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Résumé

Incidence et facteurs de risque d’hypoxémie lors des endoscopies digestives sous sédation profonde :

analyse post-hoc d’un essai randomisé controlé

Introduction Lors des endoscopies digestives (ED), la sédation profonde permet d’améliorer le confort
et la qualit¢ de I’examen mais est associée a davantage de complications cardio-pulmonaires.
L’hypoxémie étant la plus fréquente, connaitre ses facteurs de risques de survenue permettrait la mise
en place de mesures préventives. Peu d’études recherchant les facteurs de risque d’hypoxémie lors des
ED ont été réalisées lors de sédation profonde.

Matériel et méthodes Analyse post-hoc des patients appartenant au bras oxygene standard de 1’étude
ODEPHI (étude randomisée, contrdlée, multicentrique comparant 1’oxygénothérapie nasale a haut débit
a une oxygénation standard lors des ED programmées sous sédation profonde chez des patients
prédisposés a I’hypoxémie). Les patients inclus présentaient des facteurs prédisposant a 1’hypoxémie
tels que : une pathologie cardiaque ou respiratoire, un age >60 ans, un syndrome d’apnée du sommeil
(SAOS), une obésité (définie par un indice de masse corporelle >30kg.m™), une classe >2 de la
classification de 1'état physique de I'American Society of Anesthesiologist (ASA). L’objectif principal
de notre étude était de mettre en évidence les principaux facteurs de risque d’hypoxémie (définie comme
une saturation pulsée en oxygene (SpO2) <92%.). Les objectifs secondaires étaient d’évaluer I’incidence
des complications cardiopulmonaires et d’analyser les pratiques habituelles de sédation lors des ED.
Résultats 202 patients ont été analysés. L’incidence de I’hypoxémie était de 31%. L endoscopie a di
étre interrompue pour 6 patients (3%) avec une nécessité d’intubation pour 3 d’entre eux (2%). Lors de
I’analyse univariée 1I’hypoxémie était plus fréquente chez les patients de sexe masculin (P=0,039),
hypertendus (P<0,01), présentant un indice de masse corporel élevé (P=0,014), un score ASA >2
(P=0,03), un score de Mallampati >3 (P<0,01) ou un syndrome d’apnée du sommeil (SAOS) (P=0,01).
L’analyse multivariée reconnait comme facteurs de risque indépendant I’hypertension artérielle et le
SAOS.

Conclusion Les facteurs de risque indépendants de survenue d’une hypoxémie lors des sédations

profondes pour des ED sont la présence d’une hypertension artérielle et/ou d’un SAOS.



Abstract

Incidence and risk factors of hypoxemia during gastrointestinal endoscopy under deep sedation: post-

hoc analysis of a randomized controlled trial

Introduction Deep sedation during upper or lower gastrointestinal endoscopy (GIE) improves the
comfort and quality of the procedure, but is associated with a greater number of cardiopulmonary
complications. Hypoxemia is the main complication and knowing the risk factors would allow the
implementation of preventive measures. Few studies investigating the risk factors for hypoxemia in GIE

have been conducted during deep sedation.

Material and methods Post-hoc analysis of patients included in the standard oxygenation arm of the
ODEPHI study (a randomized, controlled, multicenter study that compared high-flow nasal oxygen
therapy to standard oxygenation during programmed deep sedation GIEs in patients predisposed to
hypoxemia). Patients included already had hypoxemia-predisposing factors such as: cardiac or
respiratory pathology, age >60 years, obstructive sleep apnea syndrome (OSA), obesity (defined by body
mass index >30kg.m-?), or classified as class >2 on the American Society of Anesthesiologist physical
status classification (ASA). The primary objective of our study was to identify the main risk factors for
hypoxemia (defined as pulsed oxygen saturation SpO2< 92%.). Secondary objectives were to evaluate

the incidence of cardiopulmonary complications and to analyze usual sedation practices during GIE.

Results 202 patients were analyzed. The incidence of hypoxemia was 31%. Endoscopy had to be
interrupted for 6 patients (3%) with need for intubation for 3 of them in 3 cases (2%). In univariate
analysis, hypoxemia was more frequent in male patients (P=0.039), high blood pressure (P<0.01), with
high body mass index (P=0.014), ASA score >2 (P=0.03), Mallampati score >3 (P<0.01) or obstructive
sleep apnea syndrome (OSA) (P=0.01). Multivariate analysis recognizes high blood pressure and OSA

as independent risk factors.

Conclusion The independent risk factors for the occurrence of hypoxemia in deep sedation for GIEs are

the presence of high blood pressure and/or obstructive sleep apnea syndrome.
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Cholangiopancréatographie rétrograde endoscopique
Endoscopies digestives
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(0)3
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oxygénation standard

Oxygene

Pression artérielle systolique

Pression artérielle moyenne

Syndrome d’apnée obstructif du sommeil
saturation pulsée en oxygene
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Incidence et facteurs de risque d’hypoxémie lors des endoscopies
digestives sous sédation profonde : analyse post-hoc d’un essai
randomisé controlé

Introduction :

Les endoscopies digestives (ED), représentent plus de deux millions d’actes par an en France, permettant
ainsi le diagnostic, le dépistage et le traitement de nombreuses pathologies gastro-intestinales. [1]

Pour faciliter leur tolérance, la plupart sont réalisées sous sédation dont la profondeur différe selon
I’organisation et les réglementations en vigueur dans chaque pays. [2] Il existe 4 stades de profondeur
de sédation. [3] La sédation légére, permettant une anxiolyse tout conservant la capacité de répondre
normalement a une stimulation verbale. La sédation modérée, dite sédation consciente, au cours de
laquelle le patient peut répondre a une stimulation tactile 1égére et ou la ventilation spontanée est
préservée. La sédation profonde durant laquelle la capacité a maintenir une ventilation spontanée peut-
étre altérée nécessitant une aide pour maintenir les voies aériennes ouvertes. [4,5] Et enfin 1’anesthésie
générale. (Annexe 1)

En France, la majorité des ED sont effectuées sous controle d’un anesthésiste, sous sédation profonde
ou anesthésie générale.[6] Dans de nombreux autres pays les ED sont réalisées sans anesthésiste, sous
sédation 1égére ou modérée aprés administration d’un opioides et/ou d’une benzodiazépine par
I’endoscopiste. [2] Cette sédation n’est pas toujours suffisante pour des procédures difficiles ou
prolongées. L’inconfort ou la douleur ressentis peuvent conduire & majorer les doses de sédatif au risque
de basculer vers une sédation plus importante avec les risques respiratoires que cela comporte sans
surveillance adaptée. [7-9] Cette gestion de la sédation sans anesthésiste n’est aujourd’hui plus
satisfaisante pour gérer la complexité grandissante des techniques d’endoscopies et les comorbidités
croissantes des patients. En 2019, les sociétés savantes de gastroentérologie et d’anesthésie du
Royaume-Uni [10] préconisaient de privilégier une sédation profonde sous contréle d’une équipe
d’anesthésie pour la plupart des gestes d’ED pour améliorer le confort et la qualité de I’examen. [2,11—
13]

Ces avantages de la sédation profonde sont cependant associés a des complications cardiopulmonaires
[14]. La principale étant I’hypoxémie dont 1’incidence varie dans la littérature de 1% a 85%, selon la
population incluse, la définition de 1’hypoxémie donnée, 1’oxygénation per-procédure et le type
d’endoscopie. [15-24]

L’hypoxémie résulte principalement de I’altération de la mécanique ventilatoire. D une part du fait de
I’endoscopie elle-méme, qui lors de I’insufflation entraine une compression diaphragmatique, et qui
parfois exerce une obstruction mécanique du pharynx lors des ED hautes. [25] Et d’autre part du fait de

I’effet dépresseur respiratoire de la sédation qui occasionne une baisse de la capacité résiduelle
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fonctionnelle et provoque une myorelaxation du carrefour oropharyngé avec un risque d’obstruction des
voies aériennes supérieures. [26]

L’hypoxémie a des conséquences sur la morbi-mortalité. Elle peut étre responsable d’ischémie
myocardique, de trouble du rythme cardiaque, ou d’hypoxie tissulaire et cérébrale avec des
répercussions possibles au long court. [18,21,22,24,27,28] De plus I’hypoxémie per-procédure
favoriserait la survenue de pancréatite aigué post-opératoire lors des cholangiopancréatographies
rétrogrades endoscopiques (CPRE). [23]

Connaitre les facteurs de risque d’hypoxémie permettrait la mise en place de mesure préventive et ainsi
pourrait diminuer la morbi-mortalité qui en découle.

La majorité des études souhaitant mettre en évidence les facteurs de risque de désaturation lors des ED
se déroulent lors de sédation légére ou modérée sans anesthésiste [15—18,23,24], et sont par conséquent
peu transposables pour les procédures réalisées sous sédation profonde. De plus ces études sont tres
hétérogenes en termes d’oxygénation et en termes de population étudiée. L’examen de cette littérature
nous a permis de mettre en évidence des facteurs prédisposant a des complications respiratoires comme
I’obésité avec un indice de masse corporelle >30 kg.m?[29-31], le diabéte et les pathologies cardiaques
[31], les patients agés de plus de 60 ans [16,17,29], I’association endoscopie digestive haute et basse[31],
et une classe de I’ American Society of Anesthesiologists (ASA) €levée. [32]

Seules deux études ont été réalisées sous sédation profonde et elles n’avaient pas pour objectif principal
de dégager les facteurs de risques d’hypoxémie. La premicre en 2010 par Coté et al [29] dont I’objectif
principal était de mettre en évidence les facteurs de risques d’avoir recours a une manceuvre de libération
des voies aériennes. Les facteurs retrouvés étaient une classe ASA >3, un indice de masse corporel
(IMC) haut et le sexe masculin. La deuxiéme par Liou et al en 2018 [33] excluait tout patient avec une
pathologie cardiovasculaire préexistante ou présentant une classe ASA élevées, et montrait que le fait
d’avoir un syndrome d’apnée obstructif du sommeil (SAOS) avéré ou suspecté par le questionnaire de
Berlin était un facteur de risque de désaturation.

L’objectif principal de notre étude était de mettre en évidence les facteurs de risque d’hypoxémie
(Saturation pulsée en oxygene (Sp02) <92%) lors des ED réalisées sous sédation profonde chez une

population présentant déja des facteurs prédisposant.

17



Matériels et Méthodes :

Conception

Notre étude est une analyse post-hoc d’ODEPHI (High-Flow Nasal Oxygenation versus standard
oxygenation for gastrointestinal endoscopy with sedation among patients at risk of hypoxemia. A
randomized clinical trial) une étude prospective, randomisée, multicentrique. L’objectif principal
d’ODEPHI était de montrer la supériorité de 1’oxygénation a haut débit (OHD) comparée a
I’oxygénation standard (OS) sur I’incidence des hypoxémies (SpO,<92%) lors des ED sous sédation
profonde chez des patients présentant des facteurs prédisposant a une désaturation. L’étude a été
approuvée par un comité éthique (CPP de Paris Sud Est V, France, n° d’enregistrement No. 2018-
A03481-54) et a été enregistrée sur clinicaltrials.gov (NCT03829293). Le protocole a été soumis pour
publication avant le début de 1’analyse des données en octobre 2019 et publié en mars 2020. [34]
(Annexe 2)

Les patients programmés pour une endoscopie digestive (haute, basse ou combinée) sous sédation
profonde ont été inclus dans 4 centres frangais (Centre Hospitalier régional d’Orléans, Centre hospitalo-
universitaire de Tours et Centre hospitalier de Dax et Oréliance P6le Santé d’Orléans).

Les endoscopies se déroulaient au bloc opératoire sous supervision d’une équipe d’anesthésie. Dans ces
centres, les patients sont pour la grande majorité sédatés par du Propofol seul ou en association avec une
benzodiazépine et/ou un morphinomimétique. Le choix de la sédation était laissé libre a I’anesthésiste,
selon ses pratiques habituelles. La sédation était ajustée pour maintenir une sédation profonde tout le
long de I’intervention.

Les patients recevaient une information orale et écrite en consultation d’anesthésie ou par téléphone puis
courrier selon les centres. Les consentements écrits étaient recueillis le jour de 1’intervention en
consultation pré-anesthésique.

Les critéres d’inclusion étaient tous les patients majeurs programmeés pour une endoscopie digestive
(haute, basse ou les deux combinées) au bloc opératoire sous sédation profonde et présentant des facteurs
prédisposant a une désaturation. Ces facteurs prédisposant étaient définis selon la littérature actuelle
comme tous les patients présentant au moins un des critéres suivants : une pathologie cardiaque ou
respiratoire sous-jacente, un age > 60 ans, un syndrome d’apnée du sommeil (diagnostiqué ou fortement
suspecté par le questionnaire du STOP-BANG), une obésité (définie par un IMC > 30 kg.m™) ou une
classe ASA > 2.

Les critéres de non inclusion étaient la nécessité d’intubation trachéale pour la procédure, un traitement
par oxygene au long cours, les patients trachéotomisés, une grossesse déclarée, les patients privés de
liberté par décision judiciaire ou administrative, les patients mineurs et toute procédure urgente.

Les patients étaient alors randomisés de fagon informatisée (via EOL Random, Medsharing, France),
apres avoir signé leur consentement juste avant de rentrer en salle interventionnelle, avec un ratio de

1 :1 soit dans le bas OHD soit dans le groupe OS.
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Ainsi les patients inclus dans le bras OS refléte les pratiques habituelles des ED sous sédation profonde
et par conséquent nous les avons analysés.

