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Abstract 

Rational:  To evaluate the respective impact of standard oxygen, high-flow nasal cannula (HFNC) and noninvasive 
ventilation (NIV) on oxygenation failure rate and mortality in COVID-19 patients admitted to intensive care units 
(ICUs).

Methods:  Multicenter, prospective cohort study (COVID-ICU) in 137 hospitals in France, Belgium, and Switzerland. 
Demographic, clinical, respiratory support, oxygenation failure, and survival data were collected. Oxygenation failure 
was defined as either intubation or death in the ICU without intubation. Variables independently associated with 
oxygenation failure and Day-90 mortality were assessed using multivariate logistic regression.

Results:  From February 25 to May 4, 2020, 4754 patients were admitted in ICU. Of these, 1491 patients were not intu-
bated on the day of ICU admission and received standard oxygen therapy (51%), HFNC (38%), or NIV (11%) (P < 0.001). 
Oxygenation failure occurred in 739 (50%) patients (678 intubation and 61 death). For standard oxygen, HFNC, and 
NIV, oxygenation failure rate was 49%, 48%, and 60% (P < 0.001). By multivariate analysis, HFNC (odds ratio [OR] 0.60, 
95% confidence interval [CI] 0.36–0.99, P = 0.013) but not NIV (OR 1.57, 95% CI 0.78–3.21) was associated with a reduc-
tion in oxygenation failure). Overall 90-day mortality was 21%. By multivariable analysis, HFNC was not associated with 
a change in mortality (OR 0.90, 95% CI 0.61–1.33), while NIV was associated with increased mortality (OR 2.75, 95% CI 
1.79–4.21, P < 0.001).

Conclusion:  In patients with COVID-19, HFNC was associated with a reduction in oxygenation failure without 
improvement in 90-day mortality, whereas NIV was associated with a higher mortality in these patients. Randomized 
controlled trials are needed.

Keywords:  Acute respiratory distress syndrome, Mechanical ventilation, COVID-19, Outcome, High-flow nasal 
cannula, Intubation, Mortality, Acute respiratory failure
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Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the causative agent of the ongoing coronavirus 
disease 2019 (COVID-19) pandemic. Understanding how 
clinicians can address the demand for emergency mass 
critical care and fine-tune the standard of care regarding 
oxygenation management is of the utmost importance. 
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For instance, guidance about how to allocate scarce criti-
cal care resources such as ventilators should be made 
using data showing that safe alternatives to standard oxy-
gen therapy can avoid intubation without lessening sur-
vival probabilities.

In patients with de novo acute respiratory failure 
admitted to the intensive care unit (ICU), high-flow 
nasal cannula oxygen (HFNC) and noninvasive mechani-
cal ventilation (NIV) improve oxygenation and reduce 
inspiratory effort and the work of breathing [1–3]. High-
flow nasal cannula oxygen has shown clinical benefit by 
reducing the intubation rate [4], and its use is now rec-
ommended in de novo acute respiratory failure [5]. Non-
invasive ventilation decreases the intubation rate [6], but 
NIV failure and subsequent intubation is associated with 
higher mortality compared to first-line intubation [7], 
and NIV is not recommended in de novo acute respira-
tory failure [6].

In COVID-19 patients, recent data suggest that HFNC 
and NIV are associated with a reduction in intubation 
rate, but without a clear benefit on mortality [8, 9].

We hypothesized that HFNC and NIV could be ben-
eficial to the outcome of COVID-19 patients admitted 
to the ICU for acute respiratory failure. This study com-
prised a secondary analysis of the large international 
COVID-ICU study [10] with the following specific objec-
tives: 1) to quantify the respective use of standard oxy-
gen, HFNC, and NIV; 2) to determine oxygenation failure 
rate (i.e., intubation rate or death in the ICU without 
intubation) of standard oxygen, HFNC, and NIV and to 
evaluate the impact of HFNC and NIV on oxygen failure; 
and 3) to evaluate whether HFNC and NIV use is associ-
ated with a reduction in mortality.

Methods
Study design, patients
COVID-ICU is a multicenter, prospective cohort study 
conducted in 149 ICUs from 137 centers, across three 
countries (France, Switzerland, and Belgium). The main 
characteristics of these ICUs have been described else-
where [10]. Centers were invited to participate by pub-
lic announcements and through the REVA network (70 
centers were active members of this network). COVID-
ICU received approval from the ethical committee of 
the French Intensive Care Society (CE-SRLF 20–23) in 
accordance with local regulations. All patients or close 
relatives were informed that their data were included in 
the COVID-ICU cohort.

