for patients 

receiving a highly effective disease-modifying therapy (ARR 3 months pre-OS = 0 +/- 0, ARR 3 

months post-OS = 0 +/- 0, p= 1), nor did it increase for patients receiving a platform disease-

modifying therapy (ARR 3 months pre-OS = 0.17 +/- 0.82, ARR 3 months post-OS = 0.17 +/-

0.82, p= 1). 

We also observed a significant increase in the ARR in the three months following OS compared 

to the three months prior to OS if the OS protocol included the use of GnRH agonists 

(n= 28/152, ARR 3 months pre-OS = 0 +/- 0, ARR 3 months post-OS = 0.86 +/- 1.67, p = 0.020). 

This increase in ARR was not observed for protocols using GnRH antagonists (n = 50/152, ARR 

3 months pre-OS = 0.08 +/- 0.57, ARR 3 months post-OS = 0.24 +/- 0.96, p= 0.423) or for 

protocols using gonadotrophins alone (n = 74/152, ARR 3 months pre-OS = 0.11 +/- 0.65, ARR 

3 months post-OS = 0.16 +/- 0.79, p= 0.766). 
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Conclusions 

Our study confirmed an increase in the risk of MS relapse in the three months following OS 

compared to the three months prior to OS in female patients undergoing OS in the Franche-

Comté, Bourgogne and Alsace regions of France between 1st January 2000 and 31st March 

2023. The use of GnRH agonists in the OS protocol was associated with a higher risk of MS 

relapse than the use of GnRH antagonists or of gonadotrophins alone. The use of a disease-

modifying therapy for MS at the time of the ART procedure was associated with a lower risk 

of MS relapse in the period studied. 

We did not observe a significant change in the ARR in the 3 months following OS compared to 

the two control periods: the 12 months prior to OS and the 12 months following OS. 
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Introduction 
Multiple sclerosis (MS) is a chronic, inflammatory, demyelinating disease of the central 

nervous system (CNS).1 MS primarily affects female patients, with a sex ratio of 3:1, and most 

often appears in young adults.2 The possibility of pregnancy is therefore relatively high in this 

population, and its impact on the inflammatory activity of MS is increasingly well 

understood.3 4 These patients’ fertility appears to be similar to that of the general population,5 

but some patients have recourse to assisted reproductive technologies (ART) if they 

experience difficulties in having a spontaneous ongoing pregnancy. 

Some studies have investigated the increased risk of MS relapse in female patients undergoing 

ART procedures. Five studies conducted between 2006 and 2012 6 7 8 9 10 showed an increase 

in the annualized relapse rate (ARR) following ART procedures, primarily in patients receiving 

Gonadotrophin-releasing hormone (GnRH) agonists in parallel with ovarian stimulation (OS). 

In 2019, a sixth study 11 did not show any increase in ARR in the three months following OS. 

The main limitation of these studies was the small sample size studied (between 6 and 32 

patients). Two more recent studies 12 13 carried out on larger populations (225 and 65 patients, 

respectively) did not show an increase in ARR following different ART procedures including in-

vitro fertilisation (IVF) with or without intracytoplasmic sperm injection (ICSI), OS or embryo 

transfer (ET). These two studies used data from administrative databases that record 

reimbursements for health-care interventions in order to indirectly identify patients with MS, 

MS relapses, and the ART technique used. 

The aim of our study was to use medical databases to investigate the risk of MS relapse 

following an ART procedure including OS (intrauterine insemination (IUI), IVF, or IVF-ICSI) 

performed in an accredited centre in the Alsace, Bourgogne, or Franche-Comté regions of 

France in female patients with MS or clinically isolated syndrome (CIS). 
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Materials and methods 
We conducted a retrospective, observational, multi-centre study in the Alsace, Bourgogne and 

Franche-Comté regions of France. These three regions include 4,719,945 inhabitants, 

equivalent to 6.97% of the French population.14 

Study population 

Inclusion criteria 

We included all female patients registered in the European Database for Multiple 

Sclerosis (EDMUS) in these three regions who had received a diagnosis of CIS or MS prior to 

their first OS or in the year following it. We included patients who had undergone an ART 

procedure with OS between 1st January 2000 and 31st March 2023 in an accredited centre in 

Alsace, Bourgogne or Franche-Comté. 

Exclusion criteria: 

We excluded patients whose diagnosis did not fulfil the criteria set out by McDonald 2017,15 

and those who had been given a diagnosis for another demyelinating disorder of the CNS, such 

as neuromyelitis optica,16 myelin oligodendrocyte glycoprotein antibody-associated 

disease 17 18 or radiologically isolated syndrome.19 Patient records with missing neurological 

or gynaecological information were excluded. 

We also excluded ART procedures (IVF or IUI) that were not preceded by OS. 

 

Data collection 

Databases 

EDMUS is a European software designed for the collection of standardised medical 

information for all patients with MS or a related disorder. This data is collected by healthcare 

professionals as part of these patients’ ongoing neurological care. 

In France, all ART-accredited centres are listed by the Agence de la biomedicine (French 

national Biomedicine Agency).20 We contacted all the accredited centres in Alsace, Bourgogne 

and Franche-Comté that had performed ART procedures between 1st January 2000 and 31st 



36 
 

March 2023. Of the 17 centres, 16 responded positively to our research project and granted 

us access to their databases. 

We cross-referenced the administrative data (married name, maiden name, first name and 

birth date) of these centres’ databases with the EDMUS in order to identify the patients with 

MS or CIS who had undergone ART procedures between 1st January 2000 and 31st March 2023 

in Alsace, Bourgogne and Franche-Comté.  

