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LISTE DES ABREVIATIONS

OD Orbitopathie dysthyroidienne

NOD Neuropathie optique dysthyroidienne

NO Nerf Optique

EUGOGO European Group of Graves' Orbitopathy

TSH : Thyroid Stimulating Hormone

IGF1 : Insulin-like growth factor 1

IFN y : Interferon-gamma

TNFa : Tumor necrosis factor alpha

ILK 1B : Interleukine 1 beta

GAG : Glycosaminoglycane

NOIAA Neuropathie optique ischémique antérieure aigue
OR : Odds Ratio

SAOS Syndrome d’apnée du sommeil

VISA : vision, inflammation, strabismus, appearance
NOSPECS : Acronyme pour : 0: No signs or symptoms, 1: Only signs, no symptoms
2: Soft tissue involvement, 3: Proptosis, 4: Extraocular muscle involvement,
5: Corneal involvement, 6: Sight loss

CAS Clinical activity score

PEV Potentiel évoqué visuel

CV Champ visuel

DPAR Déficit pupillaire afférent relatif

DO Décompression orbitaire

MAVC Meilleure Acuité Visuelle Corrigée



II.  INTRODUCTION

1.Définition

L'orbitopathie dysthyroidienne (OD) est une pathologie inflammatoire
dysimmunitaire de l'orbite, qui entraine une infiltration des tissus mous intra-orbitaires (1).
Elle est associée dans 80 % des cas a une hyperthyroidie, dans 5a 10 % des cas a une
hypothyroidie, et plus rarement dans 5 % des cas a une euthyroidie (2).

Parmi les cas d’OD, il existe proportionnellement 65% de formes minimes, 29,4 a 33% de
formes modérées a séveres et 2,0% de formes menagant le pronostic visuel (3).

La Neuropathie optique dysthyroidienne (NOD) correspond a un déficit fonctionnel
du nerf optique (NO) potentiellement cécitant (4) et survenant dans environ 2 a 5 % des OD
(3,5). Elle résulte d’'un étirement (6) ou d’une compression a I'apex par augmentation du
volume des muscles et de la graisse intra-orbitaire dans une cavité osseuse inextensible (7).

2.Epidémiologie et histoire naturelle

La prévalence de 'OD en Europe a été estimée par le comité EUGOGO en 2017 a
8.97 pour 10 000 habitants, tous stades de la maladie confondus (3) .
L’incidence de I'OD est de 0.483/10 000/an (3). Elle varie en fonction de I'age et du sexe (8).
L’incidence la plus grande se situe entre 40 et 60 ans a 26.7 cas/10 000/an chez la femme et
0.054 cas/10 000/an chez 'homme (3).

L’OD apparait généralement dans les 6 mois suivant le diagnostic d’hyperthyroidie,
mais peut survenir jusqu'a un an avant ou 5 ans apres (9). Une atteinte orbitaire est
retrouvée chez 25% des patients présentant une maladie de Basedow, et constitue la plus
fréguente des atteintes extra-thyroidiennes (10) .

L’OD est une maladie chronique évoluant habituellement sur 2 & 3ans.
L’histoire naturelle de la maladie évolue en 2 phases selon la courbe de Rundle (11).
Une phase inflammatoire de 12 a 18 mois est suivie d’'une phase de fibrose sans retour a
I'état antérieur.
Rarement, dans 1,7% (12) a 15,7% des cas (13), la maladie peut se réactiver aprés
plusieurs années de guérison.
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Figure 1- Courbe de Rundle (11)

3.Physiopathologie

3.1.Physiopathologie de I'OD

La physiopathologie de I'OD se base sur une réaction immunitaire croisée entre les
tissus thyroidiens et orbitaires (14).

Il s’agit d’'un mécanisme dysimmunitaire qui met en jeu une activation réciproque
entre les lymphocytes B et T, et les fibroblastes orbitaires (1).

Les lymphocytes B et macrophages orbitaires agissent comme des cellules
présentatrices d’antigénes et activent les lymphocytes T en présentant les récepteurs de la
TSH et de I'IGF1(15) .

Les lymphocytes T activés produisent des cytokines (IFN y, TNFa, ILK 1B) qui
entrainent la prolifération de fibroblastes. Les fibroblastes sont également activés
directement par les anticorps anti récepteur a la TSH et I'lGF1.

Les fibroblastes activés entrainent une production de glycosaminoglycanes (GAG)
hydrophiles responsables de I'oedéme musculaire (16).

Cette synthése accrue de GAG agirait aussi sur la différenciation cellulaire de
fibroblastes en pré-adipocytes puis adipocytes péri-orbitaires entrainant une hypertrophie
cellulo-graisseuse.

Ces phénoménes entrainent 'augmentation du volume intraorbitaire, dans une cavité
osseuse inextensible.
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Figure 2- D’aprés Diana et al (15), Physiopathologie de 'orbitopathie basedowienne.

3.2.Physiopathologie de la NOD

La physiopathologie de la NOD est multifactorielle : mécanique, inflammatoire, et
ischémique.

La cause de NOD la plus largement admise est la compression du nerf optique a
I'apex orbitaire (7) par des muscles oculomoteurs élargis, atteints par un processus auto-
immun et inflammatoire (17) dans une orbite osseuse inextensible. Les muscles
oculomoteurs convergent a ce niveau vers leur insertion commune: I'anneau tendineux
commun (18). Cette compression altére le NO en provoguant une ischémie ou une inhibiton
du flux axonal. Plus l'apex est étroit, plus le risque de NOD est important comme le
suggerent Chan et al (19).
Le muscle droit médial est le deuxieme muscle le plus atteint dans I'OD aprés le droit
inférieur (20). Il est aussi le plus proche du NO a cet endroit. Son volume au scanner a déja
été décrit comme facteur prédictif de survenue de NOD (21).
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Le NO peut souffrir aussi d’'un étirement par déplacement antérieur du globe, sutout
lorqu’il est de petite taille comme le suggérent Anderson et al (6). Bain et al (22,23) ont
montré que le NO, étant, issu du systéme nerveux central, aurait une structure différente des
nerfs périphériques, qui le rendrait plus susceptible a I'étirement. De plus, I'élongation du
nerf optique le rendrait plus fragile face aux phénoménes microvasculaires ischémiques, a
linflammation environnante, et aux altérations du flux axonique mécanique ou métabolique
(24).

L’aumentation de la pression rétrobulbaire semble également avoir un role de
compression direct sur le NO comme le suggérent Otto et al (25).

Bien qu'il n'existe pas d’inflammation directe du NO (26) dans I'OD, la réaction
inflammatoire joue un réle majeur dans 'augmentation du volume intra-orbitaire (1). De plus,
Yanik et al (27) ont montré que l'inflammation pouvait étre associée a des modifications
vasculaires, rendant le NO plus fragile & la compression.

Des modifications vasculaires sont également impliquées au niveau de lartere
ophtalmique et de I'artére centrale de la rétine, révélées par échodoppler (27) . Des cas de
neuropathie optique ischémique antérieure aigue (NOIAA) ont aussi été décrits (28,29). Plus
récemment des modifications du réseau capillaire péripapillaire superficiel ont été montrées
grace a I'OCT-angiographie (30,31).

—dedans | bas

Figure 3- Schéma d’une Orbite droite d’aprés Civit et al (32). Vue antérieure.
Anneau tendineux commun de Zinn.
Muscles intraorbitaires: R: releveur de la paupiére supérieure DS: droit supérieur DM: droit
médial DI: droit inférieur DL: Droit lateral OS: oblique supérieur Ol: oblique inférieur
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4.Facteurs de risque de développer une NOD

4.1.Facteurs de risque non modifiables

Génétique: Plusieurs génes impliqués dans la maladie de Basedow ont été
retrouvés comme le CD40, CTLA4, PTPN22, FCRLS3, ou les génes de la thyroglobuline et du
récepteur a la TSH (33), mais aucun n’est lié particulierement avec le développement d’'une
OD ou d’une NOD (34).

Age et sexe: L'age supérieur a 60 ans est le facteur de risque le plus important de
développer une NOD pour un patient atteint d’OD (26). Les patients de sexe masculin sont
également plus a risque (35).

4.2.Facteurs de risque modifiables

Tabac: Le risque relatif lié au tabac, de développer une OD chez les patients atteints
de maladie de Basedow est de 7,7 (36). Lee et al (37) ont montré que le tabac était aussi un
facteur prédictif de déveloper une OD sévere (OR=6,57) et une NOD (OR=10,00). Le mode
d’action, mal élucidé, multifactoriel, met en jeu des mécanismes d’autoimmunité,
d’inflammation et d’hypoxie (38).

Dysfonction thyroidienne: I'hypothyroidie et I'hyperthyroidie sont des facteurs de
risque de séverité de 'OD (39).

Traitement par lode radioactif: L’IRAthérapie est un facteur de risque de
progression de I'OD et donc de NOD (34). Contrairement aux médicaments antithyroidiens
et a la thyroidectomie, I'lRAthérapie induit une réactivation transitoire de I'autoimmunité (40).
Elle est donc a éviter chez les patients avec atteinte ophtalmique ou doit étre encadrée par
une corticothérapie (41).

Anticorps anti-récepteur a la TSH: Ponto et al (42) ont montré qu’un taux
d’anticorps anti-récepteur a la TSH élevé était associé a la présence d’'une NOD d’apparition
récente.

Diabéte: Kalmann et al (43) ont trouvé que les diabétiques atteints d’OD
développaient plus de NOD et que le traitement de la NOD paraissait étre moins efficace
chez ces patients. La microangiopathie diabétique et I'hypoxie qui en résulte fragiliseraient le
NO face a la compression des muscles a l'apex.

Syndrome d’apnées obstructives du sommeil (SAOS ): Habib et al (44) ont trouvé
une prévalence plus importante de patients atteints de SAOS dans le groupe de patients
avec NOD comparé au groupe sans NOD.

5.Evaluation Clinique

Plusieurs systémes de classification d’activité et de sévérité de 'OD ont été congus
afin de pouvoir standardiser la prise en charge de cette maladie (45).
Les classifications VISA (vision, inflammation, strabismus, appearance)(46) et EUGOGO
(European Group of Graves' Orbitopathy) (47) sont les plus connues. Ici nous détailleront les
scores d’activité et de sévérité développés par 'TEUGOGO, car ce sont les plus fréquemment
utilisés en Europe.
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5.1.Activité de 'OD

Le score dactivité clinique, Clinical Activity Score (CAS) permet d’évaluer le
caractere inflammatoire de I'orbitopathie selon 7 items. Il a été décrit pour la premiere fois
par Mourits en 1997 (48) puis modifié par le groupe EUGOGO en 2006 (49). L'OD est
considérée comme active avec un score = a 3/7. On compte un point pour chacun des
signes suivant si présent :

e Douleur rétro-oculaire spontanée
e Douleur a la mobilisation
e Hyperhémie conjonctivale

e Chémosis

e Oedeme de la caroncule et/ou du repli semi-lunaire
e Hyperhémie palpébrale
e Oedeme palpébral

5.2.Sévérité de I'OD

Pour évaluer la sévérité de I'OD, la classification de NOSPECS décrite par Werner en
1969 (50) et rééditée en 1977 (51) a longtemps été utilisée. Désormais, la classification la
plus utilisée en Europe et la plus récente est celle en trois stades de TEUGOGO, établie en

2016 (47).

Atteinte minime

Impact mineur sur la vie quotidienne ne justifiant pas un
traitement immunosuppresseur ou chirurgical.

Au moins un des signes suivants:

» Rétraction palpébrale <2 mm
*Atteinte minime des tissus mous
*Exophtalmie < 3 mm

*Diplopie intermittente ou absente
*Kératite superficielle

Atteinte modérée
a sévere

Sans atteinte menacgant le pronostic visuel mais dont I'impact sur
la vie quotidienne justifie le recours a un traitement
immunosuppresseur (si OD active) ou chirurgical (si OD inactive).

Deux ou plus des signes suivants :

*Rétraction palpébrale = 2 mm

*Atteinte modérée a sévere des tissus mous

*Exophtalmie = 3mm (au dela de la norme pour le sexe et I'ethnie)
*Diplopie permanente ou non permanente

Menace du
pronostic visuel

¢ Neuropathie optique
e Ulcére cornéen

Tableau 1- Score de sévérité selon 'TEUGOGO (47)

14



5.3.Diagnostic de NOD

Contrairement aux nombreux scores évaluant I'OD, il n’existe pas réellement
d’évaluation clinique stantardisée de la NOD. La plupart des cliniciens utilisent une
combinaison de signes cliniques et paracliniques évaluant la fonction du NO.

Dans le but de standardiser le diagnostic de NOD, le comité EUGOGO a consacré un
article sur les caractéristiques cliniques et paracliniques utlisées par sept différents centres
européens dans le diagnostic de NOD (5). Le but était d’évaluer la prévalence de certains
signes cliniques dans un groupe de patients avec NOD par rapport a un groupe sans NOD.

Part de yeux présentant le critéere

Critere clinique testé clinigue anormal parmis les yeux avec
NOD diagnostiquée (%)
e Altération de la vision des couleurs 7
o Baisse de I’Acuité visuelle 80
o Encombrement a ’apex orbitaire au scanner 95
e Oedeme papillaire 56
o Papille pale 4
e Déficit du champ visuel 71
e Anomalie de latence des PEV 73
e Exophtalmie > 21 mm 62
o Déficit pupillaire afférent relatif 45
e CAS>3mm 61
e Etirement du nerf optique a I'imagerie 33

Tableau 2- Fréquence de signes cliniques anormaux dans les NOD, retrouvés dans une
étude de 'TEUGOGO (5) PEV= Potentiels évoqués visuels

Ainsi, la majorité des études se basent sur des examens évaluant latteinte
fonctionnelle du NO parmi : Vision des couleurs, Champ visuel (CV), Acuité visuelle (52-54).

Certains signes trés évocateurs, sont inconstants comme la présence d’'un cedéme
papillaire (55). De méme, un déficit pupillaire afférent relatif (DPAR) n’est pas toujours
présent, dans la mesure ou l'atteinte fonctionnelle du NO est bilatérale et symétrique dans
40% des cas (5).

L'imagerie dans la NOD n’établit pas le diagnostic, mais aide a déterminer le
mécanisme de souffrance du NO, par compression a I'apex ou étirement. Elle permet
également une analyse des tissus mous environnants (56) . Ainsi, le scanner sans injection
de produit de contraste et I'lRM permettent I'étude de I'exophtalmie, du volume des muscles
et de la graisse, du NO, de I'encombrement a l'apex, et de la paroi médiale de I'orbite qui
peut étre incurvée en cas d’hyperpression intra-orbitaire et d’hypertrophie du muscle droit
médial (57). Ces éléments font partie de la grille biométrique établie par Cabanis (58) dans
I'évaluation de I'OD.

Le scanner permet aussi un examen des sinus a la recherche d'une pathologie
sinusienne contre-indiquant provisoirement un geste de décompression orbitaire ou une
corticothérapie.

L’IRM sans injection de gadolinium, permet d’évaluer I'inflammation des muscles qui
apparait en iso- ou hyposignal T1, et hypersignal T2. Elle peut rechercher aussi des signes
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de fibrose en iso signal T1 et hyposignal T2. Le signal musculaire a déja été utilisé pour
évaluer la réponse au traitement anti-inflammatoire (59).

6. Prise en charge

6.1.Historique

La prise en charge de I'OD a beaucoup évolué ces 150 dernieres années (60).
Autrefois de trés mauvais pronostic fonctionnel, esthétique et parfois vital, 'OD entrainait
parfois des infections oculaires ou orbitaires sévéres nécessitant une énucléation (61).

La décompression orbitaire (DO) a été le premier traitement employé (62) . Toutefois,
la DO ne permet pas de traiter I'inflammation, ni de limiter la durée d’évolution de la maladie
(60). De plus, lorsqu’elle est réalisée en phase inflammatoire, elle est plus a risque de
complications (63).

L’évolution des connaissances physiopathologiques de la maladie a ensuite permis
I'essor de traitements médicaux afin de réserver la chirurgie aux cas les plus sévéres et a la
prise en charge des séquelles a distance. Leur objectif est de diminuer le volume des tissus
mous intraorbitaires en agissant sur I'inflammation (64) .

Ainsi, la corticothérapie a montré son efficacité dans I'amélioration de 'OD par son
action anti inflammatoire (65). Elle a été utilisée par voie orale dans un premier temps (66).
Puis son administration par voie intraveineuse a montré de meilleurs résultats, avec moins
de morbidité (65) .

La radiothérapie a également fait la preuve de son efficacité sur 'OD modérée a
sévere active, notamment lorsqu’elle est associée a une corticothérapie (67—-69).

Plus récemment, de nouveaux traitements immunomodulateurs tels que le Rituximab
(70) ou le Tocilizumab (71) ont été développés pour le traitement de 'OD, ou sont en cours
d’étude.

