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Conclusion: Emergency air evacuation of patients with ARF due to SARS-CoV-2 was associated with severe hypoxemia but remained feasible. In cases of ARF due to SARS-CoV-2 requiring emergency air evacuation, sedated patients receiving invasive mechanical ventilation and curare should be prioritized over nonintubated patients. It is noteworthy that patients with SARS-CoV-2 pneumonia related to the 501Y.V2 variant were very severe despite their young age.

Introduction

Medical evacuation is the extraction by an air (helicopter, plane), land (ambulance) or naval unit of a person suffering from a health problem.

Medical aviation represents a stage in the history of medicine and more particularly in aeronautical medicine.

During wars, the speed with which the patients are evacuated in order to apply early treatment to them has always been considered a determining factor in their survival. This is how medical aviation was born and developed during the wars of the 20th century, benefiting both from improved aircraft performance and from progress in hospital medicine.

The knowledge acquired on the battlefields was then put at the service of the entire civilian and military population. It has been of great help in managing epidemic peaks due to the spread of coronavirus-2 internationally, as well as that of the Indian Ocean where our study was made.

Mayotte (270,000 inhabitants) and Reunion Island (845,000 inhabitants) are 2 French overseas departments located in the Indian Ocean at a distance of 10,000km from Paris. Until January 2021, Mayotte was relatively spared by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. On January 6, 2021, the incidence of deaths caused by SARS-CoV-2 was 20.7 per 100,000 inhabitants on the island (compared to 116.4 per 100,000 inhabitants in metropolitan France). [START_REF]COVID-19: point épidémiologique à Mayotte[END_REF][START_REF]Coronavirus (COVID-19) -Santé publique France[END_REF] However, the incidence of infection with SARS-CoV-2 rose rapidly from 268 per 100,000 inhabitants in week 3 to >800 per 100,000 inhabitants in weeks 5 and 6, an increase that has been attributed to the SARS-CoV-2 501Y.V2 variant. [START_REF] Tegally | Detection of a SARS-CoV-2 variant of concern in South Africa[END_REF] In February 2021, the only hospital of the island, Mayotte Hospital, [START_REF]COVID-19: point épidémiologique à Mayotte[END_REF] was overwhelmed by the explosion in the number of cases, as it is equipped with only 16

intensive care unit (ICU) beds for a population of 270,000 inhabitants. All evaluated patients had positive confirmatory respiratory sample with SARS-CoV-2 by real time reverse transcription polymerase chain reaction using kit targeting IP2 and IP4 regions and N gene. Samples from nasopharyngeal swabs or patient's respiratory specimens were extracted using NucliSens easyMAG system (BioMérieux). The genomes were secondly obtained by sequencing using the Oxford Nanopore technology and the Artic Network's overlapping amplicon protocol. [START_REF]Protocol: Real-Time RT-PCR Assays for the Detection of SARS-CoV-2[END_REF][START_REF] Corman | Detection of 2019 novel coronavirus (2019-nCoV) by real-time RT-PCR[END_REF] 

Therapeutic management

In accordance with our protocol, all patients with ARF due to SARS-CoV-2 were treated with: a 3 rd generation cephalosporin or piperacillin-tazobactam after realization of respiratory sample; dexamethasone at a dosage of 6mg/day for 10days; systematic deworming with ivermectine or albendazole; en-hanced systematic anticoagulation according to the guidelines of the French Society of Hemostasis and the French Society of Anesthesia and Intensive Care. [START_REF] Susen | Traitement anticoagulant pour la prévention du risque thrombotique chez un patient hospitalisé avec COVID-19 et surveillance de l'hémostase. Proposition du groupe GIHP et du GFHT 3 avril[END_REF] High flow nasal cannula oxygenation was initiated in patients who need standard oxygen ≥9L/min to maintain peripheral arterial oxygenation saturation ≥92%. The decision of the timing of intubation and mechanical ventilation was not protocolized but determined by the ICU team.

Details of air evacuation

The protocol of air evacuation had been established by the prehospital emergency medical system of La Reunion and Mayotte and there was no specific training for these transports. In order to be transported, patients had to meet the following criteria: FiO 2 <0.6, PEEP <15, and norepinephrine <1 mg/h. The use of curares in patients receiving invasive mechanical ventilation was not protocolized and was left to the discretion of the medical team. As there was no patient isolation unit and additional decontamination against SARS-CoV-2 was required between air transport.

