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Airway management in patients with severe deep neck infections: from intubation to ventilator weaning in ICU Background: Deep neck infections (DNI) cause swelling and obstruction of the airway, which can make securing the airway challenging. We aimed to describe the various airway management techniques used in this population, identify risk factors for failed intubation, and describe strategies for mechanical ventilation weaning.

Method: This retrospective study analyzed all adult patients who underwent surgical treatment for DNI and required invasive mechanical ventilation for more than 24 hours in the Intensive Care Unit (ICU) of two centers, over seven years.

Results: Among the 91 analyzed patients, 61% were male, with a median age of 52 years and a median SAPS score of 29 on admission. Intubation was performed using direct laryngoscopy (DL) (36%), awake fiberscopy (AF) (28.9%), or video-laryngoscopy (VL) (30%). The choice of intubation technique varied between preoperative evaluation of the mouth opening, centers and changed over time. The rate of first-pass intubation failure was 22% with more desaturation, and no predictive factors for failure could be identified. In ICU, factors associated with extubation failure were pharyngeal or tonsillar origin (p=0.003), mediastinitis (p=0.02), number of surgical revisions (p<0.001) and septic shock (p=0.013). Patients who experience extubation failure have an increased risk of complications, longer mechanical ventilation, and length of stay in the ICU.

Conclusion:

With awake fiberscopy, videolaryngoscopy could be another appropriate technique to control the airway in patients with severe deep neck infection. Clinical and radiological findings are not reliable predictors of intubation failure on the first attempt.

As such, decision-making criteria for airway management should focus on factors such as mouth opening, the expertise of the anesthesiologist, and equipment preference.
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Airway management in patients with

In addition to antibiotic therapy, surgical drainage of the collections under general anesthesia is required. However, the oedema can modify anatomical relationships, reduce cervical mobility and limit mouth opening, increasing ventilation and intubation difficulties [START_REF] Karkos | Challenging airways in deep neck space infections[END_REF]. Therefore, securing the airway remains the main goal for the anesthesiologist but predicting difficult intubation and choosing the best device is challenging because clinical or radiological predictors of failed intubation are not well defined in this specific population.

The management of upper airways varies between centers and over time.

Conventional endotracheal intubation using direct laryngoscopy (DL) may lead to acute airway collapse. For a long time, tracheotomy using local anesthesia was the gold standard but the invasiveness and potential long-term complications including swallowing disorders and tracheal stenosis led to the use of alternatives techniques [START_REF] Sethi | Deep neck abscesseschanging trends[END_REF][START_REF] Hansel | Videolaryngoscopy versus direct laryngoscopy for adults undergoing tracheal intubation[END_REF]. Awake fiberscopy (AF) and, more recently, videolaryngoscopy (VL) showed improved success rates on the first intubation attempt, particularly in known or predicted difficult airways but have not been evaluated in DNI population.

In the most severe patients representing 7% to 50% of cervico-facial cellulitis cases, airway oedema also compromises extubation in the recovery room [START_REF] Arulkumaran | Videolaryngoscopy versus direct laryngoscopy for emergency orotracheal intubation outside the operating room: a systematic review and meta-analysis[END_REF][START_REF] Cho | Airway management in patients with deep neck infections[END_REF]. In these patients, physicians face a difficult choice between early tracheotomy or delayed extubation attempt. By selecting the first option, the length of stay in the intensive care unit (ICU) could be reduced and the ventilator-associated pneumonia (VAP) prevented [START_REF] Tapiovaara | Comparison of intubation and tracheotomy in patients with deep neck infection[END_REF][START_REF] Chen | Factors Affecting the Necessity of Tracheostomy in Patients with Deep Neck Infection[END_REF][START_REF] Potter | Tracheotomy Versus Endotracheal Intubation for Airway Management in Deep Neck Space Infections[END_REF]. By choosing the second one, long-term complications due to tracheotomy do not occur, but the risk of extubation failure and prolonged mechanical ventilation are significant [START_REF] Degouy | Risk factors for difficult ventilatory weaning in intensive care patients with cervical cellulitis[END_REF].

The primary objective of this study is to describe the airway management techniques used in patients with DNI requiring mechanical ventilation for more than 24 hours. The secondary objectives are to identify the risk factors for intubation failure on the first attempt, to describe mechanical ventilation weaning strategies, and to retrieve risk factors for extubation failure.