Data collected: 

For each of the patients included in the study, we collected the following information: 

- Neurological data: We used the EDMUS and patients’ medical records to collect: the 

dates of each relapse that affected the CNS, treatment (or not) of the relapse with 

intravenous steroids, use of disease-modifying therapy (with start and end dates), all 

clinical evaluations using the Expanded Disability Status Scale (EDSS) and any changes 

thereof in the months preceding and following OS. 

- Obstetric-gynaecological data: We collected from the patient records held at the ART 

centres: the type of ART used (IUI, IVF or IVF-ICSI), the protocol used for each OS 

(gonadotrophins alone or associated with GnRH agonists or antagonists), dates of OS 

(OS start date, date of ‘trigger shot’ and date of fertilisation), and the outcome of each 

ART procedure (absence of pregnancy, or pregnancy (including spontaneous abortion, 

elective abortion and pregnancy carried to term)). 

Each patient record was examined individually in order to confirm the MS or CIS diagnosis 

according to the McDonald 2017 criteria,15 the onset of a relapse,21 the ART technique and 

the OS protocol (gonadotrophins + GnRH agonist, gonadotrophins + GnRH antagonist or 

gonadotrophins alone). 
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Aims and statistical analyses 

Primary aim 

The primary aim of this study was to investigate an increase in the inflammatory activity of 

MS in the three months following OS compared to the three months prior to OS. We therefore 

calculated the ARR for these two periods, considering each OS as a distinct event. 

We used a Wilcoxon signed-rank test (non-parametric test that allows the comparison of 

dependent groups) to compare the ARRs, with a significance threshold of p < 0.05. ARR was 

reported as mean +/- standard deviation. 

Secondary aim 

The secondary aim was to compare the ARRs from the 3 months following OS to the ARRs 

from two control periods: the 12 months prior to OS and the 12 months following it. These 

analyses were also conducted using a Wilcoxon signed-rank test for paired samples. 

The comparison of the ARRs from the 3 months following OS with the ARRs from the 12 

months prior to OS allow us to consider the possibility that the ART procedures were 

performed in a period when the MS was less active (either by the patient’s own wishes or on 

the recommendation of their healthcare provider). 

The comparison of the ARR from the three months following the OS with that of the following 

year allows us to observe the medium-term changes in the inflammatory MS activity. 

Subgroup analyses 

For each of the two aims, we performed a subgroup analysis in order to investigate the 

relationship between the risk of relapse and the MS disease-moderating therapy at the time 

of the OS (presence or not of the therapy, platform therapy or highly effective therapy), the 

type of ART technique used (IUI, IVF or IVF-ISCI), the OS protocol (gonadotrophins alone, or 

associated with GnRH agonists or antagonists) and outcome of the ART procedure (early-stage 

pregnancy — including spontaneous abortion, elective abortion and pregnancies carried to 

term — or absence of pregnancy). 

The patients were considered as receiving a disease-modifying therapy if they had been taking 

Natalizumab or Ocrelizumab for more than two months, Fingolimod or Dimethyl Fumarate for 
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more than three months, or Beta interferons or Glatiramer acetate for more than six months. 

Ocrelizumab, Natalizumab and Fingolimod were considered as highly effective therapies. 

Dimethyl Fumarate, Beta interferons and Glatiramer acetate were considered as platform 

therapies. 

 

Ethical considerations 

This retrospective, observational study was outside of the remit of the Jardé law, which is 

applicable to prospective studies conducted on human subjects. The data collection and 

analysis for this study was conducted in accordance with the relevant policies on data 

protection and security. The centre conducting the study, the Centre Hospitalier et 

Universitaire de Besançon (Besançon University Hospital) has been certified as compliant with 

the MR-004 (reference methodology for the treatment of confidential data for the purposes 

of research) by the Commission Nationale de l’Informatique et des Libertés (CNIL, French 

National Commission for Data Protection and Individual Freedom). The study reference code 

is “2020/516”. 

In France, neurologists using the EDMUS software participate in the l’Observatoire Français 

de la Sclérose en Plaques (OFSEP, French Multiple Sclerosis Observatory) and patients 

registered in this database give their written consent for the use of their anonymised data for 

research purposes. 

No patients opposed the use of the data obtained from their ART patient records. 
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Results 

Identification of patients to include 

By cross-referencing the EDMUS databases of the University Hospitals in Strasbourg (3533 

patients), Dijon (1921 patients) and Besançon (1593 patients) with the lists from the 16 ART 

centres in Alsace, Bourgogne and Franche-Comté, we obtained the records of 75 patients who 

were being followed-up for MS or CIS and who had undergone OS between 1st January 2000 

and 31st March 2023 in the context of an ART procedure (IUI, IVF or IVF-ICSI). All available data 

from each centre was processed. 

 

Table 1: Time period of available data and number of shared patient records found in each accredited ART centre.  

Accredited ART centre 
  

Time period of available data 
  

Number of patient records in 
common with EDMUS 

CHU Dijon 2005 – 2023 26 
CHU Besançon 2008 – 2023 21 
CHU Strasbourg 2019 – 2023 9 
Polyclinique Franche-Comté 2014 – 2023 9 
CH Mulhouse 2002 – 2023 5 
Laboratoire Pégon Mulhouse 2002 – 2023 2 
Laboratoire Lenys Colmar 2018 – 2023 2 
Laboratoire Diaconat Mulhouse 2000 – 2023 1 

 

No complete and overlapping patient records were found between the EDMUS and the 

patients followed up at Laboratoire Bruant (Dijon), Laboratoire Maymat (Nevers), Laboratoire 

MLab BIO+ (Auxerre), Laboratoire MLab BIO+ (Sens), Laboratoire Barrand (Colmar), 

Laboratoire des Vosges (Strasbourg), Laboratoire Klumpp (Strasbourg) or Laboratoire Central 

(Haguenau). 