All consecutive patients over 16 years of age admitted 
to participating ICUs between February 25, 2020, and 
May 4, 2020, with laboratory-confirmed SARS-CoV-2 
infection, were included. Laboratory confirmation for 
SARS-Cov-2 was defined as a positive result of real-time 

reverse transcriptase-polymerase chain reaction (RT-
PCR) assay from either nasal or pharyngeal swabs, or 
lower respiratory tract aspirate. For the purposes of the 
present post hoc analysis, only patients who were not 
intubated on the day of ICU admission were included.

Data collection
Day 1 was defined as the first day that the patient was 
in the ICU at 10 am. Each day, the study investigators 
completed a standardized electronic case report form. 
Baseline information collected at ICU admission was 
age, sex, body mass index, active smoking, Simplified 
Acute Physiology Score II score [11], Sequential Organ 
Failure Assessment [12], comorbidities, immunodefi-
ciency (if present), clinical frailty scale [13], date of the 
first symptom, date of hospital, and ICU admissions. 
The case report form prompted investigators to provide 
a daily expanded data set including the use of respira-
tory support devices (standard oxygen, HFNC, or NIV), 
the need for invasive mechanical ventilation, the fraction 
of inspired oxygen (FiO2), blood gases at Day 1 (PaO2/
FiO2 was calculated in all patients by converting O2 flow 
to estimated FiO2, see Additional file  1: Table  S1), and 
standard laboratory parameters. Some patients received 
more than one of the three oxygenation techniques, in 
which case the most invasive was retained for further 
analyses, assuming NIV to be more invasive than HFNC 
and HFNC to be more invasive than standard oxygen.

Patient outcomes included the date of invasive 
mechanical ventilation, the date of ICU and hospital 
discharge, and vital status at ICU discharge, hospital 
discharge, and 28, 60, and 90 days after ICU admission. 
Patients who received invasive mechanical ventilation or 
who died before ICU discharge without being intubated 
were classified as oxygenation strategy failure. Patients 
treated with an oxygenation technique until assistance 
was no longer required were classified as success.

Statistical analyses
Characteristics of patients were described as frequencies 
and percentages for categorical variables, and as means 
and standard deviations or medians and interquartile 
ranges for continuous variables. Categorical variables 
were compared by chi-square or Fisher’s exact test, and 
continuous variables were compared by Student’s t test or 
Wilcoxon’s rank-sum test. Kaplan–Meier overall survival 
curves until Day 90 were computed and were compared 
using log-rank tests.

Variables associated with oxygenation failure, defined 
as intubation or death in the ICU without intubation, 
were assessed using multivariate logistic regression anal-
yses, and the results are given as odds ratio (OR) with 
their 95% confidence interval (CI).
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Baseline risk factors of death at Day 90 were assessed 
within the whole cohort using univariate and multivari-
ate cox regression. Baseline variables (i.e., obtained dur-
ing the first 24 h in the ICU) included in the multivariate 
model were defined a priori, and no variable selection 
was performed. A sensitivity analysis with multiple impu-
tations was also performed.

A P value < 0.05 was considered statistically significant. 
Statistical analyses were conducted with R v3.5.1.

Results
Study population and oxygenation and ventilation 
modalities
Over the 10-week study period, 4754 patients were 
enrolled, of them 510 were lost to follow-up at Day 90. 
Vital status at Day 90 was available for the remaining 
4244 patients. Data on initial oxygenation strategy were 
missing in 118 patients.

Figure  1 depicts the oxygenation and ventilation 
modalities following ICU admission. A total of 2635 
patients were intubated on the day of ICU admission 
(time from ICU admission to intubation 2.0 [0.5–7.2] 

hours) and were excluded from the present analysis. The 
remaining 1491 patients were not intubated on the day of 
ICU admission.