Data collection

Clinical and biological data along with information on comorbidities were collected on admission to ICU.

Complications occurring during air transport and in ICU were recorded.

Survival at hospital discharge was also recorded

Outcomes

The primary outcome was the occurrence of severe hypoxemia during air transport (ie, oxygen saturation (spO 2 ) <88% during >15 minutes).

The secondary outcomes were the need for veno-venous extracorporeal membrane oxygenation (VV-ECMO), duration of invasive mechanical ventilation, in-ICU length of stay and hospital mortality.

Other complications during air transport were evaluated: oxygen desaturation requiring increase of oxygen requirements or introduction of curares, hypotension (mean arterial pressure <65 mmHg) requiring positive inotropic therapy or fluid challenge >500 mL of crystalloid, endotracheal tube or vascular catheter dislodgement, arrhythmia, cardiac arrest, agitation requiring modification of sedation.

Statistical analysis

Categorical variables were expressed as total number (percent-age) and continuous variables as median (25 th -75 th percentiles). Categorical variables were compared using Fisher exact test. Continuous variables were compared using the nonparametric Wilcoxon test or Mann-Whitney U test, as appropriate. A P value <.05 was considered significant. Statistical analyses were conducted using SPSS 15.0 (SPSS Inc, Chicago, IL). For all patients the indication for emergency air evacuation was to free up ICU beds in the hospital of Mayotte.

Results

Over

The characteristics of patients are shown in Tables 1 and2. The median age of patients was 55 (46-65) years. Of the 38 evacuated patients, 44.7% had arterial hypertension, 36.8% were diabetic, and 34.2% had a body mass index >30kg/m 2 .

Fifteen patients (39.5%) were screened for the SARS-CoV-2 501Y.V2 variant, all of whom tested positive.

The median time from onset of symptoms to air evacuation was 12 (9-14) days. For patients receiving invasive mechanical ventilation, the median time from orotracheal intubation to air evacuation was 4 (2-7) days. Eight patients (21.1%) were treated with noradrenaline during air transport.

A total of 13 patients (34.2%) developed an episode of severe hypoxemia during air transport.

Delay between air transfer or delay between orotracheal intubation in mechanically ventilated patients and onset of symptoms were not associated with severe hypoxemia during air transport (P>.9) (Table 1). In univariate analysis, the only factors predicting the occurrence of severe hypoxemia during air transport was lack of treatment with curare (P=.012), lack of invasive mechanical ventilation (P=.003)

(Table 1).

The median paO2/FiO2 ratio was significantly lower on admission to our ICU (140 [102-192] mmHg) than on departure from Mayotte Hospital (165 [150-200] mmHg, P = .022) (Table 2).

Three patients developed hypotension requiring positive inotropic therapy (mean arterial pressure <65 mmHg) and fluid challenge >500mL of crystalloid during air transport.

Agitation requiring modification of sedation occurred in 2 patients (5.3%) and oxygen desaturation requiring increase of fraction of inspired oxygen, sedation enhancement and introduc-tion of neuromuscular blocking agents occurred in 8 patients (21%).

No cardiac arrest, arrhythmia, endotracheal tube or vascular catheter dislodgement occurred during air transport.

The median plasma lactate concentration on admission to ICU was 1.3 (1.1-1.6) mmol/L (Table 2).

Evolution in ICU

One patient had a fatal cardiac arrest due to pulmonary embolism in our ICU within 24 hours of departure from Mayotte Hospital.

One patient who presented with acute coronary syndrome in Mayotte underwent coronary angiography in our ICU. The intervention revealed severe 3-vessel disease requiring revascularization.

Of the 35 patients who were not on VV-ECMO support on departure from Mayotte, 6 (17.1%) required VV-ECMO support for refractory acute respiratory distress syndrome in our ICU. Overall, 9 (23.7%) of 38 patients received VV-ECMO support for refractory acute respiratory distress syndrome (Table 3).

Pulmonary embolism and hospital-acquired pneumonia occurred in 8 patients (21.1%) and 19 patients (50%), respectively. The median length of stay in ICU was 21 (13-46) days, with no significant difference between patients with and without an episode of severe hypoxemia during air transport (P=.584) (Table 3).

After a median follow-up of 56 (49-66) days, 7 deaths (18.4%) occurred, with no significant difference between patients with and without an episode of severe hypoxemia during air transport (P=.385) (Table 3).