Of these 75 patient records, 3 were duplicate (patients treated in multiple centres). These 

three records were merged. Of the 72 remaining patients, 7 had started ART procedures more 

than a year before their MS or CIS diagnosis. These seven patients were therefore excluded 

from the study. 
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We therefore included 65 patients who had undergone an ART procedure with OS during the 

study period and who had received their MS or CIS diagnosis either before their first procedure 

or in the year following it. 

 

Figure 6: Flow diagram 

  

 

Population characteristics 

In our study population, 26 patients were followed up by a neurologist in Franche-Comté, 27 

in Bourgogne and 12 in Alsace. The average age of disease onset was 28.7 +/- 6.6 years. Three 

patients (4.6%) were diagnosed with CIS, not followed by MS, whereas 58 patients (89.2%) 

were diagnosed with relapsing-remitting MS (RRMS) at the time of OS. The full population 

characteristics are reported in Table 2. 

The median EDSS score before the first OS was 1.0 for the patients in Franche-Comté and 

Bourgogne, and 0.0 for the patients in Alsace. After the final OS, the median EDSS was 1.0 in 

all three regions. 
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At the time of the first OS, 44.6% of patients were receiving a disease-modifying therapy: 

32.3% were receiving a platform therapy (12 on Beta interferons, 6 on Glatiramer acetate, 3 

on Dimethyl Fumarate) and 12.3% were receiving a highly effective therapy (7 on Natalizumab 

and 1 on Ocrelizumab). 

At the end of the final OS, 43.1% patients were receiving a disease-modifying therapy: 27.7% 

were receiving a platform therapy (10 on Beta interferons, 5 on Glatimarer acetate, 3 on 

Dimethyl Fumarate) and 15.4% were receiving a highly effective treatment (9 on Natalizumab 

and 1 on Ocrelizumab). No patient was being treated with Teriflunomide, Fingolimod, or 

Cladribine.   

The average age of the patients at the time of the first OS was 33.9 years (SD = 5.2). The 

majority of the ART procedures performed were IUIs (between 39.3% and 65.7% according to 

the region). 

The average number of OSs per patient was 2.34 (SD = 1.73) (between 1 and 9 OSs per patient) 

with a period of between 1 month—7 years from the first to the last OS. The average time 

between OSs was 5.90 months (SD = 8.48) (between 1 and 56 months in the whole 

population). 

We observed 12 relapses in our study period. Six relapses occurred after the first OS, one 

occurred after the second OS, two after the third OS, two after the fourth, and one relapse 

occurred after six OSs (Figure 2). 
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Figure 7: Description of relapses as a function of the time between the relapse and the OS and the number of previous 
stimulations.  

 

MS: multiple sclerosis, OS: ovarian stimulation 

 

For patients who had undergone multiple OSs over a short period of time, a relapse occurring 

over two periods of interest was only counted once (recorded only for the later stimulation) 

in order to avoid a cumulative effect. 

Most often, the ART protocols used gonadotrophins alone (48.7%). In a third of cases, a GnRH 

antagonist was also used (32.9%), more rarely GnRH agonists were used alongside the 

gonadotrophins (18.4%). In our study, 27.6% (42/152) of ART procedures resulted in 

pregnancy: 19.1% (29/152) were carried to term, 7.9% (12/152) resulted in a spontaneous 

abortion and 0.7% (1/152) resulted in an elective abortion. 
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Table 2: Population characteristics 

Neurological characteristics (n) Franche-
Comté (26) 

Bourgogne 
(27) 

Alsace  
(12)  

Total  
(65) 

Age at disease onset (years) (mean +/- SD) 28.3 +/- 5.6 28.2 +/- 7.0 30.1 +/- 7.7 28.7 +/- 6.6 
Type of demyelinating pathology          
> CIS 0 (0.0%) 2 (7.4%) 1 (8.3%) 3 (4.6%) 
> RRMS 24 (92.3%) 24 (88.9%) 10 (83.3%) 58 (89.2%) 
> Progressive MS 2 (7.7%) 1 (3.7%) 1 (8.3%) 4 (6.2%) 
Time between disease onset and first OS 
(years) (mean +/- SD) 6.0 +/- 5.5 6.4 +/- 5.4 4.6 +/- 4.2 5.9 +/- 5.2 

EDSS (median)         
> before 1st OS  1.0 1.0 0.0 1.0 
> after final OS 1.0 1.0 1.0 1.0 
Number of patients receiving MS disease-
modifying therapy (Total / platform / HE)         

> at first OS 12 / 8 / 4 13 / 10 / 3 4 / 3 / 1 29 / 21 / 8 
> at final OS 13 / 7 / 6 12 / 9 / 3 3 / 2 / 1 28 / 18 / 10 
 
Gynaecological characteristics 
(Number of OSs) 

Franche-
Comté (70) 

Bourgogne 
 (47) 

Alsace 
(35) 

Total  
(152) 

Age at time of first OS (years) (mean +/- SD) 34.31 +/- 5.19 34.15 +/- 5.40 32.92 +/- 5.21 33.95 +/- 
5.22 

Type de procédure         

> IUI 39/70 (55.7%) 18/47 (39.3 %) 23/35 (65.7%) 80/152 
(52.6%) 

> IVF 18/70 (25.7%) 12/47 (25.5%) 0/35 (0.0%) 30/152 
(19.7%) 

