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Abstract

Introduction and objectives: High-flow nasal cannula oxygen therapy

(HFNC) has been successfully used for the treatment of acute hypoxaemic

respiratory failure (AHRF) secondary to SARS-CoV-2 pneumonia and being

effective in reducing progression to invasive mechanical ventilation. The objec-

tive of this study was to assess the usefulness of HFNC on a hospital ward for

the treatment of AHRF secondary to SARS-CoV-2 pneumonia and its impact

on the need for intensive care unit (ICU) admission and endotracheal intuba-

tion. Other objectives include identifying potential physiological parameters

and/or biomarkers for predicting treatment failure and assessing the clinical

course and survival.

Methods: Observational study based on data collected prospectively between

March 2020 and February 2021 in a single hospital on patients diagnosed with

AHRF secondary to SARS-CoV-2 pneumonia who received HFNC outside

an ICU.

Results: One hundred and seventy-one patients out of 1090 patients hospita-

lised for SARS-CoV-2 infection. HFNC was set as the ceiling of treatment in

44 cases; 12 survived (27.3%). Among the other 127 patients, intubation was

performed in 25.9% of cases with a mortality of 11.8%. Higher creatinine levels

(OR 1.942, 95% CI 1.04; 3.732; p = 0.036) and Comorbidity-Age-Lymphocyte-

LDH (CALL) score (OR 1.273, 95% CI 1.033; 1.617; p = 0.033) were associated

with a higher risk of intubation. High platelet count at HFNC initiation was

predictive of good treatment response (OR 0.935, 95% CI 0.884; 0.983;

p = 0.012).

Conclusions: HFNC outside an ICU is a treatment with high success rate in

patients with AHRF secondary to SARS-CoV-2 pneumonia, including in

patients in whom this therapy was deemed to be the ceiling of treatment.
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1 | INTRODUCTION

Acute hypoxaemic respiratory failure (AHRF) is a com-
mon and severe complication of patients with SARS-
CoV-2 pneumonia. Treatment of this condition often
requires admission to an intensive care unit (ICU), and
in many cases, prolonged invasive mechanical ventila-
tion (IMV). In a study in Italy, 88% of 1591 patients
admitted to intensive care units for SARS-CoV-2
required IMV.1 In Spain, an analysis of data from the
SEMI-COVID registry on 15 111 patients hospitalised
for SARS-CoV-2 found that 33.1% of patients developed
acute respiratory distress syndrome and 79.5% of those
admitted to an ICU required IMV, with an overall mor-
tality rate of 21%.2 In other multicentre study of
663 patients admitted to ICUs, 74% required IMV, and
the mortality rate was 31%.3

The large number of patients infected with this virus
overwhelmed ICUs and non-invasive respiratory support
(NIRS) started to be used outside this setting. One of the
most widely used systems has been high-flow nasal can-
nula oxygen therapy (HFNC), which has been success-
fully used in the treatment of acute respiratory failure
due to other causes and has shown to be effective in
reducing progression to IMV in the case of SARS-CoV-2
infection.4–6 Although numerous studies have been
reported on the use of NIRS and specifically HFNC in
patients with SARS-CoV-2 infection, most of these have
been carried out in ICUs. Few studies have been con-
ducted in patients who have received this therapy on the
hospital ward.

Our hypothesis was that the use of HFNC is feasible
outside critical care units, improves the course of the
disease and reduces the need for ICU admission and
intubation. If our hypothesis is confirmed, this would
represent a breakthrough in the treatment of patients
with AHRF.

The main objective of this study was to assess the
usefulness of HFNC in a conventional hospital ward for
the treatment of severe AHRF secondary to SARS-
CoV-2 pneumonia and its impact on the need for ICU
admission and intubation. Other objectives included
identifying potential physiological parameters and/or
biomarkers for predicting treatment failure and asses-
sing the clinical course and survival of this cohort of
patients.

2 | METHODS

2.1 | Study population and design

Observational study based on the analysis of a prospec-
tive registry of all patients diagnosed with SARS-CoV-2
pneumonia admitted to a hospital ward of the Pneumol-
ogy Service at Cruces University Hospital (Barakaldo,
Spain) between March 2020 and February 2021. Patients
included in the analysis were ≥18 years old and had
PaO2/FiO2 ≤ 200 mmHg. We selected patients with
AHRF treated with HFNC. The diagnosis of SARS-CoV-2
infection was based on a positive result in a polymerase
chain reaction or antigen test of a nasopharyngeal swab
sample. Patients were excluded from the study if they
presented immediate need for orotracheal intubation.