Discussion

In our study, 34.2% of patients with ARF due to SARS-CoV-2 developed an episode of severe hypoxemia during air transport.

The respiratory status of patients deteriorated considerably between departure and arrival, as attested by the significant decrease in the median paO2/FiO2 ratio.

The only factors significantly associated with severe hypoxemia during air transport were lack of treatment with curare and lack of invasive mechanical ventilation.

At the beginning of the SARS-CoV-2 pandemic, international guidelines recommended the early intubation of infected patients with respiratory distress [START_REF] Poston | Management of critically ill adults with COVID-19[END_REF] because noninvasive ventilation was believed to cause secondary contamination of caregivers via aerosolization. [START_REF] Tran | Aerosol generating procedures and risk of transmission of acute respiratory infections to healthcare workers: a systematic review[END_REF] This risk has since been shown to be limited, and noninvasive ventilation is now recommended over invasive ventilation. [START_REF] Li | High-flow nasal cannula for COVID-19 patients: low risk of bio-aerosol dispersion[END_REF][START_REF] Wang | The experience of high-flow nasal cannula in hospitalized patients with 2019 novel coronavirus-infected pneumonia in two hospitals of Chongqing, China[END_REF] However, in our study, almost all patients were intubated in Mayotte before being evacuated, as noninvasive mechanical ventilation proved ineffective due the severity of their condition. Note that this procedure was in accordance with international guidelines for air evacuation, which recommend stabilizing patients at risk of respiratory deterioration through preventive orotracheal intubation, whether or not they are infected with SARS-CoV-2. [START_REF] Teichman | International aeromedical evacuation[END_REF] Studies have shown that the transfer of critically ill patients receiving mechanical ventilation can increase ventilation duration and patient mortality. [START_REF] Barratt | Effect of non-clinical interhospital critical care unit to unit transfer of critically ill patients: a propensitymatched cohort analysis[END_REF][START_REF] Parmentier-Decrucq | Adverse events during intrahospital transport of critically ill patients: incidence and risk factors[END_REF] However, the long-distance transfer of patients with ARF appears to be safe when performed by specialized and dedicated medical teams. [START_REF] Uusaro | Safe long-distance interhospital ground transfer of critically ill patients with acute severe unstable respiratory and circulatory failure[END_REF] The Parenmark and Walther study showed a large proportion of ICU-to-ICU transfers and an increased odds of dying for those transferred due to other reasons than repatriation. [START_REF] Parenmark | [END_REF] Another example is the Larosa study . [START_REF][END_REF] who attest the Chilean Air Force experience and show that air transport of mechanically ventilated patients with COVID-19 infection has been shown to be a safe way of transport, with no in-flight deaths and an in-hospital mortality of 12%, which compares favorably with the inhospital mortality of similar patients who did not undergo air transport.

In the study by Pavain et al, the inter-hospital transfer of patients with SARS-CoV-2 pneumonia receiving mechanical ventilation was not associated with an increase in mortality. [START_REF] Painvin | Inter-hospital transport of critically ill patients to manage the intensive care unit surge during the COVID-19 pandemic in France[END_REF] In our study, no excess mortality was found in patients who developed an episode of severe hypoxemia during air transport, even though a significant deterioration of patients' respiratory status was observed on arrival. In our practice, the use of curares was not protocolized and was left to the discretion of the medical team. Nevertheless, lack of treatment with curare was associated with severe hypoxemia during air transport. From a medical perspective, several patients in our study received a personal benefit from air evacuation. Thus, 9 patients with refractory acute respiratory distress syndrome (23.7%) were able to receive VV-ECMO support in Reunion Island, where 16 machines are presently available compared to 2 machines in Mayotte. Moreover, 1 patient who presented with acute coronary syndrome in Mayotte was able to undergo coronary angiography in Reunion Island; the intervention revealed three-vessel disease, prompting treatment with coronary revascularization. From an ethical perspective; however, the benefits of emergency air evacuation existed only at the collective level (eg, reduction in the need for triage). [START_REF] Painvin | Inter-hospital transport of critically ill patients to manage the intensive care unit surge during the COVID-19 pandemic in France[END_REF][START_REF] Turc | Collective aeromedical transport of COVID-19 critically ill patients in Europe: a retrospective study. Collective aeromedical transport of COVID-19 critically ill patients in Europe[END_REF] The lack of ethical benefit at the personal level explains why many patients and/or their families refused the evacuation.

