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INTRODUCTION

D’une maniere historique, les sphincters du systéme gastro-intestinal ont pu étre étudiés
via ['utilisation de techniques de manométrie perfusée placée a travers le site d’intérét et, plus
récemment, avec les sondes de manométrie haute-résolution(1)(2). Cependant, si la
manométrie permet 1’étude de la pression au repos, mais €également lors de la contraction et de
la relaxation sphinctérienne, il a été démontré qu’il existait une faible corrélation entre ces
parametres et la compétence sphinctérienne(3). Ainsi, Harris et al. ont pu mettre en évidence
qu’un sphincter n’a pas nécessairement besoin de réaliser une contraction de grande amplitude
pour étre compétent et que la résistance du sphincter a la distension pourrait étre le déterminant
principal de la compétence sphinctérienne(4). Le systéme EndoFLIP® (Endoscopic Functional
Lumen Imaging Probe) a donc été développé secondairement afin de pouvoir étudier la
résistance a la distension des sphincters du systéme gastrointestinal et ceci grace a 1’utilisation

d’un ballonnet positionné au niveau du site d’intérét.

A notre connaissance, la premicre étude pilote rapportant ’utilisation du systeme
EndoFLIP® a été réalisée en 2005 et s’est intéressée a I’évaluation de la jonction oeso-gastrique
(JOG)(5). Jusqu’a ce jour, la majorité des travaux de publications et les principales applications
du systéeme I’EndoFLIP® concernent 1’évaluation de la résistance a la distension du sphincter
inférieur de 1I’cesophage (SIO) et du corps cesophagien, dans le cadre du diagnostic des troubles
moteurs primaires de 1’cesophage. Néanmoins, ’EndoFLIP® a également été utilisé dans
d’autres régions sphinctériennes et non-sphinctériennes du systéme gastro-intestinal. Quelques
¢tudes, peu nombreuses, se sont intéress€ées a ses applications potentielles au niveau du
sphincter pylorique et du canal anal. Il a pourtant ét¢ mis en évidence que le spasme du pylore

ou pylorospasme, pouvait jouer un role important dans le ralentissement de la vidange gastrique



et donc dans la physiopathologie de la gastroparésie (6). La mise en évidence de ce mécanisme
nécessite la réalisation d’une technique de manométrie spécifique au niveau du sphincter
pylorique, ce qui en a limit¢ la diffusion au sein des centres spécialisés. Depuis, quelques études
ont pu montrer la faisabilité de la réalisation de I’EndoFLIP® au niveau pylorique chez des
sujets volontaires sains ou chez des patients atteints de gastroparésie(7),(8),(9). Cependant, il
existe un manque d’homogénéité dans les modalités de réalisation de I’EndoFLIP® en fonction
des études. En particulier, les procédures d’anesthésie, avant réalisation de 1’EndoFLIP®,
différent d’une étude a I’autre.

En ce qui concerne le canal anal, la fonction sphinctérienne anale est classiquement
¢tudiée en mesurant la pression de repos et la pression lors de la contraction volontaire via la
manométrie ano-rectale perfusée ou haute-résolution(10). Mais, si ces techniques
manomeétriques permettent la mesure directe des forces de cloture du canal anal, elles ne
permettent pas de quantifier la dimension d’ouverture, qui est une variable importante dans la
détermination du flux trans-sphinctérien(11). Cependant, l1a encore, trés peu d’études ont été
effectuées concernant I’utilisation de I’EndoFLIP® dans 1’évaluation de la compétence
sphinctérienne anale(12):(13).

Mon travail de Thése s’est donc intéressé a I’évaluation de la technique d’EndoFLIP®
au niveau de ces deux sphincters peu explorés jusqu’ici, a savoir le sphincter pylorique et le

sphincter anal.

Le plan de ce mémoire est le suivant :
- La premiére partie est consacrée a la technique d’EndoFLIP® avec des rappels
concernant le matériel utilisé, la technique de mesure et les résultats que 1’on peut en

obtenir ;



La seconde partie est une synthése bibliographique des principales applications
actuelles de la technique d’EndoFLIP® dans le cadre du diagnostic des troubles moteurs
primitifs cesophagiens ;

La troisiéme partie porte sur I’utilisation de la technique d’EndoFLIP® au niveau du
pylore précédé de rappels anatomo-physiologiques sur ce sphincter ;

La quatrieme partie porte sur ’utilisation de la technique d’EndoFLIP® au niveau du
sphincter anal précédé¢ de rappels anatomo-physiologiques sur ce sphincter ;

La cinquiéme partie expose les objectifs et les résultats des différents travaux qui font
I’objet de ma these ;

La sixiéme partie comprend la discussion des résultats, ainsi que les conclusions et

perspectives de mon travail de these.



Premiere partie : Technique d’EndoFLIP®

1. Principes de la technique d’EndoFLIP”

Le principe de la technique d’EndoFLIP® repose sur I'utilisation de la planimétrie
d’impédance. Le systéme EndoFLIP® est composé d’une sonde de 5 mm de diamétre qui
comprend 16 paires d’électrodes de mesure d’impédance, sur laquelle est montée un ballon
non-compliant constitu¢ de polyuréthane. Ce ballon va pouvoir étre distendu de manicre
croissante (Figure 1) par I’instillation d’une solution conductrice saline au sein de laquelle un
courant continu est conduit. Deux types de sondes sont actuellement disponibles sur le marché,
la sonde EF325-N et la sonde EF322-N. Les différences entre ces deux sondes reposent
principalement sur I’espacement entre les paires d’électrodes et la taille du ballonnet : tous les
5 mm avec un ballonnet de 8§ cm (sonde EF325-N) ou tous les 1 cm avec un ballonnet de 16 cm
(sonde EF322-N). Le panel des volumes de distension possibles est é¢galement différent selon
les sondes, pouvant aller entre 0 et 50 mL pour la sonde EF325-N et entre 0 et 70 mL pour la

sonde EF322-N.

La technique d’EndoFLIP® permet de mesurer au niveau de chaque paire d’électrodes
la surface de section transversale (« cross sectionnal area » en anglais, CSA) a partir de
I’impédance de la solution saline dans le ballon. Ainsi, lorsqu’un courant d’intensité / (ampere)
est induit au sein de la solution saline conductrice par les deux électrodes d’excitation, la
différence de potentiel V' (volt) entre les €lectrodes de détection est définie comme V' = [.Z (loi

d’Ohm). Z (ohm) est I’'impédance électrique du fluide et est exprimée comme %’4 ou d est la

distance entre les €lectrodes de détection et p est la conductivité du fluide (Figure 2). En

conséquence, le voltage est inversement proportionnel au CSA(14).
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Ballon non

Cathéter de 1.7 mm
(extrémité terminale)

Electrodes compliant \\\ N
Signal détecté d’excitation™ \ N\ >
4
Solution saline ‘\\ :\V =D \\‘ P
m/out /__4-—-’ _} 1 11 LI II 11 I 184 I I 1 .l
Courant — / «
d’excitation 4 =
F 7

Systéme de manométrie - .
perfusée 4 faible compliance  / Electrodes de détection distance D = 4mm
. / ( 8 paires)

Cathéter de 4,5 mm

(extrémité proximale)

Figure 1. Schématisation du systtme EndoFLIP®. Les chaines de signal, de remplissage et de

perfusion sont montrées au niveau de [ ’extrémité proximale. Le ballon peut étre mobilisé vers la gauche
(A) ou vers la droite (B) sans dislocation de celui-ci. D aprés McMahon et al.(5)

I

V=27.1

Figure 2. Représentation schématique de la loi d’Ohm avec V la différence de potentiel en volt,

Z l'impédance en ohm et I ['intensité du courant en ampere.

Etant donné que 16 paires d’électrodes de détection sont situées le long de la sonde, le

systéme EndoFLIP® est ainsi capable de mesurer une série totale de 16 CSAs de maniére
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longitudinale au sein du ballonnet. L acquisition d’une maniére simultanée de ces CSAs le long
du sphincter et leur analyse permet de simuler la région sphinctérienne d’intérét comme un
profil en 3 dimensions (Figure 3). Un capteur de pression est également situé a I’extrémité
distale de la sonde dans le ballonnet et permet une mesure globale de la pression intra-ballonnet.
Un résultat important donné par le systéme EndoFLIP® est la possibilité d’évaluer la
distensibilit¢ sphinctérienne, qui est définie comme la division du CSA minimum,
correspondant a la partie ou le sphincter est le plus étroit, par la pression intra-ballonnet au

méme moment.

(A) 30

- 128

- 25
=t
EE

= o
2L 20 o
o | 3
= o
o [ o
el 15 3
An E
-
% L
o —
8 I 10
@
2L

=1 e 05

23.7 mmHg

Figure 3 : (A) : représentation traditionnelle de ’EndoFLIP® au niveau de la jonction
oeso-gastrique avec une simulation de la région sphinctérienne comme un profil en 3-
dimensions indiquée par des changements de couleur du bleu (diamétre le plus petit) au rouge
(diametre le plus élevé). La direction orale est vers le haut. La pression intra-ballon est
indiguée. (B) : photographie du cathéter d’EndoFLIP® (EF325-N), montrant le ballon de 8
cm avec ses 16 paires d’électrodes positionnées tous les 5 mm le long de la sonde.

2. Paramétres mesurés avec le systéme EndoFLIP® et leurs valeurs normales

Les paramétres mesurés classiquement au niveau d’un sphincter grace a la technique

d’EndoFLIP® sont les suivants :
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Surface de section transversale (« Cross sectional area », CSA, mm?) : les électrodes

d’excitation positionnées a chaque extrémité du ballon émettent un faible courant
continu. La tension (V) est mesurée entre les électrodes d’impédance planimétrie
appariées en s’appuyant sur la loi d’Ohm, afin de fournir une mesure du CSA a des
intervalles basés sur I’espacement entre les électrodes d’impédance ;

Diametre (mm) : les données de diametre au niveau de chaque paire d’électrodes

d’impédance planimétrie varient entre 5 et 30 mm et sont colorées sur la base d’une
échelle de couleur (petits diameétres en rouge, larges diametres en bleu) ;

Index de distensibilit¢ (DI, mm*mmHg) : il s’agit de la mesure de la distensibilité

sphinctérienne qui peut étre calculée en divisant le plus petit CSA médian (au sein de la
région anatomique d’intérét) par la pression médiane intra-ballon a un temps donné. I1
s’agit du parameétre le plus utilisé dans la littérature ;

Pression intra-ballon (mmHg) : un capteur de pression est situ¢ a la partie distale du

ballon, et permet la mesure globale de la pression intra-ballon.

La validation de la faisabilité de ces mesures a été réalisée initialement au niveau de la

JOG. A ce jour, vingt études se sont intéressées a la physiologie de la JOG grace aux mesures

données par le systéme EndoFLIP® chez des sujets volontaires sains (Table 1). Les résultats en

termes de pression intra-ballon, plus petit CSA et index de distensibilité a différents volumes

de distension sont donnés dans la Table 2. En utilisant le 10°™ percentile chez les volontaires

sains, deux ¢études de Rohof et al. en 2012(15) et Smeets et al. en 2015(16) ont défini un cut-

off pour la normalité de I’index de distensibilité de respectivement 2,9 mm?/mmHg et de 2,1

mm?/mmHg a 50 mL de distension. Ces deux études ont été réalisées chez 15 sujets volontaires

sains sans anesthésie générale.
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Table 1 : caractéristiques des études réalisées chez des sujets volontaires sains
VS : volontaires sains ; JOG : jonction oeso-gastrique ; ND : non détaillé

Method Mesures
Niveau de ®
Nombr preuve / Grade .EndoFLIP Pression de Caractéristique | Site de
Publication de VS Design de de Sonde | : temps (s) et librati sdela distensio
ede I’étude recommandatio volumes de | cattbration procedure n
(n) - distension
(mL)
Voie orale,
Carlson et sédation
al, 2019 Prospective 30s, 20-25- . consciente
’ . EF322 | 30-35-40-45- | Atmosphériqu . JOG &
(=Carlson 20 , série de 3/C (midazolam,

-N 50-55-60-65- e Corps
etal, cas 70 mL fentanyl), sans
2020)(17) contrdle

endoscopique
Transnasale,
Mikami et Prospective anesthésie
al, 8 , étude cas- 3/C El:?il25 302’02&50_ Intra-gastrique locale, sans JOG
2018(18) contrdles contrdle
endoscopique
. Prospective tie qrale, sans
%ﬁ%(elt;)l 6 | ,séricde 3/C FE23 1 20-30-40 mL ND sedation, sans | jo
cas endoscopique
Voie orale,
ion
Slflr;(s)?% ?t= Prospective 2 20_305’ > to A héri C(S)fl(iztie(;te 10G &
LinZ2013| 10 |, étude cas- 3/C EF322 | 60 mL (par | Atmosphériqu | 4 o1am.
A -N palier de 5- e Corps
& Carlson contrdles mL) fentanyl), sans
2015)(20) controle
endoscopique
Transnasale,
Mikami et Prospectwe EF325 | 30s, 20-30- ‘ anesthésie
al, 8 , série de 3/C N 40 mL Intra-gastrique locale, sans JOG
2016(21) cas contrdle
endoscopique
Voie orale,
sédation
Fynne et Prospective consciente
al, 11 , étude cas- 3/C El:?il25 328’_52&_5’3_ ND midazolam ou JOG
2016(22) contrdles sans sédation,
sans controle
endoscopique
Smeets et Prospective EF32 4 A héri Vqlde qrale, sans
al, 15 étude cas- 3C 325 | 30s, 30-40- tmosphériqu | sé atlon: sans JOG
A -N 50 mL e controle
2015(16) contrdles .
endoscopique
Voie orale,
. sédation
Lottrup et Pr’ospectlve EF325 | 30s,20-30- | Atmosphériqu consciente
al, 14 , étude cas- 3/C . JOG
R -N 40-50mL e (midazolam),
2015(23) contrdles n
sans controle
endoscopique
Transnasale,
Fukazawa Prospective - anesthésie
et al, 9 , série de 3/C El:?il25 302’02r?1f0_ Atmosepherlqu locale, sans JOG
2013(24) cas contrdle
endoscopique
Voie orale,
anesthésie
Tucker et Prospective générale
al, 21 , étude cas- 3/C El:?il25 305;31(3_30 ND (midazolam, JOG
2013(25) contrdles pethidine), sous
controle
endoscopique
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Mesures

Niveau de ®
Nombr Desion de | Preuve / Grade FndoFLIP Pression de Caractéristique | Site de
Publication | e de VS Yy t%l d de Sonde | : temps (s) et librati sdela distensio
(n) ctude recommandatio volume de catibration procédure n
n distension
(ml)
Prospective 5-20s, 5 to Voie orale, sans
LinZ et al, , EF325 | 40 mL (par | Atmosphériqu | sédation, sous JOG &
2 , étude cas- 3/C . A
2013(26) . -N palier de 2- e contrdle Corps
contrdles .
mL) endoscopique
Voie orale,
Rieder et Prospective . - anesthésie
al, 4 , série de 4/C El:?:l25 308;;3 -40 Atmosgherlqu générale, sous JOG
2012(27) cas contrdle
endoscopique
Rohof et Prospective héri T;Erel:'glaéssilee’
al, 2012 15 étude cas- 3/C EF325 | 30s,20-30- | Atmosphériqu Jocale, sans JOG
(=Ponds . -N 40-50mL e o
contrdles controle
2016)(15) .
endoscopique
Voie orale,
30s; 20-30 sédation
Kwiatek et Prospective mL (JOG); L. consciente
al, 15 |, étude cas- 3/C E?\fs 2-40mL; par Atmosghe“q“ (midazolam, JgOG i‘
2012(28) contrdles palier de 2- fentanyl), sans P
mL (corps) controle
endoscopique
Voie orale,
sédation
Kwiatek et Prospective consciente
al, 20 , étude cas- 3/C El:?il25 330 3_’ 4100;133_ Intragastrique (midazolam, JOG
2011(11) contrdles fentanyl), sous
controle
endoscopique
Voie orale,
Nathanson Prsopective . - anesthésie
et al, 50 , série de 3/C El:?il25 308;;3 -40 Atmosgherlqu générale, sans JOG
2011(29) cas contrdle
endoscopique
Transnasale,
Kwiatek et Prospective - anesthésie
al, 10 , étude cas- 3/C ND 30;b3£f0_ Atmosgherlqu locale, sans JOG
2010(30) contrdles contrdle
endoscopique
Voie orale,
Beaumont Prospective ND; par Atmosphériqu anesthésie
et al, 8 , étude cas- 3/C ND | palier de 10- . locale, sans Corps
2009(31) contrdles mL contrdle
endoscopique
Voie orale,
McMahon Prospective . L anesthésie
etal, 8 , série de 3/C ND 41612’0?&3“2}4 Atmosgherlqu locale, sans JOG
2007(32) cas contrdle
endoscopique
Voie orale,
McMahon Prospective . - anesthésie
etal, 3 , série de 4/C ND ND; ?:40 Atmosphériqu locale, sans JOG
2005(3) cas m ¢ contrdle
endoscopique
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Table 2 : Evaluation de la jonction oeso-gastrique (CSA, DI, Pression intra-ballon) par
le systtme EndoFLIP® a différents volumes de distension chez les volontaires sains.
CSA : Surface de section transversale ; DI : index de distensibilité.

Pression intra-ballon

CSA (mm?) DI (mm?mmHg) (mmHg)

Publication
30 ml 40ml 50 ml 30 ml 40 ml 50 ml 30 mL 40 mL |50 mL

Carlson et al,

%02181(3: 851“ 3,2(1,0- | 5,7 (1,4~ | 5.9 (1,6-
Coarlson 11,6) 15.8) 9,3)
2015) (20)
Mikami et al, | 89,4 +/- | 150,3 +/- 344~ | 3,5+- 234+ | 408+
2018(18) 10,4 12,2 0,5 0,4 2,1 2,0
Liao et al, 27,4 + 40,2 +
2018(19) 12 1,5
Mikami etal, | 84,5+ | 1524+ 20+ | 312+
2016(21) 332 342 3,506 4505 6,0 6.8

50,4 99,5 169,4 25,9 345 | 458

Smeets et al, @ | 95 | 1317 2,0(L,6-|3,0(2,2- | 34(2,7- QA | (290- |@lo-

2015(16) 69.1) 138,0) 187,9) 3,0) 4,2) 4,2) 30,0) 40,2) 53.4)
Fukazawa et 163,0+ | 259,6 259+ |33,1+
al, 2013(24) 5.9 12,0 7,1£0,9 1 82+08 30 | 23
Rohof et al,
2012
(=Ponds 6,3£0,7
2016) (15)
Kwiatek et 0,8 (0,4 -
al, 2012(28) 2,8)
Rieder et al, (17222’93_ 2,7 (2,4- (gg ’;;_
2012(27) 170’ 9) 8,3) 45,8
Kwiatek et 94,0 264,0 4,0 [1,0- 25,0 (6,0- 39,0
al, 2011(11) | @10 990- 14,0] 4700 | U7.0-
’ 225,0) 496,0) ’ ’ 60,0)
Kwiatek et 50,0 50,0 50,0 16,0 17,0
al, 2010(30) (50,0— (50,0— (50,0~ (13,0- (11,0-
’ 68.,0) 50),0 52,0) 19,0) 21,0)

En plus de ces mesures classiques au niveau d’un sphincter, certains auteurs ont cherché
d’autres moyens d’évaluation de la compétence sphinctérienne grace a la technique
EndoFLIP®, Ces mesures possibles sont détaillées ci-dessous :

- _Le module élastique pression-déformation (Ep ; kPa), calculé comme le changement

de diametre au point le plus étroit divisé par le changement de pression intra-ballon en

relation avec un diametre de référence(22) aussi appelé rigidité au niveau du canal anal
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(33)(34)(35). 11 est calculé comme i—Z.D avec Ap le changement de pression, Ad le

changement de diameétre et D le diameétre de référence ;

- La résistance au flux du canal anal (mm?), définie a partir de la longueur du canal anal,

du diametre au niveau du milieu du canal anal et de la viscosité du ballon distendu(36) ;

- Le travail mécanique (mJ) du muscle sphinctérien anal, défini comme le produit de la

force musculaire et le changement de rayon, formule complexe utilisée uniquement dans

une ¢tude(37) ;

- Latension pariétale (mmHg.mm), calculée comme le produit de la pression intra-ballon
et du rayon(38) ;

- La compliance anale (mm/mmHg) calculée comme la division du diamétre par la

pression intra-ballon(37) ;

- La pression limite d’élasticité (mmHg) lorsque la partie la plus résistante du sphincter

anal commence a se distendre(33)(34)(35).

Par ailleurs, a coté de cette utilisation classique de la technique d’EndoFLIP® évaluant la
résistance a la distension au niveau d’un sphincter, certaines équipes se sont intéressées a
I’emploi de ’EndoFLIP® directement dans la lumiére du tube digestif, plus particuliérement au
niveau du corps cesophagien, initialement avec la sonde classique EN325-N et plus récemment
avec la sonde EF322-N. Ce type d’approche est qualifi¢ de FLIP panométrie (panometry en
anglais) dans la littérature. Ces publications ont ainsi introduit le concept de plateau de
distension, qui est défini comme le reflet du diametre luminal fixé, c¢’est-a-dire qui ne parvient
plus a étre augmenté malgré une pression intra-ballon croissante(20)(17). De plus, la réponse
contractile de 1’cesophage a la distension, définie comme le péristaltisme secondaire, a pu €tre
mise en ¢évidence dans ces ¢études, avec I’introduction de nouveaux profils de

contraction(20)(17)(39):(40) :
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Les contractions du corps de I’eesophage, correspondant a une diminution transitoire

de > 5Smm du diameétre luminal dans > 3 paires d’¢électrodes d’impédance planimétrie
adjacentes ;

- Les contractions antérogrades répétitives, répondant a la définition de contractions du

corps de I’cesophage, avec > 6 contractions antérogrades consécutives et sur plus de 6
cm de grand axe le long de la sonde d’EndoFLIP® ;

- Les contractions répétitives rétrogrades, répondant a la définition de contractions du

corps de I’cesophage, avec > 3 contractions rétrogrades consécutives ;

- L’absence de contraction ;

- Les contractions spastiques occlusives (diamétre luminal < 6 mm) ou non occlusives.

Ces différents profils de contractions ne peuvent pas étre mis en €évidence lors de la
manométrie cesophagienne classique, qui est le reflet du péristaltisme primaire induit lors de la
déglutition de liquide(41). Le motif de contractions antérogrades répétitives (Figure 4) qui se
produit toutes les 6 a 10 secondes, a pu étre mis en évidence comme la réponse contractile
normale a une distension chez 95% des volontaires sains, principalement a 40 et 50 mL de
distension et est assimilé au péristaltisme secondaire (Table 3)(39):(40). Une étude récente,
reprenant les tracés de FLIP panométrie de 35 volontaires sains et de 706 patients atteints de
troubles moteurs primaires de 1’cesophage avec une MOHR disponible, a récemment publié une
classification de ces troubles du péristaltisme secondaire, en différenciant ceux-ci en réponse

contractile normale, borderline, anormale, absente ou spastique(41).
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Figure 4 : exemple de FLIP panométrie chez un sujet volontaire sain. La sonde EF322-N
a éte utilisée chez ce patient, avec 16 paires d’électrodes positionnées tous les I cm le long de
la sonde (axe vertical). La représentation topographique des changements de diametre
interpolaire en fonction du temps utilise une échelle de couleur (bleu : diametre le plus large,
rouge : diametre le plus étroit) de 5 a 30 mm. La courbe bleue illustre les différents volumes de
distension utilisés en fonction du temps : de 40 a 70 ml par seuils de 5 ml. La courbe rouge
illustre les variations de pression globale intra-ballon (mmHg) en fonction du temps. La figure
montre un motif de contractions antérogrades répétitives chez un sujet volontaire sain, avec
des contractions répétitives antérogrades qui surviennent toutes les 6 a 10 secondes. Tracé
fourni avec la courtoisie du Esophageal Center of Northwestern University, Chicago, IL,
USA(42).
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Table 3 : Evaluation du corps de I’cesophage (DP, motifs RACs et RRCs) via Iutilisation
du systétme EndoFLIP® a différents volumes de distension chez les volontaires sains.

VS : volontaires sains; DP : plateau de distension; RACs: contractions répétitives
antérogrades ; RRCs : contractions répétitives rétrogrades ; ND : non détaillé.

Mesures par médian | médiane | Dimer
®. : :
Nombre Endo,FLIP * | Caractéristique Présence | d’appariti | d’appariti r,naxnn.a.l Aol .
Référence e durée (s) et sdela DE (s du motif | ondu on du iy & ifeiite
patients | yolumes de rocédure mm?) RAC (%) |  motif motif | ™ du motif | contraction | RRCs
inclus (n) | distension | V1 RACs | Racs | RACs | (mmHg)
(mL) mL) | (mmHg) | ™™
Voie orale,
Carlson et al 35 VS 30s, 20-70 sédation
2021(41) ’ 706 mL (paliers consciente ND 89% ND ND ND ND ND
tracés de 10 mL) (midazolam,
fentanyl)
Voie orale,
Carlson cf al 30s, 20-70 sédation
2020(43) i 8 VS mL (paliers consciente ND 88% ND ND ND ND ND
de 10 mL) (midazolam,
fentanyl)
(Esophage
. proximal :
53{1950“ ctal, 30s, 20-25- Vs"é‘ga%rjrlf’ 21.2(19.8 -
(=Carlson et 20 VS 30-35-40-45- consciente 24.9) mm; 95% 40(30- 22(16- ND 21,2 (13- Absent
50-55-60-65- . oesophage 44) 27) 33)
al, 2020) (midazolam, stal -
(17).(44) 70 mL fentany1) distal : 20.2
’ (19.4-20.4)
mm
2016 i 20305510 | "G
72013 & 10 VS 60 mL consciente ND 80% 2025- 1 10,7(8,5- | 18,5(17,5- | 20.8(7.9- | o
Carlson (paliers de 5- (midazolam 35,8) 15,9) 19,6) 22,7)
2015) (20) mL) fentanyl)
. 5-20s, 5 to 40 .
LinZ 1 >
n 2 et al, 2VS | mL (paliers | YOl orale, pas ND ND ND ND ND ND ND
2013(45) de sédation
de 2-mL)
Voie orale,
30s; 20-30 sédation
. mL (JOG); 2- consciente
szxgtle;(;;) 15VS | 40mL paliers | (midazolam, |+ 8(3112;;491) ND ND ND ND ND ND
’ de 2-mL fentanyl) +/-
(corps) sous contrdle
endoscopique
. Voie orale
Beaumont et ND ; paliers N
al, 2009(31) 8 VS de 10-mL anleos‘illeesm ND ND ND ND ND ND ND
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Deuxieme partie : principales indications de la technique d’EndoFLIP®

Dans cette seconde partie, nous avons choisi de nous intéresser aux indications actuelles
de la technique d’EndoFLIP® au niveau de I’cesophage, pour le diagnostic des troubles moteurs
primaires de I’cesophage, afin d’exposer les apports de cette technique en comparaison aux
techniques plus classiques que représentent la manométrie cesophagienne ou le transit baryté
oeso-gastro-duodénal. Nous avons donc pris le parti de présenter les données de la littérature
actuelle sur cette thématique, sans rappeler la physiologie du SIO et du corps cesophagien qui
ne correspondent pas aux objectifs principaux de mon travail de Théese.

Le protocole de mesure des caractéristiques cesophagiennes avec 1’outil EndoFLIP® ne
fait actuellement 1’objet d’aucun consensus, ce qui représente une premicre limite dans
I’interprétation des résultats. La sonde EF325-N a été utilisée pour étudier la jonction oeso-
gastrique, tandis que la sonde EF322-N a été majoritairement utilisée pour le corps de

I’cesophage.

1. Achalasie

Intérét diagnostique de I’EndoFLIP® dans I'achalasie

L’achalasie du sphincter inférieur de 1’cesophage (SIO) est un trouble moteur primaire
de I’cesophage dont le diagnostic est classiquement posé¢ a I’aide d’'une MOHR(46). D’apres la
classification de Chicago v4.0, qui permet la classification des troubles moteurs primaires de
I’cesophage, le diagnostic d’achalasie est classiquement posé en présence d’une pression de
relaxation intégrée ¢€levée du SIO, en association a un péristaltisme cesophagien primaire
anormal, ce qui en définira le sous-type (I : acontractile, II : contractions pan-oesophagiennes,
III : contractions spastiques) (47). Trente-sept études au total ont actuellement publié¢ les

résultats de la technique d’EndoFLIP® réalisée chez des patients atteints d’achalasie (Table 4).
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Toutes ces études ont utilisé la classification de Chicago afin de déterminer le type d’achalasie
en se basant sur les résultats de la manométrie cesophagienne haute-résolution(46). En
comparaison avec des volontaires sains, les patients avec une achalasie du SIO et naifs de
traitement avaient une distensibilit¢ de la JOG plus faible a différents volumes de
distension(15)(16):(48)(49). 1l a ainsi ét¢ démontré que 91 a 96% des patients avec une
achalasie du SIO présentaient une distensibilité de la JOG en dessous de la valeur seuil
précédemment décrite chez les sujets volontaires sains(16),(50). De plus, il existait chez ces
patients une corrélation inverse entre cet index de distensibilité et ’intensité des symptomes
définie a I’aide du score d’Eckardt. Ce score est validé dans le cadre de 1’évaluation des
symptomes chez les patients atteints d’achalasie, et comprend quatre items (régurgitations,
dysphagie, douleur rétro-sternale et perte de poids) gradés chacun entre 0 (symptome absent)
et 3 (survenant a chaque repas ou perte de poids >10 kg) avec une échelle de Lickert(15).
Cependant, il existe un manque d’homogénéité parmi ces €tudes en ce qui concerne a la fois les
protocoles de distension, la méthode de placement de la sonde d’EndoFLIP® et le type
d’anesthésie (Table 5). Ainsi, une étude prospective récente réalisée chez des patients avec une
achalasie du SIO a retrouvé des valeurs plus faibles de distensibilit¢ et de CSA de la JOG
lorsque la mesure était réalisée sous contréle endoscopique en comparaison a ces mémes

mesures réalisées apres retrait de 1’endoscope(51).
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Table 4 : Caractéristiques des études réalisées chez les patients avec achalasie.

VS : volontaires sains ; EGJOO : obstruction fonctionnelle de la jonction oeso-gastrique ;

POEM : myotomie per orale par voie endoscopique ; DES : spasme distal de [ ’eesophage ; PD :

dilatation pneumatique ; ND : non détaillé ; JOG : jonction oeso-gastrique ; HM : myotomie

de Heller.

Publication

Méthode

Nombre de
patients inclus

(n)

Design de
I’étude

Niveau de
preuve / Grade
de
recommandation

EndoFLIP®:
durée (s) et
volumes de

distension
(mL)

Caractéristiques de

la procédure

Site de
distension

Carlson et al,
2022(52)

687 MOHR, 35
A

Prospective,
série de cas

3/C

30s ; 20-70
mL paliers

Voie orale,
sédation
consciente
(midazolam,
fentanyl), sous
contrdle
endoscopique

Corps +
JOG

Attaar et al,
2022(53)

28 Achalasie
(POEM)

Rétrospective,
série de cas

4/C

ND ; 30 mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG

Amundson et al,
2022(54)

35 Achalasie
(POEM)

Rétrospective,
série de cas

4/C

30s ; 30-40
mL

Voie orale,
anesthésie

générale, +/- sous

controle
endoscopique

JOG

Hsing et al,
2022(55)

68 Achalasie
(POEM)

Rétrospective,
série de cas

4/C

30s; 30-70
mL (paliers
del0 mL)

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

Corps

Acharya et al,
2021(56)

45 Achalasie,
14 VS

Rétrospective,
série de cas

4/C

30s ; 20-70
mL paliers

Voie orale,
sédation
consciente
(midazolam,
fentanyl), sans
contrdle
endoscopique

JOG

Carlson et al,
2021(57)

180 Achalasie

Rétrospective,
série de cas

4/C

30s ; 20-70
mL paliers

Voie orale,
sédation
consciente
(midazolam,
fentanyl), sans
contrdle
endoscopique

Corps

Rooney et al,
2021(50)

240 Achalasie

Rétrospective,
série de cas

4/C

30s ; 20-70
mL paliers

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG

Acharya et al,
2020(44)

45 Achalasie,
14 VS

Rétrospective,
série de cas

4/C

30s ; 20-70
mL paliers

Voie orale,
sédation
consciente
(midazolam,
fentanyl), sans
contrdle
endoscopique

Corps

Attaar et al,
2020(58)

43 Achalasie
(POEM)

Prospective,
série de cas

3/C

30s ; 30-40
mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG
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Publication

Nombre de
patients inclus

(n)

Design de
I’étude

Niveau de
preuve / Grade
de
recommandation

EndoFLIP®:
durée (s) et
volumes de

distension
(mL)

Caractéristiques de
la procédure

Site de
distension

Sloan et al,
2020(59)

37 Achalasie,
14 EGJOO

Rétrospective,
série de cas

4/C

ND; 30 mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG

Schnurre et al,
2020(60)

28 Achalasie

Rétrospective,
série de cas

4/C

30s, 30-40
mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG

Kim et al,
2020(61)

89 Achalasie

Rétrospective,
série de cas

4/C

30s; ND

ND

JOG

Su et al, 2020(62)

94 POEM

Prospective,
série de cas

3/C

30s; 30-40
mL

Voie orale,
anesthésie
générale, +/- sous
controle
endoscopique

JOG

Su et al, 2020(63)

77 Achalasie
(71 POEM & 6
HM)

Prospective,
série de cas

3/C

30s, 30 mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG

Bianca et al,
2020(51)

18 Achalasie,
43 EGJOO

Prospective,
série de cas

3/C

30s; 30-40-
50 mL

Voie orale,
anesthésie
générale, +/- sous
controle
endoscopique

JOG

Carlson et al,
2020(39)

20 VS, 140
Achalasie

Prospective,
série de cas

3/C

30s, 20-25-
30-35-40-45-
50-55-60-65-

70 mL

Voie orale,
sédation
consciente
(midazolam,
fentanyl), sans
contrdle
endoscopique

Corps

Law et al,
2020(64)

36 Achalasie

Rétrospective,
série de cas

4/C

30s ; 20-30
mL

Voie orale,
anesthésie
générale, sans
contrdle
endoscopique

JOG

Campagna et al,
2019(65)

27 Achalasie, 7
EGJOO

Prospective,
série de cas

3/C

30-60s ; 30-
40-50-60-70
mL

Pré-opératoire:
Voie orale,
sédation
consciente
(midazolam,
fentanyl), sous
contrdle
endoscopique /
péri-opératoire:
Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG &
Corps

Jain et al,
2019(66)

79 Achalasie
(non naifs de
traitement)

Prospective,
série de cas

3/C

10-30s, 20-
25-30-35-40-
45-50-55-60-

65-70 mL

Voie orale,
anesthésie
générale, +/- sous
contrdle
endoscopique

JOG &
Corps
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Publication

Nombre de
patients inclus

(n)

Design de
I’étude

Niveau de
preuve / Grade
de
recommandation

EndoFLIP®:
durée (s) et
volumes de

distension
(mL)

Caractéristiques de
la procédure

Site de
distension

Yoo et al,
2019(67)

52 Achalasie
(POEM)

Rétrospective,
série de cas

4/C

ND; 30-40
mL

Voie orale,
anesthésie
générale, +/- sous
controle
endoscopique

JOG

Carlson et al,
2019(68)

9 Achalasie, 10
EGJOO, 1 DES,
2 cesophage
marteau-piqueur

Prospective,
série de cas

3/C

30-60s; 20-
25-30-35-40-
45-50-55-60-

65-70 mL

Voie orale,
sédation
consciente
(midazolam,
fentanyl) +/-
propofol, sans
controle
endoscopique

JOG &
Corps

Wu et al,
2017(69)

54 PD, 15 VS

Prospective,
étude cas-
témoin

3/C

30s, 10-20-
30-40 mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG

Carlson et al,
2017(20)

32
Fundoplicature,
25 Achalasie

Prospective,
série de cas

3/C

30s, 20-30-
40-50-60-70
mL

Voie orale,
sédation
consciente
(midazolam,
fentanyl), sans
contrdle
endoscopique

JOG

Ahuja et al,
2017(70)

24 Achalasie

Rétrospective,
série de cas

4/C

30s, 20-30-
40-50mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG &
Corps

Ponds et al,
2016(71)

13 Achalasie

Prospective,
étude cas-
témoin

3/C

30s, 20-30-
40-50mL

Transnasal,
anesthésie locale,
sans controle
endoscopique

JOG

Carlson et al,
2016(49)

70 Achalasie,
38 EGJOO, 3
cesophage
marteau-piqueur

Prospective,
série de cas

3/C

10-30s, 20-
25-30-35-40-
45-50-55-60-

65-70 mL

Voie orale,
sédation
consciente
(midazolam,
fentanyl) ou
anesthésie
générale, sans
contrdle
endoscopique

Corps

Dehaan et al,
2016(72)

14 Achalasie
(HM)

Rétrospective,
série de cas

4/C

ND; 30-40
mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG

Teitelbaum et al,
2016(73)

16 Achalasie
(POEM)

Prospective,
série de cas

3/C

ND; 40 mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG

Ngamruengphong
et al, 2015(74)

63 Achalasie
(POEM)

Rétrospective,
série de cas

4/C

30s; 30-40
mL

Voie orale,
anesthésie
générale, sous
contrdle
endoscopique

JOG
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EndoFLIP®:

Nombre de . Aientde duré .. .
Publication patients inclus Design de preuve / Grade ulree (s)(;:t Caractéristiques de .Slte d@
() I’étude de VOIRINES Q12 la procédure distension
recommandation | distension
(mL)
Voie orale,
sédation
. Prospective 3-20s; 20-25- (rclﬁgzczl()e;:iﬁ
Carlson et al, 51 Achalasie, tud - 3C 30-35-40-45- fentany] ’ C
2015(40) 10 VS cluce cas 50-55-60-65- | fentanyl) ou orps
temoin anesthésie
70 mL .
générale, sans
contrdle
endoscopique
Voie orale,
sédation
. Prospective, . consciente
g(r)riese(tls 6e)t al, 26 /?gh\e}lsasw, étu’de cas- 3/C 302’0331_50_ (midazolam, JOG
témoin fentanyl), sans
contrdle
endoscopique
Rétrospective Voie orale,
. (8 patients) et . anesthésie
121(():?5]?%;1 etal, 38 z?:{}ﬁj}l)asw prospective (30 4/C 308;031? -40 générale, sans JOG
patients), étude controle
cas-témoin endoscopique
Voie orale,
Teitelbaum et al 58 Achalasie Prospective. ’an’esthésie
2015(76) ’ (20 HM, 38 série de cas’ 3/C ND; 40 mL générale, sous JOG
POEM) contrdle
endoscopique
Voie orale,
Kappelle et al, 10 Achalasie Prospective, . ’an’esthesw
2015(77) (PD) série de cas 3/C ND; 30 mL generalei sous JOG
contrdle
endoscopique
Voie orale,
Familiari et al, 21 Achalasie Prospective, . ’an’esthesw
2014(78) (POEM) série de cas 3/C ND; 30 mL generalei sous JOG
contrdle
endoscopique
Voie orale,
. 31 Achalasie . anesthésie
;8 it:?;gl)lm etal, (12 HM, 19 zré?isep(eicet?;es’ 3/C ND;T?I? -40 générale, sous JOG
POEM) contrdle
endoscopique
Voie orale,
. 25 Achalasie . anesthésie
ggit;lggl)lm etal, (11 HM, 14 zré?isepzcet?;es’ 3/C N]?5’03r(r)1€ 0 générale, sous JOG
POEM) contrdle
endoscopique
Voie orale,
sédation
Pandolfino et al 54 Achalasie Pfospective, cqnsciente
2013(48) ? (17 PD, 10 HM, étude cas- 3/C 30s; 40 mL (midazolam, JOG
4 POEM) témoin fentanyl) +/- sous
contrdle
endoscopique
Voie orale, sans
Verlaan et al, 10 Achalasie Prospective, 3C 30s; 20-30- sédation, sans JOG
2013(81) (POEM) série de cas 40-50s contrdle
endoscopique
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®,
Nombre de W il EndO'FLIP .
Publication atients inclus Design de preuve / Grade | durée (s) et | Caractéristiques de | Site de
p () I’étude de volumes de la procédure distension
n recommandation | distension
(mL)
Voie orale,
Rieder et al, 4 Achalasie Prospective, 4/C 30s; 30-40 éinéerztl};essljus JOG
2012(27) (POEM), 4 VS | série de cas mL & >
controle
endoscopique
Prospective Transnasal,
Rohof et al, 15 VS, 30 étu(ri,e cas- ’ 3C 30s, 20-30- | anesthésie locale, JOG
2012(15) Achalasie témoin 40-50mL sans controle
endoscopique
Prospective Voie orale,
McMabhon et al, 8 VS, 2 ¢ tu(ri,e cas- > 3/C ND; 20-30- | anesthésie locale, JOG
2007(32) Achalasie témoin 40-50-60 mL sans controle
endoscopique

Intérét pronostique de I’EndoFLIP® dans I'achalasie

Plusieurs études ont démontré que les résultats de I’EndoFLIP® variaient aprés
traitement chez des patients atteints d’achalasie du SIO. Ainsi, une augmentation significative
de la distensibilité de la JOG a été retrouvée apres myotomie de Heller(15),(48),(62),(63),(64),
(72),(75),(79),(80), et dilatation pneumatique(15),(16),(48),(69),(77). Des résultats similaires
ont été montrés apres myotomie cesophagienne par voie orale (POEM), avec une augmentation
significative de la distensibilité de la JOG dans la plupart des études immédiatement apres
POEM(27),(53),(54),(58),(62),(63),(67),(73),(74),(76),(79),(80) ou a 3 mois(81). L’évaluation
per-opératoire de la JOG pendant la réalisation du POEM a pu mettre en évidence que la
création du tunnel sous-muqueux et la myotomie (6 cm en amont de la JOG et 2-3 cm en
distalité) permettaient une €lévation de la distensibilité de la JOG(73),(79),(80).. Ni I’addition
d’une extension proximale a la myotomie(79), ni son extension gastrique(73) ne semblaient
changer la distensibilité de la JOG. Par ailleurs, cette variation de la distensibilité de la JOG
semblerait évoluer a distance du POEM(53), suggérant de possibles phénoménes de
remodelages.

