
HAL Id: dumas-05527108
https://dumas.ccsd.cnrs.fr/dumas-05527108v1

Submitted on 25 Feb 2026

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY-NC-SA 4.0 - Attribution - Non-commercial use - ShareAlike -
International License

Impact d’un programme éducatif hybride pour le monitorage
de l’adéquation de l’anesthésie (AoA) et les complications

postopératoires : une étude prospective avant-après de type “
quality improvment ”

Pierre Lancelot

To cite this version:
Pierre Lancelot. Impact d’un programme éducatif hybride pour le monitorage de l’adéquation de l’anesthésie
(AoA) et les complications postopératoires : une étude prospective avant-après de type “ quality improvment
”. Human health and pathology. 2025. ⟨dumas-05527108⟩

https://dumas.ccsd.cnrs.fr/dumas-05527108v1
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://hal.archives-ouvertes.fr


 

UNIVERSITE DE MONTPELLIER 
FACULTE DE MEDECINE MONTPELLIER-NIMES 

 
 
 

THESE 
 

Pour obtenir le titre de 
DOCTEUR EN MEDECINE 

 
Présentée et soutenue publiquement 

Par 
Pierre LANCELOT  

 
le 17/10/2025 

 
 

Impact d’un programme éducatif hybride pour le monitorage 
de l’adéquation de l’anesthésie (AoA) et les complications 

postopératoires: une étude prospective avant-après de type 
« quality improvment »  

 
 

Directeur de thèse : 
Pr Philippe Cuvillon  

 
 
 
 
 

JURY 

Président : 
-​ Pr CAPDEVILA Xavier  

 
Assesseurs : 

-​ Pr CUVILLON Philippe (directeur de thèse) 
-​ Dr GRICOURT Yann 
-​ Dr BOISSON Christophe  

 
 
 
 
 
 
        

1 



 

 

UNIVERSITE DE MONTPELLIER 
FACULTE DE MEDECINE MONTPELLIER-NIMES 

 
 
 

THESE 
 

Pour obtenir le titre de 
DOCTEUR EN MEDECINE 

 
Présentée et soutenue publiquement 

Par 
Pierre LANCELOT  

 
le 17/10/2025 

 
 

Impact of a hybrid educational program for 
Adequacy-of-anesthesia monitoring on post-operative 

outcomes: a prospective before-after quality improvment 
study  

 
 

Directeur de thèse : 
Pr Philippe Cuvillon  

 
 
 

JURY 

Président : 
-​ Pr CAPDEVILA Xavier  

 
 
Assesseurs : 

-​ Pr CUVILLON Philippe (directeur de thèse) 
-​ Dr GRICOURT Yann 
-​ Dr BOISSON Christophe  

        
2 



 

Liste du corps enseignant 
 
 

Professeurs Honoraires 

ALBAT Bernard BRUNEL Michel GUITER Pierre NAVRATIL Henri 

ALLIEU Yves CAMU William HEDON Bernard OTHONIEL Jacques 

ALRIC Robert CANAUD Bernard HERTAULT Jean PAGES Michel 

ARNAUD Bernard CHAPTAL Paul-André HUMEAU Claude PELISSIER Jacques 

ASENCIO Gérard CIURANA Albert-Jean JAFFIOL Claude PETIT Pierre 

ASTRUC Jacques CLOT Jacques JARRY Daniel POUGET Régis 

AUSSILLOUX Charles COSTA Pierre KLEIN Bernard PUJOL Henri 

AVEROUS Michel COTTALORDA Jérôme LAFFARGUE François RABISCHONG Pierre 

AYRAL Guy D’ATHIS Françoise LAMARQUE Jean-Louis REBOUL Jean 

BALDET Pierre DESCOMPS Bernard LAPEYRIE Henri RIEU Daniel 

BALDY-MOULINIER 
Michel DIMEGLIO Alain LEROUX Jean-Louis ROCHEFORT Henri 

BANSARD Nicole DOMERGUE Jacques LESBROS Daniel ROUANET​ DE​ VIGNE 
LAVIT Jean Pierre 

BILLIARD Michel DUBOIS Jean Bernard LORIOT Jean SAINT-AUBERT Bernard 

BLAYAC Jean Pierre DUJOLS Pierre LOUBATIERES​ Marie 
Madeleine 

SANCHO-GARNIER 
Hélène 

BLOTMAN Francis DUMAZER Romain MAGNAN DE BORNIER 
Bernard SANY Jacques 

BONNEL François ECHENNE Bernard MARTY ANE Charles SEGNARBIEUX François 

BOULOT Pierre FABRE Serge MATHIEU-DAUDE Pierre SENAC Jean-Paul 

BOURGEOIS Jean-Marie FREREBEAU Philippe MEYNADIER Jean TOUITOU Isabelle 

BOUSQUET Jean GALIFER René Benoît MICHEL François-Bernard VIDAL Jacques 

BRUEL Jean Michel GODLEWSKI Guilhem MION Charles VISIER Jean Pierre 

BUREAU Jean-Paul GUILHOU Jean-Jacques NAVARRO Maurice  

 

        
3 



 

 
 Professeurs Emérites  Docteurs Emérites 

ARTUS Jean-Claude DEDET Jean-Pierre MESSNER Patrick PUJOL Joseph 

BASTIEN Patrick DE​ LA  COUSSAYE 
Jean-Emmanuel 

MONNIER Louis  

BLANC François GUILLOT Bernard PREFAUT Christian  

BONAFE Alain HERISSON Christian PUJOL Rémy  

BOULENGER Jean-Philippe JEANDEL Claude REYNES Jacques  

BOURREL Gérard JONQUET Olivier RIBSTEIN Jean  

BRINGER Jacques LANDAIS Paul ROSSI Jean-François  

CANOVAS François LARREY Dominique SCHVED Jean-François  

CLAUSTRES Mireille LE QUELLEC Alain TOUCHON Jacques  

COMBE Bernard MARES Pierre VOISIN Michel  

DAURES Jean-Pierre MAUDELONDE 
Thierry 

ZANCA Michel  

DAUZAT Michel MILLAT Bertrand   

DAVY Jean-Marc MAURY Michèle   
 

 
Professeurs des Universités - Praticiens Hospitaliers 

 
PU-PH de classe exceptionnelle 
AGUILAR MARTINEZ Patricia Hématologie ; transfusion 
ALRIC Pierre Chirurgie  vasculaire  ; médecine vasculaire (option 

chirurgie vasculaire) 
AVIGNON Antoine Nutrition 
AZRIA David Cancérologie ; radiothérapie 
BACCINO Éric Médecine légale et droit de la santé 
BAGHDADLI Amaria Pédopsychiatrie ; addictologie 
BEREGI Jean-Paul Radiologie et imagerie médicale 
BLAIN Hubert Médecine​ interne​ ;​ gériatrie​ et​ biologie  du 

vieillissement, médecine générale, addictologie 
CAMBONIE Gilles Pédiatrie 
CAPDEVILA Xavier Anesthésiologie-réanimation et médecine péri-opératoire 

CARTRON Guillaume Hématologie ; transfusion 

CAYLA Guillaume Cardiologie 

CHAMMAS Michel Chirurgie orthopédique et traumatologique 

COLSON Pascal Anesthésiologie-réanimation et médecine péri-opératoire 

COSTES Valérie Anatomie et cytologie pathologiques 

COUBES Philippe Neurochirurgie 

COURTET Philippe Psychiatrie d’adultes ; addictologie 

CRAMPETTE Louis Oto-rhino-laryngologie 

CRISTOL Jean Paul Biochimie et biologie moléculaire 

CYTEVAL Catherine Radiologie et imagerie médicale 

        
4 



 

DAUVILLIERS Yves Physiologie 
DE TAYRAC Renaud Gynécologie-obstétrique, gynécologie médicale 

 
 

DE VOS John Histologie, embryologie et cytogénétique 

DE WAZIERES Benoît Médecine interne ; gériatrie et biologie du vieillissement, 

DELAPORTE Eric Maladies infectieuses ; maladies tropicales 

DEMARIA Roland Chirurgie thoracique et cardio-vasculaire 

DEMOLY Pascal Pneumologie ; addictologie 

DEREURE Olivier Dermatologie - vénéréologie 

DERUELLE Philippe Gynécologie-obstétrique, gynécologie médicale 

DUFFAU Hugues Neurochirurgie 

ELIAOU Jean François Immunologie 
FABRE Jean Michel Chirurgie viscérale et digestive 

