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ABREVIATIONS
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POEM : per-oral endoscopic myotomy
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SFED: Société Francgaise d’Endoscopie Digestive

UEG : United European Gastroenterology



INTRODUCTION

Rappels anatomiques et physiologigues

L'cesophage est un conduit aplati a paroi musculaire, mesurant environ 25 cm de long, situé
entre le pharynx et I'estomac, destiné a transporter le bol alimentaire [1,2]. Les deux
extrémités de I'cesophage, qui présentent un rétrécissement physiologique, jouent le réle de
valve anti-reflux : les sphincters supérieur (SSO) et inférieur (SIO) de I'cesophage. Le SIO joue
un role de barriere anti-reflux, pour éviter notamment la remontée de liquide gastrique acide
dans I'cesophage. La paroi de I'cesophage est constituée de quatre couches : la muqueuse, la
sous-mugqueuse, la musculeuse, I'adventice (Figure 1). La couche musculeuse est elle-méme
divisée en une couche circulaire interne et une couche longitudinale externe. Elle se trouve
renforcée au niveau du SIO par une troisieme couche de fibres musculaires obliques. La
musculature du tiers supérieur de I'cesophage et du SSO est constituée par des fibres
musculaires striées, sous contréle bulbaire, dépendant du systéme nerveux central. Celle des
deux tiers distaux et du SIO est constituée par des fibres musculaires sous controle du nerf
vague (systeme parasympathique).

La paroi de I'cesophage

lumigre
de
l'eesophage

muqueuse

SOUS mugqueuse /%L,x g L (o=

musculeuse

couche externe (adventice) ———

Figure 1- Couches de la paroi cesophagienne. INCa

Elle est innervée selon plusieurs modalités :

- Une innervation intrinseque (systéme nerveux entérique) via deux plexus, qui vont
innerver les cellules musculaires lisses pour controler le péristaltisme cesophagien
distal. Les plexus de Meissner dans la sous-muqueuse ont un réle essentiellement
sensitif, et les plexus d’Auerbach entre la couche longitudinale externe et circulaire
interne de la musculeuse jouent un réle dans la motricité cesophagienne. Cette
innervation est partiellement sous contrdle de I'innervation parasympathique.

- Uneinnervation extrinseque avec une composante centrale venant contrdler les fibres
musculaires striées de l'cesophage proximal et du SSO, et une innervation
sympathique, et parasympathique provenant du nerf vague venant controler les fibres
musculaires des deux tiers inférieurs de I'cesophage et le SIO.

La phase cesophagienne de la déglutition débute dés le passage du SSO par le bol alimentaire.
Elle comprend initialement une période de basse pression, avec inhibition des contractions
musculaires, pour permettre I'entrée du bol alimentaire dans |'cesophage. Ensuite, la



distension ainsi créée va entrainer une contraction réflexe, qui consiste en une activation
séquentielle des motoneurones a visée des fibres striées du tiers supérieur de I'cesophage
puis des motoneurones a visées des fibres lisses des deux tiers inférieurs de |'cesophage pour
faire progresser le bol alimentaire en direction de I'estomac. Le SIO présente une contraction
de base, hors prise alimentaire. Il va a ce moment se relaxer pour permettre le passage du bol
alimentaire dans I'estomac.

L’achalasie

Epidémiologie et tableau clinique

L'achalasie de I'cesophage est une maladie caractérisée par une relaxation insuffisante du
sphincter inférieur de I'cesophage et un péristaltisme absent. Elle est habituellement primaire
(idiopathique), mais peut aussi étre secondaire a d’autres pathologies affectant le
fonctionnement de l'cesophage [3]. C'est une maladie rare, avec une prévalence de 9
personnes sur 100 000, touchant autant les hommes que les femmes [4]. L’age moyen au
diagnostic est supérieur a 50 ans. C'est une maladie chronique associée a une faible mortalité,
mais entrainant une forte altération de la qualité de vie. L’achalasie se manifeste
généralement au premier plan par une dysphagie. Celle-ci est classiquement décrite comme
lentement progressive, paradoxale, c’est-a-dire prédominant sur la prise de liquides, et de
localisation plutdt basse. La dysphagie peut étre associée a des régurgitations, des douleurs
rétro-sternales, et s"accompagner d’une perte de poids. La gravité de I'achalasie est évaluée
selon le score d’Eckardt [5]. Celui-ci repose sur la fréquence de chacun des symptomes décrits
ci-dessus (

Table 1), donnant un score entre 0 et 3 pour chaque symptome, et en additionnant les sous-
parties, un score global compris entre 0 et 12 points. || permet une évaluation de la gravité
initiale de la maladie et le suivi apres traitement. Un score inférieur a 3 apres traitement est
considéré comme une bonne réponse thérapeutique dans la plupart des études menées.

Table 1 - Score d'Eckardt

0 point 1 point 2 points 3 points

Dysphagie Absente Occasionnelle Au moins une | Atous les repas
fois par jour

Régurgitations Absentes Occasionnelles | Au moins une | A tous les repas
fois par jour

Douleurs Absentes Occasionnelles | Au moins une | A tous les repas

thoraciques fois par jour

Perte de poids Absente Moins de 5kg De5a10kg Plus de 10 kg

Etiologie et physiopathologie

Les symptomes de I'achalasie sont dus a une relaxation insuffisante du SIO et une absence de
contractions cesophagiennes normales, provoquant une stagnation du bol alimentaire dans
I’cesophage. Ces deux fonctions sont normalement médiées par les plexus de Meissner et
Auerbach, appartenant au systeme nerveux entérique. La cause primaire de I'achalasie n’est
pas connue, avec plusieurs hypothéses actuellement étudiées, notamment une inflammation
locale possiblement favorisée par une infection a HSV chez des individus prédisposés, de rares
causes génétiques, un terrain auto-immun, ou encore un lien avec une infiltration de la paroi
par des polynucléaires éosinophiles [6—17].
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Diagnostic

Endoscopie ceso-gastro-duodénale

L’endoscopie ceso-gastro-duodénale (EOGD) est primordiale pour éliminer des diagnostics
différentiels, comme une lésion tumorale ou une cesophagite a éosinophiles. Dans le cadre de
I'achalasie on peut observer une stase cesophagienne, une cesophagite de stase, ou un
examen normal.

Manométrie cesophagienne haute résolution

L'examen de référence pour le diagnostic d’achalasie de I'cesophage est la manométrie
cesophagienne haute résolution (MHR) [3,18], qui permet d’analyser la relaxation du SIO ainsi
que les contractions cesophagiennes de maniére dynamique chez un patient au repos puis
ingérant des liquides voire des aliments (Figure 2). Cet examen repose sur |'utilisation d’'une
sonde insérée par le nez jusqu’a I'estomac, enregistrant notamment la relaxation du SIO et les
contractions cesophagiennes. Le diagnostic manométrique d’achalasie repose sur la mise en
évidence d’un défaut de relaxation du SIO lors de I'ingestion de liquide, se traduisant par une
élévation de la pression de relaxation intégrée (PRI). La PRI correspond a la plus faible pression
moyenne du SIO sur 4 secondes (continues ou non continues) obtenue pendant la relaxation
du SIO. Elle est anormale si supérieure a 15 mmHg. La classification de Chicago [19] permet
d’organiser les différents troubles moteurs cesophagiens, et notamment I’achalasie (Figure 3).

Déglutition

Contraction
" peéristaltique
cesophagienne

Distance (cm depuis aile du nez)

Figure 2 — (A) Représentation en manométrie haute résolution d’une contraction cesophagienne normale. Roman S, cours de
DU de pathologies fonctionnelles digestives. (B) Représentation en manométrie haute résolution de I'achalasie de type I, Il et
Ill. Yadlapati et al., 2021
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Disorders of Step 1: Perform 10 wet swallows (Primary position) Disorders of
EGJ Outflow Peristalsis

Abnormal median IRP

Yes [ No
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Figure 3 - Classification de Chicago dans sa quatriéme version. Yadlapati et al., 2021

Transit ceso-gastro-duodénal minuté

Le transit ceso-gastro-duodénal (TOGD) minuté, non nécessaire au diagnostic, permet
d’apporter des arguments supplémentaires en faveur d’'un diagnostic d’achalasie lorsque la
manométrie haute résolution n’est pas disponible, non contributive ; notamment lorsque le
SIO n’a pu étre franchi, ou en cas de PRI inférieure a la valeur seuil de 15 mmHg [3,20]. Il est
pathologique si on observe une stase de produit de contraste de plus de 5 cm a 1 minute (seuil
avec sensibilité optimale) ou de plus de 2 cm a 5 minutes (seuil avec spécificité optimale) [20].
En cas de forme avancée, on peut observer un aspect d’« cesophage sigmoide » (Figure 4).

§ R g
Figure 4 - Image typique d'achalasie en TOGD avec dilatation cesophagienne en amont d'une sténose "en queue de radis".
Image fournie par Mohammadtaghi Niknejad, Radiopaedia.org, rID: 96436
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Les traitements existants (principe, efficacité et sécurité)

Il n"existe pas de traitement permettant de restaurer un péristaltisme cesophagien normal.
Les thérapeutiques existantes visent a favoriser la relaxation du SIO pour limiter la stagnation
alimentaire en amont. Leur objectif principal est de soulager les symptdmes et d’améliorer la
qualité de vie. L'efficacité des traitements est évaluée, selon les recommandations
européennes de la United European Gastroenterology (UEG) et de la European Society of
Neurogastroenterology and Motility (ESNM), par une « évaluation clinique poussée avant et
apres traitement » [3]. Afin d’obtenir des résultats chiffrés comparables, le score d’Eckardt est
utilisé de maniére consensuelle dans les études cliniques. On retient un seuil a 4/12 pour
définir la persistance de symptémes invalidants [21].

Meédicaments

Les traitements médicamenteux (bloqueurs de canaux calciques et inhibiteurs de
phosphodiestérase) visent a favoriser la relaxation des fibres musculaires lisses
ocesophagiennes. lls  apparaissent efficaces chez environ 75-80% des patients [22-27].
Cependant ils sont mal tolérés (céphalées, hypotensions). Ces traitements ne sont donc pas
recommandés par I'UEG et ESNM [3], et doivent étre proposés uniqguement aux patients
contre-indiqués aux autres thérapeutiques, ou dans I'attente d’un traitement interventionnel.

Toxine botulique

La toxine botulique est un médicament venant inhiber la libération d’acétylcholine par les
plexus d’Auerbach, permettant donc de limiter la contraction musculaire. Cette toxine est
injectée au niveau du SIO lors d’'une EOGD. L’efficacité a court terme est excellente, avec un
taux de rémission clinique d’au moins 85% a la premiere évaluation post-traitement [28].
Cependant, I'effet ne semble pas maintenu dans le temps, avec la persistance de seulement
50% de patients répondeurs a 6 mois, et 30% a plus long terme. Les complications a type de
médiastinite, ulcérations muqueuses et réaction inflammatoire locale restent rares. Ce
traitement est a réserver en cas de contre-indication aux autres traitements interventionnels.