Pour augmenter 1’échantillon, nous avons recueilli les données de 14 patients supplémentaires de fagon
prospective, dans les mémes conditions que lors de I’étude ODEPHI sous oxygéne standard au CHU de

Tours.

Description du bras OS (figure n°1)

A D’entrée du patient au bloc opératoire, €tait installé le monitorage cardiaque (fréquence cardiaque en
continu, pression artérielle au brassard) et le saturométre avec mesure de la saturation pulsée en oxygene
(Sp03) en continue. La SpO; en air ambiant était notée avant toute oxygénation. La pression artérielle a
été surveillée a des intervalles de 5 minutes ou plus fréquemment si cela était cliniquement indiqué.
L’induction était réalisée aprés une préoxygénation d’au moins trois minutes sous 8 L.min" O, au
masque moyenne concentration. Une fois la perte du réflexe ciliaire indiquant une sédation profonde
[35], il était mis en place une oxygénothérapie par des canules nasales ou masque facial 2 6 L.min" O,,
ou par une sonde nasopharyngée a 5 L.min" O, (Selon la pratique habituelle de chaque centre).
L’étude ODEPHI se voulant pragmatique, 1’utilisation de la capnographie était laissée a la discrétion de
I’anesthésiste de méme que le management de la sédation, les types de sédatif et les doses délivrées.
Au cours de la procédure si cela était jugé nécessaire le débit d’oxygene pouvait étre augmenté a tout
moment. De méme le recours a la ventilation non invasive ou a I’intubation était possible en cas de
nécessité. Ces événements devant étre retranscrit dans le formulaire de collecte de donnée (FCD). Dans
la majorité des cas les patients étaient en décubitus latéral gauche lors de la procédure. Cependant a la

demande de 1’endoscopiste la position pouvait étre modifiée.

Figure n° 1 : Déroulement de |'étude

' Information orale et écrite : Consultation d’anesthésie

Entré au bloc opératoire, I N
00
Sp02 en AA =

! Préoxygénation > 3 min

E Masque MC 8L/min d’'02
ieimieieieieieieiei o= = Induction
Perte du réflexe

ciliaire v
Oxygénation 6L/min aux
lunettes, masque ou

|
|
:
5L/min sonde !
|
|

- Début endoscopie

nasopharyngée
e e i emimm Fin endoscopie

AA : Air ambiant, MC : moyenne concentration, 0, : oxygéne, min : minute, SpO; :
saturation pulsée en oxygéne
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Objectifs

L’objectif principal de ce travail était de déterminer les facteurs de risque de survenue d’une hypoxémie
durant la procédure d'endoscopie digestive. L’hypoxémie étant définie comme la survenue d’une SpO,
<92%.
Le deuxiéme objectif était de relever I’incidence des complications cardiopulmonaires définies
comme :
e Une hypoxémie SpO, <90%
e Une hypoxémie sévére SpO, <85%
e Une hypoxémie prolongée (SpO. <92% pendant >60 secondes)
e La baisse de plus 5% de la SpO,
e Lanécessité de modifier le taux d’oxygéne délivré
e La nécessité d'utiliser une ventilation par masque ou une manceuvre de libération des voies
aériennes supérieures (luxation mandibulaire, canule de Guedel)
e Le besoin de d’une ventilation non invasive, la pose d’un masque laryngé ou la nécessité d’une
intubation
e La survenue d’une bradycardie (<50 / min), d’une hypotension (PAM < 65 mmHg)
Le troisiéme objectif était d'analyser les pratiques habituelles de sédation lors de ces endoscopies

digestives.
Collecte de données / suivi des patients

Tous les patients ont été surveillés par les moniteurs multiparamétriques habituellement utilisés dans les
différents centres (Datex Ohmeda ou Carescape B450 ou Carescape B650, General Electric Healthcare).
Les données enregistrées étaient la Sp0,, la fréquence cardiaque, la fréquence respiratoire en continue
et la pression artérielle non invasive en intermittence. La capnographie (EtCO,) pouvait étre utilisée
selon I’habitude de 1’anesthésiste. Les résultats ont été collectés sur le FCD. La collecte de données
s’effectuait dés la préoxygénation et s’arrétait lorsque le patient était déscopé pour sortir du bloc
opératoire. Les tendances étaient imprimées et ont été relues par une équipe (en aveugle de I’intervention
allouée) pour s’assurer de la véracité des données déclarées dans le FCD. En cas de désaccord,
I’enregistrement des tendances étaient considérées comme exact sauf si le 1’anesthésiste avait noté un
mauvais signal de la SpO,.

Les caractéristiques cliniques des patients comprenant I’age, le sexe, 'IMC (kg.m?), le score de
mallampati, la classe ASA, ainsi que les antécédents médicaux et les traitements en cours ont été
recueillis a partir de la consultation d’anesthésie et rapportés sur le FCD.

De plus nous avons recueilli la nécessité de réaliser une manceuvre de libération des voies aériennes

(luxation mandibulaire, canule de Guedel), la dose de Propofol (mg.kg"'.h™"), de benzodiazépine, le type
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d’opioides utilisé et la dose, la durée de I’endoscopie, I’utilisation ou non de la capnographie, la nécessité
d’augmenter le débit d’oxygene (L.min"' O,), de réaliser une ventilation non invasive ou une intubation,

la nécessité d’interrompre 1’endoscopie et le caractére ambulatoire ou non de la procédure.

Statistique

L’analyse statistique a été réalisé a I’aide du logiciel statistique pvalue.io version 2019 se basant sur le
logiciel R. [36] Les statistiques descriptives ont été calculées incluant les moyennes et écart type pour
les variables continues et les fréquences pour les variables catégorielles. Le test t de Welch a été utilisé
pour les variables continues et le test ¥2 ou le test exact de Fisher ont été utilisés pour les variables
catégorielles.

Les statistiques descriptives ont été utilisées pour définir la fréquence de survenue de I’hypoxémie (SpO-
<92%) et la fréquence des complications cardiopulmonaires comme définies plus haut. Les patients ont
été classés en deux groupes en fonction de la survenue ou non d’une hypoxémie. Les variables incluses
pour ’analyse univariée de I’hypoxémie ont été les caractéristiques du patient : (1’age > 70 ans), le sexe,
I’IMC > 30 kg.m?, la classe ASA > 2, le score de mallampati > 3, la Sp02 en air ambiant < 95% et les
antécédents médicaux du patient. Les antécédents retenus sont la présence d’une hypertension artérielle,
d’un SAOS avéré ou suspecté par le questionnaire de STOP BANG, d’un diabéte de type I ou II, d’une
cardiopathie ou d’une pathologie respiratoire. La présence d’une cardiopathie était définie comme un
antécédent de fibrillation atriale, d’cedéme aigu du poumon, de cardiopathie ischémique ou une fraction
d’¢jection du ventricule gauche (FEVG) <45%. La présence d’une pathologie respiratoire était retenue
si le patient présentait un antécédent d'asthme, de broncho-pneumopathie chronique obstructive
(BPCO), de dilatation des bronches (DDB), d’hypertension artérielle pulmonaire (HTAP), ou
d’emphyséme.

De plus nous avons inclus dans 1’analyse univariée des données concernant la procédure et I’anesthésie
comme le caractére ambulatoire ou non, la durée de I’endoscopie en minute, le type d’endoscopie réalisé,
la dose de Propofol (>20 mg.kg'.h™"), Iutilisation de morphinique ou non, I’utilisation de midazolam
ou non, et I’utilisation ou non de la capnographie.

Une analyse de régression logistique multivariée a été réalisée pour identifier les facteurs de risque
indépendant d’hypoxémie incluant toutes les variables avec un P < 0,30 de l'analyse univariée. Une

valeur P <0,05 a été considérée comme statistiquement significative.
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Résultats :

Analyses descriptives

Un total de 202 patients a été inclus sur la période de mars 2019 a janvier 2020, dont 44 patients (22%)
pour une fibroscopie cesogastroduodénale (FOGD), 95 patients (47%) pour une coloscopie seule et 63
patients (31%) pour une endoscopie combinée (haute et basse). La description des différentes indications
et des divers gestes réalisés lors des endoscopies est disponible en annexe n°3. La répartition selon les
centres était la suivante : 73 (36%) patients ont été inclus au CH d’Orléans, 54 (27%) a la Clinique
d’Oréliance, 52 (26%) au CHU de Tours et 23 (11%) au CH de DAX. Les caractéristiques des patients
ainsi que les données concernant l'intervention sont disponibles dans le tableau n°1.

La tableau n°2 résume les données pharmacologiques. Les patients étaient tous sédatés par du Propofol,
administré en Anesthésie IntraVeineuse a Objectif de Concentration (AIVOC) dans 70% des cas. Dans
50% des cas un morphinique y était associé. Le morphinique de choix était le Sufentanil (83%). Nous
avons pu isoler quatre groupes selon 1’association de médicament utilisée : les patients ayant regu du
Propofol seul (N=94), ceux ayant recu une association de Propofol-morphinique (N=65), ceux ayant
recu une association Propofol-midazolam (N=7) et ceux ayant regu une triple association Propofol,
morphinique et midazolam (N=36). La dose médiane de Propofol était plus importante chez les patients
recevant du Propofol seul que chez les patients recevant du Propofol en association avec un morphinique
ou en association avec un morphinique et du midazolam (Figure n°2). Nous n’avons pas analysé le
groupe Propofol-midazolam du fait de son petit échantillon de 7 patients.

L’oxygénation aprés la perte du réflexe ciliaire était de 6 L.min"' O, administrée par des canules nasales
(47,5%) ou un masque moyenne concentration (44%). Seuls 5 (2.5%) patients ont recu une oxygénation
par canule nasopharyngée.

La durée moyenne en minute des endoscopies était de 23,5 minutes (+/- 16,5min).

Les complications cardiopulmonaires sont résumées dans le tableau n°3. L’incidence de 1’hypoxémie
(Sp02 £92%) est de 31% (N=62). L endoscopie a di étre interrompue pour 3% des patients (N=6) avec
une nécessité d’intubation pour 2% (N=3). Parmi les 3 intubations, deux ont été effectuées devant des

hypoxémies prolongées et sévéres, la troisiéme devant une complication de la procédure.

Analyse univariée

Les données épidémiologiques, procédurales et pharmacologiques ont été comparées entre les patients
ayant présenté une hypoxémie avec SpO, < 92% a ceux n’en ayant pas eu (tableau n°1). L’hypoxémie
était plus fréquente chez les hommes que chez les femmes (63% vs 37%, "P=0,039) et plus fréquente
chez les patients hypertendus comparé a ceux sans hypertension (63% vs 37%, P<0,01). L’IMC moyen
était plus élevé dans le groupe des patients déclarant une hypoxémie (26,6 kg.m™ vs 28,5 kg.m?,

P=0,014). Les patients qui présentaient une hypoxémie avaient plus fréquemment une classe ASA > 2
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(P=0,03), un score de Mallampati > 3 (P<0,01) et un syndrome d’apnée obstructif du sommeil (SAOS)
(P=0,01).

I n’y avait pas de différence de durée d’endoscopie, ni de dose de Propofol (mg.kg".h") entre les deux
groupes. La capnographie a été utilisé dans 19% des cas dans les deux groupes.

Une hypotension définie comme pression artérielle moyenne (PAM) < 65 mmHg est survenue chez 57
patients sans différence significative entre les deux groupes (P =0,22). Les patients traités pour une
hypertension n’ont pas présenté plus d’hypotension lors de la procédure que ceux sans antécédent

d’hypertension (28% vs 30%, P = 0,74).

Analyse multivariée
L’analyse multivariée finale montre que la présence d’une hypertension artérielle ou d’un syndrome
d’apnée du sommeil était un facteur prédictif indépendant de survenue d’une hypoxémie (Tableau n°4).

Les patients présentant un SAOS avaient un risque multiplié par 5 d’avoir une hypoxémie.
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Tableau 1. Descriptif de la population.

Caractéristiques

Caractéristiques des patients

Sexe, masculin

Age, année

Age > 70ans

IMC, kg.m

IMC > 30 kg.m?