Certaines ¢études ont suggéré que la distensibilit¢ de la JOG mesurée avec le systéme

EndoFLIP®, était prédictive des résultats post-opératoires. De fait, il a été mis en évidence que
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les patients présentant une achalasie avec une réponse incompléte apres traitement (Score
d’Eckardt >3), avaient une distensibilité de la JOG, apres intervention, plus basse que celles
des patients qui €taient traités avec succes(15)(48)(76)(62)(69). Ainsi, Pandolfino et al.
2013(48) ont pu montrer d’une maniere prospective (n=54 patients) qu’une distensibilité de la
JOG apreés traitement supérieure a 2,8 mm?’/mmHg a 40 mL de distension était prédictive de
succes. Une autre étude prospective de Teitelbaum et al, 2015 a montré qu’une distensibilité de
la JOG aprés traitement entre 4,5-8,5 mm?*/mmHg permettait de prédire ’efficacité clinique a
6 mois d'un POEM (Score d’Eckardt <1) avec une sensibilit¢ de 68% et une spécificit¢ de
80%(76). L’évaluation directe de la JOG pendant la réalisation du POEM permettrait ainsi
d’aider a prédire une réponse incomplete au POEM avec différentes valeurs seuils retrouvées

selon les études(48)(76)(74)(67).

Etant donné que le traitement de 1’achalasie peut entrainer I’apparition d’un reflux
gastro-cesophagien chez 30 a 40% des patients(76), quelques €tudes se sont intéressées a la
corrélation entre les résultats de ’EndoFLIP® et le risque de reflux gastro-cesophagien aprés
traitement. Une premicre série(62) a mis en évidence que les patients avec un score de
symptomes de reflux gastro-cesophagien élevé (Reflux Symptom Index score > 13) a 2 ans d’un
POEM ou d’une myotomie de Heller avaient un CSA > 96,0 mm?, mais sur une faible cohorte
de patients (n=4). Une autre ¢tude de Teitelbaum et al.(76) sur un plus grand effectif de patients
a pu montrer qu’une valeur de la distensibilité¢ de la JOG inférieure 8,5 mm?/mmHg aprés
POEM ou myotomie de Heller permettait un résultat fonctionnel optimal avec a la fois une
efficacité clinique définie par un score d’Eckardt <3 et un score symptomatique de reflux
gastro-cesophagien négatif (GERD score <1). D’autres séries du méme centre sur de faibles

effectifs de patients ont pu montrer que le changement de distensibilité de la JOG n’était pas
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corré¢lé a la survenue d’une cesophagite ou d’une exposition acide pathologique en pH-métrie

cesophagienne(53),(58).

Comparaison de l'intérét de la MOHR et de I’EndoFLIP® dans la prise en charge de I'achalasie
Par ailleurs, d’autres essais ont pu identifier un sous-groupe de patients avec des
symptomes typiques d’achalasie, des signes radiologiques en faveur d’une achalasie sur le
transit baryté oeso-gastro-duodénal et une relaxation normale du SIO en MOHR (soit une
pression de relaxation intégrée > 15 mmHg), mais qui présentaient cependant une distensibilité
de la JOG inférieure a la valeur seuil de 2,9 mm2/mmHg définie chez les volontaires sains(71).
Ce sous-groupe représentait 5,2% des patients atteints d’une achalasie dans cette série de cas
prospective et souligne une limite de la MOHR dans 1’exploration de 1’achalasie du SIO(71).
Kim et al, 2020(61) ont pu démontrer que la réponse clinique au traitement par POEM, mesurée
par le score d’Eckardt, n’était pas différente dans cette sous-population en comparaison aux
patients atteints d’achalasie avec une pression de relaxation intégrée anormale en MOHR.
Compte-tenu de ces résultats, ’EndoFLIP® de la JOG a été intégré aux recommandations de la
Classification de Chicago v4.0, en cas d’absence de diagnostic formel d’achalasie sur la
MOHR, afin d’¢étayer celui-ci(47). En parallele a ces résultats, il a également pu étre mis en
évidence une supériorité¢ de la distensibilité de la JOG par rapport a la pression de relaxation
intégrée, pour identifier les patients en échec de traitement. Une étude a montré que, parmi les
patients en échec de traitement a 6 mois de ’intervention initiale, 92% avaient une distensibilité
altérée, alors que seulement 42% avaient une pression de relaxation intégrée anormale en
MOHR (p<0,01)(15). Ces résultats ont été confirmés par une seconde étude, qui a démontré
une valeur prédictive de I’échec thérapeutique plus €levée de la distensibilité de la JOG en
association a un transit oeso-gastro-duodénal pathologique (0,90) que de la pression de

relaxation intégrée (0,64) et cela a 3 mois du traitement(66).
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Le systeme de FLIP panométrie a été utilisé pour évaluer les contractions du corps de
I’;esophage chez des patients avec achalasie dans 10 études (Table 4). Si le profil de
contractions antérogrades répétitives (Figure 4) a pu €tre mis en évidence en réponse a une
distension chez 95% (19/20) des volontaires sains comme précédemment détaillé, il est retrouvé
chez moins d’1% (1/140) des patients atteints d’achalasie dans une large cohorte de
patients(39). De plus, s’il a pu étre démontré que les patients atteints d’achalasie de type I ou 11
ne présentaient pas de contraction ou de profil de contractions antérogrades répétitives, les
patients atteints d’achalasie de type III peuvent également présenter un profil de contractions
répétitives cette fois-ci rétrogrades ou des contractions occlusives (diamétre luminal < 6mm),
ce qui n’a jamais €té observé chez les volontaires sains(20)/(40)(82). Ainsi, Il a été proposé un
arbre de classification, utilisant le systeme de FLIP panométrie, afin de différencier les patients
avec achalasie de type I ou II de ceux avec une achalasie de type III avec une exactitude de
90% (Figure 5)(57). Par ailleurs, une modification de ces anomalies de péristaltisme secondaire
a ¢t¢ démontrée apres myotomie du SIO(65). Ainsi, la présence d’un motif de type contractions
répétitives antérogrades apres POEM semble prédictive de la contractilité du corps cesophagien

en MOHR apre¢s intervention(55).
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Figure 5: Exemples de sous-types d’achalasie prédits par la FLIP panométrie. FLIP
panométrie (en haut) et MOHR (en bas) ; déglutitions liquides en MOHR indiquées par des
fleches blanches. A) FLIP panométrie montrant une pression intra-ballon < 34 mmHg et une
absence de contractilité, prédictif du type I visualisé en MOHR. B) FLIP panométrie montrant
une pression intra-ballon > 34 mmHg et des contractions a la fois antérogrades et rétrogrades,
cependant sans motif RACs ou RRCs ou contractions occlusives, prédictif du type Il visualisé
en MOHR. C) Motricité de type RRCs avec une contraction occlusive et une pression intra-
ballon > 48 mmHg, prédictif d un type Il visualisé en MOHR. D apres Carlson et al, 2021(57).

La discordance entre la MOHR et I’EndoFLIP® pour le diagnostic d’achalasie a
également été suggérée en utilisant a la fois la distensibilité de la JOG et le profil de contractions
du corps de I’cesophage(20). Dans cette étude, si tous les patients atteints d’achalasie sur la
MOHR (106/106) présentaient un résultat anormal sur I’'EndoFLIP® (distensibilité de la JOG
anormale, contractions répétitives rétrogrades, absence de péristaltisme secondaire), jusqu’a
50% (17/34) des patients atteints de dysphagie sans diagnostic de trouble majeur de la motricité

cesophagienne en MOHR présentaient un résultat anormal sur 1’évaluation par EndoFLIP®(20).
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En résumé, le systéme EndoFLIP® a pu montrer son intérét dans le diagnostic des
formes atypiques d’achalasie, mais également pour la prédiction du résultat fonctionnel apres
traitement. L’évaluation du SIO par le syst¢tme EndoFLIP® fait maintenant partie intégrante de
la classification de Chicago v4.0 pour le diagnostic d’achalasie, en cas de résultat de MOHR
non concluant. Cependant, la valeur seuil de distensibilité associée au succes ou a un échec du
traitement reste encore a déterminer, ainsi que la place en pratique courante de la FLIP

panomeétrie.

2. Autres troubles moteurs cesophagiens

Dix ¢tudes (Table 5) ont inclus des patients avec un trouble majeur de la motricité
cesophagienne autre que 1’achalasie, principalement le syndrome d’obstruction fonctionnelle de
la jonction oeso-gastrique (« esophagogastric junction outflow obstruction » en anglais)
(20),(51),(59),(65),(68),(83),(84). Ce diagnostic est porté en cas de pression de relaxation
intégrée €levée (>15 mmHg), avec dans > 20% des déglutitions une pressurisation intra-bolus
et la présence d’un péristaltisme, en association avec des symptomes (dysphagie, douleur rétro-
sternale) d’apres la classification de Chicago v4.0(47). La problématique actuelle de ce
diagnostic est qu’environ 30% des patients, avec ce type d’anomalies manométriques,
n’auraient pas de symptome clinique et pourraient donc faire 1’objet de traitements
inappropriés. Pour éviter cela, la présence de symptomes au cours de la manométrie est
nécessaire pour la certitude diagnostique dans la derniere version de la classification de
Chicago(47). Une étude a mis en évidence que les patients avec diagnostic de syndrome
d’obstruction fonctionnelle de la jonction oeso-gastrique sur la MOHR et un transit oeso-gastro-
duodénal pathologique avaient une distensibilit¢ de la JOG plus basse que les patients avec
syndrome d’obstruction fonctionnelle de la jonction oeso-gastrique sur la MOHR sans transit

oeso-gastro-duodénal anormal (p=0,03)(84). Dans une autre ¢tude reprenant les données de 687
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MOHR, 128 patients (19%) présentaient un diagnostic d’obstruction fonctionnelle de la JOG
non conclusif d’aprés la Classification de Chicago 4.0 (absence de symptome pendant
I’enregistrement, pression de relaxation intégrée anormale isolée)(47). Ces patients présentaient
une distensibilité de la JOG et un diametre maximal de la JOG plus bas que les patients sans
trouble de la motricit¢ en MOHR(52). Par ailleurs, un essai prospectif (N=15 patients) a évalué
I’efficacité du POEM chez des patients atteints de syndrome d’obstruction fonctionnelle de la
jonction oeso-gastrique sur la MOHR avec confirmation du diagnostic par un abaissement de
la distensibilité de la JOG au cours de I’EndoFLIP®(85). Il a pu étre mis en évidence une
amélioration significative de cette distensibilité aprés myotomie, avec un succes clinique (score
Eckardt <3) chez 87% des patients a un an de suivi. Les recommandations de Chicago 4.0(47)
incluent actuellement la réalisation de ’EndoFLIP® ou d’un transit oeso-gastro-duodénal
complémentaire en cas de diagnostic manométrique de syndrome d’obstruction fonctionnelle
de la jonction oeso-gastrique afin de confirmer I’obstruction de la JOG et la pertinence clinique

du diagnostic.
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Table 5 : Caractéristiques des études réalisées chez les patients avec achalasie ou autres
troubles moteurs cesophagiens.

VS : volontaires sains ; EGJOO : obstruction fonctionnelle de la jonction oeso-gastrique ;

POEM : myotomie per orale par voie endoscopique ; DES : spasme distal de | 'eesophage ; PD :

dilatation pneumatique ; ND : non détaillé ; JOG : jonction oeso-gastrique ; HM : myotomie

de Heller.
Niveau de innd(?FI(*I)P(@:
. Nombre de patients . . preuve / Grade uree (s) et | Caractéristiques | Site de
LTl inclus (n) Deiepi e de volumes de | de Ja procedure | distension
recommandation | distension
(mL)
Voie orale,
sédation
Carlson et . . consciente
al, 164 MOHR normale | T rospective, série 3/C 30552070 idazolam, | COPST
2021(86) de cas mL paliers fentanyl), sous 106G
contrdle
endoscopique
Voie orale,
sédation
Nguyen et 10 IEM ou MOHR Rétrospective, 30s ; 20-70 consciente
al, normale série de cas 4/C mL paliers (midazolam, Corps
2021(87) fentanyl), sous
controle
endoscopique
Voie orale,
Ichkhanian . . anesthésie
etal, 15 EGJOO (POEM) | Prospective, série 3/C 305520-30- | erale, sous | JOG
2020(85) de cas 40 mL controle
endoscopique
Voie orale,
sédation
Reddy et , . consciente
a 44 EGJOO ReTr.oslzf"“Ve’ 4/C 305220301 (midazolam, | JOG
2020(88) setie de cas 0m fentanyl), sans
controle
endoscopique
Voie orale,
Sloan et al . Rétrospective ’an’esthésm
2020(59) > | 37 Achalasie, 14 EGIOO série de cas ’ 4/C ND; 30 mL | générale, sous JOG
controle
endoscopique
Voie orale,
30-60s; 20- sédation
Baumann Rétrospective 25-30-35- consciente
et al, 10 IEM, 20 EGJOO - ](31 > 4/C 40-45-50- (midazolam, Corps
2020(83) serie de cas 55-60-65-70 | fentanyl), sans
mL controle
endoscopique
Voie orale,
Bianca et . - ’an’esthésie
al, 18 Achalasie, 43 EGJOO Prospective, série 3/C 30s; 30-40- | générale, avec JOG
2020(51) de cas 50 mL ou sans
controdle
endoscopique
Voie orale,
30-60s; 20- sédation
Triggs et , . 25-30-35- consciente
a 34 EGIOO Rétrospective, 3/C 40-45-50- | (midazolam, | ‘90 &
2019(84) série de cas 55-60-65-70 | fentanyl), sous | CO™PS
mL controle
endoscopique
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Niveau de znd?FI(*I)P(@:
. Nombre de patients . . preuve / Grade uree (8) €t | Caractéristiques | Site de
Eieion inclus (n) D @G de volumes de | de Ja procedure | distension
recommandation | distension
(mL)
Voie orale,
Carlson et | 9 Achalasie, 10 EGJOO, Prospective, séric 25-30-35- (midazolam, JOG &
al, 1 DES, 2 cesophage de cas 3/C 40-45-50- fentanyT) +/- C
2019(68) marteau-piqueur 55-60-65-70 Y orps
. propofolA, sans
controle
endoscopique
Pré-opératoire:
Voie orale,
sédation
consciente
(midazolam,
. fentanyl), sous
Campagna . - 30-60s; 30- -
etal, 27 Achalasie, 7 EGIOO | Prospective, serie 3/C 40-50-60-70 | controle 106G &
2019(65) de cas . errlc'losc?pque / Corps
peri-operatoire:
voie orale,
anesthésie
générale, sous
controle
endoscopique
Voie orale,
sédation
10-30s, 20- consciente
Carlson et 70 Achalasie, 38 Prospective. séric 25-30-35- (midazolam,
al, EGJOO, 3 cesophage p de cas’ 3/C 40-45-50- fentanyl) ou Corps
2016(49) marteau-piqueur 55-60-65-70 anesthésie
mL générale, sans
controle
endoscopique

Les études s’étant intéressées a 1’évaluation de la réponse contractile du corps
cesophagien en FLIP panométrie dans le cas d’autres troubles moteurs cesophagiens sont
résumées dans la Table 5. Quatre-vingt-sept pour cent des patients avec un diagnostic formel
de syndrome d’obstruction fonctionnelle de la JOG en MOHR présentaient un résultat anormal
en FLIP panométrie (distensibilité de la JOG altérée, contractions répétitives rétrogrades ou
absence de réponse contractile) dans une premicre étude (20). Les 5 autres patients de cette
¢tude sans anomalie en FLIP panométrie présentaient un transit oeso-gastro-duodénal normal
et furent donc traités de manicre conservatrice au cours du suivi(20). Une seconde étude s’est
intéressée aux patients avec FLIP panométrie normale malgré un syndrome d’obstruction
fonctionnelle de la JOG en MOHR(83). Etant donné que 17/20 (85%) de ces patients

présentaient des déglutitions normales en position semi-assise et 10/20 avaient un transit oeso-
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gastro-duodénal normal, un traitement conservateur fut ¢galement proposé chez I’ensemble de
ces patients. Par ailleurs, Carlson et al(86) ont pu montrer, dans une cohorte prospective de 164
patients symptomatiques avec MOHR normale, que la distensibilité de la JOG ¢était plus élevée
chez les patients présentant le profil normal de contractions répétitives antérogrades apres
distension, que chez les patients qui présentaient une réponse contractile anormale en FLIP
panométrie, suggérant également une supériorité¢ de 1’évaluation par FLIP panométrie en

comparaison a la MOHR classique.

L’ensemble de ces résultats est donc en faveur de I'utilisation de ’EndoFLIP® afin de
sélectionner les patients avec un diagnostic manométrique de syndrome d’obstruction
fonctionnelle de la JOG, qui pourraient bénéficier d’une prise en charge thérapeutique similaire
aux patients atteints d’achalasie par POEM notamment. Ainsi, ’'EndoFLIP® a été intégré a la
classification de Chicago v4.0 dans ce but. Cependant, sa supériorité face au transit oeso-gastro-
duodénal reste encore a démontrer, et d’autres études seront également nécessaires pour

confirmer I’application de la FLIP panométrie dans ce contexte.
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Troisiéme partie : EndoFLIP® et pylore

1. Rappels anatomo-physiologiques du pylore

Le pylore joue un réle majeur dans la régulation de la vidange gastrique, méme si les
différents mécanismes responsables de son contrdle ne sont pas encore totalement compris(89).
Il semblerait qu’en période post-prandiale, tandis que les contractions péristaltiques progressent
depuis le corps gastrique jusqu’au pylore, il y ait une bréve période de vidange gastrique des
liquides et particules fines(89). Mais des que les contractions péristaltiques atteignent la partie
terminale de I’antre, il apparait alors une phase de contraction pylorique permettant un broyage
des aliments en particules fines (2-4 mm) au niveau antral(89). La relaxation pylorique en
coordination avec I’activité motrice antro-pyloro-duodénale permet ensuite la vidange

gastrique des aliments de maniere progressive(90).

Les études du muscle pylorique in vitro suggerent qu’il existe au moins 2 aires
fonctionnelles indépendantes au niveau du muscle pylorique(91). La premiere couche
musculaire circulaire est proche du plexus myentérique, dont les contractions sont liées a la
propagation des ondes lentes gastriques, résultant en une contraction sphinctérienne a la fin de
chaque événement gastrique péristaltique(92). Une deuxieme couche musculaire circulaire est
également présente, plus profonde et épaisse, qui bénéficie d’un contréle neurologique
indépendant des ondes lentes gastriques, qui ne sont pas propagées au sein de cette seconde
couche musculaire(91). Méme s’il existe des connexions anatomiques claires au niveau de la
jonction gastro-duodénale, les fonctions électriques et mécaniques sont bien séparées entre
I’estomac et le duodénum(93). Ceci pourrait étre expliqué par une diminution de la densité des
cellules interstitielles de Cajal au sein du muscle pylorique(94), entrainant I’arrét de la
propagation des ondes lentes gastriques et facilitant cette indépendance entre les deux

organes(94).
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La régulation des contractions et relaxations pylorique est sous la dépendance a la fois
du systeme nerveux intrinséque et extrinseque(95). L’innervation intrinseque est réalisée grace
au plexus myentérique, via la libération de neurotransmetteurs par les motoneurones entériques
vers les cellules musculaires lisses. Cependant, il existe des arguments en faveur d’une
communication médiée en partie par les cellules interstitielles de Cajal. Ainsi, les cellules
interstitielles de Cajal, exprimant des récepteurs aux neurotransmetteurs des motoneurones
entériques, peuvent transduire ces signaux neurotransmetteurs et les faire converger vers les
cellules musculaires lisses via des gap junctions(91). La réponse inhibitrice est médiée par
I’oxyde nitrique et les purines(91) tandis que la réponse excitatrice est plutot médiée par la

substance P et les enképhalines(96).

L’innervation extrinséque est constituée principalement par les branches du nerf vague
qui transportent en grande majorité des signaux afférents vers le noyau du tractus solitaire. 1l
existe une forte densité de récepteurs a I’étirement au niveau du pylore, avec des seuils
d’activation bas en comparaison a d’autres localisations comme I’antre(96). Les fibres motrices
du nerf vague exercent a la fois un effet excitateur sur le pylore via une interaction avec le
systeme nerveux entérique par le relargage d’enképhalines et d’acétylcholine, et un effet
inhibiteur médié a I’aide du vasoactive intestinal peptide et de 1’oxyde nitrique(96). 1l existe
¢galement des fibres sympathiques au niveau du pylore, mais elles ne semblent pas jouer de
role majeur(97). La stimulation du nerf vague entraine de maniere reproductible une diminution
de la résistance pylorique, en faveur d’un effet inhibiteur prédominant du nerf vague(98). Enfin,
I’¢élévation de 1’acidité dans le duodénum entraine une activité contractile du pylore via le

réflexe vago-vagal entérogastrique(91).
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2. Role du pylore dans la gastroparésie

La gastroparésie est définie comme un ralentissement de la vidange gastrique en
I’absence d’obstacle organique et en présence de symptomes suggestifs(91). A notre
connaissance, le pylorospasme ou spasme du pylore a été décrit pour la premiere fois chez des
patients atteints de gastroparésie en 1986 dans 1’é¢tude menée par Mearin et al.(6). Le
pylorospasme a pu directement €tre mis en évidence via une étude manométrique antro-pyloro-
duodénale chez 24 patients diabétiques présentant des symptomes de gastroparésie. Le
pylorospasme ¢tait défini par une contraction pylorique de durée supérieure a 3 minutes et
d’amplitude supérieure a 10 mmHg (Figure 6). La fréquence et la durée des épisodes de
pylorospasme ¢taient augmentées chez les patients gastroparétiques diabétiques en

comparaison avec les sujets contrdles(6).
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Figure 6. Tracé de manométrie antro-pyloro-duodénale perfusée. Présence d’un épisode
de pylorospasme (*) sur [’enregistrement manométrique réalisé au niveau du pylore. D apres
Mearin et al.(6)
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La présence d’un pylorospasme, d’une hypomotricit¢ antrale et de signes de
dysautonomie extra-intestinale chez 13 des 24 patients suggérent que le pylorospasme serait dii
a une neuropathie diabétique impliquant le nerf vague(6). La dysfonction pylorique
influencerait directement la vidange gastrique en augmentant la résistance au flux de particules
solides a travers la jonction antro-duodénale et indirectement en affectant la motilit¢ antrale et
duodénale. Les études sur des modeles animaux ont suggéré que le pylorospasme pourrait €tre
secondaire a une atteinte des voies inhibitrices, représentées principalement par la voie
nitrergique(99). Des 1ésions de cette voie pourraient étre secondaires a une perte de la synthase
d’oxyde nitrique, une perte des neurones possédant cette enzyme, ou encore une perte des
cellules de Cajal, qui régulent la réponse nitrergique(100). Une altération de cette voie pourrait
entrainer un défaut de relaxation du pylore. Chez I’Homme, une perte des cellules interstitielles
de Cajal a ainsi été rapportée au sein de biopsies gastriques et pyloriques chez des patients
atteints de gastroparésie diabétique®. Enfin, il a pu étre mis en évidence, chez le chien, qu’une
vagotomie tronculaire ou proximale gastrique pouvait entrainer une perte de la relaxation

pylorique, entrainant une diminution du flux transpylorique(101).

3. Explorations pyloriques

Comme nous I’avons précédemment détaillé, il a été démontré que le pylorospasme
pouvait jouer un rdle dans le ralentissement de la vidange gastrique et dans I’apparition des
symptomes de gastroparésie. Pour identifier ce pylorospasme, Mearin et al. (6) ont utilisé la
technique de manométrie antro-pyloro-duodénale perfusée. Cependant, les difficultés pour la
mise en place correcte de la sonde et la tolérance de I’examen par les patients en ont limité la
diffusion au sein des centres spécialisés. Pour cette raison, ces résultats n’ont pas €té¢ confirmés

par d’autres €tudes.
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Plus récemment, la mesure de la distensibilité pylorique avec le systtme EndoFLIP®
dans le cadre de la gastroparésie a ét¢ validée comme mesure complémentaire a la pression
sphinctérienne. Cette mesure de distensibilité pylorique peut étre effectuée facilement en
plagant la sonde sous contrdle radioscopique(102) ou avec 1’aide d’un endoscope(103):(104).
Une premicre étude, réalisée chez 21 sujets volontaires sains sans sédation, a rapporté une
distensibilité pylorique moyenne de 25,2 mm?/mmHg pour un volume de distension de 40 mL,
avec un seuil de normalité établi 2 10 mm?»/mmHg en utilisant le 90°™ percentile(102). Deux
autres ¢tudes plus récentes(8),(9) réalisées respectivement chez 24 et 20 sujets volontaires sains
ont retrouvé des index de distensibilit¢ moins élevés, évoquant la nécessité d’une
standardisation du protocole de mesure comprenant, par exemple, la méthode de calibrage de
la sonde et/ou la réalisation avec ou sans anesthésie de I’examen.

Des ¢études réalisées chez 27(102), 20(103) et 54(104) patients atteints de gastroparésie
ont pu mettre en évidence une distensibilité pylorique moyenne de 16,9 mm?/mmHg, 12,4
mm?/mmHg et 10,7 mm?*/mmHg respectivement. En utilisant le seuil de 10 mm?/mmHg,
environ un tiers des patients atteints de gastroparésie diabétique ou idiopathique présentaient
une distensibilité pylorique altérée(102)(104). Une autre étude, réalisée chez des patients avec
nausé€e et/ou vomissements, quel que soit le résultat de la vidange gastrique, retrouvait une
distensibilité pylorique plus basse chez les patients avec vidange gastrique ralentie (moyenne
de 8,0 mm?/mmHg) en comparaison avec ceux présentant une vidange gastrique normale
(moyenne de 12,4 mm?/mmHg)(105). A noter que, dans ces études, la pression pylorique n’était
pas différente entre les patients avec ou sans ralentissement de la vidange gastrique, que celle-
ci soit mesurée par la sonde d’EndoFLIP® ou par manométrie(102)(105). Dans toutes les
¢tudes, la distensibilit¢ pylorique ¢était inversement corrélée avec la vidange
gastrique(102)(104)-(105). Par ailleurs, la distensibilité pylorique était aussi inversement

corrélée avec les symptomes de gastroparésie, incluant la nausée(102)-(105), la sensation de
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plénitude gastrique(102):(104), la satiété¢ précoce(102)(104) et la qualité¢ de vie(102)(104).
Ceci contraste avec la mesure de vidange gastrique qui est, quant a elle, faiblement corrélée
avec les symptomes ou la qualité de vie (106):(107)-(108). Toutes ces données suggerent donc
que la distensibilité¢ pylorique pourrait €tre une mesure cliniquement intéressante dans une
population de patients atteints de gastroparésie afin de mieux identifier les mécanismes

impliqués dans le ralentissement de la vidange gastrique(63)-(109).

4. Traitements endoscopiques ciblant le pylore

Compte-tenu du réle du pylorospasme dans le ralentissement de la vidange gastrique et
dans I’apparition des symptomes de gastroparésie, mais €galement de la possibilité de faire le
diagnostic de pylorospasme a I’aide de I’EndoFLIP®, nous nous sommes intéressés aux
différents traitements possibles du pylorospasme et a I’apport de ’EndoFLIP® dans I’indication

de ces traitements.

A. Dilatation hydraulique du pylore

La premiére technique endoscopique ciblant le pylore était la dilatation pylorique par
ballonnet, rapportée initialement chez I’enfant (110). Depuis, quelques séries rétrospectives ont
¢té publiées chez 1’adulte(111,112). En ce qui concerne les patients atteints de gastroparésie
réfractaire, une efficacité clinique d’environ 50% était rapportée lors de I’évaluation a 2 mois,
avec un maintien de celle-ci chez seulement un tiers des patients a 2 ans(111,112). Aucune
complication n’a ét¢ rapportée dans ces études avec une dilatation hydraulique allant jusqu’a
20 mm. Concernant I’utilisation de I’EndoFLIP® avant dilatation, une seule étude a démontré
qu’une distensibilité pylorique inférieure a 10 mm?*mmHg pouvait prédire une efficacité

clinique apres dilatation pylorique(102).
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B. Injections intra-pyloriques de toxine botulique

La toxine botulique est une protéine produite de manicre native par la bactérie
Clostridium difficile, qui bloque la conduction neuromusculaire entrainant une paralysie du
muscle concerné. Il a donc été¢ émis I’hypotheése que les injections de toxine intra-pyloriques
pourraient lever le spasme pylorique et faciliter la vidange gastrique. Le premier cas
d’injections intra-pyloriques de toxine botulique chez un patient atteint de gastroparésie
réfractaire, a été décrit en 1998(113). Par la suite, les effets positifs des injections de toxine
intra-pyloriques dans la gastroparésie réfractaire ont été rapportés dans deux séries prospectives
non controlées(114),(115) et par une étude rétrospective datant de 2005(116). Cependant ces
résultats n’ont pas été confirmés dans deux essais controlés randomisés(117)7(118). La premiere
de ces deux études a ¢été réalisée chez 23 patients atteints de gastroparésie, avec une
administration intra-pylorique de 100 unités de botox ou de placebo par patient. Il existait une
amélioration du score symptomatique de gastroparésie GCSI (Gastroparesis Cardinal Symptom
Index) et du temps de vidange gastrique a la fois dans le groupe interventionnel et le groupe
placebo, et cela sans différence significative entre les deux(117). Le second essai clinique a été
mené chez 32 patients atteints de gastroparésie, avec administration de 200 unités de Botox®
ou de placébo. A 4 semaines, aucune différence significative n’était rapportée entre les deux
groupes(118). La négativité¢ de ces études contrélées randomisées pourrait Etre expliquée par
I’absence de sélection des patients candidats a la toxine botulique. En effet, une étude
rétrospective incluant 179 patients atteints de gastroparésie réfractaire, a pu identifier
I’existence de facteurs prédictifs d’efficacité des injections intra-pyloriques de toxine botulique
a savoir : 1/ une dose de 200 unités de Botox® ; 2/ le sexe féminin ; 3/ un dge inférieur a 50 ans ;
4/ une gastroparésie idiopathique(119). La Table 6 résume les différentes études évaluant

Iefficacité des injections de toxine botulique intra-pyloriques chez les patients
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gastroparétiques. Cependant, aucune de ces études n’a utilisé I’EndoFLIP® pour sélectionner

les meilleurs candidats a ce traitement.

Table 6 : Principales études réalisées dans le cadre de I’évaluation de ’efficacité des
injections intra-pyloriques de toxine botulique pour gastroparésie réfractaire.

. D Evaluation d . . - . .
. Nombre Design de Etiologies de ose vaua lo.n © Critere d’évaluation | Critere d’évaluation
Etude de I’étude astroparésie de TB la fonction subjectif objectif
patients 5 P (UI) pylorique ? ] ]
Ezzedine et . Amélioration des Amélioration de la
Prospectif, C N \ . . \
al, 6 ouvert Diabétique 100 Non symptdmes a 6 vidange gastrique a
2002(114) semaines 6 semaines
70% d’amélioration
la vid
. . 90% d’amélioration de a.Vl ange
Miller et al, 10 Prospectif, Idiopathique 80- Non des symptomes 4 4 gastrique des
2002(115) ouvert pating 100 Yop . solides a 4
semaines .
semaines, pas pour
les liquides
Idiopathi
lePat. lq}l © 43% d’amélioration
Bromer et , . (35), diabéte 100 . ,
Rétrospectif, des symptomes d’une , ,
al, 63 ouvert (26), post- ou Non durée de 5 mois Non évalué
2005(116) opératoire 200 .
environ
@)
ooathi
Randomisé Idloza;) ‘que
Arts et al controle, diabéti’ ue
2007(118) ’ 23 double @), poclt- 100 Non Pas de différence Pas de différence
aveugle, , .
COSS-OVer operatoire
(@)
Diabétique
R isé 1 . .
Friedenberg j:ri(r)gllése ; dio( aft;})l’i e Amélioration de la
et al, 32 double ’ R 3]; o(slt 200 Non Pas de différence vidange gastrique a
2008(117) ) POt 4 semaines
aveugle opératoire
)
Coleski et Diabétique 100,
oles ¢ Rétrospectif, (81), 150 51% d’amélioration a , ,
al, 179 .. . Non . Non évalué
2009(119) ouvert idiopathique ou 1-4 semaines
79) 200
76% d’amélioration
Hooft et al Rétrospectif, Post- de la vidange
> > i 1 évalué . \
2014(120) 13 ouvert opératoire 00 Non Non évalu¢ gastrique a 4
semaines

C. Pyloromyotomie endoscopique (G-POEM)

La premiere procédure de myotomie endoscopique par voie orale fut réalisée au niveau

du SIO dans le cadre du traitement de I’achalasie du SIO(121). Cette technique a ensuite été
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transposée au niveau du sphincter pylorique dans le cadre de la gastroparésie réfractaire. Au
cours d’une endoscopie sous anesthésie générale, une incision muqueuse longitudinale ou
transverse de 1,5 a 2 cm de long est réalisée entre 3 et 5 cm en amont du pylore. L’endoscope
est ensuite introduit dans I’aire sous-muqueuse et un tunnel sous-muqueux est ensuite réalisé,
jusqu’a la visualisation de I’anneau blanc du muscle pylorique. La myotomie est ensuite réalisée
sur environ 2 a 3 cm, puis I’endoscope est progressivement retiré et le tunnel fermé a I’aide de
clips(122). Aucune standardisation concernant le mode opératoire et le choix du matériel n’est

disponible actuellement.

Plusieurs études sont actuellement disponibles concernant I’efficacité¢ du G-POEM dans
le cadre de la gastroparésie réfractaire(123—129). Une méta-analyse récente regroupant les
données de 482 patients inclus dans 10 études a permis d’établir un taux de succes de 61% a un
an(130). Les données sur le long-terme varient quant a elles entre 33% et 74% d’efficacité
clinique a 2 ans(131). Enfin, deux études controlées, randomisées sont disponibles a ce jour. La
premicre étude (n=41 patients) a rapporté une efficacité clinique (amélioration de 50% du score
symptomatique de gastroparésie Gastroparesis Cardinal Symptom Index) a 6 mois chez 71%
des patients du groupe G-POEM versus 22% des patients du groupe placébo (p=0,005)(132).

La seconde étude contrdlée et randomisée (n=40 patients) est quant a elle négative(133).
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Quatriéme partie : EndoFLIP® et sphincter anal

1. Rappels anatomo-physiologiques du sphincter anal

Le canal anal est entouré par un double manchon de fibres circulaires qui forment
I’appareil sphinctérien. Le sphincter anal interne (SAI) correspond a un épaississement de la
couche circulaire des fibres lisses de la musculature rectale. Le sphincter anal externe (SAE)
est composé de trois faisceaux de fibres musculaires striées: sous-cutané, superficiel et
profond, lui-méme en continuité avec le muscle releveur de 1’anus (faisceau pubo-rectal).

La zone de haute pression du canal anal est due a ’activité électrique spontanée du SAI
qui est constituée par une succession de dépolarisations lentes dont le rythme varie entre 9 a 30
par minute(134)(135). Celle-ci est quasi permanente et empéche le passage de matieres fécales
ou de gaz. En effet, le SAI est responsable de 70 a 85% de la pression dans le canal anal et est
donc un acteur essentiel du maintien de la continence. Son tonus est indépendant des structures
nerveuses supra-spinales(136). L’innervation du SAI est dépendante a la fois du systéme
nerveux intrinseque et extrinseque. Ainsi, l’innervation intrinseque de D’appareil recto-
sphinctérien est constituée d’une part des plexus situés dans la sous-muqueuse, le plexus de
Meissner, et d’autre part de plexus situés entre les deux couches de la musculeuse, le plexus
d’Auerbach. Les faisceaux nerveux qui connectent les différents ganglions de ces plexus entre
eux contiennent également des fibres nerveuses d’origine extrinseque. L’innervation
parasympathique du SAI provient de la moelle épiniere sacrée, de S2 a S4, via les nerfs
pelviens. L’innervation sympathique du SAI provient de la moelle épinic¢re lombaires, entre L1

et L2, via les nerfs hypogastriques.

Les muscles striés de la région ano-rectale présentent quant a eux un tonus quasi permanent, ce qui
les différencie des autres muscles a commande volontaire. Cependant, la contribution du SAE a la zone

de haute pression du canal anal serait minime. En effet, le SAE interviendrait essentiellement lors de
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I’arrivée de maticres dans le rectum, afin de permettre au rectum de s’adapter a son contenu et lors des
augmentations de pression abdominale (effort de toux, port de charge etc..). Par ailleurs, le faisceau
pubo-rectal semble jouer un réle important afin de préserver la continence, notamment en cas
d’élévation de la pression intra-abdominale, grace a 1’angulation anorectale qu’il maintient par son
tonus. Enfin, les faisceaux pubo-coccygien et ilio-coccygien du muscle releveur de 1’anus sont
également impliqués dans la fermeture du canal anal lors de I’augmentation de la pression intra-
abdominale. Les corps cellulaires des motoneurones qui innervent le SAE, sont situés au niveau du
noyau d’Onuf, dans la corne ventrale de la moelle épiniére sacrée. Les axones de ces motoneurones
cheminent jusqu’au SAE, via les nerfs pudendaux. L activité tonique du SAE est secondaire a un réflexe
spinal sacré impliquant les afférences et les efférences cheminant dans le nerf pudendal. Néanmoins, le

tonus du SAE est modulé en permanence par les structures supra-spinales(137)(138).

La continence fécale est due au systéme capacitif représenté par le rectum et au systeme
résistif représenté par les sphincters de 1’anus et le muscle releveur, qui permettent d’assurer
une barriére de pression et d’oblitérer la lumiére du canal anal. Elle repose également sur une
sensibilit¢ fine, permettant a la fois d’analyser la distension rectale comme un besoin
exonérateur, mais €galement d’analyser le contenu fécal. Ainsi, ’arrivée de matieres fécales
dans I’ampoule rectale va entrainer une distension de la paroi rectale et donc 1’activation des
mécanorécepteurs a I’origine du déclenchement du réflexe d’échantillonnage ou réflexe recto-
anal inhibiteur. La contraction du rectum (réflexe recto-rectal) et le relachement du SAI (réflexe
recto-anal inhibiteur) permettent aux matieres fécales d’atteindre la partie haute du canal anal,
tandis que la contraction réflexe du SAE (réflexe recto-anal excitateur) et du muscle puborectal
assurent le maintien de la continence. La partie haute du canal anal sera le lieu d’une une analyse
fine du contenu fécal grace a son innervation sensitive riche. En fonction des résultats de cette
analyse et des conditions environnementales, 1’évacuation des matieres fécales peut étre

déclenchée ou différée. Lorsque 1’évacuation est différée, il se produit une contraction
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volontaire du sphincter anal externe qui permettra au rectum, grace a ses propriétés
viscoélastiques, d’adapter son volume a son contenu. Des lors, la stimulation des
mécanorécepteurs cesse, 1’envie de défécation disparait et la zone de haute pression du canal
anal est rétablie, a la fin du réflexe recto-anal inhibiteur, avec la contraction du sphincter anal

interne.

2. Roéle du sphincter anal dans I'incontinence fécale

L’incontinence fécale (IF) est définie comme la présence d’au moins deux épisodes de
perte involontaire de selles (liquides ou solides) par mois depuis au moins 6 mois par les criteres
de Rome 1V(139). Diftérents types d’IF sont décrits dans la littérature : 1/ active avec perte
involontaire de selles a la suite d’un besoin exonérateur impérieux ; 2/ passive avec perte
involontaire de selles sans perception préalable d’un besoin exonérateur impérieux ; 3/ mixte
définie comme une combinaison des deux autres sous-types(140). L’incontinence fécale peut
étre secondaire a une atteinte du systéme résistif sphinctérien et/ou du systeme capacitif rectal
et est le plus souvent multifactorielle(141). Ainsi, une diminution de la capacité et/ou de la
compliance rectale peuvent entrainer une altération du systéme capacitif dans de nombreux cas,
comme dans les maladies inflammatoires chroniques intestinales (maladie de Crohn, recto-
colite hémorragique), ou encore apres chirurgie rectale ou irradiation pelvienne. L’atteinte du
systeme résistif sphinctérien peut étre due a une atteinte du SAI et/ou du SAE. La cause la plus
fréquente de 1ésion anatomique sphinctérienne est représentée par les traumatismes obstétricaux
chez la femme, qui peuvent concerner le SAE et/ou le SAI(142). D’autres causes de lésion
sphinctérienne sont également observées, comme les antécédents de chirurgie anale pour
pathologie hémorroidaire, fissure ou fistule anale et les traumatismes du périn€e. Par ailleurs,
les atteintes nerveuses peuvent également entrainer une IF suite a une atteinte du systeme

nerveux central ou périphérique du nerf pudendal par exemple en cas d’étirement du nerf
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pudendal suite a un accouchement dystocique(141). Enfin, en cas de constipation chronique,
les efforts de poussée abdominale répétés peuvent entrainer une dénervation progressive du

plancher pelvien via une neuropathie pudendale d’étirement.