> IVF-ICSI 13/70 (18.6%) 17/47 (36.2%) 12/35 (34.3%) 42/152 
(27.6%) 

Number of OSs per patient (mean +/- SD 
[range]) 

2.76 +/- 2.09 
[1-9] 

1.74 +/- 1.13 
[1-5] 

2.92 +/- 1.73 
[1-6] 

2.34 +/- 1.73 
[1-9] 

Time between two OSs (months) (mean +/- 
SD [range]) 

5.51 +/- 8.11 
[1-55]  

6.00 +/- 3.87 
[1-14] 

6.60 +/- 11.68 
[1-56] 

5.90 +/- 8.48 
[1-56] 

Traitement used         

> Gonadotrophins alone 25/70 (35.7%) 27/47 (55.4%) 22/35 (62.8%) 74/152 
(48.7%) 

> GnRH agonist* 19/70 (27.1%) 8/47 (17.0%) 1/35 (2.9%) 28/152 
(18.4%) 

> GnRH antagonist † 26/70 (37.1%) 12/47 (25.5%) 12/35 (34.3%) 50/152 
(32.9%) 

Outcome          

> Full-term pregancy 12/70 (17.1%) 12/47 (25.5%) 5/35 (14.3%) 29/152 
(19.1%) 

> Spontaneous abortion 4/70 (5.7%) 5/47 (10.6%) 3/35 (8.6%) 12/152  
(7.9%) 

> Elective abortion 1/70 (1.4%) 0/47 (0.0%) 0/35 (0.0%) 1/152  
(0.7%) 

> No pregnancy 53/70 (75.7%) 30/47 (63.8%) 27/35 (77.1%) 110/152 
(72.4%) 

SD: standard deviation, CIS: clinically isolated syndrome, MS: multiple sclerosis, RR: relapsing-remitting, OS: Ovarian 
Stimulation EDSS: Expanded Disability Status Scale, HE: highly effective, IUI: intra-uterine insemination, IVF: in-vitro 
fertilisation, ICSI: Intracytoplasmic sperm injection, GnRH: Gonadotropin Releasing Hormone 
*GnRH agonists associated with gonadotrophins, †GnRH antagonists associated with gonadotrophins 
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Primary evaluation criteria 

The mean ARR was significantly higher for the three months following OS than for the three 

months prior (n= 152, ARR 3 months pre-OS = 0.08 +/- 0.56, ARR 3 months post-OS = 0.32 +/- 

1.08, p= 0.020). 

The subgroup analysis showed a significant increase in the ARR for the three months following 

OS compared to the three months prior to OS in patients not receiving disease-modifying 

therapy for MS at the time of OS (ARR 3 months pre-OS = 0.05 +/- 0.43, ARR 3 months post-

OS = 0.46 +/- 1.28, p= 0.008). However, we observed no increase for patients receiving a highly 

effective therapy (ARR 3 months pre-OS = 0 +/- 0, ARR 3 months post-OS = 0.0 +/- 0, p= 1) or 

for patients receiving a platform therapy (ARR 3 months pre-OS = 0.17 +/- 0.82, ARR 3 months 

post-OS = 0.17 +/- 0.82, p= 1). 

For patients whose OS protocol included the use of GnRH agonists, we observed a significant 

increase in ARR in the three months following OS compared to the three months preceding it 

(n= 28/152, ARR 3 months pre-OS = 0 +/- 0, ARR 3 months post-OS = 0.86 +/- 1.67, p = 0.02). 

This increase in ARR in the three months following stimulation was not observed in protocols 

that used GnRH antagonists (n= 50/152, ARR 3 months pre-OS = 0.08 +/- 0.57, ARR 3 months 

post-OS = 0.24 +/- 0.96, p= 0.02) or gonadotrophins alone (n = 74/152, ARR 3 months pre-

OS = 0.11 +/- 0.65, ARR 3 months post-OS = 0.16 +/- 0.79, p= 0.766). 

In terms of the type of ART procedure used, our study showed an increase in ARR in cases of 

OS followed by IVF or IVF-ISCI (n= 72, ARR 3 months pre-OS = 0.06 +/- 0.47, ARR 3 months 

post-OS = 0.56 +/- 1.39, p= 0.008). This increase was not present when the OS was followed 

by IUI (n= 80, ARR 3 months pre-OS = 0.10 +/- 0.63, ARR 3 months post-OS = 0.10 +/- 0.63, 

p= 1). 

For patients whose ART procedure did not result in pregnancy, ARR in the three months 

following OS was higher than ARR in the three months prior to OS, with a difference at the 

limit of significance (ARR 3 months pre-OS = 0.07 +/- 0.53, ARR 3 months post-OS = 0.29 +/- 

1.04, p= 0.052). We observed no significant difference in the ARR in our study period in 

patients who became pregnant following the ART procedure (ARR 3 months pre-OS = 0.95 +/- 

0.62, ARR 3 months post-OS = 0.38 +/- 1.19, p= 0.18). 
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Table 3: Comparison of ARR 3 months post-OS to ARR 3 months pre-OS; primary evaluation criteria and subgroup analysis.  

n ARR 3 months pre-OS  ARR 3 months post-OS  
ARR 
comparison 
(p= ) 