SpO: en AA, [min-max]
Classe ASA >2

Score de Mallampati > 3
HTA

SAOS

Insuffisance rénale chronique
Cardiopathie (ACFA, OAP, FEVG < 45%, CMI)
Diabéte type I et 11

Pathologie respiratoire (BPCO, DDB, asthme, emphyséme,
HTAP)

Caractéristiques de la procédure
Durée totale en minute, [min-max]|
Ambulatoire

Utilisation de la capnographie

Type de procédure

- ED hautes

- ED basses

- ED combinées

Durée > 30 minutes

Hypotension per-procédure b (n=194)
Caractéristiques pharmacologiques
Propofol mg.kg.h ' (n=196)

Propofol > 20mg.kg'.h! (n=196)
Association Propofol, midazolam et morphine
Association Propofol et midazolam
Association Propofol et morphine
Utilisation de morphine

Propofol seul

Total
(n=202)
105 (52%)
62,3 (£12,8)
60 (29,7%)
27,1 (£5,1)
52 (25,7%)

96,5 (+2,1) [80-100]

177 (87,6%)
30 (15%)
97 (48%)

10 (5%)

8 (4%)
24 (11,8%)
38 (18,8%)

24 (11,8%)

23,5 (£16,2) [2-105]

161(80%)
39 (19,3%)
44 (22%)
95 (47%)
63 (26%)
57 (28,2%)
57 (29%)

15,8 (+/-9,54)
45 (22,3%)
36 (17,8%)

7 (3.4%)
65 (32,2%)
101 (50%)
94 (46,5%)

Données *
SpO2 > 92%
(n=140)
66 (47%)
62.2 (£12.8)
45 (32%)
26.6 (+4.96)
29 (21%)
96.6 (+£2.31)
118 (84%)
14 (10%)
58 (41%)
3(2.1%)

5 (3.6%)
20 (14%)
24 (17%)

15 (11%)

23.3 (£16.6)
117 (84%)
27 (19%)
27 (19%)
72 (51%)
41 (29%)
39 (28%)
43 (32%)

15.7 (+8.98)
28 (21%)
25 (18%)
4(2.9%)
44 (31%)
69 (49%)
67 (48%)

Sp0O2 <92%
(n=162)
39 (63%)
62.4 (£12.9)
15 (24%)
28.5 (+£5.32)
23 (37%)
96.4 (+£1.73)
59 (95%)
16 (26%)
39 (63%)
7 (11%)

3 (4.8%)
4 (6.5%)
14 (23%)

9 (15%)

24.1 (£15.5)
44 (71%)
12 (19%)
17 (27%)
23 (37%)
22 (35%)
18 (29%)
14 (23%)

15.9 (£10.8)
17 (29%)
11 (18%)
3 (4.8%)
21 (34%)
32 (52%)
27 (44%)

p value

0.04*
0.95
0.25

0.018*
0.014*
0.58
0.03*
<0.01*
<0.01*

0.01*

0.7
0.11
0.36

0.44

0.72
0.04*
0.99

0.16

0.86
0.22

0.93
0.21

0.98
0.44
0.73
0.76
0.57

IMC : indice de masse corporelle, AA : Air Ambiant, HTA : hypertension artérielle, FEVG : fraction
d’éjection du ventricule gauche, OAP : (Edeéme aigu du poumon, ; BPCO : bronchopneumopathie

chronique obstructive, DDB : dilatation des bronches, SAOS : Syndrome d’apnée obstructif du

sommeil, HTAP : hypertension artérielle pulmonaire, ACFA : arythmie chronique par fibrillation
auriculaire, CMI : Cardiopathie ischémique, SpO. : saturation pulsée en O, PAM : Pression artérielle

moyenne

4 Les données présentées sont des moyennes +/- écart type ou n (%) sauf mention contraire

* 1 statistiquement significatif
b: PAM < 65 mmHg
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Tableau n° 2 : Données pharmacologiques lors de la procédure

Données pharmacologiques

Propofol
Administration en AIVOC

Dose totale mg.kg'.h+, médiane [IQR] (n=196)

Propofol seul, n (%)

Propofol associé avec un morphinique, n (%)

Propofol associé au midazolam, n (%)

Association Propofol, midazolam, morphinique, n (%)

Patient recevant un morphinique, n (%)
Sufentanil, n (%)
dose Sufentanil min-max
Rémifentanil, n (%)
dose de Rémifentanil min-max
Alfentanil, n (%)
dose d’Alfentanil min-max

202 (100%)
141 (70%)
13,4 [8,4]
94 (47%)
65 (32%)
7 (3,4%)
36 (18%)
101 (50%)
91 (90%)
5-15ug
6 (2,9%)
60-84ug
4 (1,9%)
500-1000pg

AIVOC : Anesthésie IntraVeineuse a Objectif de Concentration

Figure n° 2 : Evolution des doses de Propofol en mg.kg'.h! selon son association ou non
avec un morphinique et/ou du midazolam - Welch Two Sample t-test

Evolution de la dose médiane de propofol selon son association

[y
o]

[y
[e)]

P<0,001

[y
D

15,5

P <0,001

[y
N

[11,6-21,7]*

[y
o

Médiane de la dose de Propofol en mg.kg.h'!
[o0]

m Propofol seul

*: dose en mg.kg'.h'! [025-Q75]

11,7
[9-13,7]*

Propofol et morphinique

11,3
[7,9-15,6]*

m Propofol et morphinique et midazolam
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Tableau n° 3 : Tableau des complications

SpO; minimale, moyenne +/- écart type, min-max 96% (+/- 7,1) [49-100]

Complications Données?
SpO2<92 % 62 (31%)
Sp0:<90% 475 (23%)
SpO:2 < 85% 20 (10%)
Hypoxémie prolongée™ 31 (15%)
Baisse > 5% SpO: 70 (35%)
Bradycardie** 14 (7%)
Hypotension*** (n = 194) 57 (29%)
Manceuvres de libération des VAS 67 (33%)
Majoration Oxygene 48 (24%)
Interruption endoscopie 6 (3%)
Intubation 3 (1%)
Ventilation au masque 4 (2%)

SpO: : saturation pulsée en 02, VAS : Voies aériennes supérieures

2. Les données présentées sont sous forme n (%)

* 1 définie par une hypoxémie < 92% pendant plus de 60 secondes

** . définie comme une fréquence cardiaque < 50 battements par minute
*#%: hypotension définie par PAM < 65 mmHg

Tableau n°4 : analyse multivariée

Facteurs Statut OR (95% IC) P
HTA oui ounon | 2.09[1.06;4.26] | 0.037
Classe ASA>2 | ouiounon | 1.63[0.473;7.59] | 0.48
IMC > 30 kg.m: | oui ounon | 1.74[0.847;3.56] | 0.13
Mallampati >3 | ouiounon | 2.17[0.924; 5.12] | 0.074
SAOS Ouiounon | 4.95[1.23;24.9] | 0.031

HTA : hypertension artérielle, ASA : American Society of Anesthesiologists, IMC : indice de
masse corporelle, SAOS : Syndrome d’apnée obstructif du sommeil



Discussion :

Les deux facteurs de risque indépendants de survenue d’hypoxémie lors des ED sous sédation profonde,
dans notre travail, réalisées sur une population déja sélectionnée, sont la présence d’un SAOS et un
antécédent d’hypertension artérielle.

Les études cherchant a mettre en évidence les facteurs de risque d’hypoxémie lors des ED sous sédation
légére ou modérée sont multiples et nous ont permis d’établir une liste de facteurs prédisposant
d’hypoxémie lors des sédations profondes : 1’age supérieur a 60 ans [15-17], un IMC > 30m* kg '[37],
la présence d’un diabéte, d’une hypertension artérielle ou d’une pathologie cardiaques préexistante [31],
un score ASA élevé et I’association d’ED hautes et basses [17,30]. Seules deux études ont lieu lors de
sédations profondes. La premiére met en évidence les facteurs de risques d’avoir recours a une
manceuvre de libération des VAS : un score ASA > 3, un index de masse corporel (IMC) élevé, le sexe
masculin [29]. La deuxiéme identifie le SAOS avéré ou suspecté par le questionnaire de Berlin comme
un facteur de risque d'hypoxémie comme dans notre étude [33]. Dans notre travail nous avons étudié
une population ou chaque patient présentait déja un facteur prédisposant a I’hypoxémie selon ces études
sus-citées (cf. critéres d’inclusion). Ceci permet ainsi de connaitre parmi ces facteurs les plus pertinent

lors des sédations profondes.

L’incidence de I’hypoxémie (SpO2< 92%) est de 31% dans notre travail. Cette incidence est plus élevée
comparativement a celle retrouvée dans les études réalisées sous sédation légére ou modérée. Ces
résultats sont attendus puisque lors des sédations légéres/modérées les doses de sédatif sont faibles
expliquant qu’il n’y ait beaucoup moins d’altération de la mécanique ventilatoire et par conséquent
moins de complication.

L’incidence de I’hypoxémie lors des ED sous sédations profondes varient dans les études selon les
critéres d’inclusion, les sédatifs utilisés, et I’apport en oxygene ou non. Coté et al mettent en évidence
12,8% d’hypoxémie (définie par SpO> < 90%) dans une population sans facteur prédisposant
contrairement a la notre. [29] Liou et al retrouvent une incidence d’hypoxémie (SpO2 <90 %) a 13,5%
mais ils excluaient les scores ASA élevés et toute pathologie cardiopulmonaire préexistante. [33]

Une étude réalisée sous sédation profonde par Propofol comparable a la ndtre retrouve une incidence de
32% d’hypoxémie. [38] Klare et al retrouve 44.4 % d’hypoxie (Sp0. < 90%) dans le groupe sans
capnographie. [39] Notre incidence est donc en accord avec la littérature.

La dose moyenne Propofol de notre travail est similaire a d’autres études réalisées sous sédation
profonde. [29,38]

Contrairement a la majorité des études lors des ED nous avons mis en place une préoxygénation puisque
celle-ci est recommandée avant la réalisation d’une anesthésie. [40] L’utilisation d’un masque moyenne
concentration a 8 L.min™ O, peut-étre discutable car la fraction inspirée en oxygéne (Fi02) s'approche

plus de 60% que de 100%. [41] Cependant la recommandation d’une préoxygénation en FiO, 100% est
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faite avant une anesthésie générale avec apnée et non avant une sédation profonde. De plus I’utilisation
d’un masque moyenne concentration permettait de favoriser 1’adéquation au protocole puisque
permettait de réaliser la préoxygénation tout en installant le patient et cela évitait de changer d’interface
lors des ED basses. L harmonisation de la préoxygénation et de 1’oxygénation durant 1I’endoscopie dans

notre travail permet de s’abstenir de biais.

Notre étude a certaines limites. Tout d’abord c’est une étude post-hoc d’un essai controlé randomisé
avec les limites que cela comporte notamment sur la conception.

Nous n’avons pas recueilli la position du patient lors de 1’endoscopie, ni le besoin ou non d’appuyer sur
I’abdomen pour favoriser la progression de I’endoscope, ni le débit insufflation de 1’endoscopie qui
pourrait avoir une influence sur la mécanique ventilatoire.

Nous n’avons pas rendu obligatoire I’utilisation de la capnographie car nous voulions une étude
pragmatique selon les pratiques habituelles de chacun. La capnographie est un monitorage non invasif
qui analyse en continue la concentration en gaz carbonique (CO») dans les gaz respiratoires permettant
sur une simple analyse de sa courbe (la hauteur, la forme et sa fréquence) d’avoir une idée de la fonction
ventilatoire. Elle permet une reconnaissance précoce de I’apnée. La simple surveillance de la fréquence
respiratoire par un systéme d’impédance est souvent dépassée puisqu’elle ne met pas en évidence les
mouvements respiratoires contre glotte fermée. Elle reconnait les mouvements de la cage thoracique
percus comme une fréquence respiratoire alors que ces derniers sont infructueux puisqu’il existe une
obstruction des VAS. Il existe de nombreuses études sur 1’utilisation du capnogramme lors des ED avec
des résultats contradictoires. Certaines études mettent en évidence une réduction des hypoxémies [30,38]
lorsque d’autres essais controlés randomisés ne mettent pas en évidence de différence [37,39]. De plus
les performances de la capnographie sont altérées lors des ED hautes avec insufflation de CO». Dans ce
cas le reflux de CO; engendré affecte sa surveillance. [42] Cependant les recommandations de 2018 de
I’ASGE (Américan Society for Gastrointestinal Endoscopy) recommandent [’utilisation de la

capnographie lors des sédations profondes. [4]

Dans la continuité d’une étude pragmatique nous n’avons pas imposé¢ de monitoring de la profondeur
de sédation d’autant plus que celle-ci n’est pas chose aisée durant les ED. Sur la base d'évaluations
cliniques le MOAA/s (the Modified Observer’s Assessment of Alertness/Sedation-Annexe 3) semble
étre un bon indicateur de la profondeur de sédation. [29] Les données sont contradictoires sur
I’utilisation de I’indice bispectral (BIS). Certains mettent en évidence une réduction des doses de
Propofol et une meilleure satisfaction de 1’endoscopiste lorsqu’on utilise un BIS comparé a I’utilisation
du score MOAA/s, sans toutefois qu’il y ait de récupération plus rapide, ou de différence sur I’incidence
des complications. [43] Le BIS témoigne des changements de 1’état de conscience avec un retard ne

permettant pas une meilleure anticipation que la surveillance clinique. D’autres études sous sédation
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profonde ont montré que le BIS avait une faible précision, avec des difficultés a différencier une sédation
profonde d’une sédation modérée avec un chevauchement des valeurs entre ces deux profondeurs de
sédation.[44]

Nous recommandions 1’utilisation du score MOAA/s pour évaluer le degré de sédation. Les données

n’ont pas été interprétée devant trop de données manquantes.

L’étude ODEPHI se voulant toujours pragmatique, il n’y avait pas de standardisation de I’anesthésie, ce
qui nous a permis d’évaluer les pratiques habituelles. Nos patients ont tous eu des sédations a base de
Propofol plus ou moins accompagné de benzodiazépine (midazolam) et/ou d’un morphinique ce qui est
comparable avec les sédations présentent dans 1’étude multicentrique Prosed 2 ou les patients recevaient
dans 67% des cas du Propofol seul, et dans 23% du Propofol associ¢ a du midazolam.[45] Cette étude
relatait les complications liées aux sédations lors des ED. Elle avait mis en évidence plus de
complications cardiopulmonaires lors de 1’association midazolam/Propofol que lors des sédations par
du Propofol seul. L’ajout d’un opiacé au propofol était également associé a plus de complications. Une
méta-analyse a comparé le taux de complication des sédations par Propofol par rapport aux sédations
par une benzodiazépine en association avec un opiacé sans propofol et n'a montré aucune différence. La
seule différence était que lors des coloscopies la sédation par propofol seul était associée a moins de
complications cardio-pulmonaires.[46]

Par la suite plusieurs études ont rapporté que la combinaison du Propofol avec d'autres agents sédatifs
était une option raisonnable pour obtenir la profondeur de sédation adéquate, en évitant les effets
secondaires liés au surdosage du Propofol, en permettant une meilleure tolérance du patient, et un
controle de la douleur. [47,48] La derniére métanalyse de 2019 ne montrait aucune différence
significative en ce qui concerne I'hypotension, I’hypoxémie et le délais de récupération post-opératoire
lors de I'utilisation du Propofol seul ou en association avec des benzodiazépines et/ou des opioides.[49]
De méme une autre méta-analyse ne retrouvait pas plus de complication lorsque le Propofol est associé
a d’autre sédatif.[50] Ces résultats se rapprochent de ceux de notre travail qui ne retrouve pas plus
d’hypoxémie lorsque le Propofol est associé a une benzodiazépine et/ou a un morphinique. Cette

association permet méme de baisser les doses de Propofol.