3. Explorations du sphincter anal

Différentes méthodes peuvent étre utilisées afin d’étudier le sphincter anal. L’imagerie
par résonnance magnétique ou I’échographie endo-anale sont communément utilisées afin de
déterminer la morphologie des sphincters anaux, tandis que les tests électrophysiologiques du
périnée permettent d’évaluer 1’innervation du sphincter anal externe(143). Le plus souvent, la
fonction sphinctérienne anale est étudiée en mesurant la pression de repos et la pression lors de
la contraction volontaire via la manométrie ano-rectale(10). Tandis que les techniques
manomeétriques, incluant la manométrie haute-résolution avec reconstructions en 3-dimensions,
permettent la mesure directe des forces de cloture du canal anal via une sonde de diametre fixe
et non rétractable, elles ne permettent pas de quantifier la dimension d’ouverture, qui est une
variable importante dans la détermination du flux trans-sphinctérien(11). En effet, il a été
suggére que la capacité des muscles sphinctériens a résister a la distension était plus importante

pour la continence que leur capacité a se contracter(144).

Plusieurs ¢tudes ont donc évalué la résistance du canal anal a la distension grace au
systéme EndoFLIP® chez des sujets volontaires sains et chez des patients atteints d’IF (12)(13).
Bien que la méthodologie employée ait été similaire entre ces études, il n’y a a ce jour aucun
consensus disponible concernant les meilleurs parametres a enregistrer avec la technologie
EndoFLIP®. En effet, différents paramétres ont été suggérés, allant du plus complexe (comme
la rigidité du canal anal(33)(34)(35), la résistance au flux du canal anal(36) ou le travail

mécanique du muscle sphinctérien anal(37)) au plus simple, comme la tension pariétale(38),
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l’index de distensibilité du canal anal(12),(13), la compliance anale(37), et enfin la pression
limite d’élasticité(33),(34),(35). Ces différents parametres sont définis dans la Partie 1 du
manuscrit. Plus récemment, Zifan et al. ont décrit ’analyse d’aires de pression et de boucles
d’aire de tension des sphincters anaux et du muscle pubo-rectal chez des sujets normaux et chez
des patients atteints d’IF, permettant d’évaluer la relation entre les variations de longueur de
muscle (secondaires a la distension anale) et la capacité musculaire(145),(146). 11 a ¢été
¢galement démontré¢ que la géométrie de la lumicere du canal anal et les propriétés
biomécaniques du canal anal ne sont pas uniformes durant la distension(38). Luft et al.(38)
attribue la partie la moins compliante a la partie moyenne du canal anal, région ou il existe un
chevauchement entre les sphincters anaux interne et externe. Au total, méme si une dizaine
d’études ont rapporté des mesures d’EndoFLIP® au niveau du canal anal chez des sujets
volontaires sains(12),(33),(35),(37),(38),(145),(147),(148),(149), aucune valeur normale
validée n'est actuellement disponible devant I’absence de protocole standardisé comprenant a

la fois la mesure et ’analyse des paramétres mesurés avec I’EndoFLIP®,

Quel que soit le critere de jugement utilisé, une distensibilité anale significativement
plus €levée a été retrouvée chez les patients atteints d’IF en comparaison aux sujets volontaires
sains dans toutes les études cliniques(12),(33),(36),(146),(148). Ceci a pu ¢également étre
montré chez les patients atteints de sclérodermie systémique avec dysfonction du sphincter
interne(148), chez les patients traités par radiothérapie avec épargne sphinctérienne ou par
chimiothérapie pour cancer anal(36),(150) et enfin quelle que soit la cause de I’'IF (12),(13). 11
a également été suggéré que I’évaluation par ’EndoFLIP® pourrait permettre de mieux
discriminer les patients avec IF, des sujets volontaires sains(12). Cependant, ces résultats n’ont
pas été confirmés par une autre étude(151). Etant donné qu’il existe une forte corrélation entre

les résultats de I’EndoFLIP® et de la manométrie haute-résolution pour le diagnostic de
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faiblesse du sphincter anal(12)(13)(151), Iutilité et la place de ’EndoFLIP® dans le diagnostic
et la prise en charge des patients incontinents fécaux reste encore a définir. Certains ont suggéré
que la résistance du canal anal a la distension évaluée grace a I’EndoFLIP®, pourrait étre un
meilleur critére que la pression anale pour déterminer 1’efficacité¢ d’un traitement(34)-(146),

mais cela reste a confirmer.

4. Traitements

Le traitement conservateur représente la 1°7 étape dans la prise en charge des patients
avec IF, avec pour but d’optimiser le transit et la consistance des selles(139). Le régime
alimentaire et les traitements médicamenteux peuvent €tre utiles pour ralentir le transit et/ou
améliorer la consistance des selles (loperamide, cholestyramine)(152),(153). En cas de
constipation associée a I’IF, les mesures visant a améliorer la vidange rectale comme les
suppositoires, les lavements, la supplémentation en fibres, les traitements laxatifs en
complément de mesures comportementales, sont actuellement recommandées(139). Le
traitement conservateur ne doit pas étre négligé car il permet une amélioration des symptomes
d’IF chez plus de la moiti¢ des patients(154). La rééducation périnéale avec biofeedback
permet, via une amélioration de la coordination et un renforcement musculaire du plancher
pelvien, d’améliorer jusqu’a 70% des patients(155). Enfin, les irrigations coliques par voie
trans-anale sont recommandées chez les patients en échec de traitement conservateur, en

particulier en cas d’atteinte neurologique associée(156).

La correction d’anomalies anatomiques (prolapsus rectal, fistule péri-rectale ou recto-
vaginale) doit toujours €tre recherchée et traitée d’ une maniere chirurgicale si possible. En cas
d’absence de ces anomalies, la neuromodulation des racines sacrées est actuellement

recommandée en 1°° intention en cas d’échec du traitement conservateur par 1’International
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Continence Society(157). Ce traitement présente une efficacité clinique a court et moyen termes
oscillant entre 81 et 86%(158), cependant peu de données sont actuellement disponibles
concernant son efficacité sur le long terme. Une étude récente de notre groupe avait pu montrer
une efficacit¢ chez environ 50% des patients a plus de 10 ans de I’implantation du
dispositif(159), ce qui reste raisonnable dans le cadre d’une pathologie chronique qui peut
s’aggraver dans le temps. La réparation sphinctérienne anale (sphinctéroplastie) peut étre
proposée en cas de défect du SAE, mais avec des résultats décevants sur le long-terme. En effet,
moins de 50% des patients présentent toujours une efficacité de ce traitement apres 40-60 mois
de suivi, avec une nouvelle détérioration de cette efficacité ultérieurement(160). C’est pour
cette raison que la réparation sphinctérienne anale est actuellement réservée aux patientes avec
lésion sphinctérienne en post-partum immeédiat. D’autre alternatives comme le sphincter anal
artificiel et la graciloplastie ont été abandonnées en raison de taux élevée d’infection et
d’¢érosion, de méme que le sphincter magnétique anal qui n’est actuellement plus
disponible(161). Les injections d’agents comblant sont également décevantes et ne font pas
partie des algorithmes de prise en charge de I’'IF actuellement(139). Enfin, en cas d’échec de
tout traitement et selon le retentissement de I'IF, une colostomie de dérivation peut étre

proposée aux patients demandeurs.
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Cinquieme partie : Présentation du travail de These

Objectifs de la These

Le premier axe de mon travail de Thése était centré sur l’intérét mécanistique de
I’EndoFLIP® dans I’exploration de deux sphincters encore peu étudiés jusqu’ici, qui sont le
pylore et le sphincter anal. L’objectif général était de savoir si ’EndoFLIP® était un outil
permettant d’orienter vers le mécanisme physiopathologique et donc la cause a 1’origine du
trouble fonctionnel digestif (gastroparésie ou incontinence fécale). Les objectifs spécifiques de

ces travaux étaient :

- De déterminer si la pression et la distensibilité pyloriques, ¢évaluées par I’EndoFLIP®,
chez des sujets atteints de gastroparésie diabétique étaient différentes de celles mesurées
chez les patients avec une gastroparésie idiopathique et chez un groupe de sujets
volontaires sains puis d’évaluer I’'impact des caractéristiques du diabéte sur la
distensibilité pylorique ;

- D’¢évaluer la pression et la distensibilité pyloriques chez des patients ayant subi une
chirurgie oeso-gastrique avec suspicion de vagotomie (fundoplicature de Nissen,
oesophagectomie et sleeve-gastrectomie) en comparaison avec une population de
volontaires sains ;

- D’¢valuer la relation entre la distensibilit¢ anale mesurée par I’EndoFLIP® et le sous-
type d’incontinence fécale (active, passive ou mixte) et cela afin de préciser les

mécanismes physiopathologiques responsables des différents sous-types d’IF.

Le second axe de ce travail était centré sur I’intérét thérapeutique de ’EndoFLIP®.
L’objectif général était de savoir si I’EndoFLIP® était un outil permettant de prédire ’efficacité

d’un traitement. L’objectif spécifique ¢tait :
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- D’¢évaluer si la mesure de la distensibilité pylorique pouvait étre prédictive de la réponse
symptomatique aux injections intra-pyloriques de toxine botulique chez des patients

avec gastroparésie.

Le troisieme axe de mon travail était centré sur I’amélioration de la méthodologie de la
technique EndoFLIP®. Nous avons précédemment vu que la méthodologie de I’EndoFLIP®
¢tait trés différente d’une étude a une autre, ce qui rendait les comparaisons entre les études
difficiles. L’objectif général était d’évaluer si des méthodologies différentes de réalisation de
I’EndoFLIP® pylorique pouvaient influencer les mesures effectuées. L’objectif spécifique
était :

- D’évaluer 'impact potentiel de 1’anesthésie générale sur les résultats de I’EndoFLIP®

du pylore chez des patients atteints de gastroparésie.
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1¢" axe : Intérét mécanistique de 'EndoFLIP® au niveau du pylore et du sphincter anal

1. Evaluation de la distensibilité et de la pression pylorique chez les patients atteints

de gastroparésie diabétique

Il a été¢ démontré précédemment que la distensibilité pylorique pouvait étre altérée chez
30 a 50% des patients atteints de gastroparésie(102). Cependant, peu d’études se sont
intéressées a la population particuliére des patients atteints de gastroparésie diabétique et les
caractéristiques du diabete n’étaient pas analysées dans ces études(102),(104),(162). Or la
gastroparésie diabétique peut étre expliquée par différents mécanismes. Il a ét¢ démontré que
le diabete pouvait provoquer des anomalies de la motricité gastrique secondaires a une
altération du pace maker gastrique responsable de gastroparésie(163). L hyperglycémie peut
¢galement provoquer des dysfonctionnements de la motricité gastrique(164). En conséquence,
les objectifs de notre étude étaient d’évaluer la distensibilité et la pression pylorique mesurées
par EndoFLIP® chez des patients atteints de gastroparésie diabétique, et de comparer ces
données avec celles retrouvées chez une population de patients atteints de gastroparésie
idiopathique et chez des volontaires sains. Le second objectif était d’évaluer les caractéristiques
du diabete et leur corrélation aux mesures de distensibilité¢ du sphincter pylorique.

Pour cela, nous avons ¢tudi¢ la distensibilité et la pression du pylore dans ces trois
groupes de populations. L’altération de la distensibilité pylorique était définie comme une
mesure inférieure a 10 mm?*mmHg a 40 mL de distension comme précédemment
démontré(102). Par ailleurs, différentes caractéristiques du diabéte €taient recueillies chez les
patients, comme la glycémie a jeun, I’hémoglobine glyquée, la durée d’évolution du diabéte,
les complications et les traitements.

Nos résultats ont pu montrer que la distensibilité pylorique moyenne a 40 mL de

distension était plus faible chez les patients atteints de gastroparésie diabétique et idiopathique
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que chez les volontaires sains, sans différence entre les deux types de gastroparésie (p<0,005).
Environ 50% des patients gastroparétiques présentaient une altération de la distensibilité
pylorique, contre 10% des volontaires sains. Aucune corrélation n’a été retrouvée entre les
parametres pylorique et les caractéristiques du diabete, incluant la glycémie a jeun,
I’hémoglobine glyquée, la durée d’évolution, les complications et les traitements.

Ce travail confirme donc que la dysfonction pylorique est fréquemment observée chez
les patients avec gastroparésie diabétique, comme chez les patients ayant une gastroparésie
idiopathique, et cela quelque soient les index de contrdle glycémique. La dysfonction pylorique
fait donc partie des mécanismes identifiés pouvant expliquer une gastroparésie chez des patients

diabétiques et pourrait étre une cible thérapeutique potentielle dans la gastroparésie diabétique.
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Abstract

Background: Recent studies have shown that pyloric distensibility is altered in 30-
50% of gastroparetic patients but the number of diabetic patients included in prior
reports has been small. The aim of the present study was to assess pyloric sphincter
measurements in diabetic patients with gastroparesis and to determine whether dia-
betes characteristics were correlated to pyloric disfunction.

Methods: Pyloric distensibility and pressure were measured using EndoFLIP® system
in 46 patients with diabetic gastroparesis (DGP) and compared with 21 healthy volun-
teers (HV), and 33 patients with idiopathic gastroparesis (IGP). Altered pyloric disten-
sibility was defined as the measurement below 10 mm?/mmHg at 40 ml of inflation.
In diabetic patients, blood glucose, glycated hemoglobin, duration, complications, and
treatments were collected.

Key Results: Mean pyloric distensibility at 40 ml of inflation was lower in DGP and
IGP groups with, respectively, 10.8 + 0.9 mm?/mmHg and 14.8 + 2.2 mm?/mmHg in
comparison with the HV group (25.2 + 2.3 mm?/mmHg; p < 0.005). 56.5% of patients
had a decreased pyloric distensibility in the DGP group, 51.5% of patients in the IGP
group, and 10% of patients in the HV group. No correlation was found between py-
loric sphincter measurements and diabetes characteristics, including blood glucose,
glycated hemoglobin, diabetes mellitus type, neuropathy, or GLP1 agonists intake.
Conclusion and Interferences: Pyloric sphincter distensibility and pressure were al-
tered both in diabetic and idiopathic gastroparesis. Pyloric sphincter distensibility was

not correlated to diabetes parameters.

KEYWORDS
diabetes mellitus, distensibility, EndoFLIP, gastroparesis, pyloric sphincter

pain, nausea, vomiting, and postprandial fullness. Gastroparesis™? is

in many cases idiopathic (30%), but most often etiologies remain dia-

Gastroparesis is a chronic disorder defined as an objectively delayed
gastric emptying in the absence of mechanical obstruction. The most
common symptoms of gastroparesis are early satiety, upper abdominal

betes (35%, mostly type 1 of diabetes mellitus), and surgery (20%).%
Incidence rate of diabetic gastroparesis tends to increase with the
worldwide increasing diabetic population.* Symptoms reported in
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diabetic gastroparesis are comparable to other causes of gastropare-
sis, although some diabetic patients may also develop asymptomatic
gastroparesis that may impair the control of blood glucose.?”

Several mechanisms are involved in the pathophysiology of diabetic
gastroparesis. In fact, gastric motility depends mainly on both fundic
and antral contractions and pyloric relaxation,® which are controlled
by the electrical slow wave activity generated by the interstitial cells
of Cajal. Abnormal interstitial cells of Cajal and myenteric neuropathy
(enteric neuropathy and autonomic neuropathy) found in diabetic gast-
roparesis are mainly responsible for the loss of gastric pacemaker activ-
ity. In addition, hyperglycemiais also known to directly cause alteration
of antral and fundic contractions.®’ Likewise, hyperglycemia seems
to be responsible for pyloric spasm and delayed gastric emptying.8?
Nevertheless, poor correlation was found in previous studies between
gastric emptying and hyperglycemia in patients with diabetes.”*°

Pyloric sphincter assessment using Endoscopic Functional Luminal
Imaging Probe (EndoFLIP® system, Crospon Inc, Galway, Ireland) mea-
sures pyloric sphincter pressure, diameter, and distensibility. It has
been shown that pyloric distensibility was altered in 30-50% of pa-
tients with gastropa resis.*>2 Moreover, pyloric sphincter distensibility
has been shown to be inversely correlated with gastric emptying.*%*?
Nevertheless, only a few studies evaluated pyloric distensibility in the
particular population of patients with diabetic gastroparesis. Malik
et al. and Snape et al. evaluated, respectively, 15 and 47 patients with
diabetic gastroparesis.***® The EndoFLIP® parameters were not dif-
ferent between patients with idiopathic GP and patients with diabetic
GP. However, in these two former studies, diabetic parameters were
neither monitored nor analyzed. We hypothesized that pyloric sphinc-
ter dysfunction could be correlated with diabetes characteristics.

The aims of this study were to evaluate both pyloric sphincter
distensibility and pyloric sphincter pressure using EndoFLIP® sys-
tem in patients with diabetic gastroparesis and to compare these
parameters with the results found in a population of patients with
idiopathic gastroparesis and healthy volunteers. Then, we evaluated
diabetic patient's characteristics and their correlation with pyloric
sphincter measurements.

2 | PATIENTS AND METHODS

2.1 | Approval

Approval was obtained from the Ethics Committee of Upper
Normandy (CPP2011-012) and CERNI (Comité d'Ethique de la
Recherche Non-Interventionnelle, No 2018/457/0B). The study was
registered with clinicaltrials.gov (number NCT01519180). A written
informed consent was obtained from all subjects.

2.2 | Patients

Seventy-nine patients were retrospectively included from January

2012 to June 2019 at Rouen University Hospital and at Limoges

Key Message

e The aim of the present study was to assess pyloric
sphincter measurements in diabetic patients with
gastroparesis.

e Pyloric distensibility and pressure were measured using
EndoFLIP® system in 46 patients with diabetic gastro-
paresis (DGP) and compared with 21 healthy volunteers
(HV), and 33 patients with idiopathic gastroparesis
(IGP).

e Altered pyloric distensibility was defined as the meas-
urement below 10 mm2/mmHg at 40 ml of inflation.

e Pyloric sphincter distensibility and pressure were al-
tered both in diabetic and idiopathic gastroparesis.
Pyloric sphincter distensibility was not correlated with
diabetes parameters.

University Hospital. Written informed consent was obtained from
all patients. Thirty-three patients with idiopathic GP (IGP) and 46
patients with diabetic GP (DPG) were consecutively investigated.
All patients had a normal previous upper endoscopy without me-
chanical obstruction. Data of DGP and IGP groups were compared
with data obtained from 21 healthy volunteers (HV). Information
and measurements from healthy subject were obtained from a
previous study performed at Rouen University Hospital and al-
ready published elsewhere, as well as the data from the 20 first
patients with IGP.12

2.3 | Clinical evaluation and patients
characteristics

Clinical investigation was performed using specific symptomatic
scores for vomiting, bloating, gastric fullness, early satiety, regur-
gitation, and nausea. Patients rated each symptom from O (absence
of symptom) to 4 (extremely severe symptom) using a five-point
Likert scale. Gastrointestinal Quality of Life Index (GIQLI) evalu-
ated overall dyspeptic symptoms and quality of life.** GIQLI score
ranged from O (worst quality of life) to 144 (best quality of life).
For each DGP patient, type of diabetes mellitus (type 1 or type 2),
duration of diabetes, and treatments were evaluated. Presence of
macro-angiopathy and micro-angiopathy was also registered. Micro-
angiopathy was defined as nephropathy, retinopathy, or peripheral
neuropathy associated with diabetes. Neuropathy was defined as a
chronic symmetrical length-dependant sensorimotor polyneuropa-
thy. Arteriopathy, myocardial ischemia, and ischemic stroke were
classified as macro-angiopathy. Fasting blood glucose concentration
was performed at time of EndoFLIP® measurement. Glycated hemo-
globin in the 3 months before EndoFLIP® measurement was also col-
lected (HbA1c level).
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2.4 | Pyloric evaluation

Pyloric sphincter distensibility and pressure were recorded using the
EndoFLIP® system in all HV, IGP, and DGP subjects after 12 h of fast-
ing. The EndoFLIP® catheter (EF-325 N; Crospon Ltd., Galway, Ireland)
uses 16 serial impedance sensors placed 5 mm apart, enclosed in
8-cm-long cylindrical compliant bag. The balloon is connected to a
pump and allows from O to 60 ml of saline solution. Real-time evalu-
ation of intra bag pressure was measured. It allowed assessment of
the cross-sectional areas (CSA) and the distensibility of the pyloric
sphincter. The catheter was either inserted trans-nasally, and correct
positioning was under the control of videofluoroscopy. Either it was
passed through a single channel large diameter endoscope when en-
doscopy was performed in the same time. Correct positioning was
also confirmed with the distinctive shape of the pylorus visible as a
narrow segment with decreased CSA. After positioning, the balloon
was filled at 10, 20, 30, 40, and 50 ml of inflation, and for each volume,
at least three recordings were performed. The mean value of these
three measures of the smallest CSA and the corresponding pressure
were taken for distensibility analysis. Measurements were recorded
when pyloric pressure and CSA were stable for at least 5 s in order to
avoid variations in pylorus volume and/or pressure during peristaltic
contractions. Distensibility was calculated using minimum CSA di-
vided by the pressure at each balloon fill volume. A cutoff of 10 mm?/
mmHg at 40 ml of inflation for normality of distensibility was deter-
mined in a previous study12 in healthy subjects. Using this threshold
value of 10 mm?/mmHg, pyloric distensibility was classified as normal
(>10 mm?/mmHg) or decreased (<10 mm?/mmHg) among subjects.

2.5 | Measurement of gastric emptying

Gastric emptying measurement was performed using **C-octanoic
acid breath test, in DGP and IGP patients after 12 h of fasting.>*¢
Patients ingested a 250-kcal test meal between 8:00 AM and 9:00
AM including butter (17 g), bread (50 g), and an egg with 91 mg of
13C-octanoic acid (Euriso -Top, St Aubin, France), (43% carbohy-
drate, 38% fat, and 1% protein). Expired breath was analyzed before
meal and every 15 min after for 8 h. Presence of *CO, was detected
by isotope selective non-dispersive infrared spectrometry (IRIS;
Wagner/Analysen Technik, Bremen, Germany). The solid half time
rate (T%) for gastric emptying was determinate by linear regression
analysis using IRIS Software GE2. DEM according to Ghoos et al.*
T(%) was available in 45 of 46 DGP patients and in 31 of 33 IGP
patients. Indeed, three subjects vomited the meal. Delayed gastric
emptying was defined with T(%) higher than 166 min.®

2.6 | Statistics

Mann-Whitney's test was used to compare two groups and ANOVA
one-way test for more than 2 groups. Correlation studies used

the Spearman test. Statistical significance was defined as p-value
<0.05. Continues variables were expressed as mean +S.E.M. Data
were analyzed using GraphPad Prism version 5.03 for Windows
(GraphPad Software Inc, San Diego, California, USA, www.graph

pad.com).

3 | RESULTS

3.1 | Patients

One hundred subjects were analyzed. Patients characteristics
are summarized in Table 1. The GIQLI score was 135.0 + 1.0 in
the HV group. The GIQLI score decreased in both IGP and DGP
groups in comparison with the HV group (p < 0.05), with no dif-
ference found in score between DGP and IGP groups (respec-
tively, 66.0 + 2.9 and 71.0 = 3.4; p = 0.14). T(%) was higher in the
DGP group (299.3 + 25.0 min) in comparison with the IGP group
(224.3 £ 8.5 min, p = 0.04). Regarding medication in the DGP
group, 16 patients were treated with oral antidiabetic agents, 6
patients were treated with GLP-1 agonists, 15 with metformin,
and 7 with sulfonamides treatment. Mean HbA1c was 8.1 £ 0.3%,
and mean duration of diabetes mellitus was 16.8 + 1.2 years.
Sixty-one percent of the DGP patients had type 1 diabetes and
39.0% of the DGP patients had type 2 diabetes. The complications
of diabetes and characteristics of the diabetic patients are given
in Table 2.

TABLE 1 Patients characteristics among the three different
groups

Healthy Idiopathic

volunteers Diabetic GP GP
N 21 46 33
Age 46.1+3.3 499 +1.9 48.5+2.6
Men/women 5/16 18/28 13/20
BMI (kg/m?) 24.2+0.7 27.3+09 23.6+0.9
GIQLI score 1351 66.0+29 71.0+ 3.4
T(%) (min) 299.3+25.0 224.3+8.5
Abdominal pain 0.5+0.2 22+0.3 24+0.2
Fullness 0.4+0.1 2.3+03" 3.0+0.1
Bloating 1.0£0.2 22%0.2 25+0.2
Early satiety 04+0.2 20+02 20+02
Nausea 0.1+0.1 1.1+0.7 1.9+0.2
Vomiting 0.0+0.0 17+02 1.6+0.3

Note: Results are expressed as mean + SEM.

Abbreviations: BMI, body mass index; GIQLI, gastrointestinal quality of
life index.

*p < 0.05 in comparison with HV.
#p < 0.05 compared to idiopathic GP.
"p < 0.05 compared to diabetic GP.
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TABLE 2 Patients characteristics in DGP group

Diabetic

GP
N = 46
HbA1c (%) 8.1+0.3
Fasting blood glucose concentration (g/L) 1.8+0.1
Duration 16.8+£1.2
Type 1 28 (61%)
Type 2 18 (39%)
Retinopathy 16 (35%)
Nephropathy 11 (24%)
Neuropathy 16 (35%)
Micro-angiopathy 22 (48%)
Macro-angiopathy 11 (24%)

Note: Results are expressed as mean + SEM.

3.2 | Pyloric sphincter measurements

Figure 1 shows an EndoFLIP® measurement from a patient with DGP
and decreased pyloric distensibility. Table 3 shows pyloric sphincter
measurements with EndoFLIP® bag inflated at 30, 40, and 50 ml.
A decrease in pyloric sphincter distensibility at 30 ml of inflation
was observed in both the DGP and IGP groups with, respectively,
8.9 + 1.2 mm?/mmHg and 18.0 + 4.9 mm?/mmHg in comparison with
the HV group (30.4 £ 3.6 mmz/mmHg; p < 0.005; Figure 2). Pyloric dis-
tensibility at 40 ml of inflation was decreased in the DGP and IGP groups
with, respectively, 10.8 + 0.9 mm?/mmHg and 14.8 + 2.2 mm2/mmHg
in comparison with the HV group (25.2 + 2.3 mm?/mmHg; p < 0.005).
No difference in pyloric distensibility was observed between the DGP
and IGP groups at 30 and 40 ml of inflation. Pyloric sphincter pressure
at 30 ml of inflation was increased in both the DGP and IGP groups
with, respectively, 15.3 + 1.1 mmHg and 11.3 + 1.3 mmHg in compari-
son with the HV group (6.7 £ 0.5 mmHg; p < 0.005) and in the DGP
group in comparison with the IGP group (p < 0.005). Pyloric sphincter
pressure at 40 ml of inflation was increased in both the DGP and IGP
groups with, respectively, 19.5 £ 1.5 mmHg and 16.9 + 2.6 mmHg in
comparison with the HV group (9.7 + 1.0; p < 0.005; Figure 2). Using the
threshold of 10 mm?/mmHg to determine altered pyloric distensibility,
26/46 patients (56.5%) had a decreased pyloric distensibility among
the DGP group and 17/33 patients (51.5%) had altered pyloric distensi-
bility among the IGP group, in contrary to the HV group (10.0%).

3.3 | Correlation between diabetes
characteristics of patients and pyloric sphincter
measurements using EndoFLIP® at 40 ml of inflation,
T(%), and GIQLI

No correlation was found between pyloric sphincter measurements
at 40 ml of inflation and diabetes characteristics as shown in Table 4.
Moreover, no correlation was described between T(%) and GIQLI
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FIGURE 1 Representative EndoFLIP® measurement at 40 ml
of inflation from a healthy volunteer subject (A) and from a patient
with DGP and altered pyloric sphincter distensibility of 4 mm?2/
mmHg (B)

and diabetes characteristics (Table 4). Results were similar with bal-
loon inflation of 50 ml.

No difference was found in pyloric sphincter measurements
at 40 ml of inflation, T(%), and GIQLI in DGP group on the basis of
diabetes complication, chronic intake of insulin or GLP-1 therapy
(Table 5). Results were similar with balloon inflation of 50 ml.

4 | DISCUSSION

In the present study, we confirmed that pyloric sphincter distensibil-
ity was decreased in patients with diabetic and idiopathic gastropa-
resis, in comparison with healthy volunteers. It was also found that
pyloric sphincter pressure was increased in patients with diabetic
and idiopathic gastroparesis, in comparison with healthy volunteers.
However, there was no difference in pyloric sphincter measure-
ments between patients with diabetic or idiopathic gastroparesis.
Moreover, no correlation was found between characteristics of dia-
betic patients and both pyloric sphincter and gastric emptying meas-
urements. To our knowledge, the present study is the first to have
assessed characteristics of diabetic patients at the time of EndoFLIP
measurements of pyloric sphincter characteristics in a large cohort
of patients with diabetic and idiopathic gastroparesis.

No correlation was found between characteristics of diabetic
patients and pyloric sphincter or gastric emptying measurements.
This might be explained by the complex pathogenesis of gastropare-
sis in diabetic patients. Histological data from patients with diabetic
gastroparesis found loss of cells of Cajal, progressive neuronal loss
and reduce stem cell factor links smooth myopathy.*® These histo-
logical lesions are responsible for antral dysmotility and/or pyloro-
spasm. Presence of peripheral neuropathy was possibly mentioned
as a gastroparesis risk factor.'® However, the present study found
no significant difference in pyloric sphincter measurements in the
diabetic gastroparesis group on basis of the presence or absence of
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TABLE 3 Comparison of pyloric

s;?hincter distensibility, pressure,.and . HV (n = 21) :I')]iit:‘e;;c i ::i:gzt)hic o
diameter at 30, 40, and 50 ml of inflation
between patients from DGP, IGP, and HV 30 ml of inflation
groups. Diameter (mm) 14.2+0.6 10.6+ 0.5 124+1.1
Pressure (mmHg) 6.7+0.5 15.3+1.1% 11.3+1.3%
Distensibility (mm?/mmHg) 30.4+3.6 89+12 18.0+4.9
40 ml of inflation
Diameter (mm) 16.0+0.5 141 +0.4 149 +0.9
Pressure (nmHg) 9.7+1.0 19.5+1.4 169 +2.6
Distensibility (mm?/mmHg) 25.2+2.3 10.8£0.9° 14.8+22
50 ml of inflation
Diameter (mm) NA 17.5+0.6 16.3+2.6
Pressure (mmHg) NA 359+23 39.6+6.1
Distensibility (mmz/mmHg) NA 89+1.2 72+3.6

Note: Results are expressed as mean + SEM.
Abbreviation: NA, not applicable.

#p < 0.05 compared to idiopathic GP.

"p < 0.05 compared to diabetic GP.

*p < 0.05 compared to healthy volunteers HV.

Pyloric sphincter distensibility (40 mL) Pyloric pressure (40 mL)

*
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FIGURE 2 Comparison of pyloric sphincter distensibility and pressure at 40 ml of inflation between patients from DGP, IGP, and HV
groups. *p < 0.05 compared to HV group

TABLE 4 Correlation between diabetic patients' characteristics and pyloric sphincter distensibility and pressure at 40 ml of inflation, T(%),
and GIQLI

Distensibility at 40 ml Pressure at 40 ml T(%) GlQlLl
HbAlc 0.18 [-0.13;0.47] -0.14 [-0.44;0.18] -0.11 [-0.41;0.21] -0.14 [-0.44;0.18]
Diabetes duration 0.02 [-0.27;0.32] 0.02 [-0.28;0.31] -0.08 [-0.37;0.22] 0.14 [-0.16;0.43]
Fasting blood glucose 0.06 [-0.24;0.36] -0.14 [-0.43;0.16] -0.13[-0.41;0.18] 0.07 [-0.25;0.37]

concentration

Note: Results are expressed coefficients correlation and 95% confidence interval using Spearman test.

neuropathy. On one hand, this may be explained by the small number
of patients with neuropathy included, with probably a lack of power.
On the other hand, pyloric distensibility may rely more on pyloric
structural changes (myopathy, local NO release within the enteric
nervous system) rather than on extrinsic innervation. Further work,

with either clinical studies in DG patients with peripheral neuropathy

or basic studies in preclinical models of DG are warranted to precise
this discrepancy.

Moreover, it is now recognized that hyperglycemia slows gastric
emptying,'? in particular in patients with diabetes.'® Increased blood
glucose concentration is associated with suppression of antral con-

traction, reduced fundal tone, and gastric electrical dysarhytmia.20
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Distensibility at Pressure at

40 ml 40 ml T(%)

Neuropathy (n =16) 10.6+1.4 19.2+24 313.0+51.7

No neuropathy 109 +1.4 19.6 +1.8 290.1+24.4
(n=30)

p 0.82 0.89 0.57

Retinopathy (n = 16) 9.5+1.3 21.0+£29 3424 +571

No retinopathy 11.5+1.3 18.6 £ 1.5 248.9 +13.1
(n =30)

p 0.66 0.65 0.30

Nephropathy 9.5+1.6 20.9+3.1 258.8 + 37.9
(n=11)

No nephropathy 13.6£1.5 191+ 1.6 291.7 £28.0
(n=35)

p 0.06 0.63 0.32

Insulin (n = 30) 11.3+1.2 189 +1.8 298.3+28.8

Oral antidiabetic 9.5+1.7 21.1+2.2 232.8+18.2
agent (n = 16)

p 0.39 0.31 0.23

GLP1 agonist(n=6) 9.3+8.4 25.6 +8.9 286.2 + 60.1

Other therapy 10.9 £ 6.5 19.0+9.2 287.0 + 155.3
(n = 40)

p 0.28 0.11 0.46

Note: Results are expressed as mean + SEM.
Abbreviation: GIQLI, gastrointestinal quality of life index.

In the present study, we did not find any correlation between gas-
tric emptying and fasting blood glucose concentration, but the lat-
ter was measured immediately before upper gastroscopy and not
before gastric emptying measurement. Literature remains scarce
regarding relationships between hyperglycemia and pylorospasm.
Pylorospasm was firstly described?! in 14/24 diabetic patients with
recurrence of nausea and vomiting, but there was no monitoring of
blood glucose concentration during antro-pyloro-duodenal mano-
metric measurements. Another study in HV showed an increase of
localized pyloric contractions induced by hyperglycemia induced by
intravenous dextrose (blood glucose concentration 12-16 mmol/L)
in comparison with euglycemia (3-5 mmol/L)?? and a suppressive
effect on antral activity. As suggested by animal models, hyper-
glycemia can suppress efferent vagal activity and results in an in-
creased pyloric activity.?® Nevertheless, no correlation was found
between pyloric pressure and fasting blood glucose concentration
in the present study. It could be explained by the fact that the mean
range of fasting blood glucose concentration was 1.8 + 0.1 g/L
(10.0 = 1.0 mmol/L) in the present study and consequently lower
than the ranges used to determine hyperglycemia in previous studies
assessing pyloric sphincter.?? Lastly, measurement of HbA1c level in
the 3 months before the EndoFLIP could be a limitation to the pres-
ent study due to its possible change in the 3 months.

The results of the present study regarding pyloric sphincter
measurements were similar to those found in other previous studies

TABLE 5 Comparison of pyloric
sphincter distensibility and pressure at
40 ml of inflation, T(%), and GIQLI in the
presence or absence of diabetic patients
characteristics including neuropathy,
retinopathy, nephropathy, and on basis of
type of treatment

GlQLl
60.4+29
69.5+4.2

0.24
64354
66.9 3.4

0.40
69.3+5.0

64.8+3.5

0.50
65.5+£34
67.3+57

0.74
52.2+11.0
65.5+22.3

0.15

on diabetic patients with gastroparesis. Malik et al.** (n = 15) found
similar results on pyloric sphincter pressure and distensibility with
EndoFLIP® balloon inflated at 40 ml (with 17.7 = 2.28 mm?/mmHg

1.1 evaluated 27

and 10.7 + 2.57 mmHg, respectively). Snape and a
diabetic patients with nausea and vomiting. They also had similar
results on pyloric sphincter pressure and distensibility were noted
(with 17.4 + 1.3 mm?/mmHg and 8.5 = 1.1 mmHg, respectively).
Lastly, a prior study using Dent sleeve catheter showed elevated py-
loric pressure in diabetic patients with gastroparesis in comparison
with healthy volunteers.?!

We observed a wide range of pyloric sphincter distensibility
and pressure in diabetic patients with gastroparesis. It could sug-
gest that some patients with diabetic gastroparesis have more
severe pyloric dysfunction. Previous studies of our Department
used a cutoff of 10 mmz/mmHg to define altered pyloric sphinc-
ter distensibility'??* with 30-50% of gastroparetic patients with
altered pyloric sphincter distensibility. However, the number of
patients with diabetic gastroparesis was low in these reports. In
the present study, 26/46 patients (56.5%) had a decreased pyloric
distensibility in patients with diabetic gastroparesis and 17/33
patients (51.5%) in patients with idiopathic gastroparesis. Using
pyloric distensibility measurement, these patients could be se-
lected to receive targeted pyloric sphincter therapies to increase
pyloric distensibility. A previous study found an increase in pyloric
sphincter distensibility after hydraulic dilatation in 10 patients
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with gastroparesis (10-day evaluation; p = 0.04).}2 Moreover, sev-
eral studies evaluated botulinum toxin injection as a treatment of
gastroparesis but there was no assessment of pyloric sphincter
distensibility.?>?” A prospective cohort?* found significant im-
provement of symptoms, GIQLI, and gastric emptying at 3 months
after intra-pyloric botulinum toxin injection in gastroparetic pa-
tients with altered pyloric sphincter distensibility but not in pa-
tients with normal pyloric sphincter distensibility. Lastly, another
prospective study showed a threshold of 9.2 mmz/mmHg associ-
ated with 3-month clinical efficacy of G-POEM (sensitivity 72.2%,
specificity 100%).2® However, the proportion of patients with di-
abetic gastroparesis was low in these reports and further studies
are necessary to confirm these findings in the particular popula-
tion of patients with diabetic gastroparesis.

5 | CONCLUSION

In this study, we have shown that pyloric sphincter distensibility
was decreased and pyloric pressure was increased in patients with
diabetic and idiopathic gastroparesis, in comparison with healthy
volunteers. Pyloric sphincter distensibility was not correlated with
any of the diabetes parameters. Thus, treatment targeting pyloric
dysfunction may be beneficial in patients with diabetic gastroparesis
but remains to be evaluated in further studies.
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2. La mesure de la distensibilité pylorique aprés chirurgie oeso-gastrique : quelles

chirurgies sont associées a un pylorospasme ?

Un antécédent de chirurgie oeso-gastrique est retrouvé chez 10% des patients atteints
de gastroparésie. Une Iésion du nerf vague est alors souvent suspectée mais difficile a
diagnostiquer(91). Bien qu’une 1ésion vagale soit susceptible de provoquer un pylorospame,
aucune ¢étude ne s’est intéressée jusqu’ici a I’impact des différentes chirurgies oeso-gastriques
sur la distensibilité pylorique. L objectif de notre étude était donc d’évaluer la distensibilité
pylorique chez des patients ayant subi une chirurgie oeso-gastrique avec suspicion de
vagotomie (fundoplicature de Nissen, oesophagectomie et sleeve-gastrectomie) en
comparaison avec une population de volontaires sains.

La mesure des paramétres du pylore était effectuée avec ’outil EndoFLIP® chez des
patients avec symptomes dyspeptiques apres fundoplicature de Nissen, oesophagectomie et
sleeve-gastrectomie. L’altération de la distensibilité pylorique était définie comme une mesure
inférieure 4 10 mm?/mmHg a 40 mL de distension comme précédemment démontré(102).

Nos résultats ont montré que la distensibilité pylorique était altérée chez 61,1% des
patients ayant subi une fundoplicature de Nissen et 75,0% des patients ayant subi une
oesophagectomie. En revanche, la distensibilité ainsi que la pression pylorique étaient
comparables chez les volontaires sains et les patients ayant eu une sleeve-gastrectomie
(p=0.42). L’altération de la distensibilité pylorique €tait présente chez 18,7% des patients ayant
eu une sleeve-gastrectomie ce qui témoigne du faible taux de 1ésion vagale de cette chirurgie.

Ainsi, ’EndoFLIP® réalisé chez des patients souffrant de symptomes dyspeptiques post-
opératoires, donnerait des arguments en faveur d’une Iésion vagale responsable d’un

pylorospasme et orienterait vers un traitement ayant pour cible le pylore.
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Abstract

Background and study aims: History of gastric surgery is found in 10% of patients
with gastroparesis, and vagal lesion is often suspected to be the cause of pyloros-
pasm. Recently, pyloric distensibility measurement using the EndoFLIP® system
showed that pylorospasm was present in 30%-50% of gastroparetic patients. Our
objective was to assess whether pylorospasm, diagnosed using EndoFLIP® system
was observed in three different types of gastric surgeries: antireflux surgery, sleeve
gastrectomy, and esophagectomy.

Patients and Methods: Pyloric distensibility and pressure were measured using the
EndoFLIP® system in 43 patients from two centers (18 antireflux surgery, 16 sleeve
gastrectomy, and nine esophagectomy) with dyspeptic symptoms after gastric sur-
gery, and in 21 healthy volunteers. Altered pyloric distensibility was defined as dis-
tensibility below 10 mm?/mm Hg as previously reported.

