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À mon frère : Benjamin, Frérot ! Malgré nos nombreuses ressemblances et divergences, on a toujours pu compter l'un sur l'autre ! À Robert : un véritable grand-père ! À mes beaux-parents : merci pour votre accueil chaleureux À mes cousines : Charlotte, Laura, on a été très longtemps comme des frères et soeurs, j'espère qu'on se reverra d'avantage à l'avenir, merci de m'avoir suivi en médecine ! Fabian : On se connait depuis si longtemps ! On a traversé toutes épreuves depuis la 6 ème ensemble en passant par les randonnées au fin fond de la Chine, l'ascension mythique du Mt Fuji jusqu'au concours de l'internat où tu es parti vers le côté obscur de la chirurgie… Merci pour ta fidélité toute ces années ! Hosam : Toi aussi tu fais partie des irréductibles du temps du Lycée Joffre, merci pour ta constante bonne humeur ! Petite dédicace au Kebab du Polygone sous l'escalator et nos concours de Harissa… Bertrand : Tu as toujours été notre exemple à suivre depuis le lycée que ce soit du point de vu sportif que du point de vu intellectuel ! Merci pour la tenue chaude de rechange que tu avais prise au sommet du Fuji, sans elle, j'aurais pu y rester… Pierre : Alors que tu étais le benjamin du groupe, notre petit frère, tu es parti beaucoup trop tôt… Je n'oublierais jamais nos sessions de jeu de Go, notre passion commune pour le Japon ! PE : Même si toi aussi tu deviendras chirurgien, je suis très fier de pouvoir te compter parmi mes Recently the role of videolaryngoscopy (VL) in anticipated [START_REF] Holmes | Airway Management Practice in Adults With an Unstable Cervical Spine: The Harborview Medical Center Experience[END_REF][START_REF] Nam | Cervical Spine Motion During Tracheal Intubation Using an Optiscope Versus the McGrath Videolaryngoscope in Patients With Simulated Cervical Immobilization: A Prospective Randomized Crossover Study[END_REF][START_REF] Pieters | Macintosh Blade Videolaryngoscopy Combined With Rigid Bonfils Intubation Endoscope Offers a Suitable Alternative for Patients With Difficult Airways[END_REF] and un-anticipated [START_REF] Frerk | Difficult Airway Society 2015 guidelines for management of unanticipated difficult intubation in adults[END_REF][START_REF] Apfelbaum | Practice Guidelines for Management of the Difficult Airway: An Updated Report by the American Society of Anesthesiologists Task Force on Management of the Difficult Airway[END_REF][START_REF] Langeron | Difficult intubation and extubation in adult anaesthesia[END_REF][START_REF] Herbstreit | Learning endotracheal intubation using a novel videolaryngoscope improves intubation skills of medical students[END_REF] difficult intubation has been widely recognized. High-profile national guidelines [START_REF] Frerk | Difficult Airway Society 2015 guidelines for management of unanticipated difficult intubation in adults[END_REF][START_REF] Apfelbaum | Practice Guidelines for Management of the Difficult Airway: An Updated Report by the American Society of Anesthesiologists Task Force on Management of the Difficult Airway[END_REF] have stated that all anesthesiologists should be trained to use and have immediate access to a VL. Following large implementation, difficult and failed intubation rates [START_REF] Meitzen | Video Laryngoscopy: Positives, Negatives, and Defining the Difficult Intubation[END_REF] by skilled providers declined significantly. [START_REF] Schroeder | Temporal Trends in Difficult and Failed Tracheal Intubation in a Regional Community Anesthetic Practice[END_REF][START_REF] Cook | Prospective validation of a new airway management algorithm and predictive features of intubation difficulty[END_REF] Furthermore, teaching with videolaryngoscopes can improve intubation skills in medical students. [START_REF] Herbstreit | Learning endotracheal intubation using a novel videolaryngoscope improves intubation skills of medical students[END_REF][START_REF] Sainsbury | The effect of verbal and video feedback on learning direct laryngoscopy among novice laryngoscopists: a randomized pilot study[END_REF] New devices, including APA™ © , C-MAC-S © (single-use), C-MAC-S-PM © (pocket and singleuse) and McGrath Mac © , are called "Macintosh" VLs. [START_REF] Pieters | Macintosh Blade Videolaryngoscopy Combined With Rigid Bonfils Intubation Endoscope Offers a Suitable Alternative for Patients With Difficult Airways[END_REF][START_REF] Jong | Implementation of a combo videolaryngoscope for intubation in critically ill patients: a before-after comparative study[END_REF][START_REF] Jong | Video laryngoscopy versus direct laryngoscopy for orotracheal intubation in the intensive care unit: a systematic review and meta-analysis[END_REF][START_REF] Jong | Intubation in the ICU: we could improve our practice[END_REF][START_REF] Berkow | The Technology of Video Laryngoscopy[END_REF] They can be used both as direct and indirect-laryngoscopes. Two types of blades are available: first a Macintosh-style blade which integrates video capability and can be used to perform both indirect and direct-laryngoscopy. [START_REF] Cook | Universal videolaryngoscopy: a structured approach to conversion to videolaryngoscopy for all intubations in an anaesthetic and intensive care department[END_REF] On the other hand a hyperangulated blade is available in order to further improve glottic visualization [START_REF] Aziz | First-Attempt Intubation Success of Video Laryngoscopy in Patients with Anticipated Difficult Direct Laryngoscopy: A Multicenter Randomized Controlled Trial Comparing the C-MAC D-Blade Versus the GlideScope in a Mixed Provider and Diverse Patient Population[END_REF][START_REF] Aziz | Routine clinical practice effectiveness of the Glidescope in difficult airway management: an analysis of 2,004 Glidescope intubations, complications, and failures from two institutions[END_REF] for difficult laryngoscopy, which can be used only in indirect-laryngoscopy. [START_REF] Aziz | First-Attempt Intubation Success of Video Laryngoscopy in Patients with Anticipated Difficult Direct Laryngoscopy: A Multicenter Randomized Controlled Trial Comparing the C-MAC D-Blade Versus the GlideScope in a Mixed Provider and Diverse Patient Population[END_REF] To our knowledge, very limited data are available regarding the use of Macintosh-VLs as the first-intention devices for all intubation procedures performed in the operating room, no matter how difficult.

