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SOMMAIRE

Les objectifs généraux de cette thése était de préciser les caractéristiques cliniques et
polygraphiques du syndrome d’impatiences musculaires des jambes a I’éveil (SIME)

et de développer des tests de laboratoire permettant d’améliorer son diagnostic.

Dans un premier temps, nous avons montré qu'une grande proportion de patients
atteints du SIME se plaignent d’impatiences musculaires aux membres supérieurs et
présentent des mouvements périodiques des bras. Nous avons également identifié
une relation étroite entre I’Age des patients, la sévérité clinique du SIME et la
présence de symptomes sensoriels et moteurs aux membres supérieurs, ce qui
suggére que la sévérité du SIME augmente avec 1’age et que l’apparition des

symptdmes aux bras représente un stade tardif dans I’évolution de la maladie.

Dans un deuxidéme temps, nous avons précisé les caractéristiques
électrophysiologiques des mouvements périodiques des jambes (MPJ) a _l’éveil
(MPJE) et en sommeil (MPJS). Nous avons montré les caractéristiques des MPJ sont
modulées par 1’Age ainsi que le cycle éveil/sommeil. Nous croyons que U'influence
du cycle éveil/sommeil sur les MPJ est le reflet de la modulation de I’inhibition
motrice au niveau de la moelle épiniére au cours de ’éveil et du sommeil. Toutefois,
la présence de MPJ lors du SP, alors que ce dernier se caractérise par une atonie
musculaire, suggére que I’inhibition motrice n’est pas compléte, du moins chez les
patients SIME. Par ailleurs, nous avons caractérisé les MPJ lors du test
d’immobilisation suggérée (TIS) et nous avons développé des.criteres permettant
leur quantification. Nos analyses ont montré qu’a I’exception de la durée, les criteres

utilisés pour les MPJS permettent de détecter plus de 90% des MPJ au cours du TIS.
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Cependant, compte tenu de la durée plus longue des MPJ lors du TIS, nous
proposons de modifier le critére de durée maximale (qui était de 5 secondes) & 10

secondes pour quantifier ces phénomenes.

Parallelement & ces études, nous avons évalué, a ’aide du TIS, les effets d’une
immobilisation prolongée sur les symptomes sensoriels et moteurs du SIME. Nous
avons observé que I’immobilité aggrave a la fois I"inconfort des membres inférieurs
et le nombre de MPJ chez les patients atteints du SIME. A Topposé, les sujets
contrdles n’ont présenté aucune augmentation significative de ces parametres. Ces
observations appuient donc un des criteres diagnostic du SIME, & savoir que les

symptomes sont aggravés par le repos.

Enfin, nous avons évalué la puissance discriminante de différents parametres
polygraphiques pour diagnostiquer le SIME. Nous avons montré que l'index de
MPJE et le score moyen d’inconfort lors du TIS représentent les paramétres qui
permettent de mieux discriminer les patients atteints du SIME des sujets controles.
Quant & 'index de MPJS, qui était jusqu’a maintenant le paramétre le plus
fréquemment utilisé pour supporter le diagnostic du SIME, il s’est avéré moins
sensible et spécifique que les deux paramétres mentionnés précédemment. Par
conséquent, nous recommandons [’utilisation de I'index de MPJE et/ou du score

moyen d’inconfort lors du TIS afin de confirmer le diagnostic clinique du SIME.

Mots clés: Syndrome d’impatiences musculaires des jambes & 1’éveil, Mouvements
périodiques des jambes, Mouvements périodiques des bras, Sommeil, Diagnostic,

Polysomnographie, Test d’immobilisation suggérée.



SUMMARY

The objectives of this thesis were to specify the clinical and polysomnographic
characteristics of restless legs syndrome (RLS) and to develop laboratory tests for

improving the diagnosis of this disease.

First, we showed that a large proportion of RLS patients experience arm restlessness
and periodic arm movements. Moreover, we found a close relationship between the
age of patients, the clinical severify bf RLS and the presence of sensory and motor
symptoms in the upper limbs, which suggest that RLS severity increases with
advancing age and that the occurrence of upper limbs symptoms may constitute a

later stage in the evolution of the disease.

Secondly, we characterized the periodic leg movements (PLM) experienced by RLS
patients during sleep (PLMS) and wakefulness (PLMW). We showed that PLM
characteristics are modulated by age and by the sleep/wake cycle. The modulation of
PLM characteristics during the sleep/wake cycle most likely reflect the modulation
of motor inhibition at spinél cord level. However, the presence of PLM during rapid-
eye-movements sleep, while characterized by a muscular atonia, suggests that motor
inhibition is not complete, at least in RLS patients. Moreover, we characterized
PLM during the suggested immobilisation test (SIT) and developped scoring criteria
for these movements. We showed that with the exception of duration, the criteria
used to score PLMS allow the detection of more than 90% of PLM during the SIT.
However, since the duration of PLM is longer during the SIT, we recommend using

a criterion of 0.5 to 10 seconds (instead of 0.5 to 5 seconds) for scoring the former.
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In conjunction with these studies, we used the SIT to evaluate the effects of
immobility on RLS sensory and motor symptoms. We showed that immobility
significantly worsens both leg discomfort and PLM in patients with RLS but not in
control subjects. These results confirm the contention of the International RLS study

group that RLS symptoms worsen at rest.

Finally, we evaluated the discriminant power of several polygraphic parameters for
diagnosing RLS. We showed that PLMW index and SIT mean discomfort score
(SIT MDS) best discriminate RLS patients from control subjects. While the PLMS
index has been, up to now, the most widely used parameter to confirm the diagnosis
of RLS, it has been shown to be less sensitive and specific than the two former
parameters. Therefore, we recommend using the PLMW in&éx and/or the SIT MDS

for supporting the clinical diagnosis of RLS.

Key words: Restless legs syndrome, Periodic leg movements, Periodic arm

movements, Diagnosis, Polysomnography, Suggested immobilization test.
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1. INTRODUCTION GENERALE

Le “syndrome d'impatiences musculaires des membres inférieurs a I’éveil”
(SIME) connu également sous ’appellation de “syndrome des jambes sans repos” se
caractérise par un besoin irrésistible de bouger associ¢ a des sensations désagréables de
picotements ou de tiraillements au niveau des jambes. Ces symptomes qui apparaissent
de fagon préférentielle en soirée et qui sont aggravés par I’immobilité entrainent chez
les patients atteints d’impértantes difficultés a initier et & maintenir le sommeil. Bien
qu’il représente I’une des principales causes d’insomnie, le SIME demeure encore
aujourd’hui peu connu et grandement sol.ls-diag,nostiqué.15 Les objectifs généraux visés
par cette thése sont de compléter la description clinique et polysomnographique du
SIME et de développer des méthodes de laboratoire permettant d’améliorer le

diagnostic de cette maladie.
2. RECENSION DE LA LITTERATURE

2.1. Historique du SIME

La premiére despription du SIME a été faite en latin par Sir Thomas Willis en
1672, puis en anglais en 1685.""""'? Willis rapportait que certains patients présentaient,
lorsque venait le temps de se coucher, des sursauts au niveau des membres inférieurs.
Ces phénoménes étaient accompagnés de sensations d’impatiences au niveau des
membres affectés qui empéchaient les individus de s’endormir normalement. Compte

tenu du contexte médical prévalant a I’époque, Willis croyait que cette maladie



représentait une forme singuliére de neurasthénie ou d’hystérie. II fallut par conséquent
attendre la description clinique détaillée du neurologue suédois Karl-Axel Ekbom pour
que le SIME soit considéré comme une entité nosologique distincte.’! C’est également
lui qui introduisit le terme “restless legs syndrome” pour définir cette maladie. Par
ailleurs, 1’étude d’une grande population de patients atteints du SIME permit & Ekbom
d’observer que cette maladie se présentait parfois sous une forme familiale. II fut
également le premier & identifier 1’association entre cette maladie, I’anémie et la
grossesse.32 En raison de son apport considérable a la compréhension du SIME,

certains désignent encore aujourd’hui cette maladie comme le “Syndrome d’Ekbom”.

Quelques années plus tard, le groupe d’Elio Lugaresi, 4 Bologne, effectuait les
premiers enregistrements polysomnographiques de patients atteints du SIME et
observait que ces derniers présentaient au cours du sommeil, des mouvements répétitifs
des membres inférieurs.”’ Ces mouvements se manifestent par une extension du gros
orteil et une dorsiflexion du pied parfois accompagnée d’une flexion au niveau du
genou et de la hanche. Ils surviennent principalement au cours des stades de sommeil
léger et s’accompagnent de signes d’éveil & [I’électroencéphalogramme.
Subséquemment, Richard Coleman introduisait le terme “mouvements périodiques des
jambes au cours du sommeil” (MPJS) pour définir ces phénomeénes et développait une
méthode afin de les enregistrer et de les quantifier. Selon cette méthode un
enregistrement EMG nocturne est effectué a I’aide d’électrodes placés a la surface des
muscles jambiers antérieurs.!” Seuls les mouvements d’une durée de 0.5 & 5 secondes,

séparés par des intervalles de 4 & 90 secondes et survenant en série d’au moins quatre



mouvements consécutifs sont comptés. Un index de MPJS (nombre de mouvements par
heure de sommeil) supérieur & cinq est considéré anormal."” Plus récemment, des
enregistrements polysomnographiques effectués chez 133 patients atteints de SIME ont
démontré que 80% d'entre eux présentent un index anormal de MPJS au cours d’une
nuit en laboratoire.’® Par conséquent, la présence d’un index élevé de MPJS est

fréquemment utilisée afin de confirmer le diagnostic clinique du SIME.

2.2. Définition clinique et symptomatologie
En 1995, un regroupement international d’experts du SIME (IRLSSG:

104 3 établi que quatre critéres

“International Restless Legs Syndrome Study Group”)
étaient essentiels au diagnostic de cette maladie, & savoir: 1) la présence d’un besoin
irrésistible de bouger les membres inférieurs et/ou supérieurs généralement associé a
des paresthésies/dysesthésies; 2) la présence exclusive ou I’aggravation des symptomes
au repos et le soulagement, du moins partiel, par le mouvement; 3) une augmentation

de Pactivité motrice; 4) une apparition préférentielle ou une augmentation de la séveérité

des symptomes en fin de soirée ou au cours de la nuit.

Généralement, les paresthésies ou dysesthésies rapportées par les patients SIME
consistent en des sensations diffuses d'inconfort et sont décrites par des expressions
telles que picotements, serrements, fourmillements, engourdissements et parfois méme
douleur. Ces manifestations sont habituellement bilatérales et localisées au niveau de la
jambe et du pied mais il n’est pas rare d’observer d’autres localisations. Pour ce qui est

de ’augmentation de l’activité motrice, elle peut &tre considérée a la fois de nature



involontaire puisque le sujet ne peut prévenir ces mouvements, et de nature volontaire
si le sujet choisit de bouger pour soulager les sensations désagréables. L’aggravation
des symptémes en soirée ou au cours de la nuit représente une caractéristique
fondamentale du SIME. Récemment, deux études ont évalué les variations
nycthémérales des symptdmes sensoriels et moteurs du SIME a I’aide de protocoles de
privation de sommeil. Ils ont observé que l'intensité des symptomes varie de fagon

circadienne avec une intensité maximale vers 1h00 du matin.*""’

D’autres caractéristiques sont fréquemment présentes dans le SIME mais ne
sont toutefois pas essentielles au diagnostic de la maladie. Elles permettent néanmoins
d’appuyer le diagnostic lorsque les quatre critéres essentiels sont présents. Ces
caractéristiques sont les suivantes: 1) des perturbations du sommeil qui se manifestent
par une difficulté a initier ou & maintenir le sommeil; ces perturbations sont
généralement associées a des plaintes de fatigue ou de somnolence diurne excessive; 2)
des mouvements périodiques des jambes (MPJ) ou des bras (MPB) au cours du
sommeil et/ou de 1’éveil; 3) un examen neurologique dans les limites de la normale; 4)
une variabilité quant & 1’Age d’apparition de la maladie; la sévérité de la maladie varie
au cours de I’existencev de sorte que ’on observe parfois des périodes d'accalmie et

d'exacerbation; 5) une histoire familiale positive.

2.3. Les formes idiopathique et symptomatique
On s’entend pour distinguer deux formes au SIME, I'une idiopathique

(primaire) et 1’autre symptomatique (secondaire). La forme idiopathique est la plus



fréquemment rencontrée. Elle se compose principalement de cas familiaux (ou
génétiques) et de cas sporadiques. Comme son nom I’indique, la forme symptomatique
du SIME est associée a une autre condition médicale ou physiologique comme par
exemple, 'insuffisance rénale et la grossesse. En effet, la prévalence du SIME est

19.76.95199 a1ors qu’entre 12 et 20%

estimée entre 15 & 40% chez les patients urémiques
des femmes enceintes présentent un SIME et ce, particuliérement au cours du dernier
trimestre de leur grossesse.32’35 Bien que les symptdomes disparaissent généralement a
lintérieur de quelques semaines post-partum, chez plusieurs femmes lé
symptomatologie persiste ou réapparait quelques années plus tard et la maladie
représente alors un SIME idiopathique. Des déficits métaboliques tels que le diabete,

10,66

I’anémie ferriprive ou mégaloblastique ainsi que des carences en acide folique11 ou

en rnagnésium74 sont également connus comme des conditions associées au SIME. Il en

75,80

est de méme pour le syndrome de Gilles de la Tourette,”* l'arthrite rhumatoide et

l'ataxie spino-cérébelleuse de type 1, 2 et 3,189 Finalement, on rapporte quelques cas

oil I’utilisation d’antidépresseurs et de lithium auraient induit le SIME.>***>%

2.4. Epidémiologie et génétique

Jusqu’a présent, aucune étude épidémiologique systématique n'a permis
d'évaluer la prévalence exacte du SIME dans la population générale. Ceci peut &tre
attribué au fait que plusieurs patients ne présentent que des symptdmes sensori-moteurs
légers et ne sont généralement pas diagnostiqués. Dans ces travaux originaux, Ekbom
suggéraient toutefois que la prévalence du SIME était d’environ 5% dans la population

générale.3 132 Deg études subséquentes réalisées en Italie et en Australie ont toutefois



montré une prévalence inférieﬁre a celle d’Ekbom, soit 1,2% et 2,5%,
1respective:mfmt.16’87 Plus récemment, une étude effectuée auprés de 2000 Canadiens a
montré que prés de 15% des sujets interrogés rapportaient des difficultés a initier le
sommeil associés a des impatiences au niveau des membres inférieurs et que 10%
rapportaient des sensations désagréables dans les jambes lors d’éveils nocturnes.*’
Deux autres études épidémiologiques effectuées aupres de populations américaine et
allemande ont rapporté une prévalence relativement similaire, soit de 10% et de 9,5%
respectivement.72’77 Enfin, il apparait que I’Age joue un rdle important puisque les trois
derniéres études ont montré que la prévalence du SIME augmentait de fagon
significative avec l'age. Bien qu’une étude’’ ait montré que les femmes étaient plus
affectées que les hommes (13,9% versus 6,1%), ce résultat n’a pas été répliqué par les
autres études.*”’” En résumé, ces résultats suggérent que le SIME est une condition tres
fréquente et que la prévalence exacte dans la population générale se situe probablement

entre 5 et 10%.

Par ailleurs, certaines études suggérent une contribution des facteurs génétiques
dans l'étiologie de la forme idiopathique du SIME puisque plus de 50% des cas

présentent une histoire familiale positive (i.e. au moins un parent du premier degré

58,105,113 L'

atteint). analyse des pedigrees suggére que le mode de transmission de la

4894 Bien que différentes études

maladie serait de type autosomal dominant.
moléculaires aient tenté sans succeés d'identifier un déterminant génétique au

2 , 7 -y
SH\/IE,'LH’24 une étude récente a localisé sur le bras court du chromosome 12 une

région qui prédispose a cette maladie.”® Cette découverte offre de nouvelles



perspectives de recherche sur le SIME. En effet, il a été démontré que sur cette région
du chromosome 12 se trouvent des génes qui codent entre autres pour la protéine
timeless, laquelle joue un role capital dans la régulation des rythmes circadiens chez la
drosophile et pour le peptide neurotensine dont les récepteurs sont localisés sur les
neurones dopaminergiques (DA).*®*’® Ces observations sont particuliérement
pertinentes dans un contexte ol l'intensité des symptémes du SIME présente une
variation circadienne et ou la DA est vraisemblablement impliquée dans sa

physiopathologie.

2.5. Physiopathologie
Bien que la cause du SIME soit encore inconnue, de nombreuses €tudes ont
tenté de préciser les régions du systéme nerveux responsables de sa symptomatologie

sensori-motrice. Actuellement, plusieurs facteurs étiologiques sont considérés.

2.5.1. Evidences pharmacologiques

L'efficacité de certains médicaments pour traiter les symptomes du SIME laisse

37,56 40,103 38,100

croire que les systemes DA, gabaergiques, opiacés et adrénergiques
centraux pourraient étr: impliqués dans la physidpathologie de cette maladie. En effet,
les agents DA tels que la levo-dopa (précurseur de la DA) et les agonistes des
récepteurs DA de type D, comme la bromocriptine, le pergolide, le ropinirole et le
pramipexole, sont considérés comme les traitements de choix du SIME. Ces

médicaments permettent & la fois un soulagement marqué des symptomes sensoriels et

moteurs du SIME et une diminution des MPJS, améliorant ainsi la qualité du sommeil



7,13,28,44,50,60,67,79,86,93,101, - . .
8.44,50.6067.198693,10L110 - o gbservations combinées au fait que

des patients.
l'administration de pimozide, un antipsychotique qui agit comme antagoniste sélectif

des récepteurs D,, aggrave la symptomatologie du SIME suggerent fortement une

atteinte des fonctions DA centrales. >’

2.5.2. Le role de la dopamine — apports de I’'imagerie cérébrale fonctionnelle

Le développement de techniques d'imagerie cérébrale fonctionnelle telles que la
tomogfaphie d’émission monophotonique (TEM) et la tomographie d’émission de
positrons (TEP) a permis d’évaluer le fonctionnement des systémes DA pré- et
postsynaptiques au niveau du striatum chez des pkatients atteints du SIME. Les
premiéres études ont été effectuées en TEM au début des années 90 par le groupe de
Steadt et al.®%® et ont montré une diminution de la liaison de P'2LIBZM, une
molécule possédant une trés grande affinité avec les récepteurs DA de type Dy, dans le
striatum des patients en comparaison & des sujets normaux. Une étude plus récente
effectuée en TEP avec un radio-ligand possédant des propriétés antagonistes des
récepteurs D; (*'C-raclopride) a également montré une diminution de la liaison chez les
patients SIME avec ou sans MPJS.”® La diminution de la liaison, de ’ordre de 13%,

affecterait de fagon équivalente le putamen et le rioyau caudé.

Cette derniére étude a par ailleurs démontré chez les patients, une diminution de
12% de la liaison du '*F-DOPA a I’enzyme de synthése de la DA, la DOPA
décarboxylase, qui semble affecter de fagon préférentielle le putarnen.98 Une telle

diminution a également été observée par Ruottinnen et al’® en utilisant les mémes



techniques chez des patients atteints du SIME et présentant des MPJS. Toutefois, ces
derniers ont démontré que le noyau caudé était affecté de fagon similaire au putamen.
Les résultats de ces deux études suggérent que les déficits observés au niveau du
systéme DA nigro-strié ne seraient pas seulement post-synaptiques mais également pré-

synaptiques.