We collected data on patient demographic character-
istics, comorbidities, clinical, radiological and laboratory
findings. We calculated the Comorbidity-
Age-Lymphocyte count-Lactate dehydrogenase (CALL)
score, considering scores <7 indicative of a low risk of
progression.7 We considered the following variables as
indicators of clinical progression: (1) ICU admission;
(2) use of IMV; (3) length of hospital stay; and (4) all-
cause mortality. Regarding variables associated with the
respiratory therapy under study, we collected data on
(1) time course of the disease (from the start of the symp-
toms until admission to hospital and initiation of HFNC);
(2) arterial oxygen partial pressure-to-fractional inspired
oxygen ratio (PaO2/FiO2) at the start of the therapy; and
(3) duration of HFNC.

As routine practice, our hospital held a daily clinical
meeting between ICU staff and physicians responsible for
patients with SARS-CoV-2 infection on hospital wards. In
these meetings, we decided the approach to be taken in
the event of worsening in relation to ICU admission and
intubation for patients with severe acute respiratory fail-
ure secondary to this viral infection. The following were
taken into account: the presence and severity of comorbid-
ities, frailty and likelihood of a good outcome after intuba-
tion. For the management of patients on the conventional
ward, the Pneumology Service drafted a treatment proto-
col in which the use of HFNC was prioritised over other
types of NIRS given that it is easy to use and well tolerated
by patients. Treatment with this type of therapy was con-
sidered if PaO2/FiO2 fell to below 200 mmHg.
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2.2 | Respiratory therapy

We used OH-60A (Micomme) and Airvo 2 (Fisher & Pay-
kel Healthcare) devices. Treatment was started with high
flows between 60 and 70 L/min depending on patient tol-
erance, at a temperature between 31 and 37�C, adjusting
Fi02 to maintain oxygen saturation (SatO2) > 94%.
Patients were treated on a conventional hospital ward
additionally equipped to enable non-invasive monitoring
of oxygen saturation and heart rate. All patients wore
surgical masks during the therapy to reduce the spread of
the virus. HFNC was withdrawn, on a case-by-case basis
depending on the clinical course of the patient, progres-
sively reducing the oxygen flow and FiO2 to 25–30 L/min
and 30%, respectively. When deemed necessary, the deci-
sion concerning the point at which it was appropriate to
perform intubation and start IMV was made by the medi-
cal team based on the patient’s clinical status and SatO2
in relation to the FiO2 administered. HFNC was consid-
ered to have failed in patients who required intubation
and/or died.

2.3 | Statistical analysis

Normally and non-normally distributed quantitative vari-
ables were expressed as mean (and standard deviation)
and median (and interquartile range), respectively. To
identify differences between groups we used, Student’s t-
test if data were normally distributed, and otherwise, the
non-parametric Mann–Whitney U test. Qualitative vari-
ables were expressed as percentages and compared using
chi-square or Fisher’s exact tests. Multivariate analysis
was performed to assess variables associated with HFNC
failure using logistic regression models. All variables that
were found to be significant in the univariate analysis
and had clinical significance were included in these
models. The analysis was carried out using the R statisti-
cal software.

3 | RESULTS

During the study period, out of 1090 patients admitted to
our hospital for SARS-CoV-2, a total of 171 (15.6%) were
treated with HFNC on the ward (Figure 1). Treatment
with HFNC was successful in 106 out of these 171 patients
(61.9%).

The general characteristics of the group and the
details concerning HFNC are summarised in Table 1.
The median age was 66 years (IQR 58–75); 70.8% of the
patients were male. The main comorbidities observed
were hypertension (43.9%), dyslipidaemia (42.1%) and

diabetes mellitus (25.7%). Patients received pharmacolog-
ical treatment in accordance with the guidelines prevail-
ing at the time. A total of 41 patients (27.5%) died.

