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Merci de me faire l'immense honneur de présider le jury de ma thèse. Je n'aurais pas pu rêver mieux comme président de jury d'une thèse montpellieraine sur la ventilation protectrice. Vos connaissances et votre expérience ont enrichis notre travail. Merci pour vos précieux conseils concernant

Méthodes:

Pendant deux ans, neuf respirateurs d'anesthésie ont été connectés à un logiciel qui enregistrait automatiquement les paramètres de ventilation dès qu'un nouveau patient était sous anesthésie générale. Au cours de la première année, quatre périodes consécutives ont été déterminées: période de référence, phase d'intervention, absence d'intervention et phase d'intervention informatique. Au cours de la deuxième année, les aides numériques ont été poursuivies pendant neuf mois, suivi d'une dernière période dîte "à distance". La période de référence et d'absence d'intervention correspondaient à l'absence de formation des équipes. Durant la phase d'intervention un programme éducatif et un programme conventionnel étaient dispensés aux membres de l'équipe. La phase d'intervention informatique comprenait des messages contextuels qui apparaissaient automatiquement sur l'écran des postes de travail d'anesthésie lors de chaque procédure. Les données au cours de chaque période ont été enregistrées par un logiciel informatique en aveugle et de façon automatisée. Le critère d'évaluation principal était l'adhésion de l'équipe à la triade de la VP.

Résultats:

D'octobre 2018 à décembre 2020, 12883 procédures chirurgicale ont été réalisées. Les données étaient disponibles pour 8968 procédures: période de référence (n=2361), phase d'intervention (n=2423), absence d'intervention (n=1064), phase d'intervention informatique (n=1862), dernière phase à distance deux ans plus tard (n=1258). L'âge, le PIT, le score ASA, le type de chirurgie, la durée d'anesthésie et la gestion des voies respiratoires étaient similaires entre les différentes périodes. Au départ 71% des procédures faisaient état d'un faible volume courant, mais seulement 7% impliquaient la triade complète. Ces paramètres ont augmenté de manière significative au cours des formations atteignant respectivement en phase d'intervention informatique 79 % et 27%, puis respectivement sur la dernière phase à distance 91% et 21%. La pression de plateau a significativement augmenté entre les différentes périodes tout en restant inférieur ou égale à 15 cmH2O alors que la pression motrice a diminué de façon significative au cours du temps. La mortalité au cours des périodes n'a pas changé.

Conclusion:

L'utilisation d'un faible volume courant est bien intégrée au sein de l'équipe mais l'application de l'ensemble des recommandations de la triade de la VP était limitée. L'utilisation de la triade peut être facilement améliorée par l'éducation mais le maintien de l'adhésion dans le temps est un défi. Cette étude souligne l'utilité des applications numériques et d'enregistrement pour former les équipes d'anesthésie.

Introduction

Recent studies have shown that poor patient outcomes are common after inpatient surgery, that major postoperative complications vary from 1 to 5 % and can increase up to 20% (1). Thus, initiatives to increase access to surgical treatment should address the need for safe perioperative care for both greater life expectancy and quality of life after surgery. In this sense, among patients undergoing general anaesthesia, lung-protective ventilation (LPV) has been demonstrated to reduce both morbidity and mortality, by reducing « ventilator-induced lung injuries » (VILIs) including volutrauma, barotrauma, atelectrauma and also inflammatory markers (2-5).