Plus récemment, I’étude de Michaud er al.*® effectuée en TEM avec I' “I-IBZM
a démontré une diminution de 7% de la liaison dans le striatum de patients jamais
traités avec des agents DA comparativement a des sujets normaux. Ces résultats
corroborentA donc ceux obtenus par les études précédentes en imagerie fonctionnelle de
type post-synaptique. Par ailleurs, cette étude a également évalué les fonctions DA pre-
synaptiques au niveau du striatum a 1’aide de 1"'B1-B-CIT, un ligand du transporteur
membranaire de la DA, et n’a montré aucune différence entre les patients et les
contrdles. Ce demnier résultat a également été observé dans une autre étude en TEM qui

utilisait I"'*I-IPT comme radio-ligand.*

De fagon générale, les résultats obtenus dans ces différentes études démontrent

55,96,98 alors

une faible diminution (de l'ordre de 7-12%) de la liaison aux récepteurs D,
que les études concernant les fonctions pré-synaptiques sont quelque peu
contradictoires.*>7®%% Cette diminution de la liaison aux récepteurs peut s’expliquer
de deux fagons, soit 1) par une augmentation de la DA endogéne au niveau synaptique

qui entrainerait une régulation & la baisse du nombre de récepteurs ou une

augmentation de la compétition synaptique entre la DA et le ligand ou 2) par une
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diminution du nombre de récepteurs D, ou de leur affinité avec les ligands utilisés.”
Actuellement, aucun élément laisse croire a une augmentation de la synthese de la DA,
donc I’hypothése d’une diminution du nombre de récepteurs D, (ou de leur affinité
avec les ligands) demeure la plus probable. Si une réelle diminution des fonctions pre-
synaptiques existe, elle semble minime, ce qui suggere que l'intégrité des neurones DA
nigro-striés serait préservée chez les patients SIME. Des études en résonance
magnétique et en TEP (18F-FDG) ont d'ailleurs confirmé 1'absence de dégénérescence a

ce niveau chez les patients SIME. %

2.5.3. Lerole du fer

Un nombre croissant d’évidences suggére que le fer serait impliqué dans la
physiopathologie du SIME. En effet, plusieurs patients développeront un SIME suite a
une anémie ferriprive et I'utilisation de suppléments en fer dans ce cas, améliore le
SIME de ces patients. Par ailleurs, on croit que 1’augmentation de I’incidence du SIME
au cours de la grossesse serait causée par une déficience en fer consécutive a cet état
physiologique.*? Une étude en résonance magnétique nucléaire a permis d’observer une
concentration cérébrale en fer plus faible au niveau de la substance noire et du putamen
chez des patients SIME comparativement a des sujets normaux.’ Récemment, il a été
démontré qu'une diminution des taux sériques de ferritine, une protéine qui assure le
stockage du fer dans les tissus, pouvait étre associée a une exacerbation des symptomes
du SIME idiopathique.“’88 De facon similaire, une diminution de ’ordre de 65% des
niveaux de ferritine dans le liquide céphalorachidien a été rapportée chez des patients

SIME comparativement a des sujets normaux.”’ Cette derniére étude a également
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rapporté des niveaux trois fois plus élevés de transferrine, une protéine qui se fixe au
fer et qui le transporte aux différents organes, chez les patients SIME en comparaison a
des sujets normaux. Le plus surprenant est que ces variations des niveaux de ferritine et
de transferrine dans le liquide céphalorachidien ont été observées chez des patients qui

présentaient des niveaux sériques normaux de ferritine et de transferrine.

De telles observations laissent croire que le cerveau des patients SIME serait
incapable de transporter et de stocker le fer de fagon adéquate. D'autres observations
suggérent que la variation circadienne des niveaux sériques de fer pourrait expliquer
’aggravation nocturne des symptdmes du SIME puisque la concentration en fer
diminue de 30 & 50% en soirée.®’ Par ailleurs, les déficits en fer pourraient expliquer en
partie les déficits DA observés dans le SIME puisque le fer représente I'un des
principaux constituants des récepteurs DA et que sa présence est nécessaire a l'activité

de la tyrosine hydroxylase, I’enzyme limitant de la synthése de la dopamine.28

2.5.4. Etudes électrophysiologiques

Au niveau périphérique, les vitesses de la conduction nerveuse dans les
membres inférieurs et supérieurs obtenues chez des patients SIME sont généralement
normales.®>'%® Deux études récentes suggerent cependant la possibilité d’une atrophie
des fibres myélinisées du nerf sural de méme qu’une atteinte des petites fibres
sensorielles intra-épidermiques chez certains patients présentant un SIME
idiopatique.“’73 Les résultats des études EMG et des biopsies musculaires sont par

ailleurs normaux dans la grande majorité des cas.®'® Par conséquent, ceci suggére que
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le substrat physiologique du SIME serait plutdt localisé a un niveau central que
périphérique. Certaines évidences expérimentales laissent croire que des régions du
SNC telles que le tronc cérébral et la moelle épiniere pourraient étre impliquées dans la
physiopathologie du SIME. Par ailleurs, il n’y a aucune évidence que des mécanismes
d’origine corticale sont impliqués. En effet, 1’étude de ’activité EEG précédant les
mouvements périodiques des jambes a 1’éveil chez des patients SIME n’a permis de
déceler aucun potentiel pré-mouvement (Bereitschaftspotential), ce qui supporte
I’implication de mécanismes d’origine sous-corticale.”” Dans le méfne ordre d’idée, une
étude effectuée en imagerie par résonance magnétique fonctionnelle (IRMf) n’a
démontré aucune activation corticale lors de phénomeénes sensoriels du SIME ou de

MPJ 4 Iéveil.1*

L’étude du réflexe de fermeture des paupieres chez des patients SIME avec
MPJS a permis de révéler une composante tardive anormale.'® Ceci suggére la
possibilité d’une atteinte au niveau du tronc cérébral pontique. Une étude similaire
réalisée par Briellman ef al.'* n’a cependant pas permis de mettre en évidence cette
composante tardive. Ces derniers ont plutét observé une altération des mécanismes
d’habituation du réﬂexe. Ce phénoméne serait selon eux, consécutif & un
dysfonctionnement des voies DA pallido-striées. Par ailleurs, une activation de la
formation réticulée rostrale du tronc cérébral et du noyau rouge du mésencéphale a €té
observée en IRMf lors de MPJ & I’éveil chez des patients SIME.'* Cette méme étude a
également identifié une activation cérébelleuse ipsilatérale de méme qu’une activation

controlatérale du thalamus suite aux manifestations sensorielles du SIME. Ces études
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suggérent donc que le mésencéphale, le tronc cérébral et le cervelet, trois régions ou
convergent la majorité des afférences sensorielles et des efférences motrices du corps

humain pourraient étre impliqués dans la physiopathologie du SIME et des MPJ.

La présence de MPJS chez des patients ayant subi une section compléte de la
moelle épiniére de méme que chez des sujets lors d’une anesthésie spinale ou d’une

202549107115 e qui supporte I'hypothése

épidurale a été rapportée dans quelques études,
d'un générateur spinal p@ur les MPJ. Ces résultats suggérent donc que certaines lésions
spinales pourraient démasquer ou désinhiber un générateur spinal intrinséque localisé
vraisemblablement au niveau lombo-sacré, et par conséquent favoriser 1’apparition de
MPJ. L’étude récente de Bara-Jimenez et al’ sur le réflexe de flexion supporte
I’hypothése selon laquelle les MPJ résulteraient d'une augmentation de I'excitabilité
spinale. En effet, les patients SIME avec MPJS ont présenté un seuil plus bas
d’excitabilité du réflexe de flexion que les sujets normaux, et ce, tant 4 I’éveil que
pendant le sommeil. De plus, il est apparu que la réponse motrice de tous les patients
lors de stimulations de haute intensité était composée de bouffés EMG de longues
durées et de longues latences, un phénomeéne qui n’a été observé que chez quelques
contrfles. Ces observations suggerent donc qué la moelle épiniere posséderait les

“infrastructures” nécessaires a la genése des MPJ et que ces derniers surviendraient

suite 4 une diminution de l'inhibition supraspinale et/ou a une hyperexcitabilité spinale.

2.6. Diagnostic et examen de laboratoire

Le diagnostic du SIME repose principalement sur I'histoire clinique du patient
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et, plus particuliérement, sur la présence des quatre critéres essentiels définis par
PIRLSSG.'™ Actuellement, aucun test de laboratoire ne permet de confirmer le
diagnostic du SIME. Des examens biochimiques et hématologiques sont généralement
effectués afin d'éliminer certaines des formes secondaires du SIME mentionnées
précédemment. Des mesures de la vitesse de conduction nerveuse au niveau des
membres symptomatiques peuvent également étre réalisées afin d’exclure la présence

d’une atteinte neuropathique localisée ou généralisée.

Bien que le diagnostic du SIME soit essentiellement clinique, plusieurs patients
subiront un enregistrement polysomnographique d'une nuit en laboratoire. Ceci permet
d’une part d’objectiver les plaintes de sommeil du patient et, d’autre part, de quantifier
les MPJS. Tel que mentionné précédemment, la quantification des MPJS est
couramment utilisée afin de confirmer le diagnostic clinique du SIME. Une étude
récente effectuée chez 16 cas sévéres de SIME ainsi que chez 16 sujets normaux a
démontré qu’un index de MPJS supérieur & 11 permet de distinguer les patients des
sujets normaux avec une sensibilité (pourcentage des patients bien classés par le test) et

une spécificité (pourcentage des sujets normaux bien classés par le test) de 81%.%

Par contre, les MPJS ne sont pas spécifiques au SIME. En effet, la présence de
MPIJS a été rapportée dans d’autres troubles du sommeil dont la narcolepsie,114 le
trouble comportemental en sommeil paradoxal (TCSP)53 et le SAS.***® On retrouve
également des MPJS chez des sujets qui se plaignent d’insomnie et de somnolence

diurne excessive.’! Une telle symptomatologie méne généralement au diagnostic de
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troubles du sommeil causés par les MPJS. D’autre part, des MPJS sont également
observés chez des sujets normaux qui ne présentent aucune plainte subjective a I’égard
de leur sommeil. Des études effectuées sur de grandes populations ont montré que la
prévalence des MPJS augmente de fagon importante avec l'age.*®*1862 Ainsi, les MPJS
sont observés chez environ 5% des sujets normaux agés de 30 a 50 ans, 30% des

individus de plus de 50 ans et chez 44% des sujets apres 1’age de 65 ans.'®

Puisque les MPJS surviennent a la fois chez des patients atteints de différents
troubles du sommeil et chez des sujets normaux, leur signification fonctionnelle est
difficile a établir. Certains croient que les MPJS altérent la qualité du sommeil,
notamment en raison de leur association temporelle avec des modifications du rythme
cardiaque et des signes d’éveil a I’EEG, tels que des micro-éveils.3? Ces demiers se
définissent comme des accélérations soudaines de 1’activité électrique cérébrale d’une
durée variant entre 3 et 10 secondes pouvant survenir de fagon spontanée ou étre
induites par des stimulations sensorielles externes. Le sujet qui dort n’a généralement
pas conscience des micro-éveils. Les modifications du rythme cardiaque survenant lors
des MPJS se caractérisent quant a elles par une tachycardie (sur environ six battements
apres le début du mouvement) suivie d’une bradycardie, ce qui suggére une réaction du
systéme nerveux autonome aux MPJS. Par conséquent, la présence simultanée de
modifications des fonctions autonomiques et de micro-éveils supportent ’hypothese

que les MPJS provoquent des activations cérébrales qui alterent la qualité du sommeil.

Toutefois, d’autres chercheurs soutiennent que les MPJS ne représentent pas
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une cause d’insomnie.””*”? Deux éléments supportent une telle hypothése: 1) la
présence de MPJS chez des sujets sans trouble du sommeil, 2) I’absence de corrélation
significative entre les indices de MPJS de patients et leurs résultats au test itératif de
délais d’endormissement (TIDE), qui permet de mesurer objectivement la somnolence
diurne.’* Bref, la signification fonctionnelle des MPJS demeure encore aujourd’hui

incertaine.

Récemment, une autre méthode a été introduite afin d’appuyer le diagnostic
clinique du SIME. Cette méthode est appelée le test d'immobilisation suggéree (TIS).”
Le TIS dure 60 minutes et est administré en fin de soirée, soit au moment ou les
symptomes du SIME sont les plus apparents. Au cours du TIS les sujets sont placés en
position assise a 45°, les jambes allongées et doivent demeurer immobiles et éveillés
pendant la durée totale du test. Initialement, ce test a été congu pour quantifier les
symptomes moteurs du SIME (i.e. les mouvements volontaires et involontaires des
jambes) par I’enregistrement de ’EMG de surface des muscles jambiers antérieurs.
Une étude effectuée chez 16 patients atteints du SIME et chez 16 sujets normaux a
démontré qu’un index de mouvements supérieurs a 40 lors du TIS permet de
discriminer les patients SIME des contrdles avec une sensibilité et une spécificité de

81%.’
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3.BUTS ET HYPOTHESES

Les résultats présentés dans cette thése de doctorat font partie d’un programme
de recherche qui vise quatre objectifs principaux, soit 1) de compléter la description
clinique du SIME, 2) d’en préciser les caractéristiques polygraphiques, 3) d’évaluer les
effets de I’immobilité sur les symptomes sensoriels et moteurs du SIME et 4) de

développer des méthodes de laboratoire pour aider au diagnostic de cette maladie.

3.1. Compléter la description clinique du SIME.

L’objectif du premier volet de ce programme de recherche est d’établir la
prévalence d’impatiences musculaires au niveau des membres supérieurs chez des
patients atteints du SIME. Bien que la définition clinique du SIME faite par
’TRLSSG'™ comprend la présence de paresthésies/dysesthésies au niveau des jambes
et/ou des bras, aucune étude n’a évalué de fagon spécifique la présence de symptémes
au niveau des membres supérieurs chez des patients SIME. Notre hypothese est qu’une
importante proportion de patients rapportera des symptomes au niveau de membres
supérieurs. Nous évaluerons donc  1’aide d’un questionnaire la présence d’impatiences
musculaires aux bras chez une grande cohorte de patients atteints d’un SIME

idiopathique.

3.2. Préciser les caractéristiques polygraphiques du SIME.
Le deuxiéme volet de ce programme de recherche a pour but de préciser les

caractéristiques polygraphiques de jour et de nuit du SIME. Ce volet comporte deux
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objectifs spécifiques, soit 1) d’étudier la présence de mouvements périodiques des bras
a I’éveil et en sommeil et 2) de définir les caractéristiques polygraphiques des MPJ a

I’éveil et en sommeil.

3.2.1. Présence de MPB a I’éveil et en sommeil.
Aucune étude polygraphique n’a jusqu’a maintenant quantifié les MPB dans le
SIME. Les seules indications laissant croire a l’existence de tels phénomenes

102 et du témoignage des partenaires

proviennent d’une étude par enregistrement vidéo
de patients SIME lors d’examens cliniques. Nous quantifierons donc les MPB par des

enregistrements polysomnographiques en laboratoire chez une série de patients se

plaignant ou non de mouvements involontaires des membres supérieurs.

3.2.2. Caractéristiques des MPJ a I’éveil et en sommeil.

Tel que mentionné précédemment, une trés grande proportion de patients
atteints du SIME présentent des MPJ. Nous nous intéresserons donc aux
caractéristiques intrinséques de ces mouvements. Pour ce faire, nous procéderons a
’étude des caractéristiques électrophysiologiques telles que la durée et la périodicite
des MPJ chez une grande cohorte de patients atteints du SIME. Nous émettons
I’hypothése que les caractéristiques des MPJ seront différentes au’cours du cycle
éveil/sommeil compte tenu que les seuils d’activation et d’inhibition motrice varient au
cours du cycle éveil/sommeil. Nous nous intéresserons également aux effets de ’age et

du sexe sur les caractéristiques des MPJ.
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Le deuxiéme objectif de ce volet est d’une part de caractériser les mouvements
des jambes observés a I’éveil lors du TIS, et d’autre part, de développer des critéres qui
permettront de quantifier ces mouvements. Nous utiliserons les données provenant de
I’EMG de surface des muscles jambiers antérieurs d’une série de patients SIME ayant
subi un TIS en laboratoire. Comme pour 1’étude précédante, nous porterons une
attention spécifique aux caractéristiques électrophysiologiques (durée et périodicité)
des mouvements. Enfin, nous développerons a partir des critéres définis originalement
par Coleman pour quantiﬁef les MPJS,"” des critéres permettant la quantification des

MPJ lors du TIS.

3.3. Evaluer les effets de Pimmobilité sur les symptdmes sensoriels et moteurs du

SIME.

Le troisiéme volet du programme de recherche a pour but, d’une part, de
développer une méthode standard qui permettrait la quantification des composantes
sensorielles du SIME, et d’autre part, d’évaluer 'influence de I’immobilité sur les
symptdmes sensoriels et moteurs du SIME. Compte tenu que les symptdmes du SIME
apparaissent de fagon préférentielle lors de I’immobilité et en soirée, nous utiliserons le
TIS administré en fin de soirée pour évaluer I’effet de la durée de I'immobilisation sur
ces symptdmes. La composante motrice du SIME sera quantifiée par les MPJ selon les
critéres définis dans 1’étude précédente alors que la composante sensorielle sera
quantifiée par une nouvelle méthode. Cette derniére consiste a administrer une échelle
analogique de 100 millimétres & toutes les cing minutes au cours de la période

d’immobilité. L’influence de la durée d’immobilisation sur les phénomeénes sensoriels
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et moteurs sera étudiée chez un groupe de patients SIME et autant de sujets contrdles
appariés pour ’age et le sexe. Compte tenu que I’aggravation des symptdmes au repos
est une caractéristique intrinséque au SIME (bien que cela n’ait jamais été démontré
par le biais d’articles scientifiques), nous émettons I’hypothése que les patients SIME
présenteront une augmentation progressive de leur niveau d’inconfort aux jambes et du
nombre de MPJ avec la durée de I’immobilité. Nous croyons également que les
mesures sensorielles et motrices obtenues chez les patients seront significativement
plus élevées que celles obtenues chez les sujets normaux.
3.4. Développer des méthodes de laboratoire pour diagnostiquer le SIME
Finalement, nous évaluerons la puissance discriminante des parametres
polygraphiques décrits précédemment pour diagnostiquer le SIME, i.e. la mesure de la
composante sensorielle lors du TIS, I’index de MPJ au cours du TIS, I’index de MPJS,
’index de MPJ a I’éveil au cours de la nuit et I’index de MPJS associées a des micro-

éveils. Pour ce faire, nous étudierons en laboratoire une grande cohorte de patients

SIME et de sujets controles.

Il est 2 noter qu’une description détaillée des méthodes utilisées dans les
différents volets de ce programme de recherche se retrouve dans chacun des articles

présentés au chapitre suivant.
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ABSTRACT

Restless legs syndrome (RLS) is a neurologic disorder characterized principally by leg
paresthesia and motor restlessness. Several clinical reports indicated that many patients
with RLS also have arm paresthesia and restlessness. In the present study, the incidence
of arm restlessness was assessed by questionnaire in 230 patients diagnosed with
idiopathic RLS. Arm restlessness was reported by 48.7% of the patients. Patients with
and without arm restlessness were compared with regard to clinical and
polysomnographic parameters. No between-group differences were found for age at
onset of RLS, duration of illness, gender, presence of a family hiétory of RLS, sleep
latency, total sleep time, sleep efficiency and periodic leg movements index during
sleep. However, arm restlessness was more frequent in patients with severe RLS.
Interestingly, the polysomnographic data failed to differentiate the patients with arm
restlessness from those without arm restlessness, except for sleep efficiency, which
tended to be lower in patients with arm restlessness. In conclusion, the results of the
present study are in agreement with clinical observations that a large proportion of

patients with RLS have arm restlessness.

Keywords: Restless legs syndrome (RLS), Periodic leg movements during sleep

(PLMS), Arm restlessness, Sleep, Epidemiology.
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1. INTRODUCTION

Restless legs syndrome (RLS) is a sleep-related disorder characterized by leg
paresthesia and motor restlessness. Patients with RLS report leg discomfort associated
with difficulties initiating and/or maintaining sleep. Patients generally describe their
sensory symptoms as creeping, pulling or stretching sensations in their legs. These
paresthesias are associated with an irresistible need to move. Other clinical features of
RLS are: worsening of symptoms at rest with at lest temporary relief by agitated motor

activity and increased symptoms severity in the evening and during the night.