MATERIALS AND METHODS

Study population

This retrospective study was conducted at two university hospital centers in Montpellier and Nîmes, France, between January 2015 and December 2021. All adult patients admitted in the ICU for community DNI and required mechanical ventilation for more than 24 hours were included. Patients who were minors, adults under legal protection, non-French speaking and those who expressed opposition to the study were excluded.

Ethics and consent

This retrospective research has been approved by the local Institutional Review Board of the University Hospital Center of Montpellier (IRB-MTP_2022_06_202201141).

An information note was sent to every patient before data collection and they were allowed to refuse their study participation, according to French law [START_REF] Toulouse | French legal approach to patient consent in clinical research[END_REF].

Data Collection

We collected data from patients' medical files. Demographics, medical history, the onset time of symptoms, the use of antibiotics or anti-inflammatory drugs (nonsteroidal anti-inflammatory drugs or corticosteroids) and relevant gravity score as American Society of Anesthesiologists status (ASA) and Simplified Acute Physiology Score (SAPS II) were described. Subjective symptoms, finding on clinical examination and biological results (CRP levels, WBC count) at admission in the emergency department were recorded.

A cervical and upper thoracic computer tomography (CT) was performed in all patients before surgery. The DNI etiology, the infection spreading along the cervical spaces, the relationship between DNI and the airway (with obstruction being classified as mild to moderate if less than 50% and severe if more than 50%) and the presence of mediastinitis were described [START_REF] Cassagneau | Exploration radiologique des infections cervicofaciales[END_REF] .

Airway management data specified the first intubation technique used as well as the last successful technique. The intubation failure at the first attempt was defined as failure to achieve tracheal intubation on a single laryngoscope or nasofiberscope insertion. For the analysis, patients were separated into 3 groups according to the technique used to secure the airway:

-direct laryngoscopy (DL) included direct Macintosh laryngoscopy with or without bougie use.

-videolaryngoscopy (VL) included all types of VL available, with or without bougie use.

-awake fiberscopy (AF) for nasotracheal intubation.

Complications related to intubation procedure were defined by oxygen desaturation less than 90%, severe oxygen desaturation less than 80% or cardiac arrest occurrence.

In the ICU, the weaning strategy was described with the time to first extubation attempt, the use of pre-extubation corticotherapy and the result of cuff leak test.

Extubation failure was defined as the need for reintubation or death within 48 hours following extubation. Finally, information related to surgical revision, occurrence of ICU complications, duration of mechanical ventilation, lengths of stay and mortality were collected. Ventilator-associated pneumonia was defined thanks to the Clinical Pulmonary Infection Score (CPIS) criteria.

Patient management

After clinical examination by an otorhinologist, all patients were intubated for surgical drainage of the cervico-facial collections. Intubation was performed by an anesthesiologist in either the operating room or ICU. The choice of the technique was at the discretion of the anesthesiologist according to the available device at the given time.

In the ICU, the strategy of ventilation weaning between an early tracheotomy within seven days or an extubation attempt was determined by the intensive care team in consultation with the surgeon in each centers.

Statistical Analysis

After data collection, we used descriptive statistical analyses to summarize patients' characteristics. Quantitative variables were expressed as medians [25th-75th percentiles] and compared using Kruskal-Wallis test. Qualitative variables were expressed as numbers (%) and the absolute numbers were compared using the chisquared test or the Fisher's exact test as appropriate. The statistical analysis was performed by the medical statistics department of the Montpellier University Hospital thanks to RStudio version 4.2.1.

RESULTS

Patients' characteristics

The flow chart of the study is shown in Figure 1. During the inclusion period, 94 patients were treated surgically and admitted in ICU for deep neck infection requiring more than 24 hours of mechanical ventilation. The patients' characteristics and clinical details of the 91 patients analysed are summarized in Table 1. Risk factor analyses for intubation and extubation success were each performed on 90 patients. Subjects' median age was 52 years old, male represented 61% of cases. Patients had few comorbidities (48% of them had an ASA score equal to 1) and the median SAPS II severity score was 29.