Total:  152 0.08 +/- 0.56 [0 ;4] 0.32 +/- 1.08 [0-4] {0} 0.02 
Subgroups: 
MS therapy 
> Highly effective 20 0 +/- 0 [0-0] 0 +/- 0 [0-0] 1 
> Platform therapy 48 0.17 +/- 0.82 [0-4] 0.17 +/- 0.82 [0-4] 1 
> No current therapy 84 0.05 +/- 0.43 [0-4] 0.46 +/- 1.28 [0-4] 0.008 
ART procedure 
> IUI 80 0.1 +/- 0.63 [0-4] 0.1 +/- 0.63 [0-4] 1 
> IVF and IVF-ICSI 72 0.06 +/- 0.47 [0-4] 0.56 +/- 1.39 [0-4] 0.008 
OS protocol 
> Gonadotrophins alone 74 0.11 +/- 0.65 [0-4] 0.16 +/- 0.79 [0-4] 0.766 
> GnRH agonist 28 0 +/- 0 [0-0] 0.86 +/- 1.67 [0-4] 0.020 
> GnRH antagonist 50 0.08 +/- 0.57 [0-4] 0.24 +/- 0.96 [0-4] 0.423 
ART outcome 
> Pregnancy‡ 42 0.09 +/- 0.62 [0-4] 0.38 +/- 1.19 [0-4] 0.18 
> No pregnancy 110 0.07 +/- 0.53 [0-4] 0.29 +/- 1.04 [0-4] 0.052 

Results expressed as mean +/- standard deviation [range]. ARR: annualized relapse rate, MS: multiple sclerosis, IUI: intra-
uterine insemination, IVF: in-vitro fertilisation, ICSI: Intracytoplasmic sperm injection, GnRH: Gonadotropin Releasing 
Hormone, ART: assisted reproductive technologies, OS: Ovarian Stimulation 
*GnRH agonists associated with gonadotrophins, †GnRH antagonists associated with gonadotrophins, ‡Pregnancy: includes
spontaneous abortion, elective abortion and pregnancies carried to term,

Secondary evaluation criteria 

The mean ARR in the three months following OS was not statistically different when compared 

to the two control periods: the 12 months prior to OS (ARR 12 months pre-OS = 0.29 +/- 1.04, 

ARR 3 months post-OS = 0.32 +/- 1.08, p= 0.836) and the 12 months following OS (ARR 3 

months post-OS = 0.32 +/- 1.08, ARR 12 months post-OS = 0.29 +/- 1.04, p= 0.836). 

Comparison of ARR in the 12 months prior to OS and 3 months following OS 

For patients receiving no MS disease-modifying treatment at the time of OS, the subgroup 

analysis did not show any significant difference in the ARR in the 12 months prior to OS 

compared to the 3 months following OS (ARR 12 months pre-OS = 0.32 +/- 1.09, ARR 3 months 

post-OS = 0.46 +/- 1.28, p= 0.428). The same was true for patients receiving a platform therapy 

(ARR 12 months pre-OS = 0.26 +/- 1.0, ARR 3 months post-OS = 0.17 +/- 0.82, p= 0.766) and 
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patients receiving highly effective treatment (ARR 12 months pre-OS = 0.21 +/- 0.92, ARR 3 

months post-OS = 0.0 +/- 0, p= 0.317). 

For patients who underwent IVF or IVF-ICSI, the ARR in the three months following OS was 

higher than in the 12 months preceding OS (ARR 12 months pre-OS = 0.22 +/- 0.92, ARR 3 

months post-SO = 0.56 +/- 1.39, p= 0.091), although this increase was not statistically 

significant. We did not observe this increase in patients who underwent OS followed by IUI 

(ARR 12 months pre-OS = 0.35 +/- 1.14, ARR 3 months post-OS = 0.1 +/- 0.63, p= 0.072).  

In terms of the OS protocol, the use of GnRH agonists was associated with a non-significant 

increase in ARR in the 3 months following OS compared to the 12 months prior to OS (ARR 12 

months pre-OS = 0.29 +/- 0.15, ARR 3 months post-OS = 0.86 +/- 1.67, p= 0.129). This increase 

was smaller when the protocol used GnRH antagonists (ARR 12 months pre-OS = 0.4 +/- 0.21, 

ARR 3 months post-OS = 0.24 +/- 0.96, p= 0.53) or gonadotrophins alone (ARR 12 months pre-

OS = 0.22 +/- 0.91, ARR 3 months post-OS = 0.16 +/- 0.79, p= 0.766). 

For patients whose ART procedure resulted in pregnancy, the ARR for the 12 months 

preceding OS was not significantly different to the ARR in the 3 months following OS (ARR 12 

months pre-OS = 0.29 +/- 1.04, ARR 3 months post-OS = 0.38 +/- 1.19, p= 0.705). The same 

was true for patients whose ART procedure did not result in pregnancy (ARR 12 months pre-

OS = 0.29 +/- 1.04, ARR 3 months post-OS = 0.29 +/- 1.04, p=1).  

 

Comparison of ARR in the 3 months following OS with ARR in the 12 months following OS 

We did not observe any significant difference in the ARR for the 3 months following OS 

compared to the 12 months following OS for patients receiving a highly effective disease-

modifying MS therapy (ARR 3 months post-OS = 0 +/- 0., ARR 12 months post-OS = 0.0 +/- 0, 

p= 1), for patients receiving a platform therapy (ARR 3 months post-OS = 0.17 +/- 0.82, ARR 

12 months post-OS = 0.26 +/- 1.0, p= 766), and for patients receiving no disease-modifying MS 

therapy (ARR 3 months post-OS = 0.46 +/- 1.28, ARR 12 months post-OS = 0.37 +/- 1.16, 

p= 0.565). 