Dés lors que nous connaissons les facteurs de risque d'hypoxémie, il faut mettre en ceuvre des moyens
de prévention pour éviter sa survenue. L’étude de la littérature permet de mettre en évidence plusieurs
moyen de prévention.

L’utilisation de I’oxygénation a haut débit (OHD) pourrait étre une solution. Une étude rétrospective
met en évidence que la disponibilité d’un systéme d’OHD permet de réduire 1’incidence des intubations
lors des CPRE et d’améliorer I’oxygénation. [51] Plus récemment deux études randomisées démontrent

une diminution de I’incidence des hypoxémies lors des endoscopies digestives hautes. [52,53] Une étude
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n’a pas montré de supériorité de I’OHD lors des coloscopies chez les personnes obéses morbides pour
la prévention des hypoxémies. [54] Les résultats préliminaires de 1’étude ODEPHI dont les données de
ce travail sont issues retrouvent également une importante réduction des hypoxémies avec I’utilisation
de OHD. Ceci qui est relayée par Goudra et al dans leur analyse critique des recommandations,
expliquant que ’OHD devrait étre utilisée lors des ED en particulier lorsque celle-ci peuvent étre
compliquées ou longues. [55] Il existe également des systémes d’oxygénation supraglottique nasal
comme le “Wei nasal jet tube” qui ont montré leur efficacité pour réduire les hypoxémies lors des

endoscopies digestives hautes. [56]

Conclusion :

Les techniques d’endoscopies ont beaucoup évolué devenant de plus en plus complexes nécessitant des
sédations profondes pour améliorer le confort et la qualit¢ de I’examen. Ces sédations peuvent se
compliquer d’hypoxémie dont il faut connaitre les facteurs de risques pour mettre en place des moyens
préventifs efficaces. La présence d’une hypertension et/ ou d’un syndrome d’apnée du sommeil sont des

facteurs de risque de survenue d’hypoxémie lors de ces sédations profondes en ventilation spontanée.
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Annexe 1

Continuum de la profondeur de sédation : Définition de I'anesthésie générale et des niveaux de
sédation/angésie [4] Développé par : ”Committee on Quality Management and Departmental, derniére
modification : 23 octobre 2019 (approbation initiale : 13 octobre 1999)

Sédation légére | Sédation modérée Sédation Profonde Anesthésie
générale
Réactivité Réponse Réponse ciblée** a | Réponse ciblée** a la Impossible a
normale a une une stimulation suite d'une stimulation | réveiller méme avec
stimulation verbale ou tactile répétée ou douloureuse un stimulus
verbale douloureux
Voies aériennes Non affecté Aucune intervention | Une intervention peut Intervention
nécessaire étre nécessaire souvent requise
Ventilation Non affecté Adéquate Peut-étre inadéquate Fréquemment
spontanée inadéquate
Fonction Non affecté Habituellement Habituellement Peut-étre altéré
cardiovasculaire maintenu maintenu

** Le réflexe de retrait d'un stimulus douloureux n'est PAS considéré comme une réponse

ciblée.
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Protocol

High-flow nasal oxygenation versus
standard oxygenation for
gastrointestinal endoscopy with

sedation. The prospective multicentre
randomised controlled ODEPHI

study protocol

Axelle Eugene

ABSTRACT

Introduction Hypoxaemia is a major complication during
gastrointestinal endoscopy (GIE) procedures (upper/lower)
when performed under deep sedation in the procedure
room. Standard oxygen therapy (SOT) is used to prevent
hypoxaemia. Data suggest that risk factors for hypoxaemia
under deep sedation during GIE are obstructive sleep
apnoea syndrome, a body mass index above 30kg/m?,
high blood pressure, diabetes, heart disease, age over

60 years old, high American Society of Anesthesiologists
physical status class and the association of upper and
lower GIE. High-flow nasal oxygenation (HFNO) may
potentially improve oxygenation during GIE under deep
sedation. We hypothesised that HFNO could decrease the
incidence of hypoxaemia in comparison with SOT.
Methods and analysis The ODEPHI (High-flow

nasal oxygenation versus standard oxygenation for
gastrointestinal endoscopy with sedation. The prospective
multicentre randomised controlled) study is a multicentre
randomised controlled trial comparing HFNO to SOT during
GIE {(upper and/or lower) under deep sedation administered
by anaesthesiologists in the procedure room. Three
hundred and eighty patients will be randomised with a 1:1
ratio in two parallel groups.

The primary outcome is the occurrence of hypoxaemia,
defined by a pulse oximetry measurement of peripheral
capillary oxygen saturation (SpQ,) below or equal to 92%
during the GIE procedure. Secondary outcomes include
prolonged hypoxaemia, severe hypoxaemia, need for
manoeuvres to maintain upper airway patency and other
adverse events.

Ethics and dissemination This study has been
approved by the ethics committee (CPP Sud Est Paris

V, France), and patients are included after informed
consent. The results will be submitted for publication in
peer-reviewed journals. As provided for by French law,
patients participating in the study are informed that they
have the possibility to ask the investigators, once the
study is completed, to be informed of the overall results
of the study. Thus, a summary of the results will be sent
by post to the participants on request.

1 Lucie Fromont," Adrien Auvet,? Olivier Baert ®
Willy-Serge Mfam,* Francis Remerand,” Thierry Boulain,® Mai-Anh Nay
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Strengths and limitations of this study

» This is the first pragmatic randomised multicentre
study comparing high-flow nasal oxygenation
(HFNO) to standard oxygen therapy (SOT) for the
oxygenation of patients at risk of hypoxaemia while
undergoing gastrointestinal endoscopy (upper and/
or lower).

» Rather than comparing HFNO with high fraction of
inspired oxygen (FiQ,) versus SOT with, as usual, low
oxygen flow and consequently lower Fi0,, roughly
the same apparent level of applied FIO, is targeted
in both groups, by adjusting gases flows; this is in-
tended to test whether HFNO may improve oxygen-
ation through positive end-expiratory pressure and/
or dead space washout effects.

» The exact FO, cannot be guaranteed in the SOT
group, that is why we used pre-existing abacus to
get the best equivalence.

» Technically, the practitioners, other caregivers and
patients cannot be blinded to the study arm, but the
occurrence of peripheral capillary oxygen saturation
less than or equal to 92%, the primary outcome
measure, is recorded and printed out, thereby al-
lowing delayed reading by an assessor blinded to
treatment allocation.

» In this real-life and pragmatic study, the type and
dosages of sedative drugs are not standardised, but
the use of opioids that may depress respiration even
at low doses is recorded and constitutes a variable
of stratification.

Trial registration number ClinicalTrials.gov Registry
(NCT03829293).

INTRODUCTION

Most gastrointestinal endoscopy (GIE) proce-
dures are performed under deep sedation
managed by an anaesthesiology team in the

Eugene A, et al. BMJ Open 2020;10:¢034701. doi:10.1136/bmjopen-2019-034701 1
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operating room.! Sedation during upper and/or lower
GIE improves the quality of examination, patient comfort
and allows performing complex procedures.g'4 Therecent
British guidelines suggest that deep sedation, under the
responsibility of anaesthesiologists, should also be consid-
ered for, but not limited to, cholangiopancreatography
endoscopic retrograde, digestive echoendoscopy and any
prolonged therapeutic procedure.

Hypoxaemia is the most common complication during
GIE procedures performed under sedation, and may
occur in 1%-85% of the procedures. This variation is
explained by the heterogeneity of studied populations
and different definitions of hypoxaemia.6'17 Hypoxaemia
is multifactorial: pharyngeal obstruction caused by endo-
scope introduction in upper GIE and insufflation during
the procedure (upper or lower) are responsible for arespi-
ratory mechanical disorder through diaphragm compres-
sion. Myorelaxation and respiratory depression induced
by sedation may cause upper airway obstruction and a
drop in functional residual capacity, which in turn may
lead to hypoxaenrlia.18 Hypoxaemia can affect morbidity
and mortality as a result of myocardial ischaemia, cardiac
rhythm disorders or cerebral hypoxia.12 180

Several studies have identified the main risks factors
for hypoxaemia during GIE: obstructive sleep apnoea
syndrome (OSA) diagnosed or highly suspected with the
STOP-BANG questionnaire (STOP-BANG >3),'"%! obesity
defined by a body mass index (BMI) 230 kg/m?2%* % high
blood pressure, diabetes, heart disease,i)4 elderly patients
over 60 years old,$%% high American Society of Anesthe-
siologists (ASA) physical status class and the association of
upper8 % and lower GIE.2*

To prevent and to treat hypoxaemia, standard oxygen
therapy (SOT) is recommended by the ASA and the
American Society of Gastrointestinal Endoscopy.
However, there is no recommendation about the device
to be used for oxygenation. Many techniques such as jet
ventilation or new interfaces for oxygenation aimed at
reducing hypoxaemia have been studied, but none have
really modified current clinical lt)lractice.%_?8

High-flow nasal oxygenation (HFNO) could be an
interesting alternative. Gases are heated, humidified and
dispensed through large bore nasal cannula, improving
patient comfort and tolerance. The gas flow is usually set
as high as 40-70 L/min and allows the administration of
a precisely known inspired oxygen fraction (FiO,) (21 %—
100%). The high gas flow maintains a slight positive end-
expiratory pressure (PEEP) in the airway by opposing
resistance to expiration and also exerts a dead space
washout effect. @3

HFNO is commonly used in intensive care units but is
still underused in the operating room.* *® Guidelines of
the French Society of Anaesthesiology recommend the
use of HFNO for patients at risk of desaturation during
tracheal intubation to safely extend the apnoea time if
necessary.37 HFNO showed a benefit in various periop-
erative procedures such as during awake fibreoptic
intubation.® Some studies showed a benefit of HFNO

as compared with SOT, especially to safely extend the
apnoea time in laryngeal surgeryg? 040 o1 in morbidly
obese patients.41 In dental surgery under sedation,
HFNO also reduced hypoxaemia and decreased the
blood carbon dioxide concentration with a flow set at
50L/min compared with SOT.*?

Endoscopic retrograde cholangiopancreatography
retrograde and digestive echoendoscopies are complex
procedures often carried out under general anaesthesia.
In this context, HFNO may help to reduce the need for
tracheal intubation by improving the respiratory toler-
ance of deep sedation.*®

In a recent multicentre randomised trial in 1994
patients, HFNO (FiO2 100% and gas flow from 80 to
60 L/min) significantly decreased the incidence of hypox-
aemia (from 8.4% to 0%) compared with SOT (2L/min
with nasal cannula) in healthy (ASA I and II) patients
during gastroscopy.44 These results were also found in a
recent single-centre randomised trial which showed that
HFNO decreased hypoxaemic events compared with SOT
during upper GIE in healthy patients (ASA I and 115,
The comparison was made between three arms: standard
bite-block with standard oxygen (O,) cannula (5L/min
of OQ; control arm) versus standard bite block with HFNO
(80L/min, 100% O,) versus mandibular advancement
(MA) bite block with standard O, cannula. There were
significant reductions of hypoxaemia in the HFNO and
MA groups versus control group. However, the rate of
hypoxaemia was higher in the HFNO group than in the
MA bite block, a finding potentially due to a too low flow
(80L/min) used for HFNO.

Only one study showed different results during colonos-
copy. This single-centre trial in morbidly obese patients
was stopped for futility. At similar FiO, (36%-40% at
60L/min in HFNO group vs O, flow of 4L./min in SOT
group), HFNO did not reduce the rate of hypoxaemia
(89.8% vs 45.2%, respectively, p:0.79).46 However, there
was a trend favouring HFNO in patients at risk of sleep
apnoea syndrome. To explain the lack of between-group
difference, the authors stated that knowledge of the inter-
vention may have influenced the anaesthesiology team
administering propofol, leading them to adjust the depth
of sedation based on their own beliefs regarding the
safety and performance of the device being used. The gas
flow was 60 L/min for HFNO, but the gas flow could be
raised to 70 L/min to increase the positive pressure effect.

Up to now, HFNO has never been studied in patients
at risk of desaturation during GIE (upper and/ or lower)
under deep sedation. Moreover, the settings of HFNO
were very different in the previous studies described
above: a Fi0, of 100% was often compared with low flow
of standard oxygen, and the HFNO flows used were also
different between studies.

Hence, we hypothesise that HFNO during GIE under
sedation could decrease the incidence of hypoxaemia in
comparison with SOT through its PEEP and dead space
washout effects. For this purpose, similar initial FiO2 1s set
in both groups of patients at risk of desaturation.