Table  1 shows the demographic, clinical, and bio-
logical characteristics of the 1491 patients who were 
not intubated on ICU admission, overall and for each 
oxygenation strategy. Standard oxygen therapy, HFNC, 
and NIV were applied to 766 (51%), 567 (38%), and 
158 (11%) patients, respectively. Among patients who 
received NIV, 11 (1%) received continuous positive 
airway pressure and the remaining 147 (10%) patients 
received pressure support ventilation. Noninvasive 
ventilation was exclusively delivered with a bucconasal 
or face facemask; helmet was not used. Patients who 
received either HFNC or NIV were older, had a higher 
SOFA score, were more severely hypoxemic, and were 
admitted to the ICU a longer period of time after first 
symptoms. The proportion of patients who received 
HFNC and NIV was higher between March 29 and 
May 4, 2020, than between February 25 and March 28, 
2020. In patients receiving standard oxygen, oxygen 
flow was 6 (4–10) L/min. In those receiving HFNC, 

4754 patients admitted to 149 ICUs across 3 countries
for acute respiratory failure related to COVID-19

510 lost of follow up

4244 patients with survival status 90 days after ICU admission 

118 with missing data on initial oxygenation strategy

1491 were not 
intubated  on the day 

of ICU admission

Standard oxygen
51% (n=766)

Standard oxygen
+ HFNC

6% (n=86)

NIV
11% (n=158)

Oxygenation failure
49% (n=372)

Day-90 mortality
17% (n=130)

Day-90 mortality
21% (n=118)

Day-90 mortality
40% (n=63)

2635 were intubated 
on the day 

of ICU admission

Oxygenation failure
48% (n=272)

Oxygenation failure
60% (n=95)

HFNC
38% (n=567)

Standard Oxygen
alone

51% (n=766)

HFNC
alone

32% (n=481)

HFNC
+ NIV

3% (n=41)

Standard oxygen
+ NIV

6% (n=83)

NIV
alone

2% (n=34)

Fig. 1  Flow of patient screening and inclusion. COVID-19, coronavirus disease 2019; ICU, intensive care unit; HFNC, high-flow nasal cannula; NIV, 
noninvasive ventilation



Page 4 of 13COVID-ICU group, for the REVA network, COVID-ICU investigators ﻿Critical Care          (2021) 25:421 

flow was 50 (40–60) L/min and FiO2 was 70 (60–90)%. 
In those receiving NIV, pressure support level was 8 
(6–10) cmH2O, positive end-expiratory pressure was 
7 (6–8) cmH2O and FiO2 was 60 (50–80)%. Overall, a 
do-not-intubate decision had been taken in 155 (10%) 
patients. This proportion was higher in patients who 
received NIV (23%, n = 36) than in those who received 

HFNC (10%, n = 54) or standard oxygen (8%, n = 65, 
P < 0.001).

Factors associated with intubation and impact of HFNC 
and NIV on intubation
Invasive mechanical ventilation was started in 678 
patients, and 61 patients died in the ICU without being 

Table 1  Demographic, clinical, and biological characteristics of 1491 patients not intubated on the day of intensive care unit (ICU) 
admission, according to oxygenation strategy

Results are expressed as n (%) or median (25th–75thpercentiles)

HFNC high-flow nasal cannula, NIV noninvasive ventilation, SAPS simplified acute physiology score, SOFA sequential organ failure assessment, PaCO2 partial pressure of 
carbon dioxide, PaO2/FiO2 partial pressure of oxygen to fraction of inspired oxygen ratio, HCO3 bicarbonate
a Defined as hematological malignancies, active solid tumor, or having received specific anti-tumor treatment within a year, solid organ transplant, human 
immunodeficiency virus, or immunosuppressants
b Irrespective of the dose and the indication
c Calculated for all patients, including those on oxygen therapy by using conversion tables provided in the online supplement

No All patients Standard oxygen HFNC NIV P value
(n = 1491) (n = 766) (n = 567) (n = 158)

Age, years 1491 63 (54–71) 61 (53–70) 64 (55–72) 65 (56–72) 0.005

Women, n (%) 1488 397 (27) 212 (28) 140 (25) 45 (29) 0.389

Body mass index, kg/m2 1370 28 (25–31) 28 (25–32) 28 (25–31) 29 (26–33) 0.334

 ≥ 30 kg/m2, n (%) 1370 504 (37) 260 (37) 179 (35) 65 (45) 0.085

Active smokers, n (%) 1465 67 (5) 35 (5) 19 (4) 13 (8) 0.037

SAPS II score 1398 30 (23–37) 27 (21–35) 32 (27–39) 33 (26–41)  < 0.001

SOFA score at ICU admission 1290 3 (2–4) 2 (2–4) 3 (2–4) 3 (2–5)  < 0.001

Treated hypertension, n (%) 1485 687 (46) 331 (43) 263 (47) 93 (59) 0.001

Known diabetes, n (%) 1486 409 (28) 206 (27) 145 (26) 58 (37) 0.018

Immunodeficiencya, n (%) 1479 102 (7) 42 (6) 48 (9) 12 (8) 0.090

Clinical frailty scale 1379 2 (2–3) 2 (1–3) 2 (2–3) 2 (2–4)  < 0.001

Time between first symptoms and ICU 
admission, days

1435 9 (6–12) 8 (6–11) 9(7–12) 9 (7–12)  < 0.001

During the first 24 h in ICU
Hemodynamic component of the SOFA 1435 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0.351