Restless legs syndrome is often associated with medical conditions such as anemia,"”
uremia,*® peripheral neuropathy,’ rheumatoid arthritis,’ fibromyalgia," and
pregnancy.””™ When associated with such conditions, it is called secondary or
symptomatic RLS. However, the majority of patients with RLS who are seen in sleep
disorders centers are not associated with these conditions; it is then called primary or
idiopathic RLS. A strong genetic component was found in primary RLS. Indeed, more
than half of these patients have at least one first-degree relative afflicted with RLS."*'¢
The studies of pedigrees suggest the presence ‘of an autosomal dominant mode of

transmission.!”%°

Restless legs syndrome is also frequently associated with periodic leg movements in
sleep (PLMS). In fact, almost 80% of patients with RLS have PLMS."* PLMS are

characterized as an extension of the big toe and a dorsiflexion of the ankle occasionally
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associated with flexion of the knee and hip. PLMS last 0.5-5 seconds and occur every
20-40 seconds. In patients with RLS, these stereotyped repetitive leg movements are
associated with electroencephalographic and electrocardiographic signs of arousal.”'
PLMS are also found in many other sleep disorders, such as narcolepsy,” sleep apnea
syndrome,” and REM sleep behavior disorder.”* They are also present in a large

percentage of non-complaining subjects, especially in advancing age””

In the original description of RLS, Ekbom repofted that some patients with RLS also
complain of arm paresthesia.”® More recent studies showed that 22 to 50% of patients
with idiopathic RLS also report arm restlessness.”'® The purpose of the present study
was to determine the occurrence of arm restlessness in a large cohort of patients with
RLS and to compare patients with and without arm restlessness with regard to clinical

and polysomnographic features.

2. METHODS

Two hundred and thirty consecutive patients (112 men: mean age 51.4 £ 12.0 yrs and
118 women: mean age 51.6 + 13.0 yrs) with idiopathic RLS entered the study. The
diagnosis of RLS was based on the presence of the four mandatory clinical
characteristics established by a large international RLS study group.’' The presence of
medical conditions (including psychiatric and neurological disorders) known to be
associated with RLS were ruled out by a clinical evaluation and by appropriate
laboratory tests, especially hemogram, serum urea, creatinine and iron levels, and by

nerve conduction velocity and electromyogram in rare cases for whom peripheral
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neuropathy was suspected. These tests were normal for every patient who entered the

study.

A questionnaire, inquiring about gender, age, age at onset of RLS, presence or absence
of arm restlessness and family history of RLS was administered at the initial clinical
evaluation. A reporting of arm restlessness signified that the patients experienced
unpleasant arm sensations similar to those experienced in the legs. No information was
collecfed with regard to the exact localization or lateralization of arm restlessness or
about the time elapsed between the appearance of restlessness in the arms and in the
legs. However, the clinical interview revealed that arm restlessness often involved only
the fingers and the wrist but, in a few cases, the elbow and the shoulder were also
involved. At the end of the clinical evaluation, the sleep specialist classified patients
who received a clinical diagnosis of RLS into three severity categories: 1) mild, 2)
moderate or 3) severe, based on the frequency of RLS symptomatology and on the
impact of RLS symptoms on nocturnal sleep. Patients presenting RLS symptoms on
fewer than 3 days (evening or night) per week for at least 6 months were classified as
mild cases. Moderate cases designated patients who experienced RLS symptoms on at
least 3 days per week but not everyday, whereas severe cases designated patients with
daily manifestations of RLS. However, regardless of RLS symptoms frequency, the
absence of nocturnal sleep disruption (i.e. difficulty initiating or maintaining sleep) led
to the classification of patients in the mild category. Consequently, cases of moderate

or severe RLS showed a higher degree of nocturnal sleep disruption than mild cases.
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The degree of nocturnal sleep disruption was not considered for the differentiation

between moderate and severe RLS. Severity scores were available for 224 patients.

One hundred and eighty-three patients (95 men: mean age 50.5 + 12.4 yrs and 88
women: mean age 49.7 + 12.6 yrs) were recorded for at least one night in the sleep
laboratory. Sleep was recorded and scored using the standard method.”> PLMS were
assessed by electromyographic recordings (EMG) of right and left anterior tibialis
muscles. PLMS were scored according to Coleman’s criteria, that is, a duration of 0.5-5
seconds, the presence of four or more consecutive movements separated by intervals of

4-90 seconds.” The PLMS index represents the number of PLMS per hour of sleep.

Mann-Whitney U-tests or x> tests were performed to evaluate clinical and
polysomnographic differences between patients who had arm restlessness and those
who did not. Differences in polysomnographic characteristics in patients with mild,
moderate, and severe RLS were assessed by a one-way analysis of variance (ANOVA).
Post-hoc comparisons between RLS severity levels were performed using the Tukey

HSD-test. Statistical significance was defined as p < 0.05.

3. RESULTS

Table 1 and 2 show the clinical and polysomnographic characteristics of patients with
RLS who had arm restlessness or not. Almost half of the 230 patients (48.7%, n=112)

reported having arm restlessness. No between-group differences were seen for gender,
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age at time of consultation, age at onset of RLS, duration of illness (age at consultation

— age of onset) and presence or absence of a family history of RLS (Table 1).
*xsksokdordokkk Tnsert Tables 1 and 2 approximately here #ix stk

One hundred and eighty three patients, including 89 patients who had arm restlessness
were recorded for at least one night in the sleep laboratory. As seen in Table 2, there
was no between-group difference with regard to sleep latency, total sleep time, sleep
efficiency and PLMS index. However, the patients who had arm restlessness tended to

have a lower sleep efficiency (p = 0.07) than patients without arm restlessness.
*rxkkdkrxkd Tnsert Table 3 approximately here *¥skoksckdk

Table 3 shows the occurrence of arm restlessness as a function of clinical severity. It
shows that approximately two thirds (64.22%) of the patients who had arm restlessness
had severe RLS compared with 44.35% of patients without arm restlessness. The
distribution of patients with and without arm restlessness according to severity levels

was statistically significant (p < 0.002).

As presented in Table 4, there were significant differences in the patients’ age at time
of the consultation between the severity subgroups. No difference was seen for gender,
age at onset, and positive family history of RLS. Severity subgroups were statistically

different for all the polysomnographic characteristics listed in the Table 5. Severe
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cases, therefore, showed a longer sleep latency, a shorter sleep duration, a lower sleep

efficiency and a higher PLMS index than mild cases.

owkdorkkoliook Tngert Tables 4 and S approximately here ¥k

4. DISCUSSION

The present study shows that arm restlessness is very frequent in patients with RLS.
These patients do not represent a distinct subpopulation of patients with RLS in terms
of age, age at onset of RLS, and presence or absence of a family history of RLS.
Polysomnographic recording also failed to differentiate the patients with RLS who had

arm restlessness from those who did not.

The relationship between arm restlessness complaint and severity of RLS points to arm
restlessness as being a potential marker of RLS severity. It should be noted that all of
the patients consulted for the presence of arm restlessness at bedtime or during the
night also had leg restlessness. This suggests that in most mild cases of RLS, symptoms
are specifically localized to lower extremities and only with increased severity do they

also affect the arms and possibly other parts of the body.

In 1997, the American Sleep Disorders Association (ASDA)* recommended to use the
term “periodic limb movements in sleep” rather than “periodic leg movements in sleep”

because of the presence of movements in the upper limbs, although these movements
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were never studied by means of EMG recordings. Similarly, we should consider the
possibility of using the term “restless limbs syndrome” since approximately half of
patients with RLS also have arm restlessness associated with an irresistible urge to
move. The presence of periodic arm movements was recently recorded in one patient
with severe RLS who also had arm restlessness during wakefulness.” Change in
terminology should, however, await further confirmation of the presence of periodic

arm movements in patients with RLS.

The results of the present study suggest that the sensory pathways involved in the
physiopathology of RLS are not exclusively those located in the lumbar-sacral cord.
These results, in conjunction with those on periodic arm movements, suggest that RLS-
PLMS would be related to a neurological deficit originating at a more rostral level that
normally modulates sensory and motor functions at all spinal cord levels. However, the
possibility of a polyneuropathy affecting simultaneously both the arms and legs cannot
be excluded. Further research should look at the prevalence of periodic arm movements
in a large population of patients with RLS who have arm restlessness or not in the
waking state by recording different muscle groups in the upper limb and in other

locations as well.
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Table 1. Clinical characteristics of 230 patients with restless legs

syndrome with and without arm restlessness

38

Arm restlessness complaints

Yes No p
Number of subjects 112 118
Age at consultation® 523+ 125 50.7 +12.4 NS'!
Gender 56 women 62 women NS?
56 men 56 men
Age at onset * 293+15.1 29.8+13.4 NS'!
(n=107) (n=112)
Duration of illness* 23.1+178 21.1+15.8 NS
(n=107) (n=112)
Positive family 45.3 % 40.7 % NS *
History of RLS (n=113)

(n=106)

NS, not significant.

* Value expressed as means and standard deviations.

" Mann-Whitney U-test.

2 Khi? test.



Table 2. Polysomnographic characteristics of 183 patients with

restless legs syndrome with and without arm restlessness

39

Arm restlessness

Yes No p
Number of subjects &9 94
Sleep latency (min.) * 25.7+24.4 24.8 +36.7 NS'
Total sleep time (min.) * 337.4+93.4 358.9 + 98.4 NS'!
Sleep efficiency (%) * 73.4+17.7 77.9+16.2 NS'
PLMS index * 28.2+33.0 27.1+30.8 NS!

NS, not significant; PLMS, periodic leg movements in sleep.
* Value expressed as means and standard deviations.

! Mann-Whitney U-test.



Table 3. Occurrence of arm restlessness as a function of restless

legs syndrome severity.

40

Arm restlessness complaints

RLS severity Yes No

n % n %
Mild | 12 11.01 10 8.70
Moderate 27 24.77 54 46.96
Severe 70 64.22 51 4435
Total 109 100 115 100

Khi*: p<0.002.
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Table 4. Clinical characteristics of 230 patients as a function of the severity of their

restless legs syndrome.

RLS severity

Mild Moderate  Severe p Post-hoc’

Age at consultation*® 445+10.0 502+11.6 53.2+12.7 0.006' mild<sev.

Gender 11 women 42 women 65 women NS°2
11 men 4l men 60 men
Age at onset * 28.5+9.8 28.7+129 305+154 NS'

Duration of illness* 153+13.4 22.0+159 226+173 NS'
Positive family history  68.42 % 50.65 % 5833 % NS 2

OfRLS @=19)  (@=77)  (@=120)

NS, not significant.

* Value expressed as means and standard deviations.
! Analysis of variance (ANOVA).

? Khi® test.

? Tukey HSD-test.
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Table 5. Polysomnographic characteristics of 183 patients as a function of the severity of

their restless legs syndrome.

RLS severity
Mild Moderate Severe p Post-hoc *
Age at consultation*® 44499 493+12.1 51.8+12.7 ns '
Sleep latency (min.) * 157+73 194+20.1 30.6+38.5 0.0366' mod.<sev.

Total sleep time (min.) * 410.6+45.7 370.5+93.9 324.2+97.0 0.0003 ' mild > sev.
mod. > sev.
Sleep efficiency (%) * 86.0+6.5 80.5+156 709+174 0.00006' mild> sev.
mod. > sev.
PLMS index * 140+14.6 212+21.6 345+344 0.006' mild>sev.

mod. > sev.

PLMS, periodic leg movements in sleep.

* Value expressed as means and standard deviations.
" Analysis of variance (ANOVA).

? Khi’ test.

? Tukey HSD-test.
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ABSTRACT

A high proportion of patients with restless legs syndrome (RLS) also complain of arm
paresthesia but the presence of periodic arm movements (PAM) has never been
documented in a sleep laboratory in these patients. We investigated the prevalence of
PAM during nocturnal sleep and awakenings in 22 RLS patients. Fifteen patients had a
PAM index > 5 movements per hour during wakefulness and, among them only 3 had a
PAM index > 5 during sleep. Twenty patients had a periodic leg movement (PLM)
index > 5 during wakefulness and 17 had a PLM index > 5 during sleep. In 42.8% of
cases, PAM showed temporal relationship with PLM during wakefulness. These results
show that PAM is frequent in RLS and suggest that the basic neurological dysfunction
responsible for RLS is probably not located exclusively at the level of the lumbar spinal

cord but involves neuronal systems located at upper levels.

Key words: Restless legs syndrome, Periodic leg movements, Periodic arm

movements, Sleep, Wakefulness, Periodicity, Sleep Wakefulness.
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INTRODUCTION

The restless legs syndrome (RLS) is characterized by leg discomfort associated with an
irresistible need to move [1]. It occurs at rest and is at least partially relieved by
activity. Symptom severity usually increases in the evening and during the night [2]. A
great majority (80%) of RLS patients also present periodic leg movements while asleep
(PLMS) [3-5]. However, PLMS can also occur without RLS in normal subjects or in
patients with other sleep disorders such as the sleep épnea syndrome [6-9], narcolepsy
[7], and REM sleep behavior disorder [10]. Coleman [11] has developed criteria for
~ scoring PLMS and considered a PLMS index (number of movements/hour) greater than
5 as pathological. Recently, leg movement characteristics were analyzed in 100 RLS
patients [12] using Coleman’s criteria [11]. Leg movements were shown to be periodic
both during wakefulness and during sleep, but their frequency was influenced by EEG
states [12-13]. Inter-movement intervals (IMI) were shorter during wakefulness and

progressively increased during stages 1, 2, 3 and 4 of non-REM sleep.

Clinical studies have reported that a high proportion of RLS patients also complain
about arm paresthesia [2, 5, 14-15]. In a recent sfudy of 214 RLS patients [15], it was
shown that nearly half of the subjects complained of arm paresthesia and restlessness,
and that the complaint of arm paresthesia was positively correlated with RLS severity.
In a videotape study of RLS patients, periodic arm movement (PAM) associated to
PLMS was noted in one patient [16]. However, EMG from arm muscles was never

recorded in RLS patients during sleep or wakefulness.
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The aim of the present study was to quantify arm movements during both wakefulness
and sleep in RLS patients and to assess the temporal relationship between PAM and

PLM.

METHODS

Patients

Twenty-two idiopathic RLS patients (8 males and 14 females, mean age 53.8 £ 10.8
years) were studied in the sleep laboratory. Patients reported all four major symptoms
recently defined as mandatory for the diagnosis of RLS [17]. Based on the frequency of
RLS symptomatology and on the impact of RLS symptoms on the quality of life, the
clinician classified patients into three severity levels: 1) mild, 2) moderate or 3) severe.
The neurological examination showed no evidence of arm or leg peripheral neuropathy.
The clinical examination also excluded other conditions known to be associated with
RLS such as anemia or renal insufficiency. These two conditions were further ruled out
by appropriate blood tests. Other exclusion criteria were the presence of any other sleep
or neurological disorders. Patients were untreated or withdrawn from medication for at

least 2 weeks prior to entering the study.

Polysomnographic recordings
Patients were recorded for two consecutive nights. During the second night, arm

movements were recorded by a pair of electrodes separated by approximately 2 cm and
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located over the right and left common extensor digitorum brevis muscles (arms).
These muscles were selected based on the observation of video recordings of a large
number of RLS patients during the Suggested Immobilization Test showing that some
patients had movements of the arms characterized by an extension of the fingers and a
dorsiflexion of the hand. EMG from right and left anterior tibialis muscles (legs) were
also recorded. Sleep was recorded and scored according to Rechtschaffen & Kales
criteria [18]. Sleep latency was defined as the time from lights out to the first minute of
stage 1 non-REM sleep or one epoch of any other sleep stage. Sleep efficiency Was
calculated as the percentage of time spent asleep over the recording time from sleep
onset to the last awakening. Oral and nasal airflow, thoracic and abdominal movements

and oxymetry were recorded during the first night to rule out the sleep apnea syndrome.

All arm and leg movements were scored according to Coleman’s criteria [11]. Only
movements of 0.5-5 s. separated by intervals of 4-90 s. and occurring in series of at
least 4 consecutive movements were counted. Index (number of movements per hour)
of both PAM and PLM were measured during periods of wakefulness in the night
(PAMW, PLMW) and during sleep (PAMS, PLMS). PAMW were particularly difficult
to score since the tracings were comprised ‘of both involuntary and voluntary
movements. The temporal relationship between PAM and PLM was analyzed. PAM
were considered temporally associated with PLM when they occurred within 2 seconds
before or after the occurence of PLM. The PAM and PLM associated with

microarousals have also been calculated.
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Statistical analyses

Relationships between age, PAMW index, and PLMW indices were assessed by the
Spearman correlation test. Mann-Whitney U-tests were performed to assess whether
patients with PAMW?>5 differed from patients without PAMW on age, RLS severity

scores and on several sleep parameters.

RESULTS

PAM incidence

Fifteen (68%) patients had a PAM index greater than 5 during wakefulness and only 3
of them had a PAM index > 5 during sleep. These 3 patients presented movements
during stages 1 and 2 sleep and, for one of those patients, PAM were also present
during stages 3 and 4 sleep and REM sleep. In general, PAM during sleep were
bilateral. However, there were movements affecting one side only. The three patients
who had a PAM index >5 during both sleep and wakefulness all complained of arm
restlessness and 2 of them rated their arm restlessness more severe than their leg
restlessness. When considering all patients who answered affirmatively to the question
“Do you experience arm restlessness?”, 69% did have a PAMW index >5. PLM were
seen both during wakefulness and during sleep. Twenty (91%) patients had a PLMW
index > 5 and 17 (77%) had a PLMS index > 5. None of the patients had PAM without

also having PLMW or PLMS.
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Effects of age and RLS severity

Patients with a PAMW index > 5 were significantly older than patients with a PAMW
index < 5 (p = 0.01) (table 1). Correlation coefficients were calculated between age,
PAMW and PLM indices. PAMW increased significantly with advancing age (r = 0.6,
p= 0.008) and the PLMW index was also positively correlated with age (r = 0.6, p =
0.005). However, the PLMS index was not significantly correlated with age (r =0.25, p
= (.26). Patients with a PAMW index > 5 tended to have a greater severity score than
patients with a PAMW index < 5. However, due to the small number of subjects in

each subgroup, the difference failed to reach significance

(p=0.16). On the other hand, the 3 patients who had a PAMS index >5 were among the
most severe cases of RLS and they were significantly older than patients without

PAMS (67.3 vs 51.7; p=0.03).

fosdokopsoioldok® Tngert Table 1 approximately here *¥#ixskdokokiok

Sleep disturbances

The presence of PAM was associated with significantly more nocturnal sleep
disturbance. Table 1 summarizes polysomnographic data obtained in patients with and
without PAMW. Patients with PAMW (index > 5) had a lower total sleep time (p=0.03)
sleep efficiency (p = 0.03) and REM sleep percent (p = 0.01) than patients without

PAMW (index < 5) but no difference was seen for percentage of stages 1, 2,3 + 4
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sleep. There was no statistical significant difference between patients with or without

PAMW for indices of PLMW or PLMS.

In the 3 patients who had a PAMS >5, movement indexes during sleep were 55.2 for
PAMS and 88.4 for PLMS. A proportion of 30.9% of PAMS and 28.5% of PLMS were
associated with microarousals and the indices (per hour of sleep) of PAMS and PLMS
associated with microarousals were 18.5 and 21.1, respectively. By comparison, in the
19 other patients, the PLMS index was 17.2, the percentage of PLMS associated with
microarousals was 21.8 and the index of PLMS associated with microarousals was only

2.5.

Relationship between PAM and PLM indices

PAMW and PLMW indices were positively correlated for the entire group (n =22, r =
0.6, p = 0.004) and for patients with a PLMW index > 5 separately (n=15,r=0.7,p =
0.004). No correlation could be calculated between arm and leg movements in sleep

because of insufficient data (3 patients only had a PAMS index > 5).

PAM periodicity

Figure 1 shows an example of a polygraphic recording obtained during stage 2 sleep in
the patient with the highest PAMS index. Here, both arm and leg movements occurred
periodically starting with movement of the right leg, followed by the right arm, the left
leg and the left arm. There was also a chin EMG potential associated with each limb

movement. Figure 2 shows the distribution of arm and leg IMI during both stage 2
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sleep and wakefulness in this patient. As for PLM, PAM are more clearly periodic
during sleep compared to wakefulness, suggesting that limb movements during

wakefulness may include both involuntary movements and voluntary movements.

kakdokkxkkxk Insert Figures 1 and 2 approximately here *##wdkokxstox

Temporal relationship between PAM and PLM

During wakefulness, PAM were temporally associated with PLM, occurring within 2 s.
before or after the occurrence of leg movements, in 42.8 % of cases. In 17.7 % of cases
PAMWrcame first and in 25.1 % of cases PAMW appeared after PLMW. In the
remaining cases (57.2 %), PAMW were not temporally associated with PLMW. These
results shoud be considered as indications only since involuntary and voluntary arm

movements were difficult to tell apart.