6.2.Prise en charge actuelle selon TEUGOGO

La prise en charge de I'OD en Europe a été standardisée par les recommandations
de TEUGOGO en 2016 (47). Elle consiste en des mesures thérapeutiques communes et un
traitement particulier en fonction du CAS, du stade de sévérité, ainsi que de I'impact sur la
gualité de vie du patient. Cela est détaillé dans la figure 3.

Stratégie thérapeutique spécifique en fonction du CAS et du stade de sévérité :

Formes simples:

Le comité EUGOGO (7) conseille une supplémentation de Sélénium pendant 6 mois.
Formes modérées a séveres actives :
Le traitement de premiére intention est la corticothérapie a forte dose, de préférence

par voie intraveineuse. La dose cumulée optimale est d’environ 4,5 — 5 g (dose maximale 8g)
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de Méthylprednisolone (72,73). Les traitements de seconde ligne, si échec, sont ensuite a
discuter selon les cas: second cycle de glucocorticoides intraveineux, radiothérapie orbitaire
ou Ciclosporine, Rituximab, Tocilizumab ou surveillance.

Formes menacgant le pronostic visuel (NOD):

Urgence thérapeutique, une corticothérapie intraveineuse forte dose est nécessaire:
500 mg — 1g de méthylprednisolone par jour pendant 3 jours.
Si la NOD a été améliorée au bout de 2 semaines, un traitement par injections de
méthylprednisolone intraveineuse hebdomadaire doit étre poursuivi comme décrit pour la
prise en charge de 'OD modérée a sévére et active.
Une chirurgie de décompression de I'apex orbitaire est recommandée en cas d’absence de
réponse au traitement, ou réponse insuffisante, au bout de 2 semaines.

Réhabilitation:
Les traitements de réhabilitation : chirurgie de décompression orbitaire pour traitement d’'une

exophtalmie, chirurgie de strabisme, et chirurgie des paupiéres sont réalisés dans cet ordre,
et apreés au moins 6 mois d’euthyroidie et d’inactivité de la maladie.
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Figure 4- Prise en charge de l'orbitopathie dysthyroidienne selon les recommandations de 'TEUGOGO 2016 (47)
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7.Anatomie de 'orbite et du nerf optique

7.1.0rbite osseuse : parois orbitaires

L'orbite osseuse est une pyramide quadrangulaire a base antérieure large et a
sommet postérieur étroit. Elle est composée de quatre parois. L’axe orbitaire, oblique en
dehors, fait un angle d’environ 25 degrés par rapport a un axe antéropostérieur (32). Le
volume orbitaire moyen est de 26 & 28 cm3 et varie en fonction du sexe (74) .

La paroi supérieure, triangulaire a base antérieure, est constituée, en avant de I'os
frontal et en arriere de la petite aile du sphénoide. Elle sépare l'orbite de la fosse cranienne
antérieure et du sinus frontal (32).

La paroi latérale, est constituée en avant par l'union de l'os frontal en haut et I'os
zygomatique en bas formant la suture frontozygomatique. En arriére elle est constituée par
la grande aile du sphénoide (75). Elle sépare I'orbite de la de la fosse temporale en avant, et
de la fosse cranienne moyenne en arriere. Elle forme la paroi la plus solide de l'orbite (32).

La paroi inférieure ou plancher de I’orbite, est constituée par I'os zygomatique en
avant et latéralement, et par I'os maxillaire en avant et médialement. En arriére, le processus
orbitaire du palatin forme la suture palatomaxillaire (32). Elle est trés fine et sépare 'orbite du
sinus maxillaire. Cette paroi est marquée d’arriere en avant par le sillon infra-orbitaire, se
poursuivant par le canal infra-orbitaire, et se terminant au niveau du foramen infra-orbitaire
qui conduit le nerf infraorbitaire (74).

La paroi médiale, forme un quadrilatére constitué de quatre os d’avant en arriére : le
processus frontal du maxillaire, avec la créte lacrymale antérieure, puis l'os lacrymal, avec la
créte lacrymale postérieure, puis la lame orbitaire de I'ethmoide, puis enfin la paroi latérale
du corps du sphénoide. Elle sépare 'orbite des cavités nasales, des sinus ethmoidaux et
sphénoidaux (32).

L’orbite osseuse est tapissée par le périoste orbitaire, qui constitue I'enveloppe la
plus externe du contenu orbitaire. Il se présente sous la forme d’'une membrane fibreuse
résistante, séparant le contenu du contenant (76). Au cours de la chirurgie de
décompression orbitaire, une excision ou des incisions périoste sont réalisées pour autoriser
I'expansion du contenu orbitaire sous la forme d’'une hemie (77).
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Figure 5- D’apres Paridaens et al. (78) .Vue antérieure de I'orbite osseuse droite. paroi
médiale (a), plancher orbiaire divisé par le nerf infra-orbitaire en une partie médiale (b) et
une partie latérale (c), paroi latérale antérieure(d), postérieure (e) et paroi supérieure
orbitaire (f).

7.2.Nerf optigue et rapports intraorbitaires

a) Trajet du NO

Le nerf optigue (NO), ou deuxiéme paire cranienne, est constitué des axones du
premier neurone de la voie visuelle visuelle principale qui feront relais au niveau du corps
géniculé latéral (79) Le trajet de ces axones de la papille jusqu’a I'angle antéro-latéral du
chiasma correspond au NO. Il peut étre divisé en trois portions : intraorbitaire, intracanalaire
et intracranienne (79).

La portion intraorbitaire comprend une portion intraoculaire avec la papille, puis
une portion rétrobulbaire qui débute dans la région rétrolaminaire.

Les fibres nerveuses rétiniennes, correspondant a la région prélaminaire, traversent
la paroi sclérale au travers de la lame criblée ou région laminaire. Puis la myélinisation du
NO débute dans la région rétrolaminaire, le NO augmente de taille et obtient un diamétre de
3 a4 mm, soit deux a trois fois la taille de la papille (80).

Dans sa portion rétrobulbaire, le nerf optique mesure environ 20 a 30 mm (18).

Il forme 2 flexuosités : antérieure a convexité interne et postérieure a convexité externe. |l
forme ainsi un S allongé et oblique en arriére, en dedans et un peu en bas et se rapproche
du plancher orbitaire sur son trajet (74). Tout au long du trajet orbitaire le nerf est entouré par
les 3 gaines méningées. Au niveau de I'apex orbitaire la dure-meére fusionne avec le périoste
et avec I'anneau tendineux commun (81).

La portion intracanalaire mesure 5mm et se situe dans le canal optique (32). Le
canal optique est obligue en dedans en arriére et en haut et a la forme d’'un entonnoir a
sommet antérieur (32). Le NO, entouré des 3 gaines méningees, est fixé au périoste par la
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dure mere (81) constituant ansi un segment fixe entre deux portions mobiles, source de
fragilité face aux traumatismes (82).

La portion intracranienne mesure de 10 a 15mm et a un trajet oblique en dedans et
en arriéere jusqua l'angle antéro-latérale du chiasma (81). Il peut étre rectiligne ou courbe a
concavité externe selon sa longueur. Dans cette partie le NO n’est entouré que de la pie-
meére, car la dure-mére forme le périoste du sphénoide au niveau de l'orifice intracranien du
canal optique (81).

b) Vascularisation artérielle

Un systéme axial centrifuge vascularise la partie antérieure du NO. Il est formé par
des branches provenant de la partie intra-neurale de I'artere centrale de la rétine qui pénétre
le NO a sa face inférieure entre 5 et 15 mm du pdle postérieur du globe (81) .

Un systéme périphérique centripéte vascularise le NO sur tout son trajet. Il est
formé par des branches de l'artére centrale de la rétine ainsi que de I'artére ophtalmique ou
de ses branches intra-orbitaires, et des artéres piales. La partie intraoculaire recgoit
également une part de vascularisation choroidienne (80).

c) Vascularisation veineuse

Dans l'orbite le sang se draine via les veines piales, qui se jettent dans les veines
ciliaires postérieures, pour finir dans la veine centrale de la rétine. Cette derniere sort de la
gaine en un point différent de l'artére et se jette soit directement dans le sinus caverneux,
soit dans les veines ophtalmiques.

1. NO intraoculaire

2. NO intraorbitaire rétrobulbaire

3. NO intracanalaire

4. NO intracranien

5. Artére carotide interne

6. Tractus optique

7. Artére communicante
postérieure

8. Chiasma optique

9. Artére cérébrale antérieure

10. Canal optique

11. Artére central de la rétine

12. Ganglion ciliaire

Figure 6- D’aprés Huu N. (83). Le NO et ses rapports vu d’en haut: coupe horizontale de
l'orbite
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d) Les rapports du NO dans sa portion intraorbitaire

Le NO occupe I'axe du céne musculo-aponévrotique constitué par les 4 muscles
droits renforcés par les muscles obliques et leurs fascias (76). Les 4 muscles droits
s’insérent par un tendon commun postérieur sur la partie interne et inférieure de la fente
sphénoidale en dessous du canal optique: I'anneau tendineux commun (figure3). Ces
muscles, triangulaires a base antérieure, se dirige vers l'avant et s’insérent par un tendon
dans la sclere prééquatoriale. La direction de I'axe orbitaire impose aux muscles droits
supérieur, latéral et inférieur une direction oblique en dehors, contrairement au muscle droit
médial qui se dirige selon un plan sagittal (32).

A Tintérieur du cone, le nerf optique est entouré de graisse. La graisse orbitaire
occupe un tiers du volume orbitaire global et est divisée en deux compartiments par les
muscles oculomoteurs : intra-conique entourant le nerf optique, et extra-conique. Divisée par
des septas (84), elle a un rdle de protection et de soutien du contenu orbitaire et permet les
mouvements des différentes structures intra-orbitaires les unes par rapport aux autres, en
particulier les muscles (85).

Par lintermédiaire de la graisse, le NO possséde de nombreux rapports vasculo-
nerveux. Parmis eux, la veine ophtalmique supérieure croise le NO au dessus pour
rejoindre la fissure orbitaire supérieure. Dans I'OD la veine ophtalmique supérieure peut étre
comprimée, notamment par le muscle droit supérieur. Cette géne au retour veineux
augmente les signes congestifs de l'orbitopathie et peut faire augmenter la pression
intraoculaire par augmentation la pression veineuse épisclérale (86).

8.La décompression orbitaire

8.1.Définition

La décompression orbitaire (DO) est 'augmentation du volume de [l'orbite par
I'exérése d’'une ou plusieurs de ses parois permettant I'expansion du contenu orbitaire (87).

Il existe deux grandes circonstances de décompression orbitaire dans I'OD: La
chirurgie pour cause d’urgence ophtalmologique dans les fomes menacant le pronostic
visuel, dont la NOD qui fait I'objet de notre étude, et la chirurgie des séquelles apres 6 mois
de stabilisation de la maladie (47,77).

8.2.Historique

La premiére description de chirurgie de décompression orbitaire dans I'OD revient a
Dollinger (62), en 1911 qui effondre la paroi latérale de lorbite par I'abord latéral
précédemment décrit par Kronlein (88) en 1888 dans l'accés aux tumeurs orbitaires.

Différentes techniques de DO ont ensuite été développées. En 1921, Lynch (89)
décrit la voie transcutanée médiale. En 1930 Hirsch et Urbanek (90) réalisent une
décompression du plancher, tandis que Naffziger (61) rapporte en 1931 une DO par abord
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du toit orbitaire. Puis Sewall (91) propose en 1936 une voie externe pour une décompression
osseuse meédiale.

En 1957, Walsh et Ogura (92) introduisent la DO de deux parois comprenant le
plancher et la voie médiale. Il s’agit de la voie vestibulaire ou voie de Caldwell-Luc qui sera
utilisée durant de nombreuses années.

La voie endonasale a été développée par Kennedy et al (93) en 1990 pour aborder
la paroi médiale et inféro-médiale.

Figure 7- D’aprés Morax S. et Ben Ayed H. (77) - Différentes localisations possibles d’'une
décompression osseuse et évolution des techniques

8.3.Techniques

a) Décompressions osseuses par voie externe

Ainsi, de multiples techniques de DO ont été détaillées et comparées. Bien qu'il n’y
ait aucun consensus a ce sujet, la tendance actuelle en chirurgie orbitaire, comme dans
toute chirurgie, est a la petite incision (60,77). Les voies d’abord les plus utilisées
actuellement sont :

Pour la paroi latérale, on utilise la voie palpébrale supérieure (94) qui consiste en
une incision dans le pli palpébral supérieur se prolongeant au niveau du canthus externe.
Elle permet une décompression jusqu’'a la grande aile du sphénoide avec ou sans
conservation du rebord orbitaire (77). Soit la décompression est poursuivie en arriére jusqu’a
la dure mére en restant vigilant au risque de bréeche méningée. Soit la paroi latérale est
décomprimée de dedans en dehors vers la fosse temporale. Dans ce cas, les repéeres
chirurgicaux sont différents et la notion de profondeur difficile & évaluer (95).
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Pour la paroi inférieure, une voie conjonctivale inférieure (96) peut-étre utilisée, par
éversion de la paupiére inférieure apres éventuelle canthotomie externe et cantholyse
inférieure. Une voie palpébrale inférieure (97) par une incision a 3 mm des cils suivie d’une
séparation de la lamelle cutanéo-musculaire antérieure de la lamelle tarso-conjonctivale
postérieure peut aussi étre utilisée. Le plancher est effondré médialement par rapport au
canal sous-orbitaire, afin d’éviter une Iésion du nerf sous-orbitaire (87,98). La partie externe
peut étre également décomprimée. On préserve toujours le rebord antérieur, et parfois en
plus une petite portion antérieure du plancher afin d’éviter I'’hypoglobe (75). Ces deux voies
permettent aussi une décompression ethmoido-antrale.

Pour la paroi médiale, la voie caronculaire (99) est utilisée par dissection en arriere
du muscle de Horner. Une voie palpébrale supérieure médiale est également envisageable
(77). On effondre les cellules de la lame orbitaire de I'ethmoide jusqu’a la hauteur de la
suture éthmoido—frontale au niveau de I'émergence des vaisseaux ethmoidaux antérieurs et
postérieurs. Ces vaissseaux sont coagulés et constituent un repére anatomique qui doit étre
impérativement respecté au risque de pénétrer dans I'étage antérieur (77) . En effet il existe
un risque de bréche méningée dans la DO, évaluée a 3,5% par Garrity et al (100). Cette voie
permet également une décompression ethmoido-antrale. La voie caronculaire n’induit pas de
cicactrice cutanéee et permet une exposition jusqu’a I'apex orbitaire dans la décompression
du NO (60).

Ces différentes voies d’abord peuvent étre associées entre elles, afin de décomprimer
plusieurs parois, et d’obtenir la meilleure décompression possible (87).

Une décompression de 3 parois peut utiliser ces différentes voies d’abord ou utiliser
une voie coronale (101,102) consistant en une incision du cuir chevelu semi-circulaire d’'un
tragus a l'autre. Elle est souvent complétée par une voie sous-ciliaire pour la décompression
du plancher (77). Toutefois celle-ci est plus invasive et est moins utilisée (103)

Figure 8- D’aprés Shorr et al (99)- Voie transcaronculaire
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Figure 9- Voies d’abord les plus courantes d’aprés Rootman DB (87)
Vert : voie palpébrale supérieure / Vert pointillé : conjonctivale inférieure/ Jaune :
conjonctivale médiale

b) Décompressions osseuses par voie endoscopique

I existe deux voies d’abord principales endoscopigques, permettant une
décompression ethmoido-antrale.

La voie classique transantrale (104) de Caldwell-Luc a travers la fossette canine du
maxillaire supérieur en respectant le nerf sous orbitaire et la voie endonasale (93).

Elles ont pour avantage d’éviter les cicatrices cutanées, et permettent un bon accés a
I'apex orbitaire. En revanche la périorbite et le contenu orbitaire sont moins bien exposés, et
il existe plus de complications oculomotrices post opératoires (77). Ces complications
peuvent s’élever a 63% pour la voie endonasale (105), mais paraissent étre diminuées en
préservant la périorbite en regard des muscles oculomoteurs (105,106).

) Décompressions graisseuses

Olivari en 1991 a prouvé lefficacité de cette technique dans la réduction de
'exophtalmie (107). Toutefois il s’agit d’'une technigque longue et délicate puisqu’elle
nécessite de retirer au moins 6 a 7 cc de graisse afin d’obtenir un bon résultat (108). Cette
technique expose a des risques hémorragiques, et a des troubles oculomoteurs (108). Elle
est plutét a réserver de préférence a des patients qui présentent une hyperpression orbitaire
par inflation de la graisse, avec de grandes orbites, et qui n'ont pas de neuropathie optique
compressive (85) .
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d) Bilan préopératoire et conditions de réalisation de la DO

Les patients doivent étre informés du risque de complications et de chirurgie
complémentaire et leur consentement doit étre donné de fagon éclairée et loyale.