 
HAMAMAH Samir Biologie et Médecine du développement 

JABER Samir Anesthésiologie-réanimation et médecine péri-opératoire 

JORGENSEN Christian Thérapeutique ; médecine d’urgence ; addictologie 

KLOUCHE Kada Médecine intensive-réanimation 

KOENIG Michel Génétique 

KOTZKI Pierre Olivier Biophysique et médecine nucléaire 

LABAUGE Pierre Neurologie 

LAFFONT Isabelle Médecine physique et de réadaptation 

LAVIGNE Jean-Philippe Bactériologie-virologie ; hygiène hospitalière 

LECLERCQ Florence Cardiologie 

LEFRANT Jean-Yves Anesthésiologie-réanimation et médecine péri-opératoire 

LEHMANN Sylvain Biochimie et biologie moléculaire 

LUMBROSO Serge Biochimie et Biologie moléculaire 

MARIANO-GOULART Denis Biophysique et médecine nucléaire 

MATECKI Stéfan Physiologie 

MERCIER Jacques Physiologie 

MEUNIER Laurent Dermato-vénéréologie 

MONDAIN Michel Oto-rhino-laryngologie 

MORIN Denis Pédiatrie 

NAVARRO Francis Chirurgie viscérale et digestive 

PAGEAUX Georges-Philippe Gastroentérologie ; hépatologie ; addictologie 

PRUDHOMME Michel Anatomie 

PUJOL Pascal Biologie cellulaire 

QUERE Isabelle Chirurgie vasculaire ; médecine vasculaire 

RENARD Eric Endocrinologie, diabète et maladies métaboliques 

RIPART Jacques Anesthésiologie-réanimation et médecine péri-opératoire 

ROUANET Philippe Cancérologie ; radiothérapie 

        
5 



 

SOTTO Albert Maladies infectieuses ; maladies tropicales 

TAOUREL Patrice Radiologie et imagerie médicale 

TRAN Tu-Anh Pédiatrie 
VANDE PERRE Philippe Bactériologie-virologie ; hygiène hospitalière 

 
 

VERNHET Hélène Radiologie et imagerie médicale 

YCHOU Marc Cancérologie ; radiothérapie 
 

PU-PH de 1re classe  

ASSENAT Éric Gastroentérologie ; hépatologie ; addictologie 

BLANC Pierre Gastroentérologie ; hépatologie ; addictologie 

BORIE Frédéric Chirurgie viscérale et digestive 

BOURDIN Arnaud Pneumologie ; addictologie 

BOURGIER Céline Cancérologie ; radiothérapie 

CANAUD Ludovic Chirurgie vasculaire ; médecine vasculaire (option chirurgie 
vasculaire) 

CAPDEVIELLE Delphine Psychiatrie d'Adultes ; addictologie 

CAPTIER Guillaume Anatomie 

CHANQUES Gérald Anesthésiologie-réanimation et médecine péri-opératoire 

CORBEAU Pierre Immunologie 

COSTALAT Vincent Radiologie et imagerie médicale 

COULET Bertrand Chirurgie orthopédique et traumatologique 

CUVILLON Philippe Anesthésiologie-réanimation et médecine péri-opératoire 

DADURE Christophe Anesthésiologie-réanimation et médecine péri-opératoire 

DAIEN Vincent Ophtalmologie 

DORANDEU Anne Médecine légale et droit de la santé 

DROUPY Stéphane Urologie 

DUCROS Anne Neurologie 

DUPEYRON Arnaud Médecine physique et de réadaptation 

FESLER Pierre Médecine interne ; gériatrie et biologie du vieillissement, 
médecine générale, addictologie 

GARREL Renaud Oto-rhino-laryngologie 

GAUJOUX Viala Cécile Rhumatologie 

GENEVIEVE David Génétique 

GUILLAUME Sébastien Psychiatrie d’adultes ; addictologie 

GUILPAIN Philippe Médecine Interne, gériatrie et biologie du vieillissement ; 

GUIU Boris Radiologie et imagerie médicale 

HAYOT Maurice Physiologie 

HOUEDE Nadine Cancérologie ; radiothérapie 

JACOT William Cancérologie ; Radiothérapie 

JUNG Boris Médecine intensive-réanimation 

        
6 



 

KALFA Nicolas Chirurgie infantile 

KOUYOUMDJIAN Pascal Chirurgie orthopédique et traumatologique 

LACHAUD Laurence Parasitologie et mycologie 

LAVABRE-BERTRAND Thierry Histologie, embryologie et cytogénétique 

LE MOING Vincent Maladies infectieuses ; maladies tropicales 
LE QUINTREC DONNETTE Moglie Néphrologie 

 
 

LETOUZEY Vincent Gynécologie-obstétrique ; gynécologie médicale 

MORANNE Olivier Néphrologie 

MOREL Jacques Rhumatologie 

NAGOT Nicolas Biostatistiques, informatique médicale et technologies de la 
communication 

NOCCA David Chirurgie viscérale et digestive 

PANARO Fabrizio Chirurgie viscérale et digestive 

PASQUIE Jean-Luc Cardiologie 

PELLESTOR Franck Histologie, embryologie et cytogénétique 

PEREZ MARTIN Antonia Chirurgie vasculaire ; médecine vasculaire 

PERNEY Pascal Médecine interne ; gériatrie et biologie du vieillissement, 
médecine générale, addictologie 

PUJOL Jean Louis Pneumologie ; addictologie 

PURPER-OUAKIL Diane Pédopsychiatrie ; addictologie 

RIGAU Valérie Anatomie et cytologie pathologiques 

ROGER Pascal Anatomie et cytologie pathologiques 

ROUBILLE François Cardiologie 

SOLASSOL Jérôme Biologie cellulaire 

STERKERS Yvon Parasitologie et mycologie 

STOEBNER Pierre Dermato-vénéréologie 

SULTAN Ariane Nutrition 

TUAILLON Edouard Bactériologie-virologie; hygiène hospitalière 

VENAIL Frédéric Oto-rhino-laryngologie 

VINCENT Thierry Immunologie 
 

PU-PH de 2ème classe  

AYRIGNAC Xavier Neurologie 

BELZEAUX Raoul Psychiatrie d'adultes ; Addictologie 

BERTRAND Martin Anatomie 

BOBBIA Xavier Médecine d'urgence 

BOMMART Sébastien Radiologie et imagerie médicale 

CLARET Pierre-Géraud Médecine d'urgence 

COLOMBO Pierre-Emmanuel Cancérologie ; radiothérapie 

DAGNEAUX Louis Chirurgie orthopédique et traumatologique 

        
7 



 

DAIEN Claire Rhumatologie 

DE JONG Audrey Anesthésiologie-réanimation et médecine péri-opératoire 

DONNADIEU Hélène Gastroentérologie ; hépatologie ; addictologie 

FAILLIE Jean-Luc Pharmacologie fondamentale ; pharmacologie clinique ; 

FRANDON Julien Radiologie et imagerie médicale 

FUCHS Florent Gynécologie-obstétrique ; gynécologie médicale 

GANDET Thomas Chirurgie thoracique et cardiovasculaire 
GELIS Anthony Médecine physique et de réadaptation 

 
 

GODREUIL Sylvain Bactériologie-virologie ; hygiène hospitalière 

HERBAUX Charles Hématologie, transfusion 

HERLIN Christian Chirurgie plastique, reconstructrice et esthétique, brulologie 

HERRERO Astrid Chirurgie viscérale et digestive 

JEZIORSKI Éric Pédiatrie 

LACHERETZ-SZABLEWSKI Vanessa Anatomie et cytologie pathologiques 

LALLEMANT Benjamin Oto-rhino-laryngologie 

LATTUCA Benoît Cardiologie 

LONJON Nicolas Neurochirurgie 

LOUBET Paul Maladies infectieuses, Maladies tropicales 

LOPEZ CASTROMAN Jorge Psychiatrie d'Adultes ; addictologie 

LUKAS Cédric Rhumatologie 

MAKINSON Alain Maladies infectieuses, Maladies tropicales 

MENJOT de CHAMPFLEUR Nicolas Radiologie et imagerie médicale 

MILLET Ingrid Radiologie et imagerie médicale 

MURA Thibault Biostatistiques, informatique médicale et technologies de la 
communication 

OLIE Emilie Psychiatrie d’adultes; addictologie 

PANABIERES Catherine Biologie cellulaire 

PARIS Françoise Biologie et médecine du développement et de la 
reproduction ; gynécologie médicale 

PERS Yves-Marie Thérapeutique; addictologie 

POUDEROUX Philippe Gastroentérologie ; hépatologie ; addictologie 

RIVIER François Pédiatrie 

ROGER Claire Anesthésiologie-réanimation et médecine péri-opératoire 

ROUBILLE Camille Médecine interne ; gériatrie et biologie du vieillissement ; 
addictologie 

SEBBANE Mustapha Médecine d'urgence 

SIRVENT Nicolas Pédiatrie 

STEPANIAN Alain Hématologie ; transfusion 

STERKERS Yvon Parasitologie et mycologie 

STOEBNER Pierre Dermato-vénéréologie 

THOUVENOT Éric Neurologie 

        
8 



 

