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Introduction 

 SARS-CoV-2 can cause severe pneumonia requiring invasive mechanical ventilation 

[2], in the context of atypical acute respiratory distress syndrome (ARDS)[3]. The magnitude 

of the epidemic places an unprecedented pressure on intensive care units (ICU), making 

avoidance of intubation a critical issue.  

 Supplemental oxygen is the first-line treatment of ARDS. When escalation is needed, 

pre-intubation approaches carry the risk of delaying intubation and increasing mortality[4]. 

Noninvasive ventilation (NIV) is not recommended [5] but high-flow nasal oxygen (HFNO) 

may decrease the need for intubation without impacting mortality [5, 6] Mostly because of an 

early negative report [7], continuous positive airway pressure (CPAP) remains largely 

undocumented in ARDS. In SARS-CoV-2 pneumonia, evidence-based guidelines are 

lacking[8] but CPAP could prove useful [9]. 

 In this context, on March 20,2020, the French learned society for respiratory 

medicine circulated a clinical management algorithm derived from the Italian experience and 

suggesting the use of CPAP in SARS-CoV-2 patients requiring oxygen escalation [9]. This 

algorithm was implemented in our department on March 24, 2020, in a context of limited 

HFNO availability and environmental contamination concers.  

 We designed this retrospective study to evaluate the impact of the CPAP strategy on 

intubation rate. We compared the period immediately before the algorithm implementation 

(March 11-March 23, 2020) with the period immediately after (March 24-April 8), testing the 

hypothesis that CPAP can avoid intubation in patients with severe forms of SARS-CoV-2 

pneumonia over the first week of their management. 

Patients and Methods 

 This observational study with short-term historical controls was conducted in the 25-

bed pulmonology unit of a 1600-bed university hospital (Pitié-Salpêtrière, Paris, France). It 

was approved the institutional review board of the French learned Society for respiratory 

medicine (CEPRO2020-024). Patients were informed of the use of their anonymized data 

and given the opportunity to refuse it.  

 According to an ad hoc hospital policy, all the patients admitted to the pulmonology 

unit between March 11 and April 8, 2020) had to have laboratory-confirmed SARS-CoV-2 

infection and acute respiratory distress (respiratory rate ≥25, bilateral pulmonary infiltrates 

on chest X-ray or CTscan, need for standard oxygen between 3 and 6 L.min-1 to maintain 

SpO2 ≥ 92%). Among them, those requiring escalating oxygen therapy ≥ 6 L.min-1 to 



maintain SpO2 ≥ 92% were included (Figure 1). Two consecutive periods were compared 

(#1: March 11-23, controls; #2: March 24-April 8, cases). During period #1, escalation 

consisted only in increasing supplemental oxygen, up to 15 L.min-1. During period #2, CPAP 

was delivered on an as needed basis, with a minimum of 2 hours twice a day and continuous 

nocturnal administration. CPAP was administered using a face mask connected a home 

mechanical ventilator in most cases, or to a Boussignac positive pressure valve. CPAP was 

initially set at 10cmH2O and then adjusted between 8 and 12 cmH2O according to clinical 

tolerance, leaks and SpO2. The expiratory limb of the circuit was equipped with an 

antimicrobial filter. Patients were not included in the presence of alveolar hypoventilation 

(PaCO2 ≥ 45 mmHg), if they received CPAP during period #1, or when they had to be 

intubated during the first 30 minutes of CPAP during period #2. 

 The outcome was intubation at day 7, or death in the patients with a "do not intubate" 

(DNI) decision (collegial discussion between pulmonology and ICU staff, on admission or 

at any timethereafter, mainly taking into account the patient's own opinion when reliable, 

age, frailty score and comorbidities). Criteria for intubation were haemodynamic instability, 

neurologic deterioration, worsening respiratory failure with respiratory rate above 40 breaths 

and high respiratory-muscle recruitment, acidosis with a pH below 7.35, SpO2 below 90% 

for more than 5 minutes without response to pre-intubation approaches. 

 Clinical and laboratory data were obtained from electronic medical records. Missing 

data were not imputed. The statistical analysis was performed using Prism v6® (Graphpad, 

USA). Continuous variables are summarized as medians and interquartile ranges and 

comparted using the Mann-Whitney U-test. Categorical variables are summarized as 

numbers and compared using Fisher's exact test. Intubation-free survival curves were 

compared by log-rank test. Differences were considered significant for p< 0.05.  