Renal component of the SOFA 1416 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0.047

Corticosteroidsb, n (%) 1476 165 (11) 50 (7) 85 (15) 30 (19)  < 0.001

Blood gases
 pH 1365 7.46 (7.42–7.48) 7.45 (7.42–7.48) 7.46 (7.44–7.49) 7.44 (7.41–7.48)  < 0.001

 PaCO2, mmHg 1367 36 (32–40) 36 (33–40) 36 (32–39) 36 (32–43) 0.039

 PaO2/FiO2
c 1216 122 (82–177) 154 (89–219) 104 (77–134) 128 (86–169)  < 0.001

 HCO3, mmol/L 1357 25 (23–27) 25 (23–27) 25 (23–27) 25 (23–28) 0.769

 Lactate, mmol/L 1281 1.1 (0.9–1.5) 1.1 (0.8–1.5) 1.2 (0.9–1.5) 1.1 (0.9–1.5) 0.039

Biology
 Lymphocyte count, × 109/L 1199 0.8 (0.6–1.2) 0.9 (0.6–1.2) 0.8 (0.6–1.1) 0.8 (0.6–1.1) 0.016

 Platelet count, × 109/L 1342 222 (167–289) 205 (159–275) 236 (177–302) 241 (177–294)  < 0.001

 Total bilirubin, µmol/L 1023 9 (7–12) 9 (7–12) 9 (7–12) 9 (7–13) 0.085

 Serum creatinine, µmol/L 1369 71 (59–94) 72 (60–91) 71 (57–92) 74 (59–110) 0.098

 D–dimers, µg/L 548 1159 (647–2204) 1080 (675–2000) 1282 (708–2930) 1040 (538–1939) 0.097

Period of admission 1491  < 0.001

February 25 to March 28, 2020, n (%) 713 (48) 479 (63) 187 (33) 47 (30)

March 29 to May 4, 2020, n (%) 778 (52) 287 (37) 380 (67) 111 (70)

Do-not-intubate, n (%) 1491 155 (10%) 65 (8%) 54 (10%) 36 (23%)  < 0.001
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intubated. These 739 (50%) patients were classified as 
oxygenation failure. The remaining 752 (50%) patients 
were classified as oxygenation success.

Table  2 shows the intubation rate, mortality, and 
length of stay in patients who were not intubated on 
the day of admission. Intubation rate was not different 
between patients treated with standard oxygen, HFNC, 
and NIV. Intubation occurred after a longer period of 
time in patients treated with HFNC and NIV than in 
those treated with standard oxygen (Table 2). The pro-
portion of patients who died without being intubated as 
well as the oxygenation failure rate were higher in the 
NIV group compared to those who received HFNC or 
standard oxygen. Additional file 1: Table S1 shows the 
univariate analysis of factors associated with oxygena-
tion failure in patients who were not intubated on ICU 
admission. Variables associated with oxygenation fail-
ure by multivariable analysis were: severity as assessed 
by the SAPS II, time between the first symptoms and 
ICU admission, oxygenation technique, higher renal 
component of the SOFA score, lower PaO2/FiO2, higher 
blood lactate, and admission period after March 29, 
2021 (Table  3). HFNC (OR 0.60, 95% CI 0.36–0.99, 
P = 0.013) but not NIV (OR 1.57, 95% CI 0.78–3.21) 
was associated with a reduction in oxygenation failure. 
The cumulative incidence of oxygenation failure for 
standard oxygen, HFNC, and NIV is shown in Fig.  2, 
Panel A.