The multidisciplinary team considered that 44 patients
(25.6%) were not candidates for invasive procedures. In
this group, the mean age was 80 years old (76–84), and
72.7% of the patients were male. Hypertension was the
most common comorbidity, and the mean PaO2/FiO2 at
the start of the therapy was 84. A total of 12 of these
44 patients (27.3%) survived.

The other patients (n = 127, 74.4%) were considered
candidates for invasive procedures. Table 2 summarises
the baseline characteristics of this cohort, overall and
stratified by intubation. The patients not intubated had
lower CALL scores, lower levels of creatinine, lactate
dehydrogenase and procalcitonin and a higher platelet
count. A total of 68 patients (53.9%) progressed well with
the HFNC given on the hospital ward, but 59 patients
(46.1%) were admitted to the ICU. Of the latter group,
26 remained on HFNC, and the other 33 were intubated,
15 of them dying. In the multivariate analysis, a higher
creatinine level (OR 1.942, 95% CI 1.04; 3.732; p = 0.036)
and CALL score (OR 1.273, 95% CI 1.033;1.617; p = 0.033)
were independently associated with a higher risk of intu-
bation. In contrast, a higher platelet count at the start of
HFNC was found to be predictive of a good response to
this therapy (OR 0.935, 95% CI 0.884; 0.983; p = 0.012).

The course of patients on HFNC is illustrated in
Figure 2. Conversion to IMV was carried out a median of
3 days after starting HFNC. The median time on HFNC
was 7 days5–11 in patients in whom the treatment was
successful, compared to 3 days1–5 in those who eventually
required IMV (p < 0.001).

4 | DISCUSSION

The use of HFNC on the hospital ward enabled us to suc-
cessfully treat a high percentage of patients (62%). If we
consider only candidates for full escalation to IMV, the
success rate was even higher (74%). To our knowledge,
this is the first study carried out in Spain assessing HFNC
outside ICU in a group of patients with severe AHRF sec-
ondary to SARS-CoV-2 infection.

The therapy was provided on a conventional hospital
ward equipped to enable non-invasive monitoring, dem-
onstrating that this therapy is possible outside an ICU.
Although this could be considered controversial, it is one
of the strengths of this study, since it reflects the reality
of the situation faced by hospitals during the pandemic.
Based on our results, we can state that the strategy of
using HFNC has enabled us to avoid ICU admission for
more than half (53.9%) of patients.

CASTRO ET AL. 907



A recent review of NIRS in patients with SARS-CoV-2
included 11 studies on HFNC in patients who were can-
didates for full treatment escalation, with a total of 1331
patients. Progression to IMV was observed in a median of
41% (IQR 29–52) of patients.8 Among our patients who
were candidates for invasive procedures, the rate of treat-
ment failure, defined as progression to IMV, was 25.9%,
lower than in other studies. Panadero et al9 and Calligaro
et al10 reported intubation rates of 52.5% and 43.2%,
respectively, higher than in our study, despite our
patients being older and having lower PaO2/FiO2 values.
Delbove et al11 observed an intubation rate of 57% in a

small number of patients (35), and while this is higher
than rates observed in other studies, their patients were
older (mean age of 73 years) though they did have a
mean PaO2/FiO2 ratio >200. Other authors, based on
378 patients with acute respiratory failure secondary to
SARS-CoV-2 in Mexico,12 found an intubation rate of
28.6%, slightly higher than in our study despite their
patients being younger (mean age of 54.5 years).

Overall mortality rates vary considerably across stud-
ies, depending on the characteristics of patients studied
(age, location of treatment, inclusion of patients with a
ceiling of treatment). Patel et al13 reported a low

1090 patients admitted 
with

SARS-CoV-2

Treated with high-�low 
nasal cannula oxygen 

therapy  
171 (15.6%)

Not candidates for
critical care

44 patients (25.6%)

Died
32 (72.7%)

Survived
12 (27.3%)

Candidates for
critical care

127 patients (74.4%)

Admitted to critical care
59 patients

(46.1%)

Invasive mechanical 
ventilation
33 patients

(55.9%)

Died 15/127 (11.8%)

High-�low nasal cannula  
oxygen therapy

26 patients
(44.1%)

Not admitted to critical 
care

68 patients
(53.9%)

F I GURE 1 Flow of patients through the study.
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mortality rate (14.4%) in 104 patients treated with HFNC
on a hospital ward, but the mean age of patients included
was 60.6 years, lower than that in our study. In the study
carried out in Spain by Panadero,9 the overall mortality

rate was 22.5%, based on 40 patients treated with HFNC
in an intermediate respiratory care unit. In contrast, Cal-
ligaro et al10 reported a high mortality rate of 48% in
293 patients on HFNC, some of whom were not

TAB L E 1 Demographic and clinical characteristics of patients given high-flow nasal cannula oxygen therapy and details concerning

with respiratory therapy.