2
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METHODS AND ANALYSIS

Design

This is an investigator-initiated, prospective, multicentre

(four centres) randomised, controlled, superiority trial

comparing HFNO with SOT during GIE (upper and/or

lower) performed under sedation in the operating room.

Our main hypothesis is that HFNO may reduce the inci-

dence of hypoxaemia in comparison with SOT. Three

hundred and eighty eligible patients will be randomised
in a 1:1 ratio into 2 parallel groups of 190 patients each.

A computergenerated randomisation is performed
with stratification according to the centre and the use
of opioids in a 1:1 ratio, using a centralised web-based
management system (EOL Random, Medsharing,
France). Investigators are blinded to the block sizes. After
randomisation, the intervention (HFNO or SOT) is initi-
ated. The allocated group assigned by randomisation is
recorded in the patient medical chart and in a dedicated
chart gathering the whole randomised patient popula-
tion of the trial.

Oral and written information is given during the anaes-
thesia consultation several days to several weeks before
endoscopy. Written consent is obtained after verification
of the eligibility on the day of the GIE procedure. Patients
have the right to withdraw their consent and discontinue
their participation at any time for any reason.

Patients are expected to be included during an
18-month period starting in March 2019.

» March 2019: protocol approval from the ethics
committee and trial tools development (case report
form, randomisation system).

» 2019-2020: inclusion of patients.

» 2020: cleaning and closure of the database. Data anal-
ysis, writing of the manuscript and submission for
publication in a peer-reviewed journal.

Study setting

The trial 1s carried out in four medical centres, three
public hospitals (Orléans Regional Hospital; the Tours
University Hospital; the Dax Hospital, in France) and one
private hospital (Oréliance P6le Santé, Orléans, France).
The sponsor (Centre hospitalier regional d’Orléans,
France) organises on-site training and support regarding
methods and ethics before and during the study.

Study objectives
The primary study objective is to compare the rate of
hypoxaemia during GIE, defined as an SpO, <92%
observed between anaesthesia induction and the end of
the procedure between the intervention group (HFNO)
and the standard care (or control) group (SOT).
The secondary objectives are to compare between
groups:
» The incidence of hypoxaemia (defined as SpO,
<92%) in the recovery room.
» The number of episodes of apnoea (defined as
respiratory rate <6/min).
» The incidence of hypoxaemia with an SpO, <90 %.

» The incidence of severe hypoxaemia (defined as SpO,
<85%).

» The incidence of prolonged hypoxaemia (SpO, <92%
during 260s).

» The rate of modifications of oxygen flow in both
groups and of the FiO, in the HFNO group.

» The need to use mask ventilation or to perform any
alrway intervention.

» The evolution of the SpO,, respiratory rate, heart rate
and blood pressure.

» Theincidence of bradycardia (defined by a heart rate
<50/min).

» The need for non-invasive ventilation, laryngeal mask
airway or for intubation.

» The need to stop the procedure.

» The incidence of the failure of the endoscopic
procedure.

» The duration of the endoscopy.

» The duration of sedation (from the induction to the
awakening of the patient).

» The time spent in recovery room.

» The number of ambulatory patients who needed to be
hospitalised after the procedure.

» The frequency of serious adverse events.

Data collection

Multiparameter monitoring data recordings (SpQ,, heart
rate, blood pressure, respiratory rate and capnography if
available) are made automatically.

SpO, is recorded every minute during intervention
by the usual multiparameter monitor (Datex Ohmeda
or Carescape B450 or Carescape B650, General Electric
Healthcare) enabling the capture of prolonged hypox-
aemia defined as an SpO2 <92% for 260s. Outcomes are
collected on paper case report forms (CRF). Collection
of data stops when the patient leaves the recovery room.
The trends of vital signs, including SpO2 recordings, are
printed out and put in an envelope with the CRF. The
medical history is collected from the anaesthesia consul-
tation chart and reported on the CRF. Any protocol devi-
ations are recorded in either the CRF or the medical
records; both are checked by a clinical research assistant
to ensure that all protocol deviations and adverse events
are in the database.

Investigators not involved in the care of enrolled
patients and blinded to the allocated intervention will
read the recordings of SpO, captured and check if they
were in concordance with events reported by clinicians
on the paper CRE. SpO, values<92% observed on these
records will define hypoxaemia unless technical reasons
for poor SpO, signal are reported by the clinicians. In
every case, in the absence of specific comments on the
CREF, SpozvaluesSQQ% recorded by the usual multiparam-
eter monitor will be considered as reflecting hypoxaemia.

Sample size
In a short preliminary observational study conducted
on 100 patients undergoing GIE with the usual SOT, we

Eugene A, et af. BidJ Open 2020;10:2034701. doi:10.1136/bmjopen-2019-034701

3

37

B1Ad0D Ag pejoelold 1senb Ag 0202 ‘€2 USIB UO /oo luig usdolua//:diy Wol pepeoumod "020g A/Bniqed gL Lo L0/yE0-610z-usdolwa/geLL 0L se peysignd isiy :uedo PiNg



found a 24% incidence of hypoxaemia ($pO, £92%).
Based on published studies that showed a two-to-threefold
decrease In hypoxaemia rate with different oxygenation
devices compared with standard oxygenation,® 2747 ye
assume that the oxygenation with HFNO will decrease the
incidence of hypoxaemia from 24% to 12%. With a Z-side
alpha risk set at 5% and a statistical power of 80%, 176
patlents In each group are needed to demonstrate such
a difference. We chose to increase this number to 190
patients in each group to anficlpate possible dropouts
for any reason and possible unreliable SpO, readings for
technical reasons as determined by the anaesthesiology
team.

Recruitment and informed consent
Explanatory posters are displayed in the walting room of
the anaesthesia consultation service.

During the anaesthesia consultation, the information
letter and explanations of the study are given to the
patient by an 1nvestigator (see online supplementary file

1.

The patients who accept to participate sign the written
informed consent form on the day of the GIE during the
preanaesthetic visit (see online supplementary file 2).
Then, the randomisation 15 performed at the entrance in
the operating room. Figure 1 shows the schedule of enrol-
ment, Interventions and assessments.

Eligibility criteria

Inclusion critaria

» Patients older than 18 years old.

» Patients scheduled for GIE (upper and/or lower
endoscopy), for which sedation with maintenance
of spontaneous breathing 1s planned (as determined
during the anaesthesla consultation).

» Patients who have provided signed consent

» Atrisk of hyporaemia with at least one of the following
criteria:

- Underlying cardiac pathology (left ventricular
dysfunction with a left ventricular ejection frac-
tion £45%, documented ischaemic heart disease,

[ PATIENT INFORMATION |

anaesthetia consultation

248h

|

'~ [

SIGN THE CONSENT FORM ]
RANDOMISATON

RLERLERLLT L L
= SOT GROUP u

ENTRANCE IN THE OPERATING ROOM

RALELLLLR LR L
HFNO GROUP =

Sp0: IN
AMBIENT AIR »
Yesnnanumanns

N
PREOXYGENATION PREOXYGENATION
ot least 3 min ot least 3 min
- (@]
Moderate Oxygen O e HFNO p)
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Figure 1
oxygen therapy, SPQ,, peripheral oxygen saturation.

Chart illustrating the study. FiQ,, high fraction of inspired oxygen; HFNO, high-flow nasal oxygenation, SOT, standard
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chronic atrial fibrillation, medical history of cardio-
genic pulmonary oedema, arterial hypertension).

- Underlying respiratory pathology (chronic ob-
structive pulmonary disease (COPD), pulmonary
emphysema, bronchiectasis, asthma, obesity hy-
poventilation syndrome, restrictive respiratory
disease).

- Older than 60 years old.

- ASATIL IIT or ASAIV.

- Obesity defined by a BMI=30 (kg/m?).

- OSA diagnosed or highly suspected with the STOP-
BANG questionnaire (STOP-BANG >3).*

Exclusion criteria

GIE performed in emergency.

Necessity to intubate the patient for the procedure.
Patient under oxygen therapy at home.
Tracheostomised patient.

Pregnancy.

Patient not affiliated or excluded from
protection.

Patient deprived of liberty by court or administrative
decision.

YyVYyVYVYYY

social

v

Intervention

In the operating room, before starting the procedure,
vital signs including ECG, non-invasive blood pressure
and SpO2 via pulse oximeter are displayed and recorded
in each patient using standard anaesthesia monitors.
SpO, is recorded in ambient air (figure 1).

Preoxygenation with the oxygen device depending on
the randomly allocated intervention is performed (at 40L/
min FiO2 100% in the HFNO group and at §L./min in the
SOT group) for atleast 3min before starting the induction.

In this pragmatic study, investigators are free to choose
the drugs administered for the induction. During the proce-
dure, in both groups, if deemed necessary, the investigator
can raise the FiO2 or the gas flow in case of desaturation or
for any reason. In case of major intolerance, HFNO or SOT
can be stopped and replaced by any other oxygen therapy
technique (except HFNO in the SOT group). Tracheal
intubation is allowed if necessary. In every case, investiga-
tors have to record all events in the case report form.

At the end of the GIE, patients are transferred to the
recovery room and the interventional period is over. HFNO
is not used in the recovery room. In the recovery room,
SOT is immediately applied to all patients until deemed
unnecessary, according to our current practice.

As in the study by Lin ef al, hypercapnia is not moni-
tored. To limit the risk of hypercapnia in our study, the
FiO, is set at 50% with a flow at 70 L/min.**

Intervention group

HFNO is administered with a Optiflow Nasal High Flow

device and specific anaesthesia nasal cannula fitted with a

filter (Fisher & Paykel Healthcare, New Zealand).
Settings for preoxygenation are a flow rate of 40L/min

and FiO, of 100% for a period of at least 3min. Induction

is done after the preoxygenation time. Once the eyelash
reflex has disappeared, the flow is increased to 70L/min
(for a higher PEEP effect) and the FiO, is set at 50%. The
decision to set the FiO2 at b0% was made to obtain a similar
FiO2 in both groups and to reduce the risk of hyperoxiaand

hypercapnia (particularly in patients with COPD).

Control group

The settings for preoxygenation are an oxygen flow rate
of 8L/min with a face mask for a period of at least 3min
with the FiO, calculated at 100% according to conversion
tables. Induction is performed after the preoxygenation
time. Once the eyelash reflex has disappeared, O2 is then
administered either with a nasal cannula (or a mask) at
6L/min or with a nasopharyngeal catheter at 5L/min
(according to the current practice in each centre).

Similar FiQ,

During the preoxygenation time, FiO2 is not exactly similar
between groups. In the HFNO group, the ]?iO2 1$ set at
100% with a flow at 40L/min and in the SOT the flow is
set to 8L./min with pure O,. This was chosen to obtain the
most effective preoxygenation that each method may allow.
To be as similar as possible, the SOT group could have bene-
fited from a preoxygenation at 15L/min but it requires
changing the interface. A change of interface may lead to
an ambient air mixture and may decrease the effectiveness
of the preoxygenation. For pragmatic reasons and to favour
the adherence to the protocol, we wanted to standardise
and make things as simple as possible. In addition, preox-
ygenation is undoubtedly important for patients exposed
to apnoeic periods due to neuromuscular blockage or
very deep sedation. However, in this trial, the patients are
supposed to keep breathing spontaneously.

During the procedure, we chose to set a similar initial
FiO2 in both groups not to disadvantage the SOT group.
Furthermore, similar FiO2 will allow to determine if the
HFNO-induced PEEP and dead space washout effects could
be beneficial. Similar FiO2 is obtained by using a conver-
sion table.®5! Hence, after a standardised preoxygenation
period, oxygen is administered in the SOT group either
with a nasal cannula (or a mask) at 6 ./min or with a naso-
pharyngeal catheter at 5L./min (according to the current
practice in each centre) at a calculated FiO, of 50% and in
the HFNO group with the O2 flow at 70L/min and FiO2 set
at 50% ensuring a comparable FiO2 for both groups.

Outcome

The primary outcome is the occurrence of hypoxaemia
defined as an SpO, <92% during the sedation. The
secondary outcomes are apnoea, prolonged hypoxaemia
(Sp0, £92% during 260s), desaturation with adrop 25% in
SpO2 after preoxygenation, hypoxaemia with SpO2 <90%,
severe hypoxaemia defined as SpO2 <85%, bradycardia
(defined as heart rate <560/min) and hypoxaemia during
the stay in the recovery room. Modifications of oxygenation
settings, need for mask ventilation, manoeuvres to maintain
upper airway patency, non-invasive ventilation, laryngeal
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mask airway or intubation, duration of endoscopy, duration
of sedation, time spent in recovery room, hospitalisation
and serious adverse events are also recorded.

Statistical analysis

Rstatistical software V.8.6.0 and MedCalc V.18.2.1 (MedCalc
Software, OstendMariakerke, Belgium) will be used for
data processing and analysis. A predefined analysis plan
will be followed. The analysis report will follow the require-
ments of the Consolidated Standards of Reporting Trials
statenrlent.S2

A full or modified intention-to-treat (ITT) principle
will be followed, depending on (1) whether, for technical
reasons, some patients will or will not show unreliable
SpO, readings as determined by the anaesthesiology team
and (2) whether some patients will or will not withdraw
consent, since as required by French law, patients with-
drawing their consent should not be analysed.

The primary endpoint, hypoxaemia with SpO, <92%
and all the other categorical endpoints will be compared
between groups using XQ tests adjusted for the variables
of stratification. The between-group difference will be
expressed as the adjusted absolute risk difference derived
from a mixed-effect logistic regression taking into account
the variables of stratification (centre as arandom effect vari-
able and use of opioids as a variable with fixed effect) and
its 95% CI as determined by bootstrapping (2000 random
samples).