LPV includes three major strategies: low tidal volumes (VT), from 6-8 mL.kg -1 of predicted body weight (PBW), positive end-expiratory pressure (PEEP) 5 < to <10 cmH2O and alveolar recruitment maneuvers (RMs). This triad has tended to become a standard of care to reduce plateau pressure or driving pressure [START_REF] Neto | Association between driving pressure and development of postoperative pulmonary complications in patients undergoing mechanical ventilation for general anaesthesia: a meta-analysis of individual patient data[END_REF][START_REF] Young | Lungprotective ventilation for the surgical patient: international expert panel-based consensus recommendations[END_REF][START_REF] Futier | Perioperative positive pressure ventilation: an integrated approach to improve pulmonary care[END_REF]. Regarding the Las Vegas study or trials evaluating health-care provider's adherence to LPV strategies, rates of noncompliance varied according to the provider or definitions of low tidal volumes, PEEP level, alveolar recruitment maneuvers [START_REF] Futier | Perioperative positive pressure ventilation: an integrated approach to improve pulmonary care[END_REF][START_REF] Las Vegas Investigators | Epidemiology, practice of ventilation and outcome for patients at increased risk of postoperative pulmonary complications: LAS VEGAS -an observational study in 29 countries[END_REF][START_REF] Josephs | Improving Adherence to Intraoperative Lung-Protective Ventilation Strategies at a University Medical Center[END_REF][START_REF] Jaber | A multicentre observational study of intra-operative ventilatory management during general anaesthesia: tidal volumes and relation to body weight[END_REF][START_REF] Hess | A 5-year observational study of lung-protective ventilation in the operating room: A single-center experience[END_REF]. In 2012, Jaber et al. reported that 18% of their patients were ventilated with VT >10 mL.kg -1 of PBW [START_REF] Jaber | A multicentre observational study of intra-operative ventilatory management during general anaesthesia: tidal volumes and relation to body weight[END_REF].

Recently, the Las Vegas study recorded PEEP levels of ≥ 5 cmH2O for 7.6% of patients with a low risk of postoperative pulmonary complications (PPCs) and for 14.3% of patients with high risks of PPCs [START_REF] Las Vegas Investigators | Epidemiology, practice of ventilation and outcome for patients at increased risk of postoperative pulmonary complications: LAS VEGAS -an observational study in 29 countries[END_REF].

In recent years, LPV investigators have self-reported the settings or used declarative surveys among their teams, which is tedious [START_REF] Las Vegas Investigators | Epidemiology, practice of ventilation and outcome for patients at increased risk of postoperative pulmonary complications: LAS VEGAS -an observational study in 29 countries[END_REF][START_REF] Josephs | Improving Adherence to Intraoperative Lung-Protective Ventilation Strategies at a University Medical Center[END_REF][START_REF] Jaber | A multicentre observational study of intra-operative ventilatory management during general anaesthesia: tidal volumes and relation to body weight[END_REF][START_REF] Hess | A 5-year observational study of lung-protective ventilation in the operating room: A single-center experience[END_REF]. Furthermore, these methods of data collection are questionable regarding objectivity, validity (errors, missing data) and time-consumption. The early impact of these quality improvement projects is often positive but tends to dwindle over time, as teams who are aware of the evaluation dates put more energy into those time series. Quality improvement collaboratives (QICs) are widely used to improve LPV strategies, but there have been few studies on long-term sustained improved outcomes, and the evidence about what factors contribute to success is inconsistent [START_REF] Josephs | Improving Adherence to Intraoperative Lung-Protective Ventilation Strategies at a University Medical Center[END_REF][START_REF] Bluth | Effect of Intraoperative High Positive End-Expiratory Pressure (PEEP) With Recruitment Maneuvers vs Low PEEP on Postoperative Pulmonary Complications in Obese Patients: A Randomized Clinical Trial[END_REF][START_REF] Wells | Are quality improvement collaboratives effective? A systematic review[END_REF].

The aim of this pilot study was to perform a quality improvement study on LPV over a long period (2 years). Over a baseline and several intervention periods, this innovation consisted of using two software packages: one to report data without interacting with the team (blinded timeseries) and one using instruction messages that popped up on the screens of the anaesthesia information management system in the operating room. We hypothesized that these automatic messages would reinforce traditional training or learning and long-term adherence. The primary outcome of this study was adherence to the LPV triad.

Methods

Study design, participants and blinding

According to French law, the present study was approved by the Institutional Review Board (IRB, 16.01, 2018, Chairman: T. Lavabre-Bertrand, Nîmes, France) who declared that consent for participation in research was not required (as this was not research on human subjects). As such, consent for participation in the research was not required. The specific aim of this quality improvement project was to improve adherence to standard care strategies. Quality improvement was defined as "systematic, data-guided activities designed to bring about immediate, positive changes in the delivery of health care" [START_REF] Josephs | Improving Adherence to Intraoperative Lung-Protective Ventilation Strategies at a University Medical Center[END_REF]. We conducted this study at the Department of Anaesthesiology at Nîmes University Hospital, France. This department consisted of 41 anaesthesiologists, 15 resident anaesthesiologists and 65 certified anaesthetic nurses. This university hospital performs over 20 000 acts involving general anaesthesia every year.