Results: Compared to healthy volunteers (distensibility: 25.2 + 2.4 mm?/mm Hg; pres-
sure: 9.7 £ 4.4 mm Hg), pyloric distensibility was decreased in 61.1% of patients in
the antireflux surgery group (14.5 + 3.4 mm?2/mm Hg; P < .01) and 75.0% of patients
in the esophagectomy group (10.8 + 2.1 mm?/mm Hg; P < .05), while pyloric pressure
was only increased in the antireflux surgery group (18.9 + 2.2 mm Hg; P < .01). Pyloric
distensibility and pressure were similar in healthy volunteers and in sleeve gastrec-
tomy (distensibility: 20.3 + 3.8 mm?/mm Hg; pressure: 15.8 + 1.6 mm Hg) groups,
with decreased pyloric distensibility affecting 18.7% of sleeve gastrectomy patients.
Conclusion: Antireflux surgery and esophagectomy were associated with pyloros-
pasm although pylorospasm was not found in all patients. Sleeve gastrectomy was

not associated with altered pyloric distensibility nor altered pyloric pressure.

KEYWORDS
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1 | INTRODUCTION

Gastroparesis is defined as delayed gastric emptying and is often
accompanied with dyspeptic symptoms, including gastric fullness,
nausea, and vomiting. Postsurgical gastroparesis accounts for 7.2%
to 13%?2 of gastroparetic patients among studies, but the exact
prevalence is difficult to assess in the absence of studies describing
preoperative and postoperative gastric emptying measurements in
large cohorts of patients. Lesion of the vagus nerves is suspected to
be the main mechanism, although up to now there is no routine diag-
nostic tool to assess vagal lesion. Nevertheless, vagotomy is known
to induce spasm of the pylorus,® and therefore, is associated with
delayed gastric emptying.

Different types of esogastric surgery have been suspected to
delay gastric emptying. Historically, postsurgical gastroparesis
was frequently diagnosed among patients undergoing vagotomy
in the case of peptic ulcer disease,* which has become exceptional
over time by the use of proton pump inhibitors. Antireflux sur-
gery, mostly Nissen fundoplication, was suspected to delay gastric
emptying in 3.8% of operated patients in a large retrospective co-
hort of 3512 patients,” leading to reoperation in 2% of patients.
Moreover, delayed gastric emptying has also been suspected to
explain dyspeptic symptoms after bariatric surgery, including
sleeve gastrectomy.z'<S Last, we previously showed that laparo-
scopic esophagectomy, which involves the removal of the vagus
nerves, is associated with pyloric dysfunction in the absence of
pyloroplasty in patients reporting dyspeptic symptoms.7 Of note,
although gastric emptying is suspected to be delayed in the two
latter situations with partial gastrectomy, gastric emptying tests
are meaningless in the absence of normal values performed in as-
ymptomatic patients.

Recently, sphincter distensibility measurements were enabled
using EndoFLIP® technology (Endoluminal Functional Imaging
Probe). Previous works performed in healthy volunteers and gast-
roparetic patients identified decreased pyloric distensibility in ap-
proximately one-third of gastroparetic patients.” Pyloric dysfunction
was associated with symptom severity, quality of life, and gastric
emptying.

Therefore, we took the opportunity to explore pyloric distensi-
bility, as a surrogate of vagal lesion, in patients undergoing these
three types of surgery, and compared them with previously reported
normal values.

2 | PATIENTS AND METHODS
2.1 | Approval

Approval was obtained from the Ethics Committee of Upper
Normandy (CPP2011-012) and CERNI (Comité d’Ethique de la
Recherche Non-Interventionnelle, no E2019-07). The study was
registered with clinicaltrials.gov (number NCT01519180). Written

informed consent was obtained from all subjects.

Key Points

e Patients with dyspeptic symptoms after gastric surgery
and healthy volunteers underwent a pyloric distensibil-
ity measurement using the EndoFLIP system. Altered
pyloric distensibility was defined as distensibility below
10 mm?/mm Hg as previously reported.

e Antireflux surgery and esophagectomy were associated
with pylorospasm although pylorospasm was not found
in all patients.

e Sleeve gastrectomy was not associated with altered py-

loric distensibility nor altered pyloric pressure.

2.2 | Patients

Eighteen patients with a history of laparoscopic Nissen fundoplica-
tion were investigated. All patients reported dyspeptic symptoms
starting after surgery associated with delayed gastric emptying
using the octanoic breath test as described below. Sixteen pa-
tients reporting dyspeptic symptoms after laparoscopic sleeve
gastrectomy for morbid obesity were also investigated. Nine pa-
tients who had undergone esophagectomy without pyloroplasty
served as positive controls. All patients had an upper gastroin-
testinal endoscopy prior to investigations, and the presence of an
organic disease was ruled out by multiple biopsies and anatomo-
pathological examination in patients with significant lesion at in-
spection (eg, hiatal hernia <3 cm, mild gastritis, grade | esophagitis,
etc.). Helicobacter pylori infection was ruled out either by serology
or anatomopathologic examination. Moreover, no narrowing of
the esophageal segment operated on was notified during the en-
doscopic evaluation, and patients were investigated off-prokinetic
agents. Dyspeptic symptoms including vomiting, nausea, epigas-
tric pain, bloating, fullness, and satiety were investigated. An as-
sessment of each item was realized using a 5-point Likert scale
which varies from O (absent) to 4 (most severe symptoms). Total
symptomatic score (TSS) was defined as the aggregation of indi-
vidual symptom scores.®? A minimal TSS of eight for each patient
was necessary for inclusion in the present study.

Twenty-one healthy volunteers (eight males), median age
40 + 3.2 years (range 29-58), were recruited by local advertising.
None of these subjects had any evidence of organic or functional
gastrointestinal disorders, and none were on any medication known
to affect gastrointestinal function. Data related to healthy volun-

teers have already been published in a previous report.”

2.3 | Quality of life

Quality of life and overall dyspeptic symptoms were evaluated using

Gastrointestinal Quality of Life Index (GIQLI™ which was previously
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validated in French.!* The GIQLI score is specific for digestive dis-
eases and varies from O (worst quality of life possible) to 144 (best
quality of life).

2.4 | Pyloric distensibility

EndoFLIP® probe (Crospon Inc) was used to assess pyloric sphincter
characteristics in all subjects after 12-hour fasting as previously re-
ported.” After trans-nasal insertion of the catheter, correct position-
ing in the pylorus was controlled using either videofluoroscopy or
endoscopy. Previous studies showed that both positioning techniques
achieved similar values in patients.*?*® The EndoFLIP® probe allowed
real-time measurement of the cross-sectional areas (CSA) and the
pressure of the pyloric sphincter using a bag inflated within the sphinc-
ter. Correct positioning was also ascertained continuously with the
distinctive shape of the pylorus represented as a narrow segment with
decreased CSA. After correct positioning, the bag was filled at set vol-
umes of 10, 20, 30, 40, and 50 mL. For each set volume, pyloric pres-
sure and pyloric distensibility were measured as previously described.”
A cut-off of 10 mm?2/mm Hg at 40 mL of inflation for normality of dis-
tensibility was determined in a previous study”'* in healthy volunteers.
Using this threshold value of 10 mm?/mm Hg, pyloric distensibility was
classified as normal (>10 mm?/mm Hg) or decreased (<10 mm?/mm Hg).

2.5 | 3C-octanoic acid breath test

To ascertain the presence of gastroparesis, gastric emptying meas-
urement was performed after 12-hour fasting as previously re-
ported15 in patients with history of laparoscopic antireflux surgery.
Gastric emptying was not investigated in patients with sleeve gas-
trectomy or esophagectomy, as there are no normal values estab-
lished in asymptomatic subjects with similar surgical modification of
the gastric architecture.

2.6 | Statistics

Group analyses were carried out using Kruskal-Wallis test followed by
Dunn's post-test for multiple comparisons. Correlation studies used the
Spearman test. Intraindividual analysis was performed using Wilcoxon
test or one-way ANOVA for repeated measures when two or more
groups were compared, respectively. A P < 0.05 was considered as sig-
nificant. Results are expressed as the median [25th-75th percentile].

3 | RESULTS
3.1 | Patients

Patients’ characteristics were similar between the four groups, ex-
cept for age that was higher in the esophagectomy group [63 years;

60-73] in comparison with the healthy volunteer group [40 years;
29-58; P = .01]. In addition, a lower BMI was observed in the antire-
flux surgery group [20.9 kg/m?; 19.1-23.9] versus the sleeve gas-
trectomy group [29.1 kg/m?%; 26.2-36.5; P = .01]. The delay between
surgery and pyloric studies was significantly increased in patients
with fundoplication in comparison to patients with sleeve gastrec-
tomy (P < .05; Table 1). Characteristics of patients are summarized
in Table 1.

Data on GIQLI score were available for all healthy volunteers,
but only for 10 patients with fundoplication, eight patients with
sleeve gastrectomy, and five patients with esophagectomy. As ex-
pected, GIQLI score was lower in all surgical groups in comparison
with healthy volunteers (P < .0001). However, no difference was ob-
served between the esophagectomy, postfundoplication, and sleeve
gastrectomy groups (Table 1).

3.2 | Fasting pyloric distensibility and pressure at
40 mL of inflation

In comparison to the healthy volunteer group [24.8 mm2/mm Hg;
18.7-30.9], fasting pyloric distensibility at 40 mL of inflation was de-
creased in the antireflux surgery group [7.5 mm?/mm Hg; 4.5-18.3;
P <.01] and in the esophagectomy group [9.5 mm?/mm Hg; 6.0-15.8;
P < .05], while it remained unchanged in the sleeve gastrectomy
group [18.3 mm?/mm Hg; 13.3-21.4; P = .42]. Fasting pyloric pres-
sure at 40 mL of inflation was only increased in the antireflux sur-
gery group [20.5 mm?2/mm Hg; 12.0-23.1; P < .01] versus the healthy
volunteer group [7.9 mm?2/mm Hg; 6.8-12.5], while it remained un-
changed in both sleeve gastrectomy and esophagectomy groups
(Figures 1 and 2).

3.3 | Pyloric dysfunction after surgery at
40 mL inflation

Using the threshold of 10 mm?/mm Hg (ie, the 90% percentile of
healthy subjects as previously reported’) to determine the normality
of fasting pyloric distensibility among groups, 11/18 patients (61.1%)
in the antireflux surgery group, 6/9 patients (75%) in the esophagec-
tomy group, and 3/16 patients (18.7%) in the sleeve gastrectomy
group (P < .001) had decreased pyloric distensibility (Figure 3).

3.4 | Fasting pyloric distensibility and pressure
at 10, 20, and 30 mL of inflation (Supporting
information)

At 10 mL of inflation, fasting pyloric distensibility was only decreased
in the antireflux surgery group [3.8; 1.9-9.1; P = .035; Table S1] ver-
sus the healthy volunteer group [12.0; 9.2-17.0], while there was no
difference in either sleeve gastrectomy or esophagectomy groups
(P >.05). Fasting pyloric pressure remained unchanged between the
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TABLE 1 Patients’ characteristics
Healthy volunteers Antireflux surgery Sleeve gastrectomy Esophagectomy
Number 21 18 16 9
Age (y) 40 [29-58] 51 [43-66] 53 [40-61] 63 [60-73]*
Men/Women 8/13 8/11 4/12 7/2
Body mass index (kg/mz) 23.5[21.9-26.0] 20.9 [19.1-23.9]* 29.1[26.2-36.5] 22.9 [20.1-24.6]
GIQLI score 137 [131-140]° 61 [54-89] 77 [70-93] 77 [70-91]
Delay between surgery and 4.5[1.9-12.3]* 1.5[1.0-2.2] 1.5 [0.5-4.0]

pyloric studies (y)

Note: Results are expressed either as number or as median [25th-75th percentile].

Abbreviation: GIQLI, Gastrointestinal Quality of Life Index.
*P < .05 vs healthy volunteers.

#P < .05 vs sleeve gastrectomy.

$p < .05 vs all other groups.

— 128

Distance from distal end (mm)
|

(ww) ua38Welq

FIGURE 1 Representative recordings of fasting pyloric distensibility in a patient from the Nissen fundoplication (A), sleeve gastrectomy
(B), and esophagectomy (C) group with an altered pyloric distensibility of respectively 8.9, 4.1, and 5.8 mm?/mm Hg and in a healthy

volunteer with a normal pyloric distensibility of 32.5 mm?/mm Hg (D)

four groups at 10 mL of inflation. Increased fasting pyloric pressure
[10.0; 6.6-14.5; P = .04] and decreased fasting pyloric distensibility
[5.0; 3.1-13.5; P < .01] at 20 mL and 30 mL [with respectively 11.9;
8.9-12.8; P =.03 and 7.0; 3.7-19.9; P < .01] of inflation were only de-
scribed in the antireflux surgery group vs healthy volunteers, while it
remained unchanged in the other groups.

4 | DISCUSSION

To our knowledge, this study is the first to have assessed pyloric
sphincter characteristics using EndoFLIP® after gastric surgery.
Decreased fasting pyloric distensibility at 40 mL of inflation was found
in our study in the antireflux surgery and esophagectomy groups, but
not in the sleeve gastrectomy group. Increased fasting pyloric pressure
at 40 mL of inflation was only found in the antireflux surgery group.
Using the threshold of 10 mm?/mm Hg of distensibility at 40 mL of
inflation, altered fasting pyloric distensibility was found in 61.1% of

patients in the antireflux surgery group, 75.0% in the esophagectomy
group, and 18.7% in the sleeve gastrectomy group in patients with
dyspeptic symptoms. Even if these results need further confirmatory
studies, this is the first evaluation of the percentage of pylorospasm
diagnosed using EndoFLIP® system among patients with dyspeptic
symptoms following upper gastrointestinal surgery. We recently re-
ported that pyloric distensibility may be of use to better select pa-
tients undergoing intrapyloric botox.}* Likewise, a previous report
suggested that pyloric distensibility could also predict patient out-
come after Gastric Per-Oral Endoscopic Pyloromyotomy (G-POEM).*
Given the fact that the presence of altered pyloric distensibility was
not observed in all patients, whatever the surgery type, this assess-
ment may help in the future to better select patients who could ben-
efit from pyloric intervention.

Esophagectomy surgery was mostly associated with altered py-
loric distensibility in the present study, impacting 75% of patients
with dyspeptic symptoms. In fact, thoracoabdominal esophagec-
tomy is constantly associated with truncal vagotomy during the
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FIGURE 2 Pyloric distensibility at 40 mL (A) was decreased in
the antireflux surgery group [7.5 mm2/mm Hg; 4.5-18.3; P < .01]
and in the esophagectomy group [9.5 mm?2/mm Hg; 6.0-15.8;

P < .05] in comparison to healthy volunteers. Pyloric pressure (B)
was only increased in the antireflux surgery group [20.5 mm?2/mm
Hg; 12.0-23.1; P < .01] in comparison to healthy volunteers
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FIGURE 3 Percentage of patients with normal and decreased
pyloric distensibility at 40 mL in the four groups of patients

procedure.” However, the pathophysiology of delayed gastric
emptying following esophagectomy remains controversial. On the
one hand, vagal damage following gastric tubulization is thought to
affect gastric motility and to lead to pyloric denervation.’® On the
other hand, there is some evidence that motor activity of the gastric
tube,*? especially pyloric and antral motility, can recover at distance
from surgery without reaching normality and this even after pylo-
roplasty.?’ Consequently, symptoms of delayed gastric emptying
are frequent after esophagectomy, affecting 10%-50% of patients®!
among studies and are associated with worsened outcomes, poor
quality of life, and higher rate of reoperation.?? However, definitive
diagnosis of gastroparesis following esophagectomy is difficult to
assess because there is no normal value of gastric emptying mea-

surement in asymptomatic patients with esophagectomy in the

literature. This explains why diagnosis of gastroparesis is, in most
reports, only based on clinical evaluation.?® In the present study, the
rate of pylorospasm was particularly high in these patients, but all
included patients reported symptoms of delayed gastric emptying.
Recent meta-analyses?>?* have attempted to evaluate the influence
of systematic pyloric intervention during esophageal reconstruction
on outcomes of esophagectomy. Their results showed that system-
atic pyloric intervention (including pyloromyotomy, pyloroplasty,
digital fracture, and botox injection) did not influence the incidence
of symptoms of delayed gastric emptying after esophagectomy.
Moreover, systematic pyloric intervention can lead to complications
like dumping syndrome or biliary reflux, not compensating unproven
benefits. Therefore, there are arguments in order to better select
candidates for pyloric drainage as not all patients presented pyloro-
spasm in the present study, even if all patients were symptomatic.
Nissen fundoplication was also mainly associated (61.1% of pa-
tients) with decreased fasting pyloric distensibility in the present
study. Even if diagnosis of gastroparesis can be done in case of de-
layed gastric emptying symptoms following surgery, the incidence of
gastroparesis after Nissen fundoplication remains debated. A recent
retrospective cohort which collected data from 3152 patients who
underwent Nissen fundoplication found 3.8% of gastroparesis diag-
nosed following surgery, but the diagnostic of gastroparesis was in
most cases based on the necessity of secondary pyloric interven-
tion.> The incidence of patients with pylorospasm following Nissen
fundoplication in our study was particularly high but all patients in-
cluded had proven gastroparesis before investigation. It has been
reported that pylorospasm can occur in 30%-50% of patients with
gastroparesis in a study including three patients with postfundo-
plication gastroparesis’ among 27 gastroparetic patients, using the
same threshold of 10 mm?2/mm Hg to assess pyloric dysfunction.
Our results confirm these previous data and the higher number of
patients with decreased pyloric distensibility could be explained by
the fact that all our patients were symptomatic contrary to those
in this study. Moreover, another study?®> showed that pyloroplasty
can offer relief from postfundoplication gastroparesis symptoms in
patients whose symptoms were improved after botulinum toxin in-
jection. This study therefore suggests a better selection of patients
undergoing targeted pyloric therapies in this subgroup of patients.
Two previous studies investigated the potential predictive effect of
pyloric distensibility on symptomatic response to pyloric therapies.
The first one showed, in a prospective cohort of 35 gastroparetic
patients, including six cases of postfundoplication gastroparesis,
that decreased pyloric distensibility was associated with a better
symptomatic response to intrapyloric botulinum toxin injections.14
The second one investigated the efficacy of G-POEM in gastropa-
retic patients, showing in a small number of patients that decreased
pyloric distensibility <9.2 mm?/mm Hg was associated with 3-month
clinical efficacy.'® These interesting results cannot yet be extrap-
olated to postfundoplication gastroparesis, but this will be the ob-
ject of further studies. Lastly, pyloric dysfunction is not the only
mechanism that could explain dyspeptic symptoms following Nissen
fundoplication, indeed almost 38.1% of patients had normal pyloric
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distensibility. Impaired gastric accommodation was found increased
in post-Nissen dyspepsia patients.2

Among the three types of surgery in our study, sleeve gastrec-
tomy had the lowest rate of decreased fasting pyloric distensibility
with only 18.7% of patients. As sleeve gastrectomy is a frequent sur-
gery due to a worldwide increase in bariatric surgery,?’ it is important
to understand its influence on pyloric sphincter characteristics. In
fact, the impact of sleeve gastrectomy on gastric emptying remains
controversial in the literature. On the one hand, several studies have
reported accelerated gastric emptying following sleeve gastrectomy.
628Thijs may result from the reduction in volume of the gastric res-
ervoir which is specific to the proximal stomach which may lead to
increased intragastric pressure after meals, resulting in accelerated
passage of nutriments to the small bowel.2?° On the other hand, the
resection of the gastric pacemaker zone during sleeve gastrectomy
can result in aberrant distal ectopic pacemaking or bioelectrical qui-
escence according to results from a recent study.31 However, the
clinical relevance of this postoperative gastric dysrhythmia requires
further investigations. Conversely, the literature regarding vagal
nerve lesions and associated gastroparesis following sleeve gastrec-
tomy remains scant. As for esogastrectomy, there is no normal value
to assess gastric emptying in patients with sleeve gastrectomy. The
low incidence of pylorospasm following sleeve gastrectomy in the
present study suggests that vagal injury after sleeve gastrectomy re-
mains exceptional, but mechanisms of residual pylorospasm (18.7%
of patients) are still unclear in this subgroup of symptomatic patients.

EndoFLIP® system could be used in patients with dyspeptic
symptoms following esogastric surgery. As it reflects vagotomy
or gastroparesis, it could be complementary to gastric emptying.
Moreover, it might help to better select patients undergoing treat-
ments targeting pyloric therapies in case of pylorospasm, like bot-
ulinum toxin injections or G-POEM for example.”"16 In a previous
study including a small number of patients with postfundoplication
gastroparesis, it was shown that an altered pyloric distensibility was
associated with the symptomatic response to intrapyloric botulinum
toxin injections but not a normal pyloric distensibility.** Moreover,
our results suggest that vagal nerve injury was not present in all pa-
tients in the esophagectomy group, which is in contradiction with
the performance of systematic vagotomy during laparotomy. This
point will need further investigations to determine whether vagal
nerve injury can affect other mechanisms than pylorospasm, like ac-
commodation dysfunction.

A limitation of our study could be the small number of patients
included which however is not different from that of a cohort found
in the literature in evaluation of EndoFLIP® system.”!? This may
also be related to the low incidence of delayed gastric emptying fol-
lowing esogastric surgery. A second limitation is that gastric emp-
tying was not measured in patients with esophagectomy or sleeve
gastrectomy. As previously outlined, normal values are lacking for
this particular subgroup of patients. In addition, we did not perform
correlation studies between pyloric studies and validated question-
naires like GCSI (Gastroparesis Cardinal Symptom Index) in the pres-
ent study. Last, we have not reported in the present study patients’

follow-up after pyloric intervention. In fact, we only identified 20
patients with decreased pyloric distensibility which is too small a
number to assess prospectively the predictive value of EndoFLIP®
on symptoms.

5 | CONCLUSION

Decreased pyloric distensibility was found in the majority of patients
with dyspeptic symptoms after antireflux surgery and esophagec-
tomy, but not in all patients. In contrast, a minority of patients dis-
played altered pyloric distensibility after sleeve gastrectomy. This
suggests that pylorospasm is not a frequent consequence of sleeve
gastrectomy, and that this surgery is barely associated with vagal
lesion. However, these first results warrant further confirmatory
studies.

ACKNOWLEDGMENTS
We are grateful to Nikki Sabourin-Gibbs, Rouen University Hospital,
for her help in editing the manuscript.

CONFLICT OF INTEREST
Guillaume Gourcerol has received consulting fees from Allergan. The
other authors have no conflict of interest to declare.

AUTHOR CONTRIBUTIONS

GG is the guarantor of article. GG conceptualised and designed the
study; GG, CM, EH, and JJ performed patient recruitment and se-
lection; GG and JJ involved in data acquisition: Endoflip measures;
GG, AML, and CD performed gastric emptying; GG and CD analyzed
data; GG, AML, and CD performed interpretation of data; GG and
CD wrote the manuscript. All authors have approved the final ver-

sion of the article, including the authorship list.

ORCID
Charlotte Desprez https://orcid.org/0000-0002-1280-7675
Chloé Melchior https://orcid.org/0000-0002-8146-1540

Fabien Wuestenberghs https://orcid.org/0000-0001-6100-6017
https://orcid.org/0000-0003-4105-6804
https://orcid.org/0000-0002-6266-4203
https://orcid.org/0000-0001-8220-9155

Jérémie Jacques
Anne-Marie Leroi
Guillaume Gourcerol

REFERENCES

1. Jung H, Choung RS, Locke GR, et al. The incidence, preva-
lence, and outcomes of patients with gastroparesis in Olmsted
County, Minnesota, from 1996 to 2006. Gastroenterology.
2009;136:1225-1233.

2. Soykan |, Sivri B, Sarosiek |, et al. Demography, clinical char-
acteristics, psychological and abuse profiles, treatment, and
long-term follow-up of patients with gastroparesis. Dig Dis Sci.
1998;43:2398-2404.

3. Maier WP, Masloff ML, Rosemond GP. Changes in the pylorus fol-
lowing vagotomy in dogs. Arch Surg. 1968;97:108-110.

4. Eagon JC, Miedema BW, Kelly KA. Postgastrectomy syndromes.
Surg Clin North Am. 1992;72:445-465.

5. Lu D, Altieri MS, Yang J, et al. Investigating rates of reopera-
tion or postsurgical gastroparesis following fundoplication or

71



DESPREZ ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

paraesophageal hernia repair in New York State. Surg Endosc. 2018.
33(9):2886-2894.

Ardila-Hani A, Soffer EE. Review article: the impact of bariat-
ric surgery on gastrointestinal motility. Aliment Pharmacol Ther.
2011;34:825-831.

Gourcerol G, Tissier F, Melchior C, et al. Impaired fasting pyloric
compliance in gastroparesis and the therapeutic response to pyloric
dilatation. Aliment Pharmacol Ther. 2015;41:360-367.

Davis BR, Sarosiek |, Bashashati M, Alvarado B, McCallum RW. The
long-term efficacy and safety of pyloroplasty combined with gastric
electrical stimulation therapy in gastroparesis. J Gastrointest Surg.
2017;21:222-227.

Grover |, Kim R, Spree DC, et al. Gastric electrical stimulation is
an option for patients with refractory cyclic vomiting syndrome. J
Neurogastroenterol Motil. 2016;22:643-649.

Eypasch E, Williams JI, Wood-Dauphinee S, et al. Gastrointestinal
Quality of Life Index: development, validation and application of a
new instrument. Br J Surg. 1995;82:216-222.

Slim K, Bousquet J, Kwiatkowski F, et al. First validation of the
French version of the Gastrointestinal Quality of Life Index (GIQLI).
Gastroenterol Clin Biol. 1999;23:25-31.

Malik Z, Sankineni A, Parkman HP. Assessing pyloric sphincter
pathophysiology using EndoFLIP in patients with gastroparesis.
Neurogastroenterol Motil. 2015;27:524-531.

Snape WJ, Lin MS, Agarwal N, Shaw RE. Evaluation of the pylorus
with concurrentintraluminal pressure and EndoFLIP in patients with
nausea and vomiting. Neurogastroenterol Motil. 2016;28:758-764.
Desprez C, Melchior C, Wuestenberghs F, et al. Pyloric distensi-
bility measurement predicts symptomatic response to intrapyloric
botulinum toxin injection. Gastrointest Endosc. 2019;90(5):754-760.
el. https://doi.org/10.1016/j.gie.2019.04.228.

Ghoos YF, Maes BD, Geypens BJ, et al. Measurement of gastric
emptying rate of solids by means of a carbon-labeled octanoic acid
breath test. Gastroenterology. 1993;104:1640-1647.

Jacques J, Pagnon L, Hure F, et al. Peroral endoscopic pyloromyot-
omy is efficacious and safe for refractory gastroparesis: prospec-
tive trial with assessment of pyloric function. Endoscopy. 2018.
51(01), 40-49.

Miiller JM, Erasmi H, Stelzner M, Zieren U, Pichlmaier H. Surgical
therapy of oesophageal carcinoma. Br J Surg. 1990;77:845-857.
Gupta S, Chattopadhyay TK, Gopinath PG, et al. Emptying of
the intrathoracic stomach with and without pyloroplasty. Am J
Gastroenterol. 1989;84:921-923.

Collard JM, Romagnoli R, Otte JB, et al. The denervated stom-
ach as an esophageal substitute is a contractile organ. Ann Surg.
1998;227:33-39.

Nakabayashi T, Mochiki E, Garcia M, et al. Gastropyloric motor ac-
tivity and the effects of erythromycin given orally after esophagec-
tomy. Am J Surg. 2002;183:317-323.

Poghosyan T, Gaujoux S, Chirica M, Munoz-Bongrand N,
Sarfati E, Cattan P. Functional disorders and quality of life after

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

7 of 7
-\ 1 ey

esophagectomy and gastric tube reconstruction for cancer. J Visc
Surg. 2011;148:e327-e335.

Benedix F, Willems T, Kropf S, Schubert D, Stibs P, Wolff S.
Risk factors for delayed gastric emptying after esophagectomy.
Langenbecks Arch Surg. 2017;402:547-554.

Akkerman RDL, Haverkamp L, van Hillegersberg R, Ruurda JP.
Surgical techniques to prevent delayed gastric emptying after
esophagectomy with gastric interposition: a systematic review. Ann
Thorac Surg. 2014;98:1512-1519.

Arya S, Markar SR, Karthikesalingam A, Hanna GB. The impact of
pyloric drainage on clinical outcome following esophagectomy: a
systematic review. Dis Esophagus. 2015;28:326-335.

Gilsdorf D, Volckmann E, Brickley A, Taylor LJ, Glasgow RE, Fang J.
Pyloroplasty offers relief of postfundoplication gastroparesis in pa-
tients who improved after botulinum toxin injection. J Laparoendosc
Adv Surg Tech A. 2017;27:1180-1184.

Pauwels A, Boecxstaens V, Broers C, Tack JF. Severely impaired
gastric accommodation is a hallmark of post-Nissen functional dys-
pepsia symptoms. Neurogastroenterol Motil. 2017;29.

Benaiges D, Mas-Lorenzo A, Goday A, et al. Laparoscopic sleeve
gastrectomy: more than a restrictive bariatric surgery procedure?
World J Gastroenterol. 2015;21:11804-11814.

Camilleri M, Chedid V, Ford AC, et al. Gastroparesis. Nat Rev Dis
Primers. 2018;4:41.

Mans E, Serra-Prat M, Palomera E, Suiol X, Clavé P. Sleeve gas-
trectomy effects on hunger, satiation, and gastrointestinal hor-
mone and motility responses after a liquid meal test. Am J Clin Nutr.
2015;102:540-547.

Sista F, Abruzzese V, Clementi M, Carandina S, Cecilia M, Amicucci
G. The effect of sleeve gastrectomy on GLP-1 secretion and gastric
emptying: a prospective study. Surg Obes Relat Dis. 2017;13:7-14.
Berry R, Cheng LK, Du P, et al. Patterns of abnormal gastric pace-
making after sleeve gastrectomy defined by laparoscopic high-res-
olution electrical mapping. Obes Surg. 2017;27:1929-1937.

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Desprez C, Melchior C,
Wauestenberghs F, et al. Pyloric distensibility measurement
after gastric surgery: Which surgeries are associated with
pylorospasm?. Neurogastroenterol Motil. 2020;00:e13790.
https://doi.org/10.1111/nmo.13790

72



3. Larelation entre les résultats de I'EndoFLIP® anal et la présentation clinique de

I'incontinence fécale

Il a été mis en évidence que la distensibilité du canal anal était plus élevée chez les
patients avec incontinence fécale (IF) en comparaison aux volontaires sains(165). Par ailleurs,
I’index de distensibilité anale serait un paramétre permettant une meilleure discrimination entre
les sujets continents et incontinents que la pression anale manométrique(13). Actuellement, 3
sous-types d’IF sont décrits et utilisés au cours du bilan clinique des patients : active (IF
précédée d’un besoin exonérateur impérieux), passive (IF sans besoin exonérateur préalable),
ou mixte. La détermination du sous-type d’IF est importante car elle oriente vers un des
mécanismes physiopathologiques de I’'IF qui conditionne le traitement médical de 1°7 ligne.
Ainsi, une IF active serait en faveur d’une incompétence du sphincter anal externe, alors que
I’IF passive serait associ¢ a une incompétence du sphincter anal interne(140). La manométrie
anorectale n’a pas permis de confirmer I’association entre sous-type d’IF et incompétence
sphinctérienne(140). L’objectif de notre étude était donc d’évaluer la relation entre le sous-type
d’TF et la distensibilité du canal anal via I’utilisation de la technologie EndoFLIP®.

Pour cela, nous avons étudié la corrélation entre le sous-type d’IF, évalué cliniquement,
et les résultats des différents examens réalisés chez des patients avec IF, dans notre centre
(manométrie ano-rectale, anuscopie, rectoscopie, tests électrophysiologiques du périnée,
échographie endo-anale) et les résultats de ’EndoFLIP® anal. Les paramétres de ’EndoFLIP®
¢tudiés étaient la distensibilité anale au repos et lors de la contraction volontaire.

Nos résultats ont pu montrer que, parmi 133 patients inclus, 41% présentaient une IF
active, 30% passive et 29% mixte. L’index de distensibilité anale au repos a 50 mL de distension
¢tait plus faible chez les patients avec IF active que chez les patients avec IF passive (p=0,04).
Au repos, a 50 mL de distension, une distensibilité anale > 7,3 mm?/mmHg et une distensibilité

anale < 1,3 mm?/mmHg étaient associées respectivement avec les sous-types d’IF passive et
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active, avec un faible pouvoir discriminant (exactitude de 0,49). Aucune différence n’a ét€ mise
en évidence pour les résultats des autres explorations parmi les différents sous-types d’IF. Ce
faible pouvoir discriminant de ’EndoFLIP® pour la détermination du sous-type d’IF était
probablement li¢ a la fréquence des mécanismes multifactoriels responsables de I’'IF. Ainsi, I’[F
active était significativement plus fréquente chez des patients présentant a la fois une
incompétence du sphincter anal externe, un miro-rectum et une diarrhée chronique.

Ce travail a démontré une faible valeur de la distensibilité anale au repos et lors de la

contraction volontaire pour prédire le sous-type d’IF.
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What does this paper add to the literature?

The relationship between faecal incontinence (FI) subtype and
anal sphincter dysfunction has not been clearly elucidated using

| Anne-Marie Leroi?

Abstract

Aim: Faecal incontinence (FI) subtypes (urge, passive, mixed) are linked to the physio-
pathological mechanism of Fl. Previous studies have failed to demonstrate a consistent
relationship between Fl subtype and anal sphincter dysfunction. Our aim was to evaluate
the relationship between anal sphincter function, assessed using the new EndoFLIP®
technology, and Fl subtype.

Method: Patients referred for Fl were prospectively enrolled between October 2015
and May 2021 in a registry, and data were retrospectively examined. Each patient un-
derwent a clinical assessment as well as three-dimensional high-resolution or water-
perfused anorectal manometry, anal EndoFLIP®, and anorectal electrophysiological
and endoanal ultrasound tests. The results of the investigations were compared
across Fl subtypes.

Results: The cohort included 133 patients, 54 (41%) of whom met the criteria for urge
Fl, 40 (30%) for passive Fl and 39 (29%) for mixed FI. The resting anal distensibility index
(DI) at 50 ml of distension was significantly lower in patients with urge Fl than in patients
with passive FI (p = 0.04). At rest, a DI at 50 ml of distension 27.3mm? mmHg ™ and a DI at
40 ml of distension <1.3mm? mmHg™ were associated with the passive and urge Fl sub-
types, respectively, with poor discriminatory power (an accuracy of 0.49 compared with
0.33 for random assignment). There were no differences in anorectal manometry, endoa-
nal ultrasound or electrophysiological test results among the urge, passive and mixed Fl
subgroups (all p>0.05).

Conclusion: The anal sphincter DI using the EndoFLIP® system displayed poor predictive

performance in distinguishing among Fl subtypes.

standard tests. The new EndoFLIP® system for measuring anal dis-
tensibility can distinguish between Fl subtypes in some extreme
cases but is not powerful enough to be used alone to diagnose a
given Fl subtype.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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INTRODUCTION

Faecal incontinence (Fl) is defined by the Rome IV criteria as the in-
voluntary loss of faeces at least twice a month over a 6 month pe-
riod [1]. This condition is classified by the International Continence
Society (ICS) into two subtypes: urge incontinence, defined as the
unwanted loss of stool despite active attempts to inhibit defaeca-
tion, and passive incontinence, defined as unwanted loss of stool
without patient awareness [2]. However, a third subtype, mixed Fl,
is also described in many studies and is defined as a combination of
urge and passive FI [3]. This subtype may be related to the underly-
ing pathophysiological mechanisms responsible for Fl and may serve
as a guide for first-line therapeutics [4]. In clinical practice, dysfunc-
tion of the external anal sphincter leading to decreased squeeze
pressures is associated with urge FI [5-7] while impairment of the
internal anal sphincter has been linked to passive incontinence [5, 8].
Previous studies have not demonstrated a clear association between
FI subtype and anal sphincter dysfunction [3]. This could be due to
a lack of sensitivity of current anorectal investigations (i.e. manom-
etry) for properly assessing anal sphincter function [9].

The EndoFLIP® system was developed to study a new pa-
rameter of anal sphincter competence, i.e. sphincter resistance to
transphincteric flow or the distensibility index (DI) [10]. The DI is
abnormally high in patients with Fl [11-14] and better discriminates
healthy subjects from patients with FI than manometric anal pres-
sures [13]. The anal DI could thus be a prime determinant of sphinc-
teric strength [15].

The aim of the present study was to evaluate the relationship
between Fl subtype and the anal DI evaluated using EndoFLIP®
technology.

METHOD

Patients

Patients with FI who were referred to the Physiology Unit of Rouen
University Hospital (France) between October 2015 and May 2021
for physiological investigations of anorectal function were prospec-
tively enrolled in a registry, and their data were retrospectively ex-
amined. Age (below 18 years) and isolated gas incontinence were the
only exclusion criteria. As our objective was to assess the relation-
ship between Fl subtypes and their mechanisms using EndoFLIP®
technology, we wanted to explore a large population of Fl patients
with no criteria of selection for age or sex to avoid selection bias
with respect to the aetiology of the sphincter deficiency (e.g. obstet-
ric trauma could be more frequently observed in younger women)
and to evaluate EndoFLIP® in the routine practice of a tertiary care
centre.

Some of the patients had been included in a previous study [14].
Ethical approval for data collection from patients with FI was ob-
tained in accordance with data protection and civil liberties legisla-
tion (CNIL, E2022-07).

Clinical assessment of Fl patients

During the screening visit, the clinical characteristics of the pa-
tients were recorded. Additional information, including duration
of Fl, details of stool consistency using the Bristol stool form scale
[16] and the presence of transit disorders [17] (Rome |V criteria)
was collected. Fl severity was assessed using the Cleveland Clinic
Incontinence Score (CCIS) [18] and the Vaizey score [19]. The
Vaizey score considers the same items as the CCIS in addition to
items concerning the use of constipating medication and the lack
of ability to defer defaecation for 15 min [19]. Quality of life (QOL)
was assessed using the French version of the American Society of
Colon and Rectal Surgeons QOL auto-questionnaire for FI (FIQL)
[20]. One of the items of the embarrassment domain of the FIQL
questionnaire is related to passive Fl (‘I leak stool without even
knowing it.) [20].

To classify patients according to Fl subtype, definitions validated
by the ICS were used in the present study [2]. Urge incontinence was
defined as the unwanted loss of stool despite active attempts to in-
hibit defaecation. Passive incontinence was defined as the unwanted
loss of stool without the person being aware. This information was
collected during structured interviews that were not standardized
and/or validated conducted in our routine practice by three trained
physicians from our department (AML, VB, GG). Patients who said
they were almost exclusively incontinent because they had ‘great
urgency and could not reach the toilet on time’ were considered to
have urge incontinence whereas patients who said they were almost
exclusively ‘unaware when the leakage was actually happening’
were considered to have passive incontinence. Lastly, patients who
reported both Fl subtypes were considered to have mixed inconti-
nence. Three subgroups of patients were created based on Fl sub-
type (urge, passive, mixed).

Anorectal functional tests

Each FI patient underwent a clinical examination and a battery
of pelvic floor examinations, including three-dimensional high-
resolution anorectal manometry (3D-HRAM) or water-perfused
anorectal manometry (depending on the time period), as well as
electrophysiological and endoanal ultrasound tests. An anoscopy-
rectoscopy was performed to assess anorectal intussusception and
prolapse. Water-perfused anorectal manometry and 3D-HRAM,
endoanal ultrasounds, electrophysiological tests and anoscopy-
rectoscopy were performed as previously described [14, 21, 22].
Regardless of the type of manometry used (3D-HR or water-
perfused), manoeuvres were performed with a standard sequence
that included a 30 s recovery period between each manoeuvre:
rest—anorectal pressures were measured with the subject relaxed
after a 15 min rest period; squeeze—the subject was instructed to
squeeze the anal canal as strongly and for as long as possible (two
attempts). The best performance of the two trials was selected and
used for the analysis. The rectal sensory test involved inflating a
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rectal balloon with air in 10 ml increments using a hand-held syringe
and recording the threshold volumes and pressures for minimal sen-
sation and maximum tolerated volume [14].

The likely underlying mechanisms of Fl were determined based
on clinical assessment, anorectal manometry, EndoFLIP® and
anoscopy-rectoscopy results. Nine possible isolated or associated
underlying mechanisms for Fl were identified for each patient: anal
hypocontractility (abnormal maximal voluntary squeeze pressure
and/or duration), anal hypotonia (abnormal anal resting pressure),
rectal hypersensitivity (reduced rectal capacity with or without
low compliance), rectal hyposensitivity (elevated rectal capacity
with or without high compliance), constipation, diarrhoea, proci-
dencia/prolapse, low anterior resection syndrome (LARS) and id-
iopathic. As the subtype of Fl is supposed to direct us toward an
anorectal dysfunction without prejudging its aetiology, we only
listed the different types of anorectal dysfunctions but not the
potential causes of these dysfunctions (i.e. anal sphincter defect,
pudendal neuropathy).

EndoFLIP® assessments

The DI of the anal sphincter was measured using the EndoFLIP®
system (Crospon Ltd) as previously described [13]. The device
(catheter EF-325 N) consists of a two-lumen polyethylene tube
with an outer diameter of 3 mm. Seventeen ring electrodes placed
at 4mm intervals measured electrical impedance to estimate the
cross-sectional area (CSA) at 16 points, 5mm apart. The CSA
measurements were performed over an 8 cm long zone. A 12 cm
long bag was mounted on the probe and was filled with saline solu-
tion to a maximum diameter of 25 mm. The intra-bag pressure was
calculated using a solid-state pressure transducer placed inside
the bag at the distal end. During the procedure, the EndoFLIP®
probe was inserted and two detection electrodes remained visible
outside the anal verge. The probe was held in place manually. The
bag was filled with 0-50 ml of conductive saline solution in 10 ml
increments at a rate of 40 ml/min. The resting measurements were
recorded after 30 s, following which the subjects were asked to

squeeze for each inflation level.