Factors associated with mortality and impact of HFNC 
and NIV on mortality
Overall 90-day mortality was 21%. Additional file  3: 
Table  S3 shows the univariate analysis of the factors 

associated with 90-day mortality in patients who were 
not intubated on ICU admission. By multivariable anal-
ysis, factors associated with mortality were older age, 
known diabetes, severity as assessed by the SAPS II, 
higher frailty, shorter time between the first symptoms 
and ICU admission, lower PaO2/FiO2, and lower platelet 
count (Table 4). HFNC was not associated with a change 
in mortality (OR 0.90, 95% CI 0.61–1.33), but NIV was 
associated with an increased mortality (OR 2.75, 95% CI 
1.79–4.21, P < 0.001).

The same analysis rerun after multiple imputations of 
missing data found similar results (see Additional file 4: 
Table S4).

Kaplan–Meier survival estimates according to oxy-
genation technique are provided in Fig.  2, Panel B, and 
showed increased mortality in the group initially treated 
with NIV.

Discussion
In patients with acute respiratory failure due to COVID-
19 and who were not intubated on the day of ICU admis-
sion, the results of our study showed, for each specific 
objective, the following: (1) HFNC and NIV, respectively, 
were used in 38% and 11% of patients, (2) HFNC but not 
NIV was independently associated with a reduction in 
oxygenation failure, and (3) HFNC was not associated 
with a reduction in 90-day mortality, and NIV was asso-
ciated with increased 90-day mortality.

Despite international guidelines recommending early 
intubation of COVID-19 patients to protect health-
care workers [14] and despite experts recommending 
early intubation to prevent self-inflected lung injury in 
this patient population [15], HFNC and NIV were used 

Table 2  Outcome of 1491 patients not intubated on the day of intensive care unit (ICU) admission, according to oxygenation strategy

Results are expressed as n (%) or median (25th–75th percentiles)

HFNC high-flow nasal cannula, NIV noninvasive ventilation, ICU intensive care unit

No All patients Standard oxygen HFNC NIV P value
(n = 1491) (n = 766) (n = 567) (n = 158)

Invasive mechanical ventilation, n (%) 1491 678 (45) 359 (47) 242 (43) 77 (49) 0.217

Time between ICU admission and invasive 
mechanical ventilation, days

635 2 (1–3) 2 (1–2) 2 (1–3) 2 (1–3) 0.012

ICU mortality without being intubated, n (%) 1491 61 (4) 13 (2) 30 (5) 18 (11)  < 0.001

Oxygenation failure rate, n (%) 1491 739 (50) 372 (49) 272 (48) 95 (60)  < 0.001

ICU mortality, n (%) 1487 269 (18) 108 (14) 109 (19) 52 (33)  < 0.001

ICU length of stay, days 1477 8 (3–18) 7 (3–16) 9 (5–18) 9 (4–20)  < 0.001

Hospital mortality, n (%) 1439 307 (21) 127 (17) 118 (22) 62 (40)  < 0.001

Hospital length of stay, days 1400 17 (11–28) 16 (10–27) 18 (12–29) 16 (11–27) 0.0039

Day 28 mortality, n (%) 1491 276 (19) 115 (15) 106 (19) 55 (35)  < 0.001

Day 60 mortality, n (%) 1491 308 (21) 130 (17) 117 (21) 61 (39)  < 0.001

Day 90 mortality, n (%) 1491 311 (21) 130 (17) 118 (21) 63 (40)  < 0.001
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Table 3  Factors associated with oxygenation failure by multivariate analysis among patients who were notintubated on the day of 
ICU admission

OR odds ratio, CI confidence interval, HFNC high-flow nasal cannula, NIV noninvasive ventilation, SAPS Simplified Acute Physiology Score, SOFA Sequential Organ 
Failure Assessment, PaCO2 partial pressure of carbon dioxide, PaO2/FiO2 partial pressure of oxygen to fraction of inspired oxygen ratio, HCO3 bicarbonate
a Defined as hematological malignancies, active solid tumor, or having received specific anti-tumor treatment within a year, solid organ transplant, human 
immunodeficiency virus, or immunosuppressants

Univariate OR (95% CI) P value Multivariate OR (95% CI) P value

Age, years  < 0.001 0.078

  ≤ 75 – –

  60–74 0.98 (0.72–1.32) 1.74 (0.93–3.28)

  40–59 0.58 (0.43–0.80) 1.33 (0.68–2.64)

   < 40 0.45 (0.27–0.74) 0.54 (0.14–1.82)

Genre, woman 0.73 (0.58–0.92) 0.009 0.72 (0.44–1.19) 0.203

Body mass index, kg/m2 – 0.870 – 0.178

   < 25

  25–29 1.05 (0.79–1.40) 0.89 (0.51–1.55)