Macintosh Videolaryngoscope for intubation in the operating room: a comparative quality improvement project

We performed a pragmatic study included in a quality improvement project aiming to compare the glottic visualization of different Macintosh-VLs used as the primary intubation device. The main hypothesis was that one of the Macintosh-VLs might show less frequent need to use the hyperangulated blade. The secondary hypotheses were that the Macintosh-VLs might differ regarding successful first attempt intubation, number of intubation attempts, glottic visualization in direct and indirect-laryngoscopy, adverse-effects, subjective assessment of difficulty of intubation, user-friendliness and image quality.

MATERIALS AND METHODS

A. Study Design

We conducted a quality improvement project from May 2017 to September 2017 in the 4 anesthesia departments of Montpellier Teaching Hospital, aiming at implementing Macintosh-VL for all intubations procedures in the operating room.

This study was part of an institutional assessment of airway management which evaluated singleuse Macintosh-VLs. We obtained approval from the local scientific (Comité d'Organisation et de Gestion de l'Anesthésie Réanimation) and ethics committee (Institutional Review Board, Comité Locale d'Ethique Recherche, agreement number: 2017_CLER-MPT_11-04) of Montpellier University Hospital [START_REF] Toulouse | French legal approach to clinical research[END_REF]. Requirement for written informed consent was waived by the Institutional Review Board.

The four Macintosh-videolaryngoscopes assessed were loaned to the anesthesia departments for the duration of the 5 month trial. Representatives of each company providing devices for the trial afforded training in the use of the devices and support throughout the trial. The companies (including Medtronic) were otherwise not involved in this clinical assessment. The clinical evaluations were performed without funding or involvement in the decision to perform the trial, in the analysis of the results (performed by an independent statistician, NM), or in the subsequent decision-making. The departments of anesthesia had received free or at cost equipment for research and evaluation from all the airway companies providing single-use Macintosh VL at the time where the study was performed.

B. Population

Inclusion criteria

Patients aged ≥ 18 years that required oro-tracheal intubation during general anesthesia were included.

Exclusion criteria

Patients were not included if they met one or more of the following criteria: pregnancy or breast feeding, rapid sequence intubation, intubation in case of cardiopulmonary arrest, emergency airway management (severe hypoxemia or severe collapse before intubation), inter-incisor gap<2.2cm. All the Macintosh-VLs were single-use and had both Macintosh-style blades and hyperangulated blades.

C. Interventions

Before the beginning of the quality improvement project, Macintosh-VL were not available and only Glidescope © (Verathon, USA) VL was available and routinely used in case of difficult intubation. [START_REF] Jong | Difficult intubation in obese patients: incidence, risk factors, and complications in the operating theatre and in intensive care units[END_REF] The anesthesiologists had no experience with the respective devices prior to participating in the study. In order to choose one Macintosh-VL for the institution, each of the four anesthesia departments assessed each of the four devices during one month in a randomized order: May (one period), June (one period), July-August together (due to the reduced number of patients undergoing anesthesia and surgery during the summer, one period) and September (one period).

One device was available for each anesthesia department (multiple patients could not be enrolled simultaneously in the same anesthesia department, i.e. not consecutive included patients), and the anesthesiologists were encouraged to use the device whenever available.

All patients requiring tracheal intubation and without exclusion criteria could be included in the study. All the anesthesia providers at the participating institutions took part in the study.

All patients were monitored as usual with electrocardiogram, peripheral oxygen saturation (SpO2) and arterial blood pressure (non-invasive or invasive as appropriate).