Dilatation cesophagienne

La dilatation cesophagienne est un traitement endoscopique de l'achalasie consistant a
favoriser la relaxation du SIO en déchirant les fibres musculaires lisses via une action
mécanique (Figure 5), a I'aide d’un ballon rempli d’air. La technique présente une efficacité
similaire aux autres traitements interventionnels si plusieurs séquences de traitement sont
réalisées, et est plus efficace que la toxine botulique [28—-31]. La complication principale de ce
geste est la perforation digestive, évaluée a 1% selon une méta-analyse de 2019 [32]. Il existe
aussi un risque de reflux gastro-cesophagien, cependant plus faible que dans les autres
techniques interventionnelles, autour de 7% [33]. Cette option peut étre proposée en
premiere intention aux patients, en prévenant de la possible nécessité de réaliser de nouvelles
séances de dilatation [29].
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Figure 5 - Procédé de dilatation endoscopique pour I'achalasie. Arthur Berger, Sabine Roman, 2023

Myotomie de Heller

La myotomie de Heller est une technique chirurgicale, réalisée depuis 1913, avec actuellement
une voie d’abord ccelioscopique [34]. Elle consiste a venir sectionner la couche musculeuse de
la paroi cesophagienne sur 5cm de hauteur, tout en préservant la muqueuse pour ne pas créer
de perforation [35]. Une partie de la musculeuse gastrique est aussi coupée, sur 2 cm. La
technique est fréquemment associée a une fundoplicature selon Dor, réalisée dans le méme
temps, consistant a venir replier le fundus gastrique pour servir de valve anti-RGO. Cela
permet d’abaisser le taux de reflux gastro-cesophagien de 31,5% a 8% [36].

Cette technique présente une excellente efficacité a court et moyen terme, de I'ordre de 90%.
On note cependant, a distance de I'intervention une baisse d’efficacité a 75% chez des patients
suivis au moins 15 ans [37]. La technique apparait globalement sire, avec 6,9% de perforations
ocesophagiennes, mais avec des conséquences cliniques chez seulement 0,7% des patients. La
mortalité est estimée a 0,1% [36]. La durée moyenne d’hospitalisation est estimée a 4,3 jours
hors complication [38]. La myotomie de Heller combinée avec la réalisation d’'un montage
anti-reflux est actuellement recommandée en premiére intention pour le traitement de
I’achalasie [3].

POEM

La Per-Oral Endoscopic Myotomy (POEM) est une technique endoscopique décrite pour la
premiere fois en 2008 par Inoue et al. au Japon [39]. La POEM est réalisée durant une EOGD.
L’opérateur vient créer un tunnel sous-muqueux au niveau de |'cesophage, 10 a 15cm au-
dessus du SIO, en injectant du sérum physiologique teinté a I'indigo carmin. Ce tunnel est
ensuite prolongé sur quelques centimetres au sein de la paroi gastrique. Le second temps
consiste en la myotomie proprement dite, avec la découpe de la couche circulaire interne de
la musculeuse, 6cm au-dessus du SIO et 2cm en-dessous. L'approche actuelle est en faveur de
laisser la couche longitudinale externe intacte. En effet, les études montrent une efficacité
similaire entre une myotomie compléte ou uniquement de la couche circulaire interne, mais
le nombre de RGO serait augmenté en cas de myotomie complete [40-42]. La fin de la
procédure consiste a venir refermer 'ouverture du tunnel sous-muqueux par des clips
hémostatiques (Figure 6). Le patient est ensuite réalimenté progressivement, et mis sous IPP
pour favoriser la cicatrisation.
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Figure 6 - Procédure de POEM. Reproduced with permission from Werner YB, Hakanson B, Martinek J, Repici A, Von Rahden
BHA, Bredenoord AJ, et al. Endoscopic or Surgical Myotomy in Patients with Idiopathic Achalasia. N Engl J Med. 2019 Dec
5,381(23):2219-29., Copyright Massachusetts Medical Society.

La POEM semble au moins autant voire plus efficace par rapport aux dilatations
endoscopiques a répétition et a la myotomie de Heller, avec une efficacité initiale de 93% et
d’environ 85% a 2 ans [33,43—45]. La POEM étant une technique récente, I'une des principales
inconnues est le risque a long terme du RGO post-POEM, étant donné I'impossibilité de créer
une valve anti-reflux, avec la possible apparition d’un endobrachycesophage puis d’un
adénocarcinome de |'cesophage. Le taux de patients présentant une exposition acide
pathologique était évalué a 39% en post POEM versus 16,8% chez les patients aprés myotomie
de Heller. Les taux d’cesophagite étaient selon les études d’environ, respectivement, 45% et
15% [43,46—48]. Les autres complications rapportées sont des hémorragies ou perforations
digestives, qui restent rares, avec une prévalence rapportée de 3,2%, et aucun déces [49]. Ces
données font de la POEM l'un des traitements de référence pour I'achalasie [3].

Choix du traitement de premiére ligne

On retient donc trois traitements de référence pour I'achalasie ; la POEM, la myotomie de
Heller et les dilatations cesophagiennes séquentielles. La toxine botulique est a réserver aux
patients contre-indiqués a ces techniques. |l est recommandé de choisir un traitement en
fonction du sous-type d’achalasie : la POEM apparait significativement plus efficace que les
autres techniques pour le type Il [50]. Pour les types | et Il, il n’existe pas de données
permettant de choisir un traitement, qui repose donc sur un avis d’expert. L’algorithme utilisé
au CHU de Bordeaux, propose de recourir a la myotomie de Heller plutét que la POEM pour
les patients de moins de 40 ans devant le risque accru de RGO (Figure 7).

15



Type I-Il Type lll

Patients a hautrisque chirurgical
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Myotomie de Heller

Ou

Dilatation
Myotomie de Heller

Figure 7 - Algorithme de prise en charge initiale de I'achalasie au CHU de Bordeaux. Arthur Berger, Sabine Roman, 2023

Conduite a tenir en cas d’échec

Les traitements de l'achalasie sont considérés en échec lorsque le score d’Eckardt est
strictement supérieur a 3, ou qu’il y a une amélioration du score de moins de 50% [3]. On
distingue deux types d’échec; I'échec primaire, avec score d’Eckardt supérieur a 3 des la
premiére consultation post-procédure, et I'échec secondaire, avec traitement considéré
efficace initialement puis score d’Eckardt supérieur a 3 au cours des consultations de suivi. Le
diagnostic clinique d’échec du traitement doit faire proposer une nouvelle évaluation par
EOGD et manométrie, voire une pH-métrie, pour faire éliminer un traitement incomplet
(myotomie incompléte, fundoplicature trop serrée), un effet attendu du traitement tel qu’un
apéristaltisme, et des diagnostics différentiels, tels qu’un RGO. En cas d’échec d’une prise en
charge par toxine botulique, traitement médicamenteux ou dilatation endoscopique, il est
consensuel de proposer un traitement par myotomie de Heller ou une POEM. Cependant, en
cas d’échec de myotomie de Heller ou POEM, il n’existe pas de recommandation pour un
traitement de 2°™M¢ ligne. Environ 10 a 20% des patients traités par l'une de ces deux
techniques vont présenter des récidives symptomatiques durant leur suivi [31].

Traitement de 2°™ ligne apreés échec de myotomie de Heller

Il est recommandé de s’assurer de I’'absence d’anomalie du montage chirurgical expliquant les
symptomes, qui nécessite généralement une reprise au bloc opératoire. En I'absence
d’anomalie du montage, une méta-analyse réalisée en 2018 ne permettait pas de mettre en
évidence de différence d’efficacité significative entre dilatation endoscopique, POEM ou
nouvelle myotomie de Heller. La dilatation endoscopique étant de réalisation plus aisée, les
auteurs recommandaient d’utiliser cette technique en priorité, qui présente cependant une
efficacité modeste [51,52].

Traitement de 2¢™ ligne apreés échec de POEM

En cas d’argument pour un échec technique, notamment si suspicion d’une myotomie trop
courte, le recours a une nouvelle POEM est fréquent pour venir effectuer une nouvelle
myotomie plus longue. Dans les autres cas, de maniéere analogue a la myotomie de Heller, peu
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de données existent pour le traitement de la récidive symptomatique post-POEM. La
dilatation endoscopique, d’efficacité modeste peut étre proposée dans un premier temps. La
myotomie de Heller et la deuxieme POEM peuvent aussi étre proposées.

Il n’y a pas actuellement de données suffisantes pour pouvoir recommander de maniéere forte
un traitement de 2°™¢ ligne pour la prise en charge de I'achalasie, dont le choix repose donc
sur des avis d’expert (Figure 8).

Myotomie de Heller ou POEM

Score Eckardt = 4

}

Evaluation des symptémes résiduels

Douleurs

}

Persistence d’une onde
contraction prématurée

Dysphagie Régurgitation

FOGD* puis évaluation par manométrie +- planimétrie par impédance et/ou TOGD minuté

v
Defaut de clairance cesophagienne
et/ou d'un défaut de relaxation du SIO

v
Reflux gastro-
wesophagien

“

Qui Non

x ) P S
Redo-POEM ou toxine Traitement Redo-POEM/Heller

au niveau de la zone de symptomatique ou
contraction dilatation

Figure 8 - Algorithme de prise en charge de I'achalasie aprés échec du traitement de premiére ligne au CHU de Bordeaux.
*Recherche par endoscopie haute d’une cesophagite, d’une sténose peptique. FOGD : fibroscopie ceso-gastro-duodénale.
TOGD : transit ceso-gastro-duodénal. POEM : myotomie endoscopique per-orale. SIO : sphincter inférieur de I’cesophage.
Arthur Berger, Sabine Roman, 2023

v
IPP +/- chirurgie anti-reflux

redoPOEM

La « redoPOEM » désigne le fait de réaliser une nouvelle POEM a un patient apres échec,
primaire ou secondaire, d’'une premiere POEM, dans I’hypothése d’'une myotomie insuffisante
ou d’une fibrose post-myotomie. La myotomie lors de la redoPOEM va étre réalisée sur un site
différent de la premiere POEM. Les études disponibles portent sur de faibles effectifs, allant
de 8 a 46 patients, principalement basées sur des centres asiatiques, avec des modalités de
prise en charge et suivi pouvant différer des pratiques recommandées au niveau européen et
francais (Table 2).

Table 2 - Existing studies about efficacy and safety of redoPOEM

Author Design Included Number | Follow- | Safety Efficacy
(country) patients of up
patients | duration
Tyberg et al. | International | Patients N=46 P 6 | 83%. N=8 patients | Eckardt<3
2017. multicenter with months | with minor | at 3
USA [53] retrospective | persistent complications months :
(15 centers, 9 | symptoms 85%
countries) after first (n=41)
between POEM
03/14 and
08/15
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Ichkanian et | International | Patients N=33 33 88%. N=4 with | Eckardt<3
al. 2021 multicenter with  first patients | minor during
USA [54] retrospective | POEM followed | complications. follow-up :
(America, failure for at 76%
Europe, Asia) | (persistent least 1 | Esophagitis in | (n=25)
with first | symptoms year, 4/19 patients,
POEM and including | including 2 LA
between Eckardt 2 21 forup | grade C
01/12 and | 4 at least 3 to 2
11/19 months) years
Lietal. 2015 | Monocenter | Patients N=15 Average | 93%. N=1 patient | Eckardt<3
China [55] retrospective, | with follow- with clinical | during
extracted Eckardt up complication follow-up :
from a | score 2 4 duration | requiring a new | 100%
prospective after 11.3 endoscopy. (n=15)
cohort of | POEM months
patients who (range 3 | 4/15 patients
underwent a -18) with GERD
POEM, with symptoms. 2
inclusion grade B
between esophagitis
08/10 and
12/14
Van Hoeij et | International | Patients N=8 Average | Not evaluated Eckardt<3
al. 2018 multicenter with follow- for 6
Netherlands | retrospective | Eckardt up months
[56] (USA, score > 4 duration post
Germany, after 39 redoPOEM
Netherlands), | POEM months 63%
patients with (range 6 (n=5)
POEM —-59)
between
08/10 and
01/15
Calderon et | Monocenter | Patients N=15 Follow- | 93%. N=1 patient | Eckardt <
al. 2021 retrospective, | with up with 3: 60%
USA [57] patients with | Eckardt > duration | capnoperitoneum | (n=9)
POEM 6 after between | exsufflated
between POEM 6 and 52 | during the
08/14 and months | procedure
02/20

Sur la base de ces études de faible effectif, la redoPOEM apparait comme une technique
efficace et slire. Nous souhaitons donc réaliser une étude rétrospective multicentrique pour
évaluer ces données sur une population francaise afin d’avoir une meilleure validité externe,
et portant sur un plus grand effectif pour améliorer la validité interne. Il apparait réalisable
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d’étudier les données d’une trés grande partie des patients francgais ayant pu bénéficier de la
redoPOEM, réalisée en centre expert. Nous retenons un nombre de 100 patients a analyser
car apres sondage des centres experts, cela correspond au nombre total estimé de redoPOEM
réalisées en France. La population source est donc la majorité des patients frangais souffrant
d’achalasie et ayant bénéficié d’'une deuxieme POEM apres échec de la premiere. La
population cible sont les patients frangais voire européens bénéficiant d’une redoPOEM apres
échec d’'une premiere POEM. Les retombées attendues de cette étude sont d’avoir des
données sur un effectif conséquent, afin de pouvoir servir de base a d’autres études a I'avenir
pour évaluer la supériorité ou non-infériorité de la redoPOEM par rapport a d’autres
techniques de traitement de I'achalasie apres échec du premier traitement.