  30–34 1.18 (0.86–1.63) 1.58 (0.83–3.01)

  35–39 1.14 (0.76–1.72) 1.01 (0.45–2.26)

   ≥ 40 1.05 (0.60–1.85) 2.42 (0.73–8.26)

Active smokers 1.00 (0.61–1.63) 0.996 0.83 (0.31–2.20) 0.701

SAPS II score 1.05 (1.04–1.06)  < 0.001 1.07 (1.04–1.09)  < 0.001

Treated hypertension 1.35 (1.10–1.66) 0.004 0.79 (0.51–1.23) 0.300

Known diabetes 1.31 (1.05–1.65) 0.019 0.74 (0.45–1.20) 0.222

Immunodepressiona 1.43 (0.95–2.15) 0.085 0.85 (0.32–2.23) 0.747

Frailty score 0.009 – 0.875

  1–3 –

  4 1.70 (1.16–2.51) 1.27 (0.51–3.32)

  5–9 1.46 (0.93–2.31) 1.07 (0.37–3.04)

Delay between first signs and ICU admission, days  < 0.001 – 0.012

   < 4 –

  4–7 0.84 (0.58–1.20) 0.74 (0.35–1.53)

   ≥ 8 0.44 (0.31–0.62) 0.42 (0.20–0.87)

During the first 24 h in ICU

Oxygenation technique 0.019 0.013

  Standard oxygen – –

  HFNC 0.98 (0.79–1.21) 0.60(0.36–0.99)

  NIV 1.60 (1.13–2.27) 1.57 (0.78–3.21)

Cardiovascular component of the SOFA score ≥ 3 3.37 (1.75–7.00)  < 0.001 1.45 (0.37–7.53) 0.608

Renal component of the SOFA score ≥ 3 1.06 (0.68–1.66) 0.785 0.35 (0.12–0.99) 0.048

Corticosteroidsb 0.76 (0.55–1.05) 0.096 0.93 (0.46–1.88) 0.847

pH 0.12 (0.02–0.71) 0.010 0.95 (0.02–59.91) 0.980

PaCO2, mmHg 1.00 (1.00–1.00) 0.856 0.97 (0.94–1.00) 0.064

PaO2/FiO2
c, mmHg  < 0.001 –  < 0.001

 ≤ 100 –

  101–200 0.43 (0.33–0.55) 0.32 (0.20–0.50)

  201–300 0.26 (0.17–0.37) 0.21 (0.10–0.41)

   > 300 0.25 (0.15–0.43) 0.23 (0.07–0.71)

HCO3, mmol/L 0.97 (0.94–0.99) 0.006 1.00 (0.97–1.03) 0.993

Lactate, mmol/L 1.31 (1.12–1.57)  < 0.001 1.28 (1.06–1.67) 0.001

Lymphocyte count < 1 × 109/L 1.59 (1.26–2.01)  < 0.001 1.20 (0.79–1.85) 0.394

Platelet count < 150 × 109/L 1.76 (1.32–2.37)  < 0.001 1.16 (0.65–2.06) 0.621

Total bilirubin concentration, µmol/L 1.00 (0.99–1.01) 0.990 1.00 (0.97–1.02) 0.769

ICU admission period, March 29 to May 4, 2020 0.63 (0.51–0.77)  < 0.001 0.46 (0.29–0.72)  < 0.001
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increasingly during the first wave of the COVID-19 pan-
demic in France, Belgium, and Switzerland [8, 10, 16, 17]. 
The proportion of patients who received NIV was com-
parable to that reported by various COVID-19 cohort 
studies conducted in Europe and the USA [18–20]. It was 
also similar to the proportion of non-COVID-19 patients 
who received NIV in the LUNGSAFE cohort study 
[21]. On the other hand, the proportion of patients who 
received HFNC was higher in the present study than in 
these COVID and non-COVID cohorts. It is important 
to point that, in de novo acute hypoxemic respiratory 
failure, NIV is not recommended [6], while HFNC is now 
recommended [5].