Un scanner sans injection de produit de contraste est réalisé et permet de décider
'abord chirurgical le plus approprié, d’évaluer I'aspect des parois, et I'état des sinus,
notamment leur transparence. Une infection sinusienne préopératoire impose une prise en
charge spécifique préalablement a la chirurgie orbitaire (109).

La chirurgie est toujours réalisée sous anesthésie générale.

Si la NOD est bilatérale, la chirurgie doit étre réalisée en deux temps. Les pupilles
sont contrblées pendant le geste opératoire. Une mydriase peut correspondre a une
souffrance du NO quelle qu'en soit le mécanisme : un hématome orbitaire (42) ou un
traumatisme direct peuvent survenir bien que le risque d’amaurose post opératoire soit limité
d’aprés Rose (110), qui ne décrit aucun cas d’amaurose pour 1350 décompressions
orbitaires a I'apex.

e) Complications oculomotrices

Des troubles oculomoteurs peuvent étre aggravés ou générés par la chirurgie de
décompression dans environ 19 % des cas, toute technique confondue (111) . lls dépendent
énormément de la technique employée et de I'indication de la DO.

Fatourechi et al (112) montrent que plus la réduction de I'exophtalmie est importante,
plus la DO provoque des troubles oculomoteurs. Ces troubles oculomoteurs sont d’autant
plus fréquents dans les DO pour NOD puisque la décompression est réalisée sur une orbite
inflammatoire et trés loin a 'apex (63).

Il s’agit essentiellement d’ésotropies et d’hypotropies comme dans la série de Shorr
(113), en rapport avec l'ostéotomie des parois médiales et inférieures (94).
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Ill.  JUSTIFICATION DE L’ETUDE

Bien qu’existant depuis plus de 100 ans (60), la chirurgie de décompression orbitaire,
constitue encore le seul et unique moyen d’éviter la cécité aprés échec du traitement médical
par corticothérapie dans la NOD (47).

Toutefois, malgré la gravité et le potentiel cécitant de cette maladie, le diagnostic de
NOD n’est pas standardisé (5), et le choix de la technique de DO employée ne répond a
aucun consensus (77,87).

Si les publications sur les DO réalisées pour le traitement des séquelles esthétiques
de 'OD ne manquent pas, les études publiées sur les DO pour NOD, elles, sont en revanche
plus rares. De plus, les résultats varient beaucoup entre les séries puisque tous les auteurs
n’emploient pas les mémes indications chirurgicales, ni les mémes criteres d’efficacité
(52,114,115). Il s’agit aussi souvent d’études réalisées sur de faibles effectifs (116) .

Si les résultats different d’'une série a I'autre, ils semblent aussi varier d’'une NOD a
'autre au sein d’'une méme étude (52,116,117).

L’évolution des connaissances et la meilleure compréhension des meécanismes
physiopathologiques impliqgués dans la NOD (26), suggerent la présence de nombreux
facteurs potentiellement impliqués dans le résultat visuel de la NOD aprés DO.

Trés peu d’auteurs a notre connaissance se sont attachés a rechercher des facteurs
prédictifs de la chirurgie de DO pour NOD, et il n’existe aucun article enti€rement consacré a
ce sujet dans la littérature.

Nous avons eu la chance de pouvoir profiter d'une cohorte conséquente et bien
documentée de DO pour NOD traitées par un méme opérateur au CHU de Bordeaux et au
Palais Gallien.

Au vu de toutes les raisons énoncées précédemment, il nous est paru nécessaire
d’évaluer les résultats des DO pour NOD, et d’en étudier les facteurs prédictifs d’efficacité,
afin de mieux pouvoir appréhender cette chirurgie.

L’objectif de notre étude sera dans un premier temps d’évaluer les résultats de cette
chirurgie, au travers d’'une série de 38 patients et 58 décompressions orbitaires pour
neuropathie optique dysthyroidienne. Cela fera I'objet d’'un premier article

Afin de mieux comprendre ces résultats nous évaluerons dans un second article, les
facteurs prédictifs d’amélioration de I'acuité visuelle et du champ visuel par décompression
orbitaire dans la neuropathie optique dysthyroidienne, au travers de la méme série de
patients.
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IV. DYSTHYROID OPTIC NEUROPATHY AND ORBITAL
DECOMPRESSION : A RETROSPECTIVE STUDY OF 38
PATIENTS AND 58 DECOMPRESSIONS (ARTICLE 1)

1.Abstract

Purpose: The aim of this study was to evaluate the effect of surgical Orbital Decompression
(OD) on dysthyroid optic neuropathy (DON) nonresponsive to pulse steroid therapy.

Methods: We performed a retrospective review of all patients undergoing OD for DON
between 2005 and 2020 in our two centers by the same operator. The surgical technique
was to limit the number of walls treated in order to reduce the morbidity of the surgery. Main
outcome measures were postoperative results of visual field (VF) and best corrected visual
acuity (BCVA). The VF results were given by the Mean Defect (MD) or the Mean Deviation
(MD) for VF performed respectively with the Octopus® (VF(octopus)) or the Humphrey®
(VF(HFA)) perimeter. Raw values were used for those performed with the Full Field 135
screening test. Changes in proptosis and intraocular pressure (IOP) were also measured.
The presence of postoperative complications was noted.

Results: 38 patients (58 eyes) undergoing OD for DON were successively included. Visual
acuity significantly improved from 0.5 +/-0.6 logarithm of minimal angle of resolution
(logMAR) preoperatively to 0.2 +/- 0.4 logMAR postoperatively (P < 0,05). The MD improved
from 12.0+/-6.2 dB preoperatively to 8.4 +/-6.3 dB postoperatively (p < 0.05) for the
VF(octopus). For the VF(HFA), MD improved from -8.3+/-4.4 dB to -5.2+/-4.6dB (p<0.05).
The VF(135) shows a significant improvement from 69.3 points (+/-49.7) to 110.1 points (+/-
27.3) (p<0.05). Proptosis was significantly reduced by 2.7 mm (p<0.05) and IOP also
decreased by 2.8 mmHg (p<0.05). Ocular motility disorders occurred in 27.6% and two
osteo-meningeal breaches were observed. A significant improvement in visual function could
be achieved in 82.8 % of patients postoperatively. Ten DON required further OD. The final
visual function improvement succes rate was 96,6% after additional surgery. DON that had
undergone several surgeries did not appear to have more oculomotor complications or any
difference in improvement from the others.

Conclusion: OD is an effective treatment for DON resistant to intravenous corticosteroid
therapy. It improves the visual field and visual acuity. It also reduces IOP and proptosis. A
surgical technigue limiting the number of structures treated is effective and additional
surgeries do not lead to a loss of efficacy.

Key words: Dysthyroid optic neuropathy, Graves’ disease, Orbital decompression surgery,
Thyroid eye disease.
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2.Manuscript

INTRODUCTION

Dysthyroid optic neuropathy (DON), is a rare and potentially blinding complication of
Thyroid eye disease (TED) (1) and requires urgent treatment (2).

It results from a functional impairment of the optic nerve (ON) due to stretching (3) or
compression at the orbital apex by increased orbital fat volume, and extraocular muscle
enlargement, in an inextensible bony cavity (4). Its prevalence is estimated at 0.18 per
10,000 inhabitants in Europe, and represents 2-5% of patients with TED (5,6). The first stage
of treatment consists of a steroid pulse therapy, according to EUGOGO. Orbital
decompression (OD) surgery is then indicated in case of insufficient response to medical
treatment.

The aim of this study was to evaluate the results of this surgery, through a series of
58 orbital decompressions for dysthyroid optic neuropathy.

MATERIALS AND METHODS

Patient selection

This was a retrospective study including patients who underwent OD for DON in the
ophthalmology department at Bordeaux University Hospital, and in the Bel-Air-Tourny Clinic
in Bordeaux, between August 2, 2005 and February 19, 2020 by the same operator. These
patients were followed by a multidisciplinary team consisting of endocrinologists, internists
and radiotherapists. The data were collected in the patients' paper files and on the Dxcare®
and Oplus® software.

The diagnosis of DON was based on an association of clinical and paraclinical signs
of ON function impairment, including: rapidly progressive deterioration of visual acuity and/or
visual field with no other cause found. The diagnosis was strengthened by the presence of
an inconstant optic nerve swelling. Magnetic resonance imaging was performed to determine
the main mechanism of optic nerve ON damage: stretching or compression.

The surgical indication was the presence of DON with functional consequences for
the patient, after failure of medical treatment with methylprednisolone pulse therapy (2).

In this study, we excluded OD performed for elevated intraocular pressure (IOP)
caused by increased episcleral venous pressure, resistant to IOP-lower medication (7).
Indeed, this clinical presentation can mimic a DON if there is a functional impairment of the
ON (8). In addition, all other causes of optic neuropathy, such as glaucoma or inflammation
were excluded. Patients whose visual field or visual acuity alterations were explained by
another ocular disorders such as cataract or maculopathy were not included in the study, as
well as patients who could not be followed for at least 6 months in our centers.
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Study protocol

Patient demographics were collected. The medical history and clinical features
related to Graves’ disease were recorded.

A complete clinical (ophthalmological and orbitopalpebral) examination and
paraclinical tests were performed by the operator, before surgery and several times in the
weeks and months following the surgery.

The ophthalmologic examination included: best corrected visual acuity (BCVA)
(converted into logMAR), examination of the optic nerve head, and intraocular pressure
(IOP)(mmHg) measurement using Goldman applanation tonometry.

The elements of the orbito-palpebral assessment used for our study were: proptosis
measurement with Hertel exophthalmometer (mm), orthoptic assessment and calculation of
the clinical activity score (CAS) according to the Mourits score (9) updated by EUGOGO
(10). If intraoperative or postoperative complications occured, they were noted in the
patient’s file.

The need for additional decompression and its delay from the initial OD was recorded. A
longer follow-up has been conducted for these patients.

The paraclinical tests included a visual field test using automated perimetry. VF tests
performed by Octopus® (VF (Octopus)) and Humphrey® (VF (HFA)) perimeters were
analyzed respectively using the mean defect and the mean deviation (MD in dB). The choice
between these two perimeters was made according to the place of care. VF test using the full
field 135 screening mode (VF(135)) were analyzed using the raw value. This test was
sometimes performed as a first-line test in order to look for peripheral scotoma, or when the
patient had some fixation difficulties. VF test results for patients with more than 20% of
fixation losses or more than 33% of false positive or false negative errors were not
considered reliable.

Measurement of peripapillary retinal nerve fibers layer (RNFL) and macular ganglion
cell complex (GCC) thickness using Optical coherence tomography (OCT) was performed for
patients who underwent surgery after 2010.

An orbital thin-section MRI was performed preoperatively to assess muscle and fat
inflammation. Imaging allowed us to eliminate a differential diagnosis and to determine the
main mechanism of ON damage. A CT scan without contrast was used to decide on the most
appropriate surgical approach and to evaluate bony walls as well as sinus cavities.
Preoperative sinus infection was appropriately treated prior to surgery.

The primary outcome measure was the BCVA and VF improvement at 6 months after
surgery. For DON requiring another OD surgery within 6 months, BCVA and VF results were
considered prior to additional surgery. VF tests performed by different perimeters or using
different mode test were analyzed separately, forming 3 groups : VF(Octopus), VF(HFA), and
VF(135). Improvement of IOP and proptosis were also recorded.

Results of DON who underwent several surgeries were analyzed to assess the

efficacy and the risk of complications related to additional surgeries. DON with the same
number of walls treated in one or several surgeries were compared.
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Surgical Technique

The surgical technique was standardized with the same operator. Surgery for bilateral
DON was performed in two separate stages, although the postoperative risk of amaurosis is
limited. Rose (11) does not describe any cases of amaurosis for 1350 orbital
decompressions at the apex. This risk has been more recently estimated at 0.15% in orbital
decompressions for TED (12).

A one-, two- or three-walls expansion was perfomed on the orbital floor, the medial
wall or the lateral wall, respectively. Except a few three-wall OD carried out at the beginning
of the study, the choice of the treated wall was made according to the mechanism of optic
nerve damage and the location of the most compressive muscle. The periosteum was
opened (and excised for the inferior wall).

A lateral upper eyelid crease incision provided good exposure for lateral wall
expansion (13,14). Dissection was then continued posteriorly allowing decompression of the
lateral wall to the greater wing of sphenoid (15).

A transcutaneous incision below and parallel to the lash line in the lower eyelid (16)
or a transconjonctival approach (17) were performed for floor decompression. The orbital
floor was removed medially to the infraorbital nerve only or on both sides of it, carefully
avoiding any damage. Anteriorly, a small portion of bone under the globe was left to prevent
hypoglobus. A lipectomy in the inferolateral quadrant was often carried out (18) .

Medial wall decompression was achieved through a transcaroncular approach (19),
or more rarely an upper eyelid crease incision (15). Posterior to the caruncle, the dissection
followed a natural plane between the Duverney Horner's muscle and the orbital septum.
Care was taken to avoid ethmoidal arteries because of the risk of a cerebrosipnal fluid leak at
this level. If the ethmoidal vessels were damaged, gentle cauterization was achieved for
hemostasis (18). These approaches allowed good exposure of the orbital apex (20).

Note that the rare three-wall expansions in this study were not performed by a
coronal approach. This technique has not been used by the operator since 1998 for this
surgical indication (21).

Statistical analysis

The R®software was used for all statystical analyses.

A Wilcoxon signed-rank test was performed to assess pre and postoperative results
for the following variables: BCVA, VF(Octopus), VF(HFA), VF(135), proptosis, and IOP.

These variables were also represented as boxplot using a univariate analysis.

A Wilcoxon rank-sum test was used to compare the improvement in BCVA and VF
between DON with the same number of wall treated in one or several surgeries. A x2 test
was performed to compare the ocular motility disorders between these two groups.

P<0.05 was regarded as statistically significant.

RESULTS
Demographics and clinical data
44 patients and 69 eyes underwent OD in our centers over the study period. Six

patients and 11 eyes were excluded: 5 patients operated for elevated IOP caused by
increased episcleral venous pressure and one patient whose follow-up was less than 6
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months. A total of 38 patients and 58 DON were successively included in our study.

Demographics and clinical characteristics are summarized in Table 1. Mean age was
55.0 +/- 15 years and gender ratio was 3.2 women per men. Bilateral OD was required in
52.6%.

DON characteristics are presented in Table 2. The main mechanism of ON damage
revealed by MRl was a compression at the orbital apex for 41 DON and more rarely a
stretching for 17 DON. Mean CAS at the time of surgical decompression was 3/7 +/- 1.
29.3% of DON were not associated with a proptosis. There was no clinical optic atrophy but
in 6 cases preoperative optic nerve swelling was noted. The average RNFL thickness was
97.6 ym and GCC thickness was 81.8um. OCT could only be performed for 30 DON due to
the introduction of OCT several years after the first surgeries in our study.

In most cases, one-wall (n=23; 39.7%) or two-wall (n=29; 50%) OD were performed,
and less frequently a three-wall (n=6; 10.3%) decompression. The medial wall was most
frequently treated for one-wall decompression surgeries (n=17; 29.3%) and the medial and
inferior wall (n=14; 24.1%) for two-wall surgeries.

OD efficacy

Mean BCVA improved significantly by -0.3 logmar from 0.5 +/-0.6 logmar before to
0.2 +/- 0.4 logmar after OD (p<0.001).

VF(octopus) test, performed for 40 DON, showed a mean MD of 12.0 +/-6.2 dB
preoperatively and 8.4 +/-6.3 dB postoperatively, resulting in a MD improvement of -3.6 dB
(p<0,001).

VF(HFA) test, for 6 DON, showed a mean MD of -8.3 +/-4.4 dB preoperatively and
-5.2 +/- 4.6 dB after surgery, representing gain of 3.1 dB (p=0.047).

VF (135) test, for 12 DON, increased from 69.3 +/- 49.7 to 110.1 +/- 27,3 in the
postoperative period, showing a gain of 40.8 points (p<0.001).

There was a signifcant IOP reduction of 2.8 mmHg (p<0.001) from 18.4 +/- 3.6 to
15.6 +/- 3.1. Proptosis decreased significantly by 2.7 mm (p<0.001), from 22.1 mm +/- 4.3 to
19.4 +/- 4.3. (Table 3, Figure 1)

BCVA was improved in 69.0% of DON within 6 months after OD. VF (Octopus) was
improved in 77.5%, VF (HFA) in 83.3%, and VF(135) in 100% of DON. (Table 4)

Overall, in 48 cases out of 58, there was an improvement in visual acuity and/or
visual field. The success rate of the initial surgery was therefore 82.8%.

Additional surgeries

Ten DON insufficiently improved by the first OD or first improved and then worsened.
In these cases additional surgeries were performed within average of 3 months and 10days
(+/- 1 month and 27days) and patients were followed up over a longer period. (Figure 2).
Three of them required a third intervention.

