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ABSTRACT

Introduction: Non invasive respiratory support (NIRS) is useful for treating acute respiratory distress
syndrome (ARDS) secondary to COVID-19, mainly in mild-moderate stages. Although continuous positive
airway pressure (CPAP) seems superior to other NIRS, prolonged periods of use and poor adaptation may
contribute to its failure. The combination of CPAP sessions and high-flow nasal cannula (HFNC) breaks
could improve comfort and keep respiratory mechanics stable without reducing the benefits of positive
airway pressure (PAP). Our study aimed to determine if HFNC + CPAP initiates early lower mortality and
endotracheal intubation (ETI) rates.
Methods: Subjects were admitted to the intermediate respiratory care unit (IRCU) of a COVID-19 mono-
graphic hospital between January and September 2021. They were divided according to Early HFNC + CPAP
(first 24 h, EHC group) and Delayed HFNC + CPAP (after 24 h, DHC group). Laboratory data, NIRS param-
eters, and the ETI and 30-day mortality rates were collected. A multivariate analysis was performed to
identify the risk factors associated with these variables.
Results: The median age of the 760 included patients was 57 (IQR 47-66), who were mostly male (66.1%).
The median Charlson Comorbidity Index was 2 (IQR 1-3) and 46.8% were obese. The median Pa0;/FiO,
upon IRCU admission was 95 (IQR 76-126). The ETI rate in the EHC group was 34.5%, with 41.8% for the
DHC group (p=0.045), while 30-day mortality was 8.2% and 15.5%, respectively (p=0.002).
Conclusions: Particularly in the first 24 h after IRCU admission, the HFNC + CPAP combination was associ-
ated with a reduction in the 30-day mortality and ETI rates in patients with ARDS secondary to COVID-19.
© 2023 Published by Elsevier Espafia, S.L.U. on behalf of SEPAR.
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Introduction

In December 2019, a series of pneumonia cases of unknown
cause emerged in Wuhan (Hubei), China, whose clinical presenta-
tion was like viral pneumonia.! The disease was named COVID-19.
In March 2020, the WHO declared a pandemic due to the expo-
nential increase in SARS-CoV-2 infections.? Since then, healthcare
systems around the world have been compromised because about
5% of patients develop critical illness secondary to acute respira-
tory distress syndrome (ARDS) and have to be admitted to high
complexity units for respiratory support.>-6

Prepandemic studies have considered invasive mechanical ven-
tilation (IMV) to be the first therapeutic option for patients in
moderate or severe stages of ARDS.”3 However, the “ICU over-
whelming” circumstance during the pandemic®1? led to a search
being made for therapeutic alternatives, such as non invasive res-
piratory support (NIRS), given the possibility of preventing IMV in
some individuals. These therapies are effective in many cases and
offer added benefits, such as reducing not only IMV-related compli-
cations, including nosocomial infections, myopathy in critically ill
patients and delirium,'! but also hospital stays and costs.!? These
NIRS cases include high-flow nasal cannula (HFNC) and positive air-
way pressure (PAP) therapy either with continuous positive airway
pressure (CPAP) or non invasive ventilation (NIV).

No consensus has been reached by different scientific societies
about the most suitable NIRS for patients with ARDS due to COVID-
19.13 Arecent study demonstrated reduced tracheal intubation and
lower mortality rates in patients with acute respiratory hypoxemic
failure (ARHF) treated with CPAP compared to conventional oxy-
gen therapy.'# This could be due to the ability to recruit alveoli
and improve respiratory mechanics.'® In contrast, no differences
appear between HFNC and conventional oxygen therapy.'4 How-
ever, in patients who poorly adapt to and/or are intolerant to PAP,
increased transpulmonary pressure and the occurrence of patient
self-induced lung injury (P-SILI) may increase failure rates'® and
result in increased mortality due to delayed IMV.2 For CPAP, pro-
longed periods of use and delivered pressure may be associated
with poorer outcomes.!”

Studies in post-extubation patients treated with HFNC+ NIV
combination have shown a lowering NIRS failure rate. This out-
come is attributed to the benefits of positive pressure by allowing
breaks with HNFC, which increases patient comfort by maintain-
ing both peripheral oxygen saturation and respiratory rates stable
compared to conventional oxygen therapy.!® To date, there is no
evidence for the usefulness of this strategy in patients with ARDS.