Evolutions of SpOE, arterial blood pressure and heart
rate will be compared using distinct mixed linear models
in which the patient will be considered as arandom effect
variable. The variable indicating the group of randomis-
ation will be entered as a fixed effect variable. The inter-
action between randomisation and stratification variables
will be tested. The results will be graphically presented in
the form of estimated marginal mean evolution (and 95%
CI) in each randomisation group, and possibly in each
stratification group if the interaction is significant.

The duration of GIE, duration of sedation and the length
of stay in the recovery room will be compared between
groups using the Mann-Whitney test taking into account
the stratification. The interaction between the group of
randomisation and the group of stratification will also be
tested.

Protocol dewiations and reasons for withdrawal from
the study will be described.

A per-protocol analysis in the population of patients
having completed the entire procedure with the oxygen-
ation device allocated by randomisation, if different from
the ITT population, will be performed.

A subgroup analysis is planned: if there is a significant
interaction between the type of endoscopy (upper, lower
or both combined) and the randomisation group, the
results by type of endoscopy will be presented.

In case of missing data, multivariable imputation by
chained equation is planned. Missing values of SpOQ, the
primary outcome measure, will not be replaced.

ETHICS AND DISSEMINATION

Investigators will make available to the persons responsible
for the follow-up, the quality control or the audit of the
research, the documents and individual data strictly neces-
sary to the control, according to the provisions of law (arti-
cles 1..1121-3 and R.5121-18 of the French Public Health
Code).

A paper CRF is used and is considered as a source
document. Data will be captured by two members of
the study team into a secured spreadsheet application
(Excel). Data will be handled according to French law.
All original records will be archived at trial sites for 25
years. The clean database file will be anonymised and
kept for 25 years. Only four members of the ODEPHI’s
team (the two first authors, the statistician and the last
author) will have access to the final trial dataset. Investi-
gators of each institution will not have access to the final
trial dataset.

The study can be suspended or prematurely interrupted
in case of unexpected serious adverse events, requiring the
examination of the evolution of all the patients already
included. Orléans Regional Hospital reserves the right to
interrupt the study at any time if the inclusion objectives
are not reached.

The investigator can definitively or temporarily stop the
patient’s participation for any reason which would better
serve the patient’s interests and especially in case of serious
adverse effects. In this case, these reasons are collected,
assessed and reported. An investigator at each centre is
responsible for enrolling patients in the study, ensuring
adherence to the protocol and completing the CRF.

Research assistants regularly monitor all the centres on
site to check adherence to the protocol and the accuracy
and completeness of the data recorded.

The results will be submitted for publication in peer-
reviewed journals. As provided for by French law, patients
participating in the study are informed that they have
the possibility to ask the investigators, once the study is
completed, to be informed of the overall results of the
study. Thus, a summary of the results will be sent by post to
the participants on request.

Informed consent
Written consent is obtained from all participants.
Patients are informed of the study orally and in writing
(see information notice and consent form in online
supplementary file 1 and online supplementary file 2) by
the investigators before performing the procedure. The
competent patient, after receiving appropriate disclo-
sure of the potential risks and benefits of the study and
having understood these explanations makes a voluntary
informed decision to proceed. The participant is free to
withdraw his/her consent to participate at any time and
need not offer any reason for doing so. All this informa-
tion appears on the information note given to the patient.
Refusal or consent is recorded by the investigator on a
screening log.
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DISCUSSION

Hypoxaemiais one of the main concerns for anaesthesiol-
ogists during invasive procedures such as GIE performed
in spontaneous breathing patients under deep sedation.

The demand for deep sedation is growing as complex
diagnostic and therapeutic procedures in patients with
greater comorbidities are increasingly frequent. While
deep sedation and general anaesthesia allow a better
tolerability and seems to improve the efficacy and/or the
diagnostic yield of GIE,5 58 ensuring the safety of the GIE
procedures under deep sedation is essential.

HFNO is commonly used in intensive care units. It is now
progressively spreading in the operating room to optimise
preoxygenation before the induction of anaesthesia. Up to
now, there are few data related to the use of HFNO during
GIE and especially in patient with comorbidities. Because
the incidence of hypoxaemia is low in healthy people and
because HFNO is more expensive than SOT, we chose to
include only patients at the highest risk of desaturation.

As the ODEPHI trial is aimed to be pragmatic, we
design the study to induce minimal change in current
practice and left the anaesthesiologists free of choosing
the anaesthetic drugs used for induction.

Importantly, initial FiOQ is planned to be equivalent in
both groups not to disadvantage the control group. Most
studies compared HFNO with 100% FiO, versus 2-51./
min of standard oxygen, a gas flow that roughly results in
aFiO, between 28% and 45% (44-46). On the contrary, in
the ODEPHI trial, similar initial FiO, in both groups will
allow to determine if the HFNO-induced PEEP and dead
space washout effects could be beneficial. In addition, in
the HFNO group, the gas flow is set at its maximum value
(70L/min) contrary to previous studies, and all patients
undergo preoxygenation before induction.

The study was launched on 26 March 2019. This inclusion
rate is rapid, which should favour high-quality data acquisi-
tion by avoiding fatigue of investigators and research teams.
Until now, no serious adverse event related to the study
procedures have been declared by investigators. Dropouts
for any reason are rare. Together these elements give hopes
for an early, full completion of the study.

To conclude, the ODEPHI trial is an investigator-
initiated pragmatic randomised controlled trial under-
taken to test the hypothesis that HFNO may decrease
the rate of hypoxaemia during GIE under deep sedation
compared with SOT at similar FiO,. This study presents
several innovative aspects. First, patients are at risk of
hypoxaemia. Second, upper and/or lower GIE under
deep sedation are studied. Finally, a similar initial F10, 1s
used not to disadvantage the SOT group. If the results are
positive, the use of HFNO might become the standard of
care to improve the safety of GIE performed under deep
sedation in patients at risk of hypoxaemia.
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Patients (N=202)

Endoscopies hautes — n (%) 107 (52,9%)
Indications
Désordres gastro-intestinaux
Douleur 18 (8,9%)
Dysphagie 2 (0,9%)
Nausées 3(1,4%%)
RGO 21 (10,4%)
Diarrhée 6(2,9%)
Constipation 4 (1,9%)
Saignement (Anémie ou Hématémese) 13 (6,4%)
Exploration de pathologies
Cirrhose 10 (4,9%)
MICI 4 (1,9%)
EBO 8(3,9%)
Oncologique 5(2,4%)
Exploration du pancreas 6 (2,9%)
Exploration du Sytéme biliaire 7 (3,4%)
Examen pré-chirurgicale 4 (1,9%)
Unknown 2 (0,9%)
Procédures réalisées
biopsies 65 (32,1%)
resection 8(3,9%)
Ligature de varices 4 (1,9%)
CPRE 12 (5,9%)
Dilation 4 (1,9%)
Coloscopies - n (%) 158 (78,2%)
Indications

Désordres gastro-intestinaux

Douleur 21 (10,4%)

Diarrhée 14 (6,9%)

Constipation 15 (7,4%)
Exploration d’un saignement (Anémie, méléna, 30 (14,8%)
rectorragies)
Test hemoccult positif 13 (6,4%)
Exploration post endocardite 2 (0,9%)
Exploration de Colites 1(0,5%)
Exploration de MICI 11 (5,4%)
Exploration diverticule, polypes 37 (18,3%)
Oncologique 17 (8,4%)
Histoire familiale de polype, cancer 32 (15,8%)
Examen pré-chirurgical 1(0,5%)

Procédures réalisées

Biopsies 33 (16,3%)
Resection 77 (38,1%)
Clip 4 (1,9%)
Dilation 2 (0,9%)

Annexe 3
Indications des différentes
endoscopies et gestes divers
réalisés
MICI : maladies inflammatoires
chroniques de l'intestin regroupant
la maladie de Crohn et la
rectocolite hémorragique, RGO :
Reflux gastro-cesophagien, EBO :
Endobrachyoesophage, CPRE
Cholangiopancréatographie
rétrograde endoscopique,
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Annexe 4

Score de OAA/s modifi¢ (MOAA/s)
Observer's Assessment of Alertness/Sedation

Contenu Score
Réponse aisée a I’appel du nom 5
Réponse lente a 1’appel du nom 4
Réponse a I’appel du nom a haute voix et/ ou de fagon répétée 3
Réponse uniquement apres stimulation tactile 2
Réponse apres stimulation douloureuse au niveau du trapeze 1
Aucune réponse 0
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Incidence and risk factors for hypoxemia during digestive
endoscopy under deep sedation: post-hoc analysis of a randomized
controlled trial

Introduction:

Gastrointestinal endoscopies (GIE) represent more than two million procedures per year in France, permitting
the diagnosis, screening and treatment of numerous gastrointestinal pathologies. [1]

To facilitate their tolerance, most are performed under sedation, the depth of which differs in accordance
with the organization and regulations in each country. [2] There are 4 depth stages of sedation. [3] Mild
sedation, allowing anxiolysis while maintaining the ability to respond normally to verbal stimulation.
Moderate sedation, known as conscious sedation, during which the patient can respond to light tactile
stimulation and where spontaneous ventilation is preserved. Deep sedation, during which ability to maintain
spontaneous ventilation may be impaired, sometimes requiring assistance to keep the airway open. [4,5] And
finally general anesthesia. (Appendix 1)

In France, most GIEs are performed under control of an anesthetist, with deep sedation or general anesthesia.
[6] In many other countries, GIEs are performed without an anesthetist, with light or moderate sedation after
administration of opioids and/or benzodiazepine by the endoscopist. [2] This sedation is not always sufficient
for difficult or prolonged procedures. The discomfort or pain may lead to increased doses of sedative, with
the risk of switching to more sedation with the associated respiratory risks without adequate supervision. [7-
9] This management of sedation without an anesthetist is no longer satisfactory to manage the growing
complexity of endoscopic techniques and patients’ increasing co-morbidities. In 2019, the society for
gastroenterology and anesthesia in the United Kingdom [10] recommended deep sedation under the control
of an anesthesia for most GIE procedures to improve the comfort and quality of the examination. [2,11-13]

The benefits of deep sedation, however, are associated with cardiopulmonary complications [14]. Hypoxemia
is the most common complication. The incidence varies in the literature from 1% to 85%, depending on the
population included, the definition of hypoxemia used, per-procedure oxygenation and the type of endoscopy
performed. [15-24]

Hypoxemia is the result of a respiratory mechanical disorder. Firstly, due to the endoscopy itself, which
during insufflation leads to diaphragmatic compression, and which sometimes causes mechanical obstruction
of the pharynx during high GIEs. [25] Secondly because of the respiratory depressant effect of sedation,
which causes a decrease in residual functional capacity and leads to myorelaxation of the oropharyngeal

crossroads, with a risk of obstruction of the upper airways. [26]

Hypoxemia has consequences on morbidity and mortality. It can be responsible for myocardial ischemia,
heart rhythm disorder, or tissue and brain hypoxia with possible long-term repercussions. [18,21,22,24,27.28]
Moreover, intraprocedural hypoxemia is thought to promote the development of acute pancreatitis

postoperatively during endoscopic retrograde cholangiopancreatography (ERCP). [23]
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Knowing the risk factors for hypoxemia would allow the implementation of preventive measures and thus
could reduce the resulting morbidity and mortality.

Most studies that have sought to highlight the risk factors for desaturation during GIEs are performed during
light or moderate sedation without an anesthetist [15-18,23,24], and are therefore not very applicable to
procedures performed under deep sedation. Moreover, these studies are very heterogeneous in terms of
oxygenation and of the population studied. The review of this literature highlights factors predisposing to
respiratory complications such as obesity with a body mass index >30 kg.m™ [29-31], diabetes and cardiac
pathologies [31], patients over 60 years old [16,17,29], the combination of upper and lower digestive
endoscopy [31], and a high American Society of Anesthesiologists (ASA) class. [32]

Only two studies were performed under deep sedation and their main objective was not to identify risk factors
for hypoxemia. The first in 2010 by Coté et al [29], whose main objective was to identify the risk factors for
using an airway clearance maneuver. The factors found were an ASA class >3, a high body mass index (BMI)
and male sex. The second by Liou et al in 2018 [33] excluded any patient with pre-existing cardiovascular
disease or with a high ASA class, and showed that having an obstructive sleep apnea syndrome (OSA)
confirmed or suspected by the Berlin questionnaire was a risk factor for desaturation.

The main objective of our study was to highlight the risk factors for hypoxemia (Pulsed Oxygen Saturation
(Sp02) <92%) during GIE performed under deep sedation in a population already presenting predisposing

factors.

Materials and Methods:

Design

Our study was a post-hoc analysis of ODEPHI (High-Flow Nasal Oxygenation versus standard oxygenation
for gastrointestinal endoscopy with sedation among patients at risk of hypoxemia. A randomized clinical
trial) a prospective, randomized, multicenter study. The main objective of ODEPHI was to demonstrate the
superiority of high-flow oxygenation (HFO) compared to standard oxygenation (SO) on the incidence of
hypoxemia (SpO, <92%) during GIE under deep sedation for patients with factors predisposing to
hypoxemia. The study was approved by an ethics committee (CPP de Paris Sud Est V, France, registration
No. 2018-A03481-54) and registered on clinicaltrials.gov (NCT03829293). The protocol was submitted for
publication prior to the start of data analysis in October 2019 and published in March 2020. [34] (Appendix
2)

Patients scheduled for digestive endoscopy (upper, lower or combined) under deep sedation were included
in 4 French centers (Centre Hospitalier Régional d'Orléans, Centre Hospitalo-Universitaire de Tours and
Centre Hospitalier de Dax and Oréliance Pole Santé d'Orléans).