The proportion of patients who were intubated was 
similar to that reported in other cohorts of COVID-19 
patients [18, 22]. However, the impact of HFNC and NIV 
on oxygenation failure differed, with HFNC but not NIV 
being independently associated with a reduction in oxy-
genation failure. This benefit of HFNC has been reported 
in severe hypoxemic non-COVID-19 patients [4, 23], 
and more recently in COVID-19 patients [9, 18]. In de 
novo acute hypoxemic respiratory failure, the benefit of 
NIV is debated [6], and its use does not seem to be asso-
ciated with a clear reduction in intubation rate in non-
COVID-19 patients [6]. In COVID-19 patients, although 

retrospective studies have suggested a potential benefit 
of NIV on intubation [9, 18], a randomized control trial 
showed a reduction in intubation rate in patients receiv-
ing helmet NIV, but no improvement in the number of 
days free of respiratory support [22]. It is of note that we 
chose oxygenation failure (defined as intubation or death 
in the ICU without intubation) as the outcome rather 
than intubation alone as it is well established that HFNC 
and NIV may be given to do-not-intubate patients, as a 
ceiling therapy [24, 25]. This was the case in our cohort, 
where 4% patients died without being intubated, which is 
clearly a failure of oxygenation. Omitting these patients 
and choosing intubation as the sole outcome would have 
underestimated the oxygenation failure rate.

We did not find any impact of HFNC on mortality, 
while NIV was associated with increased mortality. In 
non-COVID-19 patients, there is not a clear benefit of 
either HFNC or NIV on mortality [4, 6]. In some patients, 
NIV could even be more deleterious than intubation [7]. 
One hypothesis is that a low expiratory tidal volume is 
almost impossible to achieve with NIV in patients with 
de novo acute hypoxemic respiratory failure [26], and a 
high tidal volume under NIV ((≥ 9 mL/kg of ideal body 
weight [26, 27]) could cause patient self-inflicted lung 
injury, which in turn may worsen the severity of lung 

b Irrespective of the dose and the indication
c Calculated for all patients, including those on oxygen therapy by using conversion tables provided in the online supplement

Table 3  (continued)

Fig. 2  Left panel: Cumulative incidence of oxygenation failure according to the oxygenation technique in patients not intubated on the day of 
intensive care unit admission. Right panel: Cumulative incidence of hospital mortality according to the oxygenation technique. HFNC, high-flow 
nasal cannula; NIV, noninvasive ventilation;
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disease [28]. Previously, a high tidal volume with NIV has 
been found to be independently associated with NIV fail-
ure [26, 27]. In COVID-19 patients, a retrospective study 
reported an association between NIV and mortality [18]; 

however, this association has not been observed in a ran-
domized controlled trial that compared HFNC to helmet 
NIV [22]. In our patients treated with HFNC, the benefit 
of HFNC on oxygenation failure did not translate into a 

Table 4  Factors associated with 90-day mortality by multivariate analysis among patients who were not intubated on the day of ICU 
admission

HR hazard ratio, CI confidence interval, HFNC high-flow nasal cannula, NIV noninvasive ventilation, SAPS Simplified Acute Physiology Score, SOFA Sequential Organ 
Failure Assessment, PaO2/FiO2 partial pressure of oxygen to fraction of inspired oxygen ratio
a Defined as hematological malignancies, active solid tumor, or having received specific anti-tumor treatment within a year, solid organ transplant, human 
immunodeficiency virus, or immunosuppressants
b Calculated for all patients, including those on oxygen therapy by using conversion tables provided in the online supplement

n Univariate HR (95% CI) P value Multivariate HR (95% CI) P value

Age, years 1491  < 0.001  < 0.001

   ≤ 75 – –

  60—74 0.43 (0.33–0.56) 0.60 (0.41–0.89)

  40—59 0.20 (0.14–0.27) 0.38 (0.23–0.63)

   < 40 0.17 (0.09–0.34) 0.33 (0.10–1.14)

Genre, woman 1488 0.85 (0.65–1.10) 0.216 0.77 (0.52–1.15) 0.893

Body mass index, kg/m2 1370 0.254 0.072

   < 25 – –

  25—29 0.95 (0.70–1.27) 0.92 (0.61–1.41)

  30—34 0.74 (0.52–1.06) 0.79 (0.48–1.28)

  35—39 0.67 (0.41–1.08) 0.40 (0.18–0.86)

   ≥ 40 0.97 (0.53–1.75) 1.01 (0.45–2.28)

SAPS II score 1398 1.04 (1.03–1.05)  < 0.001 1.03 (1.01–1.04)  < 0.001

Treated hypertension 1485 1.45 (1.16–1.82)  < 0.001 0.78 (0.54–1.11) 0.844

Known diabetes 1486 1.76 (1.40–2.21)  < 0.001 1.28 (0.88–1.86) 0.015

Immunodepressiona 1479 2.21 (1.58–3.10)  < 0.001 1.08 (0.60–1.92) 0.461

Frailty score 1379  < 0.001  < 0.001

  1–3 – –

  4 3.18 (2.34–4.33) 2.22 (1.39–3.54)