In patients who underwent an IUI procedure, ARR in the 12 months following IUI with OS was 

higher than in the 3 months following the procedure (ARR 3 months post-OS = 0.1 +/- 0.63, 
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ARR 12 months post-OS = 0.3 +/- 1.06, p= 0.129). It decreased in patients who underwent OS 

followed by IVF or IVF-ICSI (ARR 3 months post-OS = 0.56 +/- 1.39, ARR 12 months post-OS = 

0.28 +/- 1.02, p= 0.110). However, these differences were not statistically significant. 

The use of GnRH agonists in the OS protocol did not significantly affect the ARR in the 3 months 

following OS when compared to the 12 months following OS (ARR 3 months post-OS = 0.86 

+/- 1.67, ARR 12 months post-OS = 0.29 +/- 1.05, p= 0.129). The same was true for the use of 

GnRH antagonists (ARR 3 months post-OS = 0.24 +/- 0.96, ARR 12 months post-OS = 0.08 +/- 

0.57, p= 0.346), although in both cases we observed a slight decrease in the mean ARR for the 

12 months following OS. The use of gonadotrophins alone was associated with a non-

significant increase in the ARR for the 12 months following OS compared to the 3 months 

following OS (ARR 3 months post-OS = 0.16 +/- 0.79, ARR 12 months post-OS = 0.43 +/- 1.25, 

p= 0.073). 

ART procedures resulting in pregnancy were not associated with a significant change in the 

ARR for the 3 months following OS compared to the ARR for the 12 months following OS (ARR 

3 months post-OS = 0.38 +/- 1.19, ARR 12 months post-OS = 0.38 +/- 0.19, p=1). Absence of 

pregnancy following an ART procedure was also not associated with a significant change in the 

ARR (ARR 3 months post-OS = 0.29 +/- 1.04, ARR 12 months post-OS = 0.26 +/- 0.98, p= 0.755). 
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Table 4: Comparison of ARR 3 months post-OS with ARR 12 months pre-OS and ARR 12 months post-OS; secondary 
evaluation criteria and subgroup analysis. 

n ARR 3 months 
post-OS 

ARR 12 months pre-
OS 

ARR 12 months 
post-OS  

p= 
(3m/-12m) 

p= 
(3m/+12m) 

Total : 152 0.32 +/- 1.08 
[0-4] 

0.29 +/- 1.04 
[0-4] 

0.29 +/- 1.04 
[0-4] 0.836 0.821 

Subgroups 
MS therapy 

Highly effective 20 0 +/- 0 
[0-0] 

0.21 +/- 0.92 
[0-4] 

0 +/- 0 
[0-0] 0.317 1 

Platform 
therapy 48 0.17 +/- 0.79 

[0-4] 
0.26 +/- 1.0 
[0-4] 

0.26 +/- 1.0 
[0-4] 0.766 0.766 

No current 
therapy 84 0.46 +/- 1.28 

[0-4] 
0.32 +/- 1.09 
[0-4] 

0.37 +/- 1.16 
[0-4] 0.428 0.565 

ART procedure 

IUI 80 0.1 +/- 0.63 
[0-4] 

0.35 +/- 1.14 
[0-4] 

0.30 +/- 1.06 
[0-4] 0.073 0.129 

IVF and IVF-ICSI 72 0.56 +/- 1.39 
[0-4] 

0.22 +/- 0.92 
[0-4] 

0.28 +/- 1.02 
[0-4] 0.091 0.110 

OS protocol 
Gonadotrophin
s alone 74 0.16 +/- 0.79 

[0-4] 
0.22 +/- 0.91 
[0-4] 

0.43 +/- 1.25 
[0-4] 0.766 0.073 

GnRH 
agonists* 

28 0.86 +/- 1.67 
[0-4] 

0.29 +/- 1.05 
[0-4] 

0.29 +/- 1.05 
[0-4] 0.129 0.129 

GnRH 
antagonists† 50 0.24 +/- 0.96 

[0-4] 
0.4 +/- 1.21 
[0-4] 

0.08 +/- 0.57 
[0-4] 0.530 0.346 

ART outcome 

Pregnancy‡ 42 0.38 +/- 1.19 
[0-4] 

0.29 +/- 1.04 
[0-4] 

0.38 +/- 1.19 
[0-4] 0.705 1 

Absence of 
pregnancy 110 0.29 +/- 1.04 

[0-4] 
0.29 +/- 1.04 
[0-4] 

0.26 +/- 0.98 
[0-4] 1 0.755 

Results expressed as mean +/- standard deviation [range]. ARR: annualized relapse rate, MS: multiple sclerosis, IUI: intra-
uterine insemination, IVF: in-vitro fertilisation, ICSI: Intracytoplasmic sperm injection, GnRH: Gonadotropin Releasing 
Hormone, MAR: medically assisted reproduction, OS: Ovarian stimulation 
*GnRH agonists associated with gonadotrophins, †GnRH antagonists associated with gonadotrophins ‡Pregnancy: includes
spontaneous abortion, elective abortion and pregnancies carried to term
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Discussion 
The aim of our study was to investigate the risk of MS relapse following OS as part of an ART 

procedure in patients with MS or CIS. 

Population design 

We included in our study patients with a diagnosis of CIS,. who had experienced at least 

one relapse. Today, CIS diagnoses are less and less frequent,² notably due to the evolution 

of diagnostic criteria and the increased detection performance of cerebral and spinal cord 

MRI compared to the 2000s. Thus, many initial diagnoses of CIS are rapidly classified as 

MS, and managed as such. We also included patients whose diagnosis of MS was made in 

the year following ovarian stimulation (n = 4), as it seemed unlikely that a first attack 

occurring in the year following ovarian stimulation would be independent of the latter. 7 8 9 

10 11 25 26 

Conversely, we excluded from our study patients with a diagnosis of RIS, as the absence of   

relapse made the calculation of a ARR uninterpretable. This situation did not arise during 

data collection.   