The endoscopies were carried out in the operating room under the supervision of an anesthesia team. In these
centers, the vast majority of patients are sedated with Propofol alone or in combination with a benzodiazepine
and/or opioids. The choice of sedation was at the discretion of the anesthesiologist, according to his/her usual

practices. Sedation was adjusted to maintain deep sedation throughout the procedure.
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Patients received oral and written information in the anesthesia consultation or by telephone and then by
mail, depending on the center. Written consents were collected on the day of the procedure, during the pre-
anesthetic consultation.

Inclusion criteria were all adult patients scheduled for digestive endoscopy (upper, lower or both combined)
in the operating room under deep sedation and with predisposing factors for desaturation. These predisposing
factors were defined in the current literature as all patients with at least one of the following criteria:
underlying cardiac or respiratory pathology, age > 60 years, obstructive sleep apnea syndrome (diagnosed or
strongly suspected by the STOP-BANG questionnaire), obesity (defined by a BMI > 30 kg.m-?) or ASA class
>2.

Criteria for non-inclusion were the need for tracheal intubation for the procedure, long-term oxygen
treatment, tracheostomized patients, overt pregnancy, patients deprived of liberty by judicial or
administrative decision, underage patients and any urgent procedure.

Patients were then randomized in a computerized manner (via EOL Random, Medsharing, France), after
signing their consent immediately prior to entering the operating room, with a ratio of 1:1 either in the low
OHD or SO group. Thus, the SO arm reflects usual GIE practices under deep sedation. We therefore analyzed
the patients in this arm. To increase the sample size, we collected data from 14 patients prospectively, under
the same conditions (see description of the OS arm) as in the ODEPHI study with standard oxygen at Tours
University Hospital.

Description of the SO arm: (figure 1)

When the patient was admitted to the operating room, cardiac monitoring (continuous heart rate, blood
pressure) and a pulse oximeter with continuous measurement of pulsed oxygen saturation (SpO) were
installed. The SpO> in ambient air was recorded. Blood pressure was monitored at intervals of 5 minutes or
more frequently if clinically indicated.

Pre-oxygenation was performed for at least 3 minutes at 8 L.min™' O, in the medium concentration mask.
Induction was performed after preoxygenation. Once the loss of the ciliary reflex indicated deep sedation
[35], oxygen therapy was initiated by nasal cannulas or face mask at 6 L.min™" Oy, or by a nasopharyngeal
tube at 5 L.min"! Oy (according to the usual practice of each center).

As the ODEPHI study was intended to be pragmatic, the use of capnography was left to the anesthesiologist's
discretion, as was the management of sedation, the types of sedative used and the doses delivered.

During the procedure, if deemed necessary, oxygen flow could be increased at any time. Similarly the use of
non-invasive ventilation or intubation was possible if needed. These events were recorded on the Data
Collection Form (DCF). In most cases, the patients were in left lateral decubitus position during the

procedure. At the request of the endoscopist, however, the position could be changed.

Outcomes:
The main objective of this work was to determine the risk factors for the occurrence of hypoxemia during the
digestive endoscopy procedure. Hypoxemia being defined as the occurrence of SpO2 < 92%.

The second objective was to identify the incidence of cardiopulmonary complications defined as:
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e A hypoxemia SpO, <90%

e Severe hypoxemia SpO, <85%

e Prolonged hypoxemia (SpO2 >60% for >60 seconds)

e The need to change the level of oxygen delivered

o The need to use mask ventilation or an upper airway release maneuver (mandibular dislocation,
Guedel cannula)

e The need for non-invasive ventilation, laryngeal mask or intubation

e  Occurrence of bradycardia (<50 / min), hypotension (MBP < 65 mmHg)

The third objective was to analyze the usual sedation practices during these digestive endoscopies.

Data collection / patient monitoring:

All patients were monitored by the multiparameter monitors usually used in the different centers (Datex
Ohmeda or Carescape B450 or Carescape B650, General Electric Healthcare). The data recorded were Sp02,
heart rate, continuous breathing rate and intermittent non-invasive blood pressure. Capnography (EtCO2)
could be used according to the anesthesiologist's routine. The results were collected on the CDF. Data
collection started at preoxygenation and stopped when the patient was removed from the operating room.
Trends were printed and reviewed by a team blinded to the allocated procedure to ensure the veracity of the
data reported on the CDF. In case of disagreement, the trend records were considered accurate unless the
anesthesiologist had noted a poor SpO,signal.

Patient clinical characteristics, including age, gender, BMI (kg.m™), mallampati score, ASA class, medical
history and current treatment, were collected from the anesthesia visit and reported on the CDF.

In addition, we recorded the need to perform an airway clearance maneuver (mandibular dislocation, Guedel
cannula), the dose of Propofol (mg.kg-1. h-1), benzodiazepine, the type of opioids used and associated dose,
the duration of the endoscopy, the use or not of capnography, the need to increase oxygen flow (L.min! O,),
to perform non-invasive ventilation or intubation, the need to interrupt the endoscopy and the ambulatory or

non-ambulatory nature of the procedure.

Statistics:

Statistical analysis was performed using the statistical software pvalue.io version 2019 based on the R
application. [36] Descriptive statistics were calculated including means and standard deviation for continuous
variables and frequencies for categorical variables. The Welch t-test was used for continuous variables and
the 2 test or the Fisher exact test was used for categorical variables.

Descriptive statistics were used to define the frequency of occurrence of hypoxemia (SpO2 < 92%) and the
frequency of cardiopulmonary complications as defined above. Patients were sorted into two groups based
on whether or not hypoxemia occurred. The variables included for the univariate analysis of hypoxemia were
patient characteristics: (age > 70 years), sex, BMI > 30 kg.m?, ASA class > 2, mallampati score > 3, SpO
in ambient air < 95% and patient medical history. The history taken was the presence of high blood pressure,

OSA confirmed or suspected by the STOP-BANG questionnaire, type I or II diabetes, heart disease or
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respiratory pathology. The presence of heart disease was defined as a history of atrial fibrillation, cardiogenic
pulmonary edema, ischemic heart disease or left ventricular ejection fraction (LVEF) < 45%. Respiratory
pathology was considered if the patient had a history of asthma, chronic obstructive pulmonary disease
(COPD), bronchial dilatation (BD), pulmonary arterial hypertension (PAH), or emphysema.

In addition, we included in the univariate analysis data regarding the procedure and anesthesia such as
whether it was ambulatory or not, the duration of the endoscopy in minutes, the type of endoscopy performed,
the dose of Propofol (>20 mg.kg'.h™"), the use of opioids or not, the use of midazolam or not, and the use of
capnography or not.

A multivariate logistic regression analysis was performed to identify independent risk factors for hypoxemia
including all variables with a P <0.30 in the univariate analysis. A P value <0.05 was considered statistically

significant.

Results:

Descriptive analyses

A total of 202 patients were included over the period from March 2019 to January 2020, including 44 patients
(22%) for upper GIE, 95 patients (47%) for colonoscopy and 63 patients (31%) for combined endoscopy
(upper and lower). A description of the different indications and procedures performed during endoscopy is
available in appendix no. 3. The distribution by center was as follows: 73 (36%) patients were included at
the Orléans Hospital, 54 (27%) at the Clinique Oréliance, 52 (26%) at the Tours University Hospital and 23
(11%) at the DAX Hospital. Patient characteristics, along with procedure-related data are available in table
no. 1.

Table no. 2 summarizes the pharmacological data. The patients were all sedated with Propofol, administered
by Intravenous Anesthesia with Objective Concentration (ICOA) in 70% of cases. In 50% of cases, this was
combined with a opioids. The opioids of choice was Sufentanil (83%). We isolate four groups according to
the drug combination used: patients who received propofol alone (N=94), those who received a combination
of propofol and opioids (N=65), those who received a combination of propofol and midazolam (N=7) and
those who received a triple combination of propofol, opioids and midazolam (N=36). The median dose of
Propofol was higher in patients receiving propofol alone than in patients receiving propofol in combination
with opioids or in combination with opioids and midazolam (Figure 2). We did not analyze the propofol-
midazolam group because of its small sample size of 7 patients.

Oxygenation after loss of ciliary reflex was 6 L.min"' O, administered by nasal cannula (47.5%) or a medium
concentration mask (44%). Only 5 (2.5%) patients received nasopharyngeal cannula oxygenation.

The mean endoscopy time in minutes was 23.5 minutes (+/- 16.5).

Cardiopulmonary complications are summarized in Table 3. The incidence of hypoxemia (SpO2< 92%) was
31% (N=62). Endoscopy had to be interrupted for 3% of patients (N=6) with the need for intubation for 2%
(N=3). Of the 3 intubations, two were performed in the face of severe prolonged hypoxemia, the third in the

face of a complication of the procedure.
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Univariate analysis

Epidemiological, procedural and pharmacological data were compared between patients who had hypoxemia
with SpO» < 92% and those who did not (Table 1). Hypoxemia was more common in men than in women
(63% vs 37%, P=0.039) and more common in hypertensive patients than in those without hypertension (63%
vs 37%, P<0.01). Mean BMI was higher in the group of patients reporting hypoxemia (26.6 vs 28.5, P=0.014).
Patients with hypoxemia were more likely to have an elevated ASA class (ASA >2, P=0.03), a Mallampati
score >3 (P<0.01) and obstructive sleep apnea syndrome (OSA) (P=0.01).

There was no difference in endoscopy time or Propofol dose (mg/kg/h) between the two groups. Capnography
was used in 19% of cases in both groups.

Hypotension, defined as mean arterial blood pressure (MAP) < 65 mmHg was observed in 57 patients with
no significant difference between the two groups (P =0.22). Patients treated for hypertension did not
experience more hypotension during the procedure than those without a history of hypertension (28% vs.

30%, P = 0.74).

Multivariate analysis

Multivariate analysis shows that the presence of high blood pressure or sleep apnea syndrome was an

independent predictor of hypoxemia (Table 4). Patients with OSA had a 5-fold risk of developing hypoxemia.
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Table 1. Population description

Characteristics

Patient characteristics

Sex, male

Age, year

Age > 70 years

BMI, kg.m?

BMI > 30 kg.m

SpO; at AA, [min-max]
Class ASA >2
Mallampati score >3
High blood pressure
OSA

Chronic kidney failure
heart disease (AFib, IHD, CPE, LVEF < 45%)
Type I and 1I diabetes

Respiratory diseases (COPD, BD, asthma, emphysema,
PAH)

Characteristics of the procedure
Total time in minutes, [min-max]
Ambulatory

Use of capnography

Procedure type

High GIEs

Low GIEs

Upper and lower GIEs

Time > 30 minutes

Hypotension per-procedure b (n=194)
Pharmacological characteristics
Propofol mg.kg'.h ! (n=196)

Propofol > 20mg.kg'.h! (n=196)

Association Propofol, midazolam and opioids
Association Propofol and midazolam
Association Propofol and opioids

Opioids use

Propofol alone

Total
(n=202)
105 (52%)
62,3 (£12,8)
60 (29,7%)
27,1 (£5,1)
52 (25,7%)

96,5 (+2,1) [80-100]

177 (87,6%)
30 (15%)
97 (48%)

10 (5%)

8 (4%)
24 (11,8%)
38 (18,8%)

24 (11,8%)

23,5 (£16,2) [2-105]

161(80%)
39 (19,3%)
44 (22%)
95 (47%)
63 (26%)
57 (28,2%)
57 (29%)

15,8 (+/-9,54)
45 (22,3%)
36 (17,8%)

7 (3.4%)
65 (32,2%)
101 (50%)
94 (46,5%)

Data ?
SpO2 > 92%
(n=140)
66 (47%)
62.2 (£12.8)
45 (32%)
26.6 (+4.96)
29 (21%)
96.6 (£2.31)
118 (84%)
14 (10%)
58 (41%)
3(2.1%)
5 (3.6%)
20 (14%)
24 (17%)

15 (11%)

23.3 (£16.6)
117 (84%)
27 (19%)
27 (19%)
72 (51%)
41 (29%)
39 (28%)
43 (32%)

15.7 (+8.98)
28 (21%)
25 (18%)
4(2.9%)
44 (31%)
69 (49%)
67 (48%)

Sp0O2 <92%
(n=162)
39 (63%)
62.4 (£12.9)
15 (24%)
28.5 (+£5.32)
23 (37%)
96.4 (+£1.73)
59 (95%)
16 (26%)
39 (63%)
7 (11%)

3 (4.8%)
4 (6.5%)
14 (23%)

9 (15%)

24.1 (£15.5)
44 (71%)
12 (19%)
17 (27%)
23 (37%)
22 (35%)
18 (29%)
14 (23%)

15.9 (£10.8)
17 (29%)
11 (18%)
3 (4.8%)
21 (34%)
32 (52%)
27 (44%)