In this context, we propose that the combined use of therapies,
understood as treatment with HFNC plus positive pressure sessions
with CPAP, can be a useful tool in the non invasive management of
patients with ARDS secondary to SARS-CoV-2. Despite the theoreti-
cal benefits, a priori the profile of a patient requiring such treatment
has not yet been described, nor has the ideal time to initiate it. For
this reason, our main objective was to study the benefits of admin-
istering this combined therapy in the first 24 h after admission to
intermediate respiratory care units (IRCUs).

Methods
Study design

This single-center observational cohort study was conducted
in the IRCU of the “Enfermera Isabel Zendal” Emergency Hospital
(HEEIZ, Madrid, Spain) between January 8 and September 28, 2021.
This multidisciplinary unit included pulmonologists, anesthesiol-
ogists and emergency physicians. The protocol was approved by
the local regulatory ethics committee (La Paz University Hospital;
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Madrid, Spain). It respected the ethical principles of the Declara-
tion of Helsinki. Informed consent was waived given the nature
of this study. The manuscript was drafted in accordance with the
Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement guidelines.!?

Participants

It consecutively recruited all the patients aged over 18 years and
admitted to the IRCU with confirmed bilateral SARS-CoV-2 pneu-
monia and AHRF at an arterial oxygen partial pressure/fraction of
inspired oxygen (PaO,/FiO,) ratio of <300, and who received res-
piratory support with the HFNC + CPAP combination. The following
patients were excluded: those treated exclusively with HFNC or
CPAP; had been in the IRCU for less than 24 h; had contraindications
for NIRS. The patients were classified into two groups according to
the time when HFNC+ CPAP began: the Early HFNC+ CPAP (EHC)
group, formed by those patients who initiated it within the first
24 h after being admitted to the IRCU; the Delayed HFNC + CPAP
(DHC) group, formed by those who initiated it at any time after the
first 24 h of being admitted to the IRCU.

Procedure in the IRCU

Upon admission to the IRCU, all the patients started HFNC with
a V60 Plus® (Philips Respironics, Murrysville, PA, USA) or AIRVO2®
(Fisher and Paykel, Auckland, NZ) device. Flow and FiO, were
adjusted for peripheral oxygen saturation (SpO,)>94% and res-
piratory rate (RR) <24 breaths/min. After 1h of HFNC treatment,
arterial blood gases were taken to calculate PaO,/FiO,. Usually,
in the patients with PaO,/FiO, <100, obesity and/or obstructive
sleep apnea (OSA), the treating physician would iniciate a com-
bination with CPAP sessions as soon as possible. CPAP sessions
were performed using a V60 Plus® or Trilogy EVO® device (Philips
Respironics, Murrysville, PA, USA) for 2 h during morning and after-
noon shifts with HFNC breaks, and for at least 8 h at night, to
ensure that sessions lasted at least 12 h/day. Pressure between
8 and 12cm H,0 and FiO, adjusted for SpO, >94% were indi-
cated based on previous studies,”2%2! with single-limb circuit,
passive leak and antiviral filter, oronasal or full-face mask. In those
patients initially treated with HFNC alone, but with a SpO, <94%,
RR > 24 and/or work of breathing (sternocleidomastoid muscle and
abdominal musculature use) in the following hours or days, a
combination with CPAP sessions were indicated with the same pre-
viously explained protocol. In both cases, parameters were adjusted
to use the minimum respiratory support necessary to achieve a
target Sp0, 0f 94% and a RR < 24 bpm, following the IRCU protocol.2?

With those patients who clinically deteriorated despite optimiz-
ing NIRS or without clinical improvement after 48 h in the IRCU, a
joint assessment was performed with the ICU staff to determine
whether they were candidates to be admitted for IMV to avoid
delaying ETI.

With the patients not admitted to the ICU, HFNC, CPAP or NIV
were established as the therapeutic ceiling.

Data collection

Epidemiological, clinical and laboratory data were prospectively
collected, and electronic clinical records were prepared. A pro-
tected anonymized database was used in compliance with EU data
protection laws. All the data were verified by two researchers (JT
and PL). A third researcher (JGR) analyzed any differences in the
interpretations of the two principal investigators.
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Variables and outcomes

The primary outcomes were 30-day mortality after IRCU admis-
sion and the ETI rate. The secondary outcomes were days of hospital
admission, device tolerance and associated complications.

The following were analyzed: (a) socio-demographic and
anthropometric variables: gender, age, obesity (BMI>30); (b)
comorbidities: Charlson Comorbidity Index (CCI), OSA; (c) disease
history: date of symptom onset, date of hospital admission, IRCU
and initiation of HFNC + CPAP, as well as discharge date, ETI or death
in case of any of the above; (d) clinical data: Sequential Organ Fail-
ure Assessment scale (SOFA) and Simplified Acute Physiology Score
11 (SAPS-II) upon admission to the IRCU, RR upon IRCU admission,
the ROX index at the baseline and after 24 h, CPAP pressure and
FiO,, SpO,/FiO, at the baseline and after 24, 48 and 72 h, CPAP
tolerance and complications.