Pharyngo-tonsillar and odontological origins were the two main etiologies, with respectively 40% and 37% of DNI. A third of subjects were concerned by more than one collection and a quarter of them had mediastinal dissemination. The most frequent symptoms observed upon admission to the emergency department were related to obstruction of the oro-tracheal pathway. Indeed, 66% of patients presented limited mouth opening, 68% had dysphagia, 22% dysphonia and 31% of them were affected by dyspnea. Only 8% of DNI were complicated with septic shock. 

First intubation technique used

Intubation was performed in 92% of cases in the operating room (OR) and 7% in the emergency room of the ICU. Three techniques for first-line approach were used in broadly similar proportions, with 36% using DL, 30% using VL and 28.9% using AF. The choice of the intubation technique was influenced by several factors presented in Table 2. Firstly, the choice changed between centers, with indirect techniques being more frequently used at center 1, while direct techniques are preferred at center 2 (27% versus 66% of DL used respectively in first intention). Moreover, we observe a variation in the techniques used over time, with an increasing use of the VL in the last years (Figure 2).

In addition, the choice of intubation technique depends on the preoperative evaluation of the oro-tracheal route. Indirect techniques were more commonly used in patients with dysphagia (VL and AF in 70% and 86% respectively p=0.05). Limited mouth opening was also a significant factor in the choice of intubation technique. AF was used preferentially for patients with mouth opening less than 20mm (61.54%) and DL for patients with mouth opening greater than 35mm (57.6%). The etiology and the findings in the preoperative CTscan did not seem to influence the choice of intubation technique.

. The univariate analysis of patients' characteristics and procedure description according to the success or failure at the first-pass intubation is presented in 

Direct

Ventilator weaning strategy

The weaning of mechanical ventilation in ICU involved early tracheotomy performed within seven days for 14 patients (16%) and attempting extubation for 76 patients (84%), with a secondary tracheotomy in case of failure of extubation (3/6 patients, see Figure 1). We found no demographic characteristics or clinico-radiological factors associated with the choice of ventilator weaning strategy. However, this choice differed between centers with respectively 5% and 44% of early tracheotomy in center 1 and 2 (p<0.001).

Among the 76 patients who underwent an extubation attempt, the failure rate concerned 6 patients (8%). All these patients were reintubated with success at the first attempt, without major complication. Factors significantly associated with extubation failure described in particularly notice that neither classical clinical characteristics, nor the etiology, nor the radiological airway obstruction permit to predict the difficulty of intubation in our cohort.

These observations are in line with the literature. Indeed, Cho et al. suggests that even if an infection involves multiple spaces and is large, it may still not complicate airway management (9) .

Our bicentric cohort description proves the major role of the center in the choice of weaning strategy [START_REF] Chen | Factors Affecting the Necessity of Tracheostomy in Patients with Deep Neck Infection[END_REF][START_REF] Degouy | Risk factors for difficult ventilatory weaning in intensive care patients with cervical cellulitis[END_REF]. Fifteen percent of the patients were early tracheotomised but these proportions were highly different between the two centers. Early tracheotomy could probably decrease ICU stay duration, or mechanical ventilation duration like in studies of Potter's or Tapiovaara [START_REF] Tapiovaara | Comparison of intubation and tracheotomy in patients with deep neck infection[END_REF][START_REF] Potter | Tracheotomy Versus Endotracheal Intubation for Airway Management in Deep Neck Space Infections[END_REF]. But this technique also conveys substantial risk of infection spread to the mediastinum, and tracheal stenosis as a late complication. The comparison between these two strategies could be interesting but is not permitted in our retrospective study.

Eight percent of patients experienced extubation failure, a rate comparable to that generally observed in critically ill patients [START_REF] Epstein | Effect of failed extubation on the outcome of mechanical ventilation[END_REF][START_REF] Seymour | The outcome of extubation failure in a community hospital intensive care unit: a cohort study[END_REF]. All patients were easy to reintubated, 

CONCLUSION

With awake fiberscopy, videolaryngoscopy could be another appropriate technique to control the airway in patients with severe deep neck infection. The rate of failed intubation on the first attempt in these patients is high. Neither clinical nor radiological findings can predict intubation failure at the first-pass. Regarding weaning from mechanical ventilation in ICU, failed extubation is rare but associated with prolonged hospital stay. Further studies are needed to evaluate which airway management method would be optimal. We suggest the mouth opening, the anaesthesiologist expertise and equipment preference as main decision-making criteria.