During the study, patients (≥18 years) scheduled for non-cardiac surgery (vascular, thoracic, abdominal, urologic, gynaecology surgery) under general anaesthesia were enrolled consecutively.

Non-inclusion criteria were regional anaesthesia, obstetric or paediatric surgery, duration of surgery < 30 min and minor surgery (distal orthopaedic, dental-dentistry and plastic surgery).

Before the study period, anaesthesiologists were informed that an automatic remote technology would be used and connected to anesthesia workstations in several operating rooms, but that all data and cases (as well as the anaesthesiologist in the operating room) would be anonymous.

Moreover, duration and time periods were unknown to the teams.

Software, data collection and ventilator

Over the study period, nine anesthesia workstations of the 24 operating rooms at the centre were connected to the system 24h/24h:

-ventilators: Aysis CS 2 (GE Healthcare, Madison, WI, USA), including automatic procedures of recruitment maneuvers (appendix 1).

-software: Carestation TM Insights (GE Healthcare, USA) (Fig. 1). This is a suite of analytical apps powered by the Aysis CS 2 anaesthesia delivery system. Via an RJ 45 socket, it captures and analyses over 300 data points from the anaesthesia machine -including ventilation settings and measurements, recruitment procedures and gas values, alarms, machine status and error codes, every patient breath and then transfers them to a cloud (specific domain). This software leverages one data stream per operating room for each machine connected to the device. For this study, we specifically analysed tidal volume (VT mL), PEEP levels (cmH2O), plateau pressure (Pplat, cmH2O), driving pressure (DP, cmH2O), End-Tidal Carbon Dioxide (EtCO2 mmHg) and recruitment maneuvers (RMs) (appendix 2).

All data were recorded in a specific domain in the cloud and extracted for the study after each period (appendix 3). 

Anaesthesia software and pop-up messages

This study used Opesim software (Opesim touch, Evolucare, France). Opesim software collected data about patients such as : sex, age, weight (kg), PBW (kg), ASA status score, duration of anesthesia (min), airway management (intubation or supraglottic device). Pop-up messages were automatically generated by the application when intubation or ventilation mode were reported by the team in real time on the anaesthesia software. The following message appeared on the screen of the anaesthesia machine in the operating theatre: "Reminder: LPV strategies and RMs". The anaesthesiologist could remove the message by simply clicking on it.

Intervention: LPV implementation

Interventions were implemented using consecutive time series from October 2018 to December 2020. Time series were run consecutively and the reporting lasted three months for each period.

-Baseline,

No training was given, and data were automatically recorded for three months. During this period, neither the PEEP level nor any other machine settings were fixed when the ventilator started. The data analysis for this period was performed at the end of it.

-Intervention, Over the first two weeks of this period, an educational session was provided to the department under the form of a literature review at staff presentations. Results of the baseline (dashboard) were presented to team members in terms of feedback for tidal volume, PEEP level and use of RMs. Then, similar teaching was provided once a month.

The information given to anaesthesiologists and nurses on the practice of LPV were as follows:

-low tidal volume from 6 to 8 mL.kg -1 of PBW.

-PEEP level ≥ 5 cmH2O -recruitment maneuvers:

• as soon as possible after intubation (during the first 10 minutes after intubation),

• every hour,

• at each de-recruitment and before extubation.

-30% < FiO2 <50 % for SpO2> 94% and 25< EtCO2 <33 mmHg -plateau pressure (Pplat) <25 cmH2O and decrease driving pressure (DP).

Objectives

The primary endpoint was the anesthesia provider's adherence to the triad: tidal volume 6-8ml.kg -1 of PBW, PEEP level ≥ 5cmH2O and RMs. The secondary objectives concerned other LPV parameters, compliance with them and 30-day mortality.