Statistical analyses

The concurrent validity, including sensitivity, specificity and posi-
tive and negative predictive values of the two items related to faecal
urgency in the Vaizey score [19] and to passive Fl in the FIQL ques-
tionnaire [20] were analysed and were compared with the medical
interview as a reference standard.

The EndoFLIP® and 3D-HRAM data were analysed as described
elsewhere [13]. Sixteen CSAs and intra-bag pressures were assessed
with 40 ml and 50 ml of saline solution at rest and during voluntary
contractions. The DI (mm2 mmHg’l) was defined as the CSA at the
narrowest point divided by the corresponding intra-bag pressure at

1 & =
% Escp | E3i

f4

rest and during peak voluntary contraction. As we have previously
shown that the 40 mland 50 ml DI at rest and during squeeze are the
most relevant parameters for exploring patients with FI [13], we only
used these indices in the present study. For anorectal manometry,
the following parameters were analysed: length of the high-pressure
zone (for 3D-HRAM), resting pressure (eSleeve resting pressure
for 3D-HRAM), incremental maximal and mean squeeze pressures
(maximal/mean squeeze pressure minus resting pressure), duration
of the sustained anal contraction, rectal sensation, volumes and
compliance [14].

Given the different manometric systems (high-resolution and
water-perfused) with specific normal values, the manometry and
EndoFLIP® measurements were also expressed as normal or ab-
normal sphincter/rectal function. The cut-off values for the Dls,
pressures and volumes used to divide the patients into normal and
abnormal groups were obtained from a study of a normal healthy
population of women for the 3D-HRM and EndoFLIP® [13] mea-
surements (10th-90th percentiles) and from our unpublished data
for water-perfused anorectal manometry (Table 1).

The Fl subtypes were compared between patients with a ma-
jority of FI mechanisms known to provoke urge incontinence (anal

TABLE 1 Cut-off values for the pressures, volumes, compliance
and Dls used to divide patients into two groups (normal and
abnormal) obtained from a study on a normal healthy population of
women for 3D-HRAM and EndoFLIP® (Gourcerol, 2016; 10th-
90th percentiles) and from our unpublished data for water-perfused
anorectal manometry

Normal

Parameters values
Water-perfused anorectal manometry

Anal resting tone (cmH,0) >60

Maximum squeeze pressure (cmHZO) >60

Threshold volume (ml) <20

Maximal tolerated volume (ml) 100-400

Rectal compliance (ml cmH2O'1) 2-10
3D-HRAM

Anal resting tone (mmHg) >58

Maximum squeeze pressure (mmHg) >54

Mean squeeze pressure (mmHg) >6

Squeeze pressure duration (s) >15

Threshold volume (ml) >30

Maximal tolerated volume (ml) 150-340

Rectal compliance (ml mmHg™) 5-12
Anal EndoFLIP®

40 ml DI at rest (mm? mmHg™) <1

40 ml DI during squeeze (mm? mmHg™) <0.6

50 ml DI at rest (mm? mmHg™) <29

50 ml DI during squeeze (mm? mmHg™) <1.5

Abbreviations: 3D-HRAM, three-dimensional high-resolution anal
manometry; DI, distensibility index.
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TABLE 2 Clinical characteristics of the 133 patients with Fl according to subtype
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Parameter All (N = 133) Urge FI (N = 54) Passive FI (N = 40) Mixed FI (N = 39) p-value
Age (years) 64 [55-73] 64.5[55.5-71.5] 70 [59-76]* 63 [50-69]* 0.014
Sex (male/female) 14/119 5/49 6/34 3/36 0.593
BMI (kg m™) 26.3[23.1-29.3] 27.0[22.7-29.7] 24.8[22.1-27.4] 26.6 [24.1-29.6] 0.143
Parity 2.2[1.8-3] 2.0[2.0-3.0] 2[2.0-3.0] 2[1.0-2.5] 0.127
Medical comorbidities, n (%)
Neurological disease 7(12.8) 4(7.4) 6 (15) 7 (17.9) 0.285
Psychiatric disease 8(13.3) 5(9.3) 6(15.0) 7(17.9) 0.457
Anorectal surgery 9(29.3) 12 (22.2)** 8(20.0)* 19 (48.7)*** 0.006
Diabetes 12 (9.0) 8(14.8) 3(7.5) 1(2.6) 0.115
Colorectal cancer 4(3.0) 1(1.9) 0(0.0) 3(7.7) 0.139
Irritable bowel syndrome 37 (28.7) 9(17.3) 14 (35.9) 14 (36.8) 0.063
Menopause (73.6) 36 (73.5) 30(85.7) 23(62.2) 0.077
Traumatic delivery 72 (59.5) 32(65.3) 16 (45.7) 24 (64.9) 0.143
Associated urinary incontinence (30.1) 14 (25.9) 15 (37.5) 11 (28.2) 0.665
Transit disorders, n (%)
Diarrhoea 30(22.5) 15(27.8) 5(12.5) 10 (25.6) 0.185
Constipation 21(15.8) 2 (3.7)** 17 (42.5)"*** 2(5.1)* 0.0001
Duration, n (%) N =130 N =52 N=39 N=39
<1 year 8(13.8) 6(11.5) 6(15.4) 6(15.4)
1-5years 57 (43.8) 21(40.4) 21(53.8) 15(38.5)
5-10years 9(22.3) 13 (25.0) 7 (17.9) 9(23.1)
>10years 26(22.0) 12(23.1) 5(12.8) 9(23.1)
CCIS 11 [8-14] 11 [8-14] 11 [8-14] 12 [10-15] 0.073
Vaizey score 14 [11-17] 14 [12-16] 12 [10-16]* 15[13-18]* 0.009
FIQL
Lifestyle 2.6[1.8-3.1] 2.7[1.7-3.1] 2.7[2.3-3.3]* 2.3[1.5-3.0]* 0.048
Coping and behaviour 1.7 [1.3-2.3] 1.7 [1.2-2.1]*** 1.9 [1.4-2.8]**** 1.4[1.2-2.2] 0.007
Depression and self-perception 2.6[1.9-3.3] 2.7 [2.0-3.2] 2.7 [2.1-3.4] 2.1[1.8-3.3] 0.348
Embarrassment 2.0[1.3-2.7] 2.0[1.7-2.71** 2.0[1.3-2.7] 1.7 [1.2-2.0]** 0.020
Bristol stool form scale? N =129 N =52 N =39 N =38 -
Type |-l 32 (24.8%) 14 (26.9%) 12 (30.8%) 6(15.8%) 0.283
Type llI-IV-V 65 (50.4%) 21 (40.4%) 20 (51.3%) 24 (63.2%) 0.102
Type VI-VII 50 (38.8%) 24 (46.2%) 13(33.3%) 13(34.2%) 0.366
Wearing a protective pad N =130 N =152 N =239 N =39
Never 28 (21.5%) 15 (28.8%) 8(20.5%) 5(12.8%) 0.299
<1 per week 14 (10.8%) 7 (13.5%) 2(5.1%) 5(12.8%)
>1 per week 5(11.5%) 4(7.7%) 7 (17.9%) 4 (10.3%)
Every day 73 (56.2%) 26 (50.0%) 22 (56.4%) 25 (64.1%)
Endoanal ultrasonography N=114 N =47 N =232 N =35
External anal sphincter defect 31(27.2%) 15 (31.9%) 5(15.6%) 11 (31.4%) 0.198
Internal anal sphincter defect 33(28.9%) 14 (29.8%) 6(18.8%) 13 (37.1%) 0.240
Anorectal electrophysiological tests N =99 N =45 N =25 N =29
Abnormal tests 59 (59.6%) 25 (55.6%) 18 (72%) 16 (55.2%) 0.331

Note: Data are expressed as medians [IQR], n (%), or n/N (%), where N is the total number of patients with available data. p-values were computed using the
chi-square test or Fisher's exact test for nominal data and analysis of variance for continuous data. Post hoc pairwise comparison tests were performed
when the Fisher's exact test values were significant. Tukey's honestly significant difference method was used for nominal and continuous values.
Abbreviations: BMI, body mass index; CCIS, Cleveland Clinic Incontinence Score; Fl, faecal incontinence; FIQL, Faecal Incontinence Quality of Life.
*p<0.05 passive Fl vs. mixed FI.

**p<0.05 urge Fl vs. mixed FI.

.

p<0.05 urge Fl vs. passive FI.
2Some patients may belong to several groups.
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hypocontractility, hypersensitive rectum, diarrhoea) [7, 23] and
those with a majority of mechanisms known to provoke passive Fl
(anal hypotonia, hyposensitive rectum, procidentia, constipation)
[24-26].

Continuous and count data were expressed as medians [inter-
quartile range, IQR] and n (%), or n/N (%), respectively, where N is

fy e

the total number of patients with available data. The p-values were
computed using the chi-square test or Fisher's exact test for nom-
inal data and analysis of variance (ANOVA) for continuous data. A
post hoc pairwise comparison test was performed when the values
of Fisher's exact test were significant, with corrections for multi-

ple testing (false discovery rate, Benjamini-Hochberg). Tukey's

TABLE 3 Sensitivity, specificity,
positive and negative predictive values
and Youden's index of each item related

to urge Fl of the Vaizey score and

passive Fl of the FIQL score compared
to the medical interview, which was the
reference standard, to classify patients
into the urge or passive Fl subgroup

score)

Youden's PPV NPV
Sensitivity (%)  Specificity (%) index (%) (%) (%)
Item urgency (Vaizey 92 23 15 61.5 69
score)
Item passive FI (FIQL 23 9 46 70.6

Abbreviations: Fl, faecal incontinence; FIQL, Faecal Incontinence Quality of Life; NPV, negative
predictive value; PPV, positive predictive value;.

TABLE 4 Results of perfused anorectal manometry and high-resolution anorectal manometry and the proportion of abnormal findings

using both methods according to Fl subtype

Parameters Urge FI Passive FI Mixed FI p-value
Water-perfused anorectal manometry N=22 N =15 N=17
Maximal resting anal pressure (cmH,0) 56.0 [34.8-70.8] 35.0[23.5-77.5] 45.0 [37.0-60.0] 0.776
Maximal VC amplitude (cmH,0) 29.0 [19.3-46.0] 46.0[10.0-97.5] 23.0 [15.0-80.0] 0.708
Mean VC amplitude (cmH,0O) 17.0 [11.0-24.0] 10.0 [0.0-26] 15.0 [10.0-27.0] 0.998
Duration of VC (s) 18.5[5.3-40.8] 10.0 [1.5-42.5] 15.0 [6.0-47.0] 0.829
First sensation volume (ml) 10 [10-10] 10 [10-10] 10.0 [10.0-10.0] 0.893
Constant sensation volume (ml) 100 [81-119] 88 [50-138] 75 [44-125] 0.452
Maximum tolerated volume (ml) 150 [125-175] 125[100-188] 150 [75-200] 0.813
Compliance (ml cmHZO’l) 3.4[2.4-4.4] 3.2[1.7-4.8] 3.1[2.1-4.0] 0.284
High-resolution anorectal manometry N=32 N=25 N=22
Maximal resting anal pressure (cmH,0) 52.6 [34.3-64.8] 38.0[29.0-49.0] 38.0[28.0-53.8] 0.117
Maximal VC amplitude (cmH,0) 49.5[26.8-68.3] 62.0 [40.0-110.0] 42.5[26.3-75.5] 0.479
Mean VC amplitude (cmH,O) 10.0[5.0-18.0] 13.0[9.5-19.0] 12.0[5.0-26.0] 0.992
Duration of VC (s) 19.0[5.0-44.3] 15.0[6.0-44.0] 40.0 [12.0-44.0] 0.543
First sensation volume (ml) 15 [10-30] 20 [10-30] 10 [10-20] 0.181
Constant sensation volume (ml) 100 [75-125] 100 [75-138] 125 [75-150] 0.353
Maximum tolerated volume (ml) 150 [125-200] 150 [125-225] 175 [150-206] 0.383
Compliance (ml cmH,0™) 4.7 [3.8-6.1] 6.5[5.0-8.4] 6.8 [4.9-9.6] 0.463
Overall N =54 N =40 N=39
Abnormal resting anal pressure 32 (59.2%) 31(77.5%) 30 (76.9%) 0.087
Abnormal maximal VC amplitude 37 (68.5%) 18 (45.0%) 25 (64.1%) 0.059
Abnormal VC duration 25(46.3%) 23 (57.5%) 15(38.5%) 0.560
N =47 N =232 N=236
Rectal hypersensitivity 18 (33.3%) 15 (46.9%) 12(33.3%) 0.512
Rectal hyposensitivity 2 (4.2%) 2 (6.2%) 2 (5.5%) 0.921

Note: Data are expressed as median [IQR], n (%) or n/N (%), where N is the total number of patients with available data.

p-values were computed using the chi-square test or Fisher's exact test for nominal data and analysis of variance for continuous data. Post hoc
pairwise comparison tests were performed when the Fisher's exact test values were significant. Tukey's honestly significant difference method was

used for nominal and continuous values.

Abbreviations: Fl, faecal incontinence; VC, voluntary contraction.
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honestly significant difference method was used for nominal and
continuous data. The Fl subtype classification tree was built based

on the EndoFLIP® results using the recursive partitioning method.
Hyperparameters were optimized by machine learning.

Data analyses, statistical analyses and graph plotting were per-
formed using R v.4.1.0 [27], rstatix [28], caret [29], ggplot2 [30], ggsci
[31], ggpubr [32], rpart [33], rpart.plo [34], and mlr [35]. Raw data
as well as the R code are available as Supplementary Material S1

TABLE 5 Results of EndoFLIP® measurements according to Fl subtype in a cohort of 133 patients

Parameters Urge FI (N = 54) Passive FI (N = 40) Mixed FI (N = 39) p-value
DI at rest, 40 ml of distension (mm? mmHg™) 1.92[0.70-2.53] 1.85[0.68-3.09] 1.50[1.15-2.55] 0.121
Abnormal, n (%) 35 (64.8) 27 (67.5) 31(79.5) 0.274
DI during VC, 40 ml of distension (mm? mmHg™) 0.95[0.50-1.48] 0.75[0.40-1.75] 1.10[0.40-1.30] 0.937
Abnormal, n (%) 38(70.4) 25(62.5) 28(71.8) 0.626
DI at rest, 50 ml of distension (mm? mmHg™?) 2.25[1.40-4.83]* 3.45[1.83-6.78]* 3.20[1.95-4.80] 0.046
Abnormal, n (%) 19 (35.2) 22 (55) 22 (56.4) 0.064
DI during VC, 50 ml of distension (mm? mmHg™) 1.70[1.10-2.83] 2.19 [1.00-2.60] 2.08[0.95-2.80] 0.924
Abnormal, n (%) 28 (51.9) 23 (57.5) 24 (61.5) 0.844

Note: Data are expressed as medians [IQR], n (%) or n/N (%), where N is the total number of patients with available data.

p-values were computed using the chi-square test or Fisher's exact test for nominal data and analysis of variance for continuous data. Post hoc
pairwise comparison tests were performed when the Fisher's exact test values were significant. Tukey's honestly significant difference method was

used for nominal and continuous values.

Abbreviations: DI, Distensibility Index; FI, faecal incontinence; VC, voluntary contraction.

*p<0.05 urge Fl vs. passive Fl.
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Predominance of 100%
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FIGURE 1 Classification tree of faecal
incontinence (Fl) subtypes based on
EndoFLIP® measurements at rest. Values
inside nodes correspond to the number
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an EndoFLIP® measurement is given. Fl,
faecal incontinence
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and S2, respectively. Our study meets the criteria of the Strobe List
(Appendix S1)

RESULTS
Clinical characteristics of patients

One hundred thirty-three patients were consecutively included in
the present study (median age 64 [55-73] years; M:F ratio 14:119).
Patient characteristics are summarized in Table 2. After an inter-
view, 54 (41%) patients were assigned to the urge FI subgroup,
40 (30%) to the passive Fl subgroup and 39 (29%) to the mixed FI
subgroup. The items of the scores concerning the presence of urge
FI (faecal urgency with the Vaizey score) and passive Fl (stool leak-
age without awareness with the FIQL score) showed fairly good
sensitivity but poor specificity for discriminating the Fl subtype
compared with the medical interview, which was the reference
standard (Table 3).

TABLE 6 Performance parameters of the classification tree
given in Figure 1 for detecting Fl subtypes using distensibility index
(DI) thresholds at 40 and 50 ml of distension

Passive
Urge FI Mixed FI Fl
Sensitivity 0.53 0.41 0.83
Specificity 0.67 0.84 0.75
Positive predictive value 0.50 0.74 0.25
Negative predictive value 0.70 0.56 0.98

Note: At rest, a DI at 50 ml of distension >7.3 mmzmmHg’1
identified patients with passive Fl and a DI at 40 ml of distension
<1.3mm?mmHg* distinguished urge Fl from mixed FI.
Abbreviation: Fl, faecal incontinence.

30

25

20

15

10

FIGURE 2 Pelvic floor disorders (recto-
anal intussusception, muco-haemorrhoidal
prolapse, rectocele, enterocele) found

on anoscopy-rectoscopy in 97 patients 0
based on faecal incontinence (Fl) subtype.
Some patients could have more than one
disorder. *p < 0.05

Number of patients with pelvic floor disorder

N= 97 patients

Muco-haemorrhoidal prolapse
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A comparison of patient characteristics in the different sub-
groups is shown in Table 2. Patients with passive Fl were older than
patients with mixed Fl (p = 0.01; Table 2). More patients with mixed
FI underwent anorectal surgery (rectopexy, proctectomy, haemor-
rhoid surgery, fissurectomy, treatment of anal fistula) than patients
with urge or passive Fl (p<0.001; Table 2). Constipation occurred
more frequently in patients with passive Fl than in the two other
subgroups (p<0.001; Table 2).

The FIQL lifestyle and coping scores were lower in patients with
mixed Fl than in patients with passive FI (p = 0.048 and p = 0.007,
respectively; Table 2). The FIQL coping score was lower in patients
with urge Fl than in patients with passive Fl (p = 0.007: Table 2).
The FIQL embarrassment score was lower in patients with mixed FI
than in those with urge Fl (p = 0.020; Table 2). The Vaizey score
was higher in patients with mixed Fl than in patients with passive FI
(p = 0.009; Table 2).

Anorectal functional tests

Anorectal manometry

There was no difference between Fl subtypes with respect to the
parameters measured with either HRAM or water-perfused ano-

rectal manometry, even after pooling the patients based on normal/
abnormal results (Table 4).

EndoFLIP®

There was no difference between Fl subtypes for the DI at 40 ml
of distension at rest and during voluntary contraction (Table 5). The

DI at rest at 50 ml of distension was lower in patients with urge FI

Rectocele-enterocele

Recto-anal intussusception Total

H Urge Fl M Passive Fl  ® Mixed FI

81



DESPREZ ET AL.

g @

i £
Escp (B3
&

TABLE 7 Underlying mechanisms of Fl in a cohort of 133
patients complaining of Fl

8=

Elopractoiogy

No. of patients

Identified FI mechanisms (N =133)
Isolated mechanisms
Anal hypocontractility 10
Anal hypotonia 9
Rectal hyposensitivity 1
Constipation 3
Idiopathic 3
Associated mechanisms
Anal hypocontractility + anal hypotonia
Isolated 23
With transit disorders 14
With transit disorders and procidencia 1
With procidencia 1
Anal hypocontractility + anal hypotonia+rectal hypersensitivity
Isolated 15
With transit disorders 10
With procidencia 1
Anal hypocontractility + anal hypotonia+rectal hyposensitivity
Isolated 1
With transit disorders 2

Anal hypocontractility + rectal hypersensitivity

Isolated 5
With transit disorders 1
With procidencia 1
With transit disorders and procidencia 1
Anal hypocontractility + rectal hyposensitivity
Isolated 2
With transit disorders
Anal hypocontractility + transit disorders 7
Anal hypotonia+rectal hypersensitivity:
Isolated 4
With transit disorders 3
Anal hypotonia +rectal hyposensitivity 1
Anal hypotonia+ transit disorders 5
Anal hypotonia+ procidencia 1
Rectal hypersensitivity + transit disorders 1
Rectal hyposensitivity + transit disorders 1
LARS 5

Abbreviations: Fl, faecal incontinence; LARS, low anterior resection
syndrome.

than in patients with passive Fl (p = 0.046; Table 5), but not during
voluntary contraction (Table 5).

A classification tree was built to determine whether DI thresholds
at 40 or 50 ml of distension could predict FI subtype (Figure 1). At
rest, a DI at 50 ml of distension 27.3mm? mmHg ! identified patients

with passive Fl and a DI at 40 ml of distension <1.3mm? mmHg™

distinguished urge FI from mixed Fl. The accuracy of the classifica-
tion tree was 0.49 (95% CI 0.41-0.58). The sensitivity, specificity and
positive and negative predictive values of the classification tree to
detect Fl subtypes are given in Table 6.

Other tests

One hundred fourteen patients underwent endoanal ultrasonogra-
phy (86%). There was no difference between the different Fl subtypes
with respect to the presence of anal sphincter lesions for both internal
and external anal sphincters (Table 2). Anorectal electrophysiological
tests were performed in 99 patients (74%). There was no association
between the anorectal electrophysiological test results (normal/abnor-
mal) and the FI subtype (Table 2). Pelvic floor disorders on anoscopy-
rectoscopy were found more frequently in patients with passive or
mixed Fl than in patients with urge FI (p = 0.005; Figure 2).

Mechanisms of Fl

One hundred and seven patients (80%) had several associated iden-
tified mechanisms that could explain their incontinence (Table 7).
Patients with a predominance of identified mechanisms known to
induce urge incontinence were significantly more represented in the
urge Fl subgroup (p = 0.0004; Figure 3). Similarly, patients with a
predominance of identified mechanisms known to induce passive
incontinence were significantly more represented in the passive FI
subgroup (p = 0.0004; Figure 3).

DISCUSSION

We studied the relationship between anal DI and Fl subtype using
the EndoFLIP® system. A weak relationship was detected between
the anal DI at rest at 50 ml of distension and passive Fl. A dysfunc-
tion of the internal anal sphincter may lead to poor sealing of the
anal canal under rest, which may cause passive Fl. A dysfunction of
the external anal sphincter may lead to insufficient closure of the
anal canal when stool arrives in the rectum, which may cause urge
incontinence [1]. Given these two mechanisms, we expected to cor-
relate urge Fl with external anal sphincter dysfunction and passive Fl
with internal anal sphincter dysfunction. However, as previously re-
ported, we did not find any significant difference in the distribution
of anal hypocontractility and anal hypotonia recorded by anal ma-
nometry between the three Fl subtypes [6, 36-38]. The frequency
of anatomical and/or neuropathic sphincter lesions was not related
to a particular Fl subtype, as expected, as this represented more the
potential cause of the dysfunction than the dysfunction itself. Given
the superiority of the EndoFLIP® system in quantifying resistance
to anal distension, an important variable for anal continence [10,
12, 39], it should be more accurate in detecting sphincter dysfunc-

tions. In the present study, the resting anal DI at 50 ml of distension
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FIGURE 3 Relationship between 40

the identified mechanisms of faecal

incontinence (Fl) in a cohort of 133 35 *

patients and Fl subtype. *p < 0.05
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Patients with majority of mechanisms
known to induce urge FI

N= 133 patients

differed significantly, with the passive subtype having the highest
values and the urge subtype the lowest. However, anal DI during
voluntary contraction was not significantly different between the FI
subtypes. The DI at squeeze may more reflect the isolated action of
the external anal sphincter while the DI at rest may more reflect the
isolated action of the internal anal sphincter [13]. We identified the
values of the Dls that allowed us to discriminate patients according
to their Fl subtype in a descriptive manner. We used a classifica-
tion tree to show that patients with a resting DI at 50 ml of disten-
sion 27.3mm? mmHg™ and that resting Dls at 40 ml of distension
<1.3mm? mmHg'l were related to the passive and urge Fl subtypes,
respectively. However, the discriminatory power of the classification
tree was low (an accuracy of 0.49 compared with 0.33 for random
assignment). Although EndoFLIP® can distinguish between differ-
ent Fl subtypes, this is true only for extreme DI values.

The main premise for explaining discrepancies between anal
sphincter function and Fl subtype could be the lack of consensus
in categorizing patients into the different subgroups. Other studies
have used medical interviews, validated Fl scores or rating scales
[3]. The present study showed that these choices are very import-
ant given the poor agreement between the Fl score results and the
interviews conducted by a trained physician to classify patients ac-
cording to Fl subtype. In addition, we categorized patients based on
the exclusivity of one type of Fl compared with others. This made it
possible to have more homogeneous groups of patients but had the
disadvantage of creating smaller groups.

Lastly, our findings suggested that the most likely premise for ex-
plaining why Fl subtype is moderately helpful in identifying the mech-
anism of incontinence is the multiple pathophysiological abnormalities
identified in 80% of our patients. Sphincter problems are not the only
reason for Fl. Transit, pelvic floor disorders and rectal dysfunction
may also be involved [7, 23-26]. Although our results confirmed the
association between the presence of passive Fl, constipation and/or
pelvic floor disorders, there were no statistically significant differences

Patients with majority of mechanisms Others
known to induce passive Fl

mUrge FI M Passive FI B Mixed FI

in the frequency of diarrhoea, abnormal rectal sensory volumes or
compliance between the three subgroups of incontinent patients. The
differences observed from other studies could be related to a declar-
ative definition of diarrhoea or the non-use of a barostat, a reference
technique for assessing rectal capacity, sensitivity and compliance.
However, when we identified the different FI mechanisms in each pa-
tient and distinguished patients in whom the mechanisms known to
cause urge or passive Fl were predominant, a significant relationship
between Fl subtype and the mechanisms was observed.

Although FI subtype appears insufficient to identify the exact
mechanisms of Fl, it remains useful for the evaluation and thera-
peutic management of incontinent patients. Like others [37], we ob-
served that patients with urge or mixed Fl have worse QOL scores
than patients with passive Fl. Patients with urge or mixed FI may
thus benefit from rapid additional counselling on coping mechanisms
for dealing with their symptoms.

The present study had some limitations. Although the data were
prospectively collected, the analysis was retrospective. As explora-
tions have changed with the arrival of HRAM, two types of anorectal
manometries (water-perfused and high-resolution) were used, result-
ing in a loss of statistical power. Even dichotomizing patients on the
basis of normal/anormal features did not allow us to precisely com-
pare the performances of the manometry and EndoFLIP® techniques
to predict Fl subtype. Lastly, our definition of normal values for the DI,
pressures and volumes was based on a preliminary study conducted
only with women [13], unlike the present study that included a mi-
nority of men. However, the population of women studied was com-
parable in terms of parity with that of healthy subjects [13].

CONCLUSION

In conclusion, the present study showed that the anal sphinc-
ter DI at rest can distinguish between FI subtypes, but with poor
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performance. The determination of the Fl subtype appears inad-
equate for identifying the pathophysiological mechanisms of Fl be-
cause of its frequent multiplicity. Although the determination of the
Fl subtype is interesting for evaluating patients, explorations that
help identify the physiopathological mechanisms responsible for the

Fl and orientate the treatment are still required.
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28me axe : Intérét thérapeutique de I'EndoFLIP® au niveau du pylore

La mesure de la distensibilité pylorique permet de prédire la réponse symptomatique

aux injections intra-pyloriques de toxine botulique.

Il a été démontré que la distensibilité pylorique était altérée chez 30-50% des patients
atteints de gastroparésie quelle qu’en soit I’origine(102). Différentes thérapies ciblant le pylore
sont actuellement disponibles, comme les injections intra-pyloriques de toxine botulique qui
permettent de relaxer le pylore et de faciliter la vidange gastrique(113). Cependant, les résultats
positifs des ¢études de cohortes(114) n’ont pas été confirmés par les 2 études controlées,
randomisées contre placébo(117)(118). Par ailleurs, aucune étude préalable de la fonction
pylorique n’avait été réalisée dans toutes ces essais. L’objectif de notre étude était donc
d’évaluer si la mesure de la distensibilité pylorique pouvait prédire la réponse symptomatique
aux injections intra-pyloriques de toxine botulique chez des patients avec gastroparésie
réfractaire.

Pour cela, une mesure de la distensibilité pylorique était réalisée juste avant 1’injection
de toxine. La distensibilit¢ ¢était définie comme anormale si elle était inférieure a
10mm?/mmHg(102). Une évaluation symptomatique (total symptomatique score,
Gastrointestinal Quality of Life Index) et une mesure de la vidange gastrique étaient réalisées
avant puis a 3 mois des injections de toxine botulique.

Nos résultats ont pu montrer que 19 des 35 patients (54%) atteints de gastroparésie
présentaient une distensibilité pylorique altérée. Le score symptomatique total ainsi que le score
de qualité de vie GIQLI étaient significativement améliorés 3 mois apres les injections chez les
patients avec distensibilité pylorique altérée, tandis qu’ils restaient inchangés chez les patients

avec distensibilité pylorique normale. Le temps de demi-vidange gastrique était accéléré apres
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injection chez les patients avec distensibilité pylorique altérée, tandis qu’il demeurait inchangé
chez les patients avec distensibilité pylorique normale.

L’EndoFLIP® pourrait permettre de prédire D’efficacité des injections de toxine
botulique intra-pylorique en cas de gastroparésie et permettrait donc une meilleure sélection

des patients candidats a ces injections.
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ORIGINAL ARTICLE

Pyloric distensibility measurement predicts symptomatic
response to intrapyloric botulinum toxin injection

Charlotte Desprez, MD,"? Chloé Melchior, MD, PhD,*” Fabien Wuestenberghs, MD,"? Alberto Zalar, MD,?
Jérémie Jacques, MD, PhD,* Anne-Marie Leroi, MD, PhD,"’ Guillaume Gourcerol, MD, PhD">*

Rouen, Limoges, France
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Background and Aims: Recent studies have reported that pyloric distensibility was altered in 30% to 50% of
patients with gastroparesis, and this was correlated with gastric emptying and symptom severity. The aim of
this study was to assess whether pyloric distensibility measurement was predictive of symptomatic response after
intrapyloric botulinum toxin (BT) injection.

Methods: Pyloric distensibility was measured using the EndoFLIP system (Crospon, Galway, Ireland) before intra-
pyloric BT injection. Altered pyloric distensibility was defined as distensibility below 10 mm?/mm Hg. Total symp-
tomatic score (TSS), dyspeptic symptoms, Gastrointestinal Quality of Life Index (GIQLI), and gastric emptying
were investigated prospectively before and 3 months after BT injection.

Results: Nineteen of 35 patients had altered pyloric distensibility. In those patients, TSS decreased at 3 months from
13.5t0 10.5 (P < .01), whereas it remained unchanged in patients with normal pyloric distensibility (P = .7). Gastric
fullness (from 3.5 to 2.5; P = .03) and bloating (from 3.0 to 2.0; P = .01) were the only symptoms that improved in
patients with altered pyloric distensibility, whereas none of them was improved in patients with normal pyloric disten-
sibility. GIQLI score increased from 59.5 to 76.5 in patients with altered pyloric distensibility (P = .02), whereas there
was no statistical difference (P = .43) in patients with normal pyloric distensibility. In patients with altered pyloric
distensibility, gastric emptying half time was 223 minutes before and 190 minutes 3 months after injection (P =
.02), whereas it remained unchanged in patients with normal pyloric distensibility (P = .6).

Conclusions: Pyloric distensibility measurement before intrapyloric BT injection predicted symptomatic and
quality of life response 3 months after injection in patients with gastroparesis. (Gastrointest Endosc 2019;m:1-7.)

(footnotes appear on last page of article)

Gastroparesis is defined as objectively delayed gastric 100,000 persons in 2007,” revealing medical issues in
emptying in the absence of mechanical obstruction, long-term care with an increase in morbidity and
leading to dyspeptic symptoms.' Its prevalence in the  mortality in those patients. In the most-severe cases,
U.S. general population was estimated at 24.2 per  gastroparesis can alter quality of life and nutritional
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status, with an increasing number of hospitalizations.’
In addition to idiopathic gastroparesis, which is the
most-frequent form, the main causes of gastroparesis
are diabetes and surgery.”

The pathophysiology of gastroparesis is complex, with
possible contributions of several mechanisms’” leading
to gastroduodenal motor abnormalities,” including
pylorospasm.” To the best of our knowledge, Mearin
et al” was the first to assess the implication of impaired
pyloric contraction in gastroparesis patients and found
that the occurrence and duration of pylorospasm were
increased in patients with diabetic gastroparesis
compared with healthy control subjects. A previous
prospective study using the EndoFLIP system (Crospon,
Galway, Ireland) to assess pyloric characteristics showed
that fasting pyloric distensibility could be altered in a
subgroup of 10 of 26 patients with gastroparesis.'’
Moreover, there was an association in this study between
altered pyloric distensibility and delayed gastric emptying.
Altered pyloric distensibility was also correlated with more
severe dyspeptic symptoms and altered quality of life. In
contrast, there was no association with pyloric pressure.
These results were confirmed in other populations of
patients with gastroparesis or dyspepsia.’'"?

Botulinum toxin (BT) is a protein natively produced by
the bacterium Clostridium botulinum, which blocks
neuromuscular conduction. The first case of intrapyloric
injection of BT was reported in /1998.“ The positive
findings of open-label case series'* and a retrospective
review'” were not confirmed in 2 randomized placebo-
controlled trials.""” A retrospective analysis identified
the existence of a potentially definable subgroup of pa-
tients for whom intrapyloric BT injection might be benefi-
cial.'® However, there is a lack of direct measurement of
pyloric motility to identify the best candidates for such
treatment in randomized controlled-placebo studies.
Therefore, we hypothesized that altered fasting pyloric
compliance could predict positive response to intrapyloric
BT injection among patients with gastroparesis. The objec-
tive of this study was to assess whether pyloric distensi-
bility measurement was predictive of symptomatic
response after intrapyloric BT injection.

METHODS

Approval

The study received the agreement of the local ethical re-
view board (Comité d’Ethique de la Recherche Non-
Interventionnelle no. E2018-68). All patients had given
written informed consent before the investigation.

Patients

Patients with a diagnosis of gastroparesis refractory to
medical therapy (involving resistance to all prokinetics at
maximal posology available in France such as oral metoclo-

pramide 40 mg/day, oral domperidone 40 mg/day, and oral
erythromycin 750 mg/day") were consecutively included in
the study. Organic GI obstruction was ruled out using
routine biologic blood tests and upper GI endoscopy
with biopsy sampling. Patients who had previous
endoscopic treatment for gastroparesis were excluded
from the study. Improvement at 3 months on symptom
scores, quality of life, and gastric emptying were used as
evaluation of treatment.

Clinical evaluation

Dyspeptic symptoms (vomiting, nausea, epigastric pain,
bloating, fullness, and satiety) were recorded before and at
3 months after intrapyloric BT injection using specific
symptomatic scales. Each item was graded using a 5-
point Likert scale from 0 (absent) to 4 (most-severe symp-
toms). Total symptomatic score (TSS) was defined as the
aggregation of individual symptom scores. Quality of life
was measured using the Gastrointestinal Quality of Life In-
dex (GIQLI) score ranging from 0 (worst quality of life) to
144 (best quality of life)."” The GIQLI score is specific for
digestive disease and has also been validated in French.”’
All questionnaires were answered prospectively by
patients during their hospitalization before intrapyloric
BT injection and at a 3-month evaluation.

13C-Octanoic acid breath test

All patients had gastric emptying measurement before and
3 months after intrapyloric BT injection and were off proki-
netics for at least 1 week. After 12 hours of fasting, a >C-octa-
noic breath acid breath test was performed according to a
previously published method.*"** The breath test started be-
tween 8:00 AM and 9:00 AM with ingestion of a 250-kcal test
meal (19% protein, 43% carbohydrate, 38% fat) consisting of
white bread (50 g), butter (17 g), and an egg dosed with 91
mg of ®C-octanoic acid (Euriso-Top, Saint Aubin, France).
Breath samples were collected immediately before meal
ingestion and every 15 minutes after the meal for up to 8
hours. Breath samples were investigated for the presence of
3CO, by isotope-selective nondispersive infrared spectrom-
etry (Wagner/Analysen Technik, Bremen, Germany). The solid
half-time rate for gastric emptying was calculated by linear
regression analysis using the infrared spectrometry software
GE2.DEM (Wagner/Analysen Technik, Bremen, Germany).

Pyloric distensibility

No chronic intake of medication known to affect GI
function was noted, and patients were investigated off pro-
kinetic agents. Pyloric distensibility was investigated after
12-hour fasting using an EndoFLIP probe (Crospon) before
intrapyloric BT injection. The pyloric measurements were
performed with the patient under general anesthesia (pro-
pofol). An EndoFLIP catheter (EF-325N; Crospon) was in-
serted through the single channel of the endoscope.
Visual control of the EndoFLIP catheter through the
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pylorus and the distinctive shape of the pylorus repre-
sented as a narrow segment with decreased cross-
sectional area were necessary to validate correct posi-
tioning. The 8-cm balloon was filled with different volumes
(10, 20, 30, 40, and 50 mL), and for each set volume at least
3 recordings were made. Retained values needed stable py-
loric pressure and cross-sectional area for at least 5 sec-
onds to avoid variations in pylorus volume and/or
pressure during peristaltic contractions. Moreover, mea-
surement of antral pressure was realized with the deflated
bag before and after intrapyloric probe positioning. In our
study, pyloric pressure was expressed relative to antral
pressure as previously described.'” The mean value of 3
measures of the smallest cross-sectional area and the cor-
responding pressure were taken for compliance analysis
for each subject. Distensibility was computed using mini-
mum cross-sectional area divided by the pressure at each
balloon fill volume. A cut-off of 10 mm?*mm Hg at 40 mL
of inflation for normality of distensibility was determined
in a previous study'’ in healthy subjects. We used this
threshold value of 10 mm?mm Hg to classify patients
into 2 groups on the basis of normal (>10 mm?*mm Hg)
or decreased (<10 mm?*mm Hg) pyloric distensibility.

Intrapyloric BT injection

Immediately after investigation of pyloric distensibility by
the EndoFLIP system, intrapyloric BT injection was per-
formed during upper GI endoscopy with the patient under
general anesthesia. A .5-mm sclerotherapy needle was intro-
duced through the biopsy channel of the endoscope. Two
hundred units of BT (Dysport; Ipsen/Biotech, Paris, France)
were diluted into 4 mL of saline solution and then injected
per 1-mL dose in each quadrant of the pylorus.

Data analysis

Intraindividual analysis used Wilcoxon signed ranked
test for continuous variables (2-tailed). A P < .05 was
considered as statistically significant. Correlation studies
used the Spearman test. Results were expressed as the me-
dian and the 25th and 75th percentile. Data were analyzed
using GraphPad Prism version 5.03 for Windows (Graph-
Pad Software Inc, San Diego, Calif).

RESULTS

Patients

Thirty-five patients with gastroparesis (12 men), median
age 55.1 years (range, 25-80), were included between January
2016 and June 2018. The main etiologies of gastroparesis
among patients were diabetes (11/35, 31.4%) and surgery (6/
35, 17.1%) with 6 Nissen fundoplications. Eighteen of 35 pa-
tients (51%) had idiopathic gastroparesis. Using the threshold
of 10 mm?/mm Hg at 40 mL of inflation, we found that 19 of 35
patients (54.2%) had altered pyloric distensibility, whereas 16
of 35 patients had normal pyloric distensibility (Fig. 1).
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Figure 1. Representative recording of fasting pyloric distensibility in 1 pa-
tient with altered pyloric distensibility of 6.3 mm*mm Hg (A) and in
another patient with altered pyloric distensibility of 13.4 mm?mm Hg
(B). Measurements were made at 40 mL of inflation.

TABLE 1. Patient characteristics before intrapyloric botulinum toxin
injection

Altered pyloric Normal pyloric
distensibility distensibility

(n = 19) (n = 16) P value

Sex

Men 7

Women 12 10
Etiology of gastroparesis

Diabetic 7 4

Postfundoplication 2 4

Idiopathic 10 8
BMI, kg/m? 22.9 23.1 72
Age, yr 56 55 66

Solid half-time rate, min 223 (157-282) 214 (193-240) .15
TSS 135 (11.0-16.0) 12.0 (9.0-14.5) .29
GIQLI 59.5 (38.0-82.0) 75.5 (52.0-87.0) .2
Dyspeptic symptoms

-

Epigastric pain 3.0 (2.0-3.0) 2.0 (1.0-3.0) 22
Gastric fullness 3.5 (2.3-4.0) 3.0 (2.0-4.0) 22
Bloating 3.0 (2.0-3.8) 2.0 (.8-4.0) 42
Early satiety 2.5 (2.0-3.0) 1.5 (1.0-3.3) .18
Nausea 2.0 (.0-3.0) 2.0 (.8-3.0) 99
Vomiting .0 (.0-3.0) .0 (.0-2.0) 72

BMI, Body mass index; TSS, total symptomatic score; GIQL/, Gastrointestinal Quality of
Life Index.

Characteristics of patients are summarized in Table 1, and
no difference was found between the 2 groups.