The anesthesia technique, including choice of drugs and order of administration,( 22) size of blades and use of adjuvant airway device (ex, stylet, bougie), was at the discretion of the anesthesia provider providing patient care. In case of use of neuromuscular blockers, cisatracurium was universally used and muscle relaxation was assessed using a TOF monitoring.

For each Macintosh-VL, three consecutive steps were performed in the same order and are summarized in Figure 1:

Step I: After preoxygenation for 3 minutes according to the institution protocol followed by anesthesia induction, the first step was to rate the glottic visualization, using the Cormack-Lehane (CL) scoring system,(23) using the Macintosh-VLs in direct-laryngoscopy with the Macintosh-style blade.

Step II: The second step was to rate the glottic visualization with the Macintosh-VLs in indirectlaryngoscopy (using the Macintosh-style blade); If the CL grade was ≤ II, the operator made an intubation attempt, if the CL grade was ≥ III, the operator moved to the third step without attempting intubation. Head repositioning or Backward Upward Rightward Pressure/ External Laryngeal Pressure was permitted at this step. Intubation using a bougie was not permitted with a CL III/IV view. The need to go to the third step was the primary outcome variable.

Step III: The third step was performed only in case of CL grade≥ III (III or IV) or if the intubation attempt at the second step failed. This step was mandatorily performed by a senior anesthesiologist (defined as a physician, attending anesthesiologist). The Macintosh-style blade was switched to the hyperangulated blade. X blade for the McGrath Mac © , D Blade for the C-MAC-S © and the C-MAC-S Pocket Monitor © , Difficult Airway Blade (DAB) for the APA™ © ), using the same device. After rating the new glottic visualization (fourth rating) using the hyperangulated blade, the operator made an intubation attempt.

An intubation attempt was defined as the insertion of the laryngoscope blade into the mouth of the patient and the attempt to insert an endotracheal tube. At our institution usual practice is to stop the laryngoscopy and to resort to bag-mask ventilation in case of peripheral oxygen saturation dropping below 90%. The choice of an alternative technique after two failed intubation attempts was recommended by the study protocol and was in accordance with clinical standard. [START_REF] Apfelbaum | Practice Guidelines for Management of the Difficult Airway: An Updated Report by the American Society of Anesthesiologists Task Force on Management of the Difficult Airway[END_REF][START_REF] Langeron | Difficult intubation and extubation in adult anaesthesia[END_REF][START_REF] Ruetzler | Blind Intubation through Self-pressurized, Disposable Supraglottic Airway Laryngeal Intubation Masks: An International, Multicenter, Prospective Cohort Study[END_REF] The alternative technique was left at the discretion of the physician. 

D. Data collection

E. Statistical analysis

Quantitative variables were expressed as means + standard deviation (SD) and qualitative variables were expressed as numbers (percentage). Comparison of means for unpaired data was performed using analysis of variance and Tukey's test for multiple comparisons. Comparison of percentages was performed using a Chi square test with Bonferroni correction for 6 comparisons (a P value<0.008 was considered significant). Confidence intervals (CI) were computed for associations of interest (99.2% CI after adjustment). For paired repeated data (Differences in CL score between steps), comparison was performed using a linear mixed effect model, for each VL group, including the subject as a random effect. Regarding outcomes recorded in step III, conditional nature of step III makes comparisons here well confounded by the primary outcome results and results of this conditional phase will be descriptive.

For the main outcome (use of a hyperangulated blade), a mixed effect multivariable logistic regression model was performed to assess the relation between the main outcome and the VL group and adjust for confounding. All variables with p-value less than 0.20 in the univariate analysis (as presented in Table 1), age (defined a priori) and body mass index (BMI, defined a priori) were entered into the model. The center was taken into account as a random effect. Prespecified interactions between BMI and group, and age and group were tested.

All P values were two-tailed and exact. A P value<0.008 was considered statistically significant after Bonferroni correction for 6 comparisons. Statistical analysis was performed using SAS software version 9.4 (SAS Institute; Cary, NC).

RESULTS

From May 2017 to September 2017, 589 patients were included (Figure 2). The demographic variables, operator characteristics and the choice of drugs did not differ between the four Macintosh-VLs (Table 1, Supplemental Table 1). Among airway characteristics, thyromental distance < 6 cm was significantly more frequent in the C-MAC-S-PM © and APA™ © than in the McGrath Mac © and the C-MAC-S © , whereas the presence of at least one predictive factor of difficult intubation did not significantly differ between Macintosh-VLs (Table 1).