THURET Rodolphe Urologie 

VILLAIN Max Ophtalmologie 

VINCENT Denis Médecine interne ; gériatrie et biologie du vieillissement, 
médecine générale, addictologie 

 

        
9 



 

 
 PROFESSEURS DES UNIVERSITES 
1re classe :  

COLINGE Jacques (Cancérologie, Signalisation cellulaire et systèmes complexes) 

LAOUDJ CHENIVESSE Dalila (Biochimie et biologie moléculaire) 

VISIER Laurent (Sociologie, démographie) 

2ème classe :  

CHAZAL Nathalie (Biologie cellulaire) 

MOREAUX Jérôme (Sciences biologiques fondamentales et cliniques) 

PROFESSEURS DES UNIVERSITES - Médecine générale 

1re classe : AMOUYAL Michel 

2ème classe : FOLCO-LOGNOS Béatrice 
 PROFESSEURS ASSOCIES - Médecine Générale 

CLARY Bernard PAVAGEAU Sylvain 

GARCIA Marc REBOUL Marie-Catherine 
 PROFESSEURS ASSOCIES - Médecine 

BAUCHET Luc (Neurochirurgie) 

BESSIS Didier (Dermato-vénéréologie) 

DEBIEN Blaise (Médecine d'urgence) 

GAUDARD Philippe (Anesthésiologie-réanimation) 

MEUNIER Isabelle (Ophtalmologie) 

MULLER Laurent (Anesthésiologie-réanimation et médecine péri-opératoire) 

NOUGARET Stéphanie (Radiologie et imagerie médicale) 

PERRIGAULT Pierre-François (Anesthésiologie-réanimation et médecine péri-opératoire) 

QUANTIN Xavier (Pneumologie 

ROUBERTIE Agathe (Pédiatrie) 
VIEL Éric (Soins palliatifs et traitement de la douleur) 

 
Maîtres de Conférences des Universités - Praticiens Hospitaliers 

MCU-PH Hors classe - Echelon Exceptionnel 
MARTRILLE Laurent Médecine légale et droit de la santé 

RICHARD Bruno Médecine palliative 

MCU-PH Hors classe 
BADIOU Stéphanie Biochimie et biologie moléculaire 

BOUDOUSQ Vincent Biophysique et médecine nucléaire 

BOULLE Nathalie Biologie cellulaire 

CACHEUX-RATABOUL Valère Génétique 

CARRIERE Christian Bactériologie-virologie ; hygiène hospitalière 

CHARACHON Sylvie Bactériologie-virologie ; hygiène hospitalière 
FABBRO-PERAY Pascale Epidémiologie, économie de la santé et prévention 

        
10 



 

 
 

GIANSILY-BLAIZOT Muriel Hématologie ; transfusion 

RAVEL Christophe Parasitologie et mycologie 

MCU-PH de 1re classe  

BRET Caroline Hématologie biologique 

BROUILLET Sophie Biologie et médecine du développement et de la 
reproduction ; gynécologie médicale 

CHIRIAC Anca Immunologie 

COSSEE Mireille Génétique 

DESHAYES Emmanuel Biophysique et médecine nucléaire 

DU THANH Aurélie Dermato-vénéréologie 

FITENI Frédéric Cancérologie ; radiothérapie 

GATINOIS Vincent Histologie, embryologie et cytogénétique 

GIRARDET-BESSIS Anne Biochimie et biologie moléculaire 

GOUZI Farès Physiologie 

LAVIGNE Géraldine Hématologie ; transfusion 

LESAGE François-Xavier Médecine et Santé au Travail 

MARIA Alexandre Médecine interne ; gériatrie et biologie du vieillissement 

MATHIEU Olivier Pharmacologie fondamentale ; pharmacologie clinique 

MOUZAT Kévin Biochimie et biologie moléculaire 

PANTEL Alix Bactériologie-virologie ; hygiène hospitalière 

SCHUSTER-BECK Iris Physiologie 

THEVENIN-RENE Céline Immunologie 

MCU-PH de 2éme classe  

BARATEAU Lucie Physiologie 

BERGOUGNOUX Anne Génétique 

BOETTO Julien Neurochirurgie 

DEBOURDEAU Antoine Gastroentérologie ; hépatologie ; addictologie 

DUFLOS Claire Biostatistiques, informatique médicale et technologies de la 
communication 

DUPONT Chloé Bactérologie-virologie ; hygiène hospitalière 

ENGELMANN Ilka Bactérologie-virologie ; hygiène hospitalière 

FROUIN Eric Anatomie et cytologie pathologiques 

HUBERLANT Stéphanie Gynécologie-obstétrique ; Gynécologie médicale 

LEVEQUE Maude Parasitologie et mycologie 

MIOT Stéphanie Médecine interne ; gériatrie et biologie du vieillissement ; 
addictologie 

RANISAVELJEVIC Noémie Biologie et médecine du développement et de la 
reproduction ; Gynécologie médicale 

SOUCHE François-Régis Chirurgie viscérale et digestive 
 
 

 Maitres de Conférences des Universités 

        
11 



 

 
Maîtres de Conférences hors classe 

BECAMEL Carine Neurosciences 

DELABY Constance Biochimie et biologie moléculaire 

MAIMOUN Laurent Sciences physico-chimiques et ingénierie appliquée à la 
santé 

 Maîtres de Conférences de classe normale 

BERNEX Florence Physiologie 

CHAUMONT-DUBEL Séverine Sciences du médicament et des autres produits de santé 

GUGLIELMI Laurence Sciences biologiques fondamentales et cliniques 

HENRY Laurent Sciences biologiques fondamentales et cliniques 

HERBET Guillaume Neurosciences 

HERVE ANDRE Emilie Maïeutique 

LADRET Véronique Mathématiques​ appliquées​ et​ applications​ des 
mathématiques 

LAINE Sébastien Sciences du Médicament et autres produits de santé 

LE GALLIC Lionel Sciences du médicament et autres produits de santé 

LOZZA Catherine Sciences​ physico-chimiques​ et​ technologies 
pharmaceutiques 

MORITZ-GASSER Sylvie Neurosciences 

MOUTOT Gilles Philosophie 

PASSERIEUX Emilie Physiologie 

RAMIREZ Jean-Marie Histologie 

RAYNAUD Fabrice Sciences du Médicament et autres produits de santé 

TAULAN Magali Biologie Cellulaire 

Maîtres de Conférences des Universités - Médecine Générale 

MCU-MG de 1re classe  

COSTA David OUDE ENGBERINK Agnès 

MCU-MG de 2éme classe  

CARBONNEL François MILLION Elodie 

Maîtres de Conférences associés - Médecine Générale 
BADIN Mélanie MINET Mathilde 

CAMPAGNAC Jérôme SERAYET Philippe 
LOPEZ Antonio URENA DORES Aurélie 

 

        
12 



 

 
Praticiens Hospitaliers Universitaires 

CAZAUBON Yoann Pharmacologie fondamentale ; pharmacologie clinique ; addictologie 

DURAES Martha Anatomie 

FAVIER Valentin Oto-Rhino-Laryngologie 

GAVOTTO Arthur Pédiatrie 

POULEN Gaétan Neurochirurgie 

ROCH Benoît Pneumologie, addictologie 

THERON Alexandre Pédiatrie 

URSIC BEDOYA José Gastroentérologie ; hépatologie ; addictologie 

PH chargés d'enseignements 
AGUILHON Sylvain CATHALA Philippe GALMICHE Sophie ANERA Cyril FO Jérôme 

