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Feasibility of a hypoxic challenge test under non-invasive ventilation versus oxygen in neuromuscular patients with chronic respiratory insufficiency

 

 [START_REF] Noble | Cor pulmonale presenting in a patient with congenital 252 kyphoscoliosis following intercontinental air travel[END_REF][START_REF] Ergan | Should I stay or should I go? COPD and air 239 travel[END_REF]. Indeed, a commercial aircraft cabin is pressurized to a 74 maximum altitude of 2,400 m and the oxygen pressure is equivalent to a FiO 2 of 15.1% of that 75 at sea level. In this condition, the partial pressure of arterial oxygen (PaO 2 ) falls to 60-75 mmHg 76 and the oxygen saturation (SpO 2 ) measured by pulse oximetry is between 89 to and 94% in 77 healthy subjects. This results in moderate hyperventilation and moderate tachycardia. In 2011, 78 the British Thoracic Society (BTS) recommended performing a hypoxic challenge test (HCT)

79 on for all patients planning air travel with severe restrictive lung disease (vital capacity < 1 80 litre), especially for those with hypoxemia and/or hypercapnia, as well as for those requiring 81 ventilatory support [START_REF] Ahmedzai | Managing passengers with 235 stable respiratory disease planning air travel: British Thoracic Society recommendations[END_REF]. If the oxygen saturation at the end of the test 82 remains > 85%, oxygen supplementation is not required. Below this value, it is recommended 83 to add 2 to 4 l/min of oxygen via a nasal cannula. However, the correction of hypoxemia in 84 patients with chronic respiratory failure due to advanced neuromuscular disease can be achieved 85 by ventilatory support, which allows the patient to reach a level of ventilation equivalent to that 86 of a normal subject [START_REF] Mestry | Hypoxic challenge 248 flight assessments in patients with severe chest wall deformity or neuromuscular disease at risk 249 for nocturnal hypoventilation[END_REF]. There are few Few studies that have investigated the 87 use of a ventilator instead of oxygen to correct hypoxia during air travel in these particular 88 patients. This study was designed to evaluate the feasibility of a HCT under non-invasive 89 ventilation (NIV) and to compare the correction of hypoxemia by increasing ventilation with 90 NIV to that by oxygen therapy during a HCT in patients with chronic respiratory failure due to 
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 1 Figure 1. (A) Hypoxic challenge test with non-invasive ventilation (NIV). The NIV device is
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 2 Figure 2. Oxygen saturation (SpO 2 ) at baseline and at the end of the hypoxic challenge test.
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 3 Figure 3. Comparison of SpO 2 (A), PetCO 2 (B), respiratory rate (C) of patients with a positive

Figure 1 .

 1 Figure 1. (A) Hypoxic challenge test with non-invasive ventilation (NIV). The NIV device is placed under a canopy connected to a hypoxic generator. The gas used by the NIV to ventilate the patient is at a FiO2 of 15% during the test. A PetCO2 sensor is connected to the system. (B) Diagram of the four stages of the test: at baseline, during the hypoxic challenge test (HCT), the hypoxic challenge test with 2L/min oxygen flow (HCT + O2) and the hypoxic challenge test with NIV (HCT+NIV). 210x190mm (600 x 600 DPI)

Figure 2 .

 2 Figure 2. Oxygen saturation (SpO2) at baseline and at the end of the hypoxic challenge test. Each line represents one patient (n = 13). Two patients shared lines from 96 to 89% and 93 to 88%. The dashed line indicates the positivity threshold of the test. 57x58mm (300 x 300 DPI)

Figure 3 .

 3 Figure 3. Comparison of SpO2 (A), PetCO2 (B), respiratory rate (C) of patients with a positive HCT who have completed all periods of the protocol: at baseline, during the hypoxic challenge test (HCT), the hypoxic challenge test with 2L/min oxygen flow (HCT + O2) and the hypoxic challenge test with NIV (HCT+NIV). Median and interquartile range, *p < 0.05, **p < 0.01 239x73mm (1200 x 1200 DPI)

  In 2018, four billion passengers were carried by air transport according to the International Civil 71 Aviation Organization (ICAO's Annual Report of the Council, 2018). Among passengers 72 planning air travel, patients with respiratory diseases are at high risk of in-flight complications 73
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Table 1 .

 1 Baseline characteristics (n = 13). The values shown are median and interquartile range, except for gender and disease. a Other: Central core disease, Steinert's disease, two diaphragmatic dysfunction and two Charcot Marie Tooth neuropathy.
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	95 We conducted a comparative, observational study in the respiratory medicine department of the
	96 Pitié Salpêtrière Hospital (Paris) over a six months period. We extracted retrospectively the
	97 data from the medical files from patients tested before air travelling. The study was approved
	98 by the ethics committee from the Institutional Review Board of the French Learned Society for
	99 Respiratory Medicine (CEPRO 2012-039). Written informed consent was obtained from all
	100 subjects. Patients were included if they suffered from chronic respiratory failure due to

101 neuromuscular disorders and requiring nocturnal mechanical ventilation and if they were 102 planning a flight. Patients with non-treated cardiovascular diseases, recent myocardial 103 infarction, cardiac arrhythmia, pregnancy, FEV1 < 30% due to obstructive disease, pulmonary
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	Baseline characteristics	Median [interquartile range]
	Age	60 [43-62]
	Males (%)	9 (69 %)
	Disease (Amyotrophic lateral sclerosis/Other a )	7/6 a
	Body mass index (kg/m 2 )	21.7 [19.89-26.24]
	Sitting FVC (ml and % predicted)	1980 [1405-2573], 49% [32-60]
	Supine FVC (ml and % predicted)	1570 [1390-2290], 38% [34-66]
	PaO 2 on room air (mm Hg)	82 [76.25-89.5]
	PaCO 2 on room air (mm Hg)	41 [38.25-47]
	Average hours of NIV use per night	6.4 [3.7-8.2]
	NIV inspiratory pressure (cm H 2 O)	14.7 [11-22]
	NIV backup respiratory rate (/min)	14 [13.7-16]