Statistical analysis

We examined data before analysis to ensure that the assumptions of statistical models were satisfied using Shapiro-Wilk statistics. Patient characteristics are expressed in absolute numbers with percentages for categorical variables and in mean values with standard deviations (SD), or median values with interquartiles according to distribution for continuous variables. Qualitative variables were compared using a Chi-squared or Fisher's exact tests as required. Quantitative variables were compared using a Student T-test or Mann-Whitney test. Repeated ANOVA measures were performed. All statistical tests were two-sided. We considered a p-value < 0.05 as statistically significant. We performed the analysis using R software version 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results

From October 2018 to December 2020, 12 883 procedures were enrolled and data were available for 8 968 patients. 3915 patients were not analysed due to ventilator machine maintenance (n=1540), surgery <30 min (n=1705), age< 18 years (n=460), software dysfunction (n=106) or other reasons (n=104).

The baseline period was October 2018 to January 31 st , 2019. Intervention ran from February 15 th , 2019 to June 30 th , 2019. No intervention ran from July 1 st to September 30 th , 2019.

Intervention+digital ran from Oct 1 st , 2019 to January 2020 and overtime from August 15 th , 2020 to December 15 th , 2020 (Figure 2). The numbers of patients included for each period, characteristics, airway management (intubation, laryngeal mask) and duration of anaesthesia are presented in Table 1. Triad adherence is presented in Figure 3 and demonstrates a significant difference over the periods compared to the baseline (p<0.01). Moreover, the results for each component of the triad (one or two parameters) are listed in Table 2. 

Baseline

Secondary endpoints

Lung ventilation machine settings (ventilation mode, VT, Pplat, driving pressure and PEEP levels) for the different time series are given in Table 1. For VT/PBW, the number of patients who were ventilated with Vt/PBW of more than 8 or 10 ml.kg -1 of PBW is recorded and compared between periods in Table 1.

The plateau pressure increased significatively (p<0.05) over periods compared to baseline, but was always under or equal to 15 cmH2O, while the driving pressure decreased more significatively (p<0.01).

After 30 days, the overall mortality for the time series was 1.6 % and 3.1% when patients were over 65 years old. There was no difference in mortality between the various periods (Table 1).

Discussion

This is the first quality improvement project to analyse a lung-protective ventilation strategy over a long period, two years. At baseline, this study highlighted the high level of adherence to low tidal volume but the low use of the complete LPV triad (7%). The initial impact of education and training is well known but this study demonstrated the later benefit of using pop-up messages which has never been reported before. Moreover, it shows the relevance of using an automated cloud based analytic system with which the ventilation data for several rooms can be monitored in real time.

As already reported by many authors our study shows that an LPV strategy is currently widely applied in operating rooms but that applying the set of three procedures (triad) remained limited at baseline (Table 1) [START_REF] Las Vegas Investigators | Epidemiology, practice of ventilation and outcome for patients at increased risk of postoperative pulmonary complications: LAS VEGAS -an observational study in 29 countries[END_REF][START_REF] Josephs | Improving Adherence to Intraoperative Lung-Protective Ventilation Strategies at a University Medical Center[END_REF][START_REF] Jaber | A multicentre observational study of intra-operative ventilatory management during general anaesthesia: tidal volumes and relation to body weight[END_REF][START_REF] Hess | A 5-year observational study of lung-protective ventilation in the operating room: A single-center experience[END_REF]. Few patients benefit from recruitment manoeuvres, only 7 to 12.9 % depending on the study [START_REF] Jaber | A multicentre observational study of intra-operative ventilatory management during general anaesthesia: tidal volumes and relation to body weight[END_REF][START_REF]Epidemiology, practice of ventilation and outcome for patients at increased risk of postoperative pulmonary complications[END_REF]. Now in line with other quality improvement studies, our study shows an increase in the rate of applying the triad at the end of the first period. This effect simply confirms the high quality of training and team adherence.

This effect of adherence to good practices is well-known and not specific to LPV.