A. Primary outcome

The hyperangulated blade was used in 22/180 patients (12%) for the McGrath Mac©, in 29/139 patients (21%) for the C-MAC-S-PM©, in 39/132 patients (30%) for the C-MAC-S© and in 35/138 patients (25%) for the APA™© (Table 2, Supplemental Figure 1). By multivariable analysis, the following variables were entered in the model: age, BMI, center, thyromental distance < 6 cm, no cervical spine extension. After adjustment for BMI, the McGrath Mac© was associated with less frequent use of hyperangulated blade than C-MAC-S© (OR, 99.2% CI of 0.34 (0.16, 0.77),p=0.0005), or APA™© (OR, 99.2%CI of 0.42 (0.19, 0.93),p=0.004), but not C-MAC-S-PM© (OR, 99.2%CI of 0.53 (0.23, 1.2),p=0.04, Figure 3).

B. Secondary and exploratory outcomes

Step I

In direct-laryngoscopy using the Macintosh-VLs (Macintosh-style blade), the CL scores were significantly lower with the McGrath Mac © than with the other Macintosh-VLs.

Step II

The glottic visualization with the Macintosh-VL was significantly better using indirectlaryngoscopy than using direct-laryngoscopy for all Macintosh-VLs (Table 2).

The number of Cormack I and II grades was significantly higher for the McGrath Mac © than for the C-MAC-S © and the APA™ © (Table 2, Figure 4). The rates of successful intubation at step II were the following: n = 158/166 (95.2% (90.8 -99.6)) for the McGrath Mac © , n = 93/99 (93.9% (87.6 -1.00) for the C-MAC-S © , n = 110/121 (90.9% (84.0 -97.8) for the C-MAC-S-PM © , n = 103/113 (91.2% (84.1 -98.2) for the APA™ © (Table 2, Figure 4). Thirty-seven percent (37%) of intubation attempts were performed using a stylet (Table 2).

Step III

The rates of successful intubation at step III are presented in Table 2 and Supplemental Figure 1.

Glottic visualization and alternative devices used in patients who reached step III in the four

Macintosh-VLs are presented in Supplemental Table 2.

For all steps

Overall, the number of intubation attempts was significantly lower using the McGrath Mac © than the C-MAC-S © or the C-MAC-S-PM © VLs (Table 2). Intubation was successful in more than 90% of attempts, whatever the device used.

No serious adverse events occurred during the assessment period, and the rate of complications did not differ between Macintosh-VLs (Supplemental Table 3).

The subjective appreciation of difficulty of intubation and user friendliness of devices respectively showed lower and higher NRS scores for the McGrath Mac © device compared to the other devices (Supplemental Table 3 and Figure 4). The subjective assessment of image quality showed higher NRS scores for the C-MAC-S © and C-MAC-S-PM © compared to the APA™ © or McGrath Mac © (Supplemental Table 3).

DISCUSSION

In this quality improvement project aiming to select one Macintosh-VL, the McGrath Mac © showed better performances than others Macintosh-VLs, reduced need to resort to a hyperangulated blade and showed greater user friendliness than other devices. However, C-MAC-S © and C-MAC-S-PM © showed better image quality than APA™ © or McGrath Mac © .

To our knowledge, this is the first time that the four single-use Macintosh-VLs on the market are assessed in a pragmatic human study. Laryngeal exposure was better with the McGrath Mac © though the image quality was not as good as the other devices (Figure 3), and the number of overall attempts were reduced with the McGrath Mac © . The McGrath Mac © was the only device which had a lower CI limit of first-attempt success rate higher than 90%, main criterion in a recent study by Kleine-Brueggeney et al. [START_REF] Kleine-Brueggeney | Evaluation of six videolaryngoscopes in 720 patients with a simulated difficult airway: a multicentre randomized controlled trial[END_REF]. Previous studies performed by Kleine-Brueggeney et al. [START_REF] Kleine-Brueggeney | Evaluation of six videolaryngoscopes in 720 patients with a simulated difficult airway: a multicentre randomized controlled trial[END_REF] 25 in simulated difficult airway and by Shin et al. [START_REF] Shin | Comparing McGRATH(R) MAC, C-MAC(R), and Macintosh Laryngoscopes Operated by Medical Students: A Randomized, Crossover, Manikin Study[END_REF] in manikin which compared the McGrath Mac © and the reusable C-MAC © found no significant differences between the devices in terms of successful intubation rate and glottic visualization. One explanation to these apparent discrepancies are that, as required by French law, all the Macintosh-VLs devices used in the current study had single-use blade, whereas the reusable C-MAC © was assessed in the two other studies. [START_REF] Kleine-Brueggeney | Evaluation of six videolaryngoscopes in 720 patients with a simulated difficult airway: a multicentre randomized controlled trial[END_REF][START_REF] Shin | Comparing McGRATH(R) MAC, C-MAC(R), and Macintosh Laryngoscopes Operated by Medical Students: A Randomized, Crossover, Manikin Study[END_REF] The blade used in the reusable C-MAC © differs from the blade used in the C-MAC S © and the C-MAC S © PM, being less thick in the reusable C-MAC © . Moreover, Shin's study [START_REF] Shin | Comparing McGRATH(R) MAC, C-MAC(R), and Macintosh Laryngoscopes Operated by Medical Students: A Randomized, Crossover, Manikin Study[END_REF] was a manikin study so the results cannot be fully extrapolated to human subjects, and Despite its relatively poor image quality (Supplemental Table 3), the McGrath Mac © was chosen by most operators as the most "user friendly" device providing the easiest intubation (Figure 4).