Notre objectif principal est d’évaluer I'efficacité de la redoPOEM en stratégie de 2eme ligne
apres échec d’une 1lére POEM.
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ABSTRACT

Introduction. Per-oral endoscopic myotomy (POEM) has been widely employed as a
treatment for esophageal motility disorders since 2008, exhibiting an efficacy rate of 80-90%
and a safety rate of 90%. Nevertheless, approximately 10% of patients remain symptomatic
after treatment, with limited data available on second-line strategies. Our aim was to
determine the validity of a repeat POEM (redoPOEM) as a second line therapy after POEM
failure.

Aims & methods. We conducted a retrospective multicenter study involving 15 French tertiary
centers, including all patients who underwent redoPOEM between April 2015 and September
2023. Patients were classified as experiencing primary failure if their Eckardt score exceeded
3 at 3 months post-procedure, and as experiencing secondary failure if their Eckardt score
exceeded 3 at the last follow-up or if additional treatment was necessary. Safety was assessed
using the AGREE classification, with events of grade Il or higher considered significant.
Results. Ninety-one patients were included in the study, 66% were male, the average age was
54.6 + 18.0 year. Patients were followed for a mean duration of 22 months (range 3.5 — 69.5
months). The mean Eckardt score before redoPOEM was 5.8 + 2.0. No technical failure was
reported. At the 3-month follow-up, 79% of patients had achieved clinical success, with an
average Eckardt score of 1.95 + 1.95. Long-term success was observed in 57.7% of all patients,
and among those who had achieved clinical success at the 3-month mark, the long-term
success rate was 75%. Additionally, 25% of the patients required a complementary treatment,
such as botulinum toxin injections, endoscopic dilation or Heller myotomy. A high Eckardt
score before redoPOEM as well as a long esophageal myotomy were associated with primary
failure in univariate analysis. Multivariate analysis did not show any predictive factors of
failure. The safety rate was 90%, with no reported deaths within one month following the
procedure. Nine patients experienced grade Il or higher adverse event: four patients were
treated with antibiotics for pneumonia or mucosal breach without further complications,
while four others underwent a new endoscopy due to mucosal breach, with covered
esophageal stents or hemostatic clips used to manage the situation. One patient experienced
multiorgan failure.

Conclusion. RedoPOEM proves to be an effective strategy for managing patients who
experience primary failure or symptomatic relapse following a POEM. It demonstrates
promising efficacy and safety outcomes, supported by the largest cohort reported to date for
redoPOEM. Further research is warranted to compare redoPOEM with Heller myotomy and
endoscopic dilation as second-line treatments for esophageal motility disorders.
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INTRODUCTION

Achalasia is the most prevalent esophageal motility disorder, with a prevalence of 1 in 10,000
[4], affecting males and females equally across all age groups. It manifests with dysphagia,
chest pain, regurgitations, and weight loss, assessed by the Eckardt score [5]. ]. Although it
does not reduce life expectancy, achalasia significantly impairs quality of life. It stems from
the absence of normal esophageal peristalsis and failure of the lower esophageal sphincter
(LES) to relax, causing food and secretions to stagnate in the esophagus. Various treatments
target the relaxation of the LES. Currently, Heller myotomy, sequential endoscopic dilations,
and per-oral endoscopic myotomy (POEM) are the most effective methods, recommended by
UEG (United European Gastroenterology) and ESNM (European Society of
Neurogastroenterology and Motility) [3]. Heller myotomy involves surgically sectioning the
distal part of the esophageal longitudinal muscle layer and the upper part of the gastric
muscular layer. It is often accompanied by a fundoplication, which reduces the post-procedure
gastroesophageal reflux disease (GERD) rate from 31.5% to 8%. This technique demonstrates
short-term efficacy of 90% and long-term efficacy of 75%, with esophageal perforations
occurring in approximately 6.9% of cases, rarely resulting in symptoms [34—38]. Sequential
endoscopic dilations offer similar efficacy to other techniques when performed repeatedly,
with excellent safety. Esophageal perforations are reported in about 1% of cases, with a GERD
rate of approximately 7% [28-33]. POEM, introduced since 2008, entails creating a
submucosal tunnel in the lower esophagus and cardia, followed by myotomy of the circular
muscle layer, enabling relaxation of the LES [39,29]. It demonstrates 80-90% efficacy and 90%
safety, with no serious per-procedure complications reported. It has been shown to be non-
inferior to Heller myotomy [43]. It is particularly interesting in type lll achalasia as it allows to
adapt the myotomy length according to manometric data [50]. However, a significant concern
with this technique is post-POEM GERD, affecting 39% of patients and posing a risk of Barrett's
metaplasia due to the current inability to perform endoscopic fundoplication [46]. Around
10% of patients encounter symptom relapse associated with esophageal motility disorders
following initial treatment, either immediately (primary failure) or after an interval of
improvement (secondary failure) [33,43-45]. Various factors linked to poor treatment
outcomes have been identified, including age under 50, manometric subtype, and the
presence of a sigmoid-shaped esophagus [58]. Notably, patients with type lll achalasia exhibit
a lower treatment success rate, with an overall efficacy of 71% [59]. Specific risk factors
related to POEM have been described on a French study involving 746 patients [60]: age under
45, achalasia subtype other than type Il, occurrence of serious adverse events during the
procedure, and high Eckardt score prior to POEM. In case of failure of the first-line treatment,
it is recommended to rule out technical failure or other diagnoses, such as GERD, aperistalsis
and esophageal stasis, functional dysphagia [3]. Second-line treatment options include repeat
endoscopic dilation, repeat Heller myotomy, or a redoPOEM (repeating POEM after a prior
failure). Currently, no studies demonstrate a definitive advantage for any of these techniques;
thus, all are equally recommended [3]. Pneumatic dilation is often considered a favorable first
choice for second-line treatment due to its minimally invasive nature, although its long-term
efficacy is moderate, approximately 50% [56,61,62]. POEM following failed Heller myotomy
presents as an interesting option, with safety comparable to POEM in treatment-naive
patients, and short-term efficacy ranging from 81% to 92% [63,64], with one study showing a
12-month efficacy of 94% [65]. Studies on redoPOEM indicate efficacy rates of 76% to 96%
and safety rates of 80% to 86%, with only one serious adverse event reported and no fatalities.
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However, these studies involved a limited number of patients, ranging from 8 to 46, mainly in
Asian countries, where treatment guidelines may vary. The aim of this study was to assess the
efficacy and safety of redoPOEM as a second-line therapy following POEM failure.

PATIENTS AND METHODS

Study overview

All consecutive patients with persistent symptoms after a first POEM who underwent a second
POEM (“redoPOEM”) from 15 French tertiary centers, from April 2015 to September 2023
were included. The redoPOEM was performed if the patients still presented with esophageal
motility disorders-related symptoms after the first POEM. The study was registered on the
ClinicalTrials.gov database (NCT06044155) and approved by the "Comité d’Ethique de la
Recherche du Centre Hospitalier Universitaire de Bordeaux" (CER-BDX 2023 — 76). Patients
were thoroughly informed about the study via mail and given the option to decline the
utilization of their medical data.

Patient characteristics

The inclusion criteria were an age over 18 years, a confirmed diagnosis of esophageal motility
disorder supported by clinical, manometric, and/or radiologic evidence, a redoPOEM after
failure of the initial procedure, and absence of active neoplasia. Patients were excluded from
analysis in the event of technical failure of the first POEM, history of Heller myotomy
preceding the POEM, lack of healthcare coverage, or inability to comprehend French.

Patient histories included details regarding esophageal motility disorder type, date of
symptoms onset, ASA classification [66], anticoagulant and antiplatelet agent intake, prior
achalasia treatments, clinical responses to POEM and redoPOEM, necessity of additional
treatment post-redoPOEM, as well as GERD diagnosis and PPI intake. Diagnosis and subtype
of esophageal motility disorder were assessed according to the 4th version of the Chicago
classification [19]. Clinical response was evaluated based on the Eckardt score [5], the most
commonly used in the literature. GERD diagnosis was confirmed by considering a heartburn
and acid regurgitation history, along with, when available, endoscopic signs (high-grade
esophagitis (Los Angeles grades C or D), Barrett’s esophagus or peptic stricturing), and/or acid
exposure time >6% in esophageal 24-hour pH-metry, in accordance with the 2018 Lyon
consensus [67]. When available, patients underwent high-resolution esophageal manometry
exclusively on Medtronic systems, and a barium esophagogram.

Objectives and outcomes.

The primary outcome was an Eckardt score < 4 at 3 months post redo-POEM.

Failure was considered primary if the Eckardt score was > 4 at the first available follow-up
consultation, typically 3 months after redoPOEM, and secondary if an initial Eckardt score < 4
was followed by a subsequent score > 4. The POEM was considered successful when the
Eckardt score was < 4.

The secondary outcomes were safety, measured by assessing the number of serious adverse
events during the redoPOEM hospitalization; and long-term efficacy of the redoPOEM.
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The safety was evaluated following a specific classification for endoscopic adverse events, the
Classification for Adverse events in GastRointEstinal Endoscopy (AGREE) [68]. A grade Il
adverse event requires drugs like antibiotics or antithrombotics, a transfusion, a
hospitalization longer than 24 hours. Superior grades are related to the need of re-
intervention, admission to critical care unit, or death.

The long-term follow-up criterion consisted in the number of patients with an Eckardt score <
4 at the last follow-up of the patient after redoPOEM, along with the absence of requirement
for new treatment post-redoPOEM due to symptomatic relapse. Patients with a last known
follow-up at least 5 months after redoPOEM were included in the long-term efficacy analysis.
Those experiencing redoPOEM primary failure or requiring additional treatment were deemed
failures at last follow-up if their value was unknown.

Procedure technique

All redoPOEM procedures were performed by endoscopists with expertise in performing
POEM according to European guidelines if existing at the time of intervention, established by
ESGE (European Society of Gastrointestinal Endoscopy), UEG (United European
Gastroenterology) and ESNM (European Society of Neurogastroenterology and Motility)
[3,29]. Procedures were conducted under general anesthesia with CO2 insufflation, beginning
with a complete upper endoscopy. A transparent cap was attached to the end of the
endoscope. An incision was made in the esophageal mucosa, followed by the creation of a
submucosal tunnel leading to the stomach, and selective inner circular layer myotomy was
performed. The choice of the myotomy site was based on operator preference. The extent of
myotomy varied depending on the type of achalasia, the institution's protocol, and individual
patient factors. Following completion of the procedure, mucosal incisions were closed using
standard hemostatic through-the-scope clips.