Five DON were treated of 2 walls in total, and 3 walls for the other 5. DON appeared
to have an equivalent improvement in BCVA and VF(Octopus) whether two or three walls
were treated in one or in several sessions. These results are presented in Table 6. VF(HFA)
test and VF(135) test could not be included in this analysis because there was only one case
of DON with additional surgery evaluated with these types of VF tests.
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In the end, only one patient with bilateral DON has not be improved, after two bilateral
bone decompressions and one bilateral fat decompression by the Olivari technique
performed by another team, in response to our request. (figure 2)

The final success rate after additional treatment was therefore 96.6%.

Complications

OD led to ocular motility disorders in 16 (27.6%) cases. There were 7 cases (12.1%)
of new diplopia and 9 cases (15.5%) of aggravation of pre-existing strabismus (Table 5).
These oculomotor disorders were mainly esotropia (n=11), and in a few instances hypotropia
(n=3) and exotropia (n=2) were apparent. Esotropia was always related to medial wall
decompression, hypotropia to floor surgery, and exotropia to lateral decompression. In
7(12.1%) cases ocular motility disorders improved compared to the preoperative condition.
Three-wall decompressions appeared to lead to more oculomotor disorders (n=3/6; 50%)
than two-wall (n=7/29; 24.1%) or one-wall (n=6/23; 26.0%) surgery. However, sample sizes
were not equal between these 3 groups, since three-wall decompressions were rarely
performed in our study.

Ocular motility disorders did not appear to be related to the number of surgeries
performed (Table 7). A two-wall or three-wall decompression led respectively to 24.1% and
50.0% % of oculomotor disorders for one surgery, and 20.0% and 40.0% for several
surgeries (p=1).

10 of 33 inferior wall decompressions resulted in an infraorbital hypesthesia. 8 of
them regressed in 6 months. Due to the infraorbital nerve location, this complication was not
found for other wall decompressions.

In 1 case an orbital hematoma was revealed in the immediate postoperative period
and underwent a successful revision surgery within two hours after the first operation.

One osteo-meningeal breach occured intraoperatively, during a medial wall OD, and
was immediately treated with biological glue, orbital fat and absorbable hemostat. In two
other cases, there was a doubt on the presence of cerebrosipnal fluid leak, and the same
treatment was performed. Postoperatively, one patient presented a cerebrospinal fluid
rhinorrhea, and the diagnosis of osteo-meningeal breach was confirmed on imaging.
Subsequent treatment by depletive lumbar puncture was effective.

DISCUSSION
DON epidemiology

Our population was older, and with more males than in a TED population, as
described in the literature, in particular in the Neigel and Rootman study (4). Female to male
ratio was 3.2 in our study compared to 6.1 in TED population of Bartley's series (22). Mean
age of our population was 55 (+/-15) years whereas mean age for TED is about 45 years
(23). Both of these characteristics are known risk factors for DON (24,25).
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Evaluation of results and DON diagnosis

Visual acuity and visual field improvement results in our study were comparable with
those reported in the literature. Rajabi et al (26) recorded a gain of -0.2 logmar for visual
acuity and +2.20 dB for VF mean deviation, while Park et al (27) showed a gain of +3.5 dB
for VF MD.

However, there is a considerable variability in the results of these studies since not all
authors use the same diagnostic criteria for DON, and do not apply the same surgical
indications. Different scores exist assessing the activity (10) and severity (2,28,29) of TED,
but there are no standardized clinical diagnostic criteria for DON. In addition, diagnosis of
DON can be misleading and difficult to make. A diagnosis of primary open-angle glaucoma
may be wrongly suspected as DON can result in any type of VF defect (30) and IOP can be
elevated by increased episcleral venous pressure (8). This was the case for two referred
patients. Moreover, proptosis and inflammation are not always present (31) as shown in our
study.

Most clinicians use an association of clinical and paraclinical signs to assess ON
function. In order to standardise the diagnosis of DON, the EUGOGO committee (31) has
shown that the presence of optic disc swelling, reduced color vision, and radiological apical
crowding are signs frequently used in Europe to establish the diagnosis of DON. Callahan et
al (32) proposed a diagnostic formula including the presence of a relative afferent pupillary
defect. For Neigel et al (4) visual evoked potential test (VEP) constitutes the most sensitive
clinical diagnostic criteria for DON.

We believe that the indication for OD surgery should consider the functional
consequences of ON damage. Thus, altered VEP may be related to a well tolerated minimal
scotoma or, on the contrary, may be normal while there is a peripheral scotoma with a real
functional repercussion for the patient (33). Similarly, signs of compression or stretching on
imaging do not strictly correlate with functional impact and are not providing sufficient
indication for surgery. For these reasons, the evaluation of DON by VF and visual acuity
seems to be more appropriate, as did Soares et al (34). Other authors also use colour vision,
such as Hallin (35) or Choe et al (36).

Rajabi et al (26) use a visual acuity threshold as inclusion criteria corresponding to a
loss of at least 2 lines of visual acuity. However, in some cases, distance visual acuity can be
preserved with a tubular VF or an inferior scotoma limiting near vision. Furthermore, a patient
may have a slightly reduced VF mean defect, but with a very disturbing central scotoma.
Therefore, we did not use cut-off values in our inclusion criteria, but a set of clinical and
paraclinical signs indicating the severity of the functional impairment of DON and its
consequences for the patient.

The variability of the results also depends on the criteria used to assess the efficacy
of the surgery. Some studies evaluate the OD results with visual acuity only (37,38). We
believe that this is insufficient. In our series, VF improved in 8 cases while visual acuity
remains stable. Other authors report proptosis reduction as a primary outcome (37,39).
Morax et al (15) remind us that for compressive DON, the aim is not to reduce proptosis but
to release the ON compression at the orbital apex. This requires a deeper decompression,
which has less effect on proptosis than anterior decompression (15). In our view, this is not a
primary endpoint of OD efficacy for DON.
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The OCT did not appear to be useful in DON diagnosis, as already reported by Park
et al (27) who found no difference between mean RNFL thickness of patients with DON and
patients without DON. OCT has only been performed for 30/58 decompressions, due to the
introduction of OCT several years after the first surgeries in our study. Except for 6 cases of
optic disc swelling, the mean preoperative RNFL and GCC thickness was within normal limits
based on a comparison with a normative database. However, within 6 months after OD,
mean RNFL and GCC thickness for 4 DON was outside normal limits comparing to the
normative base. In one patient, optic atrophy was the consequence of an acute anterior
ischemic optic neuropathy (AION) that occurred 3 days after the surgery. The others were
probably related to a late appearance of neuronal suffering by compressive or stretching
damage. This retrograde axonal degeneration phenomenon can take 3 to 6 months to
appear on OCT (40). Thus, these patients could already have preoperative ON fiber loss, but
with a mean RNFL thickness that remained within normal limits. Furthermore, since
glaucoma patients were excluded from our study, and since IOP has been lowered by OD,
this ON fiber loss could not be related to IOP.

As a result, OCT does not appear to be a diagnostic tool for DON, but may be useful
for long-term patient follow-up, and may be used as a prognostic factor for visual recovery if
a second surgery is considered. This was the case of one of our patients for whom we
decided not to perform additional surgery because of an optic atrophy, after three OD.

With the development of OCT-angiography in recent years, it has become possible
to analyse the peripapillary capillary network (41). Its density appears to be reduced in
patients with DON (42,43). This suggests that OCT-angiography could have a place in the
diagnosis and monitoring of DON, and would require further investigation.

DON treatment

In our study, patients underwent surgery after incomplete response to high-dose
intravenous corticosteroid therapy. Intravenous corticosteroid therapy is the first-line
treatment for DON according to several major studies, such as Wakelkamp et al (44) who
compared corticosteroid therapy to OD in first-line therapy for DON through a randomized
controlled trial. The EUGOGO committee (2) has also worked on the standardisation of DON
management through European multicentre studies. They recommend high-dose
methylprednisolone pulse therapy for three days, followed by OD surgery if there is no
response to medical treatment, or an insufficient response after two weeks. Intravenous
corticosteroid therapy is more effective and has fewer side effects than oral corticosteroid
therapy and may lead to complete visual recovery in approximately 43% of DON (45).

Orbital radiotherapy (OR) has also proven to be effective in the treatment of DON due
to the anti-inflammatory effects of radiation and the high radiosensitivity of orbital
lymphocytes (46,47) Thus, by reducing disease activity, it could prevent DON occurrence
(48) or recurrence (49). However, its effectiveness in treating DON is controversial and there
is a lack of comparative study (50). Rush et al (51) showed that OR was an effective
treatment for DON in 8 out of 10 cases. Threkeld et al (52) found efficacy in 78% of DON
cases. Nevertheless, OR has never been shown to be more effective than corticosteroid
therapy or OD surgery in the treatment of DON (50). Orbital radiotherapy, even when
combined with corticosteroid therapy(53) may also be associated with a rebound
inflammatory effect which can lead to the development of DON (54) or to aggravation of a
pre-existing DON (55). For all these reasons, we believe that OR should be reserved for
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exceptional cases: as a second-line treatment after insufficient response to OD surgery or in
case of a surgery contraindication.

Several steroid-sparing agents for TED and DON treatment have been proposed or
are still under investigation. Recent advances in the understanding of molecular pathways
have led to the development of more specific therapeutic targets.

Although a retrospective study (56) suggests efficacy of Rituximab on 4 steroid-
refractory DON, this anti-CD20 monoclonal antibody has not proven to be effective in the
treatment of moderate to severe active TED (57). Rituximab may even lead to the
development of DON as shown by Stan et al (58) with the occurence of 2 DON in the group
treated with Rituximab. Thus, we do not believe that this provides a potential treatment for
DON.

Tocilizumab, an anti-IL-6 monoclonal antibody, is still under investigation but has
already shown promising results in the treatment of TED (59). Pascal-Camps et al (60) report
the case of a patient with DON, successfully treated with Tocilizumab, as a first-line
treatment. This patient had an uncontrolled diabetes contraindicating high-dose
methylprednisolone pulse therapy. Tocilizumab must be administred 5 to 6 times at one
month intervals to be effective. In these conditions, it seems difficult to consider it for DON,
which requires urgent treatment. However, if its efficacy is confirmed, it could be used as a
second-line treatment for DON, similar to OR.

Surgical techniques

In our study, an improvement in visual function was observed for 56 of 58 DON,
coresponding to 96.6% of cases, after additional decompression. These results are
comparable to those published in the literature. In the study by Miskiewicz et al (61), 14 DON
underwent endoscopic OD surgery. Three of these required further surgery, and 2 did not
improved in the end. Choe et al (36) reported a series of 28 DON undergoing OD. Four
additional surgeries were performed and 2 DON did not improve. Girod et al (62) obtained
improvement for 35 of 36 DON undergoing transantral OD. Three required a second surgery.

Surgical techniques for OD have evolved considerably since Dollinger's first
description (63) in 1911, or the Lynch transcutaneous approach in 1921 (64). Different
approaches have been described : transorbital, transantral, or more recently transnasal (20).
Our study, spanning 15 years, also reflects the evolution of techniques over time. Until 20086,
the first 6 OD surgeries were carried out by three-walls expansions. This technique is
effective for DON, but also carries risks of enophthalmos, infraorbital nerve damage, and
ocular motility disorders (20,65). These oculomotor disorders are more common in OD
performed for DON since the surgery consists of a deep and posterior decompression at the
orbital apex, and is carried out on an inflamed orbit (66). Fatourechi et al (67) showed that
the greater the reduction in proptosis, the more ocular motricity disorders occur. In our study,
this techniqgue seemed to cause more oculomotor disorders than the other techniques.
Moreover, since three-wall expansion causes enophthalmos over time, we no longer
performed three-wall decompression for DON.

In order to be less aggressive in the management and to limit complications, our
surgical strategy has been to perform one-wall decompressions. The treated wall was
chosen according to each situation. Most often there was an ON compression at the orbital
apex. The wall in relation to the most compressive muscle was decompressed. Thus, the
wall most frequently treated in our study was the medial one, due to the frequent
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compression by the enlarged medial rectus muscle (68). In addition, this approach provides
good access to the orbital apex (69) and thus allows posterior decompression (19).

A two-wall decompression was sometimes necessary when the orbit was too tight to
approach the medial wall only. This was often the case when there was an ON stretching.

Orbital floor decompression was avoided in case of an unilateral DON in order to
prevent hypoglobe (20). To reduce the risk of infraorbital nerve damage, our approach was to
treat only the inferior wall portion located medially to the nerve (15,18). Inferior wall
decompression can lead to oculomotor disorders, due to inferomedial deviation of the muscle
cone and septa, especially when associated with a medial wall decompression (65,70).
However, it is also the most accessible wall (20) and can be easily associated with a medial
wall treatment leading to antral-ethmoidal decompression (20).

Sometimes a lateral wall decompression had to be performed, especially if there was
preoperative sinus disorder. This surgical approach, can be performed very deeply down to
the dura mater (36) to be more effective in cases of apical crowding, but increases the risk of
osteo-meningeal breach (20). Choe et al (36) recommend avoiding this techniqgue when there
is no proptosis because of the risk of postoperative enophthalmos.

An endoscopic OD was performed for one of our patients after a first medial wall OD
and a second OD involving the inferior wall. The ON compression was very posterior and
deep at the orbital apex. The patient finally improved but developed an optic atrophy due to
prolonged ON compression. The endonasal endoscopic OD, introduced in the 1990s (71)
would allow a more posterior access to the apex but less exposure of the anterior part of the
orbital floor. This surgical approach is known to induce more oculomotor disorders (72).

An orbital fat decompression using the Olivari technique (73) was performed by
another team at our request, for one of our patients.This patient, active smoker, was the only
patient in our study who did not improve after additional surgery. After each OD, the DON
improved and recurred a few days to weeks later, whereas there was almost no bony orbit
left after 2 OD surgeries already performed on each orbit. There was no compression or
stretching of the ON on imaging. A fat decompression was proposed, without success.
According to Robert, Camezind and Adenis (74) this technique should be reserved for
patients with elevated orbital pressure with increased orbital fat volume in wide bony orbits,
and whithout compressive optic neuropathy. We do not believe that it is a technique of
choice for DON, but it may be useful in special cases. In addition, this technique presents
risks of hemorrhage and ocular motricity disorders (74).

Being less aggressive by treating fewer walls results in fewer complications but may
increase the need for additional decompression.

Ten orbits underwent further OD surgery in our study for lack of efficacy of the first
decompression. Finally only two DON in one patient were not improved after further surgery.

The multiplicity of surgeries does not seem to affect the results, as shown by Wu et al
(75) who reported an equivalent efficacy between DON undergoing one-stage surgery for
medial and lateral wall expansion, and DON operated on these same walls in two stages.
Choe et al (36) showed a similar surgical attitude in their study. They used only one-wall
decompression: medial or lateral. The operator could choose whether or not to perform
additional decompression in the following weeks if the treatment is insufficient.

Moreover the multiplicity of surgeries does not increase the risk of complications.
DON that underwent several decompressions had no more ocular motility disorders than
those who underwent a single surgery for the same number of walls treated. No
complications other than oculomotor disorders occurred during complementary surgery.
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However, the presence of a potential risk related to a second general anaesthesia cannot be
excluded.

Limitations of the study

The main limitation of our study was its retrospective nature. Nevertheless, the few
missing data were rigorously taken into account in our statistical analysis. Furthermore, our
cohort size is comparable to the literature.

CONCLUSION:

Despite the considerable progress made in recent years in pathophysiology and the
development of new treatments in TED and DON (1), orbital decompression for DON
remains the only effective way to avoid blindness in case of incomplete response to pulse
steroid therapy (15).

Our study shows that it is an effective surgery, with a significant improvement in
visual acuity and visual field within 6 months postoperatively. OD also improves proptosis
and intraocular pressure. It is effective in 82.8% of cases, and in 96.6% of DON after
additional surgery.

The surgical strategy aims to reduce the number of treated walls in order to prevent
the occurrence of complications such as infraorbital nerve damage or ocular motricity
disorders, which can lead to significant consequences for the patient. Thanks to our series of
58 decompressions, we have been able to show that a selective strategy consisting in
treatment of the wall next to the most compressive muscle is effective. Medial wall
decompression is preferable when possible, as it allows a better exposure of the orbital apex
than other approachs.

This study also shows that additional surgeries do not affect DON improvement and
do not increase the risk of complications, except the risk of further anesthesia.