Impact of pyloric distensibility on TSS and
dyspeptic symptoms at 3-month evaluation
Twenty-eight of 35 patients answered questionnaires
and were included in statistical analyses (reasons for
missing data are summarized in Supplementary Fig. 1,
available online at www.giejournal.org). In patients with
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Figure 2. Evolution of the total symptomatic score (TSS) at 3 months af-
ter intrapyloric botulinum toxin injection in patients with altered pyloric
distensibility (A) and in patients with normal pyloric distensibility (B).
TSS decreased at 3 months after injection in patients with altered pyloric
distensibility (P < .01), whereas no difference was noticed at 3 months in
patients with normal pyloric distensibility. B7, Botulinum toxin.

altered pyloric distensibility, TSS decreased at 3 months
from 13.5 (range, 11.0-16.0) to 10.5 (range, 8.5-13.0; P <
.01), whereas it remained relatively unchanged in
patients with normal pyloric distensibility from 12.0
(range, 9.0-14.5) to 13.0 (range, 8.8-16.0; P = .7; Fig. 2).
Regarding dyspeptic symptoms, gastric fullness and
bloating were improved in patients with altered pyloric
distensibility, with a decrease in scores, respectively,
from 3.5 (range, 2.3-4.0) to 2.5 (range, 1.8-3.0; P = .03)
and from 3.0 (range, 2.0-3.8) to 2.0 (range, 1.8-3.0; P =
.01). None of the dyspeptic symptoms was improved in
patients with normal pyloric distensibility. Results of
dyspeptic symptoms are more detailed in Table 2.
Moreover, similar results were found when the threshold
for pyloric distensibility was set at 8 and 9 mm*/mm Hg
(data not shown).

Impact of pyloric distensibility on quality of life
at 3-month evaluation

Among patients with altered pyloric distensibility, quality
of life was improved, with an increase in GIQLI score from
59.5 (range, 38.0-82.0) to 76.5 (range, 66.5-91.0; P = .03),
whereas it remained relatively unchanged in patients with

TABLE 2. Evolution of dyspeptic symptoms at 3 months after
intrapyloric botulinum toxin injection in patients with altered pyloric
distensibility and in patients with normal pyloric distensibility

Normal pyloric Altered pyloric

distensibility distensibility

Vomiting

Preinjection .0 (.0-2.0) .0 (.0-3.0)

Postinjection .0 (.0-1.3) .0 (.0-.0)

P value 63 .055
Nausea

Preinjection 2.0 (.8-3.0) 2.0 (.0-3.0)

Postinjection 2.0 (1.0-3.0) 1.0 (.8-2.0)

P value 32 .08
Epigastric pain

Preinjection 2.0 (1.0-3.0) 3.0 (2.0-3.0)

Postinjection 2.0 (.8-3.3) 2.0 (2.0-3.0)

P value .90 24
Bloating

Preinjection 2.0 (.8-4.0) 3.0 (2.0-3.8)

Postinjection 2.0 (1.0-3.3) 2.0 (1.8-3.0)

P value 62 01*
Gastric fullness

Preinjection 3.0 (2.0-4.0) 3.5 (2.3-4.0)

Postinjection 3.0 (1.0-3.3) 2.5 (1.8-3.0)

P value 60 03%
Satiety

Preinjection 1.5 (1.0-3.3) 2.5 (2.0-3.0)

Postinjection 2.0 (1.8-3.0) 2.5 (1.0-3.0)

P value 66 37

*P < .05

normal pyloric distensibility (from 75.5 [range, 52.0-87.0]
to 67.0 [range, 48.0-89.5]; P = .43; Fig. 3). Similar results
were found when the threshold for pyloric distensibility
was set at 8 and 9 mm?/mm Hg (data not shown).

Gastric emptying half-time

Twenty-eight of 35 patients had a *C-octanoic acid
breath test and were included in the statistical analysis
(reasons for missing data are summarized in
Supplementary Fig. 1). Gastric emptying half-time was
decreased from 223 minutes (range, 157-282) to 190 mi-
nutes (range, 151-242) at 3 months after intrapyloric BT in-
jection (P = .02) in patients with altered pyloric
distensibility. In contrast, in patients with normal pyloric
distensibility, gastric emptying half-time remained rela-
tively unchanged from 214 minutes (range, 193-240) to
210 minutes (range, 149-243) at 3 months after injection
(P = .6; Fig. 4). Last, similar results were found when
the threshold for pyloric distensibility was set at 8 and
9 mm?*mm Hg (data not shown).

4 GASTROINTESTINAL ENDOSCOPY Volume W, No. B : 2019

www.giejournal.org

91



Desprez et al

Pyloric compliance predicts symptomatic response

1501
*
g 1004 — —
L%
wv
4
9
O 50
1
A o . T
Baseline Post-BT
150 -
@ 100-
o
%)
w
|
o
O 504 I
B 0 T T
Baseline Post-BT

Figure 3. Evolution of the Gastrointestinal Quality of Life Index (GIQLI)
at 3 months after intrapyloric botulinum toxin injection in patients with
altered pyloric distensibility (A) and in patients with normal pyloric disten-
sibility (B). Results are expressed using boxplot (median represented as a
line in the interior of the box, 25th and 75th percentiles represented as
the lower and upper endpoints of the box). GIQLI score was improved
at 3 months in patients with altered pyloric distensibility (P = .02),
whereas it remained unchanged in patients with normal pyloric distensi-
bility. BT, Botulinum toxin.

DISCUSSION

To our knowledge, the present study is the first to have
assessed the efficacy of intrapyloric BT injection in patients
with gastroparesis, based on the alteration of fasting pylo-
ric distensibility. In our study, altered fasting pyloric
compliance was associated with improvement in symptom
scores (TSS, gastric fullness, and bloating) and quality of
life, in contrast to gastroparesis associated with normal
fasting pyloric compliance. Moreover, only decreased fast-
ing pyloric compliance was associated with a decrease in
gastric emptying. This is a first signal based on the patho-
physiology of gastroparesis to better select patients for py-
loric targeting therapeutics. Further confirmatory studies
are needed to verify whether this marker is relevant to pre-
dict the outcome of gastroparesis treatment.

We chose fasting pyloric distensibility to assess the effi-
cacy of BT injection in the present study. It has been
shown that pyloric distensibility, but not pyloric pressure,
was different between healthy volunteers and gastroparetic
patients.'”'" Moreover, altered pyloric distensibility was
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Figure 4. Evolution of solid half-time rate (T;,) for gastric emptying at 3
months after intrapyloric botulinum toxin injection in patients with altered
pyloric distensibility (A) and in patients with normal pyloric distensibility
(B). Results are expressed using boxplot (median represented as a line in
the interior of the box, 25th and 75th percentiles represented as the lower
and upper endpoints of the box). T% was decreased in patients with
altered pyloric distensibility at 3 months (P = .02), whereas no difference
was noticed in patients with normal pyloric distensibility. BT, Botulinum
toxin.

also predictive of delayed gastric emptying, worse symp-
toms, and quality of life,""'" confirming our findings. In
addition, even if a second pyloric distensibility measure-
ment after BT injection was not reported in the present
study, we found in a previous report that pyloric dilatation
in 10 patients with gastroparesis and altered pyloric
compliance increased pyloric compliance from 7.4 to
20.1 mm*/mm Hg."

Regarding intrapyloric BT injection, the efficacy of this
treatment remains controversial based on the analysis of
the 2 randomized controlled-placebo trials available in
the literature. Arts et al'” did not find a difference in
symptom improvement after saline solution or BT
injection, suggesting an important placebo effect by
endoscopic therapy. However, in their study the
population was heterogeneous with mostly idiopathic
gastroparesis and the number of subjects limited to 23
with insufficient statistical power reported by the
authors. Similarly, Friedenberg et al'® did not find an
improvement in symptom scores and quality of life.
These similar findings could be partially explained by the
overestimated effect of BT on the basis of open reports
but also by the absence of data on pyloric distensibility.
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It could be interesting to perform further randomized
placebo-controlled studies using the EndoFLIP system to
assess pyloric distensibility and consequently confirm the
association between altered pyloric distensibility and
response to BT injection. One limit of BT injection is the
necessity of repeating injections every 6 to 9 months ac-
cording to their efficacy among patients. Therefore, other
therapeutic interventions specific to the pylorus have
been proposed in recent years, with early promising results
for many of them.” On the basis of our results, it would be
interesting to reproduce pyloric measurements to assess
the efficiency of these different interventions and if
possible at a longer time than 3 months. A French
prospective  study”’ evaluated the efficacy of gastric
peroral endoscopic myotomy with assessment of pylorus
characteristics using EndoFLIP. They found a distensibility
threshold <9.2 mm?mm Hg before the gastric peroral
endoscopic myotomy to discriminate responders and
nonresponders; however, all patients were responders at 3
months in this study.

The convenience and reproducibility of EndoFLIP to
assess pyloric dysfunction have also been demonstrated us-
ing either the single-channel therapeutic endoscope, with
the catheter easily inserted into the pylorus and adjusted
under endoscopic and fluoroscopic control,'" or transnasal
insertion under local anesthesia.'” We found a mean
fasting pyloric distensibility of 10.04 £ 1.67 at 40 mL in
our cohort of patients with gastroparesis, with similar
findings as previous studies,'”'" which were performed
with the patients under local or general anesthesia. Only
fasting pyloric compliance can be measured because of
technical feasibility and the possibility of adverse events.
This fasting measure is the only pyloric compliance mea-
surement available in the literature to our knowledge. Nine-
teen of 35 patients had decreased fasting pyloric
distensibility in our study, using the cut-off of 10 mm?*/mm
Hg as previously demonstrated.'’ This cut-off was fixed on
the basis of a fasting pyloric distensibility measure in healthy
volunteers in this study, using the 90th percentile of results
on fasting pyloric distensibility at 40 mL of inflation. Our re-
sults on symptom scores, quality of life, and gastric
emptying were similar when the threshold was set at 8
and 9 mm*mm Hg at 40 mL inflation (data not shown).
Moreover, we found a correlation between the results of py-
loric distensibility with bag volume set at 40 mL and 50 mL
(95% confidence interval, .7407-.9340; P < .0001).

A limitation of our study is the number of missing data
(Supplementary Fig. 1), with a high number of patients
who declined to fill questionnaires (7/35) or who did not
have the "*C-octanoic acid breath test (7/35). It has to be
underlined that intrapyloric BT injections for refractory
gastroparesis are not yet reimbursed and that our hospital
accepted financial support in exceptional cases. However,
even if a small number of patients were included, a
significant difference was shown on both symptomatic

response and gastric emptying, revealing efficient
statistical power. In addition, in previous randomized
controlled placebo studies, the number of patients
included was similar.'>"” The BT injection has local neuro-
Iytic effects, and its duration of response is probably limited
by axonal regeneration of cholinergic neurons. Even if a 3-
month evaluation can be considered premature, there is
often a decreased effect of BT after this time. Moreover,
in the same randomized controlled trials, the evaluation
was performed earlier after only 1 month of follow-up.

We did not use the Gastroparesis Cardinal Score Index”’
in our study because to our knowledge this score has not
yet been validated in French at the time we started the
study. In addition, the TSS'"**?” is based on the same
items as the Gastroparesis Cardinal Score Index, and only
the Likert scale and the nausea/vomiting subscale, which
is composed of nausea, retching, and vomiting, differs
from the TSS. In fact, the literal translation of retching in
French is similar to that of nausea. We also did not use
the Patient Assessment of Upper Gastrolntestinal
Disorders-Quality ~ of  Life  questionnaire.”®  This
questionnaire was developed to assess quality of life in
upper GI disorders, but the number of patients with
gastroparesis was low (only 28), with no French patients
in this subgroup. Each item in the Patient Assessment of
Upper Gastrolntestinal Disorders-Quality of Life question-
naire is graduated in a 6-point scale, with difficulty of trans-
lation in French between them. On the contrary, the GIQLI
score has been validated in French®’ and uses a 5-point
scale for each item, even if less specified for upper GI
disorders. Finally, all questionnaires were answered
prospectively by all patients at the time of evaluation.

In conclusion, in the present study we have shown
that pyloric distensibility measurements before intra-
pyloric BT injection predicted symptomatic and quality
of life response 3 months after intrapyloric BT injection
in patients with gastroparesis. Further confirmatory
studies are needed to verify whether this marker is rele-
vant to predict outcome of gastroparesis treatment and
better select patients for pyloric targeting therapeutics.
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Supplementary Figure 1. Flowchart of patients who had intrapyloric botulinum toxin injection. B7, Botulinum toxin; GE, gastric emptying.
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3eme gxe : Amélioration de la méthodologie de la technique

Impact de I'anesthésie générale sur les caractéristiques pyloriques mesurées par le
systéme EndoFLIP® chez les patients atteints de gastroparésie

Le troisieéme axe de ce travail de these était centré sur I’amélioration de la méthodologie
de la technique d’EndoFLIP®. Nous avons pu voir précédemment que la méthodologie de
I’EndoFLIP® était trés différente d’une étude a une autre, ce qui rendait les comparaisons entre
les études difficiles(42). Nous nous sommes donc intéressés a I’impact des différents types
d’anesthésie sur les mesures de distensibilité pylorique dans 3 centres différents. En effet, les
protocoles d’anesthésie different selon les centres et il n’existe pas, jusqu’a présent, de
consensus quant a la réalisation de ces mesures avec le systéme d’EndoFLIP®. L’objectif de ce
travail était donc d’évaluer I’impact des produits d’anesthésie sur les mesures obtenues par
EndoFLIP® du pylore.

Pour ce travail, nous avons analysé rétrospectivement les données issues de patients
gastroparétiques provenant de 3 centres (Rouen, Rennes et Limoges). Les patients avec un
antécédent d’intervention ciblant le pylore étaient exclus de 1’analyse. Les dossiers médicaux
ont ¢t¢ étudiés afin de lister les produits d’anesthésie potentiellement utilisés pendant les
mesures par EndoFLIP®.

Cent vingt-cinq patients ont €t¢ inclus dans notre travail (dge médian : 55,0 (43,0-66,0)).
Trente-quatre patients (27,2%) avaient eu un EndoFLIP® pylorique sans anesthésie générale et
91 patients (72,8%) sous anesthésie générale. La pression pylorique a 40 ml de distension était
plus €levée chez les patients du groupe anesthésie générale que ceux du groupe sans anesthésie
[18,7 (13,0-25,6) mmHg versus 15,4 (11,9-20,7) mmHg ; p=0,044)]. Enfin, dans I’analyse
multivariée, I’administration de suxamethonium était associée avec une distensibilité pylorique
diminuée (OR : 3,9 ; [C95% : 1,3-11,4 ; p=0,013) mais pas I’éphédrine (OR : 0,3; 1C95% : 0,1-

0,9 ; p=0,036).
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Notre étude est la premicre a avoir évalué¢ I’impact de I’anesthésie générale et des
différents agents pharmacologiques utilisés pendant [’anesthésie, sur les mesures de
1’EndoFLIP® du pylore. Etant donné que cet outil peut étre utilisé afin de prédire la performance
de certaines thérapies comme le G-POEM(103) et, comme nous I’avons montré précédemment,
la toxine botulique, il est important de confirmer nos résultats de maniére prospective afin de
savoir si le protocole de sédation pourrait influencer les mesures par EndoFLIP® et également
d’homogénéiser les pratiques entre les centres, afin d’éviter de potentiels facteurs confondants,

comme les produits d’anesthésie.

Le manuscrit de cette derniére étude (english editing en cours) sera soumis prochainement a la

revue Neurogastroenterology & Motility.
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ABSTRACT (222 words)

Background: Pyloric distensibility has been reported as a predictive measure in gastroparesis.
Measures can be obtained either during endoscopy under anesthesia or in unsedated patients.
However, the impact of anesthetic drugs on the results of pyloric characteristics remains
unknown. The objective of the present study was to determine the impact anesthetics on pyloric
measures in gastroparesis.

Methods: Consecutive gastroparetic patients with gastroparesis from 3 French tertiary centers
were retrospectively analysed. Patients with previous history of prior pyloric intervention were
not considered for analysis. Medical records were reviewed to list the potential use of
anaesthetic drugs during the EndoFLIP® measurement.

Key results: One hundred twenty-five patients were included in the present study [median age:
55.0 (43.0-66.0)]. Thirty-four patients (27.2%) underwent pyloric assessment without general
anesthesia and 91 patients (72.8%) under general anesthesia. Pyloric pressure at 40 ml of
distension was higher in patients with general anaesthesia in comparison to patients without
sedation [18.7 (13.0-25.6) mmHg versus 15.4 (11.9-20.7) mmHg; p=0.044)]. In multivariate
analysis, suxamethonium chloride administration was associated with decreased pyloric
distensibility (OR:3.9; 1C95%: 1.3-11.4; p=0.013) while ephedrine administration was not
(OR:0.3; IC95%: 0.1-0.9; p=0.036).

Conclusion: This study is the first to have found an impact of general anaesthesia on pyloric
measurement using the EndoFLIP®. There is consequently a need of further studies to confirm

these findings, if possible, in a prospective way.

Key words: EndoFLIP®, pylorus, general anaesthesia, gastroparesis
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INTRODUCTION

Gastroparesis is defined as an objectively delayed gastric emptying without mechanical
obstruction. Clinical diagnosis of gastroparesis can be challenging since the pattern or the
severity of dyspeptic symptoms are poorly correlated with gastric emptying(1)(2)(3). Recently,
the endoscopic functional luminal imaging probe (EndoFLIP® system, Medtronic,
Minneapolis, Minn, USA) technology was developed to assess sphincter elastic characteristics
of the gastro-intestinal tract. To date, several studies in patients with gastroparesis investigated
the usefulness of pyloric assessment using the EndoFLIP® device, including pyloric pressure
and cross-sectional area (CSA) as a surrogate of pyloric diameter and pyloric distensibility.
Altered pyloric distensibility was found in approximately 30 to 50% of patients with
gastroparesis(4), and in up to 70-80% of patients with suspected or confirmed vagotomy(5).
Moreover, pyloric distensibility and/or CSA were recently suggested as a predictive measure
to therapeutic success of pyloric interventions, including intra-pyloric botulinum toxin

injections or per oral pyloromyotomy(6),(7),(8).

However, there is a lack of data regarding the impact of anaesthetic drugs on the results of
pyloric characteristics measured using the EndoFLIP®. This is of importance as pyloric
measurements are often performed during pyloric interventions under general anesthesia,
although such measures can also be performed in unsedated patients. The objective of the
present study was therefore to determine in gastroparesis whether pyloric characteristics
(including diameter, pressure and distensibility index) could differ among patients with or

without general anesthesia.

METHODS

Patients:
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Consecutive patients aged over 18 years with a diagnosis of gastroparesis and who underwent
pyloric assessment using the EndoFLIP® system in three French tertiary referral centers
(Rouen, Limoges, and Rennes) were eligible to the present study. Clinical and physiological
data were prospectively collected from medical records from January 2013 until June 2022 and
were then retrospectively reviewed. All patients had upper endoscopy excluding mechanical
obstruction and delayed gastric emptying diagnosed either on scintigraphy (retention >10% at
4 hours)(9) or on C13 acid octanoic breath test(10),(11). Patients with normal gastric emptying
and/or prior pyloric intervention (including endoscopic and/or surgical treatments, i.e., gastric
peroral endoscopic myotomy, pyloroplasty, pyloric dilation and botulinum toxin injections)
were not considered for analysis. The study was conducted in accordance with the ethical
guidelines of the Declaration of Helsinki (6th revision, 2008) and was approved by a local

human research committee (E2019-26) as required by national legislation.

Clinical evaluation:

The following data were recorded for each patient: demographic characteristics (age, gender,
body mass index), medical history (including diabetes, esogastric surgery), aetiology of
gastroparesis (diabetic, post-surgery, idiopathic or any other aetiology), and medical therapy.
In patients who underwent general anaesthesia, medical records were reviewed to list the
potential use of drugs during the endoscopy. The use of opioid analgesia (i.e., fentanyl citrate,
morphine chloride), sedative agent (i.e., propofol, ketamine, sevoflurane), neuromuscular-
blocking agent (i.e., suxamethonium chloride, atracurium besilate), and sympathomimetic
agent (ephedrine) were noted. Clinical evaluation also included specific symptomatic scores for
vomiting, nausea, gastric fullness, early satiety, and bloating. Each symptom was rated by
patients from O (absence of symptom) to 4 (extremely severe symptom) using a 5-point Likert

scale. Gastrointestinal Quality of Life Index (GIQLI)(12) was also performed to evaluate
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overall dyspeptic symptoms and quality of life. This latter score ranges from 0 (worst quality

of life) to 144 (best quality of life).

Pyloric EndoFLIP® measurement:

Pyloric sphincter characteristics including diameter and pressure were measured using the
EndoFLIP® system as previously described(4). Briefly, the EndoFLIP® catheter (EF-325N;
Crospon Ltd., Galway, Ireland) uses 16 serial impedance sensors placed 5 mm apart, enclosed
in an 8-cm-long cylindrical compliant bag. The balloon is connected to a pump and can be
inflated from 0 to 60 mL with saline solution. Real time evaluation of intra bag pressure and
diameter was measured. For patients who underwent general anaesthesia, the catheter was
passed through the single channel large diameter endoscope. Correct positioning was confirmed
with the distinctive shape of the pylorus visible as a narrow segment with decreased diameter.
For patients who did not undergo general anaesthesia, the catheter could be inserted during
endoscopy or trans-nasally. In the latter situation, correct positioning was controlled during
videofluoroscopy. After positioning, the balloon was filled at 10, 20, 30, 40 and 50 mL of
inflation and for each volume, at least three recordings were performed. Measurements were
recorded when pyloric pressure and diameter were stable for at least 5 seconds to avoid
variations in pylorus volume and/or pressure during peristaltic contractions. The mean value of
these 3 measurements was taken for both smallest diameter and pressure. Distensibility was
calculated using minimum CSA (=n*R?, where R=radius) divided by the pressure at each
balloon fill volume. A cut-off of less than 9.2mm?/mmHg at 40 mL of inflation before G-POEM
was found as predictive of clinical success of G-POEM with 72% of sensitivity and 100% of
specificity in a previous study(6). Using this threshold value of 9.2mm?/mmHg, pyloric
distensibility was classified as normal (>9.2mm?*/mmHg) or altered (<9.2mm?/mmHg) among

subjects.
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Data analysis:

Continuous variables were expressed as median (25"-75™ percentiles). Continuous variables
were studied using Mann Whitney’s test to compare two groups and ANOVA one-way test for
more than 2 groups. Categorical variables were studies using Fischer’s exact test. Statistical
significance was defined as p-value < 0.05. Logistic regression was used to determine if general
anaesthesia might alter results of EndoFLIP® assessment. For each pyloric sphincter parameter
measured with the EndoFLIP® system (diameter, pressure, distensibility index), an individual
regression model was made to determine the predictors of decreased diameter and pyloric
distensibility or increased pyloric pressure. Demographic characteristics as well as clinical
scores and gastric emptying were studied in this analysis to avoid potential confounding
variables. All variables with a p-value <0.2 in the univariate analysis were included in the
logistic regression model. Results from the logistic regression model were presented as Odds
Ratio (OR) [95% Confidence Interval]. Data were analysed using GraphPad Prism version 5.03

for Windows (GraphPad Software Inc, San Diego, California, USA, www.graphpad.com) and

Statview software (Version 7.2, Microsoft Windows 10, Wake County, NC, USA).

RESULTS

Patients

A total of 125 patients were included in the present study [median age: 55.0 (43.0-66.0); female
sex n=79 (63.2%)] after the exclusion of patients with prior pyloric therapy and normal gastric
emptying (Figure 1). Among these patients, 34 patients (27.2%) underwent pyloric assessment
without general anesthesia and 91 patients (72.8%) under general anesthesia. Patients’
characteristics are summarized in Table 1. No difference was seen between groups in terms of
age, gender ratio, body mass index, chronic intake of opioids drugs, GIQLI score and gastric

emptying half-time (T(}2)). Post-surgical gastroparesis was more frequent in the group of
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patients without general anesthesia while “fulness” and “bloating” scores were higher in the
group of patients with general anesthesia (Table 1). Lastly, in the group of patients with general
anesthesia, propofol, fentanyl and sevoflurane were the most frequently used with a frequency
of 97.6% (n=83), 97.6% (n=83), and 91.8% (n=78) respectively. By contrast, suxamethonium

chloride and ephedrine were used in only 57 (67.1%) and 25 (29.4%) patients, respectively.

Impact of general anaesthesia on pyloric pressure, diameter and distensibility

Pyloric pressure at 30 ml, 40 ml, and 50 ml of inflation was higher in patients with general
anaesthesia in comparison with patients without sedation (Table 2). No difference was seen for
pyloric diameter at 30 ml, 40 ml, and 50 ml of distension between patients with and without
general anaesthesia. Lastly, no difference was seen for pyloric distensibility at 30 ml, 40 ml,
and 50 ml of distension between patients with and without general anaesthesia, however, the
proportion of patients with altered pyloric distensibility at 40 ml of distension was higher in

patients with sedation [(58/91 (63.7%) versus 14/34 (41.2%); p=0.027; Table 2].

Impact of drug administration and timing on pvloric pressure, diameter and distensibility

Patients’ characteristics and the EndoFLIP® results were compared according to anaesthetics
use and anaesthetics administration timing. The use of fentanyl, sevoflurane and propofol was
not analysed as these 3 drugs were used in more than 90% of patients, ending with groups of
less than 5 patients for each drug analysis. In patients with suxamethonium chloride use, a
higher pyloric pressure and a lower pyloric distensibility were observed at both 40 and 50 mL
of inflation, in comparison to patients without suxamethonium chloride use (Table 3). No
difference was noticed for pyloric diameter in these groups. By contrast, patients with ephedrine

administration exhibited a lower pyloric pressure in comparison to patients without ephedrine
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use, at both 40 and 50 mL of inflation (Table 3). No difference was seen between these groups
for both pyloric diameter and distensibility.

Moreover, we analysed two main sedation protocols during the reviewing of medical charts:
remifentanil was administrated either shortly at the very beginning of the induction protocol
(less than 2 minutes after the induction; Protocol A) or at the very end of the procedure (at least
3 minutes after EndoFLIP® measurement) to avoid post-intervention pain (Protocol B). In the
group with early administration of remifentanil, a higher pyloric pressure was noticed with a
subsequent lower pyloric distensibility at 40 mL of inflation in comparison to the late
administration group (Table 4). However, a higher number of patients with co-administration

of ephedrine administration was noticed in the late administration group (Table 4).

Multivariate analysis

A first logistic regression model was built to determine the predictors of decreased pyloric
distensibility (Table 5A). Among the different variables that were associated with an altered
pyloric distensibility in the univariate analysis (body mass index, general anaesthesia, use of
sevoflurane, propofol, suxamethonium chloride and fentanyl), suxamethonium chloride use
was a factor of decreased pyloric distensibility (OR:3.9; 1C95%: 1.3-11.4; p=0.013) while
ephedrine displayed the opposite effect (OR:0.3; 1C95%: 0.1-0.9; p=0.036). No predictor of
decreased pyloric diameter was found (Table 5B). Lastly, suxamethonium chloride
administration was a factor of increased pyloric pressure (OR:2.9; IC95%: 1.0-8.7; p=0.046)
while ephedrine was associated with a decrease in pyloric pressure (OR:0.1; 1C95%: 0.0-0.4;

p<0.001; Table 5C).

DISCUSSION

In the present study, we found that pyloric pressure at 30 ml, 40 ml, and 50 ml of distension

was higher in patients with general anaesthesia in comparison with patients without sedation.
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No difference was seen for pyloric diameter, and the proportion of patients with altered pyloric
distensibility was higher in patients with general anaesthesia. Moreover, suxamethonium
chloride administration was found to be predictive of increased pyloric pressure and decreased

pyloric distensibility in multivariate analysis, while ephedrine had the opposite actions.

Due to the retrospective design of the present study, the impact of each sedative agent could
not be studied separately, with consequently some limitations regarding the interpretation of
our results. However, suxamethonium chloride administration was found to be predictive of
increased pyloric pressure and decreased distensibility in multivariate analysis.
Suxamethonium chloride is a short-term neuromuscular-blocking agent and is known to
depolarize skeletal muscle from their normal resting membrane potential to a more positive
potential, leading to neuromuscular blockade(13). As it is made of two molecules of
acetylcholine linked together, suxamethonium chloride might reproduce effects of
acetylcholine on both nicotinic and muscarinic receptors(14). In the present study, the
EndoFLIP® measurements were performed at distance from suxamethonium administration,
with confirmation of complete neuromuscular blockade using train-of-four stimulation. To our
knowledge, there is no available report which directly assessed the impact of curare
administration on pyloric function. In literature, reports suggest that an increase of both
intragastric pressure and lower oesophagus tone can be observed directly after the
administration of suxamethonium during anaesthesia induction(15),(16),(17). The underlying
mechanisms are unclear, as the transient fasciculations of the abdominal muscles following the
administration of suxamethonium (onset of “phase I”” block) are too incoordinate to raise the
intragastric pressure markedly(15). However, this phenomenon cannot explain the higher
pyloric pressure observed in patients with general anaesthesia as EndoFLIP® measurements

were performed after complete neuromuscular blockade.
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Ephedrine is known as a sympathomimetic amine and was administrated in 25 patients (29.4%)
in our report. To our knowledge, no study investigated the pyloric function during ephedrine
administration in vivo in Human. A prior report assessed human pyloric strips in vitro and found
that oi-adrenoreceptors agonists induced inhibition of the strip’s contraction in main cases(18).
Another report in sedated fasting cats showed that a-adrenergic stimulation by phenylephrine
could inhibit pyloric contractions induced by histamine administration, which was reversed by
a-adrenergic antagonist phentolamine(19). It was also demonstrated in dogs that a-adrenergic
agonists do not affect basal pyloric motor activity but can inhibit pyloric activity after
stimulation by duodenal field stimulation or by intraduodenal acid infusion(20). The same
findings were obtained with -adrenoreceptors agonists(18),(21). In our study, ephedrine use
was associated with increased pyloric distensibility and decreased pyloric pressure in the
multivariate analysis. In the univariate analysis, this drug was more administrated in patients
with delayed administration of remifentanil (protocol B), who exhibited both higher pyloric
distensibility and lower pyloric pressure values than patients from the early administration
group. Prior reports seem consequently to be in line with our results and it can be hypothesized
that a reduced pyloric pressure could be due to reduced pyloric contractions induced by

ephedrine administration.

The impact of the opioids on the gastrointestinal system is well known, but surprisingly no
effect of remifentanil on pyloric function was found in our multivariate analysis. Remifentanil
is a specific p-receptor agonist and is rapidly metabolized to an inactive form. This drug was
administrated in most patients studied (97.6%), but its impact on pyloric function cannot be
clearly drawn from our results, as it was administrated either at the very beginning of the

induction protocol, or after the EndoFLIP® measurement among centers. In addition,
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remifentanil has a very short half-life time during intravenous administration. However,
exogenous opioid intake is known to affect gastric function. Opioid users are frequently found
in patients with gastroparesis and known to exhibit higher levels of gastric retention, worse
quality of life and symptoms in comparison to nonusers(22),(23). Moreover, intravenous
administration of p-receptors agonists increases pyloric phasic pressure and tonic activity and
inhibits antral phasic contractility in a dose-dependent fashion, resulting in delayed gastric
emptying(24),(25). On the contrary, naloxone administration inhibits the effect of beta-
endorphins on the pylorus(25). It is hypothesized by authors that exogenous opioids can
suppress inhibitory neural responses (mainly nitrergic inhibition) in pyloric muscles(24).
Lastly, a loss of pyloric nitrergic neurons and interstitial cells of Cajal can be observed in
patients with gastroparesis(26),(27),(28), with consequently a hypothetical lesser effect of
exogenous opioids administration. As the time of administration of remifentanil differed
between centers but a difference was found regarding pyloric distensibility in the univariate
analysis among sedation protocol, a potential impact of remifentanil on pyloric distensibility

cannot be excluded from the interpretation of our results.

Lastly, several reports on the effect of propofol administration on gastrointestinal motility are
available in literature. Intravenous propofol sedation does not seem to influence gastric
emptying in healthy volunteers at sub hypnotic and hypnotic doses in comparison to
enflurane(29) or isoflurane(30) anaesthesia. However, it is unclear if propofol delays gastric
emptying, as the range of gastric emptying varied widely among the subjects included in these
studies. Another report found a delayed gastric emptying in mice sedated with propofol, with a
dose-effect relationship(31). In an in vitro study(32), the use of propofol on human gastric
smooth muscle stripes revealed that propofol might impair gastric contractile activity at

sedative dose. Moreover, propofol sedation might increase lower oesophageal sphincter
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pressure at sedative dose and not at low dose of propofol(33). As no study investigated pyloric
sphincter properties during propofol sedation, no conclusion can be drawn from our results.
Lastly, only a few studies investigated the potential impact of volatile agents on gastrointestinal
motility. Volatile anaesthetics might have inhibitory effects on gastric motility, but this effect
seems to stop quickly after termination of the agents(34),(35). However, sevoflurane was only
used during the induction of the sedation protocol in our study, with unclear effects on pyloric
characteristics. Lastly, no effect of ketamine on gastrointestinal motility is described in
literature to our knowledge, but as this drug was administrated in only 2 patients, we could not

study its effect on pyloric function(16).

The present study does have some limitations. Firstly, due to its retrospective design,
the impact of each sedative agent could not be studied separately, with consequently some
limitations regarding the interpretation of our results. However, our two groups (sedated versus
non-sedated patients) were comparable as no difference was seen between groups regarding
demographic characteristics, symptoms and quality of life severity, and gastric emptying. The
only difference was the proportion of esogastric surgery, mainly Nissen fundoplication, which
was higher in the non-sedated group. But the etiology of gastroparesis was not found as a
predictor of altered pyloric distensibility in our multivariate analysis. Moreover, as propofol,
sevoflurane and remifentanil were used in most patients, the individual action of these drugs
could not be studied. This study is the first one to have assessed the impact of the general
anaesthesia on pyloric function and our findings suggest that it can have an impact on the
EndoFLIP® measurements. There is consequently a need of further studies to confirm these
findings, if possible, in a prospective way. As the EndoFLIP® results can predict the
performance of pyloric interventions like botulinum toxin(36) or G-POEM(6), it is necessary

to confirm if the sedation protocol can alter these pyloric measurements, and therefore lead to
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unnecessary treatment in patients with gastroparesis. Moreover, several studies reported
intraoperative evaluation of the pylorus using the EndoFLIP®, with predictors of success like
distensibility(6),(8) or diameter(7). According to our results, these findings should be carefully
extrapolated to other centers as the sedation protocol could differ among centers and patients.
Therefore, there is probably also a need to develop a protocol for EndoFLIP® measurements
and homogenise its performance, to avoid potential confounding factors that could impact its

results like anaesthetic drugs.

CONCLUSION

In conclusion, we found that pyloric pressure at 30 ml, 40 ml, and 50 ml of distension
was higher in patients with general anaesthesia in comparison to patients without sedation. Both
general anaesthesia, suxamethonium chloride and ephedrine administration seem to have an
impact on the pyloric metrics measured using EndoFLIP®. The sedation protocol should
therefore be taken carefully into account during EndoFLIP® measurements. There is
consequently a need of further studies to confirm these findings, if possible, in a prospective

way.
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FIGURES

FIGURE 1: Flow chart of the study.
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TABLES

Table 1: characteristics of the patients

Without general With general
All (N=125) anesthesiag(N=34) anesthesfiga (N=91) p
Age (years) 55.0 (43.0-66.0) 56.5 (44.3-65.8) 56.0 (43.0-66.0) 0.46
Sex (male/female) 46/79 13/21 33/58 0.83
Body mass index
(kg/m?) 24.3 (20.6-28.0) 24.2 (20.6-27.1) 24.6 (20.6-28.4) 0.438
Etiology of
gastroparesis
Mellitus diabetes 50 (40.0%) 14 (41.2%) 36 (39.6%) 0.99
Esogastric surgery 25 (20.0%) 11 (32.4%) 14 (15.4%) 0.045*
Idiopathic 43 (34.4%) 8 (23.5%) 35 (38.5%) 0.14
Other 7 (5.6%) 1 (2.9%) 6 (6.6%) 0.99
Chronic intake of opiod
drugs 11 (8.8%) 4 (11.8%) 7 (7.6%) 0.99
Use of the following
during general
anesthesia N=119 N=34 N=85
Sevoflurane 78 (65.5%) 0 (0.0%) 78 (91.8%)
Propofol 83 (69.7%) 0 (0.0%) 83 (97.6%)
Suxamethonium
chloride 57 (47.8%) 0 (0.0%) 57 (67.1%)
Ketamine 2 (1.7%) 0 (0.0%) 2 (2.4%)
Fentanyl 83 (69.7%) 0 (0.0%) 83 (97.6%)
Ephedrine 25 (21.0%) 0 (0.0%) 25 (29.4%)
GIQLI score N=I111 N=32 N=79
66.0 (55.0-82.0) 66.0 (33.0-83.0) 66.0 (55.0-82.0) 0.703
Nausea 2.0 (1.0-4.0) 2.0 (1.0-3.0) 2.0 (1.0-4.0) 0.247
Vomiting 2.0 (1.0-4.0) 2.0 (1.0-4.0) 2.0 (1.0-4.0) 0.238
Stomach fullness 2.0 (1.0-3.0) 1.0 (1.0-2.0) 2.0 (1.0-4.0) 0.017*
Feeling excessively full
after a meal 1.0 (1.0-3.0) 1.0 (1.0-2.0) 1.0 (0.0-3.8) 0.284
Bloating 1.0 (1.0-3.0) 1.0 (0.0-2.0) 2.0 (1.0-4.0) 0.007*
T(1/2) (min) N=116 N=32 N= 84
220.5 (196.6-301.0) | 218.0 (196.1-310.3) | 221.5(197.3-301.0) | 0.877

GIQLI: Gastrointestinal Quality of Life Index; T(1/2): gastric emptying half-time
*: p<0.05. Results are presented as median (25th-75th percentiles)
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Table 2: Comparison of pvloric characteristics measured in patients with and without

general anaesthesia using the EndoFLIP® system

Without general With general
anesthesia (N=34) anesthesia (N=91) P
40 mL of inflation
Diameter (mm) 12.7 (10.5-15.8) 14.4 (12.9-15.8) 0.069
Pressure (mmHg) 15.4 (11.9-20.7) 18.7 (13.0-25.6) 0.044*
Distensibility index (mm* mmHg) 11.6 (5.68-18.8) 8.7 (6.3-12.5) 0.156
Altered distensibility index, n (%) 14/34 (41.2%) 58/91 (63.7%) 0.027*
50 mL of inflation
Diameter (mm) 17.4 (15.6-19.4) 16.7 (15.0-19.0) 0.522
Pressure (mmHg) 30.2 (24.6-35.8) 36.0 (28.7-43.8) 0.028*
Distensibility index (mm* mmHg) 8.1 (5.9-10.3) 6.5 (4.7-8.8) 0.138
*: p<0.05. Results are presented as median (25th-75th percentiles)
Table 3: Comparison of pyloric characteristics measured in patients with and without
suxamethonium chloride (A) or ephedrine (B) using the EndoFLIP® system
With suxamethonium chloride | Without suxamethonium
(N=57) chloride (N=28) p
40 mL of inflation
Diameter (mm) 14.6 (12.7-15.7) 14.3 (12.9-17.2) 0.124
Pressure (mmHg) 22.1 (14.6-28.2) 15.5 (9.9-20.7) <0.001*
Distensibility index
(mm? /rimHg) 8.0 (5.1-9.9) 11.3 (8.7-16.5) <0.001*
50 mL of inflation
Diameter (mm) 16.6 (15.1-18.5) 17.0 (15.0-19.8) 0.42
Pressure (mmHg) 38.8 (29.8-46.5) 30.2 (22.5-41.9) 0.002*
Distensibility index
(mm? /rimHg) 5.9 4.3-7.9) 7.8 (5.9-11.1) 0.008*
*:p<0.05
With ephedrine (N=25) Without ephedrine (N=60) p
40 mL of inflation
Diameter (mm) 14.7 (12.7-15.7) 14.3 (12.8-16.0) 0.187
Pressure (mmHg) 14.2 (11.1-20.6) 21.4 (15.2-27.8) 0.003*
Distensibility index
(mmz/rimHg) 9.9 (7.9-15.4) 8.6 (6.1-10.6) 0.071
50 mL of inflation
Diameter (mm) 16.7 (15.0-18.6) 16.7 (15.0-19.2) 0.739
Pressure (mmHg) 29.5 (24.9-39.3) 38.9 (30.0-46.8) 0.003*
Distensibility index
(mmz/rimHg) 7.6 (5.0-9.2) 6.1 (4.7-8.6) 0.108
*:p<0.05
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Table 4: comparison of pvloric characteristics at 40 mL of distension among the two

sedation protocols in patients with general anesthesia.