Unfortunately, it is also well-known that this favourable effect dwindles with time and returns more or less back to baseline level after a few months if training is not repeated [START_REF] Josephs | Improving Adherence to Intraoperative Lung-Protective Ventilation Strategies at a University Medical Center[END_REF][START_REF] Hess | A 5-year observational study of lung-protective ventilation in the operating room: A single-center experience[END_REF]. This is known as "the exhaustion effect". In anaesthesia, few studies have analysed the long-term effects of LPV training [START_REF] Josephs | Improving Adherence to Intraoperative Lung-Protective Ventilation Strategies at a University Medical Center[END_REF][START_REF] Hess | A 5-year observational study of lung-protective ventilation in the operating room: A single-center experience[END_REF]. The originality of our study is to have analysed this long-term effect and maintained the initial training with automatic reminder messages generated without human action. These repeated messages make it possible to maintain a high level of triad adherence (Figure 3). Data analysis shows that, over time, the three values (VT, RM and PEEP) decrease, but only to a limited extent (Table 2); and that none of the values decrease more than another.

Other computerised strategies have been shown to be effective in improving adherence to LPV triad, such as changing default ventilator settings on anesthesia machines (starting PEEP ≥ 5 cmH2O and a low default Vt) [START_REF] Chiao | Changing Default Ventilator Settings on Anesthesia Machines Improves Adherence to Lung-Protective Ventilation Measures[END_REF], which was the case in our study for PEEP value, after baseline period.

Several trials have demonstrated the difficulty of recording and analysing this strategy [START_REF] Josephs | Improving Adherence to Intraoperative Lung-Protective Ventilation Strategies at a University Medical Center[END_REF][START_REF] Jaber | A multicentre observational study of intra-operative ventilatory management during general anaesthesia: tidal volumes and relation to body weight[END_REF][START_REF] Hess | A 5-year observational study of lung-protective ventilation in the operating room: A single-center experience[END_REF][START_REF]Epidemiology, practice of ventilation and outcome for patients at increased risk of postoperative pulmonary complications[END_REF][START_REF] Karalapillai | Current ventilation practice during general anaesthesia: a prospective audit in Melbourne, Australia[END_REF][START_REF] Ladha | Variability in the Use of Protective Mechanical Ventilation During General Anesthesia[END_REF]. Self-reporting on paper (at each case) or involving teams in audits is often an obstacle to the evaluation of LPV practices in real-time. In the first period of this pilot study, we simply evaluated our practices and confirmed that the system reported an objective dashboard. As indicated in Table 1, in a very short time and without any action from the team, the data on a large cohort could be extracted and this is a technological breakthrough in the evaluation of several operating rooms. Our results for periods were similar to those of other reports: very few recruitment maneuvers (13%) and a low median PEEP level (Table 1) [START_REF] Josephs | Improving Adherence to Intraoperative Lung-Protective Ventilation Strategies at a University Medical Center[END_REF][START_REF] Jaber | A multicentre observational study of intra-operative ventilatory management during general anaesthesia: tidal volumes and relation to body weight[END_REF][START_REF]Epidemiology, practice of ventilation and outcome for patients at increased risk of postoperative pulmonary complications[END_REF][START_REF] Karalapillai | Current ventilation practice during general anaesthesia: a prospective audit in Melbourne, Australia[END_REF][START_REF] Ladha | Variability in the Use of Protective Mechanical Ventilation During General Anesthesia[END_REF].

It is also difficult to analyse the implementation of a new ventilation strategy due to the complexity of data recording. Manual recording is very time-consuming and induces missing or erroneous data which prevents or limits successive audits. In this present study, we demonstrated advantages of an automatic system for analysing successive time series on LPV implementation, quickly and objectively while better using the operating room team's time for patient care. The amount of data collected is much greater than with a manual report, which will be a considerable help in the future when LPV strategies are implemented. On the other hand, it makes little clinical sense to obtain an isolated LPV database. The next stage will be to associate the databases with clinical data so that several health parameters related to the implementation of LPV can be monitored for subgroups of patients for example (obese, robotic surgery etc.).

With this software connected to their machines anaesthesiologists may have the feeling they are being watched or spied upon. Indeed, when no explanation is given to the team before starting the automatic recording, the "Big Brother" impression may be legitimate. The most important keys to success in the rational use of the system were to clearly define the objectives and data we wanted to evaluate. In this study, five parameters were analysed: VT, PEEP, Pplat, recruitment maneuvers and volume mode. Over 300 parameters can be recorded with the software but before starting to use an automatic reporting system, each team probably needs to define which parameters will be recorded and analysed, who does it, who reports it and how often. In this study we wanted to test the tool on LPV.