During sleep, only 3 patients had PAM. In these cases, PAMS were temporally
associated with PLMS in 67.2 % of cases (8 % of PAMS occurring before PLMS and
59.2 % of PAMS occurring after PLMS) and not temporally associated in 32.8 % of

cases.

DISCUSSION

Since Ekbom in 1960 [2], a few authors have mentioned the presence of arm

paresthesia in patients with RLS [5, 14, 15, 16]. However, the present study shows for
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the first time the presence of PAM in RLS patients recorded in the sleep laboratory.
These results show that PAMW is a common finding in RLS but that arm movements
disappear during sleep in the majority of cases. In the patients for whom PAM were

also found during sleep, arm movements showed the same periodicity as for PLMS.

The presence of PAMW, and in only a few patients of PAMS, is congruent with the
idea that RLS is primarily a waking state disorder. Why would PAM disappear during
sleep while PLM would still be present in a majority of patients remains obscure.
However, the similarity in the periodicity of PAM and PLM both during wakefulness

and sleep strongly suggests that the same basic mechanisms may be involved.

The age difference between the 2 PAMW subgroups (presence or absence), and
especially between the PAMS subgroups, points to the occurrence of PAM as
constituting a later stage in the evolution of RLS. This would explain the relationship
between age and both PAM and severity of RLS symptoms. In the present study, age

was indeed positively correlated with both PAMW and PLMW indices.

The present study showed that RLS patients with PAM have more nocturnal sleep
disruptions (decreased total sleep time and sleep efficiency, and decreased REM
percent) than patients without arm movements. In a previous study [15] of a large
sample of RLS patients using a questionnaire, the presence of arm restlessness had also
been associated with increased severity of RLS and of nocturnal sleep disturbance.

Sleep disturbances are unlikely the result of the sole age difference. A difference of 11
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years in that age range is insufficient to explain the magnitude of sleep changes, i.e. a
difference of 82 minutes in sleep time and of 12% in sleep efficiency. Rather, the
interaction between age and severity of RLS symptoms (including superimposed arm
movements and paresthesia) could perhaps explain the sleep disturbances seen in the
RLS patients with PAM. Arm paresthesia at bedtime does not seem to have a major
impact since sleep latency was similar in patients with and without arm paresthesia.
However, patients with PAM may have more difficulty returning to sleep, due to
PAMW and paresthesia, following nocturnal awakenings. In addition, RLS patients

with PAMS have a very high microarousal index associated with movements.

One may question whether the presence of arm movements during wakefulness is a
specific motor phenomenon or whether it is part of a general motor response to leg
paresthesia. It is possible that when the patient experiences unpleasant leg sensations,
the motor response may involve not only the legs but also the upper limbs and even the
jaw muscles where EMG potential were also noted. Although this possibility cannot be
completely ruled out, results of the present study suggest that the two responses may be
independent. When the two phenomena were temporally associated, the arm
movements were found to precede leg movements in 41% of cases during wakefulness
and in 14% during sleep. In addition, 50 % of all arm movements were not associated
with concomitant leg movements further suggesting that arm and leg movements can

occur independently.
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Several mechanisms have been proposed to explain the presence of PLM, including
polyneuropathy [14]. Another study [19] has shown morphological changes in the sural
nerve associated with RLS, further supporting the possibility of a peripheral origin of
these periodic movements both in sleep and during wakefulness. The study of patients
with spinal cord transection in whom PLMS were found [20, 21] also supported the
possibility that RLS may originate at the spinal cord level. The presence of PAM
clearly indicates, however, that RLS symptomatology can not be explained solely by
leg neuropathy or by a spinal cord dysfunction taking place at the lumbar level. It
suggests that some neural structures involved in RLS and PLMS are located at a more
rostral level and probably at a supraspinal level. Therefore, the present results are in
agreement with those of functional brain imaging showing activation of several
brainstem, cerebellar and cerebral regions in association with sensory and motor

manifestations of RLS [22].

The present study revealed the presence of PAMW in a large proportion of patients
with RLS. However, the presence of PAM in control subjects should be investigated.
Further research should record other muscle groups in the upper limbs in order to
assess in more details the nature of PAM. These studies should also include the
recording of axial muscles even though there is no clinical evidence supporting the idea
that paresthesia or periodic movements may occur at these locations. Although periodic
movements were seen in the arms it should be stressed that patients had more PLM
than PAM. The question of why the legs are more affected than the arms, especially

during sleep, remains unanswered.
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As already suggested in a study of arm restlesness in a large cohort of RLS patients
[15], the presence of both arm restlessness and PAM in a majority of patients with RLS
raises the question of whether the restless legs syndrome would be better designated as

the “restless limbs syndrome”.
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FIGURE LEGENDS

Figure 1. Polysomnogram and periodic arm and leg movements during sleep in one
case of severe PAMS. LAT, RAT: left and right anterior tibialis. LCEDB,

RCEDB: left and right common extensor digitorum brevis muscles.

Figure 2. Inter-movement interval (IMI) distribution of periodic arm (PAM) and leg
(PLM) movements during sleep and wakefulness in one case of severe
PAMS. The modal values (MV) for PAM and PLM IMI distribution were 5 s

and 10 s for waking and 30 s and 29 s for sleep, respectively.
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ABSTRACT

Restless legs syndrome (RLS) patients experience periodic stereotyped leg movements
while awake and during sleep. The aim of the present study was to measure the effects
of sex, age and sleep/wake state on several characteristics (frequency, duration, and
periodicity) of these periodic leg movements (PLM). One hundred unrelated patients
diagnosed with primary RLS were studied. During wakefulness, frequency of PLM
increased and the mean inter-movement interval decreased with advancing age. The
modal value of inter-movement interval distribution was also altered suggesting that
aging influence rhythm-generation ﬁechmﬁsms. Sleep/wake states had a profound
effect on leg movement characteristics. Movements of longer duration were seen during
wakefulness, while REM sleep was characterized by the shorter duration and the lowest
frequency of PLM, due most likely to the inhibition of spinal motoneurons that prevails
in REM sleep. States of vigilance also modulated the periodicity of PLM. Intervals
were shorter during wakefulness and increased progressively from stage 1 sleep to
stage 2 sleep, and to SWS. During REM sleep, the duration of intervals returned to
values obtained in stage 1 sleep; these two stages sharing similar patterns of EEG
activity. These results indicate that a single state dependent mechanism may be

responsible for the periodicity of PLM noted both during sleep and wakefulness.

Keywords: Restless legs syndrome (RLS); Periodic leg movements in sleep (PLMS);

Sex; Age; Sleep stages
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1. Introduction

Recently, a consensus emerged from a large international RLS study group (Walters ez
al., 1995) about minimal criteria essential for the diagnosis of RLS. The group defined
four clinical characteristics necessary for diagnosis: a) desire to move the extremities
often associated with paresthesias/dysesthesias; b) motor restlessness; ¢) worsening of
symptoms at rest with at least temporary relief by activity, and d) worsening of

symptoms in evening or night.

A great majority of RLS patients also experienced stereotyped movements once they
are asleep, a phenomenon called periodic leg movements in sleep (PLMS) (Coccagna,
1990 ; Montplaisir et al., 1994a). A PLMS index (number of movements per hour of
sleep) greater than 5 is considered pathological (Coleman, 1982). Using the recently
defined clinical diagnostic criteria, it was found that 80.2 % of 133 RLS patients had a
PLMS index greater than 5 (Montplaisir et al., 1997) and an elevated PLMS index is
commonly used to objectively diagnose RLS in the sleep laboratory. A large majority
of RLS patients also have periodic leg movements while awake (PLMW) during
nocturnal polygraphic recordings (Montplaisir et al., 1997) but no standard diagnostic

criteria have been set for PLMW in RLS.

RLS is believed to be a disease of middle to older age, and, indeed, in epidemiological
studies, increased prevalence of RLS symptomatology was found with advancing age
(Lavigne and Montplaisir, 1994). Recent studies have clearly shown, however, that

symptoms often start in childhood and in adolescence (Pichietti and Walters, 1993). In
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non-RLS subjects, it has been shown that the prevalence of PLMS is correlated with
age. Whereas PLMS is rare in young individuals, it is relatively frequent in the elderly
(Bixler et al. 1982; Ancoli-Israél et al., 1985; Bliwise et al., 1988; Mosko et al., 1988).
A PLMS index greater than 5 is found in 5 % of normal subjects between 30 and 50
years old and in nearly 40 % of subjects aged 65 years or older (Ancoli-Israél et al.,
1985). We generally assume that the PLMS index increases with age in RLS patients,
but the same polygraphic diagnostic criteria (PLMS index > 5) is being used for RLS
patients of all age' groups. The influence of age has not been systematically studied in

this population.

Sex differences were reported. In a large epidemiological study, the prevalence of RLS
symptomatology was slightly higher in females than in males (Lavigne and
Montplaisir, 1994). On the other hand, polygraphic recordings of male and female RLS
patients showed a higher PLMS index in males (Montplaisir et al., 1997). The effects

of sex have been further investigated in the present study.

PLM are also sensitive to time of night and to sleep stages. Generally, PLMS are more
numerous in the first third of the night (Montplaisir et al., 1986) but they can also occur
throughout the entire night. This temporal distribution may be associated with
increased restlessness at bedtime and may reflect a circadian variation of RLS
symptomatology with the acrophase occurring in the first half of the night
(Trenkwalder et al., 1995). Sleep stages are also known to modulate PLMS frequency

and periodicity (Montplaisir et al., 1985 ; Pollmacher and Schulz, 1993), but the
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influence of sleep stages has only been studied in a small population of patients with

either RLS-PLMS or PLMS alone.

The aim of the present study was to measure the effects of sex, age and sleep/wake
states on several characteristics of periodic leg movements recorded during both sleep

(PLMS) and wakefulness (PLMW) in a large population of RLS patients.

2. Methods

2.1. Patient population-

One hundred unrelated patients diagnosed with primary RLS entered the study. This
sample consisted of 49 males and 51 females with a mean age of 51 + 10.8 years.
Clinical diagnoses of RLS were made on the basis of the 4 standard criteria listed in the
introduction (Walters et al., 1995). All patients reported the presence of RLS at least 3
nights per week for more than 6 months. They were all untreated or withdrawn from
medication for at least 2 weeks prior to entering the study. Only patients with a PLMS
index greater than 5 were included, since one focus of this study was to measure the

influence of sleep/wake states (wakefulness and sleep stages) on PLM characteristics.

Exclusion criteria were the presence of conditions known to be associated with RLS,
namely anemia, renal failure, myelopathy, and peripheral neuropathy (Coccagna, 1990 ;
Montplaisir et al., 1994a). These conditions were ruled out by clinical examination and

specific laboratory testing. Other exclusion criteria were the presence of any sleep or
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neurological disorder, and the use of medications known to influence sleep, sensory, or

motor functions for at least 2 weeks.

2.2. PSG recordings

All patients were recorded for one night in the sleep laboratory. Sleep was recorded and
scored by the standard method (Rechtschaffen and Kales, 1968). Stages 3> and 4 non-
REM sleep were pooled together and are designated as slow-wave sleep (SWS). Sleep
latency is defined as the time from lights out fo the first minute of stage 1 non-REM
sleep or to 20 s. of any other sleep stage. Sleep efficiency represents the percentage of
the time spent asleep over the recording time from sleep onset to the last awakening.
Oral and nasal airflow, thoracic and abdominal movements and oxymetry were also
recorded to rule out sleep apnea syndrome. None of the patients had an index of

respiratory events (apneas and hypopneas) greater than 5.

Electromyograms from right and left anterior tibialis muscles were recorded to score
PLMS. Movements of 0.5 to 5 s. duration separated by intervals of 4-90 s. and
occurring in series of four consecutive movements were scored as PLMS (Coleman,
1982). PLM were also calculated in the night-time epochs scored as wakefulness
(PLMW) with the same criteria as those used for PLMS. The term PLM represents all
periodic leg movements occurring during both sleep and wakefulness (PLMS +
PLMW). PLM variables were calculated for all 100 patients except for PLM duration

which was available for only 65 patients.
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3. Statistical analyses

Several parameters of PLM were measured, namely: number, index, duration, mean and
modal value of interval distribution. The effects of gender were assessed using
Student's t-tests for independent variables. The effect of age on PLM was measured by
the Spearman correlation test. The effects of sleep/wake state on number, index, mean
duration of PLM and mean interval between successive PLM (inter-movement interval:
IMI) was measured by an ANOVA for repeated measures with a Greeﬁhouse-Geiser
correction. Post-hoc comparisons between stages were performed usiﬁg the Tukey
HSD-test. In addition, for all patients who had more than 25 PLM in any given stage,
the modal value of distribution of PLM was also calculated. The modal value represents
the most frequent interval duration. A one-way ANOVA was used to compare modal

values in different states.

4. Results

4.1. Effects of gender and age

Polysomnographic data obtained in the entire patient population are presented in Table
1. Male and female RLS patients were compared for each of the variables listed in this
table. No gender effect was seen for any variable except for percentage of stage 1 sleep
(males: 17.24 + 8.27 vs. females: 12.80 £ 5.98; p < 0.01) and percentage of SWS
(males: 4.87 + 5.72 vs. females: 7.78 £ 6.64; p < 0.05). No gender difference was seen

for PLMS or PLMW indices, duration or mean IMI.
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Spearman correlation coefficients were calculated between age and PLMW and PLMS
characteristics. With advancing age, there is a significant increase of PLMW index (r =
0.30; p < 0.01) and a significant decrease of the mean IMI (r = -0.27; p = 0.01) during
wakefulness. The duration of PLMW was not influenced by age (r = 0.04; p = 0.97).
During sleep however, the PLMS index was not correlated with age (r = 0.10; p =
0.33), but, as for PLMW, the mean IMI shortens with advancing age (r = -0.22; p =
0.03; ). As was the case for PLMW duration, age was not correlated with the duration
of PLMS (r = 0.01; p = 0.96). To further assess the effects of age on the periodicity of
leg movements, the modal value of IMI distribution was calculated. This analysis was
restricted té wakefulness and stage 2 sleep, the only two states for which leg
movements were numerous enough to allow calculation of individual modal value in a
majority of patients (n = 59 for wakefulness and n = 93 for stage 2 sleep). A significant
decrease was found in the modal value of IMI distribution with advancing age for both

wakefulness and stage 2 sleep (respectively: r = -0.29; p = 0.03 and r =-0.23; p = 0.03).

4.2. Effects of sleep/wake state

4.2.1. PLMS indices and duration

Changes in sleep/wake state (wakefulness and the various sleep stages) have a profound
influence on PLM parameters. As seen in Table 2, the PLM index varied significantly
across states (F = 12.01; p < 0.001). Post-hoc analyses (Tukey HSD-tests) revealed that
indices in wakefulness, stage 1 sleep, stage 2 sleep and SWS were not significantly
different between each other but were all significantly different from PLM index in

REM sleep with p-values < 0.001 for each comparison.
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The duration of PLM is maximal during wakefulness and showed the lowest value in
REM sleep (F = 11.58; p < 0.01). Post-hoc analyses showed that PLM duration was
significantly longer in wakefulness compared to stage 1 sleep (p = 0.002) and REM

sleep

(p < 0.001), but was not significantly different from stage 2 sleep or SWS. On the other
hand, PLM durations in stage 2 sleep and SWS were also significantly longer than the
mean duration noted in REM sleep (with p-values < 0.001). Figure 1 further illustrates
the long duration of PLM during wakefulness (PLM durations are also more widely

distributed) and the shortening of PLM duration in REM sleep.

4.2.2. PLMS periodicity

The distribution of IMI was also clearly influenced by sleep/wake states. Figure 2
illustrates the distribution of IMI duration for all subjects across sleep/wake states. This
figure shows a progressive lengthening of IMI from wakefulness to SWS and a
distribution similar to stage 1 sleep in REM sleep. As shown in Table 2, the mean
duration of IMI was not significantly different across states (F = 2.50; p = 0.11), but the
modal value of IMI distribution showed significant differences between the different
states (F = 26.75 ; p < 0.001). A progressive lengthening of the modal value was noted
from wakefulness (16.4 + 8.1 s.), to stage 1 sleep (19.6 + 6.4 s.), to stage 2 sleep (26.4

+5.8 s.) and to SWS (29.2 £ 8.6 5.). In REM sleep, the mode of IMI distribution (19.6

+ 5.9 s.) was similar to the modal value observed in stage 1 sleep. Post-hoc analyses
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revealed that the modal value in wakefulness, stage 1 sleep and REM sleep were not
significantly different from each other but all three were significantly different from

stage 2 sleep and SWS with P values of 0.02 and 0.0004.

4. DISCUSSION

4.1. Effects of gender and age

Gender had no significant effect on PLM indices, duration or periodicity. The increase
of PLM index found for male patients in a previous study (Montplaisir et al., 1997) was
not replicated, although a trend in the same direction was noted. Discrepancy may
result from differences in inclusion criterié used in the two studies. Unlike the previous
study, only patients with a PLM index greater than 5 were included in the present

study.

Age was associated with a significant increase in PLMW indices. This is congruent
with the clinical observation of increased severity of RLS in older patients. However,
PLMS indices were not statistically correlated with age. This result was unexpected
since PLMS are known to be more prevalent in older insomniacs and older non-
complaining subjects (Ancoli-Israél et al., 1985). These findings suggest that PLMW
may be a better indicator of RLS severity than PLMS. This is in concordance with the

idea that RLS is primarily a disorder of the waking state.

Results of the present study clearly show that leg movement durations during both

sleep and wakefulness are unaffected by aging, while periodicity undergoes significant
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changes. Intervals between successive leg movements decrease with age. This effect is
independent of the increase in the number of PLM or of the redistribution of leg
movements across states since not only the mean IMI but also the modal value of IMI
distribution in stage 2 sleep shorten with advancing age. These results suggest that the

inner properties of the PLM pacemaker change with advancing age.

4.2. Effects of sleep/wake state

Wakefulness was characterized by the longest PLM duration and by a wide distribution
- of duration values. This was previously shown during an immobilization test taking
place during wakefulness prior to nocturnal polygraphic recording (Montplaisir ef al.,
1998). Periodic movements noted during wakefulness may have two different
components: an involuntary motor component, as for movements recorded during
sleep, and a voluntary response to the associated leg paresthesia/ dysesthesia. This
observation also suggests that the standard duration criterion used to score PLMS (0.5
to 5 s.) may not be appropriate for PLMW. Inversely, PLM were shorter in REM sleep.
The decrease of PLM index and PLM duration noted during REM sleep is most likely
the result of motor inhibition characteristic of this stage. However, the presence of a
significant number of PLM during REM sleep suggests that REM sleep inhibition of
spinal motoneurons is not complete throughout the REM sleep period, at least in RLS

patients.

The present study shows that the periodicity of PLM is also modulated by sleep/wake

states. Only one study, conducted on a limited number of patients with RLS (n=9) or
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with PLMS alone (n=4), has examined the influence of sleep/wake states on PLM
(Pollmacher and Schulz, 1993) and found the longest mean IMI during REM sleep.
This calculation was based on a small number of IMI. In addition, the authors only
measured the mean IMI and not the modal value of IMI distribution which is a better

indicator of their periodicity.