AKKARI Mohamed CAZABAN Michel GARNIER Sylvain UERITTE 
uel 

Sylvie 

ALRIC Jérôme CHALARD Kévin GENY Christian N Lucille T Pierre 

AMEDRO Pascal CHARBIT Jonathan GERONIMI Laetitia ATIA Laurent ERES Michel 

AMOUROUX Cyril CHEVALLIER 
Thierry 

GINIES Patrick RD Thibault T Agnès 

ANTOINE Valéry COLIN Olivier GONON 
DEMOULIAN 
Raphael 

UEH Fadi OVITCH Josh 

ATTALIN Vincent CONEJERO Ismael GOULABCHAND 
Radjiv 

REGODIN 
e 

NI Fannie 

BADR Maliha CONSEIL Mathieu GRECO Frédéric IER Lucie Milène 

BAIS Céline CORBEAU Catherine GRIVET Benjamin R Pierre TT David 

BARBAR Saber Davide COROIAN​ Flavia 
Oana 

GROSSIN Delphine L Moïse DINER Sophie 

BASSET Didier COUDRAY Sarah GUEDJ Anne Marie I Christophe ET Fabienne 

BATIFOL Dominique COUTUREAU 
Juliette 

HEDON Christophe T Clément SE Pierre 

BATTISTELLA Pascal CUNTZ Danielle HENRY Vincent U Estelle 
manuel 

BELL Ariane DAVID Aurore HIRECHE Kheira UIN David I El Medhi 

BENENATI Syvain DE​ BOUTRAY 
Marie 

INGHILLERI 
Marie-Laure 

R Camille hristelle 

BENNYS Karim DE​ LA 
TRIBONNIÈRE 
Xavier 

JAMMET Patrick TY Eve I​ MEDIONI 

BERNARD Nathalie DEBIEN Blaise JEDRYKA François ERDE Gaël IER Camille 

BERNIER Maud DEGRAVI Lauriane JREIGE Riad HOWALDT AN Robin 

BERTCHANSKY Ivan DELPONT Marion JULIER Ingrid rôme NER 
RRE Anne 

BIBOULET Philippe DENIS Hélène KADERBAY Akil RA Eric N-TSEKOURA 
s 

        
13 



 

BIRON-ANDREANI 
Christine 

DEVILLE​ de 
PERIERE Gilles 

KINNE Mélanie N Vincent RS Paulina 

 
 

BLANC Brigitte DI CASTRI Alberto LABARIAS Coralie PERRIGAULT​ Pierre 
François 

TARUFFI Floriane 

BLANCHET Catherine DJANIKIAN Flora LABORDE Caroline PEYRON 
Pierre-Antoine 

TEOT Luc 

BLATIERE Véronique DUCROCQ Vincent LACAMBRE 
Mathieu 

PICARD Éric TER​ SCHIPHORST 
Adrien 

BOGE Gudrun DUNYACH-REMY 
Catherine 

LARCHER Romaric PICOT Marie Christine THIRION Marina 

BOURRAIN Jean Luc ESTRIC Clémentine LAURENT Jérémy POQUET Hélène TUNEZ Virginie 

BOUYABRINE Hassan FAIDHERBE Jacques LAZERGES Cyril PRIN Pauline VACHIERY-LAHAYE 
Florence 

BRINGUIER 
BRANCHEREAU Sophie 

FATTON Brigitte LE BIHAN Clément PUJOL Sarah-Lise VERNES Éric 

BRISOT Dominique FAURE Elsa LE GUILLOU Cédric QUANTIN Xavier VIALA Maurice 

BRONER Jonathan FILLERON Anne LE MOINE DONY 
Marie-Christine 

RAFFARD Laurence VINCENT Laure 

CAIMMI Davide Paolo FILLOLS Mélanie LETERTRE Simon RAINGEARD Isabelle WAGNER Laurent 

CARR Julie FLORI Nicolas LOPEZ Régis RAPIDO Francesca WALTHER 
LOUVIER Ulrike 

TALEB ARRADA Ikram FOURNIER Philippe LUQUIENS 
Amandine 

RAY Valéry WILLEMS Marjolaine 

CARTIER César FRANC Nathalie MAILLE Olivier RIBRAULT Alice ZERKOWSKI Laetitia 
CASPER Thierry GAILLARD Nicolas MANDOUL Caroline RICHAUD-MOREL Brigitte 

 

        
14 



 

Remerciements 
 

 

        
15 



 

Sommaire 
 

Title 

Faculty List 

Acknowledgments 

Table of Contents 

Glossary 

Introduction 

Methods 

2.1. Ethics, Study Design, and Reporting 

2.2. Intervention 

2.3. Standard Intraoperative Management 

2.4. Study Population 

2.5. Outcome Measures 

2.6. Process Measures 

2.7. Data Sources and Measurements 

2.8. Statistical Analysis 

Results 

3.1. Context and Participation in the Intervention 

3.2. Care Processes 

3.3. Primary Outcome 

3.4. Secondary Outcomes 

Discussion 

Appendices 

Abstract 

        
16 



 

Abréviations, glossaire 
 

-  AoA: Adequacy of Anesthesia 
 
-  AKI: Acute Kidney Injury 
 
-  AMI : Acute Myocardial Infarction 
 
-  AAGA: Accidental Awareness during General Anesthesia 
 
-  BIS: Bispectral Index 
 
-  CKD: Chronic Kidney Disease 
 
-  CRNA: Certified Registered Nurse Anesthetist 
 
-  DOA: Depth of Anesthesia 
 
-  ERAS: Enhanced Recovery After Surgery 
 
-  IOH: Intraoperative Hypotension 
 
-  IRB: Institutional Review Board 
 
-  KDIGO: Kidney Disease: Improving Global Outcomes 
 
-  LPV: Lung-Protective Ventilation 
 
-  MAP: Mean Arterial Pressure 
 
-  NMT: Neuromuscular Transmission 
 
-  NOL: Nociception Level Index 
 
-  ICU: Intensive Care Unit  
 
-  PACU: Post-Anesthesia Care Unit 
 
-  PONV: Postoperative Nausea and Vomiting 
 
-  SE: State Entropy 
 
-  SPI: Surgical Pleth Index 
 
-  LOS : Lenght Of Stay 
 
-  ICU : Intensive Care Unit  
 
-  NRS : Numeratical Rating Scale  
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Introduction 
 

Advanced monitoring devices for depth of anesthesia (DOA) and nociception have gained popularity in 

recent years, with the aim of personalizing care and improving postoperative outcomes (1). To date, DOA 

monitors such as State Entropy (SE) or Bispectral Index (BIS) have shown conflicting results on 

postoperative cognitive dysfunction (2,3) and one-year mortality (4). Nociceptive monitors such as the 

Surgical Pleth Index (SPI), Nociception Level Index (NOL) or pupillometry have failed to consistently 

reduce intraoperative opioid administration compared to standard care (5,6). Consequently, their integration 

into daily practice is not yet advocated by current guidelines, except for the prevention of accidental 

awareness during general anesthesia (AAGA) with DOA (7).The combined impact of DOA and 

nociception monitoring on postoperative complications and adverse events remains poorly investigated (8). 

Postoperative complications occur in approximately 10–20% of intermediate and high-risk surgeries and 

remain a major concern for healthcare providers. By contributing to increased mortality (9), prolonged 

hospital stays (9), reduced quality of life (10), and lower patient satisfaction (11), these complications 

ultimately lead to higher healthcare costs (12). 

The limited clinical impact of DOA and nociception monitoring previously reported may be partially 

explained by the lack of structured educational programs specifically targeting appropriate ranges (2,3,4,8). 

Implementing these monitors in the operating room remains challenging, as it disrupts established 

anesthesia practices based on Minimum Alveolar Concentration (MAC), pharmacologic reasoning, or 

clinical intuition. Their effective use requires not only technical training but also confidence, parameter 

awareness, and integration into clinical decision-making especially for clinicians not familiar with their 

use. A recent international survey identified insufficient training and the absence of standardized 

decision-making algorithms as key barriers to daily implementation (13). Consequently, addressing these 

challenges requires a dedicated quality improvement program (14). 

This quality improvement initiative aimed to evaluate the impact of a hybrid educational program on 

intraoperative SE and SPI monitoring compliance and its association with major postoperative 

complications in non-cardiac surgery. We hypothesized that this program may reduce the postoperative 
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morbidity and mortality at 28 days (POD28) following the training session. 
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Methods 
 

Ethics , design , guidelines 

This study was approved by the Sud Méditerranée III Ethics Committee Institutional Review Board (IRB 

2023-A01401-44) and registered on ClinicalTrials.gov (NCT06111248). Due to the nature of the study, and 

according to the French law, the requirement for written informed consent was waived nonetheless. The 

study followed the Standards for Quality Improvement Reporting Excellence (SQUIRE 2.0) guidelines for 

the reporting of quality improvement data (15). 

This was a quasi-experimental, prospective before-and-after study, conducted at a tertiary hospital (Nîmes, 

France). The study included three sequential phases: a 'before' phase in which anesthesia providers 

followed their usual practices (standard care); a one-month training phase (washout period); and an 'after' 

phase during which providers could apply the new practices. All anesthesia staff from the Department of 

Anesthesiology and Perioperative Medicine were invited to voluntarily participate in the study. In this 

institution, anesthesia is typically delivered by a team composed of one attending anesthesiologist and one 

CRNA, with possible support from residents or CRNA students. Before launching the study, all providers 

were informed that an automatic remote data collection system, Carestation™ Insights (GE Healthcare, 

USA), would be connected to selected anesthesia workstations in the operating rooms to record all cases 

anonymously. 