The complexity and diversity of the physiopathological mechanisms involved in DON
(69) explain why, despite a same surgical strategy, some DON require additional treatment.
It would be interesting to study the presence of predictive factors of OD efficacy for DON in
order to adapt our surgical strategy accordingly. This may include, for example, performing a
more complete orbital expansion in certain cases, or on the contrary, deciding not to operate
on patients with a poor prognosis.
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TABLES AND FIGURES

TABLE 1. Descriptive statistics of study population (n=38)

N (%)

Mean (SD) (Min-Max)

Surgical place

Gender

Age

Smoking status

Medical history

Ophthalmologic History

Thyroid disease

Definitive treatment for
thyroid disease

Thyroid function status

TSH receptor antibodies

DON laterality

UHC
Bel Air Clinic

Female (F)
Male (M)
Gender Ratio(F/M)

<50 years old
50>n<70years old
>= 70 years old

Current smoker
Never smoker
Ex-smoker

Diabetes mellitus
Ostructive sleep apnea

High myopia
Cataract surgery
Laser refractive surgery

Euthyroid Graves’disease
Graves’ disease
Multinodular goiter
Hashimoto’s thyroiditis

Thyroidectomy
Radioactive lodine therapy
None

Hyperthyroidism
Euthyroidism

<=1.51U/L
>1.51U/L
Missing data

Unilateral left
Unilateral right
Bilateral

24 (63.2%)
14 (36.8%)

29 (76.3%)
9 (23.7%)
3.2

16 (42.1%)
14 (38.8%)
8 (21.1%)

12 (31.6%)
19 (50%)
7 (18.4%)

6 (15.8%)
2 (5.3%)

1 (2.6%)
4 (10.5%)
1 (2.6%)

1 (2.6%)
34 (89.5%)
1 (2.6%)
2 (5.3%)

14 (36.8%)
5 (13.2%)
9 (23.7%)

3 (7.9%)
35 (92.1%)

7 (18.4%)
27 (71%)
4 (10.5%)

8 (21.1%)
10 (26.3%)
20 (52.6%)

55.0 (+/-15)
(30-85)

20.3 IU/L (+/-39.7)
(0-216.5)

UHC: university hospital center, TSH : thyroid-stimulating hormone DON: dysthyroid optic neuropathy.

Values are represented as numbers (%) or mean (standard deviation)(min-max)
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TABLE 2. Descriptive statistics of DON (n=58)

N(%)

Mean (SD) (Min-Max)

Total

Eye

MRI

Optic disc

OCT (um)

Scotoma

Clinical Activity
Score (CAS)

Hertel (mm)
Diagnostic
context

Type of
decompression

Left
Right

ON Compression
ON Stretching

Optic disc swelling
Atrophy
Normal

Average RNFL thickness
Average GCC thickness

Central
Inferior
Diffuse
Concentric
Dense
Temporal
Nasal

<3
>=3

<21
>=21

Ophthalmic emergency
Follow-up for TED

1 wall

Medial

Inferior

Lateral

2 walls

Medial+inferior
Lateral+inferior
Lateral+medial

3 walls
Lateral+medial+inferior

58 (100.0%)

28 (48.3%)
30 (51.7%)

41 (70.7%)
17 (29.3%)

6 (10.3%)
0 (0%)
52 (89.7%)

28 (48.3%)
16 (27.6%)
4 (6.9%)
4 (6.9%)
3 (5.2%)
1 (1.7%)
2 (3.4%)

13 (22.4%)
45 (77.6%)

17 (29.3%)
41 (70.7%)

12 (20.7%)
46 (79.3%)

23 (39.7%)
17 (29.3%)
5 (8.6%)
1 (1.7%)
29 (50%)
14 (24.1%)
8 (13.8%)
7 (12%)
6 (10.3%)

97.6 (+/-16.9) (74-135)
81.8 (+/- 9) (76-97)

3 (+/-1) (1-6)

22.1 (+/- 4.3) (12.0-36.0)

DON: dysthyroid optic neuropathy MRI : magnetic resonance imaging ON: optic neve OCT: optical
coherence tomography, RNFL: retinal nerve fiber layer, GCC: ganglional cell complex, CAS: clinical

activity score, TED: thyroid eye disease.
Variables are represented as numbers (%) or mean (standard deviation)(min-max)
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TABLE 3: Analysis of visual field, visual acuity, intraocular pressure, and proptosis (Hertel) before
and after orbital decompression.

Preoperative Postoperative Difference
N Mean SD Min Max Mean SD Min  Max Mean Vaﬁhe
VF (Octopus)? 40 120 +/-6.2 1.8 23.0 8.4 +/- 6.3 0.7 24.2 -3.6  <0.001*
VF (HFA)! 6 -83 +/-44 -150 -2.6 -5.2 +/- 4.6 -126 -0.1 3.1 0.047*
VF (135)* 12 69.3 +/-49.7 5.0 120.0 110.1 +/-27.3 42 135 40.8 <0.001*
BCVA (logmar) 58 0.5 +/- 0.6 0.0 2.6 0.2 +/-0.4 0 1.7 -0.3  <0.001*
I0P (mmHg) 58 184 +/-3.6 11.0 27.0 156 +/-3.1 10 25 -2.8  <0.001*
Hertel (mm) 58 221 +/-43 12.0 36.0 19.4 +/-4.3 10 32 -2.7  <0.001*

Mean : mean value, SD: standard deviation, Min: minimum value, Max: maximum value, VF: visual field, HFA:
Humphey field analyzer, BCVA: best corrected visual acuity, IOP: intraocular pressure.

1Unit : VF(Octopus) : Mean Defect in dB ; VF(HFA) : Mean Deviation in dB ; VF (135): raw value.

The variables are compared with the Wilcoxon signed-rank test *p<0,05.

FIGURE 1 - Boxplot. Univariate analysis on variables: visual field, visual acuity, intraocular
pressure, and proptosis before and after orbital decompression
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TABLE 4: Changes in visual field, visual acuity, intraocular
pressure and proptosis (Hertel) after orbital decompression.

Total Improvement Stable Aggravation
VF (octopus) 40 31(77.5%) 0 9(22.5%)
VF (HFA) 6 5(83.3%) 0 1(16.7%)
VF (135) 12 12(100%) 0 0
BCVA (logmar) 58 40(69%) 10(17.2%)  8(13.8%)
IOP (mmHg) 58  44(75.9%) 12(20.7%) 2(3.5%)
Hertel (mm) 58 48(82.8%) 9(15.5%) 1(1.7%)

VF: visual field, HFA: Humphrey field analyzer, BCVA: best corrected visual
acuity, IOP: intraocular pressure.
Variables are represented with numbers (%)

TABLE 5. Ocular motricity disorders according to surgical technique

Oculomotor disorders

Strabismus New .
Total Improvement aqaravation dinlopia (aggravation+new

99 plop diplopia)
Total 58 7(12.1%) 9(15.5%) 7(12.1%) 16(27.6%)
3 walls 6 0 (0.0%) 2 (33.3%) 1(16.7%) 3(50.0%)
2 walls 29 2(6.9%) 3(10.3%) 4(13.8%) 7(24.1%)
medial+inferior 14 1(7.1%) 0 (0.0%) 2 (14.3%) 2(14.3%)
lateral+inferior 8 0(0.0%) 1 (12.5%) 2 (25.0%) 3(37.5%)
lateral+medial 7 1 (14.3%) 2 (28.6%) 0(0.0%) 2(28.6%)
1 wall 23 5(21.7%) 4 (17.4%) 2(8.7%) 6(26.0%)
medial 17 5(29.4%) 3(17.6%) 1(5.9%) 4(23.5%)
inferior 5 0(0.0%) 1(20.0%) 1(20.0%) 2(40.0%)
lateral 1 0 (0.0%) 0 (0.0%) 0 (0.0%) 0(0.0%)

Variables are represented with number (%)
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FIGURE 2: Long-term follow-up for dysthyroid optic neuropathy undergoing additional
surgeries.

OD: Orbital Decompression

Success: Improved VF or BCVA, no need for revision surgery.

Insufficient: Persistent dysthyroid optic neuropathy

Steroid failure

First OD
N=58
Success N= 48
Insufficient
—{_N=10 ]
Second OD
N=10
Success N=7
Insufficient
Third OD
N=3

Success N=1

Visual sequelae
N=2
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TABLE 6. Octopus visual field and visual acuity improvement according to the number of surgeries
performed with the same final number of treated walls.

VF ( Octopus) BCVA
(MD) (dB) (logmar)
- P-
N Preop Postop Improvement value Preop Postop Improvement valu
3 walls
One surgery 6 16.1 9,8 -6.3 0.5 0.1 -04 0.423
Several 184 7.9 105 0.285 0.7 0.4 0.3
surgeries
2 walls
One surgery 20 12.7 8.5 -4,2 0.6 0.3 -0.3
Several 157 101 5,6 0.824 0.7 0.4 0.3 1
surgeries

VF: visual field, MD: mean defect, BCVA: best corrected visual acuity, Preop : preoperative Postop :postoperative
The variables are compared with the Wilcoxon rank-sum test *p<0,05

TABLE 7. Ocular motricity disorders according to the number of surgeries
performed for the same final number of treated walls.

Oculomotor disorder:

Strabismus New .
N  Improvement aggravation diplopia (aggra_lvat|c_)n+new P-value
diplopia)
3 walls
One surgery 6 0(0.0%) 2(33.3%) 1(16.7%) 3(50.0%)
Several 5 0(0.0%) 2(40%) 0(0.0%) 2(40.0%) 1
surgeries
2 walls
One surgery 29 2(6.9%) 3(10.3%) 4(13.8%) 7(24.1%)
Several 5 0(0.0%) 1 (20%) 0 (0.0%) 1(20.0%) 1
surgeries

The variables are compared with the x2 test
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V. PREDICTIVE FACTORS OF OUTCOME IN ORBITAL
DECOMPRESSION FOR DYSTHYROID OPTIC
NEUROPATHY (ARTICLE 2)

1.Abstract

Purpose: The aim of this study was to identify predictive factors for improvement of visual
acuity and visual field by Orbital Decompression (OD) for the treatment of Dysthyroid Optic
Neuropathy (DON).

Methods: This retrospective study included all patients who underwent OD for DON
between 2005 and 2020 by the same operator, in two centers. Demographic, medical, and
surgical covariates were collected. Primary outcomes were improvement in Best Corrected
Visual Acuity (BCVA) and in Visual Field (VF) Mean Defect (MD) within 6 months after
surgery. We performed univariate and multivariate linear analysis to identify potential factors
associated with visual outcomes.

Results: 38 patients (58 eyes) undergoing OD for DON were successively included. The
improvement in BCVA was -0.3 logmar (p<0.05) and the improvement of the MD of the VF
was -3.6 dB (p<0.05) within 6 months after surgery. The absence of preoperative proptosis
was associated with poorer VF improvement (p<0.05). Clinical Activity Score (CAS) is
inversely correlated with VF improvement (p<0.05). The presence of dense or temporal or
inferior scotomas was associated with a lesser improvement in visual acuity (p<0.05). DON
diagnosed in the ophthalmology emergency department had a poorer visual field and visual
acuity improvement compared with DON occurring during follow-up for thyroid eye disease
(p<0.05).

Conclusion: The presence of an inferior scotoma, severe inflammation, the absence of
proptosis, and a delayed diagnosis of DON appear to be predictive factors for poor prognosis
in OD for the treatment of DON and should lead us to be more cautious in our surgical
management.

Key words: Dysthyroid optic neuropathy, Graves’ disease, Inflammation, Orbital
decompression surgery, Predictive factors, Proptosis, Thyroid eye disease, Visual Field
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2.Manuscript

INTRODUCTION

Dysthyroid Optic Neuropathy (DON), is a rare and potentially blinding complication
(1), occurring in 2-5% of patients with Thyroid Eye Disease (TED) (2—4). It results from a
functional impairment of the optic nerve (ON) due to stretching (5) or compression at the
orbital apex by increased orbital fat volume and extraocular muscle enlargement, in an
inextensible bony cavity (6).

Despite significant advances in knowledge and understanding of this disease, orbital
decompression (OD) for DON remains the only effective way to avoid blindness in case of
incomplete response to pulse steroid therapy (7,8).

This surgery was first described more than 100 years ago (9) , and its techniques and
procedure are constantly evolving (7,10). The current surgical attitude is to to limit the
number of treated walls, in order to be less invasive (9,11-13). We have shown in another
study that this is an effective surgical procedure. However, despite a common surgical
strategy, results vary from one DON to another and may sometimes require further surgeries
(11,14,15). The complexity and diversity of the pathophysiological mechanisms implicated in
DON (16) suggest the presence of various factors involved in the visual outcome after OD.

The aim of this study was to evaluate predictive factors of visual acuity and visual
field improvement by orbital decompression in dysthyroid optic neuropathy, after failure of
corticosteroid therapy, through our series of 58 decompressions.

MATERIALS AND METHODS
Patient selection

This was a retrospective study including patients who underwent OD for DON in the
ophthalmology department at the Bordeaux University Hospital, and in the Bel-Air-Tourny
Clinic in Bordeaux, between August 2, 2005 and February 19, 2020 by the same operator.
These patients were followed by a multidisciplinary team consisting of endocrinologists,
internists and radiotherapists. The data were collected in the patients' paper files and on
Dxcare® and Oplus® software.

The diagnosis of DON was based on an association of clinical and paraclinical signs
of ON function impairment, including: rapidly progressive deterioration of visual acuity and/or
visual field with no other cause found. The diagnosis was strengthened by the presence of
an inconstant optic nerve swelling. Magnetic resonance imaging (MRI) was perfomed to
determine the main mechanism of optic nerve ON damage: stretching or compression.

The surgical indication was the presence of DON with functional consequences for
the patient, after failure of medical treatment with methylprednisolone pulse therapy (8).

In this study, OD were excluded when performed for elevated intraocular pressure
(IOP) caused by increased episcleral venous pressure, resistant to IOP-lower medication
(17). Indeed, this clinical presentation can mimic a DON if there is functional impairment of
the ON (18). All other causes of optic neuropathy, such as glaucoma or inflammation were
also excluded. Patients whose visual field or visual acuity alterations were explained by other
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ocular disorders such as cataract or maculopathy were not included in the study, as well as
patients who could not be followed for at least 6 months in our centers.

Surgical Technique

A one-, two- or three-wall expansion was perfomed at the orbital floor, the medial wall
or the lateral wall by the same operator. Surgery for bilateral DON was performed in two
separate stages, although the postoperative risk of amaurosis is limited according to Rose
(19). Except for a few three-wall OD carried out at the beginning of the study, the choice of
the treated wall was made according to the mechanism of optic nerve damage and the
location of the most compressive muscle. The periosteum was opened and, in case of the
inferior wall, it was excised.

A transcutaneous incision below and parallel to the lash line in the lower eyelid (20)
or a transconjunctival approach (21) were conducted for floor decompression. The orbital
floor was removed medially to the infraorbital nerve only or on both sides of it, being careful
not to damage the nerve. Anteriorly, a small portion of bone under the globe was left to
prevent hypoglobus. A lipectomy in the inferolateral quadrant was often carried out (22).

Medial wall decompression was achieved through a transcaroncular approach (23),
or more rarely through an upper eyelid crease incision (7). Posterior to the caruncle, the
dissection followed a natural plane between the Duverney Horner's muscle and the orbital
septum. Care was taken to ethmoidal arteries because of the risk of cerebrosipnal fluid leak
at this level. If the ethmoidal vessels were damaged, gentle cauterization was achieved for
hemostasis (22). These approachs allow good exposure of the orbital apex (10).

A lateral upper eyelid crease incision provided good access for lateral wall expansion
(24,25). Dissection was then carried posteriorly allowing decompression of the lateral wall to
the greater wing of sphenoid (7).

The rare three-wall expansions of this study were not performed by a coronal
approach. This technique has not been used by the operator since 1998 for this surgical
indication (26).

Covariates

Patients

Patient characteristics were collected including: demographic data, medical history
such as diabetes, smoking, or obstructive sleep apnea (OSA), and characteristics of thyroid
disease at the time of surgery among: thyroid function status, TSH receptor antibodies
(TRAb considered positive above a cutoff value of 1.5 IU/L), and history of definitive
treatment by thyroidectomy or radioactive iodine therapy.

DON and OD

The context of DON diagnosis was reported: The diagnosis was made in the
ophthamology emergency department or during the patient follow-up for TED in our
structures. In case of diagnosis in emergency, the patient was usually referred for
unexplained visual loss, sometimes with no known thyroid disease.

The clinical examination performed by the operator included: best corrected visual
acuity (BCVA) converted into logmar, proptosis measurement with Hertel exophthalmometer
(mm), intraocular pressure (IOP) measurement in mmHg, examination of the optic nerve
head and calculation of the clinical activity score (CAS) based on the Mourits score (27)
updated by EUGOGO (28),
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The paraclinical tests included a visual field test using automated perimetry. VF test
performed by Octopus® (VF (Octopus)) and Humphrey® (VF (HFA)) perimeters were
analyzed respectively using the mean defect and the mean deviation (MD in dB). The choice
between these two perimeters was made according to the place of care. VF test using the full
field 135 screening mode (VF(135)) were analyzed using the raw value. This test was
sometimes performed as a first-line test in order to look for peripheral scotoma, or when the
patient had some fixation difficulties. For all types of VF tests, the location of scotoma
detected was also noted.