Although gas consumption was not evaluated in this study, the software is also capable of recording gas consumption and piloting the cost of gas over time : yet another advantage of the system.

Several limitations to our study should be noted including that is a single-centre prospective observational study where the clinicians were aware of the data being collected.

which may have given erroneous data in the absence of a control group. Thirdly, we did not select a homogeneous patient group or a group with a high risk of complications, such as major surgery, which may have limited the impact of the results for the different time series.

Indeed, studies that have shown a reduction in morbidity and mortality with the use of LVP have involved major abdominal surgery [START_REF] Futier | A Trial of Intraoperative Low-Tidal-Volume Ventilation in Abdominal Surgery[END_REF][START_REF] Severgnini | Protective mechanical ventilation during general anesthesia for open abdominal surgery improves postoperative pulmonary function[END_REF].

In conclusion, this pilot system demonstrated the low practice of triad at baseline but the interest of several interventions to enhance the triad for LPV strategy. This study also demonstrated the benefit of an automated cloud based data system for analysing LPV practices (baseline) and its implementation (periods), reducing time-consuming written reports, improving objectivity and increasing data over several operating rooms to enhance perioperative care.
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Abstract Background:

This quality improvement project evaluated interventions to enhance individual adherence to lung protective ventilation (LPV) strategy and its triad: low tidal volume (6 to 8 mL/Kg of Predicted Body Weight (PBW), Positive-end expiratory pressure (PEEP) ≥5cmH2O and recruitment maneuvers.

Methods:

For two years, nine anesthesia workstations were connected an automated cloud based analytics software that automatically recorded ventilation parameters as soon as a new patient case was opened. Over the first year, four consecutive periods were determined: baseline, intervention, no intervention, intervention+digital. During the second year, digital was continued for nine months, followed by a last period: "overtime". Baseline and no intervention periods were absence of any education. Intervention included educational and conventional program. For procedure, digital included pop-up messages that automatically appeared on the screen of anesthesia information management system when patient intubation was informed. Recording times during each period were blinded. Primary endpoint was provider adherence to the recommended triad.

Results:

From October 2018 to December 2020, 12 883 procedures were enrolled. Data were available for 8 968 procedures: baseline (n=2361), intervention (n=2423), no intervention (n=1064), intervention+digital (n=1862), over time (n=1258). Age, Predicted Body Weight, ASA score, type of surgery, duration of general anesthesia, airway management were similar between periods. At baseline, 71% procedures reported low tidal volume but only 7% involved the complete triad. These parameters were significantly increased during intervention+digital (respectively, 79% and 27%) and overtime (respectively, 91% and 21%). The plateau pressure increased significatively over periods compared to baseline, but was always under or equal to 15 cmH2O, while the driving pressure decreased more significatively (p<0.01). Mortality over periods did not change.

Conclusion:

Low tidal volume is well practiced but application of the whole recommended LPV triad was limited. Triad use can be easily improved by education but maintaining adherance over time is challenging. This study highlights the help of digital and record apps. 

Keywords

-Intervention + Digital

When this period began teaching and information similar to intervention were given over the first two weeks and pop-up messages were implemented. The message was not deleted at the end of this period.

-Overtime

At the end of Intervention + Digital period, no teaching or training on LPV was given at our institution. Pop-up messages continued to appear on the screens as described above. After nine months, we made a new report.