The analytical variables considered to be predictors of severity
in former studies were recorded upon IRCU admission: lymphocyte
counts, c-reactive protein, lactate dehydrogenase (LDH), ferritin
and D-dimer.

Sample size

The following sample calculation was proposed: confidence
level 95%; precision level 3%; proportion of events in the group
30%; expected percentage of losses 5%; total proposed sample of
560 patients.

Statistical analysis

The statistical analysis was carried out with SPSS, version 28.0
(SPSS Inc., Chicago, IL, USA), and the R Software (R-4.1.2, R Founda-
tion, Vienna, Austria).

Baseline characteristics are included according to the two
proposed groups for the endpoint analysis. The continuous and
categorical variables are presented as the median (IQR) and n (%),
respectively. Univariate analysis: Mann-Whitney U, x? or Fisher’s
exact test was used to compare differences between the EHC and
DHC groups according to requirements. Statistical significance was
set at p<0.05. Multivariate analysis: two binary logistic regres-
sions (backward stepwise modeling) were performed to check for
confounders. Variables with a p<0.15 in the univariate analysis or
those considered as confounders at the discretion of the researcher
were considered. The starting variables in the 30-day mortality
model were age, CCI, OSA, obesity, SAPS Il at IRCU admission, IROX
at IRCU admission, CPAP initial pressure upon IRCU admission,
NIRS duration, CPAP tolerance, ferritin, delayed HFNC + CPAP. The
starting variables in endotracheal intubation model were age, CCI,
OSA, obesity, SAPS II at IRCU admission, IROX at IRCU admission,
CPAP initial pressure upon IRCU admission, NIRS duration, CPAP
tolerance, ferritin, lymphocytes, delayed HFNC + CPAP and time of
symptom onset until IRCU admission. After the backward step-
wise modeling, only the relevant variables were presented. The
dependent variables were ETI and 30-day mortality. Odds ratio (OR)
and 95% confidence interval (CI) were calculated. The 30-day mor-
tality probability between the study groups was analyzed by the
Kaplan-Meier method.

Results
Study patients

From January 8, 2021, to September 28, 2021, 760 patients aged
19-90 years (258 women [33.9%]) were consecutively hospital-

ized in the IRCU for ARDS caused by COVID-19 and treated with
HFNC + CPAP (Table 1). Of them, 716 (94.2%) were candidates for
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ETI and 380 (50%) patients received the combined therapy in the
first 24 h upon IRCU admission (EHC group). An equivalent group
(380; DHC group) received it 24 h after admission (Fig. 1). The same
number of patients in both groups was completely coincidental.
Patients in the DHC group were older, with a higher CCI and SAPS
II on admission. In contrast, the EHC group were more obese and
had a higher OSA diagnosis (Table 1). There were neither signif-
icant differences in the RR nor work of breathing between both
groups. Respiratory support and treatments were similar in both
study groups (Table 2).

Outcomes

The univariate analysis (Table 3) showed that only 273 patients
(38.1%) needed ETI. Early therapy was associated with a significant
reduction in 30-day mortality (8.2 vs. 15.5%, p=0.002), days in the
IRCU (6 vs. 8, p<0.001), days at HEEIZ (18 vs. 22, p<0.001) and
respiratory therapy duration (5 vs. 6, p<0.001). Additionally, early
therapy revealed less probability of ETI (34.5 vs. 41.8%, p=0.045).
An additional benefit of early therapy was found, which was proved
by a significant improvement in CPAP tolerance against delayed
therapy (84% vs. 71%, p<0.001).

Despite baseline differences between groups, the multivariate
analysis (Table 4) showed that delayed therapy had the highest
strength of the association with 30-day mortality compared to
higher CCI, higher CPAP initial pressure and older age. A shorter
stay in the IRCU was presented as a protective factor in both 30-day
mortality and ETI. However, only delayed therapy was associated
with an increased risk of ETIL.

Fig. 2 shows the Kaplan—-Meier curve for the probability of 30-
day mortality between the study groups.

Discussion

In this cohort study of patients with ARDS due to COVID-19,
applying HFNC + CPAP in the first 24 h of NIRS onset was associated
with a significant reduction in endotracheal intubation and 30-day
mortality compared to delayed onset. The EHC presented a signif-
icant reduction in hospital admission days and NIRS duration and
an increase in tolerance to CPAP.