Measurement of peripapillary retinal nerve fibers layer (RNFL) and macular ganglion
cell complex (GCC) thickness using Optical coherence tomography (OCT) was performed for
patients who underwent surgery after 2010.

The main mechanism of ON damage was determined on imaging: stretching or
compression.

The number of treated walls (1, 2 or 3) and their location: lateral, medial, inferior was
reported.

Study protocol

The efficacy of OD was assessed by BCVA and VF improvement 6 months after
surgery. For DON requiring another OD surgery within 6 months, BCVA and VF results prior
to additional surgery were considered. VF tests performed by different perimeters or using
different mode test were analyzed separately, forming 3 groups: VF(Octopus), VF(HFA), and
VF(135).

The variables studied included demographic, medical and surgical characteristics of
patients and DON.

The presence of predictive factors of surgical outcome was investigated through a
correlation analysis between these variables and postoperative visual acuity and visual field
improvement.

Statistical analysis

Analyses were performed with statistical software R®.

A Wilcoxon signed-rank test was performed to assess pre and postoperative results
for : BCVA, VF(Octopus), VF(HFA), and VF(135).

The main analysis was the correlation analysis between the demographic, medical,
and surgical variables and the visual acuity and VF improvement. Univariate analysis was
performed using the Spearman’s rank correlation coefficient for continuous variables, the
Wilcoxon rank sum test for categorical variables with 2 categories, and the Kruskal-Wallis
test for categorical variables with more than 2 categories.

BCVA and VF improvement were both represented using a multivariate linear model
(ANCOVA). These two models were obtained by a backward stepwise elimination on a first
selection of factors. This preselection included predictive factors supposed relevant, which
were forced in the model (gender, age) and the factors identified in the univariate analysis (p
<= 0.25). The preoperative state of the variable of interest was also considered and forced
into the selection, because it could act as a confounding factor. At each stage of the
elimination process, the model adequacy of the data was assessed by the Akaike
Information Criterion (AIC).

A p value<0.05 was considered as statistically significant for the different tests of the
study.
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RESULTS
Patients

44 patients and 69 eyes underwent OD in our centers over the study period. Six
patients and 11 eyes were excluded: 5 patients operated for elevated IOP caused by
increased episcleral venous pressure and one patient whose follow-up was less than 6
months. A total of 38 patients and 58 DON were successively included in our study.

Variables studied

Demographic and clinical carachteristics (Table 1)

Mean age was 55.0 +/- 15 years and gender ratio was 3.2 women per men. There were 6
diabetic patients and their mean glycated hemaoglobin (HbAlc) was 7.2%. Two patients had
obstructive sleep apnea (OSA). Twelve patients were active smokers. Euthyroid state was
most often achieved (n=35; 92.1%) and TRAb test was positive for 27 (71%) patients, at the
time of surgery. Five patients underwent radioactive iodine therapy. The initial thyroid
disease was most often Graves’ disease. There were two cases of Hashimoto's thyroiditis
and a multinodular goiter, converted in hyperthyroidism. We reported a case of euthyroid
Graves’ disease.

DON and OD characteristics (Table 2)
In most cases, DON were diagnosed during follow-up period for TED (n=46; 79.3%).
Mean Hertel measurement was 22.1 mm (+/- 4.3), and in 29.3% of cases there was no
proptosis. Mean CAS at the time of decompression was 3/7(+/- 1). The average RNFL
thickness was 97.6 ym and GCC thickness was 81.8 um. OCT could only be performed for
30 DON due to the introduction of OCT only several years after the first surgeries in our
study.
The VF examination revealed a central scotoma (n=28; 48.3%) or an inferior scotoma (n=16;
27.6%) in most cases. Optic nerve swelling was present in 6 cases.
On MRI, the main mechanism of ON damage was a compression at the apex for 41 DON
and more rarely a stretching for 17 DON.

A one-wall (n=23; 39.7%) or a two-wall (n=29; 50%) OD was most often perfomed,
and more rarely a three-wall (n=6; 10.3%) decompression. The medial wall was most
frequently treated for one-wall decompression surgeries (n=17; 29.3%) and the medial and
inferior wall (n=14; 24.1%) for two-wall surgeries.

Surgical outcomes

Mean BCVA improved significantly by -0.3 logmar from 0.5 +/-0.6 logmar before to
0.2 +/- 0.4 logmar after OD (p<0.001).

VF (octopus) test, performed for 40 DON, showed a mean MD of 12.0 +/-6.2 dB
preoperatively and 8.4 +/-6.3 dB postoperatively, resulting in a MD improvement of -3.6 dB
(p<0.001).

VF (HFA) test, for 6 DON, showed an average MD of -8.3 +/-4.4 dB preoperatively
and -5.2 +/- 4.6 dB after surgery, representing gain of 3.1 dB (p=0.047).

VF (135) test, for 12 DON, increased from 69.3 +/- 49.7 to 110.1 +/- 27.3 in the
postoperative period, showing a gain of 40.8 points (p<0.001).
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Correlation analysis

The correlation analyses performed for VF(HFA) and VF(135) were not retained for
the rest of our study because sample sizes were too small. These analyses did not show
significant results due to low statistical power. Thus, the following correlation analyses
consider only the VF(octopus).

Correlation between variables and preoperative BCVA and VF values (Tables
3A,B,C)

In preoperative univariate analysis, advanced age (>=70 years) (p=0.011),
hyperthyroidism (p=0.030), and prior radioactive iodine therapy (p=0.041) were significantly
associated with poorer visual acuity. Preoperative VF was significantly related to
preoperative BCVA (p=0.008). The other variables did not show correlation with preoperative
BCVA and VF.

Correlation between variables and BCVA and VF improvement after OD (Tables
4A,B)

Six variables were selected by backward stepwise selection for the multivariate model
related to BCVA improvement: preoperative BCVA, gender, age, preoperative Hertel value,
context of DON diagnostic and location of scotoma.

The variables selected by the multivariate model for VF improvement were:
preoperative VF, gender, age, preoperative Hertel value, context of DON diagnosis and CAS.

Demographic and clinical characteristics (Table 4A)

Demographics and clinical characteristics did not show any significant correlation with BCVA
or VF improvement.

DON and OD characteristics (Table 4B)

BCVA and VF

The inverse correlation between BCVA improvement and preoperative BCVA was
highly significant (p<0.001). Similarly, VF improvement was inversely correlated with
preoperative VF with high significance (p=0.004).

CAS

VF improvement was inversely correlated with the preoperative clinical activity score
(p=0.043). CAS was a predictive factor of VF improvement.

Hertel

The absence of proptosis was significantly associated with poorer VF improvement
(p=0.001). Proptosis was a predictive factor of VF improvement.

Context of DON diagnosis

DON diagnosed in the ophthalmology emergency department had significantly less
improvement in the BCVA (p=0,024) and in the VF (p=0,016) compared with DON occurring
during follow-up period for TED. The context of DON diagnosis was a predictive factor of
BCVA and VF improvement.

Location of scotoma
Inferior (p=0.002), dense (p=0.028) and temporal (p=0.048) scotomas were associated with
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a poorer BCVA improvement. Scotoma location was a predictive factor of BCVA
improvement.

The other variables:
IOP, OCT, mechanism of ON damage on MRI, optic nerve swelling, number of treated walls
and their location, did not show any significant correlation with BCVA or VF postoperative
improvement.

DISCUSSION
Patient factors
Non-modifiable risk factors

We found that older patients had more impaired preoperative BCVA and
correspondingly a more severe DON, as already reported Campbel et al (29). Neither age
nor gender appeared to be correlated with DON improvement. Note that only Miskiewiicz et
al (14) found a significant relation between young age and good visual outcome, in a study
restricted to 14 DON.

Modifiable risk factors

Seven DON of diabetic patients underwent OD in our study and showed good
postoperative results. Diabetes has already been described by Kalmann and Mourits (30) as
a potential poor prognostic factor in surgical treatment for DON. They reported an
improvement in 50% of cases for the 5 diabetic patients in their study, compared to 69.4% for
the 19 non-diabetic patients. Mourits et al (31) performed 25 OD and found that 4 of the 6
unimproved DON were diabetic. The hypothesis was that oxygen transport disorders related
to diabetic microangiopathy render the optic nerve more vulnerable to muscle compression.
Obviously, this applies in particular to uncontrolled diabetes as microangiopathic
complication are closely related to glycated hemoglobin (HbAlc) (32). The authors did not
report glycemic control for their patients. We believe that our results can be explained by
relatively well-controlled diabetes with a mean HbAlc level of 7.2% in our diabetic
population.

In our series, two patients suffered from obstructive sleep apnea (OSA) syndrome.
Their DON was improved by OD. Habib et al (33) showed that OSA may influence DON due
to an inflammatory mechanism and an elevation of cytokines, however, no studies have
described OSA as a predictive factor in the treatment of DON.

Thyroid function status was not related to postoperative outcomes in our population.
In most cases, euthyroidism was already achieved at the time of OD. We also found that
patients with hyperthyroidism had worse preoperative BCVA, and thus more severe DON.
This confirms the work of Prummel et al (34) presenting hyperthyroidism as a risk factor for
TED severity.

Our study found no correlation between anti-TSH receptor antibody levels and
postoperative outcomes. According to Ponto et al (35) elevated TRAb level is associated with
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DON of recent onset, but its involvement in OD efficacy for DON has never been described
in the literature.

Patients treated with radioactive iodine appeared to have a more severe DON with a
more impaired VF preoperatively. However, this did not affect postoperative improvement.
Treatment with radioactive iodine is a known risk factor for the progression of TED and DON
(36).

We did not find significant results related to smoking, but two patients suggest that it
may influence the postoperative visual outcome. One patient did not improve after OD, but
finally recovered with regression of inflammation. This occurred after steroid pulses, but also
at the same time as he stopped smoking. Another patient with bilateral DON continued to
worsen after two bone decompressions and one fat decompression. In fact, he had almost
no bony orbit left. The only potential cause of worsening appeared to be active smoking.
Indeed, the risk of TED increases 7 to 8 times in smokers. Smoking also increases the
severity of the disease and reduces the response to treatment (37,38). Some studies
suggest an association between smoking and the development of DON (39,40). To our
knowledge, no study has described a correlation between smoking and OD efficacy for DON.
The mechanism of action is multifactorial and not well elucidated. It probably involves
autoimmunity, hypoxia, and sustained inflammation (4).

DON and OD factors

We found that BCVA and VF improvement were inversely correlated to preoperative
BCVA and VF, respectively, as previously reported by Hallin et al (41). The preoperative
state was taken into account by the multivariate analysis. Thus, a small improvement could
not be related to a less severe preoperative DON. An altered preoperative visual function
does not predict poor visual recovery, in contrast to traumatic optic neuropathies (42-45).
Visual function can be severely impaired by decreased axoplasmic flow due to compression
or stretching of the optic nerve fibers. If there is no optic nerve fibers loss, the damage is
reversible and DON can recover dramatically once mechanical effect is removed by OD. As
described for chiasmatic tumors by Danesh et al (46), our study illustrates this mechanism:
One patient improved from light perception to 20/20 vision, and another from just counting
fingers to 20/25 at 6 months after surgery.
Other authors such as Wang et al (47) or Liang et al (48) have found a positive correlation
between preoperative and postoperative visual acuity, which seems logical. We believe that
OD efficacy is better assessed by the amount of visual function improvement than by
postoperative values.

Thirty OCTs were performed in our study, which is comparable to other published
work on OCT for DON (49,50). We found no correlation between mean preoperative RNFL
thickness and postoperative improvement, in contrast to Rajabi et al (49). We believe that
preoperative OCT is useful for visual prognosis if it shows optic atrophy revealed by mean
RNFL or GCC thickness outside normal limits. In this case, there is an irreversible optic
nerve fibers loss and the prognosis for visual recovery is limited. This situation is not a
contraindication to surgery, as there may be fibers left which could benefit from
decompression. However, the patient should be warned of the limited visual outcome. For
only one patient, we decided not to perform further surgery because of the presence of an
important optic atrophy revealed by OCT, after already 3 preceding OD surgeries.
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Mean RNFL and GCC thickness were normal preoperatively in our series, apart from
6 cases of optic disc swelling, like in the study by Park et al (50). However, not all DON were
improved to the same proportion. Preoperative OCT may be within normal limits compared to
the normative database whereas there may already be optic nerve fibers loss (51).

This point is very well illustrated for DON diagnosed in the ophthalmologic emergency
department in our study. These patients generally had a delayed diagnosis of DON. OD
efficacy was poorer than for other patients. Despite a delayed diagnosis, mean RNFL and
GCC thickness were within normal limits preoperatively. However, postoperatively, in 4 of 12
DON, OCT was outside normal limits. A process of retrograde axonal degeneration had
probably already been initiated preoperatively. The loss of optic nerve fibers may have been
detected only by comparison with an examination performed before the onset of the disease.

Pre-operative OCT is not useful for DON diagnosis and may be within normal limits
whereas a process of fibers loss is already present. Note that optic atrophy may appear 3 to
6 months later on OCT (46).

With the recent development of OCT angiography, it is possible to analyse the radial
peripapillary capillary network (52). Its density seems to be reduced in patients with DON
(53,54). These capillaries appear to be connected to the nerve fibers around the papilla,
following a same anatomical organization (55). OCT angiography has been studied in
several publications, particularly for glaucomatous optic neuropathy (56) or for acute anterior
ischemic optic neuropathy (AION) (55). However, the exact mechanism involved remains
unclear (54).

The presence of clinical optic disc swelling did not affect the postoperative visual
prognosis in our study, as previously observed by Rajabi et al (49).

The absence of proptosis was associated with poorer OD efficacy. Of these 17 DON,
12 NO suffered from compression and 5 from stretching.

DON results from a mismatch between the bony orbit and its increased content

volume (6), although a slight remodelling of the orbit has been described by Bokman(57) and
Ugradar (58) in patients with TED. This mismatch phenomenon occurs at an earlier stage in
small orbits, as reported by Rootman (59), particularly in Asians (60). Kamer et al (61) have
reported that the orbital apex cone angle varied from 39.7° to 65.7°. A narrower cone angle
results in a smaller space between expanding extra ocular muscles and the ON. It may lead
to an early, rapid and insidious compression.
The sudden increase in retrobulbar pressure can also have a direct effect on ON damage, as
shown by Otto et al (62) and leads to a real orbital compartment syndrome (63). Such a
scenario can sometimes lead to rapid decompensation, which can be compared to reduced
intracranial compliance in intracranial hypertension according to the Langfitt curve (64). The
absence of proptosis would exacerbate this phenomenon since proptosis provides a natural
decompression of the intra-orbital contents (65).

Stretched DON without proptosis could correspond to short ON, suffering rapidly from
stretching in the absence of significant proptosis, as described by Anderson et al (5) .

This atypical presentation of DON without proptosis can lead to an insidious
progression and a delayed diagnosis and treatment.

These DON also correspond to OD that are more difficult to perform. Surgical
procedures are more delicate and access to structures is sometimes more complicated in a

58



tight orbit. In addition, Rootman (59) reported that proptosis is reduced by 1 to 3 mm per
treated wall, so decompression appears to be rapidly limited in these orbits.

OD efficacy was inversely correlated with clinical inflammation. Eyes with a low CAS
at the time of OD had already achieved partial response to corticosteroid therapy, while
those with a high CAS were more resistant to corticosteroid therapy. These orbits already
corresponded to DON refractory to treatment, as described by Mensah et al (66). The
inflammatory reaction increases intra-orbital volume (3) and is associated with vascular
changes, making ON more susceptible to compression or stretching (67). Thus, a more
complete decompression for DON with a high CAS may be required.

DON can give all types of scotomas. In our study, three types of scotomas were
associated with poorer visual acuity improvement.

Three DON presented dense scotomas. They corresponded to very severe DON with
low visual acuity. Two improved after OD, while one required 3 OD before improvement.

Temporal and inferior scotomas can be associated with VF improvement, without any
improvement in visual acuity, due to their location. This was the case for the 2 DON with
temporal scotoma.

The inferior scotoma also appeared to be associated with poorer VF improvement but
not significantly. This scotoma is frequently present in DON. According to Starks et al (68), it
corresponds to compression by the superior muscle complex crowding the apex. In our
study, there were no DON associated with enlarged upper rectus muscle alone. Rather, we
believe that this is due to an indirect mechanism by filling the inferior intra-orbital
compartment with an enlarged inferior rectus muscle pushing ON up against the superior
rectus. The inferior and medial rectus muscle are usually primarily involved in TED (6,69).
Two of these DON suggest the presence of ischemic vascular mechanisms related to
increased orbital pressure, as described by Seery et al (70). One patient had recurrent
transient vision loss on the DON eye. This symptom disappeared after OD. Another patient
developed an AION a few days after surgery. Mensaa et al (66) also reported that DON with
inferior scotoma were often associated with the presence of cardiovascular risk factors and
appeared to have poorer outcomes after treatment.