4.3. Slow rhythms

Taken together, the reéults of the present study suggest that the same pacemaker is
responsible for PLMW and PLMS and that its frequency varies with sleep/wake states.
There are several observations indicating that PLM periodicity is the manifestation of a
normal endogenous pacemaker modulating several biological functions. As noted by
Lugaresi et al., 1972, several physiological parameters show a similar periodicity of
approximately 20 to 40 s. including heart rate, respiration, and blood pressure. More
recently, Terzano et al. extensively studied slow periodic changes in the EEG,
occurring every 20 to 40 s. during sleep, a phenomenon called the cyclic alternating
pattern (CAP) (Terzano et al., 1985; Parrino et al., 1996). These authors have raised the
hypothesis that the CAP may be responsible for the periodicity of PLMS. Results
obtained in our laboratory (Montplaisir et al., 1994b) also show that periodic EEG
changes may precede or accompany PLM recorded during an immobilization test
performed during wakefulness in RLS patients. The mean frequency of these periodic
EEG changes observed during wakefulness was approximately one every 15 to 20 s,,
just like the PLMW recorded in the present study. Taken together, these observations

suggest that PLM are generated by a normal endogenous pacemaker modulating several
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functions, which is active both during sleep and wakefulness. There is evidence that
PLM may also be present in patients with complete spinal cord transection (Yokota et
al., 1991; Dickell et al., 1994). This observation suggests that a generator is located in
the spinal cord. Moreover, in these patients the periodicity is short (mean IMI = 24 s.
and modal value of IMI = 16 s.) and is no longer modulated by the sleep/wake state
(Nicolas et al., 1997). We can hypothesize that the spinal PLM generator in idiopathic
RLS is modulated by the periodic changes of the neuronal excitability noted in the

more rostral areas of the central nervous system (Parrino et al., 1996).
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Table 1 Sleep architecture and PLM in 100 RLS patients

Mean £ SD
Age 51.77 £10.78
TST (min) 364.33 £76.99
Sleep efficiency (%) 78.32 £13.61
Sleep Latency (min) 20.73 £20.99
WASO (min) . 98.22 £ 61.44
Stage 1 (%) 14.97 £7.50
Stage 2 (%) 60.38 £ 9.58
SWS (%) 6.35£6.35
REM (%) 1830+ 6.17
PLMS index (n/h) 35.92 +31.50
PLMS duration (s) 2.45+0.53
PLMS intervals (s) 34.52 £6.98
PLMW index (n/h) 34.84 £29.82
PLMW duration (s) 2.68 £0.56
PLMW intervals (s) v 34,10+ 7.89

TST, total sleep time; WASO, wake after sleep onset; SWS, slow
wave sleep; REM sleep, rapid eye movement sleep; PLMS, periodic
leg movements during sleep; PLMW, periodic leg movements during

wakefulness.
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FIGURE LEGENDS
Figure 1 Duration of periodic leg movements across sleep/wake states.
Distribution of PLMs duration is calculated using a 1 s. bin-width. The modal value

represents the 1 s. bin with the highest value (n: number of PLM in each stage).

Figure 2 : Duration of inter-movement intervals across sleep/wake states.
Distribution of IMI duration is calculated using a 1 s. bin-width. The modal value

represents the 1 s. bin with the highest value (n : number of PLM in each stage).
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ABSTRACT

Objective: To evaluate the characteristics of leg movements experienced by patients
with the restless legs syndrome (RLS) during wakefulness using the Suggested
Immobilization Test (SIT).

Methods: Forty patients with primary RLS who showed an index of leg movements
greater than 40 during the SIT were selected for these analyses.

Results: In general, lColeman’s criteria for scoring PLMS were appropriate for scoring
leg movements during the SIT. However, a substantial number of leg movements lasted
between 5 and 10 s, exceeding Coleman’s maximum duration criterion. The other
criteria used to score PLMS (i.e. movements separated by 4 to 90 seconds and
occurring in series of 4 consecutive movements) allowed detection of more than 90%
of all leg movements recorded during the SIT. The distribution of inter-movement
intervals (IMI) suggests that a great majority of leg movements recorded during the SIT
are periodic, with a modal value of IMI between 11 and 12 s.

Conclusion: Considering that leg movements recorded during the SIT last longer than
those occurring during sleep, we recommend using a duration criterion of 0.5 to 10 s
for scoring the former. We also recommend using the same periodicity criteria for the

SIT as those used for scoring PLMS.

Keywords: Restless legs syndrome; Suggested immobilization test; Periodic leg
movements while awake; Periodic leg movements during sleep;

Immobility; Surface electromyography.
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1. INTRODUCTION

The restless legs syndrome (RLS) is a frequent disorder characterized by four clinical
characteristics mandatory for its diagnosis, namely: 1) leg paresthesia/dysesthesia
associated with an irresistible urge to move, 2) motor restlessness, 3) worsening of
symptoms at rest with at least partial and temporary relief by activity and 4) worsening
of symptoms in the evening and/or during the night [1]. The diagnosis of RLS is based
primarily on clinical evaluation but objective methods using polysomnographic (PSG)

recordings have been developed to help in the diagnosis of this condition.

In patients with RLS, PSG recordings often reveal the presence of periodic leg
movements (PLM) during both sleep (periodic leg movements in sleep or PLMS) and
wakefulness (periodic leg movements while awake or PLMW). These movements are
best described as an extension of the big toe followed by a dorsiflexion of the foot with
occasional flexion of the knee and hip. Surface electromyograms (EMGs) from right
and left anterior tibialis muscles are commonly used to quantify both PLMS and
PLMW. A standard method has been developed for recording and scoring PLMS [2].
According to this method, only movements lasting 0.5 to 5 s separated by intervals of 4
to 90 s and occurring in series of at least four consecutive movements are scored as
PLMS. An index greater than five movements per h of sleep (PLMS index > 5) was
originally proposed by Coleman as the criterion for pathological PLMS. More than
80% of RLS patients show a PLMS index > 5 on a single night of PSG recording [3].

However, elevated PLMS indices are also found in several sleep disorders, including
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narcolepsy [4], sleep apnea syndrome [5-6], REM sleep behavior disorder [7] and in
non-complaining subjects especially with advancing age [8]. Therefore the specificity

of the PLMS index in the diagnosis of RLS has been questioned [8-12].

Since RLS symptoms are primarily observed during wakefulness, especially when the
patient is at rest during the evening and/or during the night, a test was designed during
which EMGs from right and left anterior tibialis muscles are recorded during a 1-h
period of immobilization taking place in the eveniﬁg prior to nocturnal PSG recording
[13]. This test was called the “Suggested Immobilization Test” (SIT). The presence of
40 movements or more during the SIT was found to discriminate RLS patients from
control subjects with a sensitivity and a specificity of 81% [13]. Criteria used for
scoring leg movements during the SIT were empirically established by looking at
recordings from a limited number of patients. The aim of the present study was to
further characterize leg movements recorded during the SIT and to investigate whether

the criteria used to score PLMS can also be applied to PLM recorded during the SIT.

2. METHODS

Forty patients (22 men, 18 women; age: 50.6 + 12.9 years) were selected from our
database. All patients fulfilled the criteria for primary RLS as defined by the
International RLS Study Group [1]. The presence of medical conditions known to be
associated with RLS were ruled out by clinical evaluations and by appropriate

laboratory testing especially hemogram, serum urea cretinin and iron levels. These tests
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were normal for every patient who entered the study. Nerve conduction velocity
measurements and electromyogram were not performed in these patients since their
clinical evaluation was not suggestive of peripheral neuropathy. In addition, none of the
patients were taking drugs known to affect sleep, sensory functions, or motor behaviors
for at least one month prior to PSG evaluations. All patients underwent one night of
PSG recording. Sleep apnea syndrome was ruled out in every patient. None of the
participants showed an index of respiratory events (apneas and hypopneas) >10/h of
sleep Whereas 39 out of 40 patients showed a PLMS index > 5 (mean for the 39

patients: 52.43 + 45.80; index for the other patient: 0.5).

The SIT preceded the nocturnal PSG; it started between 21HO00 and 21H30 and lasted
one h. During the test, patients remained in bed reclined at a 45° angle with their legs
outstretched. They were asked to limit their voluntary movements for the entire
duration of the test. EMGs from right and left anterior tibialis muscles were used to
quantify leg movements. All movements lasting more than 0.5 s were scored. The 0.5-s
criterion for minimal duration was used in order to avoid scoring myoclonic discharges.
A 4-s criterion for minimal inter-movement interval (IMI) duration was used to avoid

counting several EMG bursts.
3. RESULTS

3.1. Leg movement duration
The mean duration of leg movements recorded during the SIT was 3.6 + 2.8 s (range:

0.5-22.9). Fig. 1 illustrates the relationship between the cumulative percentage of leg
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movements detected during the SIT, using various criteria for duration. It appears that
79.9% of leg movements lasted 0.5 to 5 s whereas 16.4% lasted between 5 and 10 s.
This percentage varied considerably between subjects. Indeed, in 10 patients (25%) leg
movements of 5 to 10 s represented less than 10% of all the movements recorded
during the SIT whereas in 14 patients, they represented more than 20% of the
movements and for one individual they constituted more than 60% of all leg

movements.

*kkkdskkkrk® Tngert Figure 1 approximately here skt

Analysis of leg movements lasting 5 to 10 seconds revealed that a great majority of
these movements were part of series of PLM. This is illustrated in Fig 2. Although the
second movement from the right lasted 7.1 s, it is clearly part of a series of seven
consecutive PLM.

*kxkskokR® Ingert Figure 2 approximately here *¥¥¥dkiciox

3.2. Leg movement periodicity

Using the duration criteria described above (0.5 to 10 s), we studied the distribution of
intervals separating successive leg movements. Fig 3 shows the cumulative percentage
of leg movements detected during the SIT according to IMI duration. When using the
same criteria as for PLMS (e.g. intervals lasting less than 90 s), 92.6% of leg
movements were detected. Therefore, the criterion of 90 s is also considered

appropriate for scoring PLM recorded during the SIT. As illustrated in Fig 4, leg
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movements recorded during the SIT showed a distribution with a modal value (e.g. the

interval more frequently encountered) between 11 and 12 s.

*kkksokkkkkk Ingert Figures 3 and 4 approximately here eokokokkokdokokokk

3.3. Series of four consecutive movements

According to Coleman’s criteria, PLMS movements have to be part of series of at least
four consecutive movements. In the pfesent study, 91.8% of leg movements (3392 out
of 3693 ) of 0.5 to 10 s and separated by intervals of 4 to 90 s were part of series of at
least four consecutive movements. This result further illustrates that a great majority of

leg movements recorded during the SIT occurred periodically.

DISCUSSION

The present study illustrates the characteristics of leg movements recorded during the
SIT in forty patients diagnosed with primary RLS. It appears that, although leg
movements are generally of short duration (less than 5 s), a substantial number of leg
movements lasted between 5 and 10 s. The longer duration of leg movements during
the SIT might be the result of a voluntary contraction of leg muscles appended to the
short involuntary one in order to better relieve the dysesthesia. Indeed, dysesthesia are
known to be closely associated in time with PLM (i.e. they occur within 2 seconds of
the onset of PLM), more often following the onset of leg movements [14]. Since these

longer movements are part of the same motor rhythm, they should also be counted. In
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some of the most severe cases, almost every movement may last between 5 and 10 s
and these movements have the same periodicity as leg movements of shorter duration.
Except for movement duration, more than 90% of PLM recorded during the SIT
fulfilled the other criteria (IMI duration, and series of four consecutive movements)
developed by Coleman [2] for scoring PLMS. Modifying the criterion for maximum
duration from 5 to 10 s represents only a minor modification to Coleman’s criteria,

which could significantly increase the sensitivity of the SIT for diagnosing RLS.

Results of the present study showed that PLM recorded during the SIT recurred at a
frequency of 11 to 12 s, an interval shorter than that of PLM recorded during nocturnal
awakenings. In a previous study of PLM characteristics in 100 patients with RLS, it has
been shown that IMI progressively increases with deepening of sleep [15]. Starting at a
modal value of 16 s during periods of wakefulness occurring during the night, it
increases to 19 s in stage 1 sleep, then to 26 s in stage 2 sleep, to finally reach 29 s in
slow-wave sleep (SWS). The SIT represents most likely a state of even higher level of
alertness than that of quiet wakefulness observed during nocturnal PSG, which would
explain the shorter IML. Therefore, it is postulated that within wakefulness, the IMI
would decrease with increased level of alertness. However, further research will be

needed to verify this hypothesis.

Previous studies have shown that PLMS are associated with periodic changes of other
physiological variables, especially measures of autonomic functions (heart rate, blood

pressure, respiration) [16] and of EEG activity (the cyclic alternating pattern) [17-18].
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The presence of PLM during wakefulness in patients with RLS suggest that these basic
rhythms observed during sleep may persist during wakefulness. Further studies should
look at changes in these variables in the waking state and assess the relationship of

these changes with the occurrence of PLM in patients with RLS.
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FIGURE LEGENDS

Cumulative percentage of leg movement detection during the SIT, using

various criteria for duration.

Representative recording of 7 consecutive periodic leg movements

during the SIT.

Cumulative percentage of inter-movement intervals (IMI) during the

SIT, using various criteria for IMIL

Duration of inter-movement intervals (IMI) during the SIT for leg
movements lasting between 0.5 and 10 seconds and separated by

intervals of 4 to 90 seconds.
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ABSTRACT

Restless legs syndrome (RLS) is defined by an irresistible need to move associated
with leg paresthesia. Two additional features are essential for its diagnosis, namely 1)
worsening of symptoms at rest with temporary relief by activity and 2) worsening of
symptoms during the evening and/or during the night. The “Suggested Immobilization
Test” (SIT) has been developed to evaluate the presence of these criteria. This test
quantifies leg movements and leg discomfort during a one-hour period of immobility
prior to bedtime. The aim of the present study was to use the SIT to evaluate the effects
of immobility on leg discomfort and leg movements experienced by 19 patients with
RLS and 19 control subjects. Results show that immobility significantly worsens both
leg discomfort and periodic leg movements (PLM) in pétients with RLS but not in
controls. Patients with RLS showed a higher leg discomfort score (32.6 + 15.1 mm vs.
5.7 £ 7.9 mm; p<0.00001), a greater maximum leg discomfort value (63.4 + 27.4 mm
vs. 13.7 £ 23.0 mm; p<0.00001) and a greater PLM index (88.4 + 62.6 vs. 10.4 £ 20.6;
p<0.00004) than control subjects. These results further validate the use of the SIT as a
diagnostic and research tool for RLS and confirm the contention of the International

RLS study group that RLS symptoms worsen at rest.

Keywords: Restless legs syndrome (RLS), Suggested Immobilization Test (SIT),
Periodic leg movements (PLM), Visual analogue scale (VAS), Immobility,

Sensory report.
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INTRODUCTION

In the last ten years, there has been a growing interest in restless legs syndrome (RLS),
probably due to the better clinical definition of this condition' and to several surveys

showing a high prevalence of RLS among the general population.“

The International RLS study group (IRLSSG)' has defined four clinical symptoms as
being mandatory for the diagnosis of RLS, namely 1) the presénce of an irresistible
need to move usually associated with limb (mainly the legs) paresthesias/dysesthesias,
2) the presence of motor restlessness, 3) the worsening (or exclusive presence) of
symptoms at rest, with at least partial or temporary relief being provided by activity

and 4) symptoms increasing in severity in the evening and/or during the night.

The sensory component of RLS is certainly the primary feature of this condition.
Indeed, nearly all patients consult for the unpleasant sensations they feel in their legs.
Different terms such as pulling, tingling, crawling, tearing and pain are used by patients
to describe these sensations. On the other hand, the motor component of RLS is
characterized by a compelling desire to move the limbs associated with
paresthesias/dysesthesias and by involuntary periodic limb movements occurring while
awake and at rest (PLM) and/or during sleep (PLMS). These movements consist of

dorsiflexions of the foot sometimes associated with flexion of the knees and hips.

In 1998, we developed a method for diagnosing RLS by quantifying leg movements
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recorded from surface electromyography (EMG) of anterior tibialis muscles during a
one-hour period of immobility prior to bedtime.’ This method is called the “Suggested
Immobilization Test” (SIT). Besides its diagnostic potential, the SIT is also useful for
research purposes. Repeating the SIT several times throughout the nycthemere has been

used to study the circadian rhythm of motor manifestations of RLS.%7

We use the SIT to evaluate the effect of immobility not only on leg movements but also

on leg discomfort experienced by RLS patients and control subjects.

METHODS

Nineteen patients (12 men, 7 women; mean age: 51.5 + 11.8 years) diagnosed with
primary RLS were selected for this study. All patients fulfilled the four clinical criteria
of RLS as defined by the International RLS Study Group.' The mean age at onset of
initial RLS symptoms for the entire group was 32.6 + 17.3 years and eleven of the

nineteen patients showed a positive familial history of RLS.

Secondary forms of RLS were ruled out through clinical evaluation. Anemia was ruled
out by hemogram and uremia by measurement of serum urea and creatinine levels;
these laboratory tests were normal in every patient. The results obtained in patients
with RLS were compared to those of nineteen age-matched control subjects (10 men, 9

women; mean age: 48.3 £ 8.4).
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All participants underwent one night of polysomnographic recording in the sleep
laboratory. Surface EMGs from right and left anterior tibialis muscles were recorded to
score PLMS. PLMS were scored according to the criteria established by Coleman.® The
PLMS index represents the number of periodic leg movements per hour of sleep. Oral
and nasal airflow, thoracic and abdominal movements and oxymetry were also
recorded to rule out sleep apnea syndrome. None of the participants had an index of
respiratory events (apneas and hypopneas) greater than 5. All patients selected for this
study showed a PLMS index greater than 10. The exclusion criteria for the controls
were: 1) the presence of pathological respiratory events during sleep and 2) a PLMS
index greater than 10. A PLMS index of 10 was used to separate patients from controls
rather than a PLMS index of 5 as originally recommended by Coleman,® because it has
been recently shown that more than 50% of non-complaining subjects aged between 30
and 60 have a PLMS index greater than 5.° Finally, none of the participants was taking
medication known to affect sleep, sensory functions or motor behaviors at the time of

the polysomnographic evaluations.

The SIT was administered prior to the nocturnal polysomnographic recording. It started
at approximately 21h15 (+ 15 minutes) for all subjects. During this test, subjects
remained in bed, reclined at a 45° angle with their legs outstretched. Subjects were
instructed to avoid moving voluntarily during the SIT. Surface EMG from right and left
anterior tibialis muscles were used to quantify leg movements. Criteria for scoring leg
movements during the SIT were recently revised.'® That study recommends scoring all

movements lasting 0.5 to 10 seconds, separated by an interval between 4 and 90
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seconds and occurring in series of 4 consecutive movements. The SIT PLM index

represents the number of periodic leg movements per hour of immobility.

Leg discomfort was measured during the SIT by a visual analogue scale (VAS)
connected to an electronic device (Symtrack, 1.1, STYREX, Sweden). This apparatus
gives an auditory signal every five minutes, at which time the patient is required to
estimate his leg discomfort on a 100-millimeter horizontal bar. The descriptors “no
discomfort” and “extreme discomfort” were used at the left and right endpoints of the
VAS, respectively. The scoring of leg discomfort is automatically converted to a 0 to
100 scale. Twelve values are obtained (one every 5 minutes for 60 minutes). The mean
leg discomfort score (SIT MDS) represents the average value of these 12 measures.
The maximum leg discomfort value (SIT DMax) corresponds to the highest value

recorded during the test.

Two-way ANOVAs with one independent factor (Group) and one repeated measure
(Time) were performed in order to evaluate changes in both leg discomfort and PLM
during the SIT. Contrast analyses were performed to decompose interaction effects.
The Huynh-Feldt correction was applied for repeated measures with more than two
levels, but original degrees of freedom are reported. The relationships between the age
of the subjects, leg discomfort intensity (SIT MDS and SIT DMax), and PLM index
during sleep and during the SIT were assessed separately for patients and controls,
using Pearson Product-Moment Correlation tests. Between-group differences relative to

demographic and polygraphic variables were assessed using Student t-tests for
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independent samples. Between-group and correlation analyses were corrected using
Bonferroni adjustment for multiple testing. Significance p-level was therefore set at

0.005.

RESULTS

The demographic characteristics of RLS patients and control subjects are summarized
in the Table. As expected, patients with RLS showed greater PLMS index, SIT PLM
index, SIT MDS and SIT DMax compared to controls. The statistical analyses revealed

a significant between-group difference for each of these four variables (see Table).

kdskdkkkdokkdok Tnsert the Table approximately herg ¥k

Correlation analyses performed in RLS patients showed a positive relationship between
age and SIT DMax (r=0.62; p<0.004) but no significant relationship was shown
between age and SIT MDS, PLMS or SIT PLM indices. In addition, in RLS patients
there was no significant relationship between the PLMS index, the SIT PLM index, the
SIT MDS and the SIT DMax. In the control subjects, no relationship was found
between the age of subjects and the PLMS index, the SIT PLM index, the MDS or
DMax scores. Moreover, in control subjects, none of the four latter parameters were
correlated together, except for the SIT MDS which was positively correlated with the

SIT DMax (r=0.92; p<0.0001) as it was for the patient group (r=0.79; p<0.0001).
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Figure 1 illustrates the degree of discomfort during the SIT in both patients and
controls. The repeated-measure ANOVA revealed a Group by Time interaction
(F(11,396)=8.95; p<0.0001; €=0,17). Contrast analyses showed that only in RLS
patients did leg discomfort progressively increase with the duration of immobility
(p<0.0001). Control subjects only showed a small increase in leg discomfort during the

SIT that did not reach the 0.05 level of significance (p<0.15).