Statistical analysis

All tertiary centers realizing redoPOEM in France were contacted asking for an estimation of
the number of redoPOEM performed. The total number of procedures was around one
hundred, and it appeared feasible for our team to analyze every redoPOEM realized in those
centers. We performed two univariate analyses. Numeric variables were expressed as mean
(+xSD) and discrete outcomes as absolute and relative (%) frequencies. For the first analysis,
we created 2 groups according to the values of Eckardt score at 3 months post-redoPOEM. In
the second one, we compared two groups according to the length of esophageal myotomy
(less or equal, or more than 6cm) during redoPOEM. Group comparability was assessed by
comparing baseline demographic data and follow-up duration between groups. Normality and
heteroskedasticity of continuous data were assessed with Shapiro-Wilk and Levene’s test,
respectively. Continuous outcomes were compared with unpaired Student t-test, Welch t-test
or Mann-Whitney U test according to data distribution. Discrete outcomes were compared
with chi-squared or Fisher’s exact test accordingly. The alpha risk was set to 5% and two-tailed
tests were used. A multivariate linear regression was performed to assess the relation
between Eckardt score at 3 months post-redoPOEM and the explanatory variables : Eckardt
score before redoPOEM and length of esophageal myotomy in redoPOEM. Variables selected
were the ones with a significant difference between the two groups in univariate analysis.
Data were checked for multicollinearity with the Belsley-Kuh-Welsch technique.
Heteroskedasticity and normality of residuals were assessed respectively by the Breusch-
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Pagan test and the Shapiro-Wilk test. A p-value < 0.05 was considered statistically significant.
Missing data for the variables Eckardt score before redoPOEM and length of esophageal
myotomy in redoPOEM were imputed with the mean for the numeric variables and the most
frequent modality for discrete variables. Patients with missing data for the other variables
were excluded from the analysis. The Newey West correction for heteroskedasticity was
applied. Statistical analysis was performed with EasyMedStat (version 3.33;
www.easymedstat.com).

RESULTS

101 patients with
persistent symptoms
after the 15t POEM
who underwent a

redoPOEM
10 patients with
missing Eckardt score
v at 3 months post redo-
POEM
91 patients analyzed

for the primary
outcome

Figure 9 - Inclusion and follow-up of patients

The study included ninety-one patients who underwent redoPOEM between April 2015 and
September 2023 (Figure 9). The median age was 53 years, ranging from 16 to 91, with 66%
being male. Half of the patients were diagnosed with type Il achalasia. Prior to their first
POEM, three patients had received two treatments: two underwent endoscopic dilation
following calcium channel blocker therapy, and one received botulinum toxin injection
following endoscopic dilation (Table 3). The mean interval between POEM and redoPOEM was
26 months with a median of 18.7 months. Detailed data can be found in Table 1S.

Table 3 - Patient characteristics

Number of patients 91
Female sex, n (%) 40 (44%)
Age at redoPOEM, mean (SD) (years) 54.64 (+ 18.03)
ASA score, mean (SD) 1.81 (+ 0.69)
Antiplatelet or anticoagulant intake, n (%) 16 (18%)
Type of esophageal motility disorder

Type | achalasia, n (%) 16 (18%)

Type Il achalasia, n (%) 48 (53%)
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Type lll achalasia, n (%) 16 (18%)

Unclassified achalasia, n (%) 2 (2%)

Non-achalasia motility disorders, n (%) 9 (10%)
Previous treatment before 15t POEM

None, n (%) 49 (54%)

Endoscopic dilation, n (%) 33 (36%)

Botulinic toxin, n (%) 4 (4%)

Calcium channel blockers, n (%) 5 (5%)
Eckardt score before 15t POEM, mean (SD) 7.58 (£ 2.26)

Interval between symptom onset and redoPOEM,  6.24 (£ 6.12)
mean (SD) (years)
Interval between POEM and redoPOEM, mean (SD) | 26.04 (+ 25.03)

(months)

redoPOEM
Eckardt score pre-redoPOEM, mean (SD) 5.88 (+ 2.05)
GERD before redoPOEM, n (%) 18 (23%)

Hospitalization duration in days, mean (SD) | 4.01 (+ 3.74)

Clinical efficacy

No instances of technical failure were reported. Among the 91 patients, 72 (79%) achieved
clinical success at 3 months, as evidenced by an Eckardt score below 4. The mean Eckardt
score at 3 months post -redoPOEM was 1.95 + 1.95. In the patients considered in failure at 3
months, the mean Eckardt score was 5.16 + 1.04, ranging from 4 to 7. Subsequently, we
conducted an analysis of the sub-parameters of the Eckardt score among patients
experiencing failure at 3 months, as presented in Table 4. It seems that patients with primary
failure of a redoPOEM are mainly affected by a persistent dysphagia, with a mean of 2.62 +
0.6.

Table 4 - Sub-parameters of Eckardt score at 3 months post-redoPOEM among patients presenting a primary failure

Sub-parameter of Eckardt | Value
score
Dysphagia , mean (SD) 2.62 (£ 0.6)

Regurgitation, mean (SD) 1.38 (+1.11)
Retrosternal pain, mean  0.81 (+ 1.07)
(SD)
Weight loss, mean (SD) 0.47 (£ 0.78)

Safety
Safety data was available for 90 out of 91 patients (Table 5). Analysis revealed that 81 out of

90 patients experienced either no adverse events or mild ones (grade | according to the AGREE
classification), with only 3 falling into this latter category. Thus, the overall safety was 90%. No
deaths were reported within 30 days following redoPOEM. Nine patients encountered grade
Il or higher adverse events. Among them, 4 received antibiotics for pneumopathy or mucosal
breach, with no further complications. Additionally, 4 patients underwent repeat endoscopy
due to mucosal breach, during which a covered esophageal stent or hemostatic clips were
placed with no further complication. One patient experienced multiorgan dysfunction
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following a mucosal breach complicated with an eso-pleural fistula. The outcome was positive
after applying an esophageal stent and a pleural drainage. Data regarding GERD status pre and
post redoPOEM was available for only 14 patients, all of whom developed GERD post
procedure.

Table 5 - Adverse events following redoPOEM according to AGREE classification

Value n = | % of total
0 - No adverse event 78 | 85.7 %
1 - Adverse events with any deviation of the standard 3/33%

postprocedural course, without the need for
pharmacologic treatment or endoscopic, radiologic, or
surgical interventions.

2 - Adverse events requiring pharmacologic treatment 4 4.4%
with drugs other than those allowed for grade | adverse
events (i.e., antibiotics, antithrombotics, etc.)

3a - Endoscopic or radiologic intervention 4|4.4%
3b - Surgical intervention 0 0.0%
4a - Single-organ dysfunction (including dialysis) 0]0.0%
4b - Multiorgan dysfunction 1 11%
5 - Death of the patient 0]0.0%
Missing values 1 1.1%

Predictive factors of primary failure

A univariate analysis was conducted to assess factors predicting primary failure at 3 months,
as detailed in Table 2S. We notably examined age, sex, esophageal motility disorder etiology
(and specifically type Il achalasia versus other esophageal motility disorders), Eckardt score
before and after the initial POEM as well as before redoPOEM, technical aspects of redoPOEM,
adverse events, and the year of procedure. Significant associations were found with two
factors.

Firstly, the Eckardt score before redoPOEM was higher in patients experiencing failure at 3
months post-redoPOEM (6.67 + 1.59 vs. 5.61 + 2.08, p=0.027) (Figure 10). More specifically,
we identified a cutoff point indicating that patients with an Eckardt score before redoPOEM
equal to or greater than 5 were at a higher risk of primary failure. All patients who presented
with primary failure had an Eckardt score before redoPOEM of 5 or more (p<0.001) (Figure
11).

Secondly, patients undergoing a longer esophageal myotomy during redoPOEM were at
increased risk of primary failure (8.0 £ 3.08 vs. 6.18 + 3.15, p=0.02).

In order to clarify the role of myotomy length in redoPOEM primary failure, we performed a
univariate analysis comparing patients with short (<6cm) versus long (> 6cm) myotomies.
Data was missing for 19 patients (20.9%). This analysis revealed that the long myotomy group
had a higher proportion of type Ill achalasia (33.37% vs 11.11%, p=0.037). Additionally,
patients in the long myotomy group were significantly older (61.72 £ 17.08 vs. 49.85 + 17.93,
p=0.006). Both groups had a median age greater than 45 years. Patients in the long myotomy
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also presented with more frequent retrosternal pain (1.48 + 1.09 vs. 0.889 + 1.01, p=0.026)
and underwent longer myotomies during the initial POEM procedure (9.58 + 3.1 vs. 7.69
3.92, p=0.004) (Table 3S).

In multivariate analysis, the Eckardt score before redoPOEM (B=0.2, [-0.0 ; 0.4], p= 0.0521)
and the length of esophageal myotomy in redoPOEM (B=0.1, [-0.04 ; 0.25], p= 0.1641) were
not associated with redoPOEM primary failure.
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Figure 10 - Representation of redoPOEM success at 3 months as a function of Eckardt score before redoPOEM. The number on
each column indicates the absolute number of patients.
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Figure 11 - redoPOEM success at 3 months as a function of Eckardt score, either superior or equal, or inferior, to 5 before
redoPOEM.

Finally, a univariate analysis was conducted exclusively on patients diagnosed with achalasia
(n=82), excluding those with non-achalasia motility disorders. The findings mirrored those of
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the overall analysis, revealing a significant correlation with the Eckardt score before
redoPOEM. Patients experiencing failure at 3 months had a higher Eckardt score (6.89 + 1.6
vs. 5.53 + 1.96, p=0.011) and significantly longer myotomies (8.06 + 3.09 vs. 6.14 + 3.25,
p=0.026). No significant differences were observed concerning adverse events during
redoPOEM. Additionally, there was no significant difference in the distribution of type Il
achalasia between the two groups.

Long-term efficacy

The long-term success rate was determined for 71 out of 91 patients (78%) (Figure 1S). The
median follow-up duration was 13.6 months, with a mean follow-up of 22.11 months, ranging
from 3.5 to 69.5 months. Of these, 41 patients maintained clinical success, resulting in a long-
term efficacy rate of 57.7% across all patients. Among those who achieved clinical success at
3 months, the long-term efficacy rate was 75% (39 out of 52 patients).

The requirement for additional treatment was documented for 67 out of 71 patients. Of these,
49 patients (73%) did not necessitate further intervention. Among the remaining 18 patients,
9 underwent endoscopic dilation, 4 underwent Heller myotomy, 2 received botulinic toxin, 2
underwent a new POEM and 1 underwent an esophagectomy with gastroplasty. Of the 15
patients with available follow-up data, 7 had successful additional treatments (46.7%). Five
patients underwent a second retreatment: one underwent an esophagectomy following
Heller myotomy, one underwent Heller myotomy after endoscopic dilation, one had repeat
endoscopic dilation, and one had endoscopic dilation following botulinum toxin, and vice-
versa. In cases where follow-up was available (3 out of 5), none of these multiple additional
treatments were successful.