 

The intervention   
 

Designing the intervention 

From February 1 to April 1, 2024, a team of four on-site anesthesiologists developed the AoA (Adequacy 

of Anesthesia) training program. AoA was defined as compliant with target ranges during general 

anesthesia maintenance for the following three parameters: State Entropy (SE) between 40 and 60, Surgical 

Pleth Index (SPI) between 20 and 50, and Neuromuscular Transmission (NMT) >90% before extubation 

when neuromuscular blockers were used. 
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This hybrid training program was designed based on identified local needs, operating room organizational 

constraints and published guidelines. The training was structured as follows: 

  -Theoretical module: A one-hour in-person lecture (66 slides) for medical and paramedical staff, with an 

on-demand audio-commented online version. Fishbone diagram (Figure 1) summarizes the potential 

barriers to the use of SPI and SE monitoring in our institution prior to the study. 

  -Practical module: 30-minute bedside sessions were conducted during ongoing surgical procedures, with 

trainers providing hands-on guidance on device setup, data interpretation, and parameter adjustment. 

 -Training evaluation: based on pre and post-tests, using a 10 items anonymous multiple choice 

questionnaire covering the benefits, target ranges, and interpretation limits of SPI, SE and NMT. The 

post-test included 11 additional Likert-scale questions on confidence, perceived proficiency, and training 

satisfaction. 

The objective of the intervention was to promote compliance with predefined AoA targets during general 

anesthesia in moderate to high risk surgical patients. Consequently, all anesthesia providers were 

encouraged to monitor and adjust SPI, SE and NMT in real time to achieve compliance. These monitoring 

tools were already integrated into all anesthesia workstations prior to the study. Additionally, the Balance 

View decision support interface, which displays real-time SPI and SE trends, was available on workstation 

screens to help providers decide whether to adjust nociception or narcosis. All monitoring devices were 

CE-marked and used according to their approved indications. To minimize the Hawthorne effect, data from 

the 'before' phase were not disclosed to participants throughout the study period. 

 

Implementing the intervention​

All anesthesia providers were encouraged to voluntarily participate in the one month training period. 

Training sessions were conducted on-site during working hours, without CME accreditation or required 

examination. To enhance participation, communication began two weeks prior to the training via 

professional email and posters displayed in the operating rooms, including a QR code linking to a digital 

explanatory booklet accessible at any time. No incentives were offered to reinforce participation. The 
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pre-test was completed 15 days prior to the start of training, and the post test was administered one month 

later. 

Although trainers remained available after the training month, anesthesia providers were not actively 

encouraged to apply the new practices. Specifically, no pop-up alerts were integrated into the Anesthesia 

Information Management System in case of non-compliance with intraoperative AoA targets, and no 

feedback on compliance trends was shared with the anesthesia team. However, providers could request 

access to their intraoperative data to review their performance. 

 

Standard intraoperative cares 
 

Regardless of the study stage, a lung-protective ventilation strategy (tidal volume 6–8 mL·kg⁻¹ predicted 

body weight, PEEP, and recruitment maneuvers) was applied using the Aysis CS2 ventilator (GE 

Healthcare, Madison, WI, USA). Induction, anesthesia maintenance, as well as the use of regional 

anesthesia, were left to the anesthesia team discretion. Hemodynamic management followed local 

practices, with norepinephrine infusions administered to maintain a mean arterial pressure (MAP) >60 

mmHg.  

Antibiotic prophylaxis was administered according to the updated French guidelines (www.SFAR.org). The 

postoperative multimodal analgesia plan included intravenous (IV) paracetamol and IV ketoprofen, unless 

contraindicated. PONV (post operative nausea and vomiting) prophylaxis was administered based on risk 

assessment using the Apfel score. Postoperative care plans were determined preoperatively but could be 

adjusted based on intraoperative events. Lastly, the same surgeons participated throughout the study period 

to ensure consistency. 

 
 
Population  

 

To evaluate the impact of the AoA training intervention,all consecutive adult inpatients (≥18 years) with 

ASA physical status II–IV undergoing noncardiac intermediate- to high-risk surgery under general 

anesthesia of at least one hour were included (16). Exclusion criteria were age over 85 years, ambulatory 
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procedures, surgeries < 60 min, performed exclusively under regional anesthesia, pregnancy or 

breastfeeding, and refusal to participate. Patient inclusion occurred during the before and after phases of the 

study, with no inclusion during the one-month training phase. 

 

Patient outcomes 
 

The primary outcome was a composite of major postoperative complications occurring within 28 days after 

surgery, defined as the incidence of at least one of the following: organ system dysfunction, unplanned ICU 

admission, surgical reintervention, or death. Secondary outcomes included the prevalence of intraoperative 

hypotension (MAP <60 mmHg), prevalence of PONV, postoperative pain scores (NRS) and length of stay. 

Each item of the primary composite outcome was also analyzed individually. 

 

Process measures  
 

The intraoperative use and compliance with target ranges for SPI, SE and NMT during anesthesia 

maintenance were assessed. SE and NMT use were defined by their connection to the anesthesia 

workstation, while SPI was considered used when the finger pulse oximetry sensor was in place. 

Compliance was defined as SPI and SE values within target ranges for more than 70% of the maintenance 

period, and NMT > 90% before extubation. Additionally, the participation and training satisfaction were 

recorded, as well as pre and post test scores. Participation was defined as attending the in-person lecture, 

viewing the online module, or taking part in an in-room training session. 

 
Data and outcomes measurement 

 

Outcome assessors were independent of anesthesia delivery and postoperative care but were not blinded to 

the study’s objectives and phases. Postoperative complications were collected from the electronic medical 

record (Hospital Manager, Softway Medical, France) and a POD28 follow-up phone call. All intraoperative 

data were extracted from our anesthesia information system (Opesim touch, Evolucare, France) including 

type of surgery, duration of anaesthesia and patient characteristics (age, ASA status score, preoperatives lab 

results) and from 12 dedicated operating rooms connected to Carestation™ Insights (GE Healthcare, USA). 
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This software measured 24/7 SPI and Entropy SE compliance, as well as intraoperative events such as 

bradycardia and hypotension, and transferred the data to a secure cloud-based dashboard.   

 

Since intraoperative data were recorded anonymously, it was not possible to identify the anesthesia 

provider responsible for each patient.  

 
Statistical analysis  

 
The sample size was estimated on the assumption of a baseline incidence of complications and mortality of 

20%, and an expected reduction to around 15% after training in the use of the Carestation AoA GE device. 

To reach a power of 80%, with an alpha risk of 5%, we aimed to recruit 638 patients per period. Surgery 

activity turned out to be lower than expected and given the before-after nature of the study, we were not 

able to extend the period of recruitment. Posteriori power analysis based on the final sample showed a 

power of 72% for our primary outcome at the end of the study.  

The normality of the distribution of quantitative variables was explored graphically. Patient characteristics 

were described with absolute numbers and proportions for categorical variables and means and Standard 

Deviations (SD) for quantitative variables. Comparisons between groups were performed using the 

Student, or the Mann-Whitney test for quantitative variables and the Chi-square or Fischer test for 

qualitative variables. To adjust for potential cofounders, the effect of monitoring on the primary outcome 

and on its component was explored through univariate and multivariate logistic regression models. The 

results are presented with odds ratios and their 95% confidence intervals. A sensitivity analysis was also 

performed, where a propensity score was first estimated from variables significantly different between 

periods. This propensity score was then used in a logistic regression model exploring the effect of the 

monitoring on the primary outcome and its components. 

Secondary endpoints were analyzed according to the same modalities as the primary endpoint when binary. 

For quantitative endpoint, we used multivariate linear regression.  

All analyses were conducted by the medical statistics department at Nîmes University Hospital using R 

software (V. 4.4.0, R Foundation for Statistical Computing, Vienna, Austria). A two-sided p value of <0.05 
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was considered as indicating statistical significance. 
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Results 
 
 

Nature of setting and improvement intervention 

 

In the before period, 517 participants were included between December 12, 2023, and May 24, 2024. In the 

after period, 508 participants were included between June 23, 2024, and January 10, 2025 (Figure 2). 

Participant characteristics are presented in Table 1. Overall, the mean age was 65 years, and 53.5% of 

participants were female. Most procedures were scheduled surgeries (88% in the before phase and 94% in 

the after phase, p = 0.002). Open procedures accounted for 44% and 40% of cases, respectively (p = 0.088). 

Intraoperative data are presented in Supplementary Table 1. 

The training period was conducted from May 27 to June 21, 2024. Among 202 eligible anesthesia 

providers, 95 participated in the AoA training program (participation rate: 47%). Regarding the pre and 

post test evaluation, 162 providers completed the pre test and 132 completed the post test (91 trained, 41 

untrained). The median score before training was 72 (IQR 65–82), compared to 85 (IQR 77–90) one month 

after training, a 12-point absolute improvement (p = 0.001). Satisfaction was high, with 57.1% (N = 52) 

satisfied and 33.0% (N = 30) very satisfied. After the training phase, 93.4% (N = 85) of participants 

reported feeling prepared to apply the new practices. 