Ugradar et al (71) think that NO stretching is not really a mechanism for DON
formation. Our study suggests the opposite by showing an equivalent improvement for
compressed and stretched ON. We believe that this is a DON presentation that should be
treated, like compressive DON, as reported by Rootman (59). Bain et al (72,73) showed that
ON can suffer from stretching in their work on pig optic nerves. The optic nerve is part of the
central nervous system and does not have the same anatomical structure as the peripheral
nerves, making it more sensitive to stretching (16) . According to Rose et al (74) this is due to
an indirect mechanism. Elongation of the optic nerve would make it more prone to ischemic
microvascular changes, surrounding inflammation, and mechanical injury of metabolic axonal
flow.

After some three-wall orbital expansion performed at the beginning of our study, our
surgical strategy changed to reduce the number of walls treated in order to limit surgical
morbidity. We applied a selective strategy of treating the wall next to the most compressive
muscle when possible. The univariate analysis shows that there was no significant
correlation between the numbers of walls treated and OD efficacy, which supports our
surgical strategy.
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Strengths and limitations of the study

One of the main limitations of our study was its retrospective nature.

Correlation analyses on VF improvement could only be performed on 40 DON, due to the
heterogeneity of VF tests performed in different care centres.

Statistical analyses were performed on a small size sample. Only one variable could be
significantly associated with both VF improvement and BCVA improvement probably due to a
lack of statistical power.

However, our study sample size was comparable to the literature, as this is a rare
surgery. One of the strengths of our series is that clinical examination and OD surgery have
always been performed by the same operator, making the results and variables more
comparable.

Finally, to the best of our knowledge, this is the first article dedicated to predictive
factors of OD surgery for DON.

CONCLUSION

The presence of an inferior scotoma, a severe inflammation, the absence of
proptosis, and a delayed diagnosis of DON appear to be predictive factors for poor prognosis
in OD for DON.

Our surgical strategy limiting the number of walls treated is effective but could be
adapted in these aforementioned cases.

A more complete decompression could be performed for DON associated with severe
inflammation. DON with a lower scotoma could undergo a more complete orbital expansion,
including inferior wall removing if there is an enlarged inferior rectus. Cardiovascular risk
factor monitoring may be useful if an associated vascular mechanism is suspected in these
patients.

For orbits without proptosis, it is difficult to achieve a more complete orbital
expansion, because of the risk of enophthalmos. Orbital decompression far back at the apex
might be effective while limiting this risk.

However, the delay in DON diagnosis and the difficulty in assessing the duration of
the disease remains a prognostic problem. OCT is rarely helpful in the diagnosis and
prognostic of DON. OCT angiography seems to provide interesting new elements but
requires further study and exploration.

In order to confirm these initial results, and to refine and improve the management of
OD in DON, it would be interesting to study these factors through multi-centre studies
through consortia such as EUGOGO in Europe.
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TABLES AND FIGURES

TABLE 1. Descriptive statistics of study population (n=38)

N (%)

Mean (SD) (Min-Max)

Surgical place

Gender

Age

Smoking status

Medical history

Ophthalmologic History

Thyroid disease

Definitive treatment for
thyroid disease

Thyroid function status

TSH receptor antibodies

DON laterality

UHC
Bel Air Clinic

Female (F)
Male (M)
Gender Ratio(F/M)

<50 years old
50>n<70years old
>= 70 years old

Current smoker
Never smoker
Ex-smoker

Diabetes mellitus
Ostructive sleep apnea

High myopia
Cataract surgery
Laser refractive surgery

Euthyroid Graves’disease
Graves’ disease
Multinodular goiter
Hashimoto’s thyroiditis

Thyroidectomy
Radioactive lodine therapy
None

Hyperthyroidism
Euthyroidism

<=1.51U/L
>1.51U/L
Missing data

Unilateral left
Unilateral right
Bilateral

24 (63.2%)
14 (36.8%)

29 (76.3%)
9 (23.7%)
3.2

16 (42.1%)
14 (38.8%)
8 (21.1%)

12 (31.6%)
19 (50%)
7 (18.4%)

6 (15.8%)
2 (5.3%)

1 (2.6%)
4 (10.5%)
1 (2.6%)

1 (2.6%)
34 (89.5%)
1 (2.6%)
2 (5.3%)

14 (36.8%)
5 (13.2%)
9 (23.7%)

3 (7.9%)
35 (92.1%)

7 (18.4%)
27 (71%)
4 (10.5%)

8 (21.1%)
10 (26.3%)
20 (52.6%)

55.0 (+/-15)
(30-85)

20.3 IU/L (+/-39.7)
(0-216.5)

UHC: university hospital center, TSH : thyroid-stimulating hormone DON: dysthyroid optic neuropathy.

Values are represented as numbers (%) or mean (standard deviation)(min-max)
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TABLE 2. Descriptive statistics of DON (n=58)

N(%)

Mean (SD) (Min-Max)

Total

Eye

MRI

Optic disc

OCT (um)

Scotoma

Clinical Activity
Score (CAS)

Hertel (mm)
Diagnostic
context

Type of
decompression

Left
Right

ON Compression
ON Stretching

Optic disc swelling
Atrophy
Normal

Average RNFL thickness
Average GCC thickness

Central
Inferior
Diffuse
Concentric
Dense
Temporal
Nasal

<3
>=3

<21
>=21

Ophthalmic emergency
Follow-up for TED

1 wall

Medial

Inferior

Lateral

2 walls

Medial+inferior
Lateral+inferior
Lateral+medial

3 walls
Lateral+medial+inferior

58 (100.0%)

28 (48.3%)
30 (51.7%)

41 (70.7%)
17 (29.3%)

6 (10.3%)
0 (0%)
52 (89.7%)

28 (48.3%)
16 (27.6%)
4 (6.9%)
4 (6.9%)
3 (5.2%)
1 (1.7%)
2 (3.4%)

13 (22.4%)
45 (77.6%)

17 (29.3%)
41 (70.7%)

12 (20.7%)
46 (79.3%)

23 (39.7%)
17 (29.3%)
5 (8.6%)
1 (1.7%)
29 (50%)
14 (24.1%)
8 (13.8%)
7 (12%)
6 (10.3%)

97.6 (+/-16.9) (74-135)
81.8 (+/- 9) (76-97)

3 (+/-1) (1-6)

22.1 (+/- 4.3) (12.0-36.0)

DON: dysthyroid optic neuropathy MRI : magnetic resonance imaging ON: optic neve OCT: optical
coherence tomography, RNFL: retinal nerve fiber layer, GCC: ganglional cell complex, CAS: clinical

activity score, TED: thyroid eye disease.
Variables are represented as numbers (%) or mean (standard deviation)(min-max)
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TABLE 3a. Univariate analysis of Octopus visual field and visual acuity improvement with patient
covariates, taking into account the preoperative condition.

VF Octopus (MD) (dB)

BCVA (logmar)

Preoperative  Improvement Preoperative Improvement
N  Mean P Mean P N Mean Mean P
value value value value
Total 40 12.0 - -3.6 - 58 0.5 - -0.3 -
Gender Male 9 126 0.808 -4.2  0.808 12 05 0.151 -0.4 0.482
Female 31 118 -35 46 0.5 -0.2
Age <50 years old 18 122 0.272 -5.6  0.289 25 03 -0.2 0.553
50-69yearsold 15 10.4 -2 20 0.6 0.0112* -0.3
270 years old 7 149 -2 13 0.8 -0.4
Smoking Current smoker 16 11.7 0.923 -4.4  0.783 19 0.5 0914 -0.3 0.914
Never/Ex-
smoker 24 122 -3.1 39 05 -0.2
Diabetes Yes 5 128 0.790 -3.8  0.919 7 0.5 0.876 -0.4 0.480
No 35 119 -3.6 51 0.5 -0.2
OSA Yes 3 129 0.778 -4.2  0.939 3 0.7 0.609 -0.7 0.175
No 37 119 -3.6 55 0.5 -0.2
. Graves'disease 36 11.8 0.367 -3.3 0.318 53 0.5 0.742 -0.3 0.202
Thyroid Multinodular
disease . 2 103 -1.9 2 0.1 0
groiter
Hashimoto’s
thyroiditis 1 117 -9.9 2 0.7 -0.4
Euthyroid
Gravesdisease 1 230 -11.7 1 0.2 0.5
Thyroid Euthyroidism 37 11.6 0158 -35 0700 53 05 0.030* -03 0.728
function
status
Hyperthyroidism 3  16.7 -4.7 3 0.8 -0.2
Radioactive Yes 8 134 0.510 -46 0.813 11 0.8 0.041* -0.6 0.066
lodine No 32 116 -3.4 47 0.4 -0.2
TRAb <1.51U/ 4 134 0819 -7.7  0.247 10 0.3 0.659 -0.1 0.202
21.5 U/l 31 116 -3.1 41 0.6 -0.4

VF: visual field, MD: mean defect, BCVA: best corrected visual acuity, OSA : obstructive sleep apnea. TRAbThyroid-
stimulating hormone receptor antibodies
Wilcoxon rank sum test for categorical variables with 2 categories, and Kruskal-Wallis test for categorical variables

with more than 2 categories. *P<0,05.
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TABLE 3b. Univariate analysis of Octopus visual field and visual acuity improvement with
covariates relative to Dysthyroid optic neuropathies and orbital decompression, taking into

account the preoperative condition

VF Octopus (MD) (dB)

BCVA (logmar)

Preoperative Improvement Preoperative  Improvement
N Mean P Mean N Mean Mean
value value value value
Total 40 12.0 - -3.6 - 58 0.5 - -0.3 -
Diagnostic Emergenc 9 9.7 -0.8 12 0.4 0.375 0.0 0.049*
Cor%ext FoIIov?/-up?‘/or 0.169 0.136
31 127 -4.3 46 0.5 -0.3
TED
Hertel <21 mm 10 125 0.651 +0.6 0.003* 17 0.5 0.891 -0.1 0.134
221 mm 30 11.8 -5.0 41 0.5 -0.3
MRI Stretching 11 119 0.916 -5.8 0.105 17 0.4 0.493 -0.1 0.601
Compression 29 120 -2.8 41 0.5 -0.3
Optic disc Yes 4 6.2 0.051 -3.5 0.728 7 0.3 0.255 -0.2 0.728
swelling No 36 123 -3.2 51 0.4 -0.2
Scotoma Central 15 10.5 0.038* -4.1 0.369 28 0.5 0.067 -0.4 0.049*
Inferior 12 124 -3.1 16 0.5 0.0
Diffuse 4 8.0 -0.9 4 0.1 -0.1
Concentric 4 13.1 -4.7 4 0.2 -0.1
Dense 3 20.6 -4.1 3 1.5 -0.6
Temporal 1 23.0 -11.7 2 0.5 0.0
Nasal 1 3.7 0.4 1 0.1 0.0
Number of
treated walls  1wall 16 105 0.207 -2.6 0.347 23 0.4 0.731 -0.2 0.459
2walls 18 11.9 -3.6 29 0.6 -0.2
3walls 6 16.1 -6.3 6 0.5 -0.5
Location of
treated walls  Inferior 4 9.5 0.334 -5.1 0.065 5 0.2 0.249 -0.2 0.923
Lateral 0 - - 1 0.2 -0.1
Medial 12 109 -1.7 17 0.5 -0.2
Inferior +
lateral 8 12.8 -7.8 0.4 -0.1
Inferior+medial 7 13.1 -1.3 14 0.7 -0.2
Lateral+medial 3 6.8 -1.87 7 0.5 -0.1
Inferior+lateral 6 16.1 63 6 0.5 -0.5

+medial

VF: visual field, MD: mean defect, BCVA: best corrected visual acuity, , TED: thyroid eye disease,
Wilcoxon rank sum test for categorical variables with 2 categories, and Kruskal-Wallis test for categorical variables with

more than 2 categories *P<0,05.
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TABLE 3c. Univariate analysis of Octopus visual field and visual acuity improvement with
preoperative continuous variables, taking into account the preoperative condition

VF Octopus (MD) (dB)

BCVA (logmar)

Preoperative Improvement Preoperative Improvement

Coeffr Pvalue Coeffr P value Coeffr Pvalue Coeffr Pvalue
VF(Octopus) 1.000 <0.001* -0.367  0.020* 0.411 0.008* 0.028 0.901
BCVA 0.411  0.008* -0.057 0.727 1.000 <0.001* -0.583 <0.001*
IOP 0.143 0.378 -0.123 0.449 0.052 0.699 -0.120 0.369
CAS -0.242  0.132 0.356 0.024* 0.074 0.582 0.036 0.788
RNFL thickness 0.232 0.520 0.138 0.396 0.127 0.627 -0.332 0.109
GCC thickness 0.052 0.424 0.300 0.464 0.305 0.630 -0.157 0.380

VF: visual field, BCVA: best corrected visual acuity,, IOP: intraocular pressure, CAS: clinical activity score,
RNFL thickness : retinal nerve fiber layer thickness, GCC: ganglion cell complex.
Spearman’s rank correlation coefficient for continuous variables ( Coeff r . correlation coefficient r). *P<0,05

TABLE 4a. Multivariate linear model (ANCOVA) identifying factors
associated with visual acuity improvement.

. Standard
Coefficient deviation p-value
Preop BCVA (logmar) -0.73 +/- 0.09 <0.001*
Gender Male -0.06 +/- 0.13 0.641
Female 0 X X
Age <50 years old 0.02 +/-0.14 0.901
50-69 years old 0.1 +/- 0.13 0.428
270 years 0 X X
Hertel <21 mm 0.13 +/-0.11 0.261
2 21mm 0 X X
8';%22?“‘: Emergency 0.27 +-0.12 0.024*
Follow-up for TED 0 X X
Central 0 X X
Inferior 0.39 +/-0.11 0.002*
Scotoma Diffuse 0.08 +/- 0.19 0.675
Concentric 0.09 +/- 0.19 0.639
Dense 0.53 +/- 0.23 0.028*
Temporal 0.53 +/- 0.26 0.048*
Nasal 0.01 +/- 0.38 0.986

Preop BCVA: Preoperative best corrected visual acuity, TED : Thyroid eye disease

*p<0.05.
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TABLE 4b. Multivariate linear model (ANCOVA) identifying factors
associated with Octopus visual field improvement.

Coefficient S‘a'f‘d‘?“d P value
deviation
Preop VF(Octopus) (MD) (dB) -0.36 +/-0.12 0.004*
Gender Male -0.49 +/- 1.64 0,765
Female 0 X X
Ade <50 years old -3.07 +/- 2.07 0.149
g 50-69 years old 111 +/-2.09 0.598
270 years 0 X X
Hertel < 21mm 6.65 +/-1.72 0.001*
221mm 0 X X
giang{ngtstic Emergency 4.69 +/-1.84 0.016*
onte Follow-up for TED 0 X X
CAS -1.53 +/-0.73 0.043*

Preop VF: preoperative visual field, MD: mean defect, CAS: clinical activity score.
*
p<0.05.




VI. CONCLUSION ET PERSPECTIVES

La DO est-elle efficace dans le traitement de la NOD?

Gréace a notre série de 58 décompressions, nous avons pu montrer que la chirurgie
de DO est efficace dans la NOD, avec une amélioration significative de I'acuité visuelle et du
champ visuel dans les 6 mois post opératoires. La DO permet également une amélioration
significative de I'exophtalmie et de la pression intraoculaire. Elle est efficace dans 82,8% des
cas, et dans 96,6% des NOD aprés chirurgie complémentaire.

Afin de réduire les gestes et donc le risque de complications, nous proposons une
stratégie chirurgicale visant a limiter le nombre de parois décomprimées. Ainsi notre étude
montre qu’une stratégie sélective visant a décomprimer la paroi en rapport avec le muscle le
plus compressif est efficace lorsque le NO souffre d’'une compression. La paroi médiale est a
préférer lorsqu’elle est possible et indiquée, car elle permet un meilleur abord de l'apex
orbitaire (99) .

Malgré une méme stratégie chirurgicale, I'efficacité n’est pas la méme d’'une NOD a
l'autre et certaines nécessitent plusieurs chirurgies avant d’étre améliorées.

Toutefois, notre étude montre que la multiplicité des interventions n’empéche pas
I'amélioration de la NOD et n’augmente pas le risque de complications ce qui renforce notre
attitude chirurgicale.

Existe-t-il des facteurs prédictifs dans la DO pour NOD?

L’inflammation sévére, la présence d’un scotome inférieur, 'absence d’exophtalmie,
et le diagnostic tardif de NOD aux urgences, semblent étre des facteurs de mauvais
pronostic dans le traitement par DO des NOD et pourraient nous amener a adapter notre
stratégie chirurgicale dans certains cas.