These results are in line with the more frequent use of the McGrath Mac © device than others (n = 180 compared to n=132, 139 and 138 for other devices). Even if one device was available for each anesthesia department, and the anesthesiologists strongly encouraged to use the device as often as possible, it is likely that the more the Macintosh-VL was considered effective, the more it was used in this quality improvement project. As the operators were not experienced with the

McGrath Mac, it is unlikely that the more frequent use of the McGrath MAC results from greater familiarity. By contrast the C-MAC-S © delivered the best quality image but was not deemed the most user friendly device. As in previous studies, [START_REF] Shin | Comparing McGRATH(R) MAC, C-MAC(R), and Macintosh Laryngoscopes Operated by Medical Students: A Randomized, Crossover, Manikin Study[END_REF] image quality does not seem to affect the proportion of successful attempts. However, the teaching quality of the VL, making it possible for a supervisor to observe the trainee's actions during direct-laryngoscopy and give advice, [START_REF] Kelly | Videolaryngoscopes confer benefits in human factors in addition to technical skills[END_REF] may be more strongly associated with the quality of image and warrants further studies.

Moreover, the difficulties assessed by the user-friendliness NRS may have resulted from insufficient familiarity with or training on the devices used.

Finally, it is worth nothing that higher BMI was significantly associated with more use of a hyperangulated blade. These results are consistent with the findings of recent studies showing higher odds of difficult intubation in case of higher BMI. [START_REF] Jong | Difficult intubation in obese patients: incidence, risk factors, and complications in the operating theatre and in intensive care units[END_REF][START_REF] Saasouh | Degree of obesity is not associated with more than one intubation attempt: a large centre experience[END_REF] The aim of this quality improvement project was in line with recent guidelines. [START_REF] Frerk | Difficult Airway Society 2015 guidelines for management of unanticipated difficult intubation in adults[END_REF][START_REF] Higgs | Guidelines for the management of tracheal intubation in critically ill adults[END_REF] All anesthesiologists should be trained to use, and have immediate access to, a videolaryngoscope.

Proficiency with videolaryngoscope intubation is unlikely to be achieved if there are several different devices across one hospital. [START_REF] Mcnarry | The evolution of airway management -new concepts and conflicts with traditional practice[END_REF][START_REF] Cook | A national survey of the impact of NAP4 on airway management practice in United Kingdom hospitals: closing the safety gap in anaesthesia, intensive care and the emergency department[END_REF][START_REF] Lewis | Videolaryngoscopy versus direct laryngoscopy for adult patients requiring tracheal intubation: a Cochrane Systematic Review[END_REF] Developing expertise requires frequent rather than exceptional use,(2) in operating room [START_REF] Frerk | Difficult Airway Society 2015 guidelines for management of unanticipated difficult intubation in adults[END_REF] as in ICU [START_REF] Higgs | Guidelines for the management of tracheal intubation in critically ill adults[END_REF][START_REF] Jaber | The intensive care medicine research agenda for airways, invasive and noninvasive mechanical ventilation[END_REF][START_REF] Quintard | Intubation and extubation of the ICU patient[END_REF] or emergency settings.(35) Cook et al. [START_REF] Cook | Universal videolaryngoscopy: a structured approach to conversion to videolaryngoscopy for all intubations in an anaesthetic and intensive care department[END_REF] reported the conversion to VL as a routine first-choice option throughout a hospital's anesthetic and ICU practice. Consistent with this study, the results observed in the current study suggest that a single device to be used for easy and difficult intubation can be successfully implemented in operating room. One could suggest that these devices could even replace the standard-Macintosh laryngoscope in operating rooms. [START_REF] Cook | Universal videolaryngoscopy: a structured approach to conversion to videolaryngoscopy for all intubations in an anaesthetic and intensive care department[END_REF] The use of a single effective device for easy and difficult intubation may decrease the number of intubation attempts and by extension the complications related to the number of intubation attempts. [START_REF] Aziz | Success of Intubation Rescue Techniques after Failed Direct Laryngoscopy in Adults: A Retrospective Comparative Analysis from the Multicenter Perioperative Outcomes Group[END_REF][START_REF] Mcnarry | The evolution of airway management ─ new concepts and conflicts with traditional practice[END_REF] An abundant literature shows that delayed, difficult, or failed intubation is a major risk factor of harm and death in the patient with difficult airway. [START_REF] Jong | Intubation in the ICU: we could improve our practice[END_REF][START_REF] Cook | Major complications of airway management in the UK: results of the Fourth National Audit Project of the Royal College of Anaesthetists and the Difficult Airway Society. Part 1: anaesthesia[END_REF] However, although the McGrath MAC may have outperformed the other Macintosh-VL devices, none performed well enough to be advocated as a "universal" method, with a failure rate of 125/589 (21%) for the proposed universal VL. An alternative strategy would be to retain Macintosh laryngoscope and resort to a hyperangulated VL as a routine or rescue technique. There is evidence, though no prospective study, that the latter strategy is highly effective.(36) Indeed, regular use of a hyperangulated blade would increase familiarity, providing improved laryngeal visualization and fewer conversions to alternative techniques.