All patients
N = 171

Demographic characteristics

Sex (male) 121(70.8%)

Median age 66.0 [58.0;75.0]

Median body mass index (kg/m2) 28.1 [25.1;31.2]

Active smoking 9 (5.26%)

Alcohol abuse 25 (14.6%)

Comorbidities

Hypertension 75 (43.9%)

Dyslipidaemia 72 (42.1%)

Diabetes mellitus 44 (25.7%)

Heart disease 26 (15.2%)

Lung disease 32 (18.7%)

Kidney disease 21 (12.3%)

Liver disease 15 (8.77%)

Clinical characteristics assessed in the emergency department

Systolic blood pressure (mmHg) 128 [115;142]

Diastolic blood pressure (mmHg) 74.7 (11.6)

Body temperature (�C) 37.1 (0.92)

Respiratory rate (rpm) 16.0 [16.0;22.0]

Heart rate (lpm) 90.0 [80.0;101]

Mean oxygen saturation (%) 93.5 [90.0;96.0]

Blood test results

Creatinine (mg/dL) 0.84 [0.69;1.07]

C-reactive protein (mg/L) 98.1 [55.5;155]

Procalcitonin (ng/mL) 0.11 [0.06;0.24]

Lactate dehydrogenase (U/L) 375 [307;461]

Ferritin (ng/mL) 995 [526;1664]

Hospital stay (days) 17 [12.0;27.0]

CALL score 10 [8.00;12.0]

Death 47 (27.5%)

Treatment duration (days) 7.00 [4.00;10.5]

Ratio PO2/FiO2 128 [90.0;154]

<100 52 (30.4%)

≥100 119 (69.6%)

Time to initiation of therapy from admission (days) 3.00 [1.00;5.00]

Time to initiation of therapy from onset of symptoms (days) 10.0 [7.00;12.0]

Note: Data are expressed as mean (SD), median and interquartile range (IQR) and N (%).
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TAB L E 2 Characteristics of patients who were candidates for invasive procedures.

All patients

N = 127

Patients treated with high-flow

nasal cannula oxygen therapy

N = 94

Patients treated with invasive

mechanical ventilation

N = 33 P

Demographic characteristics

Sex (male) 89 (70.1%) 66 (70.2%) 23 (69.7%) 1.000

Mean age 63.0 [55.0;70.0] 62.0 [52.0;69.8] 64.0 [59.0;70.0] 0.172

Mean body mass index (kg/m2) 27.9 [25.0;31.1] 27.5 [25.0;30.9] 28.3 [25.7;31.7] 0.415