DISCUSSION

We report the results of a multicenter study showing that redoPOEM is an efficient strategy
(79%) for addressing the failure of initial POEM in esophageal motility disorders,
demonstrating a favorable safety profile (90%). The efficacy of the redoPOEM appears to be
sustained over time for 58% of the patients. Patients with a higher Eckardt score before
redoPOEM appear to be poorer responders to the redoPOEM, as well as patients who
underwent a longer esophageal myotomy during redoPOEM. The association with myotomy
length may be confounded by factors such as advanced age in patients with longer myotomies,
however with both groups with age greater than 45, as well as a higher prevalence of type Il
achalasia in the long myotomy group, a known predictor of poor treatment outcomes [59], a
higher frequency of retrosternal pain, and longer myotomies during the initial POEM, which
could be associated with more esophageal fibrosis. The analysis was limited by the missing
data for myotomy length for 20% of the patients. The multivariate analysis did not find any
significant predictive factors for redoPOEM primary failure. The main weakness of our study
was its retrospective nature, leading to missing data, particularly in long-term follow-up,
which was available only for 78% of the patients, with half being followed for less than a year.
Technical details, such as the site and thickness of myotomy, were also frequently lacking.
Indeed, a lot of patients underwent redoPOEM in a tertiary center but were followed
elsewhere. Notably GERD diagnosis before and after redoPOEM suffered from a lot of missing
values precluding conclusions on whether GERD rate is increased after redoPOEM. Precisely
assessing patients' symptoms before and after redoPOEM posed challenges. On one hand,
ruling out differential diagnoses such as GERD or aperistalsis, which are directly caused by the
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myotomy, is uneasy, and for which a retreatment would be inefficient or even deleterious. On
the other hand, authentic relapses of esophageal motility disorder symptoms are difficult to
objectively evaluate. Some patients may exhibit debilitating symptoms despite having an
Eckardt score of 3 or lower, leading to a new treatment, whereas the patient was considered
as a first-line responder. Thus, 7 patients out of 91 (7,7%) in our study underwent a redoPOEM
whereas their Eckardt score was < 3. New tools are warranted for a more accurate assessment
of achalasia severity to ensure appropriate treatment allocation and minimize unnecessary
short- and long-term adverse events. Additionally, the place of esophageal impedance
planimetry (Endoflip®), measuring esophagogastric junction (EGJ) distensibility, is currently
being evaluated. Although it is not recommended for achalasia diagnosis alone [3], it could be
useful in patients showing atypical manometric findings, especially when integrated relaxation
pressure (IRP) is low, before but also after first-line treatment. It has been demonstrated that
patients with normal IRP but reduced distensibility measured by Endoflip® benefit from
achalasia treatment [69]. Distensibility is routinely measured before both POEM and
redoPOEM at Bordeaux University Hospital to identify predictive factors of treatment
outcomes. Finally, due to confidentiality and technical reasons, the total number of POEM
procedures performed during the study period could not be collected, which would have
facilitated a more precise assessment of POEM efficacy as a first-line treatment in France and
the proportion of treatment failures leading to redoPOEM. Despite these limits, our studyj, is,
to this day, the one which studied the biggest group of patients, especially among European
centers, with scarce previous data available The results align with observations from non-
European cohorts, with efficacy ranging from 76 to 96% and safety 80 to 86% [53—-57] (Table
2). Furthermore, they parallel data on repeat Heller myotomy after initial surgical myotomy
failure, with efficacy around 79-87% but lower safety around 80% [70-75].

Future research should focus on long-term safety, including GERD and its complications, in
addition to conducting studies with more carefully selected patients, potentially incorporating
advanced diagnostic tools such as Endoflip® if preliminary investigations are promising. This
could enhance patient selection and optimize efficacy while maintaining safety. Currently, the
choice of second-line treatment relies on expert opinions, such as the algorithm employed at
Bordeaux University Hospital (Figure 8). A randomized comparative study with a large number
of European patients, versus other techniques such as Heller myotomy or pneumatic dilation
would be useful to establish treatment guidelines for patients with first-line treatment failure.
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SYNTHESE

La redoPOEM est une stratégie efficace pour la prise en charge des troubles moteurs de
I’cesophage en cas d’échec d’une premiere POEM. En effet, 79% des patients présentent un
score d’Eckardt strictement inférieur a 4 trois mois apres la procédure. La sécurité de la
redoPOEM est bonne avec 10% de patients ayant présenté des complications significatives,
toutes résolutives par traitement médical, et endoscopique dans certains cas. |l n’y a eu aucun
déces rapporté dans les 30 jours suivant la redoPOEM. L'efficacité a long terme est
satisfaisante, avec plus de la moitié des patients toujours soulagés au dernier suivi connu.
L’analyse univariée montre que les patients avec un score d’Eckardt élevé avant la redoPOEM
répondent moins bien a cette procédure, ainsi que ceux ayant eu une myotomie
ocesophagienne plus longue. Le lien avec la longueur de myotomie pourrait étre la présence de
facteurs de confusion. En effet, les patients avec myotomie plus longue étaient plus
fréguemment atteints d’achalasies de type lll, pour laquelle il est prouvé que les traitements
sont moins efficaces [59]. On retrouvait aussi une différence significative d’age ; les deux
groupes avaient un age moyen supérieur a 45 ans (I’age inférieur a 45 ans est un facteur de
risque connu d’échec [60]) mais les patients avec myotomie longue étaient plus agés. Ensuite,
il y avait plus de patients présentant des douleurs thoraciques chez les patients avec
myotomie longue, pour lesquels il est difficile en post-traitement de déterminer quel est
I’élément imputable entre une rechute du trouble moteur, un RGO et un apéristaltisme
séquellaire. Enfin les patients avec myotomie longue étaient ceux ayant déja eu une myotomie
longue a la premiere POEM, possiblement responsable d’une fibrose plus importante pouvant
géner le retraitement. L’analyse multivariée n’a quant a elle pas retrouvé de facteur prédictif
d’efficacité a court terme.

Notre étude est limitée principalement par sa modalité rétrospective, entrainant des données
mangquantes. Ainsi nous ne disposions des données de suivi au long terme que pour 78% des
patients, dont la moitié était suivie moins d’un an. Il manquait aussi des données techniques
telles que le site et la profondeur de myotomie. Les symptémes de RGO étaient peu décrits,
ne permettant pas de savoir de maniere claire si la redoPOEM semble augmenter ou non le
taux de RGO. Notre étude s’est appuyée sur les critéres de suivi actuellement recommandés,
c’est-a-dire une évaluation clinique se basant sur le score d’Eckardt. Ce score présente un effet
de sol rendant difficile I’évaluation de patients se plaignant de symptdmes occasionnels,
pouvant entrainer des répercussions radicalement différentes selon les personnes. Par
exemple, certains patients de notre étude ont bénéficié d’'une redoPOEM alors que leur score
d’Eckardt était inférieur ou égal a 3. Il apparait donc nécessaire, pour évaluer au mieux les
traitements de 2°™¢ ligne chez ces patients, de trouver des outils plus performants pour
sélectionner les patients qui pourraient réellement bénéficier de ces techniques. La mesure
de la distensibilité de la JOG par planimétrie par impédance (Endoflip®), bien que non
recommandée seule actuellement pour le diagnostic de |'achalasie [3], présente des
propriétés intéressantes dans les cas ou la manométrie cesophagienne retrouve une PRI
normale. Effectivement il est montré que les patients avec PRI normale mais distensibilité
abaissée lors de la mesure par Endoflip® tirent un bénéfice lorsqu’un traitement de |'achalasie
est proposé [69]. L'identification de valeurs seuil pour la proposition d’'un traitement de
deuxieéme intention est toujours en cours. De plus, I'élimination de diagnostics différentiels
apparait complexe en pratique, notamment le reflux gastro-cesophagien, et |'apéristaltisme
ocesophagien directement lié a la myotomie. Certains patients considérés en échec post-
redoPOEM ont en fait pu potentiellement présenter des symptomes non liés a un trouble
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moteur de I'cesophage en post-POEM, ne répondant pas au traitement de 2°™¢ ligne. Il est
donc nécessaire d’arriver a mieux identifier ces patients pour ne proposer un traitement qu’a
ceux qui en tireront un bénéfice réel, et éviter des procédures iatrogenes.

Malgré ces limites, notre étude est a ce jour celle ayant étudié la plus importante cohorte de
patients ayant bénéficié d’'une redoPOEM, avec un effectif plus que doublé par rapport aux
précédentes études. Les résultats de notre étude sont cohérents avec ceux précédemment
décrits dans la littérature, qui retrouvent une efficacité entre 76 et 96% et une sécurité entre
80 et 86% [53,54,56,57,64]. Par ailleurs la redoPOEM apparait dans notre étude d’efficacité
comparable aux techniques chirurgicales. En effet la nouvelle myotomie de Heller apres échec
d’une premiere présente, dans les quelques études disponibles, une efficacité entre 79 et
87%, avec une sécurité inférieure autour de 80% [70-75].

Les résultats de notre étude encouragent a la réalisation de nouvelles recherches avec la
protocolisation du suivi a long terme, portant notamment sur l'efficacité et le taux de RGO,
ainsi que des études comparées entre redoPOEM, nouvelle myotomie de Heller et dilatations
endoscopiques, afin de pouvoir recommander une stratégie de deuxieme ligne.
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ANNEXES

Table 1S - Summary of data collected about patients who underwent a redoPOEM. Extracted from EasyMedStat