Results 

 Over the whole period of interest, 97 patients COVID patients with acute respiratory 

failure criteria were admitted 66 patients were eligible for inclusion, and 52 were included (14 

controls and 38 cases) (Figure 1). There was no significant difference between controls and 

cases regarding age (62 [54-72] vs. 63 [55-70]), gender (13 men vs 26), body mass index 

(26.7 [23.0-33.0] kg.m-2 vs. 27.6 [24.2-34.4]), tobacco smoking (3 vs. 9), respiratory and 

cardiovascular comorbities, clinical data upon admission (body temperature, heart rate and 

arterial pression), biological data (white cell count, lymphocyte count, C-reactive protein, 

procalcitonin, D-dimers) or radiological data (bilateral infiltrates in 100% of cases). 

Physiological severity on admission was not different (Simplified acute physiology score II 24 

[21-28] vs. 27 [22-30]) and respiratory severity was comparable (respiratory rate 30 [20-35] 



vs. 27 [23-32]; use of accessory muscles 100%; PaO2 under oxygen 69.0 [61.0-83.0] mmHg 

vs. 71 [63.5-88.5], PaCO2 32.0 [28.0-38.0] mmHg vs. 30.5 [30.5-37], pH 7.48 [7.46-7.51] vs. 

7.48 [7.46-7.51]; oxygen needed to maintain SpO2 ≥92% 3 [2-6] vs. 5 [3-6]). There was also 

no difference during the two periods between treatment received by controls and cases 

(hydroxychloroguine 8 vs 20; antiviral drugs 0 vs. 1; tocilizumab 0 vs1; corticosteroids 0 vs. 

1) and between the number of inclusions in randomized trials (0 vs. 6)  

Cases received CPAP for 5 [2-7.5] days with a daily use of 8 [4-11] hours.  

 Six intubations and two deaths without intubation were recorded at day 7 during 

period #1 (57%), vs. 9 intubations and no deaths during period #2 (23%)(p = 0.043). Among 

DNI patients there were 2 deaths in 2 patients during period #1, vs. no death in 6 patients 

during period #2 (p = 0.036). 7-day intubation-free survival rate was significantly better 

during period #2 (p = 0.021, Figure 1). Median time to intubation or death was 5.5 days 

during period #1 and was not reached at day 7 during period#2. Identical results were 

observed at day 14.  

Discussion 

 Our findings indicate that CPAP is feasible in deteriorating COVID-19 patients 

managed in a pulmonology unit. They suggest that CPAP can avoid intubation at 7 days and 

at 14 days, particularly in patients with a previous DNI decision, which resembles similar 

observations with NIV in patients having declined intubation[10]. 

 This result must be interpreted very cautiously due to the monocentric retrospective 

and non-randomized nature of the study, its small size and a smaller number of controls than 

cases. Yet several elements compensate for these weaknesses. The two periods were short 

and consecutive, limiting the risk of practice variations. Identical treatment protocols and 

personnel-to-patient ratio were used; intubation criteria were unchanged and there was no 

shortage of ICU beds. Patients treated during period #1 did not significantly differ from 

patients treated during period #2. Because we generally used high-end home mechanical 

ventilators to apply CPAP (due to immediate availability), we could ascertain the quality and 

duration of treatment. Of note, simpler devices have been used to apply CPAP [9] including 

in our patients, and even if potential “technical” differences may be found between methods, 

there is no reason to think they should provide different results. 

 Regarding safety, none of our patients receiving CPAP had to be intubated under 

high emergency or cardiac arrest conditions. We acknowledge that may unduly delay 

intubation in non-expert hands, and insist on the notion that intubation should not be delayed 



in the absence of a rapid and clear response to treatment. The proportion of caregivers 

contaminated by SARS-CoV-2 was similar during period #2 (6%)and during period #1 (10%). 

 Our observations need to be corroborated and can only justify prospective 

randomized trials. If confirmed, they would be of particular interest in the context of mass 

critical care or healthcare systems in low income countries.  
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Figure legend 

Figure 1. Panel A : study flow chart. Panel B : Seven-day intubation-free survival. 

1. PCR COVID + and breathing frequency ≥ 25 and chest X-ray or CT scan abnormalities 

and need for ≥ 3L.min-1 <6L.min-1 to maintain SpO2 ≥ 92%  

2. NIV, noninvasive ventilation; alveolar hypoventilation: PaCO2≥45 mmHg  

3.5 intubations and 3 deaths; 2 of of the deaths occurred in the 2 « do not intubate » patients 

4. there were 6 patients with « do not intubate » decisions, none of whom died (p = 0.036 vs 

controls, Fisher’s exact test) 



 