L’'inflammation joue un rble majeur dans 'augmentation du volume intra-orbitaire (1)
et pourrait étre associée a des modifications vasculaires, rendant le NO plus fragile face a la
compression (27). Il peut exister un nouveau comblement de la cavité orbitaire aprés DO si
le volume intra-orbitaire est trés augmenté, nécessitant parfois la réalisation d’'une nouvelle
intervention. Ainsi une décompression plus compléte d’emblée pour les NOD associées a
une inflammation sévére pourrait prévenir ce risque.

De méme, les NOD avec scotome inférieur pourraient étre décomprimées de facon
plus compléete, avec ostéotomie de la paroi inférieure si il existe un droit inférieur
hypertrophié a I'origine de la compression supérieure du NO (118).

Par ailleurs, nous sommes amenés a plus de méfiance face a une NOD survenant
sur un ceil non exophtalme. Le mécanisme impliqué correspond soit a la compression
précoce et insidieuse du NO dans une petite orbite (119), soit a I'étirement d’'un NO court
avec peu d’exophtalmie (6). Dans tous les cas cela expose a un possible retard diagnostique
et a une décompression plus délicate effectuée sur une petite orbite sous tension. Une
décompression plus loin en arriére a 'apex, permet dans ce cas une bonne exposition du
NO en limitant le risque d’énophtalmie.
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Contrairement aux neuropathie optiques traumatiques (120), une NOD trés sévere
initialement, peut récupérer de fagon spectaculaire a la levée de I'effet mécanique par la DO.
Le champ visuel et I'acuité visuelle peuvent étre trés altérés par diminution du flux axonal
due a la compression ou a I'étirement des fibres optiques (121). A ce stade, I'atteinte est
donc réversible a condition d’agir avant la perte en fibres optiques et la constitution de
séquelles.

Le probleme reste le retard diagnostique dans la NOD (5) et la difficulté d’en évaluer
la durée d’évolution et la perte en fibres déja présente. L'OCT, souvent normal par rapport a
la base normative (122) se montre peu contributif en préopératoire, si nous ne disposons pas
d’examen antérieur a la maladie.

L’OCT-angiographie, qui a fait l'objet de publications récentes dans les neuropathies
optiques glaucomateuses (123) et les neuropathies optiques ischémiques antérieures aigues
(124), semble également apporter des éléments nouveaux et intéressants dans la NOD (31).
Le réseau capillaire péripapillaire superficiel étant trés lié aux fibres nerveuses, son étude
suscite beaucoup d’intéréts. Toutefois, le mécanisme impliqué dans l'altération de ce réseau
capillaire n’est pas encore complétement élucidé (30) et bénéficiera sans doute des
recherches en cours.

Vers un autre traitement de la NOD?

Malgré les nouvelles thérapeutiques proposées dans I'OD et la NOD ces derniéres
années (38), aucun traitement n’a pu montré un taux d’efficacité supérieur ou équivalent a la
DO dans le traitement de la NOD apres échec de la corticothérapie.

Cependant, la découverte de nouvelles voies moléculaires a permis I'essor de cibles
thérapeutiques plus spécifiques dans I'OD.

Ainsi, le Tocilizumab, un anticorps monoclonal anti-IL-6, a donné des résultats prometteurs
dans le traitement des patients atteints d’OD (71). De méme, le Teprotumunab, anticorps
monoclonal inhibiteur du récepteur de I'lGF1, a montré son efficacité dans 'OD au cours
d’'un essai randomisé récent (125). Cependant, 'administration de ces traitements est
longue et nécessite environ 6 cures espacées d’'un mois pour le Tocilizumab et 4 cures
espaceées de 3 semaines pour le Teprotumunab (71) (125). Ainsi, il semble difficile dans ces
conditions d’envisager ces nouvelles thérapeutiques dans le traitement de la NOD qui
nécessite un traitement rapide et urgent. De plus, ces traitements sont encore en cours
d’étude.

Toutefois, I'évolution perpétuelle des traitements dans I'OD (126) offre la perspective
a terme, de pouvoir freiner I'évolution de 'OD vers un stade sévére et ainsi de diminuer
fortement l'incidence de la NOD.

Par ailleurs, les progrés récents réalisés en terme de neuroprotection ou
neurorégénération sont prometteurs (127) et pourraient dune part ralentir la
dégénérescence axonale rétrograde aboutissant a la mort des cellules ganglionnaires, et
d’autre part pourrait permettre la régénération du nerf optique lorsqu’il existe déja une perte
en cellules nerveuses. Les pistes de recherche sont nombreuses parmi substances
neuroprotectrices (128), thérapie génique (129), et greffe de cellules souches (130) mais
sont encore en cours d’étude.
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VIIL.

ANNEXES

1. Articles recherchant les facteurs prédictifs de DO pour NOD

Auteur Patients | Type Technique Résultats- Facteur
année [NOD] d’étude Amélioration prédicitif
Hallin etal. | 25 Rétrospective | Transantrale: AV: 77% cas améliorés AV préopératoire
1988 (114) [48] médiale+ inférieure CV: 67% cas améliorés CV préopératoire
Vision des couleurs: 76% cas
améliorés
Carter et 30 Rétrospective | Transantrale: AV : 73% cas améliorés AV préopératoire
al.1991-98 [52] médiale+ inférieure CV : 92,3% cas améliorés
(54) Vision des couleurs: 80% cas
améliorés
Hertel : -3,9 mm
McNab et 21 Rétrospective | - Médiale AV : 29/33 améliorés(1 NOIAA) Pas de différence
al. [33] - Médiale+inférieure | Vision des couleurs: 100% entre les
1998 (131) - Médiale+latérale améliorés techniques
- 3 parois Hertel : -5 mm
Choe et al. 17 Rétrospective | - Latérale [10] AV: 52,6% cas améliorés Pas de différence
2011 (52) [28] Comparative - Mediale [18] CV: 88,2% cas améliorés entre les 2
Hertel: -6,3mm latéral vs -3,1 techniques
mm médial
CON score : + 9.04 latéral vs
+9.03 médial
Wu et al. 53 Rétrospective | Médiale+ latérale CON score reduction: - CON score
2015 (132) [80] Comparative - En 1temps 1temps: 4,71 préopératoire
chirurgical [49] 2 étapes: 8,56 -Pas de différence
- En 2 temps [31] Hertel: -5,63 mm entre les 2
techniques.
Miskiewicz | 10 Rétrospective | Endoscopique AV : 33,3% de guérison Jeune age, CAS
et al. [14] Médiale compléte (= MAVC 10/10¢/ élevé, Durée de la
2016 (116) vision des courleurs normale/ NOD
pas d’cedéme papillaire)
Korkmaz et | 42 Rétrospective | -2 parois: Médiale+ AV (logmar): -0,52 (2parois) / - Meilleurs résultas
al. [68] Comparative latérale [41] 0,71 (3parois) sur le CV dans le
2016 (133) -3 parois [27] CV(MD) (dB): +10 (2parois)/ groupe 3 parois,
+14 (3parois) mais aussi plus de
Hertel (mm): -5,1 (2parois) / - complications.
4,8 (3parois)
Cubuk 149 Rétrospective | -Médiale+inférieure | AV: Medial+inférieur: -0.66 Pas de différence
2018 (134) patients Comparative -Médiale +latérale logmar entre les
sans ou -3 parois Médial+lateral: -0.33 logmar techniques
avec NOD -Latérale 3 parois: -0.60 logmar
[91 NOD] Latérale: -0.17 logmar
Park et al. 11 Rétrospective | Médiale: AV: - 0,4 logmar Epaisseur
2018 (122) [20] -Transcaronculaire CV MD +7 dB inférieure du
- Transnasale Hertel: -4 mm RNFL a 'OCT
endoscopique Color test score: +9 préopératoire
Rajabi 13 Prospective Médiale+inférieure AV: -0,2 logmar Epaisseur
2018 (135) [23] CV: MD: +2,20 dB moyenne du RNFL
Hertel: -4 mm aloCT
préopératoire
Liang et al. | 22 Rétrospective | -Médiale AV : 18/30 améliorés. - AV préopératoire
2019 (136) [30] -Médiale+ latérale -0,3 logmar - Aspect Clinique
-Médiale+inférieure | Hertel : -3,5 mm préopératoire du
-3 parois NO (pas atrophie,
pas d'OP)
Nishimura 14 Rétrospective | Médiale: AV: Transnasale: -0,54 logmar Meilleurs résultats
et al. [23] Comparative -Transcaronculaire | Trancaronculaire: +0,08 logmar avec méthode
2019 (137) - Transnasale 1 échec en tout transnasale
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2.Photos de notre série.

Patiente de 69 ans. Neuropathie optique compressive oeil gauche avec un score d’activité
clinique a 5/7, non exophtalme (Hertel 20mm).

Scanner coupe axiale. Neuropathie optique bilatérale avec compression du nerf optique a
'apex par les muscles oculomoteurs élargis, notamment par le muscle droit médial.
Etirement du nerf ontiaue associé
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Neuropathie optique dysthyroidienne de I'oeil gauche. Champ visuel Humphrey 30°
montrant un déficit inférieur. CV réalisé avant et 5 mois aprés décompression
orbitaire. Amélioration du MD de -10,32 a -4,25 dB



[+L] Supraliminaire Champ complet 135 peints Test de dépistage

Contrile de fixation: Suivi regandiT A, Stimulus - I, Blanc Date: 25 juil. 2016
Cible de fixation: Cenirale Fond: 3.5asb Heure:  17:08
Pertes de fixation: 1022 Stratégie: Dreux zones . 85
Ermeurs faux pos.: 0:20 Mode de test Carrigé en fonction de M3ge
Emeurs fawy nég.: 2115 Diam. pupille: 5.7 mm*
Durée du test: 09:12 Acuité visuelle:
Niveau de référence central: 31dB R +825D5
Miveau de référence périphérique: 31dB
o e @ =]
o P o OT" . .
- u - ™
Q
[ on o . L
[ ] L] [+] [ ]
n IODOS .
20° 5 . 20°
1 u o [ ] : .
-
- " [] "a - []
- [] - (]
" " L] u - []
. [ ]
" [ -
. . | | | -
L] L]
o Wu33aMas
= Nonwu 1021135
4 Tache aveugle
| %] supmiminaire Champ complet 135 points Test de dépistage
Contrile de fization: Suivi regardiT A, Stimulus : I, Blanc Date: 24 now. 2016
Cible de fixation: Centrala Fond: 31,5asb Heure: 12:16
Pertes de fixation: 1420 Stratégie: Dheux zones - 85
Emeurs faux pos.. 218 Mode de test Caorrigé en fonction de Fage
Emeurs fux nég.: 218 Diam. pupille: 5.8 mm*
Durée du test: o723 Acuité visuelle:
Niveau de référence central: 31dB Re +80005
Niveau de référence periphérique: 21dB
o @ @ (o]
a o o ®1° o -
o o o alo =1 =
o o LI
o 0 0%00% " o 2,
s 0O o g g 0
OolBocooun e =
0 “
a0 . = 0200 5 o og a% o a0
o occ Sala n 0 09 ba s "
u Golm® - n
L n ] fe] ]
. @ . - o010 . -
& [+] . = [
. [ ]
o L] -
o =] e - -
L] o

o WuBTM3a5
= MNonwvu 38M35
4 Tache aveugle

NOD oeil gauche. Champ complet 135 points montrant un déficit diffus. CV réalisé avant et 4
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Voie d’abord palpébrale supérieure au cours d’'une décompression latérale d’une orbite
droite.

Portion antérieure de la paroi orbitaire latérale au cours d’'une décompression latérale
d’une orbite gauche. Paroi constituée par I'union de I'os frontal en haut et I'os
zygomatique en bas formant la suture frontozygomatique.

Voie d’abord conjonctivale inférieure au cours d’'une décompression de la paroi inférieure
d’un oeil gauche.

Vue supérieure de la portion antérieure du plancher de I'orbite au cours d’'une

décompression de la paroi inférieure d’'une orbite gauche utilisant une voie d’abord
conjonctivale inférieure. En vert: trajet du canal infra-orbitaire.

78



Collection personnelle du Dr Longueville E. Vue anatomique d’une voie caronculaire au
cours d’une dissection. Le Muscle Duverney-Horner s’insére sur la crete lacrymale
postérieure. La paroi osseuse médiale est visible en arriére.

Scanner orbitaire en coupe coronale aprés une décompression de la paroi inférieure et
médiale de 'orbite gauche.
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Résultats et facteurs prédictifs de la chirurgie de décompression orbitaire dans la
neuropathie optique dysthyroidienne

RESUME-Objectif: Evaluer l'efficacité et identifer les facteurs prédictifs de la chirurgie de
Décompression Orbitaire (DO) dans la Neuropathie Optique Dysthyroidienne (NOD). Méthodes: |l
s’agissait d’'une étude rétrospective incluant les patients bénéficiant d’'une DO pour NOD entre 2005 et
2020 dans nos deux centres. Le nombre de parois traitées était limité afin de diminuer la morbidité.
Les variables préopératoires démographiques, médicales et chirurgicales étaient recueillies. Les
criteres principaux d’évaluation étaient 'amélioration de la meilleure acuité visuelle corrigée (MAVC)
et du champ visuel (CV) dans les 6 mois post opératoires. L’exophtalmie et la pression intraoculaire
(P10) étaient aussi mesurées. Une analyse univariée et une analyse linéaire multivariée ont été
réalisées afin d’identifier les facteurs potentiels associés aux résultats aprés DO. Résultats: 38
patients et 58 NOD ont été inclus. La MAVC s'est améliorée de -0,3 logMAR (P < 0,05). Le MD du CV
Octopus® s'est amélioré de -3,6dB, le MD du CV Humphrey® de 3,1 dB, et le CV 135 points s'est
ameélioré de 40,8 points (p<0,05). L'exophtalmie a été réduite de 2,7 mm et la PIO de 2,8 mmHg (p <
0,05). Une amélioration de la fonction visuelle a été obtenue dans 82,8 % des cas. Dix NOD ont
nécessité une DO supplémentaire et le taux de succes final était de 96,6 %. L’absence d’exophtalmie,
le diagnostic de NOD aux urgences, et l'inflammation sévére étaient associés a une moins bonne
amélioration du CV (p<0,05). La présence de scotomes agoniques, temporaux ou inférieurs et le
diagnostic de NOD aux urgences étaient associés a une moins bonne amélioration de la MAVC
(p<0,05). Conclusion: La DO est un traitement efficace dans la NOD résistante a la corticothérapie,
méme en limitant le nombre de parois décomprimées. La présence d’'un scotome inférieur, I'absence
d’exophtalmie, I'inflammation sévére, et le diagnostic tardif de NOD aux urgences, paraissent étre des
facteurs de mauvais pronostic dans le traitement par DO des NOD.

Surgical outcomes and predictive factors in orbital decompression for dysthyroid
optic neuropathy

ABSTRACT- Purpose:To evaluate surgical outcomes and predictive factors in Orbital Decompression
(OD) for Dysthyroid Optic Neuropathy (DON). Methods: We performed a retrospective review of all
patients undergoing OD for DON between 2005 and 2020 in our two centers. The number of walls
treated was limited to reduce the morbidity of the surgery. Demographic, medical, and surgical
covariates were collected. Primary outcomes were improvement in Best Corrected Visual Acuity
(BCVA) and Visual Field (VF) within 6 months after surgery. Proptosis and intraocular pressure (IOP)
measurements were also recorded. We performed univariate and multivariate linear analysis to
identify potential factors associated with visual outcomes. Results: 38 patients (58 eyes) undergoing
OD for DON were included. Visual acuity improved by - 0,3 logMAR (P < 0,05). The MD improved by -
3,6 dB for the Octopus® VF and by 3,1 dB for the Humphrey® VF (p<0,05). The full field 135 screening
test showed an improvement of 40,8 points (p<0,05). Proptosis was significantly reduced by 2,7 mm
(p<0,05) and IOP also decreased by 2,8 mmHg (p<0,05). A significant improvement in visual function
could be achieved in 82,8 % of DON. Ten DON required further OD. The final succes rate was 96,6%
after additional surgery. The absence of proptosis, DON diagnosis made in emergency and severe
inflammation were associated with poorer VF improvement (p<0.05). The presence of dense or
temporal or inferior scotomas and DON diagnosis made in emergency were associated with less
improvement in visual acuity (p<0.05). Conclusion: OD is an effective treatment for DON resistant to
intravenous corticosteroid therapy. A surgical technique limiting the number of structures treated is
effective. The presence of an inferior scotoma, a severe inflammation, the absence of proptosis, and a
delayed diagnosis of DON are predictive factors for poor prognosis in OD for the treatment of DON.

Dliscipline: Ophtalmologie

Mots clés: Champ visuel, Chirurgie de décompression orbitaire, Exophtalmie, Inflammation, Facteurs
prédictifs, Maladie de Basedow, Neuropathie optique dysthyroidienne, Orbitopathie dysthyroidienne,
Coordonnées: Service d’ophtalmologie du Pr Korobelnik, Centre Frangois-Xavier Michelet, CHU de
Bordeaux, Place Amélie Raba Léon, 33000 Bordeaux, France.
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