Variable Effe | Minim | Maxi | Media
ctive | um mum | n (M)
(n=)
Birth date 91 | 01/07 | 01/07 01/08
/1930 @ /2003 /1966
Inclusion date 91| 01/01 | 01/06 | 01/02
/1982 | /2021 | /2015
Last follow-up date 91 | 18/05 18/12  26/04
/2017 | /2023 /2022
Numeric Analysis
Variable Effe | Mean SD Media | Min | 95% | Det
ctive (1) n (M) £ Confi | ails
(n=) Max | dence
Interv
al
Age at inclusion (years) 91 |48.60 | 19.36 | 48.25 | 11.3 | [44.60
4; |,
87.5 | 52.60]
9
Age at last follow-up (years) 91 |56.21 | 17.77 | 55.78 | 17.0 | [52.54
IFEN
91.2 | 59.88]
9
Year of inclusion 91 | 2013. | 6.52 2015 | 198 | [2012.
98 2; 63;
202 | 2015.
1 33]
1. Biometrics
Numeric Analysis
Variable Effe | Mean SD Media | Min | 95% | Det
ctive (1) n (M) £ Confi | ails
(n=) Max | dence
Interv
al
Fitness weight (kg) 61 | 78.87 | 18.28 | 76.00 |54.0 | [74.24
0, |
145. | 83.50]
00
Height (cm) 90| 170.1 | 9.18 170.0 | 150. | [168.2
2 0 00; | 1,;
190. | 172.0
00 3]
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BMI 61 | 26.96 | 5.76 25.14 | 19.7 | [25.50
2; |,
41.4 | 28.42]
5
Discrete distributions
Center n =91 (100.0 % of all 91 patients)
Value n= % of
total
Bordeaux 8|88%
Cochin 18 | 19.8 %
Dijon 1/11%
HEGP 2122%
Lille 000%
Limoges 3/33%
Lyon 15| 16.5%
Marseille 10 | 11.0%
Montpellier 1(11%
Nancy 1(11%
Nantes 12 | 13.2%
Nice 5|/55%
Nimes 1/1.1%
Rennes 12 | 13.2 %
Rouen 0/00%
Toulon 1(11%
Toulouse 1(11%
2. Disease
Discrete distributions
Etiology n =91 (100.0 % of all 91 patients)
Value n= % of
total
Type | achalasia 16 | 17.6 %
Type Il achalasia 48 | 52.7 %
Type lll achalasia 16 | 17.6 %
Esogastric junction outflow 2122%
obstruction
Distal Esophageal spasm 3/33%
Hypercontractile Esophagus 4| 4.4%
Absent contractility 0 00%
Ineffective motility 0|0.0%
Unclassified achalasia 2122%
Previous treatment 1 before first | n =91 (100.0 % of all 91
POEM patients)
Value
None 49 | 53.8%
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Botulinic toxin 414.4%
Endoscopic dilation 33(36.3%
Heller myotomy 0| 0.0%
Calcium channel blockers 5/55%
Previous treatment 2 before first | n =91 (100.0 % of all 91 patients)
POEM
Value
Botulinic toxin 1/ 11%
Calcium channel blockers 00.0%
Endoscopic dilation 2122%
Heller myotomy 0]0.0%
None 88 | 96.7 %
3. Patient's health status
Numeric Analysis
Variable Effe | Mean | SD | Media | Min | 95% | Det
ctive | (w) n (M) ; Confi | ails
(n=) Max | dence
Interv
al
ASA score 89 | 1.81 0.68 2.00 1.00 | [1.67;
; 1.95]
3.00
Discrete distributions
Anticoagulant or antiplatelet n =90 (98.9 % of all 91 patients)
agent intake
Value n= % of
total
Yes 16 | 17.8%
No 74 | 82.2%
4. First POEM
Numeric Analysis
Variable Effe | Mean ¥ SD | Media Min | 95% | Det
ctive | (p) n (M) ; Confi | ails
(n= Max | dence
Interv
al
Eckardt score before first POEM 67 | 7.58 2.24 8.00 2.00 | [7.04;
; 8.12]
12.0
0
Dysphagia before first POEM 66 | 2.74 0.59 3.00 0.00 | [2.60;
; 2.88]
3.00
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Regurgitation before first POEM 64 | 1.89 1.11 2.00 0.00 | [1.62;
; 2.16]
3.00
Retrosternal pain before first 64 | 1.48 1.16 1.50 0.00 | [1.19;
POEM ; 1.77]
3.00
Weight loss before first POEM 68 | 1.47 1.06 2.00 0.00 | [1.22;
: 1.72]
3.00
Body weight before first POEM 63 |71.29 | 16.95 | 70.00 | 40.0 | [67.07
(kg) 0; |,
142. | 75.51]
00
IRP (mmHg) before first POEM 551|23.61 |13.85 |22.00 |1.20 | [19.92
(manometry) ; ;
70.3 | 27.30]
0
Length of esophageal myotomy in 72 | 8.11 3.69 7.00 2.00 | [7.25;
first POEM (cm) ; 8.97]
25.0
0
Procedure duration for first POEM 48 | 59.52 | 34.85 | 50.00 | 10.0 | [49.56
(minutes) 0; ;
180. | 69.48]
00
Hospitalization duration for first 78 | 4.77 3.26 4.00 1.00 | [4.04 ;
POEM (days) ; 5.50]
22.0
0
Event Analysis
Variable Effe | % of  Minim Maxi | Surv
ctive | total um mum | ival
(n=)| (n= anal
91) ysis
First POEM realization date 90 | 98.9% | 01/02 | 02/02
/2011 | /2023

Discrete distributions

GERD before first POEM

n =67 (73.6 % of all 91 patients)

Value n= % of
total
Yes 12 1 179%
No 55 (82.1%
Esophageal dilation at pre-POEM | n =31 (34.1 % of all 91 patients)
barium esophagogram
Value n= % of
total
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Yes 21 | 67.7%
No 10| 32.3%
First POEM operator (name of the | n =87 (95.6 % of all 91 patients)
gastroenterologist)
Value n= % of
total
Edouard CHABRUN 3(34%
Jonathan LEVY 1/ 11%
Marc BARTHET 6|69%
Jérémie JACQUES 0/0.0%
Romain LEGROS 2123%
Martin DAHAN 1/1.1%
Frank ZERBIB 2(23%
Arthur BERGER 2 23%
Elodie CESBRON-METIVIER 1/1.1%
Gabriel RAHMI 4|4.6%
Stanislas CHAUSSADE 5/57%
Maximilien BARRET 2123%
Frédéric PRAT 2123%
Silvane PERRETTA 1/1.1%
Arthur BELLE 223%
Philippe POUDEROUX 1/ 11%
Thierry PONCHON 7180%
Mathieu PIOCHE 819.2%
Roman COMBES 1/11%
Jean-Baptiste CHEVAUX 1(11%
Alexandru LUPU 0/00%
Timothée WALLENHORST 5(57%
Emmanuel CORON 18 | 20.7 %
Jérome RIVORY 1/1.1%
Antoine DEBOURDEAU 1/11%
Thibault Degand 1 11%
Jean-Michel GONZALEZ 3134%
Alban BENEZECH 1/1.1%
Cecile GOMERCIC 1 11%
Geoffroy VANBIERVLIET 41 46%
Site of myotomy n =53 (58.2 % of all 91 patients)
Value n= % of
total
Anterior way 18 | 34.0%
Posterior way 35| 66.0%
Myotomy selectivity n =38 (41.8 % of all 91 patients)
Value n= % of
total
Full thickness myotomy 7| 18.4%
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Selective myotomy

31/81.6%

Adverse events according to
AGREE classification for first
POEM

n=283(91.2 % of all 91 patients)

Value n= % of
total
0 66 | 79.5%
1 10| 12.0%
2 41 48%
3 3/3.6%
4 0/0.0%
5. redoPOEM
Numeric Analysis
Variable Effe | Mean SD Media | Min | 95% | Det
ctive | (p) n (M) ; Confi | ails
(n= Max | dence
Interv
al
Eckardt score before redoPOEM 84 | 5.88 2.04 6.00 2.00 | [5.44;
; 6.32]
12.0
0
Dysphagia before redoPOEM 82 | 2.60 0.71 3.00 0.00 | [2.45;
; 2.75]
3.00
Regurgitation before redoPOEM 84 | 1.50 1.16 2.00 0.00 | [1.25;
; 1.75]
3.00
Retrosternal pain before 78 | 1.08 1.06 1.00 0.00 | [0.84;
redoPOEM ; 1.32]
3.00
Weight loss before redoPOEM 80 | 0.74 1.01 0.00 0.00 | [0.52;
; 0.96]
3.00
Body weight before redoPOEM 73 171.86 | 16.26 | 70.00 | 43.5 | [68.10
(kg) 0; |5
142. | 75.62]
00
Length of esophageal myotomy 75 | 6.67 3.21 6.00 1.00 | [5.94;
(cm) in redoPOEM ; 7.40]
17.0
0
Procedure duration (minutes) for 51| 57.20 | 2495 | 50.00 | 15.0 | [50.28
redoPOEM 0; ;
110. | 64.12]
00
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Hospitalization duration (days) for 90 | 4.01 3.72 3.00 1.00 | [3.24;
redoPOEM ; 4.78]
32.0
0
Eckardt score at 3 months post- 91 | 1.95 1.95 1.00 0.00 | [1.55;
redoPOEM ; 2.35]
7.00
Dysphagia at 3 months post- 86 | 1.06 1.08 1.00 0.00 | [0.83;
redoPOEM ; 1.29]
3.00
Regurgitation at 3 months post- 86 | 0.40 0.77 0.00 0.00 | [0.24;
redoPOEM ; 0.56]
3.00
Retrosternal pain at 3 months 86| 0.31 0.63 0.00 0.00 | [0.18;
post-redoPOEM ; 0.44]
3.00
Weight loss at 3 months post- 86 | 0.10 0.40 0.00 0.00 | [0.01;
redoPOEM ; 0.19]
3.00
Body weight at 3 months post- 46 | 72.02 | 17.54 | 70.50 | 42.0 | [66.90
redoPOEM (kg) 0; ;
142. | 77.14]
00
Eckardt score at last follow-up 61 | 2.33 2.06 2.00 0.00 | [1.81;
after redo-POEM ; 2.85]
10.0
0
Dysphagia at last follow-up after 59| 1.12 0.98 1.00 0.00 | [0.87;
redoPOEM ; 1.37]
3.00
Regurgitation at last follow-up 58 | 0.57 0.87 0.00 0.00 | [0.34;
after redoPOEM ; 0.80]
3.00
Retrosternal pain at last follow-up 57 1 0.51 0.82 0.00 0.00 | [0.30;
after redoPOEM ; 0.72]
3.00
Weight loss at last follow-up after 57 1 0.14 0.39 0.00 0.00 | [0.04;
redoPOEM ; 0.24]
2.00
Body weight at last follow-up 34 |76.47 | 20.72 | 70.00 |50.0 | [69.40
after redoPOEM (kg) 0; ;
142. | 83.54]
00
Age at redoPOEM 90 | 54.64 | 17.93 53.32 | 15.6 [50.91
4; |,
90.6 | 58.37]
9
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Interval between redoPOEM and 62| 2211 |17.20 | 13.58 | 3.48 | [17.79
last follow-up ; ;
69.4 | 26.43]
5
Interval between symptom onset 91 | 6.24 6.08 4.68 0.77 | [4.98;
and redoPOEM ; 7.50]
37.7
7
Interval between POEM and 90 | 26.04 | 24.89 | 18.77 | 3.06 | [20.87
redoPOEM ; ;
145. | 31.21]
35
Event Analysis
Variable Effe | % of | Minim | Maxi | Surv
ctive | total um mum | ival
(n=)| (n= anal
91) ysis
redoPOEM realization date 91 | 100.0 20/04 | 26/09
% /2015 | /2023
Date of last follow-up after 61| 67.0% | 13/11 | 09/11
redoPOEM /2017 | /2023
Discrete distributions
GERD before redoPOEM n =78 (85.7 % of all 91 patients)
Value n= % of
total
Yes 18 1 23.1%
No 60 | 76.9 %
redoPOEM operator (name of the | n =91 (100.0 % of all 91 patients)
gastroenterologist)
Value n= % of
total
Edouard CHABRUN 2(22%
Florian ROSTAIN 1/1.1%
Philippe AH SOUNE 1/1.1%
Frank ZERBIB 3/33%
Jérémie JACQUES 0/00%
Romain LEGROS 222%
Martin DAHAN 1/1.1%
Arthur BERGER 3(33%
Stanislas CHAUSSADE 9199%
Frédéric PRAT 2(122%
Maximilien BARRET 6|6.6%
Arthur BELLE 1/1.1%
Philippe POUDEROUX 1/1.1%
Mathieu PIOCHE 9 199%
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Thierry PONCHON 4144%
Jean-Baptiste CHEVAUX 1(11%
Jérome RIVORY 0]0.0%
Alexandru LUPU 1 11%
Martin FABRITIUS 1/11%
Timothée WALLENHORST 12 | 13.2 %
Antoine DEBOURDEAU 1/11%
Thibault Degand 1 11%
Marc BARTHET 5/55%
Jean-Michel GONZALEZ 5/55%
Emmanuel CORON 12 | 13.2%
Geoffroy VANBIERVLIET 5|55%
Gabriel RAHMI 2(22%
Site of myotomy for redoPOEM n=72(79.1 % of all 91 patients)
Value n= % of
total
Posterior way 31 143.1%
Anterior way 41 | 56.9%

Myotomy selectivity for
redoPOEM

n =50 (54.9 % of all 91 patients)

Value n= % of

total
Full thickness myotomy 12 | 24.0%
Selective myotomy 38(76.0%

Adverse events according to
AGREE classification for
redoPOEM

n =90 (98.9 % of all 91 patients)

Value

h= % of
total

0 - No adverse event

78 | 86.7%

1 - Adverse events with any
deviation of the standard
postprocedural course, without
the need for pharmacologic
treatment or endoscopic,
radiologic, or surgical
interventions.

3/33%

2 - Adverse events requiring
pharmacologic treatment with
drugs other than those allowed
for grade | adverse events (i.e.,

antibiotics, antithrombotics, etc.)