[24] Lastly, it should be stressed that patients in our case series were critically ill, with almost a quarter of them requiring VV-ECMO support despite their young age. This could due to the increased virulence of variant of concern, which has been highlighted in several studies. [START_REF] Challen | Risk of mortality in patients infected with SARS-CoV-2 variant of concern 202012/1: matched cohort study[END_REF][START_REF] Pearson | Estimates of Severity and Transmissibility of Novel SARS-CoV-2 Variant 501Y.V2 in South Africa[END_REF] The other issues to be highlighted are the numerous transfers to manage to reach the ICU at the hospital of Reunion Island (ICU to ambulance, ambulance to airplane .

. . ) and the discomfort of the protective equipment in a tropical zone where temperature and hygrometry are very high at that season which corresponded to austral summer.

Our study has many limitations. Biases may have been introduced due to the retrospective nature of the study. In addition, the number of evaluated patients was relatively small. Yet, in their study of patients with SARS-CoV-2 pneumonia evacuated by air, Pavain et al [START_REF] Painvin | Inter-hospital transport of critically ill patients to manage the intensive care unit surge during the COVID-19 pandemic in France[END_REF] examined only 13 patients, none of whom were on VV-ECMO support; moreover, travel time was shorter than in our study. Similarly, the study by Turc et al [START_REF] Turc | Collective aeromedical transport of COVID-19 critically ill patients in Europe: a retrospective study. Collective aeromedical transport of COVID-19 critically ill patients in Europe[END_REF] evaluated only 36 patients (with mechanical ventilation but without VV-ECMO support) who traveled for a much shorter period of time (70minutes) than in our study.

In conclusion, emergency air evacuation of patients with ARF due to SARS-CoV-2 501Y.V2 variant was associated with respiratory complications but remained feasible.

In 

Total flight time was 2

 2 hours and total travel time between the 2 hospitals was 6hours. Patients were evacuated on board an Embraer 135 aircraft specially equipped for medical evacuation missions (12 seats and 3 stretchers). The vast majority of flights carried 3 patients, 2 of whom received invasive mechanical ventilation and 1 received conventional oxygen therapy. The medical crew, was composed of 3 doctors and 3 nurses, experienced in inter-hospital transport. Both the cockpit and a delimited area at the bottom of the aircraft were considered "clean"; the rest of the aircraft was deemed "contaminated." The medical team was fully dressed in protective clothing for the duration of the flight including examination gloves, filtering facepiece class 2 mask (FFP2) and goggles for eye protection. Each patient was assigned 1 doctor, 1 nurse, and 1 emergency kit composed of a vacuum mattress, an aspirator, a defibrillator, a transport ventilator, and suitcases with ventilation material and emergency medication (Fig.1).

  the study period, 43 patients with SARS-CoV-2 pneumonia were evacuated by air from Mayotte Hospital in Mamoudzou to Félix Guyon University Hospital in Reunion Island. Of these, 38 patients (84.4%) presenting with ARF were transferred directly to our ICU and included in the study cohort. During air transport, 4 patients (10.5%) received conventional oxygen therapy (between 6 L/min and 9 L/min) before departure and 34 patients (89.5%) received invasive mechanical ventilation; 3 (8.8%) of the ventilated patients also received VV-ECMO support.