  5–9 4.23 (3.02–5.92) 1.67 (0.92–3.04)

Delay between first signs and ICU admission, days 1424  < 0.001  < 0.001

   < 4 – –

  4–7 0.64 (0.47–0.88) 0.67 (0.43–1.05)

   ≥ 8 0.41 (0.30–0.56) 0.42 (0.26–0.66)

During the first 24 h in ICU
Oxygenation technique 1491  < 0.001  < 0.001

  Standard oxygen – –

  HFNC 1.27 (0.99–1.63) 0.90 (0.61–1.33)

  NIV 2.64 (1.95–3.56) 2.75 (1.79–4.21)

Cardiovascular component of the SOFA score ≥ 3 1435 1.16 (0.64–2.12) 0.630 0.75 (0.32–1.75) 0.250

Renal component of the SOFA score ≥ 3 1416 2.43 (1.69–3.49)  < 0.001 1.81 (1.02–3.20) 0.099

PaO2/FiO2
b, mmHg 1216  < 0.001  < 0.001

   ≤ 100 – –

  101–200 0.68 (0.52–0.88) 0.58 (0.41–0.81)

  201–300 0.46 (0.29–0.72) 0.37 (0.20–0.68)

   > 300 0.24 (0.10–0.58) 0.08 (0.01–0.62)

Lymphocyte count < 1 × 109/L 1199 1.38 (1.06–1.80) 0.015 0.88 (0.62–1.24) 0.646

Platelet count < 150 × 109/L 1342 2.16 (1.67–2.80)  < 0.001 2.02 (1.41–2.89)  < 0.001
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benefit in terms of mortality. A similar observation has 
been previously reported in a COVID-19 population [8]. 
It has also been suspected that HFNC could delay intu-
bation excessively, resulting in more severe lung injury in 
patients intubated after HFNC failure [15]. However, this 
hypothesis has not been confirmed by a recent retrospec-
tive analysis, which showed similar mortality between 
patients intubated early after ICU admission and those 
intubated later [29].

The major strength of this study is the detailed report 
of clinical features, ventilatory management, and 90-day 
outcomes of a large, multicenter cohort of COVID-19 
patients. We do, however, acknowledge several limi-
tations to our study. First, the oxygenation technique 
was not randomized and it is possible that more severe 
patients were more likely to receive HFNC or NIV, pre-
cluding definitive conclusions due to be made. This 
includes the respective impact of HFNC and NIV on oxy-
genation failure and mortality. Second, the management 
of patients, and especially of oxygenation techniques and 
the decision of intubation, were not standardized. How-
ever, given the high number of patients, our cohort is 
likely to reflect the diversity of daily practices across cent-
ers. Third, we did not collect certain data that could be 
pertinent, such as awake prone positioning [30] and the 
ROX index [17, 31]. Fourth, some variables have missing 
data (as reported in the tables) due to the large number of 
patients included in a short period of time with intense 
clinical activity during the first outbreak of the pandemic. 
It is, however, of note that the sensitivity analysis with 
multiple imputations for missing data yielded similar 
results to the main analysis. Fifth, because the national 
health system was under extreme pressure with a need 
for a large number of ICU beds in some regions, we can-
not be sure that policies of ICU admission and do-not-
intubate decisions may have differed between regions 
and therefore between centers. Finally, we do not provide 
information on the contamination of caregivers, which 
could be higher with techniques that could generate a 
high level of aerosol transmission [9].

Conclusions
Despite international recommendation and expert 
viewpoints to the contrary, HFNC and NIV were used 
increasingly during the first outbreak of the COVID-
19 pandemics in France, Belgium, and Switzerland. 
Although HFNC was not associated with a reduction in 
90-day mortality, it was associated with less oxygena-
tion failure. This study highlights that HFNC can be use-
ful and as safe as standard oxygen in a large cohort of 
COVID-19 patients and paves the way for future rand-
omized control trials investigating the benefit of HFNC 
in these patients. On the contrary, NIV was associated 

with increased mortality. This observed increased mor-
tality of NIV, if sustained in a prospective randomized 
trial, would support not using it in COVID-19 patients.
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