41 44%

3a - Endoscopic or radiologic
intervention

4144%

3b - Surgical intervention

0/0.0%

47



4a - Single-organ dysfunction 0] 0.0%
(including dialysis)
4b - Multiorgan dysfunction 1 11%
5 - Death of the patient 0|0.0%
Description of adverse effect n=11(12.1 % of all 91 patients)
Value n= % of
total
pain treated with intravenous 1 91%
morphine for 24 hours
febrile syndrome with no 1(91%
clinically identified cause treated
with antibiotics
inhalation pneumonitis treated 1 91%
with antibiotics
pain: intravenous analgesia 2|18.2%
cardia mucosal wound: 1(91%
intravenous antibiotics for a few
days
mixed dyspnea: 7-day antibiotic 1/91%
treatment
esogastric fistula, endoscopic 0 0.0%
revision with clip insertion,
nasojejunal tube feeding
nausea and frontal headache 0]0.0%
relieved by metoclopramide
subcardial mucosal breach: 2 182%
preventive placement of a
covered prosthesis
hematemesis at D7: ischemic 0]0.0%
ulcer of the subcardial part:
closure with clips and fitting of 2
esophageal prostheses
perforation: sepsis, clip 1(91%
replacement and antibiotics
fever and pain, right pleural 1/91%
effusion: repeat endoscopy at D18
for esophageal prosthesis for
lower esophagus perforation
GERD at 3 months post- n=71(78.0 % of all 91 patients)
redoPOEM
Value n= % of
total
Yes 21 | 29.6 %
No 501(70.4%

GERD at last follow-up after
redoPOEM

n=51(56.0 % of all 91 patients)
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Value n= % of
total
Yes 17 | 33.3%
No 34 | 66.7%
Primary failure of redoPOEM n =91 (100.0 % of all 91 patients)
Value n= % of
total
Yes 19 | 209%
No 72 1 79.1%
6. Additional treatment
Numeric Analysis
Variable Effe | Mean SD Media | Min | 95% | Det
ctive (1) n (M) £ Confi | ails
(n=) Max | dence
Interv
al
Eckardt score at last follow-up 11| 2.91 2.81 1.00 0.00 | [0.93;
after additional treatment ; 4.89]
9.00
Dysphagia at last follow-up after 13 | 1.46 1.15 1.00 0.00 | [0.74;
additional treatment ; 2.18]
3.00
Regurgitation at last follow-up 13 | 0.62 0.92 0.00 0.00 | [0.04;
after additional treatment ; 1.20]
3.00
Retrosternal pain at last follow-up 13 [ 0.23 0.80 0.00 0.00 | [-0.27
after additional treatment ; ;0.73]
3.00
Weight loss at last follow-up after 13 | 0.46 0.75 0.00 0.00 | [-0.01
additional treatment ; ;0.93]
2.00
Body weight (kg) at last follow-up 9170.78 | 13.54 69.00 | 51.0 | [59.74
after additional treatment 0; ;
100. | 81.82]
00
Event Analysis
Variable Effe | % of | Minim | Maxi | Surv
ctive | total um mum | ival
(n= (n= anal
91) ysis
Last follow-up date after 12 | 13.2% | 0202- | 23/01
additional treatment 05-24 | /2024
Discrete distributions

Additional treatment after
redoPOEM

n=283(91.2 % of all 91 patients)
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Value n= % of
total
Yes 18 | 21.7%
No 65| 783 %
Type of additional treatment 1 n =19 (20.9 % of all 91 patients)
Value n= % of
total
Botulinic toxin 2|105%
Calcium channel blockers 0| 0.0%
Endoscopic dilation 9147.4%
Heller myotomy 4121.1%
None 1/53%
POEM 2| 105%
Atypical neuroleptics 0|0.0%
G-POEM 0| 0.0%
esophagectomy with gastroplasty 1({53%
distal esophagectomy with partial 0| 0.0%

gastrectomy and eso-jejunal
anastomosis with Y loop

Success of additional treatment 1

n=15(16.5 % of all 91 patients)

Value n= % of
total
Yes 7|46.7%
No 8 53.3%
Type of additional treatment 2 n=16 (17.6 % of all 91 patients)
Value n= % of
total
Botulinic toxin 1 63%
Calcium channel blockers 0 00%
Endoscopic dilation 21125%
Heller myotomy 1/63%
None 11 | 68.8 %
POEM 0| 0.0%
Esophagectomy with gastroplasty 1/63%

Success of additional treatment 2

n =3 (3.3 % of all 91 patients)

Value n= % of

total

Yes 0| 0.0%
No 3| 100.0

%

GERD after additional treatment

n=11(12.1 % of all 91 patients)

Value ns= % of

total
Yes 5|45.5%
No 6|54.5%
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GERD at last follow-up after
additional treatment

n=11(12.1 % of all 91 patients)

Value n= % of

total
Yes 6 | 54.5%
No 51455%

Table 2S - Univariate analysis on primary failure of redoPOEM

Variable Primary success | Primary failure | p-
of redoPOEM of redoPOEM Value
N=75 N =22
Gender 0.715
M 43 (57.33%) 11 (50.0%)
F 32 (42.67%) 11 (50.0%)
N=75 N =22
Age at inclusion (years) 48.34 (+ 18.94) 49.11 (+ 20.92) 0.925
Range: (11.34 ; | Range: (15.33 ;
77.91) 87.59)
N=75 N =22
Year of inclusion 2014.23 (¥ 6.32) | 2012.27 (+7.35) | 0.124
Range: (1982.0 ; | Range: (1990.0 ;
2021.0) 2021.0)
N=75 N=22
Center 0.225
Bordeaux 6 (8.0%) 3(13.64%)
Cochin 14 (18.67%) 5(22.73%)
Dijon 0 (0.0%) 1 (4.55%)
HEGP 2 (2.67%) 0 (0.0%)
Limoges 2(2.67%) 1(4.55%)
Lyon 14 (18.67%) 2 (9.09%)
Marseille 6 (8.0%) 4 (18.18%)
Montpellier 1(1.33%) 0 (0.0%)
Nancy 1(1.33%) 1(4.55%)
Nantes 10 (13.33%) 2 (9.09%)
Nice 5(6.67%) 0 (0.0%)
Nimes 0 (0.0%) 1(4.55%)
Rennes 12 (16.0%) 1(4.55%)
Toulon 1(1.33%) 0 (0.0%)
Toulouse 1(1.33%) 1(4.55%)
N=75 N =22
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BMI 27.18 (+ 5.99) 26.05 (+ 5.62) 0.48
Range: (19.72 ; | Range: (20.24 ;
41.45) 40.09)
N=51 N =16
Etiology 0.674
Distal Esophageal spasm 3 (4.0%) 0 (0.0%)
Hypercontractile Esophagus 3 (4.0%) 1 (4.55%)
Esogastric  junction outflow | 2 (2.67%) 0 (0.0%)
obstruction
Type | achalasia 14 (18.67%) 3 (13.64%)
Type Il achalasia 39 (52.0%) 10 (45.45%)
Type Il achalasia 11 (14.67%) 6 (27.27%)
Unclassified achalasia 3 (4.0%) 2 (9.09%)
N=75 N =22
Type lll achalasia 0.311
Yes 11 (15.28%) 5(26.32%)
No 61 (84.72%) 14 (73.68%)
N=72 N=19
Previous treatment 1 before first POEM 0.703
Botulinic toxin 2 (6.9%) 2 (15.38%)
Calcium channel blockers 4 (13.79%) 1(7.69%)
Endoscopic dilation 23 (79.31%) 10 (76.92%)
N =29 N=13
Previous treatment 2 before first POEM >0.999
Botulinic toxin 1 (20.0%) 0 (0.0%)
Endoscopic dilation 2 (40.0%) 1(33.33%)
Heller myotomy 2 (40.0%) 2 (66.67%)
N=5 N=3
Achalasia-related pathology, excluding 0.679
other esophageal motility disorders
Yes 67 (89.33%) 21 (95.45%)
No 8 (10.67%) 1 (4.55%)
N=75 N =22
ASA score 1.77 (+ 0.657) 2.0 (£ 0.756) 0.189
Range: (1.0; 3.0) | Range: (1.0; 3.0)
N=73 N =22
Anticoagulant or antiplatelet agent 0.757
intake 12 (16.22%) 4 (18.18%)
Yes 62 (83.78%) 18 (81.82%)
No N=74 N=22
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Eckardt score before first POEM 7.51 (+ 2.34) 7.69 (+2.32) 0.891
Range: (2.0 ;| Range: (4.0 ;
12.0) 11.0)
N =57 N=13
Dysphagia before first POEM 2.7 (£ 0.654) 2.86 (£ 0.363) 0.525
Range: (0.0; 3.0) | Range: (2.0; 3.0)
N =57 N=14
Regurgitation before first POEM 1.93 (+1.11) 1.69 (+1.11) 0.469
Range: (0.0; 3.0) | Range: (0.0; 3.0)
N=54 N=13
Retrosternal pain before first POEM 1.41(x1.17) 1.69 (+ 1.25) 0.431
Range: (0.0; 3.0) | Range: (0.0; 3.0)
N =54 N=13
Weight loss before first POEM 1.44 (£ 1.12) 1.87 (£ 0.915) 0.199
Range: (0.0; 3.0) | Range: (0.0; 3.0)
N =59 N =15
IRP (mmHg) before first POEM | 23.92 (+12.98) 20.63 (£ 17.19) 0.291
(manometry) Range: (1.2 ;| Range: (2.1 ;
70.0) 70.3)
N =43 N =14
Esophageal dilation at pre-POEM barium 0.3
esophagogram 21 (72.41%) 2 (40.0%)
Yes 8 (27.59%) 3 (60.0%)
No N =29 N=5
Procedure duration for first POEM | 59.68 (+ 35.02) 57.9 (+ 33.48) 0.739
(minutes) Range: (10.0 ;| Range: (25.0 ;
180.0) 109.0)
N=41 N=10
Hospitalization duration at first POEM | 4.55 (£ 2.8) 5.24 (+ 4.58) 0.473
(days) Range: (1.0 ; Range: (2.0 ;
15.0) 22.0)
N =65 N=17
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Adverse events according to AGREE 0.4
classification at first POEM
0 55 (80.88%) 14 (73.68%)
1 7 (10.29%) 4 (21.05%)
2 4 (5.88%) 0 (0.0%)
3 2 (2.94%) 1(5.26%)
N =68 N =19
Eckardt score before redoPOEM 5.61 (+ 2.08) 6.67 (£ 1.59) 0.027
Range: (2.0 ;| Range: (5.0 ;
12.0) 10.0)
N =66 N =21
Dysphagia before redoPOEM 2.57 (£ 0.739) 2.68 (£ 0.582) 0.659
Range: (0.0; 3.0) | Range: (1.0; 3.0)
N =68 N =19
Regurgitation before redoPOEM 1.51 (+1.16) 1.47 (+1.17) 0.9
Range: (0.0; 3.0) | Range: (0.0; 3.0)
N =69 N =19
Retrosternal pain before redoPOEM 0.984 (+ 1.02) 1.29 (£ 1.21) 0.367
Range: (0.0; 3.0) | Range: (0.0; 3.0)
N=64 N=17
Weight loss before redoPOEM 0.652 (+ 0.953) 1.17 (£ 1.15) 0.059
Range: (0.0; 3.0) | Range: (0.0; 3.0)
N = 66 N=18
Body weight before redoPOEM (kg) 71.98 (+17.13) 70.33 (+ 15.47) 0.882
Range: (43.5 ;| Range: (47.0 ;
142.0) 108.0)
N =60 N=18
GERD before redoPOEM 0.759
Yes 16 (25.0%) 5(29.41%)
No 48 (75.0%) 12 (70.59%)
N =64 N=17
Length of esophageal myotomy (cm) in | 6.18 (+ 3.15) 8.0 (+ 3.08) 0.02
redoPOEM Range: (1.0 ;| Range: (4.0 ;
17.0) 13.0)
N =60 N =21
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Site of myotomy for redoPOEM 0.39
Anterior way 32 (51.61%) 10 (66.67%)
Posterior way 30 (48.39%) 5(33.33%)
N=62 N =15
Myotomy selectivity for redoPOEM 0.112
Full thickness myotomy 8 (19.05%) 5 (45.45%)
Selective myotomy 34 (80.95%) 6 (54.55%)
N=42 N=11
Procedure duration (minutes) for 57.2 (% 26.55) 63.7 (£ 22.33) 0.325
redoPOEM Range: (15.0 ;  Range: (40.0 ;
116.0) 105.0)
N =46 N=10
Hospitalization duration (days) for | 3.86 (+ 2.59) 491 (+6.21) 0.868
redoPOEM Range: (1.0 ;| Range: (2.0 ;
17.0) 32.0)
N=74 N =22
Age at redoPOEM 54.05 (+ 18.02) 57.0 (£ 18.39) 0.828
Range: (15.64 ; | Range: (23.06 ;
85.35) 90.69)
N=72 N=18
Interval between symptom onset and | 5.87 (+5.82) 7.63 (+7.12) 0.208
redoPOEM Range: (0.77 ;| Range: (1.61 ;
37.77) 30.31)
N=72 N=19
Interval between POEM and redoPOEM | 24.51 (+ 22.79) 31.4 (+ 30.0) 0.413
Range: (3.06 ; Range: (7.98 ;
145.35) 94.98)
N=74 N =22
Adverse event of grade Il or more >0.999
according to AGREE classification 8(10.81%) 2 (9.52%)
Yes 66 (89.19%) 19 (90.48%)
No N=74 N=21
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Table 3S - Univariate analysis on explanatory factors of redoPOEM myotomy length. Numeric variables are expressed as mean

