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Methods: We conducted an observational, prospective, single-center
study, approved by Ethics Committee of “Instituto de Investigación Sanitaria
Fundación Jiménez Díaz” (EO102-20-HRJC).
We included a total of 130 patients ≥18 years-old, with proved SARSCoV-2 infection and secondary Acute Respiratory Failure (ARF) that required
treatment with Non-invasive Respiratory Support (NIRS). We collected data
about population demographic characteristics, clinical factors, and evolution
during the incoming. A baseline of patients treated with HFO, CPAP and NIMV
were compared with one-way ANOVA test, while categorical variables were
expressed as numbers and percentages and were compared using the chisquare test or Fisher’s exact test when appropriate.
Results: The cohort was distributed as follows: CPAP 54.6% (n = 71), NIMV
30% (n = 39), HFO 15.4% (n = 20). There were no differences between NIRS
subgroups regarding age, comorbidity, or functional status. At the beginning of
NIRS treatment, PaO2/FiO2 value was 149.3 ± 69.7. After 24 hours, PaO2/FiO2
was significantly higher in the CPAP group (CPAP vs NIMV, p-value = 0.0042;
CPAP vs HFO, p-value = 0.000169). The overall ICU admission evaded rate was
69.1% and TF rate was 43.8%, without differences between the three therapies
(p-value = 0.281). The mortality rate was 37.2%, without significant differences
between subgroups.
Conclusions: Our data suggest that CPAP versus treatment with NIMV or
HFO improves PaO2/FiO2 rate in severe ARF patients, significantly reducing ICU
admission. No differences were observed in mortality or therapeutic failure.

Introduction
The coronavirus disease 2019 (COVID-19) is caused by the
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2),
which primarily targets the respiratory tract, causing widespread
inflammation in the lungs, which leads to Acute Respiratory Distress
Syndrome (ARDS) in severe cases1. Approximately 14% of all people
with COVID-19 develop severe respiratory disease with hypoxemic
respiratory failure, and a further 5% will become critically unwell,
many of whom will require intensive care2. Treatment of Acute
Respiratory Failure (ARF) due to viral infection with Non-invasive
Respiratory Support (NIRS) is open to discussion. Previous studies
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showed a high failure rate in patients treated with NonInvasive Mechanical Ventilation (NIMV), 30% in SARSCoV-1 and 13 - 77% in Influenza A H1N1 outbreaks3. The
patient with pneumonia by Influenza A H1N1 treated
with High Flow Oxygen therapy (HFO) has been reported
a success rate of 39%4. There is currently no information
available on the effectiveness of NIRS, neither the best
subtype of therapy used to treat ARF in severe COVID-19.
The European and American Respiratory Societies practice
guideline recommended NIMV as a preventive strategy for
avoiding intubation in hypoxemic ARF, when performed
by experienced teams, in highly selected cooperative
patients5. The Spanish Respiratory Society recommended
the use of NIRS as “bridge therapy” in cases of ARF again,
without late admission to the ICU and with a preference
for HFO. Despite this, the course of the COVID-19 pandemic
has changed previous knowledge and brought the NIRS to
the front line-therapy.
Our hypothesis was that early use of NIRS in severe
COVID-19 improves clinical outcomes and short-term
prognostic.

The aim of the study was to present our clinical
experience treating severe COVID-19 patients with NIRS
[HFO, NIMV or (CPAP)] and compare clinical outcomes
between the three subgroups of treatment. Our secondary
endpoint was to analyse factors associated with therapeutic
failure.

Patients and Methods
Study design

We conducted an observational, prospective, singlecentre study at Hospital Universitario Rey Juan Carlos
(HURJ) during the period from 1st February to 30th June
2020.
HRJC is a public hospital in the town of Móstoles, located
in the south of the region of Madrid, Spain. The hospital
provides care to patients residing in Móstoles and 18 other
municipalities nearby, totalling 178,000 inhabitants. The
hospital has 292 single and 18 double rooms, an intensive
care unit (ICU) with 27 beds, and a postoperative recovery
area for up to 48 patients. The Pneumology Department
(PD) has a hospitalization area, and four rooms of
Respiratory Intermediate Care Unit (RICU) integrated the
ICU.
During the pandemic, PD reorganized its structure to
prioritize the care of COVID-19 patients.