(mm?*mmHg)

Sedation protocol A Sedation protocol B
(N=68) (N=23) p
Age (years) 56.5 (22.0-66.5) 56.0 (43.0-67.0) 0.887
Sex (male/female) 26 (38.2%) 7 (30.4%) 0.619
Body mass index (kg/m?) 24.6 (20.7-28.4) 24.3 (19.1-28.6) 0.712
Etiology of gastroparesis
Mellitus diabetes 26 (38.2%) 10 (43.5%) 0.806
Esogastric surgery 13 (19.1%) 1 (4.3%) 0.107
Idiopathic 28 (41.2%) 7 (30.4%) 0.459
Chronic intake of opiod drugs 7 (10.3%) 0 (0.0%) 0.185
Use of the follovying during N=62 N=23
general anesthesia
Sevoflurane 59 (95.2%) 19 (82.6%) 0.38
Propofol 61 (98.4%) 22 (95.7%) 0.47
Suxamethonium chloride 44 (70.9%) 13 (56.5%) 0.298
Ketamine 2 (3.2%) 0 (0.0%) 0.999
Fentanyl 60 (96.8%) 23 (100.0%) 0.999
Ephedrine 13 (20.9%) 12 (52.2%) 0.008*
GIQLI score 70.0 (58.5-82.5) 62.0 (52.8-70.0) 0.113
T(1/2) (min) 223.0 (202.0-282.0) 217.0 (129.0-360.0) 0.718
40 mL of inflation
Diameter (mm) 15.0 (13.0-16.0) 13.7 (12.3-15.0) 0.075
Pressure (mmHg) 21.4 (15.9-27.8) 12.4 (11.0-17.3) <0.0001*
Distensibility index 7.9 (6.1-11.3) 10.5 (8.2-16.0) 0.007*

GIQLI: Gastrointestinal Quality of Life Index; OR: Odds ratio, IC95%: 95% confidence

interval; T(1/2): gastric emptying half-time

*: p<0.05. Results are presented as median (25th-75th percentiles)
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Table 5: Predictors of (A) altered pvloric distensibility, (B) altered pvloric diameter and

(C) altered pyloric pressure at 40 mL of inflation

A
Logistic regression
Altered pyloric | Normal pyloric
distensibility distensibility p OR 1C95% P
(N=72) (N=53)
Age (years) 58.0 (47.0-67.8) | 51.0 (38.5-64.0) | 0.125 1.028 | 0.998-1.059 | 0.064
Sex (male/female) 28/44 18/35 0.707 1.294 | 0.538-2.110 | 0.546
Body mass index (kg/m?) | 24.7 (21.8-28.4) | 23.5 (19.5-26.9) | 0.031* | 1.016 | 0.935-1.105 | 0.702
Etiology of gastroparesis
Mellitus diabetes | 29 (40.3%) 21 (39.6%) 0.99
Esogastric surgery 17 (23.6%) 8 (15.1%) 0.365
Idiopathic| 22 (30.6%) 21 (39.6%) 0.343
Other 4 (5.5%) 3 (5.7%) 0.99
Chronic intake of opiod
drugs 4 7 0.201
Number of patients
undergoing general 0.000-
anesthesia 58 33 0.027* | 14.877 3829.082 0.997
GIQLI score 69.0 (57.3-78.5) | 65.0 (53.5-84.0) | 0.588
Use of the following
during general anesthesia N=69 N=51
Sevoflurane| 52 (76,5%) 26 (50,9%) 0,007* | 2.930 |0.562-15.284| 0.202
Propofol| 54 (78,3%) 29 (56,9%) 0,016* | 0.725 |0.025-21.212]0.851
Suxamethonium chloride| 42 (60,9%) 15 (29,4%) | 0,0008* | 3.897 |1.327-11.449| 0.013
Ketamine 2 (2,8%) 0 (0,0%) 0,99
0.000-
Fentanyl| 53 (73,6%) 30 (58,8%) 0,046* | 2.15-7 3829.082 0.997
Ephedrine 12 (16,7%) 13 (25,5%) 0,363 | 0.0317 | 0.108-0.929 | 0.036
220.0 (196.6- 222.5 (194.8-
T(1/2) (min) 301.8) 297.0) 0.67

GIQLI: Gastrointestinal Quality of Life Index; OR: Odds ratio, IC95%: 95% confidence

interval; T(1/2): gastric emptying half-time

*: p<0.05. Results are presented as median (25th-75th percentiles)
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I=

Logistic regression

Altered pyloric | Normal pyloric
diameter diameter p OR 1C95%
(N=60) (N=58)
Age (years) 55.5(42.3-64.0) | 53.5 (41.8-70.0) | 0.467
Sex (male/female) 23/37 21/37 0.851
Body mass index (kg/m?) |24.5(20.9-27.8)|23.9 (20.2-28.2) | 0.669
Etiology of gastroparesis
Mellitus diabetes | 23 (38.3%) 25 (43.1%) 0.708
Esogastric surgery | 16 (26.6%) 8 (13.7%) 0.110
Idiopathic| 17 (28.3%) 23 (39.7%) 0.244
Other 4 (6.7%) 3 (5.2%) 0.990
Chronic intake of opiod
drugs 5 (8.3%) 6 (10.3%) 0.947
Number of patients
undergoing general
anesthesia 43 (71.7%) 47 (81.0%) 0.282
Use of the following
during general anesthesia N=57 N=55
Sevoflurane | 37 (64,9%) 40 (72,7%) 0,444
Propofol | 38 (66,7%) 44 (80,0%) 0,164
Suxamethonium chloride | 27 (47,4%) 29 (52,7%) 0,713
Ketamine 1 (1,7%) 1 (1,8%) 0,990
Fentanyl | 39 (68,4%) 43 (78,2%) 0,321
Ephedrine| 12 (21,1%) 13 (23,6%) 0,824
GIQLI score 69.0 (54.0-79.0) | 65.0 (55.5-85.5)| 0,974
225.0 (196.6- | 215.0 (194.0-
T(1/2) (min) 296.8) 302.0) 0.507

GIQLI: Gastrointestinal Quality of Life Index; OR: Odds ratio, IC95%: 95% confidence
interval; T(1/2): gastric emptying half-time

*: p<0.05. Results are presented as median (25th-75th percentiles)
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[@!

Logistic regression

Altered pyloric

Normal pyloric

pressure (N=61) | pressure (N=59) p OR 1C95% P
Age (years) 59.0 (47.3-68.5) | 51.0 (40.0-64.0) | 0.147 | 1.037 | 1.006-1.070 | 0.019*
Sex (male/female) 21/39 24/35 0.574 | 0.642 | 0.260-1.581 | 0.334
Body mass index (kg/m?) 24.7 (20.9-28.4) | 24.2 (20.2-26.9) | 0.209 | 0.959 | 0.877-1.049 | 0.359
Etiology of gastroparesis
Mellitus diabetes 26 (42.6%) 22 (37.3%) 0.581
Esogastric surgery 14 (22.9%) 10 (16.9%) 0.496
Idiopathic 17 (27.9%) 23 (38.9%) 0.246
Other 3 (4.9%) 4 (6.8%) 0.990
Chronic intake of opiod drugs 4 (6.6%) 7 (11.8%) 0.385
Number of patients 0.001-
undergoing generr;l anesthesia >0 (81.9%) 41 (69.5%) 0.137/1 0.281 54918 0.359
Use of the following during
general anesthesia N=57 N=56
0.690-
Sevoflurane| 45 (78,9%) 33 (58,9%) 10,026* | 4.594 30.581 0.114
0.008-
Propofol 46 (80,7%) 37 (66,1%) 0,091 | 0.299 10.647 0.5076
Suxamethonium chloride| 35 (61,4%) 22 (39,3%) [0,024*| 2.978 | 1.020-8.695 | 0.046*
Ketamine 2 (3,5%) 0 (0,0%) 0,990
0.333-
Fentanyl 46 (80,7%) 37 (62,7%) 0,091 | 8.534 | 218.905 0.195
Ephedrine 7 (12,3%) 18 (32,1%) [0,013*| 0.121 | 0.038-0.388 | <0.001*
GIQLI score 69.5 (55.8-85.3) | 66.0(53.0-79.8) | 0.523
. 221.5 (196.9- 217.0 (195.0-
T(1/2) (min) 29;3) 29;0) 0.419

*: p<0.05. Results are presented as median (25th-75th percentiles)

GIQLI: Gastrointestinal Quality of Life Index; OR: Odds ratio, IC95%: 95% confidence

interval
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Sixieme partie : discussion générale et conclusions

Le premier axe de ce travail était d’évaluer les qualités diagnostiques de
I’EndoFLIP® et, en particulier, de déterminer si PEndoFLIP® permettait d’identifier les
mécanismes physiopathologiques responsables d’un trouble fonctionnel digestif tel que la

gastroparésie ou ’incontinence fécale.

Concernant I’EndoFLIP® pylorique, un des objectifs était d’évaluer la valeur
mécanistique de ’EndoFLIP® chez les patients souffrant de gastroparésie diabétique et post-
chirurgicale. Le diabéte est une cause connue de gastroparésie(91) qui, en dehors des
symptomes digestifs invalidants (nausée, vomissements, douleur/pesanteur épigastrique, satiété
précoce), peut étre source de déséquilibre dans le controle glycémique des patients(91).
Plusieurs mécanismes ont ét¢ évoqués pour expliquer la gastroparésie diabétique : dont un
dysfonctionnement de la motricité gastrique mais ¢galement pylorique secondaires au diabéte
et/ou a ’hyperglycémie(6),(164),(166)(167).

Peu d’¢tudes se sont intéressées a la fonction pylorique des patients diabétiques
probablement en raison des difficultés d’exploration du pylore. Mearin et al.(6) avaient mis en
évidence un pylorospasme en manométrie antro-pyloro-duodénale chez des patients
diabétiques présentant des symptomes de gastroparésie, avec une pression pylorique plus élevée
chez ces patients en comparaison aux volontaires sains. Plus récemment, la technique
d’EndoFLIP® a rendu I’exploration du pylore plus facile. Ainsi, Malik et al.(104) (n=15) et
Snape et al.(162) (n=27) ont décrit respectivement une augmentation de la pression pylorique
évaluée a 17,7 £ 2,3 mmHg et a 17,4 + 1,3 mmHg et une diminution de la distensibilité
pylorique a 10,7 + 2,6 mmHg et de 8,5 £1,1 mmHg chez des patients avec gastroparésie
diabétique. Les résultats de notre étude ont confirmé I’implication du dysfonctionnement

pylorique dans la physiopathologie de la gastroparésie diabétique dans une large cohorte de
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patients. Ainsi, en utilisant ’index de distensibilit¢ de 10 mm?*/mmHg déja publié par notre
centre afin de définir le seuil de distensibilit¢ pylorique altérée(102)(169), 26/46 patients
(56,5%) des patients atteints de gastroparésie diabétique présentaient une distensibilité
pylorique altérée, avec un taux similaire retrouvé chez les patients atteints de gastroparésie
idiopathique (17/33 patient, 51,5%). Par ailleurs, nous avons observé une dispersion des valeurs
de distensibilité pylorique chez les patients atteints de gastroparésie diabétique. Ceci pourrait
refléter le caractere multifactoriel de la gastroparésie diabétique, certains patients présentant
une dysfonction pylorique sévére et d’autre une atteinte plus ciblée sur la motricité antrale et/ou
fundique gastrique.

Contrairement a ce que nous attendions, nous n’avons retrouvé aucune corrélation entre
les caractéristiques du diabete des patients étudiés et les mesures de distensibilité pylorique ou
la mesure de vidange gastrique. Bien que la neuropathie autonome extrinseque fasse partie des
causes possibles de gastroparésie(101) et que la présence d’une neuropathie périphérique ait été
mentionnée comme un potentiel facteur de risque de gastroparésie(170), nous n’avons pas
retrouvé de différence significative en ce qui concerne les mesures de la fonction pylorique,
chez les patients diabétiques sur la base de la présence ou non d’une neuropathie périphérique.
Ceci pourrait étre expliqué d’une part, par le faible nombre de patients qui présentaient une
neuropathie périphérique dans notre étude, et d’autre part, parce que l’altération de la
distensibilité pylorique pourrait étre davantage en lien avec des changements de structure au
niveau pylorique (myopathie, relargage local de NO en lien avec le systeme nerveux entérique)
qu’en lien avec I’innervation extrinseque. Il est connu que 1’hyperglycémie peut ralentir la
vidange gastrique(164), en particulier chez les patients diabétiques(170). L’¢élévation sanguine
de la concentration en glucose est associée a une suppression des contractions antrales, a un
tonus fundique plus bas et a une dysrythmie gastrique(171). Pourtant, nous n’avons pas mis en

évidence de corrélation entre le temps de vidange gastrique et la glycémie a jeun. Cela pourrait
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étre lié a la réalisation de la mesure glycémique directement avant la réalisation de ’EndoFLIP®
et non avant la mesure de la vidange gastrique. Par ailleurs, la littérature reste pauvre concernant
les relations potentielles entre I’hyperglycémie et le pylorospasme. Le pylorospasme a été décrit
pour la 1°° fois(6) chez des patients diabétiques présentant des nausées et vomissements
récurrents, mais il n’y avait aucune surveillance de la glycémie pendant les mesures
manométriques de la motricité antro-pyloro-duodénale. Une autre étude chez les volontaires
sains a montré une élévation localisée des contractions pyloriques induites par I’hyperglycémie
(glycémie entre 12-16 mmol/l) en comparaison avec 1’euglycémie (3-5 mmol/1)(172) et un effet
suppresseur sur ’activité antrale. Comme suggéré par les modeles animaux, ’hyperglycémie
pourrait supprimer 1’activité vagale efférente, ce qui entrainerait une €lévation de 1’activité
pylorique(173). Néanmoins, aucune corrélation n’a été retrouvée entre la pression pylorique et
la glycémie a jeun dans notre étude. Ceci pourrait s’expliquer par un taux de glycémie observé
plus faible dans notre étude (10.0 = 1.0 mmol/l) que dans les ¢tudes précédemment décrites
(172).

Notre ¢étude a donc permis de mettre en évidence que plus de la moitié des patients
diabétiques avec gastroparésie présentaient un dysfonctionnement pylorique, qui pourrait étre
une cible thérapeutique avec pour objectif de lever le spasme pylorique par dilatation, par
injection de toxine botulique ou par G-POEM. Cependant, comme le pylorospasme n’est pas
systématiquement retrouvé chez les patients avec gastroparésie diabétique et que nous n’avons
retrouvé aucun facteur prédictif de la fonction pylorique, ’EndoFLIP® serait alors un outil
diagnostique indispensable pour permettre la détection des patients avec dysfonction pylorique,
susceptibles d’étre de bons candidats pour ces thérapies. D’autres études seront nécessaires
pour confirmer nos données et évaluer 1’efficacit¢ des thérapies permettant de lever le

pylorospasme chez ces patients.
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Apres avoir mis en évidence une altération de la distensibilité pylorique chez les patients
avec gastroparésie diabétique, nous nous sommes intéressés aux résultats de I’EndoFLIP® chez
les patients présentant des symptomes dyspeptiques apres chirurgie oeso-gastrique.

En fonction des études, la gastroparésie post-chirurgicale concernerait entre 7,2% et
13% des patients souffrant de gastroparésie(174). Les chirurgies les plus exposées seraient la
cure de reflux gastro-cesophagien selon Nissen, la sleeve-gastrectomie et I’oesophagectomie.
La 1ésion vagale est connue chez 1’animal pour induire un spasme du pylore susceptible de
provoquer une gastroparésie(101). II s’agit donc d’un des principaux mécanismes de
gastroparésie post-chirurgicale suspectés et cela bien qu’il n’existat pas, jusqu’alors, d’outil
spécifique permettant d’en faire le diagnostic. L’EndoFLIP® pylorique nous permet d’évaluer
I’existence d’un pylorospasme en faveur d’une lésion vagale post-chirurgicale. Nous avons
donc ¢étudié, pour la premiere fois, la fonction pylorique des patients souffrant de gastroparésie
post-chirurgicale. Nous avons démontré que la distensibilité pylorique était altérée chez 61,1%
des patients du groupe chirurgie anti-reflux, 75,0% du groupe oesophagectomie sans
pyloroplastie et 18,7% du groupe sleeve-gastrectomie.

L’oesophagectomie sans pyloroplastie était donc la chirurgie la plus fréquemment
associée a une altération de la distensibilité pylorique dans notre étude, reflétant le fait qu'une
vagotomie tronculaire est réalisée de manicere constante dans ce type de procédure(175).
Cependant la physiopathologie du ralentissement de la vidange gastrique apres
oesophagectomie reste controversée. Certes, les dommages du nerf vague lors de la tubulisation
gastrique sont sensés affecter la motilité gastrique et mener a une dénervation du sphincter
pylorique(176). A TI’inverse, il existe des preuves en faveur d’une récupération partielle de
I’activité motrice du tube gastrique a distance de la chirurgie(177), en particulier antrale et
pylorique, y compris apres pyloroplastie(178). Par ailleurs, le diagnostic définitif de

gastroparésie est difficile a réaliser chez ces patients, car il n’y a a ce jour aucune donnée
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concernant les valeurs normales de mesures de vidange gastrique chez des patients
asymptomatique avec antécédent d’oesophagectomie, avec par conséquent un diagnostic basé
principalement sur I’évaluation clinique(179). Enfin, des méta-analyses récentes(179)(180) ont
montré qu’une intervention pylorique systématique pendant la réalisation de I’oesophagectomie
(pyloromyotomie, pyloroplastie, injections de toxine botulique) n’influencait pas I’incidence
des symptomes de gastroparésie aprés oesophagectomie. De plus, ces interventions
systématiques peuvent entrainer des complications comme le reflux biliaire ou le dumping
syndrome. Comme la gastroparésie post-oesophagectomie ne semble pas avoir un mécanisme
univoque, utilisation de ’EndoFLIP® pour déterminer 1’existence d’un spasme pylorique
permettrait de sélectionner les patients chez lesquels une intervention pylorique parait
nécessaire.

Parmi les patients étudiés présentant une gastroparésie apres fundoplicature de Nissen,
la majorité (61,1%) présentaient une distensibilité pylorique altérée. Méme si le diagnostic de
gastroparésie apres chirurgie anti-reflux peut étre posé sur une mesure de la vidange gastrique,
I’incidence de la gastroparésie aprés cette chirurgie reste encore débattue. Une étude
rétrospective récente a collecté les données issues de 3152 patients et a pu mettre en évidence
une incidence de gastroparésie de 3,8% apres fundoplicature de Nissen, mais le diagnostic de
gastroparésie €tait basé sur la nécessité de réaliser secondairement une intervention sur le pylore
pour améliorer la symptomatologie post-opératoire des patients (181). Une autre étude a
¢galement pu montrer une amélioration des symptomes aprés injection de toxine botulique
intra-pylorique(182). Cependant, la dysfonction pylorique ne semble pas étre le seul mécanisme
pouvant expliquer le développement de symptomes dyspeptiques aprés fundoplicature de
Nissen, puisqu’environ 38% des patients de notre ¢tude avaient une distensibilité¢ pylorique
normale. Une altération de I’accommodation gastrique a ainsi pu €tre mise en évidence chez

des patients dyspeptiques aprés fundoplicature de Nissen(183). L utilisation de ’EndoFLIP®
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devrait permettre de mieux comprendre les mécanismes responsables de la gastroparésie post-
Nissen et d’orienter vers un geste thérapeutique sur le pylore si nécessaire.

Enfin, parmi les 3 types de chirurgie que nous avons €tudiés, la sleeve-gastrectomie était
celle qui présentait le taux le plus faible d’altération de la distensibilité pylorique (seulement
18,7% des patients). Etant donné que le recours a la chirurgie bariatrique est de plus en plus
important en raison de 1’¢lévation de la fréquence de 1’obésité dans les pays industrialisés (184),
il est important de comprendre 1’influence de cette chirurgie sur la physiologie du sphincter
pylorique, qui reste encore controversée dans la littérature. D’une part, plusieurs études ont
retrouvé une accélération de la vidange gastrique apres sleeve-gastrectomie(185)(186),
probablement en lien avec une réduction du volume du réservoir gastrique spécifique a la partie
proximale de I’estomac. Ceci pourrait résulter en une €lévation de la pression gastrique en post-
prandial, pouvant entrainer une accélération du passage des nutriments dans le duodénum(187)
(188). D’autre part, la résection de la zone du pacemaker gastrique durant la sleeve-
gastrectomie peut résulter en un foyer pacemaker ectopique distal aberrant ou en une quiescence
bioélectrique selon les résultats d’une étude récente(189), mais I'impact clinique de ces
anomalies reste encore a démontrer. Par ailleurs, trés peu de données sont disponibles quant a
une association possible entre de potentielles 1ésions vagales et une gastroparésie secondaire.
Comme pour I’oesophagectomie, il n’y a pas de valeur normale de mesure de vidange gastrique
apres sleeve-gastrectomie. L’incidence faible du pylorospasme dans notre étude semble
indiquer que les lésions vagales lors de la réalisation de la sleeve-gastrectomie sont
exceptionnelles, mais les mécanismes de ce pylorospasme restent a déterminer dans ce sous-

groupe de patients.

Aprés avoir étudié le caractére diagnostique de I'EndoFLIP® au niveau pylorique, nous

nous sommes intéress€s a son intérét diagnostique dans 1’évaluation du sphincter anal.
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Dans la littérature, il est admis qu’une dysfonction du sphincter anal interne peut
provoquer une pression de cloture insuffisante du canal anal, et donc aboutir a une IF passive
(sans perception de besoin exonérateur préalable), tandis que la dysfonction du sphincter anal
externe peut entrainer une fermeture insuffisante du canal anal lors de ’arrivée de selles dans
le rectum, entrainant une IF active (avec perception du besoin exonérateur préalable)(190).
Cette classification est importante car elle permettrait d’orienter vers une cause de I’IF et donc
vers un choix thérapeutique au moins en premicre ligne. Cependant, I’hypotonie anale (qui
refléte I’activité du sphincter anal interne) et I’hypocontractilité¢ anale (qui reflete I’activité du
sphincter anal externe), enregistrées manométriquement, ne semblent pas étre associées
significativement a un des sous-types d’IF(140). De méme, la fréquence de la présence
d’anomalie anatomique et/ou de Iésion neurologique sphinctérienne n’était pas associée a un
sous-type d’IF(140). Etant donné la supériorité du systéme EndoFLIP® pour I’évaluation de la
résistance a la distension anale, une variable importante pour la continence (191), nous avons
émis I’hypothése que cet outil pourrait étre plus performant dans la détection d’une dysfonction
sphinctérienne et donc dans la prédiction du sous-type d’IF.

Dans notre travail, la distensibilité au repos du canal anal a 50 mL de distension était
différente selon les sous-types d’IF, avec des valeurs plus €levées dans le groupe IF passive, et
plus faibles dans le groupe IF active. Cela paraissait logique compte-tenu du role prédominant
du sphincter anal interne dans la cloture du canal anal au repos. Cependant, aucune différence
n’¢tait notée entre les sous-types d’IF lors de 1’évaluation de la distensibilité du canal anal
pendant la contraction volontaire. Nous avons pu montrer, via ’utilisation d’un arbre de
classification, qu’une distensibilité au repos a 50 mL de distension de plus de 7,3 mm?>/mmHg
et de moins de 1,3 mm?*mmHg a 40 mL de distension étaient associées respectivement aux

sous-types passif et actif d’IF. Cependant, la puissance discriminative de cette classification
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était faible. Ainsi, méme si ’EndoFLIP® peut prédire le type d’IF, ceci n’est vrai que pour les
valeurs extrémes de distensibilité.

Une explication potentielle aux difficultés pour trouver une relation entre la fonction
sphinctérienne anale explorée en manométrie ou avec I’EndoFLIP® et le sous-type d’IF,
pourrait étre le manque de consensus a propos de la classification des patients parmi les
différents sous-types d’IF(140). Notre travail a montré que le choix de 1’outil pour classer les
patients est primordial, étant donné que nous avons mis en évidence un faible agrément entre
d’une part, les réponses aux scores d’IF et d’autre part, les entretiens conduits par des médecins
expérimentés dans la classification des patients parmi les différents sous-groupes. De plus, nous
avons classé les patients sur I’exclusivité d’un seul type d’IF, ce qui a permis 1’obtention de
groupes homogenes de patients, mais avec le désavantage d’effectifs plus petits parmi les
différents sous-types.

Par ailleurs, nos résultats suggerent que les mécanismes physiopathologiques tres
souvent multifactoriels de I’IF pourraient induire un biais. En effet, les anomalies
sphinctériennes ne sont pas les seules causes de I’'IF, car les troubles du transit, de la statique
pelvienne et la dysfonction rectale peuvent aussi étre impliqués dans la genése des
troubles(192),(193)(194). Dans notre travail, nous avons identifié pour chaque patients les
mécanismes potentiels responsables de I'[F et pour chacun de ces mécanismes, nous avons
distingué ceux qui €taient connus pour causer une [F active ou passive. Lorsque nous avons
compar¢ les patients avec une majorité de causes connues pour donner une IF active ou passive,
une association significative était alors notée entre les sous-types d’IF et les mécanismes
prédominant observés. Ainsi, nous avons démontré que I’EndoFLIP® anal ne permettait pas
d’orienter vers un sous-type d’IF principalement parce que le mécanisme de I’IF est trés souvent

multifactoriel. Bien que le type d’IF soit intéressant dans 1’évaluation des patients, cette
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classification ne dispense pas de réaliser les explorations nécessaires afin de déterminer le

mécanisme précis de I’[F pour orienter au mieux le traitement.

Le second axe de ce travail était centré sur I’intérét de ’EndoFLIP® pour prédire

Pefficacité d’un traitement.

Apres avoir démontré que 1’altération de la distensibilité pylorique était présente chez
seulement un sous-groupe de patients atteints de gastroparésie, nous avons émis 1’hypothése
que la mesure de la distensibilité pylorique pouvait prédire 1’efficacité des injections de toxine
botulique intra-pyloriques. Notre travail a ainsi pu mettre en évidence que les scores
symptomatiques et de qualité de vie €taient significativement améliorés chez les patients avec
distensibilité pylorique altérée, a 3 mois des injections, tandis qu’il restait inchangé chez les
patients avec distensibilité pylorique normale. Le temps de demi-vidange gastrique était
¢galement accéléré apres injection chez les patients avec distensibilité pylorique altérée, tandis
qu’il demeurait inchangé chez les patients avec distensibilité¢ pylorique normale. Nous avons
ainsi confirmé le role prédictif de la distensibilité pylorique, mesurée en pré-opératoire, sur les
résultats des injections intra-pyloriques de toxine botulique. Nos résultats peuvent en partie
expliquer Defficacité controversée des injections de toxine botulique dans la littérature
(118)(117). En effet, aucune donnée concernant la distensibilité pylorique n’était disponible
dans ces études.

Par ailleurs, étant donné qu’une des limites des injections de toxine botulique est son
effet transitoire, avec une nécessité de répéter celles-ci tous les 6 a 9 mois, d’autres thérapies
ciblant le pylore ont été développées récemment, avec des résultats encourageants(195). A la
suite de notre travail, d’autres études ont été publi€es sur le role prédictif de la mesure de la

distensibilité pylorique sur I’efficacité du G-POEM. Une premicre étude de cohorte prospective
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portant sur 34 patients a pu montrer que les patients répondeurs présentaient une distensibilité
plus basse avant G-POEM que ceux qui étaient en échec de ce traitement(196). Jacques et al.
ont également montré, dans une ¢tude prospective sur 20 patients, qu’une distensibilité
pylorique inférieure a 9,2 mm?»/mmHg a 50 mL de distension était prédictive du succés clinique
du G-POEM avec une spécificité de 100% et une sensibilité de 72,2%(103). En revanche, aucun
facteur prédictif de succés clinique parmi les différentes mesures réalisées par ’EndoFLIP® n’a
¢té mis en évidence dans 2 autres études mais de qualité méthodologique inférieure(197),(198).
Enfin, Vosoughi et al.(199) ont pu montrer qu’un CSA post-procédure pouvait étre le meilleur
facteur prédictif de succes symptomatique et d’accélération de la vidange gastrique. Un seuil
de CSA > 154 mm? a 40 ml de distension serait prédictif de succés a 1 an, avec une sensibilité
de 71% et une spécificité de 91% (199). Une autre étude a pu montrer qu’une amélioration d’au
moins 20% de I’'index de distensibilité par rapport a celui avant intervention était corrélée a un
succes clinique(200). Ces résultats suggérent que 1’utilisation de I'EndoFLIP® avant et/ou aprés
procédure pourrait prédire I’efficacité de la pyloromyotomie et devenir un outil pour guider
I’intervention en per-opératoire, comme cela a pu étre suggéré pour le SIO dans I’achalasie. 11
existe donc trés probablement une place pour la réalisation de ’EndoFLIP® afin d’orienter le

choix thérapeutique des patients atteints de gastroparésie.

Le troisieme axe de ce travail était centré sur I’amélioration de la méthodologie de la

technique d’EndoFLIP®.

Nous avons précédemment vu que la méthodologie de ’EndoFLIP® était trés différente
d’une étude a une autre, ce qui rendait les comparaisons entre les études difficiles(42). Nous
nous sommes donc intéressés a I’impact des différents types d’anesthésie sur les mesures de

distensibilité pylorique dans 3 centres différents. En effet, les protocoles d’anesthésie different
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selon les centres et il n’existe pas, jusqu’a présent, de consensus quant a la réalisation de ces
mesures avec le systéme d’EndoFLIP®. Notre travail a démontré que la pression pylorique était
significativement plus élevée (p=0,044) chez les patients dont les mesures ¢étaient effectuées
sous anesthésie générale, en comparaison avec les patients dont les mesures ont été effectuées
sans anesthésie. Par ailleurs, I’administration de suxamethonium (célocurine) était prédictive
d’une pression pylorique €levée et d’une distensibilité pylorique basse en analyse multivariée,
a I’inverse de I’administration d’éphédrine.

En raison du design rétrospectif de cette étude, I’impact isolé de chaque produit
d’anesthésie n’a pas pu étre étudié, limitant quelque peu ’interprétation de nos résultats.
Cependant, I’administration de suxamethonium lors de I’induction anesthésique était prédictive
d’une pression pylorique €levée et d’une distensibilité pylorique basse en analyse multivariée.
Le suxamethonium est un agent bloquant neuromusculaire de la famille des curares qui possede
une action a court-terme et permet la dépolarisation des cellules musculaires squelettiques,
entrainant un blocage neuromusculaire(201). Cet anesthésiant est composée de 2 molécules
d’acétylcholine liées entre elles et pourrait donc reproduire certains de ses effets sur ses
récepteurs nicotiniques et muscariniques(202). A notre connaissance, aucune mesure directe
des caractéristiques du pylore n’a été réalisée aprés administration de suxamethonium et ses
seuls effets connus sur 1’estomac sont une élévation de la pression intragastrique et une
diminution du tonus du SIO lors de I’induction de 1’anesthésie générale(203),(204),(205). Ceci
serait potentiellement expliqué par la fasciculation transitoire des muscles de la paroi
abdominale (« Phase I »), mais ces contractions sont trop incoordonnées pour ¢lever la pression
intragastrique de maniére marquée(203). Cependant, les mesures par EndoFLIP® réalisées dans
notre travail étaient faites a distance de 1’administration de suxamethonium, avec confirmation

du blocage neuromusculaire complet par stimulation TOF (train-of-four). Ce phénomene
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n’expliquerait donc pas a lui seul la pression pylorique plus élevée retrouvée chez les patients
avec anesthésie générale dans notre travail.

L’¢éphédrine est une amine sympathomimétique et fut administrée chez 25 patients dans
notre ¢tude (29,4%). A notre connaissance, aucune ¢tude ne s’est intéressée a la fonction
pylorique pendant I’administration d’éphédrine in vivo chez 'Homme. Une 1°° étude in vitro
sur des bandes prélevées au niveau pylorique a pu montrer que la stimulation par phenylephrine
(un agent alpha-adrénergique) pouvait inhiber les contractions pyloriques induites par
I’administration d’histamine et que cet effet était réversible par administration d’un antagoniste
a-adrénergique (phentolamine)(206). Il a ¢galement ét¢ montré chez le chien que les agonistes
a-adrénergiques n’affectent pas 1’activité motrice basale du pylore mais peuvent inhiber son
activité apres stimulation par acidification intra-duodénale(207). Ces données semblent en
accord avec nos résultats, car nous avons pu montrer que 1’éphédrine é€tait associée avec une
distensibilit¢ pylorique ¢€levée et une pression pylorique diminuée dans notre analyse
multivariée. Il existe donc potentiellement un impact de 1I’administration d’éphédrine lors de
I’anesthésie générale chez les patients étudiés.

L’administration d’opioides exogeénes comme le remifentanil, un agoniste spécifique
des récepteurs p, est connue pour affecter le fonctionnement gastrique(89),(208). Ainsi, les
consommateurs d’opioides sont fréquemment retrouvés parmi les patients gastroparétiques,
avec une altération plus importante de la vidange gastrique, de la qualit¢ de vie et des
symptdmes majorés en comparaison aux patients qui n’en consomment pas(209),(210). De
plus, il a ét¢ montré que I’administration intraveineuse d’agonistes des récepteurs p augmente
la pression phasique ainsi que ’activité tonique du pylore en plus d’une inhibition de I’activité
contractile antrale, d’une maniére dose-dépendante, ce qui résulte en un allongement de la
vidange gastrique(89),(208). Au contraire, I’administration de Naloxone permet d’inhiber les

effets des beta-endorphines sur le pylore(208). Certains auteurs pensent que les opioides
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exogeénes suppriment 1’activité neurale inhibitrice (principalement régulée par la voie
nitrergique) du muscle pylorique(89). Cependant, aucun effet de 1’administration de
remifentanil sur la fonction pylorique n’a été retrouvé dans notre travail. Le remifentanil a été
administré chez la plupart des patients (97,6%) avec un temps d’administration différent, soit
lors de I’induction de I’anesthésie générale, soit aprés les mesures par EndoFLIP®. Ce
médicament est connu pour sa demi-vie trés courte, rendant difficile I’interprétation de son
impact dans notre étude. Etant donné qu’une différence de distensibilité pylorique a été
retrouvée entre les deux protocoles d’administration du remifentanil dans I’analyse multivariée,
un impact potentiel de cet agent pharmacologique sur la distensibilité pylorique ne peut étre
exclue, méme si cette différence pourrait étre expliquée par le fait qu’un nombre de patients
plus élevé a recu de 1’éphédrine dans un de ces groupes.

Méme si notre €tude était rétrospective, les deux groupes de patients avec ou sans
anesthésie générale étaient comparables. La seule différence notable était un taux plus élevé de
patients ayant bénéficié d’une chirurgie oeso-gastrique dans le groupe sans anesthésie générale,
mais ce facteur ne ressortait pas lors de I’analyse multivariée. Par ailleurs, étant donné que le
remifentanil, le propofol et le sevoflurane étaient administrés chez la quasi-totalité des patients,
leur action individuelle n’a pas pu étre étudiée précisément.

Cependant, notre étude est la premiére a avoir évalué I’impact de I’anesthésie générale
et des différents agents pharmacologiques utilisés, sur les mesures de I’EndoFLIP® du pylore.
Etant donné que cet outil peut étre utilisé afin de prédire la performance de certaines thérapies
comme le G-POEM et les injections de toxine botulique, il est important de confirmer nos
résultats de maniere prospective, afin de savoir si le protocole de sédation pourrait influencer
les mesures par I’EndoFLIP®. Par ailleurs, nos résultats semblent confirmer que 1’exploitation
des résultats de I’EndoFLIP® pylorique entre différents centres semble délicate tant que les

pratiques inter-centres ne sont pas similaires. Il semble donc nécessaire d’homogénéiser les
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pratiques entre les centres afin d’éviter de potentiels facteurs confondants, comme les produits

d’anesthésie utilisés.

CONCLUSIONS & PERSPECTIVES

L’ensemble de mon travail de theése a démontré I’intérét des mesures de pression et de
distensibilité¢ pyloriques chez les patients souffrant de gastroparésie. Une augmentation de
pression et une diminution de la distensibilité pylorique mises en évidence grace au systéme
EndoFLIP®, ont été identifiées comme est un des mécanismes possibles expliquant la
gastroparésie, que celle-ci soit diabétique, idiopathique ou post-chirurgicale. En cas de
dysfonctionnement pylorique, un geste thérapeutique ciblé sur le pylore serait indiqué comme
semblent le démontrer les résultats concernant le traitement par toxine botulique. Cependant,
de futures études devront confirmer cette hypothése.

En revanche, nous n’avons pas réussi a démontrer I’intérét de la mesure de la
distensibilité anale dans 1’exploration des mécanismes responsables d’une incontinence fécale
active, passive ou mixte, et cela compte-tenu du caractére plurifactoriel de I’incontinence. Etant
donné I’importante corrélation entre les résultats de ’EndoFLIP® anal et de la manométrie
anorectale, de 1’absence de supériorité clairement démontrée de I’EndoFLIP® par comparaison
a la manométrie, d’autres études seront nécessaires pour évaluer 1’utilité de ce nouvel outil dans
I’exploration de la compétence sphinctérienne anale. En particulier, j’étudie actuellement la
valeur diagnostique de ’EndoFLIP® dans le diagnostic de dyssynergie recto-sphinctérienne.

Les études ultérieures devront également confirmer I’intérét de I’EndoFLIP® pylorique
pour I’orientation thérapeutique et devront déterminer s’il existe une place pour I’EndoFLIP®
anal dans I’algorithme de prise en charge des patients souffrant d’IF. Enfin, notre dernicre étude

concernant I’impact du protocole d’anesthésie sur les résultats des mesures pyloriques par le
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systéme EndoFLIP®, a souligné I’importance d’un consensus quant aux modalités de réalisation
de cet examen. Cela est un élément déterminant pour comparer les résultats de ’EndoFLIP®

d’un centre a un autre et pouvoir réaliser des é¢tudes multicentriques.
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1 | INTRODUCTION

Historically, gastrointestinal (Gl) sphincters were investigated using
pull-through and stationary manometry techniques, or with the more

| Sabine Roman®

| Anne Marie Leroi>?*

Abstract

Background and purpose: The EndoFLIP® system is a method of delineating imped-
ance and was first designed to investigate the characteristics of the esophago-gastric
junction. In the last decade, its use was widened to investigate other sphincteric and
non-sphincteric systems of the gastrointestinal tract. The objective of the present
systematic review was to summarize the available data in literature on the use of the
EndoFLIP® system in the gastrointestinal tract, including sphincteric and non-sphinc-
teric regions. We performed a systematic review in accordance with recommenda-
tions for systematic review using PRISMA guidelines without date restriction, until
June 2020, using MEDLINE-PubMed, Cochrane Library, and Google Scholar data-
bases. Only articles written in English were included in the present review. Five hun-
dred and six unique citations were identified from all database combined. Of those,
95 met the inclusion criteria. There was a lack of standardization among studies in
terms of anesthetic drugs use, probe placement, and inflation protocol. In most cases,
only small cohorts of patients were included. Most studies investigated the EGJ, with
a potential use of the EndoFLIP® to identify a subgroup of patients with achalasia
and for intraoperative assessment of treatment efficacy in achalasia. However, the
use of EndoFLIP® in the esophageal body (esophageal panometry), other esopha-
geal diseases (gastro-esophageal reflux disease, eosinophilic esophagitis), and other
sphincter regions (anal canal, pylorus) will need further confirmatory studies. The
EndoFLIP® system provides detailed geometric data of the gastrointestinal lumen

but further works are needed to determine its use in clinical practice.

KEYWORDS

anal canal, EndoFLIP® system, esophagus, gastrointestinal tract, pylorus, sphincter

recent high-resolution manometr\/.1'2 However, if manometry and
Dent sleeve brought important physiological data such as the study
of resting pressure and relaxation of the lower esophageal sphincter
(LES) during and after swallowing, a poor correlation was found with

the strength or sphincter competence.3 The Endoscopic Functional
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test the competence of Gl sphincters using bag distension in the site
of interest. The underlying principle for the EndoFLIP® is the use
of “impedance planimetry” with the measurement of cross-sectional
area (CSA\) inside a distension bag obtained from electrical imped-
ance measurements and from intrabag pressure. As several elec-
trodes are positioned along the probe, the EndoFLIP® system is able
to measure a longitudinal series of equally spaced 16 CSAs inside the
bag, every 5 mm (EF325-N probe) or every 1 cm (EF322-N probe).
Sphincter length CSA pooled acquisition and analysis allow the sim-
ulation of the sphincteric region as a three-dimensional profile of
estimated diameters (Figure 1). One important result given by the
EndoFLIP® is the possibility to investigate the distensibility of the
sphincter, which is defined as the relationship between the minimum
CSA in the narrow region and the bag pressure at the same point*
(Table 1). Even if the EndoFLIP® was originally developed to inves-
tigate the esophago-gastric junction (EG)), it is also used in other
sphincteric and non-sphincteric regions of the Gl tract.

The objectives of the present systematic review were to sum-
marize the available data in literature on the use of the EndoFLIP®
system in the Gl tract, including sphincteric and non-sphincteric
regions, and to determine the clinical utility of EndoFlip in the Gl
tract.

2 | METHODS

This systematic literature review was performed in accordance
with recommendations for systematic review and meta-analysis
using PRISMA guidelines.® The present review was not registered at
PROSPERO. This systematic review was performed without temporal
limitation using MEDLINE-PubMed, Cochrane Library, and Google
Scholar databases. We completed our research by searching perti-
nent references from bibliography in all selected articles. The key
words used were “endoflip,” “flip,” “functional lumen imaging probe,”
“impedance planimetry,” and “functional luminal imaging probe.”

All articles published until June 2020 were screened by identifi-
cation of key words. Only articles written in English were included

in the present review. The exclusion criteria were non-human
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Key Points

e The objective of the present systematic review was to
summarize the available data in literature on the use of
the EndoFLIP system in the gastrointestinal tract, in-
cluding sphincteric and non-sphincteric regions.

e The EndoFLIP system provides detailed geometric data
of the gastrointestinal lumen but further works are

needed to determine its use in clinical practice.

studies, pediatric studies, case reports, animal studies, and imped-
ance planimetry using other system than the EndoFLIP®. Two in-
vestigators (CD and AML) reviewed independently titles, abstract,
and articles. All results were analyzed for MEDLINE-PubMed and
Cochrane Library. Articles whose title did not refer to the subject
were excluded from the present review. All the abstracts of the re-
maining articles were entirely read, and if potentially eligible, articles
underwent full-text screening. Reasons for article exclusion are pre-
sented in Figure 2. Differences in screening decision were reviewed
by a third investigator (GG). A level of evidence (LE) was set for each
selected article.®

3 | RESULTS

Five hundred and six unique citations were identified, of which 95
studies met the inclusion criteria and were included in the present

review (Figure 2).