(+SD) and discrete outcomes as absolute and relative (%) frequencies

Variable RedoPOEM RedoPOEM p-Value
esophageal esophageal
myotomy < 6cm myotomy > 6cm
N =45 N =30
Center 0.079
Bordeaux 4 (8.89%) 3 (10.0%)
Cochin 10 (22.22%) 5 (16.67%)
Dijon 0 (0.0%) 1(3.33%)
HEGP 0 (0.0%) 2 (6.67%)
Limoges 2 (4.44%) 1(3.33%)
Lyon 10 (22.22%) 2 (6.67%)
Marseille 5(11.11%) 3 (10.0%)
Montpellier 0 (0.0%) 1(3.33%)
Nancy 1(2.22%) 0 (0.0%)
Nantes 6 (13.33%) 2 (6.67%)
Nice 0 (0.0%) 4 (13.33%)
Nimes 1(2.22%) 0 (0.0%)
Rennes 6 (13.33%) 4 (13.33%)
Toulon 0 (0.0%) 1(3.33%)
Toulouse 0 (0.0%) 1(3.33%)
N =45 N =30
Etiology 0.104
Distal Esophageal | 1 (2.22%) 2 (6.67%)
spasm
Hypercontractile 2 (4.44%) 2 (6.67%)
Esophagus
Type | achalasia 9 (20.0%) 3(10.0%)
Type Il achalasia 26 (57.78%) 13 (43.33%)
Type lll achalasia 5(11.11%) 10 (33.33%)
Unclassified achalasia | 2 (4.44%) 0 (0.0%)
N =45 N =30
Achalasia-related disease 0.427
Yes 42 (93.33%) 26 (86.67%)
No 3 (6.67%) 4 (13.33%)
N =45 N =30
Type lll achalasia 0.037

Yes
No

5(11.11%)
40 (88.89%)
N = 45

10 (33.33%)
20 (66.67%)
N =30
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Eckardt score before first | 7.88 (+ 2.07) 7.62 (+2.28) 0.453
POEM Range: (3.0; 11.0) Range: (4.0; 12.0)
N=34 N=24
Dysphagia before first POEM | 2.81 (+ 0.601) 2.84 (£ 0.374) 0.796
Range: (0.0; 3.0) Range: (2.0; 3.0)
N=31 N =25
Regurgitation before first | 2.16 (+ 0.969) 1.71 (+ 1.23) 0.212
POEM Range: (0.0; 3.0) Range: (0.0; 3.0)
N=31 N=24
Retrosternal pain before first | 1.47 (+ 1.25) 1.71 (£ 1.16) 0.482
POEM Range: (0.0 ; 3.0) Range: (0.0; 3.0)
N =30 N=24
Weight loss before first POEM | 1.5 (+ 1.08) 1.65 (+ 1.02) 0.623
Range: (0.0; 3.0) Range: (0.0; 3.0)
N =32 N =26
Length of esophageal | 7.69 (+ 3.92) 9.58 (+3.1) 0.004
myotomy at first POEM (cm) Range: (4.0 ; 25.0) Range: (4.0; 17.0)
N =36 N =26
Eckardt score before | 5.93 (+ 1.85) 6.34 (£ 2.0) 0.469
redoPOEM Range: (3.0; 10.0) Range: (3.0; 12.0)
N =42 N =29
Dysphagia before redoPOEM | 2.72 (+ 0.599) 2.55 (£ 0.736) 0.258

Range: (0.0 ; 3.0)
N =40

Range: (0.0; 3.0)
N =29
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Regurgitation before | 1.54 (+ 1.21) 1.48 (+ 1.18) 0.819
redoPOEM Range: (0.0 ; 3.0) Range: (0.0; 3.0)
N=41 N =29
Retrosternal pain before | 0.889 (+ 1.01) 1.48 (£ 1.09) 0.026
redoPOEM Range: (0.0; 3.0) Range: (0.0; 3.0)
N =36 N =29
Weight loss before redoPOEM | 0.737 (£ 0.978) 0.793 (+ 1.05) 0.849
Range: (0.0; 3.0) Range: (0.0; 3.0)
N =38 N =29
Site of myotomy for >0.999
redoPOEM
Anterior way 22 (61.11%) 15 (60.0%)
Posterior way 14 (38.89%) 10 (40.0%)
N =36 N =25
Myotomy  selectivity for 0.16
redoPOEM
Full thickness | 8 (29.63%) 2 (10.53%)
myotomy
Selective myotomy 19 (70.37%) 17 (89.47%)
N =27 N=19
Adverse events according to 0.08

AGREE classification  for
redoPOEM

0 - No adverse event

1 - Adverse events with
any deviation of the standard
postprocedural course,
without the need for
pharmacologic treatment or
endoscopic, radiologic, or
surgical interventions.

2 - Adverse events
requiring pharmacologic
treatment with drugs other
than those allowed for grade |
adverse events (i.e.,
antibiotics, antithrombotics,

41 (91.11%)
0 (0.0%)

3 (6.67%)

25 (83.33%)
3 (10.0%)

1(3.33%)

58




etc.)

3a - Endoscopic or
radiologic intervention

4b - Multiorgan
dysfunction

0 (0.0%) 1(3.33%)
1(2.22%) 0 (0.0%)
N =45 N =30

redoPOEM

Range: (3.06 ; 93.14) | Range:
N =45 145.35)
N =29

(5.09

’

Age at redoPOEM 49.85 (+ 17.93) 61.72 (+ 17.08) 0.006
95% Cl: [44.46 ;| 95%Cl:[55.34;68.1]
55.24] Range: (17.36 ;
Range: (15.64 ;  89.16)
90.69) N =30
N =45
Interval between symptom | 5.74 (+5.9) 5.6 (+ 5.89) 0.578
onset and redoPOEM Range: (1.18; 37.77) | Range: (1.19; 30.31)
N =45 N =30
Interval between POEM and | 23.72 (+ 20.28) 30.3 (+ 30.84) 0.514

101 patients with
persistent symptoms
after the 15t POEM
who underwent a
redoPOEM

10 patients with
missing Eckardt score

A 4

91 patients analyzed
for the primary
outcome

at 3 months post redo-
POEM

20 patients with
missing long-term

y

y

71 patients analyzed
for long-term Eckardt
score evolution

follow-up after
redoPOEM

Figure 1S - Inclusion and follow-up of patients for primary and secondary outcomes
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RESUME :

La myotomie endoscopique per-orale (POEM) présente une efficacité de 80-90% et une
sécurité de 90%. Dix pourcents des patients restent symptomatiques apres le traitement.
Notre objectif était de déterminer la validité de la redoPOEM dans cette indication.

Nous avons mené une étude multicentrique rétrospective avec 15 centres experts francais,
incluant tous les patients ayant bénéficié d’une redoPOEM entre avril 2015 et septembre
2023. Les patients ont été classés en échec primaire si leur score d'Eckardt dépassait 3 a 3
mois apreés l'intervention, et en échec secondaire si leur score d'Eckardt dépassait 3 au dernier
suivi ou si un traitement supplémentaire était nécessaire. La sécurité a été évaluée a l'aide de
la classification AGREE, les événements de grade Il ou supérieur étant considérés comme
significatifs. 91 patients ont été inclus, suivis pendant une durée moyenne de 22 mois. Lors du
suivi a trois mois 79 % des patients présentaient un succes clinique. Un succes a long terme a
été observé chez 57,7 % des patients. 25 % des patients ont eu besoin d'un traitement
complémentaire. Un score d'Eckardt élevé avant redoPOEM et une myotomie cesophagienne
longue étaient associés a un échec primaire en analyse univariée. L'analyse multivariée n'a
révélé aucun facteur prédictif d'échec. Le taux de sécurité a été de 90 %, aucun déces n’a été
signalé dans le mois suivant l'intervention. La redoPOEM est une technique de 2¢™¢ ligne
prometteuse avec une trés bonne efficacité et une sécurité satisfaisante.

TITLE AND ABSTRACT:

“redoPOEM : efficacy and safety after failure of a first POEM”

Per-oral endoscopic myotomy (POEM) exhibits an efficacy rate of 80-90% and a safety rate of
90%. 10% of patients remain symptomatic after treatment. Our aim was to determine the
validity of redoPOEM as a second line therapy after POEM failure. We conducted a
retrospective multicenter study involving 15 French tertiary centers, including all patients who
underwent redoPOEM up to the end of September 2023. Patients were classified as
experiencing primary failure if their Eckardt score exceeded 3 at 3 months post-procedure,
and as experiencing secondary failure if their Eckardt score exceeded 3 at the last follow-up
or if additional treatment was necessary. Safety was assessed using the AGREE classification,
with events of grade Il or higher considered significant. Ninety-one patients were included in
the study, average age was 54.6, followed for a mean duration of 22 months (range 3.5 —-69.5
months). No technical failure was reported. At the 3-month follow-up, 79% of patients had
achieved clinical success, with an average Eckardt score of 2.05 + 2.0. Long-term success was
observed in 57.7% of all patients. 25% of the patients required a complementary treatment,
such as botulinum toxin injections, endoscopic dilation or Heller myotomy. A high Eckardt
score before redoPOEM as well as a long esophageal myotomy were associated with primary
failure in univariate analysis. Multivariate analysis did not show any predictive factors of
failure. The safety rate was 90%, with no reported deaths within one month following the
procedure. Nine patients experienced grade Il or higher adverse event, which resolved with
medical and endoscopic treatment. RedoPOEM is a promising technique with satisfying
efficacy and safety.

Discipline : Hépato-gastro-entérologie

Mots-clés : achalasie, POEM, cesophage, myotomie per-orale endoscopique, endoscopie
Université : U.F.R. Sciences médicales, Université de Bordeaux-Campus Carreire, 146 rue Léo
Saignat, 33 000 Bordeaux
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