The study of individual leg discomfort values revealed that sixteen of nineteen patients
(84%) experienced their SIT DMax in the second half of the test, which further stresses

the relationship between the duration of immobility and the degree of leg discomfort.

kdkckdsoookk® Tngert Figure 1 approximately here ¥tk

Changes in the average number of PLM per five minutes across the SIT are shown in
Figure 2. The repeated-measure ANOVA showed a Group by Time interaction
(F(11,396)=3.50; p<0.0001; £=0,46). Contrast analyses revealed that the number of
PLM progressively increased with the duration of immobility in patients (p<0.00001),

whereas non-significant changes were observed in control subjects.

FkkkkxkkRdk Tnsert Figure 2 approximately here e
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DISCUSSION

To our knowledge, this is the first study to compare the effects of duration of
immobility on both sensory and motor manifestations of RLS in patients and healthy
control subjects. Immobility worsens leg discomfort in RLS patients but not in control
subjects. After 10 minutes of immobility, between-group comparisons showed
significant differences that continued to increase for each subsequent measure until the
end of the test. Furthermore, for 84% of the patients, the DMax was observed in the last
30 minutes of the SIT. This result concurs with the clinical observation that leg
discomfort of RLS patients occurs at rest and increases with the duration of immobility.
We also showed that immobility exacerbates PLM in patients with RLS, but not in
controls. However, in RLS patients PLM increased during the first 35 minutes of the
SIT and remained stable thereafter. There may be a ceiling effect in the number of
PLM that can occur during an interval of 5 minutes. Overall, patients with RLS seem to
be much more sensitive to immobility than are control subjects, for both leg discomfort
and PLM. These results confirm for the first time the contention of the IRLSSG that

symptoms of RLS worsen at rest.

One can question the use of different duration criteria for scoring PLM during the SIT
than for scoring PLMS. Recently, we showed that in RLS patients PLM recorded
during the SIT can be of longer duration than PLMS.!” However, 80% of these
movements are short (less than 5 seconds) and thus most likely reflect involuntary

movements. In our opinion, the longer movements seen on the SIT would, in fact, be
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the voluntary prolongation of an otherwise involuntary contraction, occurring with the
same periodicity. These longer movements appear to be more prevalent in severe cases

of RLS. This issue has been discussed elsewhere.'°

In summary, the results of the present study show that immobility worsens both sensory
and motor manifestations of RLS. The sensitivity and specificity of the discomfort
scale in comparison with that of the SIT PLM and PLMS indices could not be assessed
due to selection criteria; only RLS patients with a PLMS index greater than 10 and
control subjects without PLMS were included. Further studies should be performed in
large unselected populations of patients with RLS and control subjects in order to
assess the discriminative power of PLMS index, SIT LM index, SIT MDS and SIT

DMax to diagnose RLS.
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Table 1. Demographic and polygraphic characteristics of patients with RLS and

control subjects.

RLS patients Control subjects ]
(n=19) (n=19)
Age at consultation * 51.5+11.8 483+£84 NS
Gender ' 12 men/ 7 women 10 men/ 9 women NA
SIT MDS (in millimeters) * 326151 5779 <0.00001

SIT DMax (in millimeters) * 63.4+274

SIT PLM index * 88.4 +£62.6

PLMS index * 57.1 £40.1

13.7+£23.0 <0.00001

10.4 +£20.6 <0.00002

3.5+3.1 <0.00002

NS: Not significant
NA: Not applicable

SIT: Suggested immobilization test; MDS: Mean leg discomfort score; DMax:

Maximum leg discomfort value; PLM: Periodic leg movements; PLMS:

Periodic leg movements in sleep
* Value expressed as mean and standard deviation

! Student t-tests



Figure 1

Figure 2
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FIGURE LEGENDS

Relationship between SIT duration and mean (+ SEM) leg discomfort
scores in both RLS patients and healthy control subjects (* indicates

significant contrasts at p<0.05).

Relationship between SIT duration and average number (= SEM) of
PLM per five minutes in both RLS patients and healthy control subjects

(* indicates significant contrasts at p<0.05).
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ABSTRACT

Polysomnographic (PSG) recordings and the Suggested Immobilization Test (SIT) are
frequently used to support the clinical diagnosis of restless legs syndrome (RLS). The
present study evaluated the discriminant power of five different parameters: 1- index of
periodic leg movements during sleep (PLMS), 2- index of PLMS with an associated
microarousal (PLMS-arousal), 3- index of PLM during nocturnal wakefulness (PLMW),
4- SIT PLM index and 5- mean subjective leg discomfort score during the SIT (SIT
MDS) in one hundred patients with idiopathic RLS and fifty healthy control subjects.
Both groups differed significantly on each parameter studied. Furthermore, while the
SIT PLM, the PLMS and the PLMS-arousal indices revealed a poor ability to
discriminate patients from controls, the PLMW index and the MDS both showed high
sensitivity (87 = 7 and 82 + 8, respectively) and specificity (80 + 11 and 84 + 10,
respectively) for diagnosing RLS. The combination of these two parameters correctly

classified 88% of all subjects with a sensitivity of 82% and a specificity of 100%.

Key words: Restless legs syndrome, Periodic leg movements during sleep, Periodic
leg movement during wakefulness, Microarousal, Suggested

Immobilization Test, Immobility, Discriminant analyses.



124

1. INTRODUCTION

Restless legs syndrome (RLS) is a frequent neurological disorder characterised
principally by leg paresthesia and motor restlessness. Three population-based studies
conducted respectively on Canadian, German and American populations have estimated

the overall prevalence of RLS to be around 10% [1-3].

The diagnosis of RLS relies basically on the presence of four clinical criteria defined by
the International Restless Legs Syndrome Study Group [4] in 1995, namely: 1) a desire
to move the limbs (mainly the legs) uéually associated with paresthesias/dysesthesias, 2)
the presence of motor restlessness, 3) the worsening (or an exclusive presence) of
symptoms at rest with at least partial or temporary relief being provided by activity and

4) the worsening of symptoms in the evening and/or during the night.

Since then, several attempts have been made to develop objective methods for
diagnosing RLS. Polysomnographic (PSG) recordings have revealed the presence of
periodic leg movements during sleep (PLMS) in a majority of patients presenting this
condition [5]. Therefore, an elevated PLMS index representing the number of PLM per
hour of sleep, is frequently used to support the clinical diagnosis of RLS. However, it 1s
not uncommon to see patients with severe RLS who do not have PLMS. Recently, a
study conducted on a small sample of 16 patients with severe RLS and 16 controls
showed that a PLMS index of 8 during one night of PSG discriminates patients from

controls with a sensitivity of 68% and a specificity of 75% [6]. In addition, PLMS are
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also found in many other sleep disorders, especially among those involving a
dopaminergic impairment [7] such as narcolepsy [8], and REM sleep behavior disorder
[9]. They are also present in sleep apnea syndrome [10] and in a large percentage of
uncomplaining subjects, especially with advancing age [7,11-17]. Therefore, the
diagnostic value of the PLMS index for RLS remains uncertain.

Other PSG parameters studied with regards to RLS diagnosis include the index of
periodic leg movements during nocturnal wakefulness (PLMW) also designated as
periodic leg movements while awake and the index of PLMS associated with
microarousal (PLMS-arousal) [18-21]. However, no study has compared these

parameters between RLS and normal subjects.

A second method that has been used to diagnose RLS is the Suggested Immobilization
Test (SIT). This method allows quantification of leg movements from right and left
anterior tibialis muscles surface electromyogram (EMG) during a éne-hour period of
immobility prior to bedtime. The SIT has been validated in a small sample of patients
controls; the presence of 40 leg movements during this test was found to have both a
high sensitivity (81% = 19) and a high specificity (81% = 19) for diagnosing RLS [6].
Recently, a leg discomfort scale was added to the original SIT procedure. This scale was
administered every five minutes during the SIT in order to evaluate the sensory

component of RLS [22]. However, the sensitivity and the specificity of this method

have not yet been assessed.
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The aim of the present study was to compare the sensitivity, the specificity, and the
discriminant power of nocturnal polygraphic and evening SIT parameters for diagnosing

RLS in a large cohort of patients with RLS and healthy control subjects.
2. METHODS

2.1. Population

One hundred patients (60 women and 40 men; mean age (SD) at consultation: 48.8
(11.5) yrs) diagnosed with primary RLS were selected for this study. All these patients
fulfilled the four clinical criteria of RLS defined by the Iﬁtemational RLS Study Group
[4]. The exclusion criteria were the presence of any psychiatric or neurological disorders
other than RLS, the use of medications or drugs known to affect sleep, motor
behaviours or sensory functions for at least one week prior the PSG recording, the
presence of medical conditions frequently associated with RLS such as anemia, uremia,
rheumatoid arthritis, fibromyalgia, and peripheral neuropathy, and the presence of any
other sleep disorders associated with PLMS, namely narcolepsy, REM sleep behavior
disorder and obstructive sleep apnea syndrome. These conditions were ruled out by a
clinical evaluation and appropriate laboratory tests such as hemogram, serum urea,

creatinine levels and PSG.

Fifty healthy control subjects (29 women and 21 men; mean age (SD): 48.4 (9.2) yrs)
recruited from an advertisement in a local newspaper also entered this study. These

subjects were free of sleep complaint and showed regular sleep schedule with habitual
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bedtime between 21h00 and midnight, as revealed by sleep diaries completed two weeks
prior to the PSG. In addition to the four clinical characteristics of RLS, none of the
controls had any of the above mentioned exclusion criteria. However, subjects with
PLMS were not excluded since the aim of the study was also to assess the specificity of
the PLMS index for the diagnosis of RLS. This study was approved by the
University/Hospital ethics committee. Every control subject signed a consent form

before entering this study and was paid for his/her participation.

2.2. Measures

All participants underwent one night of polysomnography in the sleep laboratory.
Electrooculogram (EOG), chin EMG, and electroencephalogram (EEG) (Cs-A, and O,-
A, leads) were used to score sleep stages according to Rechtschaffen and Kales’ method
[23]. Microarousals (MAs) were scored according to the ASDA’s criteria [24] from
either the central or the occipital EEG derivation. The microarousal index (MA index)
represents the number of MAs per hour of sleep. Respiration was monitored with an '
oronasal thermistor and a thoracic strain gauge whereas oxygen saturation (Sa0,) was
continuously recorded by a transcutaneous finger pulse oxymeter. Surface EMGs from
right and left anterior tibialis muscles were recorded to score PLM according to the
method developed by Coleman, i.e. only a series of 4 or more consecutive movements
lasting 0.5 to 5 seconds and occurring at intervals of 4 to 90 seconds [25]. Three indices
of PLM were reported for each participant, namely 1) the PLMS index representing the
number of PLM per hour of sleep, 2) the index of PLMS associated with MA (PLMS-

arousal index) representing the hourly number of PLM with an associated MA, ie. a
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MA occurring within two seconds either before or after the onset of the leg movement
and 3) the PLMW index representing the number of PLM per hour of nocturnal

wakefulness (starting at lights off and finishing at lights on).

The SIT was administered prior to the PSG recording. It started at approximately 21h15
(£ 15 minutes) and lasted one hour. During the SIT, subjects remained in bed, reclined
at a 45° angle with their legs outstretched. They were instructed to avoid moving
voluntarily for the entire duraﬁon of the test. Surface EMGs from right and left anterior
tibialis muscles were used to quantify leg movements. The latter were scored according
to the criteria recently defined by Michaud et al. [26] i.e. all movements lasting between
0.5 to 10 seconds separated by intervals of 4 to 90 seconds and arising in series of at
least 4 consecutive movements. The SIT PLM index represents the number of periodic
leg movements per hour of immobility. Leg discomfort was measured during the SIT by
a visual analog scale (VAS) connected to an electronic device (Symtrack, 1.1,
STYREX, Sweden). Every five minutes during the test, the electronic device gave an
auditory signal at which time the subject had to estimate with a moving pointer, his
level of leg discomfort on a 100-millimeter horizontal bar. The descriptors “no
discomfort” and “extreme discomfort” were used at the left and right endpoints of the
VAS. The scoring was automatically converted onto a 0 to 100 scale. Twelve values
were obtained (every 5 minutes during 60 minutes). The mean leg discomfort score (SIT
MDS) represents the average value of these 12 measures. This method has recently been

used to assess the effects of immobility on sensory and motor symptoms of RLS [22].
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2.3. Statistical analyses

Between-group differences were assessed for clinical, PSG (sleep latency, sleep
efficiency, total sleep time, MA, PLMW, PLMS, and PLMS-arousal indices) and SIT
(MDS and PLM index) parameters by Student t-tests for independent variables. The
relationship between clinical, PSG and SIT parameters was also assessed separately for
patients and controls by Pearson Product-Moment Correlation tests. The effect of
gender on PSG and SIT parameters was evaluated using a one-way ANOVA. A 0.05
two-tailed rejection region was adapted for multiple testing using Bonferroni
adjustment. Therefore, significance was set at p<0.007 for Student t-tests and at 0.003
for Pearson Product-Moment Correlation tests. In order to determine the sensitivity
(number of patients correctly classified), the specificity (number of controls correctly
classified), the correct classification rate (number of patients and controls correctly
classified among the entire sample), and the area under curve of each parameter studied,
receiver-operating characteristic (ROC) curves using a 95 % confidence interval were
calculated. This statistical approach also allowed us to determine the cut-off value for
each parameter, defined as the value that most minimised the misclassification of
patients and controls. Stepwise linear discriminant analyses were also used to evaluate,

among all the parameters studied, which combination best discriminated both groups.

3. RESULTS

3.1. Descriptive analyses

Table 1 shows the clinical, PSG and SIT characteristics of patients with RLS and
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healthy control subjects. As illustrated, patients with RLS showed significantly higher
PLMS index, PLMW index, PLMS-arousal index, SIT PLM index, SIT MDS, and sleep
latency compared to control subjects (see Table 1). On the other hand, RLS patients had
significantly lower sleep efficiency and total sleep time than control subjects. With
regards to PLMS, eighteen controls showed an index >5 and nine controls showed an
index >10 whereas thirty RLS patients showed an index <10 and sixteen patients

showed an index <5.

dkkxkkskkskiok Tngert Table 1 approximately here kst

In RLS patients, a significant positive relationship was seen between the SIT MDS and
the SIT PLM index (r=0.33; p=0.001) whereas a trend for significance was seen
between the SIT PLM and PLMW indices (r=0.25; p<0.01). Significant positive
correlations were also found between the PLMW index and both the PLMS (r=0.30;
p=0.003) and PLMS-arousal (r=0.31; p=0.002) indices. Moreover, the PLMS-arousal
and PLMS indices were highly correlated with each other (r=0.72; p<0.001). Finally,
age at consultation appears to be positively correlated with all the PLM-related PSG
parameters (PLMW, PLMS, PLMS-arousal indices) although none reach significance.
In control subjects, a significant positive relationship was observed only between the
PLMW and PLMS indices (r=0.83; p<0.001). No gender effect was seen for any of the

variables listed above either for the patients or the controls.



131

3.2. Discriminant analyses

Results of the ROC curves are summarised in Table 2. Two parameters, namely the SIT
MDS and the PLMW index obtained during the PSG yielded a correct classification rate
over 80%, the best being the PLMW index with a classification rate of 84%. These
parameters were followed by the PLMS index, the SIT PLM index and the PLMS-
arousal index, which correctly classified 77.3%, 69.3% and 68% of all subjects,
respectively. The highest sensitivity was obtained with the PLMW index (87%)
follo&ed by the MDS (82%). Conversely, all the parameters yielded a specificity over
80% except for the PLMS index, which appeared to be less specific (76%). The study of
the area under ROC curves for each parameter revealed that the PLMW index best
discriminated the patients from the controls. The use of the leg discomfort scale during
the SIT (MDS) also appeared to discriminate RLS patients form controls. On the other
hand, stepwise linear discriminant analyses showed that among all the combinations of
the five parameters studied, the combination of PLMW index and SIT MDS best
discriminated between the two groups (p<0.0001). This combination correctly classified

88% of all subjects with a sensitivity of 82% and a specificity of 100%.
*aoxkksksokkokk Tnsert Table 2 approximately here Hwxsksksstoiok

Although significant positive relationships were seen between the SIT MDS and the SIT
PLM index and between the PLMW and PLMS indices in patients with RLS, some of
them showed discrepant results with regards to those parameters. Indeed, discrepancy

between the SIT MDS and the SIT PLM index were seen in 40 patients. Among them,
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30 patients showed a positive SIT MDS (>11) associated with a negative SIT PLM
index (<12) and conversely 10 patients showed a negative SIT MDS (<11) associated
with a positive SIT PLM index (>12). Discrepant results between the PLMW and PLMS
indices were seen in 23 patients, 16 patients showing a positive PLMW index (>15)
associated with a negative PLMS index (<7) and 7 patients showing a positive PLMS

index (>7) associated with a negative PLMW index (<15).

4. DISCUSSION

The results of the present study showed for the first time that the PLMW index and the
SIT MDS are very sensitive parameters for diagnosing RLS. When taken together, these
two parameters correctly classified 88% of all subjects studied and yielded a specificity
of 100%. Therefore, these two parameters may represent valuable tools for diagnosing

RLS in the context of clinical practice or research on this condition.

However, further studies will be needed to properly assess the specificity of these
measures by comparing RLS patients and patients with other sleep, sensory or motor
disorders. For example, the PLMW index may be higher in patients with insomnia.
Several insomniacs without RLS report feeling restless while trying to initiate sleep and
some of them do show an elevated PLMW index. Therefore, the sensitivity of the
PLMW index for diagnosing RLS may be high but its specificity might be lower if other
clinical populations are considered. Similarly, the SIT MDS might be elevated in non-

RLS patients complaining of leg discomfort, leg paresthesia or dysesthesia, such as
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patients with neuropathy, pain syndrome or arthritis. Although, the present study is
helpful in comparing RLS patients and normal subjects, further studies will be needed to

fully assess the clinical utility of these measures in the differential diagnosis of RLS.

If the high specificity of the SIT MDS is maintained in these studies, this measure could
be used alone to support the clinical diagnosis of RLS. The SIT MDS provides several
advantages over the PLMW index. First, it is an inexpensive and simple method which
does not require the use of PSG or EMG recording. This is a major advantage since the
recording and scoring of PLM requires special technical skills and training which are
not readily available in all sleep disorders clinics. Moreover, the SIT MDS data are
entered and analysed automatically, which eliminates the problem of inter-rater
reliability encountered with PLM scoring. In addition, the SIT MDS is available within
a few minutes after the end of the test and can be used immediately for the initiation of
treatment. Finally, since it does not require EMG recording, the SIT MDS can be
measured at home. However, further studies should compare the diagnostic value of this

measure with other ambulatory methods recently developed, such as actigraphy [27-29].

The present study also showed that the SIT MDS is more sensitive than the SIT PLM
index. It is worth mentioning that, in the present study, a SIT PLM cut-off value of 12
best discriminated patients from controls, which contrasts with the cut-off value of 40
obtained in a previous study performed on 16 patients with RLS and 16 control subjects
[6]. This discrepancy is probably due to the difference in patient selection. Indeed, the

first study was conducted on severe cases only, while the present study included all
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patients who met the four clinical diagnostic criteria for RLS, regardless of the severity
of their symptoms. Therefore, a cut-off value of 12 for the SIT PLM is probably more

appropriate when testing RLS patients with various degrees of symptom severity.

The PLMS index is probably the PSG parameter most frequently used by clinicians and
researchers for supporting the diagnosis of RLS. Our results showed that this parameter
correctly classifies 77% of patients and controls, which is slightly higher than what was
previously found [6]. However, the present study showed that the PLMS index is less |
sensitive and specific than the PLMW “index. The latter has shown the highest

sensitivity of all parameters tested.