There are some limitations to discuss. First this is a non-blinded non-randomized quality improvement project, which weakens the conclusions. Providers had a choice as to whom to include in the study, so the trial was not purely randomized, which is a major confounding factor.

However, the order of testing each Macintosh-VL in each center was randomly selected and the data were prospectively collected. Second, operator experience with the use of VL varied from new users to experienced users. However, as the groups did not differ regarding operator characteristics, it is unlikely that the comparison between groups could have been biased. As the name of the operator was not systematically recorded, we were not able to assess the improvement of their performance. Third, concerns have been raised, about the use of the Cormack-Lehane grading system during videolaryngoscopy. Although many studies have demonstrated that videolaryngoscopy improves the view, this does not always translate into easier tracheal intubation. Alternatives like the intubation difficulty scale(39) could have been used to capture indices of difficulty common to both direct and indirect laryngoscopes. Fourth, since step III was a conditional step depending on the results of step II, results for step III should interpreted descriptively and with caution. Fifth, the study was powered for a very large effect (10% versus 30% with the primary outcome). Power was moderate/low for smaller differences that would still be clinically important for the binary outcomes. Negative results on binary outcomes cannot be taken as definitive. Sixth, even after further adjusting for confounding as recommended, there is a potential for residual confounding bias which is a main concern in this study. The patients positioning was not standardized, whereas positioning impacts laryngoscopy (and VL) view. The use of head repositioning and Backward Upward Rightward Pressure/ External Laryngeal Pressure have not been recorded and may have resulted in improved laryngeal exposure with a reduced need to convert to a hyperangulated blade. Thyromental distance < 6 cm appeared more frequently in the patients in whom the CMAC-S was used, introducing the possibility of bias. However, the thyromental distance < 6 cm was not significant in the final multivariable model. Moreover, the presence of at least one factor for difficult intubation did not differ between groups. Seventh, the CL score does not reflect the ease or difficulty of tracheal intubation. However, the CL score provides a reasonable description of the quality of laryngoscopy (for both direct and indirect methods) but does not equate with the ease of intubation (by either direct or indirect methods).

CONCLUSION

In conclusion, the glottic visualization in direct and indirect-laryngoscopy with the Macintoshstyle blade was significantly improved with the McGrath Mac © compared to other Macintosh-VLs, leading to a decreased resort to the hyperangulated blade and overall number of intubation attempts. Among VLs, MacGrath-Mac may be the preferred VL and eventually become the standard VL.

. Methodology of the quality improvement project

Three steps were performed:

 Step I: After preoxygenation for 3 minutes according to the institution protocol and anesthesia induction, the first step was to rate the glottic visualization, using the Macintosh-VLs in direct-laryngoscopy with the Macintosh-style blade.



Step II: The second step was to rate the glottic visualization (third rating) with the Macintosh-VLs in indirect-laryngoscopy (using the Macintosh-style blade); If the CL grade was ≤ II, the operator made an intubation attempt, if the CL grade was ≥ III, the operator moved to the third step without attempting intubation.



Step III: The third step was performed only in case of CL grade≥ III (III or IV) or if the intubation attempt at the second step failed. This step was mandatorily performed by a senior anesthesiologist. The Macintosh-style blade was switched to the hyperangulated blade, using the same device. After rating the new glottic visualization (fourth rating) using the hyperangulated blade, the operator made an intubation attempt.

An intubation attempt was defined as the insertion of the laryngoscope blade into the mouth of the patient and the attempt to insert a tracheal tube.

The choice of an alternative technique after two intubation attempts was recommended by the study protocol and was in accordance with clinical standard. 7,8,24 The alternative technique was left at the appreciation of the physician. 3). 

VL = videolaryngoscope
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  IntervalBMI = Body Mass indexINTRODUCTIONStandard Macintosh direct-laryngoscopy, which requires a direct line of sight to align airway axes, remains the first airway management device for most anesthesiologists.[START_REF] Jong | Difficult intubation in obese patients: incidence, risk factors, and complications in the operating theatre and in intensive care units[END_REF][START_REF] Cook | A national survey of videolaryngoscopy in the United Kingdom[END_REF] 

Four

  devices were used including the McGrath Mac © (Medtronic Covidien, USA), the C-MAC-S © (Karl Storz, Germany), the C-MAC-S Pocket Monitor © (PM) (Karl Storz, Germany) and the APA™ © (Advanced Airway Management Health Care, United Kingdom).