This study was carried out according to principles
of Helsinki’s Declaration and was approved by the
Ethics Committee of “Instituto de Investigación Sanitaria
Fundación Jiménez Díaz” (EO102-20-HRJC). The Ethics
Committee waived the need for consent.

Journal of Lung Health and Diseases

Population of the study
We included all patients ≥18 years old, with proved
SARS-CoV-2 infection6 with secondary ARF and that
required treatment with NIRS. Based on all cases, the
Pneumologist either in our RICU or in Internal Medicine
Department directly initiated NIRS.

We excluded patients that only received conventional
oxygen therapy treatment or when NIRS was prescribed by
the ICU or Anaesthesia Service and not evaluated by PD. We
also excluded patients when dates could not be collected;
when patients refused the treatment or when NIRS was
used for weaning process and not in the acute setting.
SARS-CoV-2 diagnostic was performed in all patients
with RT-PCR (“Primerdesign Ltd COVID-19 genesig® RealTime PCR assay”, HAIN Lifescience, Chandler’s Ford, UK).
The serological test was made in patients with concordant
clinical settings and two negative RT-PCR determinations,
with COVID-19 rapid test Biozek Medical (BIOZEK,
Apeldoorn, Netherlands).

Data collection

Our outcomes included 1) change in PaO2/FiO2 after 24
hours, 2) ICU admission rate, 3) therapeutic failure (change
of NIRS, ICU admission, and death), and 4) mortality
rate. To respond to the outcomes, we collected clinical,
radiological, and laboratory data from electronic medical
records. Missing data were not imputed.

We collected data about demographic characteristics
(age, gender, institutionalized patient, presence of frailty
criteria7 or comorbidities), clinical factors (COVID-19
symptoms, time from started symptoms to incoming,
medical treatment, pneumonia severity index8, radiological
severity injure9, information about NIRS (subgroup of
therapy, clinical or gasometric criteria to start NIRS,
HACOR10 and ROX index11, therapy failure and ICU admitted
rate) and evolution during incoming (presence of major
complication, admitted days, mortality rate).
Therapeutic failure (TF) is considered as clinical
worsening that leads to change the therapy, ICU admission
or/and to the death of the patient.

Statistical analysis

No statistical sample size assessment was performed
a priori, and the sample size was the number of patients
treated during the study period (n = 130) in our centre.

A baseline of patients treated with HFO, CPAP and
NIMV were compared. Across the treatment subgroups,
continuous variables were expressed as means and
standard deviation (± SD) and were compared with
one-way ANOVA test, while categorical variables were
expressed as numbers and percentages (%) and were
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compared using the chi-square test (χ²) or Fisher’s exact
test when appropriate. Percentages of available data for the
overall study population were based on the total number
of patients included in the study, while the distribution
of available data over the treatment subgroups was
based on the available data over for that variable, and the
percentages were calculated using the number of available
data for that subgroup.

Logistic regression was applied to investigate the
relationship between subgroups of NIRS and outcomes (TF
and mortality rate). All the outcomes have been assessed
by intention-to-treat analysis.
For all tests, a two-sided of 0.05 value was considered
significant. The statistical analysis was performed with
SPPS version 20.0 (SPSS Inc., Chicago, IL, USA) software.

Results

Over the whole study period, we recruited 215 patients,
and 130 of them fulfilled the inclusion criterion (Figure 1).
The cohort was distributed according to the therapy used
as follows: CPAP 54.6% (n = 71), NIMV 30% (n = 39), HFO
15.4% (n = 20). There were no differences between NIRS
subgroups regarding age, comorbidity, or functional status
(Table 1).
Therapeutic ceiling allocation was: 63.1% ICU, 22.3%
RICU and 14.6% no ICU and RICU admission candidate.