The sensitivity and the specificity of the PLMS-arousal index for diagnosing RLS had
never been assessed before. Although relatively specific when tested on healthy controls
without any sleep, sensory or motor dysfunction, this measure had the lowest sensitivity

of all parameters tested and therefore, is not recommended for diagnosing RLS.

The discrepancy between the SIT MDS and the SIT PLM index seen in some RLS
patients is mainly characterised by a positive SIT MDS associated with a negative SIT
PLM. This observation may be explained by the fact that before undergoing the SIT,
subjects were instructed to avoid moving voluntarily for the entire duration of the test.
Therefore, patients may experience leg discomfort without producing leg movements.
This would mean that, in a significant number of patients, leg movements (even

periodic, as represented by the SIT PLM index) may be under voluntary control. This
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issue has been discussed previously [26]. The existence of both voluntary and
involuntary movements could also explain the discrepancy between the PLMW and
PLMS indices. Both types of leg movements are reflected in the PLMW whereas the
PLMS index is comprised of only involuntary movements. This further supports the fact

that RLS is primarily a disorder of wakefulness rather than a sleep disorder.

In summary, our study showed that the PLMW index and the SIT MDS, taken
separately or in combination, accurately discﬁminated patients with RLS from healthy
control subjects. It should be stressed that the SIT MDS and the PLMW index represent
direct measures of the two major complaints of patients suffering from RLS, namely
unpleasant leg sensations and motor restlessness occurring at rest, in the evening or

during the night.
ACKNOWLEDGMENTS

The authors would like to thank the technical staff of the Sleep Disorders Center,
namely Benoit Adam, Sonia Frenette, Anik Gosselin and Sylvie Rompré for scoring the
PSG recordings and Dominique Petit, PhD, for reviewing the manuscript. The authors
also thank Daniel Filipini, MD, Livia Fantini, MD and Mario Ducharme, MD for their
role in the clinical evaluation of patients and Julie Carrier, PhD, for helping with
recruitment of controls and their polysomnographic recording. This research program
has been supported by the Canadian Institutes of Health Research (grants to J.

Montplaisir and G. Lavigne and studentships to M. Michaud and A. Desautels).



136

Table 1. Clinical, PSG and SIT characteristics of patients with RLS and healthy control

subjects.

RLS patients Control subjects p
No of subjects 100 50
Age at consultation 488+ 11.5 48.4+9.2 NS
[11.0-76.0] [24.0 —70.0]
Gender 60 women; 40 men 29 women; 21 men NS
SIT
- MDS (in millimeters) 31.7+£21.0 50+6.5 < 0.00001
[0.0 - 90.8] [0.0 —29.0]
- PLM index (n/hr) 533+£62.8 9.0+21.7 < 0.00001
[0.0 —285.4] [0.0 - 134.0]
PSG
- Sleep latency (min) 26.6 +£32.4 16.0£12.6 <0.006
[3.3-140.0] [4.3-62.0]
- Total sleep time (min) 343.3+973 382.9+£59.9 <0.003
[54.7 — 555.0] [234.0 — 490.3]
- Sleep efficiency (%) 76.0+17.2 84.4+9.4 < 0.0002
[17.3-93.0] [59.7 - 97.2]
- MA index (n/hr) 158 +8.8 13.7+6.7 NS
[0.6 —48.3] [4.6-39.1]
- PLMW index (n/hr) 52.9+38.1 82+12.6 < 0.00001
[2.7 - 156.6] [0.0-51.9]
- PLMS index (n/hr) 28.2+£29.5 45£5.6 < 0.00001
[0.0-152.1] [0.0-21.3]
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- PLMS-arousal index (n/hr) 52+59 1.1+1.8 < 0.00001
[0.0 —28.5] [0.0-8.1]

- NS: Not significant, SIT: Suggested immobilization test; MDS: Mean leg
discomfort score; PLM: Periodic leg movements; MA: Microarousal;
PLMW: Periodic leg movements during nocturnal wakefulness; PLMS:
Periodic leg movements in sleep

- Value expressed as mean + standard deviation and [range] (except for
gender) -

! Student t-tests (except for gender for which a Chi-square test was used)
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Table 2. Sensitivity, specificity, correct classification, and area under the ROC curve of

the PSG and SIT parameters.

Cutoff Sensitivity Specificity Correct Area under

classification® curve
SIT )
- MDS 11 82+8 84+ 10 82.7% 88.3%
- PLM index 12 62+ 10 84+ 10 69.3% 75.0%
PSG
- PLMW index 15 87+ 7 80+ 11 84.7% 91.7%
- PLMS index 7 78 + 10 76 + 12 77.3% 84.3%

- PLMS-arousal index 2 60+10 84+ 10 68.0% 74.2%

- SIT: Suggested immobilization test; MDS: Mean leg discomfort score; PLM:
Periodic leg movements; PSG. Polysomnography; PLMW: Periodic leg
movements during nocturnal wakefulness; PLMS: Periodic leg movements in
sleep

- Values of sensitivity and specificity are expressed as mean £ 95% confidence
interval

* Represent the number of patients and controls correctly classified among the

entire sample studied (n=150)
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5. DISCUSSION

Les objectifs généraux visés par cette these étaient de preciser les
caractéristiques cliniques et polygraphiques du SIME et de développer des instruments
de laboratoire permettant d’améliorer le diagnostic de cette maladie. Dans un premier
temps, nous avons donc complété la description clinique du SIME en d_étenninant la
prévalence d’impatiences musculaires au niveau des membres superieurs dans une
grande population de patients atteints du SIME. Dans un deuxieme temps, nous avons
précisé les caractéristiques polygraphiques de jour et de nuit du SIME. A ce niveau,
nous nous sommes donc intéressés a la fois aux mouvements périodiques des bras
(MPB) et aux mouvements périodiques des jambes (MPJ) & 'éveil et en sommeil.
Parallelement & ces études, nous avons évalué, a 'aide du TIS, les effets d’une
immobilisation prolongée sur les symptomes sensoriels et moteurs du SIME. Enfin,
nous avons évalué la puissance discriminante de ces différents parametres

polygraphiques pour diagnostiquer le SIME.

5.1. Symptdmes sensoriels et moteurs aux membres superieurs.

Notre premiére étude a démontré qu’une grande proportion de patients atteints
de SIME idiopathique se plaignent d’impatiences musculaires aux bras. En effet, 48.7%
des 230 patients SIME ayant participé a cette étude ont rapporté avoir de tels
symptomes. Ce résultat corrobore ceux obtenus dans deux études cliniques effectuées
chez un plus petit nombre de patients, lesquelles rapportaient respectivement que 20%
et 50% des patients souffrant de SIME idiopathique se plaignent d’impatiences au

niveau des membres supérieurs.”’68 Ainsi, la présence d’impatiences musculaires au
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niveau des bras représente un phénotype relativement fréquent du SIME.

Les patients se plaignant d’impatiences musculaires aux membres supérieurs
n’ont pas montré de caractéristiques démographiques et polysomnographiques (age a la
consultation, 4ge d’apparition de la maladie, durée de la maladie, histoire familiale
positive, latence au sommeil, durée du sommeil, index de MPJS et efficacité du
sommeil) différentes comparativement aux patients ne s’en plaignant pas. Cependant,
nous avons observé une relation étroite entre la sévérité clinique du SIME et la présence
d’impatiences musculaires aux membres supérieurs, Ainsi, les patients atteints d’un
SIME sévére se plaignent davantage de symptomes aux bras que les patients dont la
maladie est de sévérité modérée ou légere. Ceci suggere que la présence d’impatiences
musculaires aux membres supérieurs pourrait &tre considérée comme un marqueur de la
sévérité du SIME. D’autres études seront toutefois nécessaires afin de confirmer une
telle hypotheése. De ce fait, il serait intéressant d’utiliser I’échelle de sévérité du SIME
qui a récemment été développée par 'IRLSSG.'% Cette échelle, composée de 10
questions, a été validée auprés de 168 patients SIME et 177 contrbles et a démontré
d’excellents coefficients de validité et de fidélité (alpha de Cronbach > 0.90, fidélité
test-retest de 0.701). Par ailleurs, il serait intéressant d’évaluer de fagon plus specifique
la présence d’impatiences musculaires 4 d’autres parties du corps puisque certains
patients ont également rapporté des symptomes au niveau du tronc. Il se pourrait par
conséquent que les sensations d’inconfort ressenties par les patients sévérement atteints
ne soient pas limitées aux membres inférieurs et supérieurs mais qu’elles soient
généralisées.

Dans notre deuxiéme étude, nous avons montré que plusieurs patients atteints du
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SIME présentent des MPB. Ainsi, parmi les 22 patients étudiés en laboratoire, 15 ont
présenté un index de MPB supérieur a cing par heure d’éveil. Toutefois, seulement trois
d’entre eux ont présenté des MPB qui persistaient au cours du sommeil. Chez ces
derniers, les MPB sont pour la plupart associés temporellement a des MPJS et
présentent une périodicité similaire, ce qui suggére qu’ils sont contrdlés par des
mécanismes physiologiques communs. A Péveil, moins de MPB sont associés
temporellement & des MPJ. Ceci peut s’expliquer par le fait que les MPB a I’éveil sont
composés & la fois de mouvements involontaires et volontaires et qu’il est pratiquement

impossible de discriminer ces deux types de mouvements a partir de tracés PSG.

Par ailleurs, notre étude a montré que les patients qui ont un index de MPB a
I’éveil supérieur a 5 souffrent d’un SIME dont la sévérité est plus grande que ceux
n’ayant peu ou pas de MPB. De plus, les premiers sont plus 4gés que les seconds. Ces
résultats sont en accord avec ceux de notre étude antérieure qui montraient que la
sévérité de la maladie augmente avec 1’Age. L’ensemble de ces observations sugg;‘ere

que I’apparition de symptdmes aux membres supérieurs représente un stade tardif dans

I’évolution de la maladie.

Finalement, la présence d’impatiences musculaires et de mouvements
périodiques au niveau des membres supérieurs suggére que les mécanismes
physiologiques impliqués dans la phénoménologie sensorielle et motrice du SIME ne
sont pas limités aux membres inférieurs. Tel que mentionné précédemment dans la

section 2.6.4., différents auteurs ont proposé que le SIME, et plus particulicrement les
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MPJ, seraient d’origine spinale.>*"% 49107115 Selon ce modele, les patients avec le SIME
présenteraient une hyperexcitabilité de la moelle épiniere, qui favoriserait I’activation
d’un générateur spinal intrinséque qui serait localisé caudalement dans la moelle,
vraisemblablement au niveau lombo-sacré. Cette hypothése s appuie 1) sur les résultats
d’études montrant la présence de MPJS chez des patients avec une lésion compléte de la
moelle épiniére aux niveaux cervical, thoracique et lombaire, 2) sur la similarit¢ entre
les MPJ et le réflexe de retrait suite 4 une stimulation douloureuse (réflexe de flexion)
qui est d’origine spinaie, et 3) sur I’existence d’un groupe de neurones appele
“générateur de patrons centraux”, lequel serait localisé au niveau lombo-sacré et
permettrait entre autres I’exécution des mouvements rythmiques des membres inférieurs
lors de la locomotion. Ce groupe de neurones est bien défini chez I’animal et des
travaux récents suggérent qu’il serait également présent chez ’humain.?® Les résultats
de nos deux premiéres études suggérent que les mécanismes physiologiques impliqués
dans les paresthésies et les mouvements périodiques du SIME ne se limitent pas a la
moelle épiniére lombo-sacrée et que certaines structures, probablement d’origine supra-
spinale, seraient impliquées. Ceci appuie les résultats obtenus en imagerie par résonance
magnétique fonctionnelle qui ont montré une activation de la formation réticulée
rostrale du tronc cérébral et du noyau rouge du mésencéphale lors de MPJ de méme
qu’une activation cérébelleuse ipsilatérale et une activation controlatérale du thalamus
lors de paresthésies aux jambes chez des patients SIME.'* Toutefois, d’autres études en
imagerie fonctionnelle s’avéreront nécessaires afin de déterminer si les structures
cérébrales impliquées dans la genése des symptdmes sensoriels et moteurs au niveau

des membres supérieurs sont les mémes que celles pour les membres inférieurs.
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5.2. Caractéristiques des manifestations motrices du SIME a I’éveil et en sommeil.

Dans notre troisiéme étude, nous avons procédé a I’étude des caractéristiques
électrophysiologiques des MPJ chez 100 patients atteints du SIME. Dans un premier
temps, nous n’avons démontré aucune différence significative entre les caractéristiques
des MPJ chez les hommes et chez les femmes, ce qui suggére que le genre affecte peu
les MPJ. A I’opposé, 1’age exerce une influence significative sur les MPJ. En effet, les
indices de MPJ a I’éveil (MPJE) augmentent de fagon progressive avec I’4ge. Un tel
résultat appuie par conséquent ’hypothése émise dans nos deux études précédentes, a
savoir qu’il y aurait une augmentation de la sévérité des symptomes du SIME avec le
vieillissement. Quant aux MPJS, aucune corrélation n’a été observée entre I’index de
MP]J par heure de sommeil et I’age. Cette observation laisse croire que I’index de MPJE
serait un meilleur marqueur de la sévérité du SIME que ’index de MPJS, ce qui appuie
entre autre I’hypothése voulant que le SIME soit une maladie de 1’éveil plutét qu’une

maladie du sommeil.

L’age n’exerce aucune influence sur la durée des MPJ tant a I’éveil qu’en
sommeil mais il affecte leur périodicité. En effet, on observe avec le vieillissement une
diminution marquée des intervalles inter-mouvements (IIM). Cette diminution semble
toutefois indépendante de 1’augmentation du nombre de MPJ ou de la redistribution des
mouvements dans le cycle éveil/sommeil, ce qui suggere que les propriétés intrinséques
du générateur de MPJ changent au cours du vieillissement. Par ailleurs, nous avons
montré que la durée, la périodicité et I'index de MPJ sont modulés par le cycle

éveil/sommeil. Ainsi, la durée des MPJ est plus longue a I’éveil et elle diminue de fagon
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progressive en sommeil, des stades 1 et 2 au SLP puis au SP, qui présente non
seulement les durées les plus courtes mais les indices les plus bas. Quant aux IIM, ils
augmentent de fagon progressive de I’éveil au SLP pour enfin retourner a une valeur

comparable & celle observée a I’éveil lors du SP.

La diminution marquée de la durée et de I’index de MPJ au cours du SP peut
s’expliquer par I’inhibition motrice typique 4 ce stade de sommeil. Cependant, le fait
que certains MPJ surviennent en SP suggére que I’inhibition motrice exercée sur les
motoneurones spinaux par le tronc cérébral n’est pas compléte, du moins chez les
patients SIME. Pour ce qui est de la périodicité des MPJS, certaines indications nous
laissent croire qu’elle serait contrdlée par un oscillateur qui est également responsable
de la fluctuation d’autres fonctions physiologiques telles que la respiration, le rythme
cardiaque et la pression artérielle. En effet, il a été démontré que ces fonctions
présentent une périodicité variant entre 20 et 40 secondes, ce qui se compare
étroitement a celle des MPJS.>? Récemment, des études ont montré que 1’étre humain
présente au cours du sommeil des variations périodiques de 'EEG, lesquelles oscillent a
une fréquence d’environ 1 a toutes les 20 a 40 secondes,”! un phénomeéne connu sous le
nom de “cyclic alternating pattern (CAP)”. Certains auteurs ont proposé que le CAP
pourrait étre & Porigine de la périodicité des MPJS.®’ Le fait que les IIM soient
comparables en SP et en éveil suggére que I’excitabilité de I’oscillateur responsable de
la genése des MPJS est semblable lors de ces deux états physiologiques. Le SP et I’éveil
partage plusieurs caractéristiques, notamment un EEG désynchronisé et la présence

d’activité gamma. D’autres phénomeénes pathologiques comme les decharges
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épileptiques inter-critiques ont aussi une fréquence semblable en éveil et en SP ce qui

souligne la similarité de ces deux états physiologiques.

Le deuxiéme objectif de ce volet était de caractériser les mouvements des
jambes observés a I’éveil lors du TIS et de développer des critéres permettant de les
quantifier. Dans un premier temps, nous avons observé que la durée des MPJ enregistrés
lors du TIS était supérieure 2 celle des MPJS et des MPJE. Ainsi, bien que la majorité
dés MPJ lors du TIS ait présenté une durée inférieure a 5 secondes (comme c’est le cas
pour les MPJE et MPJS), plusieurs mouvements ont duré entre 5 et 10 secondes. Cette
durée plus longue des MPJ au cours du TIS peut s’expliquer par la présence d’une
composante volontaire ayant pour but d’apaiser les sensations d’inconfort. En effet, il a
été démontré que lors du TIS, les paresthésies sont étroitement associeées aux MPJ et

que dans la majorité des cas elles surviennent apres le début du mouvement.’’

La périodicité des MPJ lors du TIS est également différente de celle des MPJS
ou des MPJE. Ce dernier résultat peut surprendre compte tenu que les MPJE et les MPJ
lors du TIS sont tous les deux enregistrés & 1’état d’éveil. Dans notre étude précédente
nous avons montré que les IIM étaient plus courts a I’éveil qu’en sommeil et qu’ils
augmentaient progressivement du stade 1 au SLP, ce qui suggére une étroite association
entre la périodicité des mouvements des jambes et le niveau de vigilance. A cet effet,
nous croyons que le niveau de vigilance observé lors du TIS est plus élevé que celui
observé lors des éveils nocturnes puisque lors du TIS, les patients sont contraints a

I’immobilité ce qui aggrave leur symptomatologie, les rendant ainsi plus attentifs a leurs
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symptomes et, par conséquent, plus alertes. Ceci pourrait expliquer les différences
observées entre la périodicité des MPJE et celle des MPJ lors du TIS. Des analyses
détaillées de la composante spectrale de 'EEG lors du TIS et des périodes d’éveil
nocturne s’avéreront toutefois nécessaires afin de confirmer une telle hypothése. Par
ailleurs, il serait intéressant de vérifier si les changements périodiques des fonctions
autonomiques (rythme cardiaque, respiration, pression artérielle) et de 'EEG (CAP)
décrits lors du sommeil et associés aux MPJS (voir étude précédente) sont egalement
présents & 1’éveil, et plus particulierement lors du TIS. |

Enfin, nos analyses ont montré que lors du TIS, plus de 90% des MPJ satisfont
aux critéres de périodicité (i.e. intervalle inter-mouvements de 4 & 90 secondes et serie
de 4 mouvements) définis par Coleman pour quantifier les MPJ S." Cependant, 16.4%
des mouvements ont présenté une durée supérieure & 5 secondes, ce qui suggere que le
crité—re de durée maximale utilisé pour les MPJS n’est pas approprié pour les MPJ lors
du TIS. Par conséquent, nous proposons de modifier le critére de durée maximale de 5 a
10 secondes et d’utiliser les autres critéres de Coleman'’ afin de quantifier les MPJ lors

du TIS, ce qui permet d’augmenter la sensibilité du TIS pour diagnostiquer le SIME.

5.3. Effets de ’immobilité sur les symptomes sensoriels et moteurs du SIME.

Dans notre cinquiéme étude, nous avons évalué I’influence de I'immobilité sur les
symptémes sensoriels et moteurs du SIME a I’aide du TIS. Nous avons utilis¢ les
critéres définis dans ’étude précédente pour quantifier les MPJ et nous avons utilisé un

appareil électronique doté d’une échelle analogique afin de mesurer la sévérité des
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symptomes sensoriels. Cet appareil était programmé pour émettre un indicatif sonore a
toutes les 5 minutes. A ce moment, le sujet devait estimer sur une échelle analogique de

100 millimétres ’inconfort ressenti au niveau de ses jambes.

Notre étude a démontré que I’immobilité aggrave l’inconfort aux membres
inférieurs chez les patients atteints du SIME. Ainsi, aprés seulement dix minutes
d’immobilisation, les patients ont présent¢é un niveau d’inconfort moyen
significativement plué élevé que celui des sujets controles et la différence entre ces deux
groupes a augmenté de fagon progressive jusqu’a la fin du test. Ainsi, chez 84% des
patients le niveau maximal d’inconfort est survenu lors de la deuxiéme moitié du test.
Ces deux résultats appuient donc les observations cliniques montrant que dans le SIME,
les sensations d’inconfort (paresthésies) surviennent principalement au repos et qu’elles
sont aggravées par une immobilisation prolongée. Quant aux MPJ, nous avons
également montré qu’ils sont aggravés par I'immobilité chez les patients souffrant du
SIME mais pas chez les sujets normaux. Toutefois, le nombre de MPJ a augmenté
graduellement pendant les 35 premiéres minutes pour demeurer stable lors des 25
derniéres minutes du test, un phénoméne qui peut s’expliquer par un “effet plafond” du

nombre de MPJ pouvant survenir dans un intervalle de 5 minutes.