  The perioperative data collected by the operator consisted of:Demographic information (height, weight, age)  Airway evaluation (Mallampati class, mouth opening, thyromental distance, neck range of motion, inter-incisor gap, medical history of difficult intubation)  Type and amount of drugs administered during induction  Operator status: physician, resident or anesthetic nurse  Assessment of the glottic visualization using the CL scoring system  Number of intubation attempt(s)  Need to change to a different intubation device, and use of adjuvant airway devices (ex, stylet, Bougie). The decision to use a stylet for intubation at Step II was made by the operator before performing the first attempt.  Vital signs (SpO2, heart rate, blood pressure)  Degree of ease or difficulty of tracheal intubation based on the Numeric Rate Scale (NRS) (0=easy to 10=difficult)  Degree of user-friendliness (0= not user friendly to 10= totally user friendly) and quality of the image (0=bad to 10=perfect) based on NRS Primary outcome The primary outcome was the need to move to step III (using a hyperangulated blade because of failure to intubate at step II or CL grade III/IV at step III). Secondary outcomes  Glottic visualization assessed by CL score using the Macintosh-VL in directlaryngoscopy with the Macintosh-style blade, the Macintosh-VL in indirect-laryngoscopy with the Macintosh-style blade and if step III was reached the Macintosh-VL in indirectlaryngoscopy with the hyperangulated blade  Cormack I and II scores with the Macintosh-VL in indirect-laryngoscopy with the Macintosh-style blade (step II)  Number of laryngoscopy attempts  Adverse effects (hypoxemia defined by SpO2<90%, bradycardia defined by heart rate <50 bpm, hypotension defined by systolic arterial pressure <90mmHg)  Degree of ease or difficulty of tracheal intubation based on the NRS (0=easy to 10=difficult) Degree of user-friendliness (0= not user friendly to 10= totally user friendly) and quality of the image (0=bad to 10=perfect) based on NRS. No free text was accompanying this assessment, only an NRS was provided to the assessor. Exploratory outcomes  Proportion of successful attempts at tracheal intubation with the Macintosh-style blade in indirect-laryngoscopy (step II)  Proportion of successful attempts at tracheal intubation with the hyperangulated blade (Step III)  Failures/crossovers to other rescue techniques

  Kleine et al.[START_REF] Kleine-Brueggeney | Evaluation of six videolaryngoscopes in 720 patients with a simulated difficult airway: a multicentre randomized controlled trial[END_REF] excluded all subjects with known or predicted difficult airway (BMI>35 kg.m -2 and planned or previous history of awake tracheal intubation). It is also worth nothing that whereas the main aim of our pragmatic study was to assess the Macintoshstyle blade in indirect-laryngoscopy, Kleine et al.[START_REF] Kleine-Brueggeney | Evaluation of six videolaryngoscopes in 720 patients with a simulated difficult airway: a multicentre randomized controlled trial[END_REF] focused on the hyperangulated blade dedicated to difficult airway.
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µ

  The difference between Cormack-Lehane score obtained using the videolaryngoscope in indirect vision with the Macintosh blade and the Cormack-Lehane score obtained using videolaryngoscope in indirect vision with the hyperangulated blade differs significantly from 0 in the overall population and in all the videolaryngoscopes. µµ The difference between Cormack-Lehane score obtained using the videolaryngoscope in indirect vision with the Macintosh blade and the Cormack-Lehane score obtained using videolaryngoscope in indirect vision with the hyperangulated blade did not differ significantly from 0. * C-MAC ≠ MacGrath ** C-MAC pocket ≠ MacGrath *** APA ≠ MacGrath $ C-MAC Pocket ≠ C-MAC $$ APA ≠ C-MAC £ APA ≠ C-MAC Pocket
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. Flow chart of the study

  Among 1114 patients assessed for eligibility, 589 patients were included, 180 in the McGrath Mac © group, 132 in the C-MAC-S © group, 139 in the C-MAC S PM © group and 138 in the APA™ © group. The use of a hyperangulated blade was required in 22/180 (12%) in the McGrath

	Mac © group, 39/132 (30%) in the C-MAC-S © group, 29/139 (21%) in the C-MAC-S-PM © group
	and 35/138 (25%) in the APA™ © group.
	Figure 3.