At the beginning of NIRS treatment, PaO2/FiO2 value was
149.3 ± 69.7, and 85.4% (n = 111) presented PaO2/FiO2 ≤
200. After 24 hours, PaO2/FiO2 was significantly higher in
the CPAP group compared with the NIMV and HFO group
[CPAP vs NIMV, p-value=0.0042, CI95% (0.98, 66.56) and
Patients admitted at
Hospital Universitario Rey
Juan Carlos
(n = 890)

Admitted at PS
(n = 215)

Treatment
with NIRS

675 patients
admitted at
Internal Medicine
Service

ARF

85 patients were
excluded

CPAP (n = 71)
Final inclusion
(n = 130)

HFO (n = 20)
NIMV (n = 39)

HRJC: Hospital Universitario Rey Juan Carlos, PS: Pneumology
Service, CPAP: Continuous Positive Airway Pressure, HFO: High Flow
Oxygen Therapy, NIVM: Non-invasive Mechanical Ventilation, NIRS:
Non-invasive Respiratory Support.
Figure 1: Flow-chart. At the study period, 215 patients were admitted
at Respiratory service, 130 of whom fulfilled inclusion criteria.
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Table 1: We summarize the previous basal situation, clinical COVID-19
presentation, and prescribed treatment. Comparison between
treatment groups and the existence of significant differences are also
provided.

Males
Age years
>70 years old
Frail Index (Max : Min)
FI > 4
Institutionalized
Charlson Index
Comorbidity
Hypertension
Obesity
Dyslipidemia
Sleep apnea syndrome
COPD/Asthma
Hypothyroidism
Respiratory therapy at home
Oxygen therapy
CPAP
NIM
Admitted at
RICU
Internal Medicine Unit
Symptoms
Onset of symptoms (days)
Cough
Fever
Chest pain
Dyspnea
Diarrhea
Myalgia
COVID-19 treatment
Antibiotic
Azithromycin
Hydroxychloroquine
Lopinavir/Ritonavir
Corticosteroids
Cyclosporine
Tocilizumab

CPAP
HFO
(n = 71)
(n = 20)
46 (65)
16 (80)
65.5 ± 12.7 57.2 ± 13.6*
7 (35)
33 (46.5)
2 (6:1)
1.45 (4:1)
7 (9.9)
1 (5)
3 (4.2)
0
2.7 ± 3.1
2.3 ± 3.1
56 (78.9)
15 (75)
45 (63.4)
11 (55)
24 (33.8)
6 (30)
16 (22.5)
5 (25)
10 (14.1)
1 (5)
11 (15.5)
3 (15)
8 (11.3)
2 (10)

NIMV
(n = 39)
26 (67)
65.9 ± 11.9
17 (43.6)
2,31 (7:1)
7 (17.9)
7 (17.9) *
3.9 ± 3.2
33 (84.6)
20 (51.3)
15 (38.5)
10 (25.6)
15 (38.5) *
10 (25.7)
4 (10.3)

1 (1.4)
10 (14.1)
0

0
1(5)
0

0
8 (20.5) *
4 (7.7) *

43.7
56.3

65
35

46.2
53.8

8.1 ± 4
58 (81.7)
64 (90.1)
9 (12.7)
55 (77.5)
15 (21.1)
6 (8.5)

7.7 ± 4
15 (75)
18 (90)
5 (25)
12 (60)
4(20)
3 (15)

8.7 ± 10.5
33 (84.6)
29 (74.4)
3 (7.7)
33 (84.6)
8 (20.5)
4 (10.3)

71 (100)
66 (93)
70 (98.6)
23 (32.4)
68 (95.8)
8 (11.3)
24 (33.8)