3.1 | Part 1. Esophagus

3.1.1 | Methodology

There is currently no standardization of the EndoFLIP® protocol in

the esophagus, representing a first limitation in the interpretation

FIGURE 1 A, Traditional
representation of the EndoFLIP of the
EGJ with simulation of the sphincteric
region as a three-dimensional profile of
estimated diameters indicated by changes
in color from blue (smaller diameter) to red
(larger diameter). Oral direction is upward.
Intrabag pressure (mm Hg) is indicated.

B, Picture of the EndoFLIP catheter

itself, showing the 8-cm balloon with 16
electrodes positioned each 5 mm along
the probe
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of data. The EF325-N probe was used in the EGJ and the EF322-N
probe was used to assess the body of the esophagus. As the mode
of anesthesia and the distension protocol differed among studies,
these data are detailed below.

3.1.2 | Esophago-gastric junction

Healthy volunteers

Twenty studies investigated esophageal physiologic properties using
the EndoFLIP® system in healthy volunteers (HV; Table 2). Results
regarding intrabag pressure, narrowest CSA, and distensibility index
(D) (ie, narrowest CSA divided by intrabag pressure) at different vol-
umes of inflation are given in Table 3 (LE 3). Using the 10th percentile
in HV, two studies from Rohof et al, 20127 and Smeets et al, 20158
found a cutoff for the normality of the DI of, respectively, 2.9 mm?/
mm Hg and of 2.1 mm?%/mm Hg at 50 mL of inflation (LE 3). Both
studies were prospectively performed in 15 HV without general
anesthesia.

Three publications investigated the effect of different drugs on
the esophagus using the EndoFLIP® system.”! No difference was
found in regard to CSA and DI of the LES values before and after ad-
ministration of oral acotiamide (peripheral inhibitor of acetylcholin-
esterase; LE 3) and intravenous metoclopramide (central dopamine
D2 receptor agonist; LE 3). However, these studies were performed
in a small number of HV and without placebo control. In contrast,
EGJ DI at 40 and 50 mL of inflation was lower during the adminis-
tration of mosapride (serotonin 5-HT4 agonist) in one study, but also
without placebo control (LE 3).

Achalasia

Achalasia is a primary esophageal motor disorder classically diag-
nosed with esophageal manometry.'? Thirty-two studies reported
results regarding patients with achalasia in the literature (Table 4).
All studies used the Chicago Classification'? to determine achalasia

TABLE 1 Metrics that the EndoFLIP system can measure and
what they mean

Cross-sectional area (CSA, mmz): excitation electrodes positioned
at either end of the balloon emit a continuous low electric
current and the voltage is measured across the paired impedance
planimetry electrodes by leveraging Ohm's law to provide a
measurement of CSA and volume at intervals based on excitation
electrode spacing.

Diameter (mm): diameter data from each impedance planimetry
channel are scaled from 5 to 30 mm and are interpolated and color-
coded on a hot/cold scale (small diameters are red/large diameters
are blue).

Distensibility index (DI, mm?2/mm H): is the measure of sphincter
distensibility and is calculated by dividing the median narrowest
CSA (within the anatomical zone of interest) by the median
intrabag pressure over a set timeframe (or distension volume).

Intrabag pressure (mm Hg): a solid-state pressure transducer is
located at the distal end of the bag and allows the measure of the
intrabag pressure.

30of19
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FIGURE 2 Flowchart of the study with reasons of exclusion

subtypes among patients. However, there was also a lack of homo-
geneity in these studies regarding both distension protocols, probe
placement methods, and the mode of anesthesia (Table 4). A recent
prospective study performed in patients with achalasia'® found
lower values for both EGJ DI and CSA under endoscopic control of
the EndoFLIP® in comparison with values after the withdrawal of
the endoscope. Compared to HV, patients with untreated achalasia
had lower EGJ DI at different distension volumes”®'*% (LE 3) and it
correlated with the severity of symptoms assessed by Eckardt score
(ES)* (LE 3). It was also found that 96% of patients with achalasia
had an EGJ DI below the cutoff value set for HV® (LE 3).

Several studies used the EndoFLIP® to assess the response of
treatment in achalasia. A significant decrease of the EGJ DI was

found for Heller myotomy”1417-22 7814,23.24 (| E

and pneumatic dilation
3). Similar results were found regarding POEM (Per Oral Esophageal
Myotomy), with a significant increase of the EGJ DI found in most
studies immediately after POEM®6292528 o 4t 3 months?? (LE 3).
Intraoperative evaluation of EGJ during POEM showed that both
submucosal tunnel creation and myotomy (6 cm proximal to the EGJ
to 2-3 cm distal) caused an increase in EGJ DI**?%2¢ (LE 3). However,
neither the addition of a proximal extension?® nor final gastric exten-
sion? to the EGJ myotomy seemed to change EGJ DI (LE 3). Lastly,
two studies®®3! used a new EndoFLIP® device, the EsoFLIP 330, to
perform dilation of the EGJ in patients with achalasia. Success de-
fined by ES < 3 was obtained in, respectively, 63.8% (23/36) and
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TABLE 2 Characteristics of studies performed in healthy volunteers

Method
Level of evidence/ EndoFLIP measurement:
Number Grade of time (s) and volumes of
Reference of HV (n)  Design of the study recommendation Probe distension (mL)
Healthy volunteers
Carlson et al, 2019 20 Prospective, case series study 3/C EF322-N 30 s, 20-25-30-35-40-45-
(=Carlson et al, 2020)>” 50-55-60-65-70 mL
Mikami et al, 20187 8 Prospective, case-control study 3/C EF325-N 30s, 20-30-40 mL
Liao et al, 20187 ) Prospective, case series study 3/C EF325-N 20-30-40 mL
Carlson et al, 2016 (=Lin Z 10 Prospective, case-control study 3/C EF322-N  20-30s, 5-60 mL (by 5-mL
2013 & Carlson 2015)%8 step)
Mikami et al, 2016 8 Prospective, case series study 3/C EF325-N 30, 20-30-40 mL
Fynne et al, 2016 11 Prospective, case-control study 3/C EF325-N 30, 20-30-40-50 mL
Smeets et al, 20158 15 Prospective, case-control study 3/C EF325-N 30, 30-40-50 mL
Lottrup et al, 2015% 14 Prospective, case-control study 3/C EF325-N 30, 20-30-40-50 mL
Fukazawa et al, 2013 9 Prospective, case series study 3/C EF325-N 305, 20-40-50 mL
Tucker et al, 20134 21 Prospective, case-control study 3/C EF325-N 305s,20-30 mL
Lin Z et al, 2013° 2 Prospective, case-control study 3/C EF325-N 5-20's, 5-40 mL (by 2-mL
step)
Rieder et al, 2012%° 4 Prospective, case series study 4/C EF325-N 30s; 30-40 mL
Rohof et al, 2012 (=Ponds 15 Prospective, case-control study 3/C EF325-N 30, 20-30-40-50 mL
2016)’
Kwiatek et al, 2012%° 15 Prospective, case-control study 3/C EF325-N 30s; 20-30 mL (EGJ);
2-40 mL by 2-mL step (body)
Kwiatek et al, 201171 20 Prospective, case-control study 3/C EF325-N 305, 10-20-30-40 mL
Nathanson et al, 201118 50 Prospective, case series study 3/C EF325-N 30s; 30-40 mL
Kwiatek et al, 201040 10 Prospective, case-control study 3/C ND 30s, 30-40-50 mL
Beaumont et al, 2009°* 8 Prospective, case-control study 3/C ND ND; by 10-mL step
McMahon et al, 2007* 8 Prospective, case series study 3/C ND ND; 20-30-40-50-60 mL
McMahon et al, 2005° 3 Prospective, case series study 4/C ND ND; 0-40 mL

Abbreviations: EGJ, esophago-gastric junction; HV, healthy volunteers; ND, not detailed.

85% (23/27) of patients at 6 months of dilatation without major ad-
verse effect.

In addition, several studies found that patients with incomplete
response (ie, ES > 3) had a lower EGJ DI than patients with success of
treatment”141618.23 (LE 3). Indeed, Pandolfino et al, 2013 showed
prospectively (n = 54) that an EGJ DI of 2.8 mm?/mmHg at 40 mL
of inflation was predictive of early success with an AUC of 0.864
(LE 3). A prospective study (n = 58) from Teitelbaum et al (2015)¢
found an EGJ DI of 4.5-8.5 mm?/mm Hg to predict 6-month efficacy
of POEM (Eckardt score (ES) < 1 and gastro-esophageal reflux dis-
ease (GERD) score < 7) with a sensitivity of 68% and a specificity of
80% (LE 3). The assessment of EGJ during POEM could also help to
predict incomplete response to POEM with different cutoff values
found among studies.1#16:27.28

Moreover, previous reports identified a subgroup of patients
with typical symptoms, radiological findings of achalasia using
timed barium esophagogram (TBE), and normal relaxation of the
LES with an integrated relaxation pressure (IRP) <15 mm Hg, but
with a DI below the cutoff value of 2.9 mm2/mm Hg set for HV®?

(LE 3). This subgroup represented 5.2% of patients with achala-
sia in this prospective case series and underlined a limitation of
high-resolution manometry in the exploration of achalasia. Kim
et al, 2020°%% showed that therapeutic outcomes measured with ES
were not different between this subgroup of patients and patients
with achalasia and abnormal IRP at distance from POEM. In par-
allel to these results, there was also a superiority of the DI of LES
on IRP to identify patients with failure of treatment. One report’
found that in patients with failure at 6 months of treatment (ie,
ES > 3), 92% had impaired EGJ DI whereas 42% had elevated LES
(>15 mm Hg) pressure using high-resolution manometry (HRM)
(P < .01; LE 3). These results were confirmed by a more recent
study34 (LE 3) with a higher AUC for EGJ metrics in association
with pathological TBE for EGJ DI (0.90) than IRP at 3 months after
treatment (0.64).

16.18 investigated the postoperative risk of GERD. Su

Two studies
et al, 20208 found that patients with Reflux Symptom Index score
of >13 at 2 years had a CSA > 96.0 mm? but the number of patients

with GERD was small (n = 4). Teitelbaum et al, 2015 showed that
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Calibration Site of balloon
pressure Procedure characteristics inflation
Atmospheric Transoral, conscious sedation (midazolam, fentanyl), without endoscopic control EGJ & body
Intragastric Transnasal, local anesthesia, without endoscopic control EGJ
ND Transoral, no sedation, without endoscopic control EGJ
Atmospheric Transoral, conscious sedation (midazolam, fentanyl), without endoscopic control EGJ & body
Intragastric Transnasal, local anesthesia, without endoscopic control EGJ
ND Transoral, midazolam or no sedation, without endoscopic control EGJ
Atmospheric Transorally, no sedation, without endoscopic control EGJ
Atmospheric Transoral, conscious sedation (midazolam), without endoscopic control EGJ
Atmospheric Transnasal, local anesthesia, without endoscopic control EGJ
ND Transoral, general anesthesia (midazolam, pethidine), under gastroscopic control EGJ
Atmospheric Transorally, no sedation, under endoscopic control EGJ & body
Atmospheric Transoral, general anesthesia, under endoscopic control EGJ
Atmospheric Transnasal, local anesthesia, without endoscopic control EGJ
Atmospheric Transoral, conscious sedation (midazolam, fentanyl), without endoscopic control EGJ & body
Intragastric Transoral, conscious sedation (midazolam, fentanyl), under endoscopic control EGJ
Atmospheric Transoral, general anesthesia, without endoscopic control EGJ
Atmospheric Transnasal, local anesthesia, without endoscopic control EGJ
Atmospheric Transoral, local anesthesia, without endoscopic control Body
Atmospheric Transoral, local anesthesia, without endoscopic control EGJ
Atmospheric Transoral, local anesthesia, without endoscopic control EGJ

patients with GERD had a higher EGJ DI with a maximal range value
of 8.5 mm?/mm Hg to predict optimal symptomatic results (GERD
score < 1).

In summary, the EndoFLIP system demonstrated its relevance
in the diagnosis of atypical achalasia, but also in the prediction of
the treatment outcome in achalasia. However, the precise EGJ DI
threshold associated with success and prolonged response remains
to be determined in further studies.

Other esophageal dysmotility disorders

Seven studies (Table 4) included patients with other major motility
disorders than achalasia (ie, esophago-gastric junction outflow ob-
struction: EGJ00).133%3537 One study®® showed that patients with
EGJOO on HRM and pathological TBE had a lower EGJ DI (P = .03)
than patients with EGJOO on HRM and normal TBE (LE 3) with a cut-
off value of 2.0 mm?/mm Hg (NPV: 100% and PPV: 75%). These re-
sults suggest that EGJ DI could help to identify patients with EGJOO
that could undergo achalasia-like therapy, but there is a need for

confirmatory studies.

Gastro-esophageal reflux disease

Thirteen studies investigated EGJ in GERD patients using the
EndoFLIP® system (Table 5). In all of these reports, patients were as-
sessed with upper Gl endoscopy and reflux monitoring (esophageal
pH monitoring) in addition to symptomatic evaluation. Kwiatek et al,
2011%° found that EGJ DI was about twofold higher at both 30 and
40 mL distension volumes in GERD patients (n = 20) in comparison
with HV (n = 20; P = .04; LE 3), with a high variability of DI values
in GERD patients. However, these findings were not confirmed in a
more recent publication but with several limitations like the absence
of matching between HV and GERD patients on demographic fac-
tors*! (LE 3). No correlation was found between EGJ DI and reflux
parameters including acid exposure time (AET), number of reflux
episodes, and longest reflux episodes in one study.*?

The EGJ changes following fundoplication (FP) were also evalu-
ated in nine studies, but EndoFLIP® protocol varied among studies
(Table 5), in particular regarding the timing of EGJ evaluation during
FP: before, after pneumoperitoneum or after completion of the FP.

Most studies showed a significant decrease of EGJ DI immediately
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TABLE 3 Assessment of the esophago-gastric junction (CSA, DI, intrabag pressure) using the EndoFLIP® system at different volumes of
inflation in healthy volunteers

Number
of patients
Reference included (n)  Procedure characteristics
Healthy volunteers
Carlson et al, 10 HV Transoral, conscious sedation
2016 (=LinZ (midazolam, fentanyl),
2013 & Carlson without endoscopic control
2015)%8
Mikami et al, 8 HV Transnasal, local anesthesia,
20187 without endoscopic control
Liao et al, 6 HV Transoral, no sedation,
20187 without endoscopic control
Mikami et al, 8 HV Transnasal, local anesthesia,
2016%° without endoscopic control
Smeets et al, 15 HV Transorally, no sedation,
20158 without endoscopic control
Fukazawa et al, 9 HV Transnasal, local anesthesia,
2013% without endoscopic control
Rohof et al, 2012 15 HV Transnasal, local anesthesia,
(=Ponds 2016)” without endoscopic control
Kwiatek et al, 15 HV Transoral, conscious sedation
2012% (midazolam, fentanyl),
without endoscopic control
Rieder et al, 4 HV Transoral, general anesthesia,
2012%° under endoscopic control
Kwiatek et al, 20 HV Transoral, conscious sedation
2011%* (midazolam, fentanyl), under
endoscopic control
Kwiatek et al, 10 HV Transnasal, local anesthesia,
2010%4° without endoscopic control

CSA20mL CSA30mL
(mm?) (mm?) CSA 40 mL (mm?) CSA 50 mL (mm?)
404+90 89.4+104 150.3 + 12.2
329+10.0 84.5+332 152.4 + 34.2

50.4 (41.7-69.1)  99.5(79.5-138.0) 169.4 (131.7-187.9)
252+25 163.0+ 5.9 259.6 +12.0

122.3 (72.9-170.9)

38 (13-94) 94 (27-225) 264 (99-496)

50 (50-68) 50 (50-50) 50 (50-52)

Note: Results are given as median (25th-75th percentile) or as mean + SD

Abbreviations: CSA, cross-sectional area; DI, distensibility index; EGJ, esophago-gastric junction; HV, healthy volunteers.

after completion of FPY404%-45 (| E 3) and this despite the type of
FP (ie, Nissen or Toupet FP) in one study*® (LE 3) but not in another
study** (LE 4). Moreover, the importance of the timing of EGJ eval-
uation during FP was also demonstrated. In fact, it was shown that
EGJ DI was decreased after pneumoperitoneum in comparison with
initial measurements after induction of anesthesia®*** (LE 3 & 4).
Nevertheless, the clinical implication of post-FP EndoFLIP® findings
remains controversial. Turner et al*® found that EGJ pressure and DI
variations following FP did not correlate with symptomatic outcomes
at 6 months contrary to CSA and Dmin variations (LE 3). However,
only 7 patients had a failure of FP in this cohort. Another recent
study*® showed that there was no correlation between post-FP EGJ
DI and both dysphagia score and GERD-HRQL score at 1 year from
FP (LE 3). In addition, transoral incisionless FP using the EsophyX-2
device was evaluated in two reports (n = 15 and n = 42)*48 (LE 3)
using EndoFLIP®. A lower EGJ DI and CSA were found after FP in
both studies and patients with lower AET at 6 months had a lower
preoperative EGJ DI.*’ No association was found between postop-
erative EGJ Dl and AET.

In summary, patients with GERD seem to have a higher EGJ DI
than HV among studies, but the relevance of the EndoFLIP sys-
tem in the prediction of the efficacy of fundoplication remains
undemonstrated.

Hiatal hernia

Two studies*”*°

specifically assessed patients with hiatal her-
nia (HH) using the EndoFLIP® system. In a prospective controlled
study®’ (sliding HH n = 30; HV n = 14; LE 3), a specific profile was
visible with EndoFLIP® a double-diameter zone (LES and crural dia-
phragm components) permitting the diagnosis of HH with a sensitiv-
ity of 100% and a specificity of 77.8% using endoscopic findings as
gold standard. Patients with sliding HH had a lower LES pressure
(P <.001) and a higher LES DI (P < .001) compared to HV. The crural
diaphragm (CD) component had a lower pressure and a higher DI
than the LES (P < .001). Interestingly, higher symptom scores were
associated with lowest LES pressure and highest LES DI (P < .01),
but not with pressure or DI of the CD. However, there is to date no
confirmatory study available.
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W1 LE Y-

Intrabag
DI 20 mL DI 50 mL pressure Intrabag
(mm?/ DI 30 mL D140 mL (mm?/ 20 mL Intrabag pressure  Intrabag pressure  pressure 50 mL
mm Hg) (mm?/mmHg) (mm?*mmHg) mmHg) (mm Hg) 30 mL (mm Hg) 40 mL (mm Hg) (mm Hg)
3.2(1.0-11.6) 5.7 (1.4-15.8) 5.9 (1.6-9.3)
22+05 34+0.5 35+04 14.7 + 0.8 234+21 40.8+2.0
16.3+0.5 274+ 1.2 40.2+15
1.8+0.2 3.5+0.6 45+0.5 155+5.1 220+ 6.0 31.2+6.8
2.0(1.6-3.0) 3.0(2.2-4.2) 3.4(2.7-4.2) 25.9(21.4-30.0) 34.5(29.0-40.2) 45.8 (41.9-53.4)
29 +0.6 7.1+0.9 8.2+0.8 103+ 1.4 259 +3.2 331+23
6.3+0.7
0.9(0.3-14) 0.8(0.4-2.8)
2.7 (2.4-8.3) 36.8(20.7-45.8
2[1-9] 4[1-14] 9 (2-20) 25 (6-47) 39 (17-60)
16 (13-19) 17 (11-21)

Another retrospective report (n = 40; LE 4)%0 used the
EndoFLIP® device to determine how tight to create the fundopli-
cation with an arbitrary set final EGJ DI near 1 mm?/mm Hg at
30 mL of inflation. If the use of EndoFLIP® eliminated the need
for a bougie in this study without dysphagia or GERD symptoms
at 1 month, there is a need to confirm these findings in further
large prospective studies with a longer time of follow-up. Lastly,
some studies on fundoplication in GERD patients included a low
number of patients with HH, but without particular analysis of this

subgroup of patients.”“‘z"‘s"‘z48

Systemic sclerosis

Only one prospective report (LE 3)°! investigated EGJ parameters
in patients with diffuse systemic scleroderma (SSc, n = 11) in com-
parison with HV (n = 10). All patients had mild-to-moderate diges-
tive symptoms with hypomotility on HRM in 7/11 patients. The
authors did not use the DI in this study but the pressure strain
elastic modulus (defined as the change in the diameter at the nar-

rowest point of the EGJ divided by change in the bag pressure

relative to a reference diameter), which was lower in patients with
SSc, indicating reduced resistance to distension. However, due to
the small and heterogenic cohort of patients, these results need
confirmatory studies.

Sleeve gastrectomy

One prospective study52 (n = 15; LE 3) showed an increase in EGJ
DI during per operatory evaluation but no correlation was found be-
tween EGJ DI and GERD-HRQL score at 3 and 6 months of follow-
up. However, the number of patients who developed postoperative
GERD was small in this cohort (n = 4), with a need for other con-

firmatory studies.

Esophageal stenosis

One retrospective study®® (n = 56; LE 4) compared videofluor-
oscopy including a tablet test (placebo sugar tablets of spherical
shape, 14 mm diameter) to EndoFLIP® for the evaluation of es-
ophageal stenosis in patients with dysphagia. A significant corre-
lation was found between tablet impaction with a delay of more
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than 15 seconds and an EndoFLIP® esophageal diameter of less
than 15.1 mm (P = .035). However, the etiologies of esophageal
stenosis were heterogeneous in this population and some patients
had an impaction of videofluoroscopy proximally to EndoFLIP®
placement.

3.1.3 | Body of the esophagus

Healthy volunteers
The body of the esophagus was studied in 6 reports in healthy

5456 the classical 8 cm probe or a more

volunteers (n = 2-20) using
recent 16-cm probe (EF322-N).385758 These publications intro-
duced the concept of distension plateau (DP), which was defined
as the reflection of the fixed luminal diameter that would fail to
expand despite increasing intraballoon pressures.3®” Moreover,
the contractility response of the esophagus to distension (ie, sec-
ondary peristalsis) could be identified in these studies, with the
introduction of new parameters: 1/esophageal body contractions
(transient decrease of =5 mm in the luminal diameter in >3 ad-
jacent impedance planimetry channels); 2/repetitive anterograde
contractions (RACs; >3 antegrade contractions consecutively); and
3/repetitive retrograde contractions (RRCs; 23 retrograde con-
tractions consecutively).®8°7>? The RAC pattern, occurring every
6-10 seconds, was found to be the normal contractile response to
sustained volume distension in 95% of HV (LE 3)°®°? mostly at 40
and 50 mL fill volume and was assimilated to secondary peristalsis
(Figure 3). Table S1 (Supplemental material) summarizes results re-
garding esophageal body studies in HV.

Eosinophilic esophagitis

Six reports assessed esophageal properties in eosinophilic es-
ophagitis (EoE) using the EndoFLIP® system (Table 4). The DI of
the distal esophageal body was significantly reduced in patients
with EoE (n = 33) in comparison with HV (n = 15) in a prospec-
tive report (LE 3),°°> with a DP of the distal esophageal body of
<300 m?in 73% of EoE patients whereas it was >400 m?in 67% of
HV. These findings were confirmed by another group (LE 3).°° The
EGJ DI was also lower at different inflation volumes in patients
with EoE than in HV (P = .01). No correlation was found between
the DP and mucosal eosinophilic count from proximal or distal bi-
opsies, age, gender, and proton pump inhibitors use.”®> However,
the symptomatic relevance or association with endoscopic pat-
terns of EoE was not assessed in this study. Another prospective
study®! (n = 70, LE 3) showed that the association between the DP
and the follow-up symptom score at 12 months was stronger than
the association between the follow-up symptom score and eosino-
philic density. In addition, patients with a history of food impac-
tion had a significantly lower DP, but there was no difference in
eosinophilic density, compared to those without food impaction
in the same study. The association between endoscopic sever-
ity of EoE (rings, strictures, exudates) using the EoE Endoscopic
Reference Score and esophageal distensibility was assessed in a

11 0of 19
T\ 1L EY

retrospective study (n = 72; LE 4).°2 The main findings were that
higher ring scores were associated with lower DP (P < .001) but
not with mucosal eosinophilic density. On the contrary, the sever-
ity of exudates and furrows were not associated with distensibility
parameters, in contrary to mucosal eosinophilic density (P < .001).
Lastly, an analysis of a small retrospective cohort of patients with
EoE (n = 18; LE 4) suggested that the median esophageal DP was
higher more than 3 months after initiation of therapy (including
PPI, topical steroids, or elimination diet) in comparison with base-
line. Moreover, the improvement in DP was associated to an im-
provement in ring scores and not mucosal eosinophilic density or
inflammatory endoscopic changes.

All these results suggest that there is a disconnect between the
degree of tissue remodeling and inflammation. Thus, the fibroste-
notic changes could be independent of the inflammatory influence
of activated eosinophils. In fact, previous reports showed a discon-
nection between symptomatic outcome and eosinophilic density,®
with a relevant place for an endoscopic evaluation in patients with
EoE. However, the place of EndoFLIP® in the evaluation of patients
with EoE will need further evaluation studies, as its superiority to
esophageal biopsies evaluation and its use to guide treatment re-

mains still unclear.

Achalasia

The body of the esophagus was also investigated in patients with
achalasia in six reports (ie, panometry).3’-3%°8:5%64 Contrary to 95%
(19/20) of HV, less than 1% (1/140) of patients with achalasia ex-
hibited the RAC pattern as response to distension in a large cohort
of patients®® (LE 3). Moreover, type | and type Il achalasia patients
demonstrated absent contractility or non-RAC contractility pat-
tern, whereas patients with type Il achalasia showed RRC pattern,
which was not observed in HV38°%¢% (LE 3). Discrepancy between
HRM and EndoFLIP® was also demonstrated in one study38 (LE 3).
All (106/106) patients with achalasia on HRM had abnormal FLIP to-
pography (ie, abnormal EGJ DI, RRCs, absent contractility) but 50%
(17/34) of patients with dysphagia and without major motility disor-
der on HRM had abnormal FLIP topography. One report showed that
there was a modification of these abnormal contractility patterns
following myotomy of the LES®’ (LE 3). Lastly, one recent report
showed an excellent agreement (x = 0.939; P < .01) between new
real-time panometry (FLIP 2.0) interpretation and classical post hoc
panometry interpretation (MATLAB) for detecting major contractil-

ity disorders of the esophagus.*’

Other motility disorders than achalasia

Abnormal FLIP topography (ie, abnormal EGJ DI, RRCs, absent con-
tractility) was found in 33/38 (87%) patients with EGJOO on HRM
(defined by LES IRP > 15 mm Hg) in one study®® and the remaining
five patients had normal TBE in majority and were managed with-
out invasive therapy (LE 3). However, the time of follow-up after

% inves-

FLIP assessments was short in this cohort. Another repor
tigated patients with normal FLIP panometry and EGJOO diagnosed

on HRM. 17/20 (85%) of these patients had normal bolus transit on
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supine swallows and 10/20 (50%) had normal TBE, with therefore
conservative therapy in all patients (LE 4).

Gastro-esophageal reflux disease

The body of the esophagus was investigated in 2 studies using pan-
ometry. Carlson et al, 2018*? found that total esophageal acid expo-
sure time was lower in GERD patients exhibiting RAC pattern (6.1%)
than in those that did not generate RACs (14.9%; P = .009; LE 3), but
this cohort included patients with typical and atypical GERD symp-
toms. In patients with dysphagia post-Nissen FP, it was found that
RRC pattern could occur in these patients, but in a lesser degree than
in patients with type Ill achalasia (P < .001), and these abnormalities
were in mainly cases associated with HRM findings of neural imbal-
ance favoring excitation®* (LE 3).

3.1.4 | Pharyngoesophageal junction

Pharyngoesophageal junction motility during swallowing is tradition-
ally difficult to explore, even using the most recent technology, includ-
ing videofluoroscopy and HRM coupled with intraluminal impedance
recording manometry. This relies on the lack of reliable objective
measures and/or limited interrater reliability to assess upper esopha-
geal sphincter resting pressure and opening.‘{’s'66 The recent develop-
ment of FLIP measurement provided a new tool to assess dynamic
change of pharyngoesophageal junction geometry and distensibility,
especially during swallowing. Two studies from the same group in 11
and 14 HV demonstrated the feasibility of this investigation with the
balloon inflated up to 20 mL.®”¢® CSA increased during swallowing
compared to the resting period, while intraballon pressure dropped. A
third study showed similar data in seven patients with total laryngec-
tomy.®” Unfortunately, no comparison with values obtained from HV
was carried out. A last report investigated 60 patients with head and
neck cancer treated either with chemotherapy or laryngectomy + ra-
diotherapy.”® Pharyngoesophageal junction distensibility was found to
be decreased in patients with strictures compared to patients free of
strictures with a diagnostic performance of 100%. Additionally, endo-
scopic dilation of pharyngoesophageal junction strictures resulted in
an increase in pharyngoesophageal junction distensibility. Altogether,
these data suggest that the measurement of the pharyngoesophageal
junction distensibility provides additional information on swallowing
dynamics and may be of use in the future in patients with dysphagia,
especially after head-neck cancer.

3.2 | Part 2. Pyloric distensibility measurement in
gastroparesis

Clinical diagnosis of gastroparesis may be challenging as symptoms
patterns and severity are poorly correlated with gastric emptying.”'73
Historically, the role of pylorus in gastric emptying delay and symptom

generation has been highlighted. In fact, a first report published in 1986

by Mearin et al’”*

identified pyloric dysfunction as unusually prolonged
and named intermittent pyloric contractions “pylorospasms.” However,
this study required a specific manometric assembly which limited its
spread among specialized centers. More recently, pyloric distensibil-
ity measurement using EndoFLIP® technology has been validated as a
complementary measurement to sphincter pressure in gastroparesis.
Pyloric distensibility measurement can be easily achieved using probe
placement either by radiofluoroscopy guidance’® or through the en-
doscope.”®”” Whether anesthetics impact or not pyloric distensibility
measurement has however not yet been investigated.

An initial study (LE 3) in HV (n = 21) reported mean pyloric dis-
tensibility at 25.2 mm?/mm Hg using a 40-mL inflated bag while the
normal lower range was set at 10 mm?2/mm Hg.”> Subsequent stud-
ies performed in 27,”° 20,7 and 54’7 gastroparetic patients reported
mean pyloric distensibility at 16.9, 12.4, and 10.7 mm?/mm Hg, re-
spectively (LE 3). Using the threshold of 10 mm?/mm Hg, nearly one
third of patients with idiopathic or diabetic gastroparesis had de-
creased pyloric distensibility’>”” (LE 3). Altered pyloric distensibility is
even more likely to be found in patients with suspected or confirmed
vagotomy, namely postfundoplication gastroparesis and esophagec-
tomy, with decreased pyloric distensibility found in 61% and 75%,
respectively’® (LE 4). Another study performed in patients with nau-
sea and/or vomiting, either associated with delayed or normal gastric
emptying, found decreased pyloric distensibility (mean = 8.0 mm?/
mm Hg) in patients with gastric retention compared with patients
with normal gastric emptying (mean = 12.4 mm?/mm Hg)79 (LE 3).
Interestingly, in these studies, pyloric pressure measured either using
EndoFLIP® system or manometry was not different between subjects
with or without delayed gastric emptying.75'79 In all studies, pyloric
distensibility was inversely correlated with gastric emptying”>”””? (LE
3). In addition, pyloric distensibility correlated negatively with gast-

7579 7577

roparesis symptoms, including nausea, gastric fullness,

75,77

early
satiety, and quality of life.”>”” This contrasts with gastric empty-
ing measurement which is poorly correlated with symptoms or quality
of life’*”3 (LE 3). This suggests therefore that pyloric distensibility may
be a clinically relevant tool in a subset of gastroparetic patients to
better identify precisely one of the underlying mechanisms involved
in gastric retention.*”8°

Based on these results, subsequent studies investigated whether
pyloric distensibility measurement could predict clinical outcome of
pyloric targeted therapies, including pyloric dilation, intrapyloric
botulinum toxin injection, or gastric POEM (G-POEM).&° Proof-of-
concept studies identified that prokinetics,®! pyloric dilation,”® and
G-POEM7¢8283 jncreased pyloric distensibility, but not pyloric pres-
sure (LE 3). Likewise, patients with decreased pyloric distensibility
at baseline were more likely to normalize gastric emptying rate after
botulinum toxin compared with patients with normal pyloric disten-
sibility®* (LE 4). Cohort studies showed that pyloric distensibility
lower than 8-10 mm?/mm Hg could predict favorable outcome after
pyloric dilation,”® intrapyloric botulinum toxin injection,g“'85 and
G-POEM78¢ (LE 3). This remains, however, to be further confirmed

by randomized controlled trials.
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3.3 | Part3.SPHINCTER OF ODDI

Manometry of the sphincter of Oddi is currently the gold standard
for assessment of SO physiology. This technique is used to diagnose
sphincter of Oddi dysfunction characterized by elevated basal SO
pressure that may lead to sphincterotomy operations.®” A pilot study
evaluated the feasibility of an alternative technique based on sphinc-
ter distensibility measurement®® (LE 4). This was achieved using a
custom-made miniaturized probe inserted into the SO during an
endoscopic retrograde cholangiopancreatography in four subjects.
However, such a probe has since never been marketed and is there-
fore not currently available for clinical use.

3.4 | Part 4. Anal sphincter evaluation

Several methods can be used to investigate the anal sphincter.
Magnetic resonance imaging or transanal ultrasound is commonly
used to determine the morphology of the anal sphincters while
electrophysiological tests are used to assess the innervation of the
external anal sphincter.89 Most often, anal sphincter function is as-
sessed by measuring anal resting and voluntary contraction pres-
sures by manometry.”® While manometric techniques, including
3D-HRM, provide direct measurements of closure forces of the anal
canal using a fixed diameter, non-collapsible probe, they cannot be
used to quantify the opening dimension, which is a major variable for
determining trans sphincteric flow.”* Indeed, it has been suggested

10 15

that the ability of sphincter muscles to withstand distension is more
important for continence than their contraction capabilities.”
Several studies have evaluated anal canal resistance to distension
with the FLIP technique in HV and patients with fecal incontinence.
While the methodology used was quite similar among all studies,
there is until now, no consensus about the best parameters to record
with FLIP technology. Several parameters have been suggested from
the most complexes (anal canal stiffness defined on the basis of the
pressure and diameter changes when the volume increased from 1
to 50 mL,”%° flow resistance of the anal canal defined from the anal
canal length, the middle part diameter of the anal canal and the dy-
namic viscosity of the inflated bag?® or mechanical work of the anal
sphincter muscle,”” to the most simple (wall tension (T = P.n,%¢ anal
DI (CSA/P),’%1% anal compliance (D/P),?” yield pressure when the
most resistant (middle) part of the sphincter begins to distend.”®°
More recently, Zifan et al described the use of area-pressure and
area-tension-loop analysis of the anal sphincters and puborectalis
muscles in normal subjects and fecal incontinent patients, assessing
the relationship between changes in muscle length (secondary to
anal distension) and muscle function.’°%1%2 Thus, although 10 stud-
ies have reported results of FLIP measurements in the anal canal
in HV,739597:99101103-105 4 reliable normal values are yet available
because of the absence of standardized protocols for assessing and
analyzing FLIP measurements. However, some of these studies have
demonstrated that the geometry of the lumen and the biomechan-
ical properties of the anal canal are not uniform during distension.
Luft et al’® attribute the least compliant position to the mid-anal
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FIGURE 3 Example of FLIP topography in a HV. The EF322-N probe was used in this patient, with 16 electrodes positioned every

1 cm along the probe (vertical axis). Topographic representation of interpolar diameter changes over time using a color scale (blue: largest
diameter; red narrowest diameter) from 5 to 30 mm. The blue curve illustrates the different inflation volumes used in the study over
time: from 40 to 70 mL by 5 mL levels. The red curve illustrates the variation of intrabag pressure (mm Hg) over time. The figure shows
the RAC pattern in a HV subject, with repetitive anterograde contractions occurring every 6-10 s. Courtesy of the Esophageal Center of

Northwestern University, Chicago, IL, USA
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canal, where the extern anal sphincter (EAS) and intern anal sphinc-
ter (IAS) overlap.

Regardless of the endpoints used, significantly higher anal dis-
tensibility was found in patients with fecal incontinence than in HV
in all clinical studies.”3?699102104 This has been demonstrated in
patients with poor internal anal sphincter function resulting from

104 in patients treated with sphincter-sparing ra-

systemic sclerosis,
diotherapy or chemoradiation for anal cancer’® and whatever the
cause of fecal incontinence.?”% It has been suggested that FLIP
assessment would be a more selective tool to discriminate be-
tween patients with fecal incontinence and HV?? but not confirmed
by others.’®® However, because there is substantial diagnostic
agreement about the anal sphincter weakness between high-reso-
lution anorectal manometry and FLIP in patients with fecal incon-
tinence,”?199106 the usefulness and the place of FLIP in diagnosing
and managing fecal incontinence need to be identified. Some sug-
gest that the resistance of the anal canal to distension evaluated
with FLIP would be a better criterion than anal pressure to assess
treatment effectiveness’*'92 but other larger studies may shed

light on this issue.

4 | CONCLUSION

Most studies investigated the esophago-gastric junction, with a
promising role of the EndoFLIP® in the diagnosis of atypical acha-
lasia or EGJOO and in the prediction of treatment outcome in acha-
lasia using EGJ DI threshold. However, the application of the use
of EndoFLIP® in the body of the esophagus (esophageal panom-
etry), other esophageal diseases (GERD, eosinophilic esophagitis),
and other sphincter regions (anal canal, pylorus) will need further
confirmatory studies. Moreover, the cost and the availability of the
EndoFLIP system could be an important limitation to the application
of this interesting tool in daily practice. In conclusion, the EndoFLIP®
system provides detailed geometric data of the gastrointestinal
lumen and further works are needed to determine its use in clinical

practice.
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Résumé

Titre : Evaluation des compétences sphinctériennes du systéme gastro-intestinal par le
systétme EndoFLIP®.

Le systéme EndoFLIP® permet ’obtention de données géométriques a différent niveaux
du systéme digestif, notamment les sphincters. La plupart des études ont évalu¢ son utilité¢ au
niveau de I’cesophage, mais peu d’études se sont intéressées a son intérét au niveau du sphincter
pylorique et du canal anal. Le premier axe de ce travail avait pour but d’évaluer 1’intérét
mécanistique de I’EndoFLIP® du pylore et du canal anal. Nous avons pu montrer que 56,5%
des patients atteints de gastroparésie diabétique présentaient une distensibilité pylorique altérée,
avec un taux similaire retrouvé chez les patients atteints de gastroparésie idiopathique (51,5%).
En revanche, il n’existait pas de corrélation entre les caractéristiques du diabete et les différents
parametres du pylore chez les patients atteints de gastroparésie diabétique. Chez les patients
avec symptomes dyspeptiques apparus apres chirurgie oeso-gastrique, la distensibilité
pylorique était altérée chez 61,1% des patients du groupe chirurgie anti-reflux, 75,0% du groupe
oesophagectomie et 18,7% du groupe sleeve-gastrectomie. Nous avons pu montrer qu’il existait
une faible relation entre le type d’incontinence fécale et la distensibilité du canal anal. Le 26
axe de notre travail portait sur I’intérét de I’EndoFLIP® pour évaluer I’efficacité d’un
traitement. La mesure de la distensibilité pylorique était ainsi prédictive de la réponse
symptomatique aux injections intra-pyloriques de toxine botulique chez les patients atteints de
gastroparésie réfractaire. Le 3°™ axe de notre travail portait sur I’amélioration de la technique
d’EndoFLIP®. Nous avons pu mettre en évidence qu’il existait un impact de 1’anesthésie
générale et des anesthésiants sur les résultats de I’EndoFLIP® du pylore.

Mots clés : EndoFLIP®, systéeme digestif. pylore, gastroparésie, anesthésie générale, canal
anal, incontinence fécale.

Title: Evaluation of the sphincter functions of the gastro-intestinal system by the
EndoFLIP® system.

The EndoFLIP® system allows the obtention of geometrical data at different levels in
the digestive system, in particularly in sphincters. Most studies assessed its relevance in the
esophageal area, but only a few studies evaluated its interest regarding both pyloric and canal
anal evaluation. The first step of this work was to assess the mechanistic interest of the pyloric
and anal EndoFLIP®. We found that 56.5% of patients with diabetic gastroparesis exhibited
altered pyloric distensibility, in a similar range as the one found in idiopathic gastroparesis
(51.5%). However, we did not find any correlation between diabetes characteristics and pyloric
parameters in patients with diabetic gastroparesis. In patients with dyspeptic symptoms
developed after oeso-gastric surgery, we found an altered pyloric distensibility in 61.1% of
patients with prior anti reflux surgery, 75.0% of patients with prior esophagectomy and 18.7%
of patients with sleeve-gastrectomy. Lastly, we found a weak correlation between fecal
incontinence subtypes and anal sphincter distensibility. The 2" step of this work was to assess
the interest of the EndoFLIP® used to evaluate treatment efficacy. We found that pyloric
distensibility was predictive of the efficacy of intrapyloric botulinum toxin injections in patients
with refractory gastroparesis. The 3™ step of this work was to improve the method of the
EndoFLIP®. We found that there was an impact of general anesthesia and anesthetics on the
pyloric EndoFLIP® measurements.

Key words: EndoFLIP®, digestive system, pylorus, gastroparesis, general anesthesia, anal
canal, fecal incontinence.
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