Active smoking 6 (4.72%) 3 (3.19%) 3 (9.09%) 0.424

Alcohol abuse 20 (15.7%) 13 (13.8%) 7 (21.2%) 0.110

Comorbidities

Hypertension 48 (37.8%) 31 (33%) 17 (51.5%) 0.093

Dyslipidaemia 51 (40.2%) 38 (40.4%) 13 (39.4%) 1.000

Diabetes mellitus 26 (20.5%) 18 (19.1%) 8 (24.2%) 0.709

Heart disease 10 (7.87%) 8 (8.51%) 2 (6.06%) 1.000

Lung disease 22 (17.3%) 16 (17%) 6 (18.2%) 1.000

Kidney disease 10 (7.87%) 5 (5.32%) 5 (15.2%) 0.125

Liver disease 9 (7.09%) 5 (5.32%) 4 (12.1%) 0.237

Usual treatment

ACE inhibitors/ARBs 35 (27.6%) 21 (22.3%) 14 (42.4%) 0.046

Statins 39 (30.7%) 28 (29.8%) 11 (33.3%) 0.872

Anticoagulants 11 (8.66%) 8 (8.51%) 3 (9.09%) 1.000

Platelet aggregation inhibitors 18 (14.2%) 13 (13.8%) 5 (15.2%) 1.000

Oral corticosteroids 6 (4.72%) 1 (1.06%) 5 (15.2%) 0.005

Clinical characteristics assessed in the emergency department

Systolic blood pressure (mmHg) 125 [115;142] 128 [116;144] 120 [110;137] 0.092

Diastolic blood pressure (mmHg) 75.4 (11.3) 76.1 (11.4) 73.3 (11.0) 0.230

Body temperature (�C) 37.1 (0.91) 37.1 (0.93) 37.2 (0.85) 0.490

Respiratory rate (rpm) 16.0 [16.0;22.0] 16.0 [16.0;22.0] 16.0 [15.0;22.0] 0.932

Heart rate (lpm) 93.5 (15.9) 92.6 (14.9) 96.3 (18.2) 0.292

Mean oxygen saturation (%) 94.0 [91.0;96.0] 94.0 [91.0;96.0] 94.0 [91.0;96.0] 0.726

Blood test results

Creatinine (mg/dL)

In the ED 0.91 [0.76;1.10] 0.90 [0.74;1.06] 1.04 [0.88;1.39] 0.003

At therapy initiation 0.81 [0.67;0.97] 0.78 [0.65;0.92] 0.95 [0.74;1.24] 0.003

C-reactive protein (mg/L)

In the ED 95.2 [52.7;154] 93.2 [45.2;157] 101 [73.8;149] 0.545

At therapy initiation 92.5 [49.8;150] 91.2 [46.4;151] 94.1 [56.0;149] 0.733

Procalcitonin (ng/mL)

In the ED 0.13[0.06;0.32] 0.12[0.05;0.23] 0.20[0.09;0,49] 0.121

At therapy initiation 0.11 [0.06;0.18] 0.09 [0.05;0.16] 0.20 [0.10;0.49] 0.004

Lactate dehydrogenase (U/L)

In the ED 342 [282;411] 341 [272;392] 361 [299;425] 0.384

At therapy initiation 361 [304;442] 356 [297;422] 419 [329;476] 0.008

Ferritin (ng/mL)

In the ED 830 [404;1466] 828 [372;1492] 831 [457;1195] 0.690
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TAB L E 2 (Continued)

All patients

N = 127

Patients treated with high-flow

nasal cannula oxygen therapy

N = 94

Patients treated with invasive

mechanical ventilation

N = 33 P

At therapy initiation 1036 [563;1739] 1021 [550;1713] 1086 [696;1730] 0.601

Lymphocytes/μL

In the ED 810 [650;1058] 830 [660;1080] 790 [630;1010] 0.681

At therapy initiation 725 [542;955] 760 [560;980] 650 [520;890] 0.176

Platelets �103/μL

In the ED 171 [135;221] 175[136;233] 156 [131;200] 0.085

At therapy initiation 216 [168;302] 244 [176;315] 187 [155;216] 0.001

D-dimer (ng/mL)

In the ED 620 [418;965] 600 [370;952] 675 [532;1025] 0.315

At therapy initiation 630 [385;1215] 600 [380;1085] 720 [430;1255] 0.814

PO2/FIO2 at therapy initiation 138 [103;160] 140 [102;165] 130 [108;148] 0.504

Duration of therapy 6.00 [4.00;10.0] 7.00 [5.00;11.0] 3.00 [1.00;5.00] <0.001

CALL score 10 [7.0;12.0] 8.50[6.0;12.0] 10[8.0;12.0] 0.037

Low CALL score (<7) 22 (21,8%) 21 (27,6%) 1 (4%) 0.028

High CALL score (≥7) 79 (78,2%) 55 (72,4%) 24 (96%)

Hospital stay (days) 19 [13.0;29.0] 16[12.0;21.8] 37 [27.0;52.0] <0.001

Death 15 (11.8%) 0 (0.00%) 15 (45.5%) <0.001

Notes: Data are expressed as mean (SD), median and interquartile range (IQR) and N (%). ‘Therapy’ refers to high-flow nasal cannula oxygen therapy.
Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; ED, emergency department.
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F I GURE 2 Patients intubated by duration of the high-flow nasal cannula oxygen therapy.
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candidates for intubation. Considering only the patients
who were eventually intubated, the mortality rate in our
study was high (45%), similar to figures of 35%–45.4%
reported elsewhere.9,11,14 Despite variability in the stud-
ies, they have all indicated that HFNC is useful in pre-
venting progression to IMV. We did not select patients
for inclusion; rather, we analysed the data on all patients
in our hospital started on this type of therapy outside an
ICU, which we considered to be a strength of our study.