On the gynecological front, we chose to include patients undergoing various ART 

procedures (such as IUI, IVF or IVF with ICSI) when these procedures involved ovarian 

stimulation (and not those following the natural female hormonal cycle). Indeed, some 

studies suggest that hormonal changes associated with ovarian stimulation 

(notably plasma estrogen concentrations) 9 23 have a pro-inflammatory action on the 

patient's immune system, which may favor the onset of relapses.  

The characteristics of our population were consistent with the literature in terms of age 

of MS onset ² (28.7 +/- 6.6 years), type of MS ² (89.2% relapsing-remitting MS and 

6.2% progressive MS), and success rate of ART procedures 27 (19.1% pregnancies carried to 

term). 



Results of the statistical analysis 

Analysis of the healthcare records of the patients included in our study showed an increase in 

the risk of MS relapse in the three months following OS compared to the three months prior 

to OS in patients treated in an accredited ART centre in Bourgogne, Franche-Comté or Alsace 

between 2000 and 2023. 

The subgroup analysis revealed that one of the factors associated with an increased risk of 

relapse was the use of GnRH agonists in the OS protocol (n= 28/152, ARR 3 months pre-OS= 0 

+/- 0, ARR 3 months post-OS = 0.86 +/- 1.67, p = 0.020) rather than GnRH antagonists or 

gonadotrophins alone. This increased risk has been reported in other clinical studies.6 The 

increased risk may be related to an increase in the production of proinflammatory cytokines 

or to the higher levels of lymphocyte proliferation and activation when GnRH agonists are 

used compared to GnRH antagonists.22 23 9 

The risk of MS relapse did not increase in patients who underwent an IUI procedure, however 

it did increase in patients who underwent IVF or IVF-ICSI procedures. These results are in line 

with the results discussed in the previous paragraph, since 78.7% (n=63/80) of OS protocols 

associated with IUI procedures in our study used gonadotrophins alone, and 12.5% (n=10/80) 

used GnRH antagonists. 

Patients receiving a highly effective or platform disease-modifying therapy at the time of the 

ART procedure did not show an increased ARR in the three months following OS compared to 

the three months prior to OS. However, the ARR did increase for patients not receiving a 

disease-modifying therapy (ARR 3 months pre-OS= 0.05 +/- 0.43, ARR 3 months post-OS = 0.46 

+/- 1.28, p= 0.008). These results are reassuring and suggest that patients starting ART should 

be prescribed disease-modifying therapy whenever possible, particularly since there are now 

multiple available treatments that are compatible with pregnancy.24 25 

50 
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Additionally, ART procedures resulting in pregnancy were associated with a lower risk of MS 

relapse in our study period (ARR 3 months pre-OS= 0.07 +/- 0.53, ARR 3 months post-OS = 0.29 

+/- 1.04, p= 0.052). This is consistent with the immunotolerance caused by the sex hormones 

during pregnancy, which leads to a decreased risk of MS relapse during pregnancy. Inversely, 

failure of the ART procedure leads to a rapid and substantial decrease in the levels of 

circulating sex hormones (similar to the postpartum decrease in these hormones) which may 

therefore increase the risk of relapse.3 

We hypothesised that patients might start ART procedures more often in periods of low 

inflammatory activity, either due to the patient’s wishes or on the recommendation of the 

neurologist. This could lead to an artificial decrease in the ARR 3 months prior to OS, thereby 

increasing the statistical difference with the ARR 3 months after OS due to a regression toward 

the mean. The ARR for the 3 months prior to OS in our study (0.08) was lower than that found 

in previous studies (ARR = 0.32 in Hughes et al 26 ; ARR = 0.20 in Mainguy et al 12). 

In order to take into account this potential bias, we compared the ARR from the 12 months 

prior to OS (0.29, in line with literature data 12 26), to the ARR from the 3 months following OS. 

This analysis did not show any significant increase in the ARR (ARR 12 months pre-SO = 0.29 

+/- 1.04, ARR 3 months post-OS = 0.32 +/- 1.08, p= 0.836). This result is in line with the most 

recent studies on the subject 11 12 13 and is also reassuring concerning the risk of MS relapse 

following an ART procedure. These results suggest that OS during a period of low MS activity 

reduces the risk of relapse following OS. 

This hypothesis is also supported by the lack of increase in ARR in the 12 months following OS 

compared to the ARR in the 3 months following OS (ARR 3 months post-OS = 0.32 +/- 1.08, 

ARR 12 months post-OS = 0.29 +/- 1.04, p= 0.836). The variation in ARR over the course of the 

12 months following OS is more difficult to interpret due to the numerous factors that could 

influence the likelihood of MS relapse, such as starting or re-starting a disease-modifying 

therapy, or carrying a pregnancy to term. 
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Strengths of this study 

One of the strengths of our study is the data collection method: the MS or CIS diagnosis and 

the identification of relapses was based on clinical and radiological data and used the medical 

information available in the EDMUS, checked against the patient records. 

The two most recent studies 12 13 investigating the risk of MS relapse following ART procedures 

used data from administrative databases that record reimbursements for healthcare acts. The 

studies used algorithms to identify patients within these databases who had MS, as well as MS 

relapses. This method allows the inclusion of a large number of patients, which increases the 

statistical power of the study. However, these studies are subject to a selection bias when 

information is not recorded (patient not registered as having a long-term illness, MS relapse 

not treated, etc.). The studies may also be subject to a classification bias depending on the 

algorithm used (steroids may have been administered following a clinical fluctuation, a relapse 

may have been treated multiple weeks after onset, etc.). 