 

Changes in processes of care and patient outcomes associated with the intervention 

 

Process of care 

SE, SPI, and NMT sensors were simultaneously used in 26% (N = 134) of cases in the before period and 

42% (N = 211) in the after period (p < 0.001). 

The percentage of time within the target range during a case was similar between periods (for SE: 78% ± 

27% vs. 76% ± 27%, p = 0.2; for SPI: 69% ± 20% vs. 71% ± 19%, p = 0.3). TOF >90% before extubation 

was also similar (92% vs. 91%, p = 0.8). The overall AoA compliance was observed in 17% of patients in 

the before period and 23% in the after period (p = 0.073). Excluding TOF measures, combined SPI and SE 
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compliance above 70% of the anesthesia maintenance period was achieved in 23% before and 39% after 

the intervention (p < 0.001). 

Primary outcome 

The incidence of at least one major postoperative complication or death was similar before and after AoA 

training (13%, N = 66 vs. 14%, N = 71; p = 0.6) (Table 2). 

In multivariable logistic regression adjusting for preoperative variables (age, Lee score, diabetes, CKD, and 

other comorbidities), the intervention was not significantly associated with the composite outcome. A 

propensity score analysis was also performed, showing similar results. Subgroup analysis by age showed 

no significant differences. 

 

Secondary outcomes.  

Eight deaths occurred during the study period (4 in the before period, 4 in the after period; p = >0.9). 

Analysis of composite-outcome components (Table 2) showed a significantly lower incidence of acute 

kidney injury (AKI- KDIGO stage ≥3) in the after period (1.2% vs. 3.3%; p = 0.023). Non-significant 

trends favored the after period for intraoperative hypotension (MAP<60 mmHg; 2.8% vs. 4.8%; p=0.082) 

and postoperative respiratory complications (2.2% vs. 4.1%; p=0.081).  In multivariable analyses (Table 

3), the intervention was independently associated with reduced risks of IOH, postoperative respiratory 

complications, and AKI (KDIGO stage ≥3). Vasopressor use was consistent across periods, with similar 

total doses of ephedrine and norepinephrine (Table 2).  

Other secondary outcomes are presented in Table 2. The incidence of PONV in the PACU and on POD1 

was similar between periods. Pain scores at rest on POD1 and on POD2 were also similar 

Lengths of stay were longer in the after period (PACU: median 122 [96–162] vs. 114 [87–147] minutes, 

p=0.001; hospital: 4.0 [3.0–7.3] vs. 3.0 [2.0–5.0] days, p<0.001). In detail, admission to the High 

Dependency Unit (HDU) was more frequent in the after period (20% vs 13%; p = 0.006). (Supplementary 

Table 1). 
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Discussion 
 

In this before–after study, a hybrid educational program did not reduce the incidence of major postoperative 

complications in patients undergoing intermediate-high-risk scheduled surgery. Despite the absence of 

clinical benefit on the primary outcome, the intervention was associated with significant improvements in 

intraoperative anesthesia practices, as well as reductions in intraoperative hypotension (IOH) , 

postoperative acute kidney injury (AKI) and postoperative respiratory complications at POD28. 

These findings raise important questions about how best to implement DOA and nociception monitoring in 

routine clinical care to achieve patient relevant benefits. 

Implementing advanced monitoring in the operating room is defined as a complex intervention (17,18). 

Beyond introducing new devices, it requires behavioral change among providers, integration into existing 

workflows, and adaptation to the local context (18). 

Consequently, the AoA educational program was developed in accordance with the Medical Research 

Council (MRC) framework for complex interventions (18), with particular attention to stakeholder 

involvement, feasibility, and optimal implementation. Additionally, its evaluation followed the Kirkpatrick 

conceptual framework (19), which assesses the implementation of quality improvement initiatives across 

four levels: satisfaction (Level 1), knowledge acquisition (Level 2), behavioral change (Level 3), and, 

ultimately, clinical outcomes (Level 4), the most difficult to achieve. 

After training, participant satisfaction and knowledge acquisition were both high, with a 12% improvement 

in post-training scores. Yet, the limited margin for progression may have reflected a ceiling effect in 

knowledge acquisition, as high baseline scores suggest prior familiarity with SPI and SE monitoring among 

participants. 

In the operating room setting, the AoA training was associated with increased use of the monitors. Notably, 

SE + SPI compliance was significantly higher after the intervention (39% vs. 23%, p < 0.001), indicating 

greater integration of monitoring data into intraoperative decision-making. The Balance View interface 

may have facilitated integration by providing an intuitive visual aid. These results suggest an overall 
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positive impact of the training on clinical behavior.​  

In terms of postoperative outcomes, the training was independently associated with a reduced incidence of 

IOH, AKI, and postoperative pulmonary complications in multivariate analysis. Lower IOH after training 

may reflect improved anesthetic gas titration supported by SE monitoring (20). Given that IOH is a 

recognized risk factor for postoperative complications via organ hypoperfusion (21), the observed 

reduction in AKI aligns with existing evidence (22). This result is particularly relevant given the higher 

proportion of patients with chronic kidney disease (CKD) in the post-intervention cohort, a population 

more susceptible to renal injury. Reduced pulmonary complications were not explained by patient or 

procedural factors ; including LPV compliance or adequate TOF at extubation ; suggesting other aspects of 

intraoperative management may have improved. 

Our lower incidence of MAP <60 mmHg occurred without higher vasopressor use. This aligns with the 

POISE-2 substudy by Sessler et al. (23) linking perioperative hypotension with myocardial infarction and 

30-day mortality, and with the Cleveland Clinic analysis by Salmasi et al. (24) showing graded associations 

between MAP <65 mmHg and both acute kidney injury and myocardial injury. Together, these data support 

that improved hemodynamic control—rather than intensified vasopressor administration—likely explains 

part of the observed benefit. 

The current limited clinical impact of advanced intraoperative monitoring systems and machine learning 

(25) may be explained by several factors. First, large randomized controlled trials are lacking to 

specifically explore their effect on standardized endpoints (25). 

Second, physician compliance and trust remain key limitations. Sessler et al. failed to reduce 90-day 

postoperative mortality despite implementing real-time alerts for the "triple low" condition (26), as most 

alerts were ignored by clinicians. Similarly, postoperative complications were not improved within the use 

of a multiparameter intraoperative decision-support system (27). These findings highlight the complexity of 

changing clinical behavior. Third, a decision-making algorithm is required to support clinical decisions, 

rather than simply displaying raw real-time data on a screen. 

Nevertheless, the absence of a reduction in the overall postoperative complication rate in our study 
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highlights the multifactorial nature of postoperative morbidity, influenced by patient comorbidities, surgical 

complexity, and the quality of the entire perioperative care continuum. 

Reducing morbidity likely requires comprehensive, multimodal strategies such as ERAS protocols (28), 

with adherence being crucial to realize benefits. 

Our study has several limitations. First, this trial was prospective but not randomized, which limits the 

strength of our conclusion. Including a concurrent control group would have better accounted for secular 

trends over time due to natural practice changes unrelated to the training intervention. However, our 

hospital was the only French center equipped with Carestation™ Insights solution at the time of patient 

inclusion, which limited the feasibility of a concurrent control group. Second, anesthesia providers were 

aware of the study, creating a potential Hawthorne effect. To minimize this risk, data from the Before phase 

were not disclosed to participants during the study period. Moreover, because data were collected 

prospectively in both periods, any Hawthorne effect likely affected both rather than only the After period 

(29). Third, implementation fidelity of the AoA training program likely varied across anesthesia providers, 

with different learning curves and levels of confidence in monitoring. To address this, individualized 

bedside sessions were used to personalize training. However, no post-training reminders such as on-screen 

pop-ups were implemented in the After period, which may have reduced sustained compliance with 

monitoring targets (17). Additionally, participation was voluntary, thus the participation rate was 47%, 

which may have limited the extent of change in clinical practice.  Fourth, the study period was limited to 

one year. An interrupted time-series analysis over a longer horizon would better assess practice persistence 

and temporal effects (29) Fifth, the study may have been underpowered to detect modest differences in 

infrequent outcomes.  

Finally, external validity is limited to a single-center setting with specific monitoring technologies and 

institutional practices. Future multicenter or randomized stepped-wedge trials are warranted to confirm and 

extend these findings. 