20 (100)
19 (95)
20 (100)
7 (35)
16 (80)
1 (5)
9(45)

39 (100)
36 (92.3)
37 (94.9)
7 (17.9)
32 (82.1)
5 (12.8)
14 (35.9)

Data present as mean (Standard Deviation, SD) or n (%), and results
expressed as rate are presented as %, unless otherwise indicated.
*p-value <0.05. In comorbidities and COVID-19 symptoms we only
included the items with a prevalence >10%. In the case of sleep
apnea syndrome, we considered moderate-to-severe cases. CPAP:
Continuous Positive Airway Pressure, HFO: High Flow Oxygen Therapy,
NIVM: Non-invasive mechanical ventilation, Max: Maximum, Min:
Minimum, FI: Frail Index, RICU: Respiratory Intermediate Care Unit,
COPD: Chronic Obstructive Pulmonary Disease.

CPAP vs HFO, p-value=0.000169, CI95% (25.98-89.56)]. The
increase of PaO2/FiO2 at 24-hours was higher in the patients
treated with CPAP (Δ 44.3), followed by patients treated
with NIMV (Δ 25.6) and, finally, patients treated with HFO
(Δ 16.3), p-value=0.043.
The overall ICU admission rate was 30.9% (CPAP group
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24.4% vs HFO and NIMV group with 37.5% both, χ²=3.18,
p-value=0.045, IC95% (0.220-0.241)). Our calculated TF
rate was 43.8%. We measured this result in different
scenarios, the first one according to admission setting
(RICU vs Internal Medicine Unit) and the second by NIRS
subgroup therapy. In the first scenario, TF was 34% in
admitted at RICU vs 53% of those admitted at the Internal
Medicine Unit [χ²=4.79, p-value = 0.029, CI95% (1.03 - 1.91)].
According to the subgroup of NIRS, in patients treated with
CPAP TF rate was 39.2%, in HFO group 46.1% and, finally,
in NIMV group was 53.8% (p-value=0.281). The Rox index
Odds Ratio (OR) = 0.71, CI95% (0.473-0.813), p-value=0.01),
age (OR=1.06, CI95% (1.017 - 1.105), p-value=0.06),
comorbidity (OR = 5.354, CI95% (1.330 - 21.547),
p-value=0.018) and secondary infection (OR = 13.551, CI95%
(3.312 - 55.446), p-value=0.000288) were the independent
risks factors associated with TF. Approximately, ~13%
of cases (n = 17) we changed therapy because not get a
clinical response. Mainly, the therapy change was to NIMV
(81.3%, p-value=0.00001). In CPAP group we changed
therapy about 21% and only in the 10% of HFO group
[χ²=10.08, p-value=0.006, CI95% (0.005 - 0.009)]. We tried
to determinate the influence of time-delayed in the starting
therapy, but we not found differences between groups
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(CPAP group 11.74 ± 4.7 days vs HFO group 10.67 ± 6.1,
p-value=0.229).

The mortality rate was 37.2%, without significant
differences between subgroups of the NIRS treatment after
adjustment for confounder (Table 2). The odds ratios (ORs)
for in-hospital COVID-19 related death were 9.83 (CI95%
2.51 - 38.44) in people > 70 years old and OR = 48.003
(CI95% 12.023 - 191.65) for patients with TF. Other variables
as Frail index, comorbidities, PaO2/FiO2 < 200 or subgroup
of NIRS were not related to mortality in our model.