  American Society of Anesthesiologists status -BMI = Body Mass index -CI = Confidence Intervals -CPIS = Clinical Pulmonary Infection Score -CRP = C reactive protein -CT = Computed Tomography -DNI = Deep Neck infection -DL = Direct laryngoscopy -ICU = Intensive care unit -SAPS II = Simplified Acute Physiology Score -VAP = Ventilator-associated pneumonia -VL = Video Laryngoscopy -WBC = White blood cell INTRODUCTION Deep neck infection (DNI) is a serious bacterial disease that can originate from odontogenic or pharyngo-tonsillitis sources (1,2). The infection can spread along the potential spaces and fascial planes of the neck, causing upper airway oedema, mediastinitis by caudal propagation or septic shock. Due to the rapid worsening of airway obstruction, early diagnosis of DNI is essential

Figure 2 :

 2 Figure 2: Intubation techniques used over years.

Figure 3 :

 3 Figure 3: Sankey diagram depicting the relationship between the first and last intubation techniques used.

  without any serious complications. No patients required emergency rescue tracheotomy after extubation failure. Extubation failure did not lead to immediate complications but were associated with a significantly bad outcome with longer ICU and hospital stay. The initial difficulty of intubation does not seem to be directly linked to extubation failure in our population. The significant predictive factors of extubation failure shown by our study are in connection with etiology and severity of the DNI. Indeed, 83% of the patients requiring reintubation had DNI from pharyngeal or tonsillar origin, versus 30 % in the group extubation success. The association in univariate analysis between mediastinitis, the numbers of surgical revisions, VAP, septic shock and the extubation failure suggest causality between severity of the cervicofacial damage and extubation failure. This should be explored in multivariate analysis on a larger cohort.Our study has several limitations that should be considered when interpreting the results. First, it is a retrospective study, which carries the risk of selection bias and confounding factors. During intubation, some interesting adverse events are missing in this retrospective study, like pneumothorax, dental trauma, gastric inhalation epistaxis or hypotension. The second limitation concerns the broad range of VL devices available over seven years. This variability of the intubation equipment may have led to variation in performance, not measured in our work. The third limitation concerns the experience of the operator that was not recorded in our work.

Table 1 :

 1 

	N=91

Baseline characteristics and preoperative clinical details. Values are expressed as median [25th-75th percentiles]. 1 number of patients under 91; BMI Body mass index; ASA American Society of Anesthesiologists status; CRP C reactive protein; SAPS II Simplified acute physiology score II; CTscan Computed tomography scan

Table 2

 2 

	: Clinical data of patients with deep neck infection according to the airway management techniques used at the first
	attempt. Values are expressed as median [25th-75th percentiles]. 1 number of patients under 86; 2 Chi-Square Test of
	Independence; 3 Kruskal-Wallis test;

4 

Fisher's exact test. DL Direct laryngoscopy; VL Videolaryngoscopy; AF Awake fiberscopy; BMI Body mass index; ASA American Society of Anesthesiologists status; SAPS II Simplified acute physiology score II; CTscan Computed tomography scan.

Table 3 .

 3 The significant predictive factors for failure were the non-use of anti-inflammatory drugs before hospitalization (p=0.043) and young age (p=0.043). Severity of the symptoms or radio

	clinical findings demonstrating an impact on airway, such as reduced mouth opening,
	dysphagia, dyspnea, multiple collections and airway obstruction according the CTscan
	were not significantly different between the two groups.
	Concerning the devices used, there was a low rate of intubation failure with VL
	(3/27, 11%) but the statistical analysis did not reveal an inhomogeneous distribution of
	intubation failures according to the technique used (p=0.202). Failure during the first
	intubation attempt was significantly associated with an increased risk of desaturation with
	21% of desaturation below 90 % and 26% below 80% compared to 13% and 7%
	respectively in the group of intubation success (p=0.019). No cardiac arrest during
	intubation attempt was found in our study.

Table 3 :

 3 Outcome in the ICU ICU evolution and clinical outcome of the 91 patients analysed are summarized in

Predictive Factors for first-attempt intubation failure. Values are expressed as median [25th-75th percentiles]. 1 number of patients under 90; 2 Chi-Square Test of Independence; 3 Kruskal-Wallis test; 4 Fisher's exact test. BMI Body mass index; ASA American Society of Anesthesiologists status; SAPS II Simplified acute physiology score II; CTscan Computed tomography scan.