Main outcome (need of a hyperangulated blade) for each Macintosh videolaryngoscope after multivariable analysis

  

	The hyperangulated blade was used in 22/180 patients (12%) for the McGrath Mac©, in 29/139
	patients (21%) for the C-MAC-S-PM©, in 39/132 patients (30%) for the C-MAC-S© and in
	35/138 patients (25%) for the APA™©. By multivariable analysis, the following variables were
	entered in the model: age, body mass index (BMI), center, thyromental distance < 6 cm, no
	cervical spine extension. After adjustment for BMI, the McGrath Mac© was associated with less
	frequent use of hyperangulated blade than C-MAC-S© (OR, 99.2% CI of 0.34 (0.16,
	0.77),p=0.0005), or APA™© (OR, 99.2%CI of 0.42 (0.19, 0.93),p=0.004), but not C-MAC-S-
	PM© OR, 99.2%CI of 0.53 (0.23, 1.2),p=0.04, Figure
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 2 Outcomes according to step I, II and III in the four Macintosh videolaryngoscope groups Data are summarized as mean ± SD or n (%). CL = Cormack-Lehane. ND = Not Done (as the sample size for each group here is conditional on requiring step III, no statistical testing was done). DL = Direct Laryngoscopy. IL = Indirect Laryngoscopy µ The difference between Cormack-Lehane score obtained using the videolaryngoscope in direct vision and the Cormack-Lehane score obtained using videolaryngoscope in indirect vision differs significantly from 0 in the overall population and in all the videolaryngoscopes (P<0.008). * C-MAC-S© ≠ McGrath Mac© ** C-MAC S PM© ≠ McGrath Mac© *** APA™© ≠ McGrath Mac© $ C-MAC S PM© ≠ C-MAC-S© $$ APA™© ≠ C-MAC-S© £ APA™©≠ C-MAC S PM© (P<0.008) SUPPLEMENTAL TABLE 2. Glottis visualization and alternative devices used in patients who reached step 3 in the four Macintosh videolaryngoscopes groups Data are summarized as mean ± SD or n (%). NA = Not Available. CL = Cormack-Lehane. ND = Not Done (as the sample size for each group here is conditional on requiring step III, no statistical testing was done).

	Outcomes	McGrath Mac ©	C-MAC S ©	C-MAC S PM ©	APA™ ©	P Values
		N = 180	N = 132	N = 139	N = 138	
	CL score at step I (Videolaryngoscope, DL,					
	Macintosh-style blade)					
	1	104/180 (58%)	50/132 (38%)*	72/139 (52%)	61/138 (44%)	0.003
	2	39/180 (22%)	31/132 (24%)	29/139 (21%)	37/138 (27%)	0.64
	3	28/180 (15%)	40/132 (30%)	29/139 (21%)	26/138 (19%)	0.01
	4	9/180 (5%)	11/132 (8%)	9/139 (6%)	14/138 (10%)	0.33
	CL score 3 or 4	37/180 (20%)	51/132 (38%)*	38/139 (27%)	40/138 (29%)	0.006
	Mean CL score at step I (Macintosh-style blade)	1.68 ± 0.91	2.10 ± 1.01*	1.82 ± 0.98	1.95 ± 1.02	0.001
	CL score at step II (Videolaryngoscope, IL,					
	Macintosh-style blade)					
	1	146/180 (81%)	67/132 (51%)*	89/139 (64%)**	80/138 (58%)***	<0.0001
	2	20/180 (11%)	32/132 (24%)*	32/139 (23%)	33/138 (24%)***	0.006
	3	12/180 (7%)	27/132 (20%)*	12/139 (9%)	16/138 (12%)	0.002
	4	2/180 (1%)	6/132 (5%)	6/139 (4%)	9/138 (6%)	0.09
	CL score 3 or 4	14/180 (8%)	33/132 (25%)*	18/139 (13%)	25/138 (18%)***	0.0002
	Mean CL score at step II	1.28 ± 0.64	1.79 ± 0.93*	1.54 ± 0.84**	1.67 ± 0.92***	<0.0001
	Difference CL score Step I -Step II µ	0.40 ± 0.67	0.30 ± 0.68	0.28 ± 0.66	0.28 ± 0.63	0.20
	Successful intubation at step II	158/166 (95%)	93/99 (94%)	110/121 (91%)	103/113 (91%)	0.43
	Stylet use	56/159 (35%)	43/100 (43%)	46/104 (44%)	32/112 (29%)	0.06
	Malleable stylet	30/49 (61%)	30/43 (70%)	20/37 (54%)	18/29 (62%)	0.67
	Rigid stylet	18/49 (37%)	13/43 (30%)	13/37 (35%)	8/29 (28%)	0.81
	Eschmann stylet	1/49 (2%)	0/43 (0%)	4/37 (11%)	3/29 (10%)	0.06

Expecting a difference of use of the hyperangulated blade of 20% between two of the four Macintosh-VLs (from 30% to 10%), [START_REF] Kleine-Brueggeney | Evaluation of six videolaryngoscopes in 720 patients with a simulated difficult airway: a multicentre randomized controlled trial[END_REF] we calculated the sample size as 97 per device, using a chi square test, with α level of 0.008 (taking into account multiple comparisons) and a power of 0.80. We decided to include 125 patients per device (total of 500 patients) to compensate for dropouts and missing data, and calculated that four months would allow to include at least the required number of subjects.
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