A survival rate of 22% was found in the case of
patients in whom HFNC was considered the ceiling
of treatment (based on two studies with a total of
23 patients).8 According to these data, HFNC may also be
a suitable treatment option for patients who are not can-
didates for IMV. In our series, the usefulness of HFNC
was also observed in this group of patients, achieving a
notably high rate of survival of 27.3% in the 44 patients
for whom HFNC was considered the ceiling of treatment.

Despite these data, there is ongoing debate about the
role of HFNC as well as the timing of intubation and
the risk–benefit balance between patient self-inflicted
lung injury under spontaneous breathing and risks asso-
ciated with intubation.15 HFNC was given for less time in
patients who were subsequently intubated, as observed
in other studies,8 indicating that failure occurs at an early
stage. Nonetheless, there is currently no clear indication
regarding the optimum timing of intubation. In 2015,
Kang et al published a study on patients with severe
hypoxaemic respiratory failure in which ICU mortality
was higher in the group in which intubation was delayed
for more than 48 h after HFNC initiation (66.7% vs 39.2%
with earlier intubation, p = 0.001).16 In contrast, a retro-
spective analysis of 104 patients with moderate-to-severe
AHRF secondary to SARS-CoV-2 pneumonia treated with
HFNC found lower rates not only of IMV but also of mor-
tality.13 More recently, Chavarria et al reported that
71.4% of patients with SARS-CoV-2 pneumonia and acute
respiratory failure did not require IMV when treated with
HFNC; this latter treatment improved respiratory param-
eters and seemed able to reduce the length of hospital
and intensive care stays.12 Another multicentre study,
carried out in Spanish and Andorran ICUs, concluded
that the use of HFNC on ICU admission can increase the
number of days without ventilation and reduce ICU stay,
compared to results with early initiation of IMV.17 Lastly,
a meta-analysis including 8944 patients did not find dif-
ferences in either mortality or duration of IMV between
early intubation and intubation delayed for more than
24 h after ICU admission. Further, that analysis did not
find significant differences in mortality between patients
who did and did not receive HFNC before intubation.18

Investigating factors associated with HFNC failure, in
our study, as in a previous study in patients with SARS-

CoV-2 pneumonia19 and unlike what has been described
for other conditions,20 PaO2/FiO2 at therapy initiation
was not a reliable predictor of intubation. In the multi-
variate analysis, the only variables that remained signifi-
cant were platelet count as a protective factor and
creatinine levels and CALL score as risk factors. In line
with this, various studies21,22 have found SARS-CoV-2
severity and mortality to be related to lower platelet
count. Further, our finding of CALL score at therapy ini-
tiation as a predictor of failure is consistent with the
results of Chavarria et al12 Only 4.5% of our patients clas-
sified as low risk according to this scale (score <7) were
intubated.

Our study has important limitations. The first is
related to the small sample of patients included and that
they come from a single centre. Secondly, the manage-
ment of patients has varied considerably over the pan-
demic, with changes in pharmacological treatments
used,23 vaccination status,24 levels of care/monitoring
and levels of training and experience with the therapy
among the staff involved. Similarly, there may have been
differences in ICU admission as a function of levels of
occupancy and overload in these units over time. All the
variability that we underline as a limitation also has a
positive side, namely, our study reflects the clinical activ-
ity as conducted, without patient selection and in a real-
world setting during these complicated months of the
pandemic, with constantly changing conditions and chal-
lenges for healthcare management.

5 | CONCLUSION

HFNC is a treatment with high success rate for patients
with acute respiratory failure secondary to SARS-CoV-2
pneumonia, including patients for whom this therapy is
considered a ceiling of treatment. This technique reduces
the rates of intubation and mechanical ventilation,
thereby avoiding numerous critical care admissions and
leaving these beds for patients who do need intensive
care. Finally, it is a therapy that can be used safely and
effectively outside critical care settings, provided there
are well-trained staff and close monitoring. Multicentric
studies comparing different respiratory support therapies
are needed to confirm these results.
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