BMI: body mass index, AA: ambient air, LVEF': left ventricular ejection fraction, CPE: cardiogenic

pulmonary edema, COPD: chronic obstructive pulmonary disease, BD: bronchial dilatation, OSA:

p value

0.04*
0.95
0.25

0.018*
0.014*
0.58
0.03*
<0.01*
<0.01*

0.01*

0.7
0.11
0.36

0.44

0.72
0.04*
0.99

0.16

0.86
0.22

0.93
0.21

0.98
0.44
0.73
0.76
0.57

Obstructive Sleep Apnea, PAH: pulmonary arterial hypertension, AFib : Atrial fibrillation IHD: ischemic

heart disease, SpO;: Pulsed Oxygen Saturation, MBP: Mean blood pressure, GIEs : Gastrointestinal

endoscopy

: Data presented are means +/- standard deviation or n (%) unless otherwise stated

* : statistically significant
®: MBP < 65 mmHg
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Table 2: Pharmacological data from the procedure

Pharmacological data
Propofol
TCI

202 (100%)
141 (70%)

Total dose mg.kg'.h!, median [IQR] (n=196) 13,4 [8,4]

Propofol alone, n (%)
Propofol with opioids, n (%)
Propofol with midazolam, n (%)
Propofol, midazolam ans opioids, n (%)
Opiodis use, n (%)
Sufentanil, n (%)
dose of Sufentanil min-max
Rémifentanil, n (%)
dose of Rémifentanil min-max
Alfentanil, n (%)
dose of Alfentanil min-max
TCI: Target Controlled Infusion

94 (47%)
65 (32%)
7 (3,4%)
36 (18%)
101 (50%)
91 (90%)
5-15pug
6 (2,9%)
60-84ug
4 (1,9%)
500-1000pug

Figure n° 2: Evolution of Propofol doses (mg.kg™.h™) according to its association or not with a
opioids and/or midazolam - Welch Two Sample t-test

Evolution of the median dose of propofol according to its combination

[y
o]

[y
[e)]

P < 0,001

[y
D

<
155 P<0,001
12 [11,6-21,7]*
10
11,7
[9-13,7]*

Median Propofol Dose in mg.kgt.h!
[o0]

m Propofol alone

*: dose in mg.kg'.h'! [025-Q75]

Propofol and opioids

11,3

[7,9-15,6]*

m Propofol, opioids and midazolam
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Table 3 : Complications

Minimum SpO,, mean +/-SD, min-max  96% (+/- 7,1) [49-100]

Complications Données®
Sp02<92 % 62 (31%)
SpO2<90% 475 (23%)
SpO2 < 85% 20 (10%)
Prolonged hypoxemia* 31 (15%)
Decrease > 5% SpO: 70 (35%)
Bradycardia ** 14 (7%)
Hypotension*** (n = 194) 57 (29%)
Upper airway release maneuver 67 (33%)
Increase Oxygen 48 (24%)
Endoscopy interruption 6 (3%)
Intubation 3(1%)
Mask ventilation 4 (2%)

SD : standard deviation, SpO: : Pulsed Oxygen Saturation
: Data presented in n (%)

* : defined by hypoxemia < 92% for more than 60 seconds
*#* : defined as heart rate < 50 beats per minute

**%: defined by MBP < 65 mmHg

Table 4: Multivariate analysis

Factors Status OR (95% IC) P
HBP yes or no 2.09 [1.06; 4.26] | 0.037
ASA Class > 2 yes or no 1.63[0.473;7.59] | 0.48
BMI > 30 kg.m? yes or no 1.7410.847;3.56] | 0.13
Mallampati score > 3 yes or no 2.17[0.924;5.12] | 0.074
OSA yes or no 4.95[1.23;24.9] | 0.031

HBP: high blood pressure, ASA: American Society of Anesthesiologists, BMI: Body Mass Index, OSA:
Obstructive Sleep Apnea

Discussion:

Two independent risk factors for the development of hypoxemia in deep sedated GIEs in our work with a
pre-selected population are the presence of OSA and a history of high blood pressure.

The studies seeking to highlight the risk factors for hypoxemia in GIEs under light or moderate sedation are
multiple and enabled us to draw up a list of predisposing factors for hypoxemia in deep sedation: age over
60 years [15-17], a BMI > 30 m?> kg-1 [37], the presence of diabetes, hypertension or pre-existing heart
disease [31], a high ASA score and the combination of high and low GIEs [17,30]. Only two studies have

been conducted during deep sedation. The first highlights the risk factors for using a VAS release maneuver:
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an ASA score > 3, a high body mass index (BMI), male sex [29]. The second identifies OSA, confirmed or
suspected by the Berlin questionnaire, as a risk factor for hypoxemia as in our study [33]. In our work we
studied a population in which each patient already had a predisposing factor for hypoxemia according to
these studies (see inclusion criteria). This allowed us to determine which of these factors was most relevant

during deep sedation.

The incidence of hypoxemia (SpO2 <92%) is 31% in our work. This incidence was higher than that found in
studies performed under mild or moderate sedation. These results are expected since during light/moderate
sedation the doses of sedative are low, explaining why there is no alteration of the ventilatory mechanics and
fewer complications.

The incidence of hypoxemia during deep sedation GIEs varied in the studies depending on the inclusion
criteria, the sedatives used, and the oxygen supply or lack thereof. Coté et al reported 12.8% hypoxemia
defined by SpO2 <90% in a population with no predisposing factors, unlike ours. [29] Liou et al had an
incidence of hypoxemia (SpO2 < 90%) of 13.5%, but they excluded high ASA scores and any pre-existing
cardiopulmonary pathology. [33]

A study performed under deep sedation by Propofol comparable to ours found a 32% incidence of hypoxemia.
[38] Klare et al found 44.4% hypoxia (Sp02 <90%) in the group without capnography. [39] Our incidence is
therefore coherent.

The average Propofol dose in our work is similar to other studies performed under deep sedation. [29,38]
Contrary to most studies during GIEs, we set up pre-oxygenation prior to anesthesia, as this is recommended.
[40] The use of a medium-concentration mask at 8 L.min"! O, may be questionable because the inspired
fraction of oxygen (Fi02) was closer to 60% than to 100%. [41] The use of 100% FiO2 preoxygenation,
however, is recommended before general anesthesia with apnea and not before deep sedation. Moreover, the
use of a medium-concentration mask helped to ensure that the protocol was appropriate, since it allowed
preoxygenation to be performed while the patient was being positioned and avoided changing the interface
during low GIEs. This harmonization of preoxygenation and oxygenation during endoscopy in our work
made it possible to avoid bias.

Our study had certain limitations. First of all, it was a post-hoc study of a randomized controlled trial with
the limitations that this entails, particularly in terms of design.

We did not collect the patient's position during endoscopy, nor the need or not to press on the abdomen to
promote endoscopic progression, nor the endoscopy insufflation rate, which could have had an influence on
ventilatory mechanics.

We did not make the use of capnography mandatory because we wanted a pragmatic study according to each
person's usual practices. Capnography is a non-invasive monitoring procedure that continuously analyzes the
concentration of CO0; in respiratory gases, allowing a simple analysis of its curve (height, shape and
frequency) to have an idea of the ventilatory function. It allows early recognition of apnea. The simple
monitoring of the respiratory frequency by an impedance system is considered outdated since it fails to

highlight respiratory movements against a closed glottis. It recognizes the movements of the rib cage
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perceived as a respiratory frequency, whereas these are unsuccessful since there is an obstruction of the VAS.
There are many studies on the use of capnograms in GIEs with conflicting results. Some studies show a
reduction in hypoxemia [30,38] while other randomized controlled trials show no difference [37,39].
Furthermore, capnography performance is impaired in high GIEs with CO> insufflation. CO; reflux affects
its monitoring. [42] The 2018 recommendations of the ASGE (American Society for Gastrointestinal

Endoscopy), however, recommend the use of capnography during deep sedation. [4]

In the continuity of a pragmatic study, we did not impose a monitoring of sedation depth, all the more so as
this is not easy to perform during the GIE. Based on clinical evaluations, the MOAA/s (the Modified
Observer's Assessment of Alertness/Sedation-Annex 3) appears to be a good indicator of the depth of
sedation. [29] There are conflicting data on the use of the Bispectral Index (BIS). There is some evidence of
a reduction in Propofol doses and better endoscopist satisfaction when using BIS compared to the MOAA/s
score, but no faster recovery or difference in the incidence of complications have been reported. [43]
Moreover, BIS shows delayed changes in consciousness. Other studies under deep sedation have shown that
BIS has low accuracy, with difficulties in differentiating between deep sedation and moderate sedation with
overlapping values between these two sedation depths [44].

We recommended the use of the MOAA/s score to assess the degree of sedation. The data were not interpreted

in the face of too much missing data.

As the ODEPHI study was intended to be pragmatic, there was no standardization of anesthesia, thus allowing
the evaluation of usual practices. Our patients all had Propofol-based sedations, more or less accompanied
by benzodiazepine (midazolam) and/or opioids, which is comparable to the sedations present in the
multicenter Prosed 2 study (67% Propofol alone, 23% associated with midazolam). [45] This study reported
the complications related to sedations during GIE. It revealed more cardiopulmonary complications with the
combination of midazolam/Propofol than with sedation using Propofol alone. The addition of an opioid to
propofol was also associated with more complications. A meta-analysis compared the complication rate of
Propofol sedation versus benzodiazepine sedation in combination with an opioid without propofol and
showed no difference. The only difference was that during colonoscopy, sedation with propofol was
associated with fewer cardiopulmonary complications. [46]

Subsequently, several studies reported that the combination of Propofol with other sedative agents was a
reasonable option to achieve adequate depth of sedation, avoiding the side effects associated with Propofol
overdose, allowing for better patient tolerance and pain control. [47,48] The latest metanalysis in 2019
showed no significant differences in hypotension, hypoxemia or postoperative recovery time when using
Propofol alone or in combination with benzodiazepines and/or opioids. [49] Similarly, another meta-analysis
did not find more complications when Propofol is combined with other sedatives [50] These results are
similar to those of our work, which did not find more hypoxemia when Propofol is combined with a

benzodiazepine and/or opioids. This association even makes it possible to lower propofol doses.

55



As soon as we know the risk factors for hypoxemia, we must implement preventive measures to avoid its
occurrence. A study of the literature reveals several means of prevention.

The use of high-flow oxygenation (HFO) could be a solution. A retrospective study has shown that the
availability of an HFO system can reduce the incidence of intubations during ERCP and improve
oxygenation. [51] More recently, two randomized studies showed a decrease in the incidence of hypoxemia
during upper GI endoscopies. [52,53] One study showed no superiority of HOD during colonoscopy in
morbidly obese individuals for the prevention of hypoxemia. [54] The preliminary results of the ODEPHI
study, from which the data from this work are derived, also show a significant reduction in hypoxemia with
the use of HPO. This was relayed by Goudra et al in their critical analysis of the recommendations, explaining
that HOD should be used during digestive endoscopies, particularly when these can be complicated or
lengthy. [55] There are also supraglottic nasal oxygenation systems such as the "Wei nasal jet tube" which

have been shown to be effective in reducing hypoxemia during upper GI endoscopies. [56]

Conclusion:

Endoscopy techniques have evolved significantly and have become increasingly complex, requiring deep
sedation to improve the comfort and quality of the examination. These sedations can be complicated by
hypoxemia, the risk factors of which must be known in order to implement effective preventive measures.
The presence of hypertension and/or obstructive sleep apnea syndrome are risk factors for the occurrence of

hypoxemia during these deep sedations in spontaneous ventilation.
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Résumé :

Introduction Lors des endoscopies digestives (ED), la sédation profonde permet d’améliorer le confort et la
qualité de I’examen mais est associée a davantage de complications cardio-pulmonaires. L hypoxémie étant la plus
fréquente, connaitre ses facteurs de risques de survenue permettrait la mise en place de mesures préventives. Peu
d’études recherchant les facteurs de risque d’hypoxémie lors des ED ont été réalisées lors de sédation profonde.
Matériel et méthodes Analyse post-hoc des patients appartenant au bras oxygene standard de 1’étude ODEPHI
(étude randomisée, controlée, multicentrique comparant I’oxygénothérapie nasale a haut débit a une oxygénation
standard lors des ED programmées sous sédation profonde chez des patients prédisposés a I’hypoxémie). Les
patients inclus présentaient déja des facteurs prédisposant a I’hypoxémie tels que : une pathologie cardiaque ou
respiratoire, un age >60 ans, un syndrome d’apnée du sommeil (SAOS), une obésité (définie par un indice de
masse corporelle >30kg.m™), une classe >2 de la classification de 1'état physique de 1'American Society of
Anesthesiologist (ASA). L’objectif principal de notre étude était de mettre en évidence les principaux facteurs
de risque d’hypoxémie (définie comme une saturation pulsée en oxygene (SpO2) <92%.). Les objectifs secondaires
étaient d’évaluer I’incidence des complications cardiopulmonaires et d’analyser les pratiques habituelles de
sédation lors des ED. Résultats 202 patients ont été analysés. L’incidence de I’hypoxémie était de 31%.
L’endoscopie a dii étre interrompue pour 6 patients (3%) avec une nécessité d’intubation pour 3 d’entre eux (2%).
Lors de I’analyse univariée 1’hypoxémie était plus fréquente chez les patients de sexe masculin (P=0,039),
hypertendus (P<0,01), présentant un indice de masse corporel élevé (P=0,014), un score ASA >2 (P=0,03), un
score de Mallampati >3 (P<0,01) ou un syndrome d’apnée du sommeil (SAOS) (P=0,01). L’analyse multivariée
reconnait comme facteurs de risque indépendant I’hypertension artérielle et le SAOS. Conclusion Les facteurs de
risque indépendants de survenue d’une hypoxémie lors des sédations profondes pour des ED sont la présence d’une

hypertension artérielle et/ou d’un SAOS.
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