Using medical databases also allowed us to eliminate recall bias, which can be present when 

questionnaires are used to identify an MS diagnosis or relapse.7 8 

Furthermore, examination of the patient records allowed us to confirm the MS or CIS diagnosis 

for each patient according to the McDonald 2017 criteria,15 which also improved the 

homogeneity of our cohort, despite the changes to the MS diagnostic criteria over the course 

of the period of interest for our study. 

Finally, use of the OFSEP database and EDMUS software allowed us to include patients 

followed up in both hospital and community settings, which avoided selection bias related to 

the exclusive use of hospital databases. 
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Limitations 

One of the primary limitations of our study is its retrospective nature (which is the case for 

seven of the eight studies published on this subject at the present time) which gives a lower 

level of proof than a prospective cohort. 

Our data collection was limited by the refusal of one of the accredited ART centres to 

participate in the study, and by the availability (or unavailability) of the ART data in each of 

the centres. The patient records were recorded in different forms (paper records or data 

collection software, whether specifically adapted to ART or not), and available for different 

time periods for each centre (see Table 1). This may explain the lower number of OSs 

performed in the ART centre in Strasbourg (data for 2019–2023 available on the JFIV software) 

than we would expect for a centre that is larger than the Besançon and Dijon hospital centres. 

Furthermore, we included patients who had undergone an ART procedure between 1st January 

2000 and 31st March 2023. This period is longer than previous studies on the subject (6 7 8 9 10 
11 12 13), and therapeutic practices have progressed over time. New recommendations have 

been published on the disease-modifying treatments for MS for patients trying to become 

pregnant.27 The proportion of patients treated has therefore changed over time, leading to a 

reduction in relapses. 
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Conclusions 

Our study confirmed an increase in the risk of MS relapse in the three months following OS 

compared to the three months prior to OS in patients treated in the Franche-Comté, 

Bourgogne and Alsace regions of France between 1st January 2000 and 31st March 2023. 

However, disease-modifying therapies for MS were not associated with an increase in ARR in 

the three months following OS. We observed an increase in ARR in the three months following 

OS in patients whose OS protocol included the use of GnRH agonists, however this increase 

was not present in patients receiving a disease-modifying therapy. 

These results suggest that female patients with MS should not be discouraged from starting 

ART procedures, although particular attention should be given to patients during this period, 

and pregnancy should be prepared for as far as possible. This preparation would include 

putting in place an optimal disease-modifying treatment appropriate to the type of MS and 

compatible with pregnancy in order to guarantee optimal control of the MS during OS and the 

best possible conditions for pregnancy.28 29 

Future research should include a control group in order to remove statistical bias inherent in 

intra-group analyses (comparison of ARR before and after OS for each patient is subject to 

regression toward the mean). Additionally, the creation of a statistical model that includes the 

number of OS preceding a relapse would allow the potential cumulative effect of repeated OS 

to be taken into account. 
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Mots clés : Sclérose en plaques, assistance médicale à la procréation, stimulation 
ovarienne. 

Introduction : La sclérose en plaques (SEP) est une pathologie inflammatoire chronique 
démyélinisante du système nerveux central, touchant majoritairement les femmes jeunes, 
en âge de procréer. La question d’un désir de grossesse est donc fréquente au cours de la 
maladie, avec parfois la nécessité d’un recours à l’assistance médicale à la procréation 
(AMP). 
Objectif : Le but de notre étude était de comparer le taux annualisé de poussées (TAP) au 
cours des 3 mois suivant une stimulation ovarienne au TAP des 3 mois précédents ; puis de 
rechercher une interaction entre le risque de poussées et le traitement de fond de la SEP, 
le type de procédure d’AMP, le protocole de stimulation et l’issue de l’AMP. 
Matériel et méthode : Nous avons inclus l’ensemble des patientes référencées dans la base 
de données EDMUS (European Database for Multiple Sclerosis) présentant un diagnostic 
de syndrome cliniquement isolé (CIS) ou de SEP, et ayant réalisé une procédure d’AMP avec 
stimulation ovarienne entre le 1er janvier 2000 et le 31 mars 2023, dans l’un des centres 
agréés d’Alsace, de Bourgogne ou de Franche-Comté. 
Résultats : 65 patientes ayant réalisé 152 stimulations ovariennes ont été incluses. Le TAP 
moyen était significativement augmenté au cours des 3 mois suivant une stimulation, 
comparativement aux 3 mois précédents (p= 0.02).  Il existait aussi une majoration du TAP 
à 3 mois post-stimulation si le protocole de stimulation comprenait l’utilisation d’agonistes 
de la GnRH (p= 0.020), en cas de fécondation in vitro (FIV) ou de FIV avec injection 
intracytoplasmique de spermatozoïdes (FIV-ISCI) (p= 0.008), et en l’absence de traitement 
de fond de la SEP au moment de l’AMP (p= 0.0078).………..……………...……………………………. 
Conclusion : Notre étude a confirmé une augmentation du risque de poussées de SEP au 
cours des 3 mois suivant une stimulation comparativement aux 3 mois précédant celle-ci. 
Les facteurs associés à un risque plus important étaient la réalisation d’une FIV ou d’une 
FIV-ISCI plutôt qu’une IIU, et l’utilisation d’agonistes de la GnRH plutôt que des 
antagonistes de la GnRH ou des gonadotrophines seules. A l’inverse, la présence d’un 
traitement de fond de la SEP au moment de l’AMP était associée à un plus faible risque de 
poussées de SEP sur notre période d’intérêt.  
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