Discussion

In severe COVID-19 disease, lung injury can become
a high mortality complication. Recently, WANG D et al.12
established the rate of ICU admission and need for
respiratory support in COVID-19 ~26%. Previous
recommendations suggested avoiding the use of NIRS in
patients with ARF13. Nevertheless, in the current COVID-19
pandemic, NIRS has been shown as a safe, feasible, and
helpful treatment14. The fact, European Respiratory Society
recommended their use, even in severe patients15. The
pattern of NIRS usage is very widely between research16,
and there is no evidence about which subtype of NIRS (CPAP,
HFO or NIMV) should be used first17. In our cohort, 14.6%

Table 2: The differences in the clinical/functional indication of NIRS and the clinical response among the study groups are showing

Days between the onset of symptoms until initiated NIRS treatment
NIRS indications:
Gasometrical criteria
PaO2/FiO2<200
Hypoxemic ARF
Respiratory acidosis
Clinical criteria
Severe dyspnea
Tachypnoea
Work of breath
≥ 2 previous criteria
PaO2/FiO2 at beginning of treatment
PaO2/FiO2 ≤ 200
PaO2/FiO2 after 24 hours of treatment
Increase PaO2/FiO2
iRox
Ihacor
NIRS parameters
IPAP (cmH2O)
EPAP (cmH2O)
Flow (lpm)
FiO2 (%)
Therapeutic failure rate
ICU admitted after TF rate
Mortality rate
Change therapy

CPAP (n = 71)
11.7 ± 4.7

HFO (n = 20)
10.7 ± 6

NIMV (n = 39)
11 ± 10.8

44.2
55.8
0

16.7
83.3
0

9
84.2*
6.8*

30.2
0
16.3
44.2
158.4 ± 75
55 (77.5)
202.7 ± 70
44.3*
4.3 ± 2
4.6 ± 2.5

16.7
0
0
61.1
128.7 ± 61
19 (95)
145 ± 26
16.3
3.7 ± 1.6
5.4 ± 2.3

26.3
10.5
5.3
52.6
143.4 ± 62.3
33 (84.6)
169 ± 30
25.6
3.6 ± 2
6.3 ± 3.4*

10
50

54
91*

16
9.5
70

39.2
10 (14)
24 (33.8)
15 (21)

46.1
6 (30)
7 (35)
2 (10)

53.8
9 (23)
14 (35.8)
0

Data present as mean (Standard Deviation, SD) or n (%), and results expressed as rate are presented as %, unless otherwise indicated.
*p-value <0.05. CPAP: Continuous Positive Airway Pressure, HFO: High Flow Oxygen Therapy, NIMV: Non-invasive mechanical ventilation,
RICU: Respiratory Intermediate Care Unit, NIRS: Non-invasive Respiratory Support, iROX: ROX index, iHACOR: HACOR index, IPAP: Inspiratory
Airway Pressure, EPAP: Expiratory Airway Pressure, ICU: Intensive Care Unit, TF: Therapeutic Failure.
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need treatment with NIRS, mainly with CPAP (54.6%). The
efficacy of NIRS in these cases remains dark, but it seems
unethical to conduct a randomized study to compare
treated versus untreated patients with the information
from previously published observational studies. Two
recent studies confirmed the effectiveness of CPAP as
the first choice of treatment, avoiding intubation18,19. The
studies fashioned in preceding viral pandemics [SARSCoV-1 and Influenza A (H1N1)] showed at a high rate of
TF and mortality. Classically TF has been defined as the
disability of the NIRS to avoid ICU admission and intubation
to provide invasive mechanical ventilation20. Most of these
studies are heterogeneous, and their results are difficult
to compare. In the current SARS-CoV-2 outbreak, the cases
series published estimates a TF rate of 76%21. These results
duplicate our global TF, found in 43.8%. In the logistic
regression, the main factors that explained our TF rate
were age (OR = 1.060), iRox (OR = 0.71), comorbidity (OR
= 5.354) and secondary infection (OR = 13.551). Moreover,
TF was significantly lower in patients admitted at RICU
than those admitted at conventional hospitalization (34%
vs 53%, p-value = 0.029). In our opinion, we counted with
specialized RICU allowed continuous patient monitoring
and early detection of TF signs. Besides this, all health
workers in our Unit are highly specialized in the use of
NIRS. Therefore, we considered the main reasons that
could explain our results. We also detected a high TF rate
in the NIMV group (53.8%). In the case of NIMV, some
observational studies showed that NIMV was associated
with a higher overall ICU mortality22, especially in those
patients with lower PaO2/FiO223. Despite that was not a
primary or secondary endpoint in our study, we thought that
the used of NIMV in patients with previous severe illness
(severe COPD, obesity hypoventilation, neuromuscular
diseases, etc.) or as rescue therapy when others NIRS fault,
could explain high mortality associated to their use. In
any case, our TF described in patients treated with NIMV
was remarkably like the failure rates reported in previous
outbreaks of SARS, MERS, and Influenza A24.