  cases of ARF due to SARS-CoV-2 requiring emergency air evacuation, sedated patients receiving invasive mechanical ventilation and curare should be prioritized over non-intubated patients. It is notewor-thy that patients with SARS-CoV-2 pneumonia related to the 501Y.V2 variant were very severe despite their young age. Évacuations sanitaires d'urgence de patients atteints d'une défaillance respiratoire due au SARS-CoV-2 depuis Mayotte vers l'île de la Réunion Résumé Introduction : En février 2021, une explosion des cas de syndrome de détresse respiratoire aiguë due au coronavirus 2 (SARS-CoV-2) a submergé le seul hôpital à Mayotte. Nous avons rapporté une série de cas de patients atteints d'insuffisance respiratoire aiguë (IRA) due au SRAS-CoV-2 qui ont été évacués par voie aérienne de Mayotte vers l'île de La Réunion. Méthode : Cette étude observationnelle rétrospective a évalué tous les patients consécutifs atteints d'IRA due au SARS-CoV-2 qui ont été évacués par voie aérienne du CH de Mayotte vers l'unité de réanimation du CHU Félix Guyon à La Réunion entre le 2 février et le 5 mars 2021. Résultats : Au total, 43 patients atteints de pneumonie à SRAS-CoV-2 ont été évacués par voie aérienne, pour un temps de vol total de 2 heures et un temps de trajet total de 6 heures. Parmi ceuxci, 38 patients (88,4 %) avec un âge médian de 55 (46-65) ans ont présenté une IRA et ont été hospitalisés dans notre unité de soins intensifs. Quinze patients ont été dépistés pour le variant SARS-CoV-2 501Y.V2, tous testés positifs. Treize patients (34,2 %) ont développé un épisode d'hypoxémie sévère pendant le transport aérien, et le rapport médian paO2/FiO2 était plus faible à l'admission en réanimation (140 [102-192] mmHg) qu'au départ (165 [150-200], P= .022). Les facteurs associés à une hypoxémie sévère pendant le transport aérien étaient l'absence de traitement par curare (P = 0,012) et l'absence de ventilation mécanique invasive (P = 0,003). Neuf patients (23,7 %) ont reçu une assistance à l'oxygénation par membrane extracorporelle veino-veineuse dans notre unité de soins intensifs. Sept décès (18,4 %) sont survenus à l'hôpital. Conclusion : L'évacuation aérienne d'urgence des patients atteints d'IRA due au SRAS-CoV-2 était associée à une hypoxémie sévère mais restait faisable. En cas d'IRA due au SRAS-CoV-2 nécessitant une évacuation aérienne d'urgence, les patients sous sédation sous ventilation mécanique invasive et curare doivent être prioritaires sur les patients non intubés. Il est à noter que les patients atteints de pneumonie SARS-CoV-2 liée au variant 501Y.V2 étaient très sévères malgré leur jeune âge. Discipline : Médecine d'urgence, réanimation médicale Mots-Clés : évacuation aérienne, COVID-19, Mayotte, La Réunion, SARS-CoV-2, transport
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	located in the Indian Ocean. As a result, patients needing heart, lung or liver
	transplantation must be transferred to Paris, over a distance of 10,000 km. It is to be
	noted that medical teams in both Reunion Island and Mayotte have experience with
	emergency air evacuations, including for patients receiving extracorporeal membrane
	oxygenation support. [5,6] It was necessary to urgently transfer patients with acute
	respiratory failure (ARF) due to SARS-CoV-2 from Mayotte to the only ICU in Indian
	Ocean equipped with many VV-ECMO supports. To date, few studies have examined
	the outcome of patients with SARS-CoV-2 pneumonia evacuated by air, [7-9] and
	only a handful of them have focused on intensive care patients. [10,11] Here, we
	report a case series of patients with ARF due to SARS-CoV-2 who were evacuated
	by air from Mayotte to Reunion Island.
	This retrospective observational study evaluated all consecutive patients with ARF
	due to SARS-CoV-2 who were evacuated by air from Mayotte Hospital in
	Mamoudzou to the ICU of Félix Guyon University Hospital in Reunion Island between
	February 2 and March 5, 2021. All patients or their legally authorized representative
	were verbally informed about the study and could refuse to participate; moreover,
	they received a written information notice about the process of data collection. The
	study was approved by the Ethics Committee of the French Society of Infectious
	Disease and Tropical Medicine (CER-MIT), and was declared to the Commission
	nationale de l'informatique et des libertés (French Data Protection Agency MR004, #
	2206739). This study complies with the Strengthening the Reporting of Observational
	studies in Epidemiology recommendations statement. [12]

The medical infrastructure in Reunion Island meets European standards (P3 laboratories, 16 extracorporeal membrane oxygenation machines, coronary angiography, surgeons trained to perform all types of surgeries, among others). [4] When Mayotte Hospital became overwhelmed with cases of SARS-CoV-2 pneumonia, several patients were transferred to Félix Guyon University Hospital in Reunion Island, in a context of solidarity among islands of the Indian Ocean region. All patients had to be evacuated by air due to the emergency situation. There is no transplantation center (except kidney) on the French overseas territories of Reunion Island and Mayotte which are

Emergency air evacuation of patients with acute respiratory failure due to SARS-CoV-2 from

Mayotte to Reunion Island Abstract Background: In February 2021, an explosion of cases of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pneumonia overwhelmed the only hospital in Mayotte. To report a case series of patients with acute respiratory failure (ARF) due to SARS-CoV-2 who were evacuated by air from Mayotte to Reunion Island.

Method