Data collection, measures and number of procedures

All measurements from the ventilator were collected automatically by the software and transmitted to a secure database (specific domain). The type of surgery, duration of anaesthesia and patient characteristics (age, gender, ASA status score, weight, PBW) were recorded automatically via the anesthesia information management system connected to the machine for each procedure. For the baseline, based on a previous study (5 to 50 % noncompliance for triad), we estimated that 50 procedures for each anaesthesiologist in the department would be required to demonstrate a significant reduction in noncompliance for triad compared with other periods (from 25 to 10 % noncompliance, error ß risk 80 %) and decided to enrol at least 2000 procedures for this first time series. Mortality was recorded on the University hospital's database 30 days after surgery. from the start of maintenance phase to the end of maintenance phase. This is calculated using the median measured value for the first and last 10 minutes of maintenance. The value is represented as a percentage (%). A minimum maintenance phase length of 10 minutes is required for a valid value. • VT/PBW (mL/kg): This is the median inspired tidal volume for the maintenance phase of the case divided by the ideal body weight that is entered into the anesthesia machine for the case. • Driving Pressure (cmH2O): This is the median difference in plateau pressure and PEEP for the maintenance phase of the case when in a volume control mode, and the median difference in peak pressure and PEEP for the maintenance phase of the case when in a pressure control mode. • PEEP (cmH2O): This is the median measured PEEP value for the maintenance phase of the case. • Pplat (cmH2O): This is the median measured plateau pressure value for the maintenance phase of the case. • EtCO2 (mmHg): This is the median measured expired carbon dioxide value for the maintenance phase of the case. 
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Comment les interventions traditionnelles et numériques peuvent-elles améliorer l'application de la ventilation protectrice au bloc opératoire: un projet d'amélioration

des pratiques d'anesthésie sur deux ans.

Introduction:

Ce projet d'amélioration des pratiques a évalué plusieurs interventions visant à promouvoir l'adhésion individuelle aux stratégies de ventilation protectrice (VP) et à sa triade: faible volume courant (6 à 8 ml/Kg de poids idéal théorique (PIT), Pression expiratoire positive (PEP) ≥ 5cmH2O et utilisation de manoeuvres de recrutement.

Méthodes:

Pendant deux ans, neuf respirateurs d'anesthésie ont été connectés à un logiciel qui enregistrait automatiquement les paramètres de ventilation dès qu'un nouveau patient était sous anesthésie générale. Au cours de la première année, quatre périodes consécutives ont été déterminées: période de référence, phase d'intervention, absence d'intervention et phase d'intervention informatique. Au cours de la deuxième année, les aides numériques ont été poursuivis pendant neuf mois, suivi d'une dernière période dîte "à distance ". La période de référence et d'absence d'intervention correspondaient à l'absence de formation des équipes. Durant la phase d'intervention un programme éducatif et un programme conventionnel étaient dispensés aux membres de l'équipe. La phase d'intervention informatique comprenait des messages contextuels qui apparaissaient automatiquement sur l'écran des postes de travail d'anesthésie lors de chaque procédure. Les données au cours de chaque période ont été enregistrées par un logiciel informatique en aveugle et de façon automatisée. Le critère d'évaluation principal était l'adhésion de l'équipe à la triade de la VP.

Résultats:

D'octobre 2018 à décembre 2020, 12883 procédures chirurgicale ont été réalisées. Les données étaient disponibles pour 8968 procédures: période de référence (n=2361), phase d'intervention (n=2423), absence d'intervention (n=1064), phase d'intervention informatique (n=1862), dernière phase à distance deux ans plus tard (n=1258). L'âge, le PIT, le score ASA, le type de chirurgie, la durée d'anesthésie et la gestion des voies respiratoires étaient similaires entre les différentes périodes. Au départ 71% des procédures faisaient état d'un faible volume courant, mais seulement 7% impliquaient la triade complète. Ces paramètres ont augmenté de manière significative au cours des formations atteignant respectivement en phase d'intervention informatique 79 % et 27%, puis respectivement sur la dernière phase à distance 91% et 21%. La pression de plateau a significativement augmenté entre les différentes périodes tout en restant inférieur ou égale à 15 cmH2O alors que la pression motrice a diminué de façon significative au cours du temps. La mortalité au cours des périodes n'a pas changé.

Conclusion:

L'utilisation d'un faible volume courant est bien intégrée au sein de l'équipe mais l'application de l'ensemble des recommandations de la triade de la VP était limitée. L'utilisation de la triade peut être facilement améliorée par l'éducation mais le maintien de l'adhésion dans le temps est un défi. Cette étude souligne l'utilité des applications numériques et d'enregistrement pour former les équipes d'anesthésie.

Mots clés:

Anesthésie générale, ventilation protectrice, faible volume courant, manoeuvres de recrutement, pression expiratoire positive, données numériques.