In our cohort, patients treated with CPAP were admitted
to ICU and started IMV in the 24.4% vs 37.5% in patients
treated with HFO or with NIMV, p-value=0.05. The CPAP
group also improved PaO2/FiO2 value at 24 hours to start the
treatment (CPAP vs NIMV p-value=0.042 and CPAP vs HFO
p-value=0.0000169). The gradient of increase of PaO2/
FiO2 was higher in CPAP-group (Δ 44.3), followed by NIMV
(Δ 25.6) and, finally, patients treated with HFO (Δ 16.3),
p-value=0.043. These results are supported by other recent
studies that have shown that CPAP avoids intubations and ICU
admissions in COVID-19 patients18,19. Presumably, the CPAP
mechanism of action plays a role in these observations. CPAP
supplies continuous support pressure along the respiratory
cycle that enhances alveolar recruitment, pulmonary
compliance, and ventilation/perfusion imbalance.
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Some European Respiratory and Intensive Care Society
considered that in patients with worsening respiratory
failure HFO might be useful5. At the same time, CPAP and
NIMV can be used to a limited extent. Our results do not
support this recommendation, assuming the limitations
of our work, and they would support the use of CPAP as
the treatment of choice in more severe patients. Without
forgetting that the use of HFO has its indication in patients
with moderate ARF due to COVID-1925.

We checked that there were no differences in
mortality rate (CPAP 33.8%, HFO 35%, and NIMV 35.8%,
p-value=0.915) or TF (38% CPAP vs 53.8% in NIMV group
and 45% in HFO, p-value = 0.281), but in both cases, the
CPAP group had a better outcome. For these reasons, our
preliminary results support the choice of CPAP as the first
treatment. Obviously, more studies are needed to confirm
this recommendation.

Our mortality rate was explained by age (OR = 9.83 in
patients > 70 years old), but above all, for the TF rate (OR =
48.003). The risk of severe illness in adults increases with
age, with older people at the highest risk26. In older, we
thought that frailty and comorbidities were the principal
factors that explained poor outcomes. Studies aimed at
older people could help us to make decisions in the future
and improve results in those elderly that benefit more
from NIRS treatment.

When we started treatment with CPAP, we were more
likely to change therapy than if we chose HFO. The time
from the onset of symptoms to the start of treatment did
not explain the outcome, but the fact that outside the
ICU, CPAP was frequently used in an unmonitored setting
could be a reason for our observations. Although other
works such as that of FRANCO C et al.27 demonstrated that
NIRS could help treat severely affected COVID-19 patients
outside of the ICU. We think further studies are needed to
confirm these observations, verify the most effective NIRS
subset, and investigate the causes of FT.

Conclusions

The present study is one of the first on real-life
NIRS treatment of the COVID-19 pandemic and, to our
knowledge, the first in Spain.

We assume the existence of several weaknesses, as it
is an observational study; we contrast groups that are not
always comparable. The choice of NIRS could be biased by
limited access to devices during the peaks of the pandemic.
Nevertheless, we considered that these limitations did not
disturb our aim of describing the results in a real setting.
In our experience, CPAP was the most widely used therapy,
with better outcomes defined as a lower rate of ICU admission.
Without a doubt, we need more information about other
experiences to unify the results and draw the best conclusions.
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