In conclusion, An AoA-focused educational program improved intraoperative monitoring practices but did 

not reduce the incidence of a composite of major postoperative complications at POD28. Observed 
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improvements in intraoperative hypotension, acute kidney injury, and respiratory complications suggest 

potential benefits from standardized clinical decision algorithms and broader multimodal anesthesia 

pathways. 
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Annexes 
 
 
 
 

Figure 1 :  Fishbone diagram 
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Figure 2 :  flow chart  
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Table 1 : Baseline Demographic and Clinical Characteristics of the Patients  

 
Table 1. Baseline Characteristics  

Characteristics Before phase  
(N=517) 

After phase  
(N=508) p-values 

Age, years 65 ± 13 66 ±14 0.053 
Female sex 281 (54%) 270 (53%) 0.7 
Weight (kg) 77 ± 18 77 ± 17 0.8 
Body mass index (kg/m²)  27.2 ±6.2 27.2 ± 5.5 0.7 
Lee score 

0 
1 

      >2 

 
330 (64%) 
136 (26%) 
48 (9.4%) 

 
298 (59%) 
133 (26%) 
77 (15/1%) 

0.003 

ASA score 
II 
III 
IV 

 
301 (58%) 
199 (38%) 
17 (3.3%) 

 
275 (54%) 
220 (43%) 
13 (2.6%) 

0,3 

Medical history    
Hypertension 
Coronary artery disease 
Non-ischemic heart disease 
Cerebrovascular disease 
Diabetes mellitus 

       Insulin treated 
       Non-insulin treated 

COPD  
Asthma 
Sleep apnea 

       With CPAP therapy 
Chronic renal disease 
Solid cancer 

 
Current medications 

Beta-blockers  
Calcium channel blocker 
ACE inhibitors 
Diuretics 
SGLT2 inhibitor 
Oral antidiabetic 
Antiplatelet agents 
Anticoagulants 
 

Preoperative laboratory values: 
Hemoglobin (g/dL) 
Serum creatinine (µmol/L)  
eGFR (mL/min/1.73 m²) 

 

213 (45%) 
50 (11%) 
56 (12%) 
16 (3.4%) 

 
16 (21%) 
61 (79%) 
47 (9.9%) 
24 (5%) 
62 (13%) 
29 (48%) 
39 (8.2%) 
128 (27%) 

 
 

94 (24%) 
81 (21%) 
155 (39%) 
67 (17%) 
30 (7.6%) 
62 (16%) 
124 (31%) 
21 (5.3%) 

 
 

13.3 ± 1.77 
82 ± 48 
80 ± 20 

227 (49%) 
56 (12%) 
57 (12%) 
14 (3%) 

 
21 (22%) 
75 (78%) 
59 (13%) 
23 (4.9%) 
63 (13%) 
27 (44%) 
59 (13%) 
133 (28%) 

 
 

96 (26%) 
90 (25%) 
165 (45%) 
53 (15%) 
27 (7.4%) 
73 (20%) 
130 (36%) 
20 (5.5%) 

 
 

13.2 ± 1.71 
83 ± 47 
79 ± 21 

0.2 
0.5 
0.8 
0.7 
0.9 

 
 

0.2 
>0.9 
0.8 
0.7 

0.026 
0.6 

 
 

0.4 
0.4 

0.089 
0.4 

>0.9 
0.11 
0.2 

>0.9 
 
 

0.3 
0.9 
0.6 

 

Data are presented as mean (SD) or n (%).  

Legend: ASA = American Society of Anesthesiologists physical status; BMI = body mass index; eGFR = estimated 

glomerular filtration rate; ACE = angiotensin-converting enzyme; CPAP = continuous positive airway pressure; 

SGLT2 = sodium–glucose cotransporter-2; COPD = chronic obstructive pulmonary disease. 

        
37 



 

Table 2 : Patient outcomes 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The values are means ± SD, n (%).  

Major postoperative complications were defined as the occurrence of at least one of the following events within 28 

days after surgery: acute myocardial infarction (AMI); arterial or venous thrombosis; stroke; postoperative cardiogenic 

shock requiring ICU(intensive care unit) transfer and inotropic support with dobutamine; severe intraoperative arterial 

hypotension (MAP < 60 mmHg); cardiac arrhythmia (new-onset atrial fibrillation, atrial flutter, ventricular 

tachycardia, or ventricular fibrillation); postoperative sepsis or infection (according to international 2001 sepsis 

definitions); postoperative respiratory complication (defined as the need for intubation, noninvasive ventilation, or 

high-flow oxygen therapy for acute respiratory failure); acute kidney injury (KDIGO stage 3 or requiring renal 

replacement therapy); surgical complication (requiring reoperation for any cause or radiologic drainage of abscess or 

hematoma); unplanned ICU admission or readmission; or any other severe complication. 

# Among patients admitted to the ICU, 20 were in the before phase and 15 in the after phase 

Legend: IOH = intraoperative hypotension; MAP = mean arterial pressure; AMI = acute myocardial infarction; AKI 

= acute kidney injury; KDIGO = Kidney Disease: Improving Global Outcomes; ICU = intensive care unit; PACU = 

post-anesthesia care unit; NRS = Numeric Rating Scale; LOS = length of stay 

 
        

Table 2. Patient outcomes 

Outcomes Before phase 
(N=517) 

After phase 
(N=508) P value  

 
Primary outcome 

Major postoperative complications at POD28 

 
 
66 (13%) 
 

 
 
71 (14%) 

 
0.6 

 
Secondary outcomes 

Type of complications 
IOH (MAP < 60mmHg) 
AMI 
Arterial or venous thrombosis 
Stroke 
Cardiogenic shock 
Cardiac arrhythmia 
Sepsis 
Respiratory complications 
AKI (KDIGO stage 3) 
Surgical complications 
Unplanned ICU admission 
Other complications 
 
Postoperative nausea  

PACU 
POD1 
POD2 

Postoperative vomiting  
PACU 
POD1 
POD2 

 
Postoperative pain score (NRS), at rest 

POD1 
POD2 

 
LOS in PACU, min 
LOS in hospital, days 
LOS in ICU #, days  
 

 
 
 
25 (4.8%) 
0 
7 (1.4%) 
1 (0.2%) 
2 (0.4%) 
9 (1.7%) 
36 (7.0%) 
21 (4.1%) 
17 (3.3%) 
32 (6.2%) 
18 (3.5%) 
51 (9.9%) 
 
 
31 (6.1%) 
36 (7.3%) 
13 (3.8%) 
 
6 (1.2%) 
11 (2.2%) 
8 (2.3%) 
 
 
2.00 [0.00; 4.00] 
2.00 [0.00; 4.00] 
 
114 [87; 147] 
3.0 [2.0; 5.0] 
8 [5; 12] 

 
 
 
14 (2.8%) 
0 
6 (1.2%) 
1 (0.2%) 
5 (1.0%) 
7 (1.4%) 
37 (7.3%) 
11 (2.2%) 
6 (1.2%) 
32 (6.3%) 
12 (2.4%) 
58 (11%) 
 
 
28 (5.5%) 
28 (6.1%) 
4 (1.9%) 
 
5 (1.0%) 
9 (2.0%) 
2 (0.9%) 
 
 
2.00 [0.00; 4.00] 
2.00 [0.00; 4.00] 
 
122 [96; 162] 
4.0 [3.0; 7.3] 
5 [5; 7] 

 
 
 
0.082 
>0.9 
0.8 
>0.9 
0.3 
0.6 
0.8 
0.081 
0.023 
>0.9 
0.3 
0.4 
 
 
0.7 
0.5 
0.2 
 
0.8 
0.8 
0.3 
 
 
0.4 
0.066 
 
0.001 
<0.001 
0.2 
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Table 3 : Multivariate Analysis 
 

 

 

 

 

 

 

Adjusted odds ratios (OR) with 95% confidence intervals (CI). OR < 1 indicates a reduced risk of complications in the 

after period compared with the before period.  

Legend: AoA = adequacy of anesthesia; AKI = acute kidney injury; KDIGO = Kidney Disease: Improving Global 

Outcomes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        

Table 3.  Impact of the AoA Training Program on Major Complications (Adjusted Multivariate Analysis) 

     Outcomes Adjusted Odds ratio 
(95 % CI) P value 

IOH (MAP < 60mmHg) 
Respiratory complications 
AKI (KDIGO stage 3) 

0.45 [0.22 - 0.89] 
0.44 [0.20 - 0.92] 
0.23 [0.08 - 0.59] 

0.024 
0.034 
0.004 
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Supplementary Table 1. Intraoperative data 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Values are presented as mean ± SD, median [IQR], or number (%) as appropriate. 