Table 4 .

 4 Forty-three patients (47%) had one or more surgical revision. Subjects' median length of stay was 10 days in the ICU and 16 days in hospital. One patient is dead after withdrawal of life-sustaining treatment in ICU, before any extubation attempt.

	N=91

Table 4 :

 4 Complications in the intensive care unit and outcome. Values are expressed as median [25th-75th percentiles].

Table 5

 5 

	were pharyngeal or tonsillar DNI's origin (p=0.03),
	mediastinitis (p=0.02), number of surgical revisions (p<0.001), VAP (p<0.001), and septic
	shock during ICU stay (p = 0.013). Failure at the first intubation attempt was not
	statistically associated with extubation failure (p=0.331). The outcome was significantly
	worse in case of extubation failure with 50 % of secondary tracheotomy, an increase of

Table 5 :

 5 Intensive care unit evolution and outcome according to extubation failure. Values are expressed as median [25th-75th percentiles].

1 number of patients under 76; 2 Fisher's exact test; 3 Kruskal-Wallis test; BMI Body mass index; SAPS II Simplified acute physiology score II; VAP Ventilator associated pneumonia; ICU Intensive care unit.

DISCUSSION

Severe deep neck infections with no possibility of immediate extubation and need for mechanical ventilation for more than 24 hours represent between 7% and 50% of cervico-facial cellulitis treated in emergency settings [START_REF] Tapiovaara | Comparison of intubation and tracheotomy in patients with deep neck infection[END_REF][START_REF] Riekert | Severe odontogenic deep neck space infections: risk factors for difficult airways and ICU admissions[END_REF]. This serious condition can be life-threatening, especially because of the challenging urgent airway control. However, there is currently no universal agreement on the ideal intubation method for this specific population. The aim of our study was to describe the airway management techniques used in patients with severe DNI and to identify the risk factors for intubation and extubation failure. The composition of our bicentric cohort is in line with the cohorts previously described in the literature, which ensures the external validity of the analyses presented below [START_REF] Degouy | Risk factors for difficult ventilatory weaning in intensive care patients with cervical cellulitis[END_REF]. Indeed, the patients had few comorbidities, their illness severity was mainly related to the impact of the cervico-facial oedema on the upper airways rather than the systemic consequences of the sepsis. Despite an extended stay in ICU, mortality rate was very low.

In this 7-years bicentric cohort, we highlighted a rather balanced use of the 3 main airway control techniques (direct laryngoscopy, videolaryngoscopy and awake fiberscopy), with a more frequent use of VL over years, as much for the first-attempt intubation as for the backup technique. This evolution can be explained by greater accessibility of the VL for routine or emergency intubation with a benefit on intubation success marked even for inexperienced operators [START_REF] Lewis | Videolaryngoscopy versus direct laryngoscopy for adult patients requiring tracheal intubation: a Cochrane Systematic Review[END_REF]. We identified the limited mouth opening as the only clinical factor guiding the choice of the first-intubation attempt method. Indeed, the laryngoscopies are preferred as soon as the mouth opening permit it but AF is still widely use in limited mouth opening situations although this technique is challenging for young anaesthesiologists in emergency conditions. Moreover, the intubation practices heterogeneity observed suggests that the choice of the intubation technique is mainly related to the anaesthesiologist & otorhinologist duo expertise and device availability in each center.

In our study, the intubation first-attempt failure rate was 22%. These intubation failures were associated with deep desaturations under 80% but we did not find any serious complications. The incidence of difficult intubation in the emergency context is 10% on average, highly variable across studies, ranging from 1 to 23%. This intubation failure rate is probably affected by both patients related and operators related factors. In univariate analysis, prior anti-inflammatory drugs use appears to facilitate intubation, perhaps by reducing cervical swelling through the limitation of inflammatory oedema. We SERMENT ➢ En présence des Maîtres de cette école, de mes chers condisciples et devant l'effigie d'Hippocrate, je promets et je jure, au nom de l'Etre suprême, d'être fidèle aux lois de l'honneur et de la probité dans l'exercice de la médecine.
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