Différents facteurs peuvent influencer les résultats obtenus lors du TIS. C’est le
cas notamment du moment de la journée ou est administré le TIS de méme que de la
durée du test. En effet, il a été montré récemment que la sévérité des symptomes

sensoriels et moteurs du SIME présentent des variations circadiennes avec une intensite
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maximale vers 1h00 du matin.*"®” Ainsi, les mécanismes physiologiques responsables
de la genése et de la périodicité des mouvements de jambes sont probablement
influencés par I’horloge circadienne. Il serait donc intéressant de comparer les
caractéristiques des phénomeénes sensoriels et moteurs lors de TIS administrés a
différents moments sur une période de 24 heures. Dans un autre ordre d’idée, il serait
intéressant de prolonger la période d’immobilisation du TIS afin d’observer Ieffet sur

le décours temporel des MPJ et celui de I’inconfort.

En résumé, notre étude démonire que les patients atteints du SIME semblent
beaucoup plus sensibles a ’effet de 1’immobilité que les sujets normaux et ce, tant pour
I’inconfort ressenti aux jambes que pour les MPJ. Ceci appuie par conséquent un des
quatre critéres diagnostiques formulés par 'IRLSSG en 1995, selon lequel les
symptomes du SIME sont aggraveés par le repos.m4
5.4. Développement dve méthodes de laboratoire pour diagnostiquer le SIME

Dans la demiére partie de cette thése, nous avons évalué la puissance
discriminante des paramétres polygraphiques décrits précédemment pour diagnostiquer
le SIME, i.e. le niveau (score) moyen d’inconfort lors du TIS (SIT MDS), I'index de
MPJ au cours du TIS, 'index de MPJS et I’index de MPJE. A ces paramétres, nous
avons ajouté I’index de MPJS associés a des micro-éveils, un parametre fréquemment
utilisé afin de caractériser le SIME. Il est 4 noter que les indices de MPB a I’éveil et en
sommeil n’ont pas été retenus dans cette étude parce que seulement la moiti¢ des

patients étudiés précédemment présentaient des MPB a I’éveil et moins de 20% en



153

sommeil.

Notre étude a démontré qu’individuellement 1’index de MPJE et le SIT MDS sont
les deux paramétres les plus sensibles pour discriminer les patients avec le SIME des
sujets contrdles. Lorsque combinés, ces parametres permettent de classer correctement
88% des patients et des sujets contrdles avec une spécificité de 100%. Ceci laisse croire
que ces deux paramétres peuvent s’avérer utiles pour diagnostiquer le SIME et ce, tant

dans un contexte clinique qu’expérimental.

Toutefois, d’autres études seront nécessaires afin d’évaluer convenablement la
spécificité de ces paramétres en comparant des patients SIME avec des patients
présentant d’autres troubles sensoriels ou moteurs ou d’autres maladies du sommeil. A
titre d’exemple, il se pourrait que I’index de MPJE soit plus élevé chez les patients
insomniaques puisque ceux-ci rapportent bouger beaucoup lorsqu’ils essaient de
s’endormir. Des analyses préliminaires nous ont démontré que certains d’entre eux
présentent effectivement des indices élevés de MPJE. Par conséquent, bien que la
sensibilité de I’index de MPJE pour diagnostiquer le SIME soit élevée, sa spécificite
peut étre diminuée si d’autres populations cliniques sont considérées. De fagon
similaire, il se pourrait que le SIT MDS soit élevé chez des patients qui ne sont pas
atteints du SIME mais qui se plaignent d’inconfort ou de douleurs aux membres
inférieurs comme c’est le cas dans les neuropathies périphériques, arthrite ou les
douleurs chroniques. Ainsi, des études supplémentaires devront étre effectuées afin

d’évaluer I’utilité de ces mesures pour le diagnostic différentiel du SIME.



154

Dans 1’éventualité ou un haut niveau de spécificité pour le SIT MDS est maintenu
dans ces études, nous pourrions envisager d’utiliser seulement ce parameétre afin de
supporter le diagnostic clinique du SIME. En effet, le SIT MDS présente plusieurs
avantages comparativement a l’index de MPJE. Premiérement, il représente une
méthode simple et peu colteuse qui ne nécessite pas l'utilisation d’appareils
polygraphiques et d’enregistrements EMG. Par conséquent, le SIT MDS ne requiert pas
que le test soit administré et quantifié par un personnel possédant des habiletés
techniques particuliéres, comme c’est le cas pour les MPJ (MPJE, MPJS et MPJ lors du
TIS). Deuxiémement, les données d’inconfort obtenues par I’appareil électronique lors
du TIS sont recueillies et analysées automatiquement, ce qui élimine le probleme de
fidélité inter-évaluateurs rencontré lors de la quantification des MPJ. Troisiémement, les
résultats du SIT MDS sont disponibles quelques minutes apreés la fin du test et
permettent ainsi au clinicien de poser rapidement le diagnostic et d’initier rapidement le
traitement. Enfin, puisqu’il ne nécessite pas I'utilisation d’un polygraphe, le SIT MDS

pourrait étre utilisé comme mesure ambulatoire.

Les résultats de notre étude ont également démontré que le SIT MDS est
beaucoup plus sensible que I’index de MPJ lors du TIS. De ce fait, il importe de
mentionner que dans notre étude, la valeur critique de 12 obtenue pour I’index de MPJ
lors du TIS difféere grandement de celle de 40 obtenue dans une étude précédente.59
Plusieurs éléments méthodologiques peuvent expliquer cette différence. En effet, la
premiére étude a été effectuée chez un petit nombre (n=16) de patients présentant tous

un SIME sévére, alors que dans la seconde étude nous avons inclus un plus grand
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nombre (n=100) de patients avec différents niveaux de sévérité. Par conséquent, la
valeur critique de 12 pour I’index de MPJ lors du TIS est fort probablement plus

représentative de 1’ensemble des patients atteints du SIME.

Tel que mentionné dans la section 2.6. de la recension de la littérature, 'index de
MPJS représente le paramétre polysomnographique le plus utilisé par les cliniciens et
les chercheurs afin de supporter le diagnostic du SIME. Notre étude a montré que ce
paramétre permet de discriminer les patients des sujets controles avec une sensibilite de
78% et une spécificité de 76%, ce qui est inférieur aux résultats obtenus avec 'index de
MPIE (sensibilité de 87% et spécificité de 80%). Ce résultat combiné a ceux de récentes
études qui montrent des indices élevés de MPJS non seulement dans le SIME mais aussi
dans la narcolepsie, le TCSP et le SAS laissent croire que I’index de MPJS est un
parametre peu spé<3if1qu<3.36’76 Par ailleurs, notre étude a montré que ’index de MPJS
associés 4 des micro-éveils, un paramétre qui n’avait pas été inclus dans les analyses
d_iscriminantes précédentes, a présenté une bonne spécificité. Toutefois, compte tenu de
sa faible sensibilité (60%) nous ne recommandons pas 1’utilisation de ce parametre a des

fins diagnostiques pour le SIME.

Bien que des corrélations positives significatives aient été observées entre le SIT
MDS et I’index de MPJ lors du TIS et entre les indices de MPJE et de MPJS chez les
patients SIME, certains individus ont présenté des résultats divergents entre ces
paramétres. Notre étude a montré que les divergences entre I’index de MPJ lors du TIS
et le SIT MDS se caractérisent principalement par un SIT MDS positif associé & un

index de MPJ négatif. Ce résultat peut s’expliquer par le fait que les sujets reoivent,
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avant de débuter le test, des consignes leur demandant d’éviter de bouger
volontairement (3 l’exception des moments ou ils doivent indiquer leur niveau
d’inconfort sur ’échelle analogique électronique) et ce, pour la durée complete du test.
Par conséquent, certains patients SIME semblent présenter des symptomes sensoriels
sans toutefois produire de mouvements des jambes. Ceci laisse croire que chez un
nombre significatif de patients, les mouvements des jambes (méme ceux qui sont
périodiques, tels que représenté par ’index de MPJ lors du TIS) pourraient étre
contrdlés volontairement, une hypothése qui a d’ailleurs été émise précédemment (voir
section 5.2.). La présence de mouvements volontaires et involontaires pourrait
également expliquer la divergence observée entre les indices de MPJE et de MPJS chez
certains patients. En effet, les deux types de mouvements sont compris dans les MPJE
alors que les MPJS ne sont évidemment qu’involontaires. Cette observation supporte,
par conséquent, I’hypothése voulant que le SIME soit une maladie de I’éveil plutdt

qu’une maladie du sommeil.

En résumé, nous avons montré que I’index de MPJE et le SIT MDS, utilisés
séparément ou en combinaison permettent de discriminer efficacement les patients
SIME des sujets normaux. Il importe de mentionner que le SIT MDS et I’index de
MPJE représentent des mesures directes des deux plaintes principales des patients
SIME, a savoir: des sensations désagréables aux membres inférieurs associées a une
augmentation de 1’activité motrice, le tout survenant au repos et plus particuli¢rement en

soirée et au cours de la nuit.
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6. CONCLUSION

Le SIME est une maladie neurologique récemment définie dont le diagnostic
clinique repose sur la présence de quatre symptomes a savoir: 1) la présence d'un besoin
irrésistible de bouger les membres inférieurs et/ou supérieurs généralement associé€ a
des paresthésies/dysesthésies; 2) la présence exclusive ou I'aggravation des symptomes
au repos et le soulagement, du moins partiel, par le mouvement; 3) une augmentation de
l'activité motrice; 4) une apparition préférentielle ou une augmentation de la sévérifé des

symptémes en fin de soirée ou au cours de la nuit.

Dans la premiére partie de cette thése, nous avons précisé les caractéristiques
cliniques et polygraphiques du SIME en montrant qu'une grande proportion de patients
atteints du SIME se plaignent d'impatiences musculaires au niveau des membres
supérieurs et présentent des MPB. La relation étroite entre 1’age des patients, la sévérité
clinique du SIME et la présence de symptomes aux membres supérieurs suggere que la
sévérité du SIME augmente avec [’age et que I’apparition de symptdmes aux membres:
supérieurs représente un stade tardif dans 1’évolution de la maladie. Dans un autre ordre
d’idée, I'étude des caractéristiques des MPJ expérimentés par les patients atteints du
SIME nous a montré que ceux-ci sont grandement influencés par I'age et le cycle éveil-
sommeil. L’effet de 1’Age sur les MPJ, notamment |’augmentation des indices de MPJE,
appuie I’hypothése d’une aggravation de la sévérité du SIME au cours du vieillissement.
Quant 2 la modulation des MPJ par le cycle éveil/sommeil, elle semble étre le reflet de

la modulation de 1’inhibition motrice au niveau de la moelle épiniére au cours de I’éveil
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et du sommeil. Toutefois, la présence de MPJ lors du SP, alors que ce demier se
caractérise par une atonie musculaire, suggére que l’inhibition motrice n’est pas

compléte, du moins chez les patients SIME.

Dans la deuxiéme partie de cette thése, nous nous sommes intéressés au
diagnostic du SIME par des mesures de laboratoire. Ainsi, nous avons développé un
test, le TIS, qui permet de quantifier les symptdmes sensoriels et moteurs du SIME. Ce
test a permis d'observer que les symptdmes du SIME sont aggravés par l'immobilité, ce
qui appuie entre autre, un des critéres diagnostiques de cette maladie. Subséquemment,
nous avons comparé la puissance discriminante des paramétres du TIS avec celle de
différentes mesures polysomnographiques telles que 1’index de MPJS et I'index de
MPJE. Nous avons montré que l'index de MPJE et le score moyen d'inconfort lors du
TIS représentent les paramétres les plus sensibles et spécifiques pour discriminer les
patients SIME des sujets contrdles. Quant & I’index de MPJS, qui était jusqu’a
maintenant le paramétre le plus fréquemment utilisé pour supporter le diagnostic du
SIME, il s’est avéré moins sensible et moins spécifique que les deux parameétres
mentionnés précédemment. Par conséquent, nous recommandons I'utilisation de I'index
de MPJE et/ou du score moyen d'inconfort lors du TIS afin de confirmer le diagnostic

clinique du SIME.

En terminant, bien que les résultats de cette thése aient permis une amélioration
substantielle des connaissances sur le SIME, il n'en demeure pas moins que d'autres

études s'avéreront nécessaires pour préciser la phénoménologie de cette maladie. Selon
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nous, ’une des caractéristiques qui mérite d’étre étudiée davantage est la variation
circadienne des symptdmes du SIME. Ainsi, 1'utilisation du TIS, administré & différents
moments de la journée, s’avére tout indiquée afin d’étudier cette thématique. Quant au
diagnostic du SIME, nous croyons que d’autres études seront nécessaires afin d’évaluer
la spécificité de I'index de MPJE et du score moyen d'inconfort lors du TIS avant qu’ils
ne deviennent des outils diagnostiques standards. En effet, il serait important de
comparer les patients atteints du SIME avec d’autres populations cliniques présentant
des symptomes communs telles que des insomniaques, des patients atteints de

neuropathies, d’arthrite ou de douleur chronique.
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Dear Ms, Scholiz,

We are kindly requesting permission to include the two following paper;:, either published in or
submitted to Enropean Neurology, in Martin Michaud’s PhD thesis:

Chabli A, Michaud M, Montplaisir J. Periodic arm movements in patients with the restless
legs syndrome. European Neurolagy 2000, 44 (3): 133-138.

Michaud M, Paquet J, Lavigne G, Desautels A, Montplaisir J. Sleep laboratory diagnosis of
restless legs syndrome. Submitted to European Newrology.

Thank you very much. KARG E R

) § KARGER AG BASEL
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De: "Clapton, Sheila (ELS)'m
A: “j-montplaisir@crhsc.umontreal.ca™ <j-montpiaisir RHSC.UMontreal.CA>

Envoyé: 30 octobre, 2001 12:35
Objet : Permissions

FCR/smc/October 2001.107
30 October 2001

Dr Jacques Montplaisir

j-montplaisir@crhsc.umontreal.ca

Dear Dr Montplaisir

SLEEP MEDICINE, Vol 2, No 4, 2001, Pages 317-321, Michaud et al, "Restless
legs syndrome: scoring criteria for ..."

CLINICAL NEUROPHYSIOLOGY, Vol 110, No 7, 1999, Pages 1168-1174, Nicolas et
al, "The influence of sex, age and sleep/wake state on ..."

As per your letter dated 15 October 2001, we hereby grant you permission to
reprint the aforementioned material at no charge in your thesis subject to
the following conditions:

1. If any part of the material to be used (for example, figures) has

appeared in our publication with credit or acknowledgement to another
source, permission must also be sought from that source. If such permission
is not obtained then that material may not be included in your
publication/copies.

2. Suitable acknowledgment to the source must be made as follows:

"Reprinted from Journal title, Volume number, Author(s), Title of
article, Pages No., Copyright (Year), with permission from Elsevier
Science".

3. Reproduction of this material is confined to the purpose for which
permission is hereby given.

4. This permission is granted for non-exclusive world English rights

only. For other languages please reapply separately for each one required.
Permission excludes use in an electronic form. Should you have a specific
electronic project in mind please reapply for permission.

5. This includes permission for the National Library of Canada to
supply single copies, on demand, of the complete thesis. Should your thesis
be published commercially, please reapply for permission.

Yours sincerely

2001-10-30
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Frances Rothwell (Mrs)
Global Rights Manager

Your future requests will be handled more quickly if you complete the online
form at www.elsevier.com

2001-10-30
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8.2 DESCRIPTION DE L’APPORT DE CHACUN DES COAUTEURS

Article 1 Michaud M, Chabli A, Lavigne G, Montplaisir J. Arm restlessness in
patients with restless legs syndrome. Movement Disorders 2000, 15 (2):
289-293.

Dans le cadre de cette étude, j'étais responsable de la formulation du projet de méme
que de l'analyse des données et de la rédaction du manuscrit. Allal Chabli était
chercheur postdoctoral au Centre d'étude du sommeil de 'Hopital du Sacré-Coeur de
Montréal et il a contribué a I’interprétation des résultats ainsi qu’au contenu de la
discussion. Gilles Lavigne et Jacques Montplaisir détiennent conjointement une
subvention de recherche sur le syndrome d'impatiences musculaires et ont agit comme

investigateurs principaux de ce programme de recherche.

Article 2 Chabli A, Michaud M, Montplaisir J. Periodic arm movements in
patients with the restless legs syndrome. European Neurology 2000, 44
(3): 133-138.

Tel que mentionné précédemment, Allal Chabli était chercheur postdoctoral dans notre
laboratoire. 11 était responsable de ce projet de recherche ainsi que de la rédaction du
manuscrit. J'ai personnellement participé & l'analyse des données de méme qu'aux
analyses statistiques et & linterprétation des résultats. Jacques Montplaisir a agit

comme chercheur principal de ce programme de recherche.

Article 3 Nicolas A, Michaud M, Lavigne G, Montplaisir J. The influence of sex,
age and sleep/wake state on characteristics of periodic leg movements in

RLS patients. Clinical Neurophysiology 1999, 110 (7): 1168-1174.

Ce projet de recherche a été réalisé alors que je débutais mes études supérieures en

1997. L'article a été rédigé par Alain Nicolas alors chercheur postdoctoral au Centre
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d'étude du sommeil de I'Hopital du Sacré-Coeur de Montréal. J’ai toutefois participé
activement aux analyses statistiques ainsi qu’a l'interprétation des données et au
contenu de la discussion. Gilles Lavigne et Jacques Montplaisir ont agit comme

investigateurs principaux de ce programme de recherche.

Article 4 Michaud M, Poirier G, Lavigne G, Montplaisir J. Restless legs
syndrome: scoring criteria for leg movements during the Suggested

Immobilization Test. Sleep Medicine 2001, 2 (4): 317-321.

Mon rdle dans cette étude a été & la fois de formuler des hypothéses de départ,
d'élaborer le protocole expérimental, d'analyser les résultats et d'écrire le manuscrit.
Gaétan Poirier est un assistant de recherche spécialisé en informatique qui a modifié
les logiciels existants au laboratoire afin de faciliter I’analyse des données. Gilles
Lavigne et Jacques Montplaisir ont agit comme directeurs du programme de

recherche.

Article 5 Michaud M, Lavigne G, Desautels A, Poirier G, Montplaisir J. Effect of
immobility on sensory and motor symptoms of restless legs syndrome.

Movement Disorders 2002, 17 (1): 112-117.

Comme pour le manuscrit précédent, j'ai formulé les hypotheses, rédigé le protocole
expérimental, procédé & I'analyse des résultats, a leur interprétation et a la rédaction du
manuscrit. Alex Desautels a participé au recrutement des sujets ainsi qu’a
’interprétation des résultats. Celui-ci poursuit un programme de PhD portant sur la
génétique moléculaire du SIME et cet article ne fait pas partie de son programme de
PhD. Gaétan Poirier est informaticien et a contribué, tel que mentionné précédemment
a la modification des logiciels pour faciliter l'analyse des données obtenues lors de
cette étude. Enfin, Gilles Lavigne et Jacques Montplaisir ont agit comme directeurs de

ce programme de recherche.
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Article 6 Michaud M, Paquet J, Lavigne G, Desautels A, Montplaisir J. Sleep
laboratory diagnosis of restless legs syndrome. European Neurology

(sous-presse).

Comme pour les deux articles précédents mon rdle a été de formuler les hypotheses de
départ, d'élaborer le protocole expérimental, d'interpréter les résultats et d'écrire le
manuscrit. Alex Desautels a participé au recrutement des sujets et a I’interprétation des
résultats. Jean Paquet est un assistant de recherche spécialiste des statistiques et il a
participé au choix des tests statistiques et a l'interprétation des résultats. Gilles
Lavigne et Jacques Montplaisir ont agi comme directeurs de ce programme de

recherche.