Legend: PBW = predicted body weight; PEEP = positive end-expiratory pressure; SAP = systolic arterial pressure; 

MAP = mean arterial pressure; HDU = High Dependency Unit; ICU = Intensive Care Unit. Expected HDU/ICU 

        

Supplementary Table 1. Intraoperative data 

Characteristics 
Before phase 

(N=517) 
 

After phase 
(N=508) 

 
p-values 

Length of surgery, min  138±83 156±92 <0.001 
Elective surgeries 
Surgical approaches 

Laparoscopic assisted 
Robotic assisted 
Open surgery 

455 (88%) 
 

152 (30%) 
135 (26%) 
228 (44%) 

475 (94%) 
 

138 (28%) 
165 (32%) 
205 (40%) 

0.002 
0.088 

Surgical specialty 
Orthopedics 
General 
Urology 
Gynecology 
Thoracic 
Other 
Estimated blood loss, mL 
Intraoperative blood transfusion 
Transfused blood volume, mL 
Minimum intraoperative temperature, °C 
 
Length of anesthesia, min 
Sevoflurane maintenance 
Intraoperative ventilatory parameters 

Maximum tidal volume, mL/kg PBW 
Maximum respiratory rate, breaths/min  
Recruitment maneuver performed 
 

 

 
159 (31%) 
131 (25%) 
99 (19%) 
68 (13%) 
9 (1.7%) 
51 (9.9%) 
165 ± 264 
31 (6%) 

524 [285; 619] 
35.87 ± 0.54 

 
197±96 

512 (99%) 
 

464 ± 81 
16.05 ± 2.53 
456 (90%) 

 

 
130 (26%) 
117 (23%) 
109 (21%) 
78 (15%) 
18 (3.5%) 
56 (11%) 
184 ± 295 
24 (4.7%) 

595 [481; 651] 
35.84±0.57 

 
216±103 

503 (99%) 
 

482 ± 77 
16.51 ± 2.51 
468 (93%) 

 

0.2 
 
 
 
 
 
 

0.025 
0.4 
0.3 
0.6 

 
<0.001 

0.5 
 

<0.001 
0.003 
0.14 

 

Prophylactic antibiotics 
 
Intraoperative hemodynamic parameters 

Minimum SAP, mmHg 
Minimum MAP, mmHg 

Total intraoperative fluid volume 
 
Vasopressor used 
Noradrenaline 

Dose in µg  
Ephedrine 

Dose in mg  
Use of any vasopressor 
 
Regional anesthesia 
Postoperative admission 

Surgical ward 
Expected HDU 
Expected ICU 
Unexpected HDU or ICU 

435 (85%) 
 
 

79±14 
61±11 

1.000 [500; 1.500] 
 

 
451 (87%) 

1,060±1,166 
59 (11%) 

13±7 
467 (90%) 

 
422 (83%) 

 
427 (83%) 
65 (13%) 
9 (1.7%) 
16 (3.1%) 

422 (83%) 
 
 

80±15 
59±10 

1000 [750; 1.700] 
 
 

447 (88%) 
1,249±1,638 

37 (7.3%) 
10±4 

456 (90%) 
 

439 (87%) 
 

391 (77%) 
102 (20%) 
7 (1.4%) 
8 (1.6%) 

0.5 
 
 

0.6 
0.2 
0.10 

 
 

0.7 
0.3 

0.023 
0.13 
0.8 

 
0.065 
0.006 
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refers to planned postoperative admission, while Unexpected HDU/ICU corresponds to unplanned escalation of 

postoperative care. 
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Résumé en anglais 
 

Keywords: Nociception, Entropy, Blood pressure, outcomes, quality 

Abstract: 

Background : Depth of anesthesia and nociception monitors are increasingly used, but their impact on 

patient relevant outcomes remains uncertain. We evaluated whether a hybrid educational program to 

support adequacy-of-anesthesia (AoA) monitoring (Entropy SE, Nociception Index SPI, Curarisation) 

improves postoperative outcomes . 

Method : Prospective before–after quality-improvement study at a tertiary hospital. Two sequential periods 

were analyzed (12/12/2023–05/24/2024; 06/23/2024–01/10/2025). Adults (≥18 years) undergoing 

non-cardiac intermediate /high-risk surgery under general anesthesia lasting ≥60 minutes were included. 

The intervention combined a lecture, bedside coaching, and decision-support display; targets were SE 

40–60, SPI 20–50, and NMT >90% before extubation. The primary outcome was a composite of major 

complications or death by postoperative day 28 (POD28). Analyses included multivariable logistic 

regression and propensity-score sensitivity analysis. 

Results: 1,025 patients were included (517 before, 508 after). Simultaneous SE+SPI+NMT use increased 

from 26% to 42% (p<0.001). Overall AoA compliance rose from 17% to 23% (p=0.073); excluding TOF 

measures , SE+SPI compliance increased from 23% to 39% (p<0.001). The primary composite outcome 

was similar before vs after (13% vs 14%, p=0.60). Acute Kidney Injury (KDIGO ≥3) was lower after the 

intervention (1.2% vs 3.3%, p=0.023). Non-significant trends favored the after period for intraoperative 

hypotension (IOH) and postoperative pulmonary complications; adjusted analyses showed independent 

associations between the intervention and lower IOH, postoperative AKI and pulmonary complications. 

Conclusion: An AoA-focused educational program improved intraoperative monitoring practices without 

reducing the incidence of a major postoperative complications composite outcome at POD28. Observed 

improvements in IOH, AKI, and respiratory complications suggest potential benefits from standardized 

clinical decision algorithms and broader multimodal anesthesia pathways. 

        
43 



 

 Résumé en français 
 
 

Mots-clés : Nociception ; Entropie ; Pression artérielle ; Résultats cliniques ; Qualité des soins 

Contexte : Les moniteurs de profondeur d’anesthésie et de nociception sont de plus en plus utilisés, mais 

leur intérêt sur le devenir (morbidité, mortalité) des patients reste controversé. Nous avons évalué l’intérêt 

d’un programme de formation hybride soutenant  l’“adequacy-of-anesthesia” (AoA ; Entropy SE, 

Nociception Index SPI, Curarisation)  sur  la morbidité et mortalité postopératoire. 

Méthodes : Étude de type amélioration de la qualité, prospective avant-après. Deux périodes consécutives 

ont été analysées (du 12 décembre 2023 au 24 mai 2024 ; du 23 juin 2024 au 10 janvier 2025). Ont été 

inclus des adultes (≥18 ans) bénéficiant d’une chirurgie non cardiaque à risque intermédiaire/élevé sous 

anesthésie générale d’une durée ≥60 minutes. La formation associait “cours magistral, un accompagnement 

au bloc et une interface d’aide à la décision” avec les objectifs en peropératoire : SE 40–60, SPI 20–50, et 

NMT >90 % avant l’extubation. Le critère principal de jugement était un score composite  de 

complications majeures et décès à J28 postopératoire (POD28). Les analyses comprenaient une régression 

logistique multivariée et une analyse de sensibilité par score de propension. 

Résultats : 1 025 patients ont été inclus (517 avant, 508 après). L’utilisation simultanée SE+SPI+NMT est 

passée de 26 % à 42 % (p<0,001). La conformité globale à l’AoA est passée de 17 % à 23 % (p=0,073) ; en 

excluant la mesure du TOF , la conformité SE+SPI a augmenté de 23 % à 39 % (p<0,001). Le critère 

composite de jugement principal était semblable pour les périodes avant vs après (13 % vs 14 %, p=0,60). 

Les complications rénales aiguës (AKI, KDIGO ≥3) étaient moins fréquentes après l’intervention (1,2 % vs 

3,3 %, p=0,023). Des tendances non significatives allaient en faveur de la période après pour l’hypotension 

intraopératoire (IOH) et les complications pulmonaires postopératoires ; les analyses ajustées montraient 

des associations indépendantes entre l’intervention et une diminution de l’HIO , des complications rénales 

et pulmonaires post opératoire. 

Conclusion : Un programme de formation centré sur l’AoA (Adequacy of Anesthesia) a permis 

d’améliorer les pratiques de monitorage peropératoire sans réduire l’incidence du critère composite majeur 

de complications postopératoires à J28. Les améliorations observées concernant l’hypotension 
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peropératoire (HIO), l’insuffisance rénale aiguë (AKI) et les complications respiratoires suggèrent des 

bénéfices potentiels liés à l’utilisation d’algorithmes décisionnels standardisés et de parcours d’anesthésie 

multimodale élargis. 

 

        
45 


	Liste du corps enseignant 
	Abréviations, glossaire 
	Introduction 
	Methods 
	Ethics , design , guidelines 
	The intervention   
	Standard intraoperative cares 
	 
	 
	Population  
	Patient outcomes 
	Process measures  
	 
	Data and outcomes measurement 
	Statistical analysis  

	Results 
	Discussion 
	Bibliographie 
	Annexes 
	Table 1 : Baseline Demographic and Clinical Characteristics of the Patients  

	Serment 
	Résumé en anglais 
	 Résumé en français 