Several publications refer to HFNC + CPAP as an alternative for
patients with COVID-19 and AHRF,'320.23 but information on its
effectivenessis scarce. Based on rotating HFNC with CPAP, the study
by Colaianni-Alfonso et al.,%* recently reported an ETI rate of 41.6%
and a mortality rate of 20.8%, similar to other published studies that
applied different NIRS strategies.>> However, the lower mortality
recorded in our series, especially in the EHC group, is remarkable.
Studies with a similar sample size to ours, such as Kurtz et al., 2%
Wang et al.,2” Bellani et al.?! or Franco et al.,20 describe mortality
to be 22%, 63%, 38% and 30%, respectively. A possible explanation
may lie in reduced P-SILI development, although in the absence of
mechanisms to measure variables such as esophageal pressure, the
possible decrease in P-SILI is a hypothesis and never a statement.
Weaver et al.?® used a simulation model of patients with distress
and NIV to demonstrate that an increase in both the RR and tidal
volume (VT) can generate potential lung damage due to increases
in pleural pressure, transpulmonary pressure and driving pressure.
In the early treated patients, the RR lowered more and SpO,/FiO,
increased more on the days following combined therapy onset,
which could serve as a surrogate variable for diminished respiratory
drive. Tonelli et al.2? demonstrated that decreased respiratory drive
lowers the likelihood of developing P-SILI and predicted the success
of NIRS. Finally, in patients with COVID-19 with respiratory failure,
Schifino et al. observed areduction in RR and transesophageal pres-
sure swings, a reliable assessment of respiratory effort, with HFNC
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Laboratory findings

Table 1
Baseline characteristics upon IRCU admission.
Baseline characteristics Early HFNC + CPAP (n=380?) Delayed HENC + CPAP (n=380%) p-Value
Age, median (IQR) 55.0 (45.0-64.0) 59.0 (49.0-68.0) <0.0001
Men, n (%) 248 (65.3%) 254 (66.8%) 0.64
Women, n (%) 132 (34.7%) 126 (33.2%) 0.64
Comorbidities
Myocardial infarction, n (%) 13 (3.4%) 25 (6.6%) 0.046
Heart failure, n (%) 7 (1.8%) 15 (3.9%) 0.083
Cerebrovascular disease, n (%) 9 (2.4%) 10 (2.6%) 0.81
Chronic pulmonary disease, n (%) 39(10.3) 39(10.3) 1
OSA, n (%) 48 (12.6%) 28 (7.4%) 0.016
Oncologic disease, n (%) 16 (4.2%) 21 (5.5%) 0.40
Chronic kidney disease, n (%) 9 (2.4%) 9(2.4%) 1
Diabetes, n (%) 63 (16,6%) 65 (17,1%) 0.84
Obesity, n (%) 210 (55.3%) 146 (38.4%) <0.0001
Charlson Comorbidity Index, median (IQR) 1.0 (0.0-3.0) 2.0(1.0-3.0) 0.001
ETI candidate, n (%) 362 (95.3%) 354 (93.2%) 0.21
Time of symptom onset
Until hospital admission, median (IQR) 7.0 (5.0-8.0) 7.0 (5.0-8.0) 0.46
Until IRCU admission, median (IQR) 9.0 (8.0-11.0) 9.0 (7.0-11.0) 0.48

Lymphocytes (units/nL), median (IQR) 660.0 (4900-900.0) 640.0 (4600-870.0) 0.17
D-dimer (pg/mL), median (IQR) 620.0 (4100-1000.0) 620.0 (410.0-1047.5) 0.95
Lactate dehydrogenase (units/L), median (IQR) 398.5(341.3-481.5) 417.0 (337.3-520.8) 0.26
C-Reactive Protein (mg/L), median (IQR) 78.8 (39.9-139.8) 80.9 (36,125-142.0) 0.80
Ferritin (ng/mL), median (IQR) 890.0 (460.5-1348.0) 972.0 (578.8-1490.0) 0.052
IRCU admission

Pa0,FiO,, median (IQR) 94.0 (75.0-124.5) 95.0 (76.0-128.0) 0.78
Sp0,/Fi0,, median (IQR) 97.0 (95.0-106.7) 97.0(95.0-115.0) 0.12
Respiratory rate, median (IQR) 23.0(20.0-27.0) 22.0 (20.0-26.0) 0.12
Work of breathing, n (%) 204 (54.5%) 188 (50.7%) 0.29
IROX, median (IQR) 45 (3.8-5.4) 4.7 (4.0-5.6) 0.15
SOFA, median (IQR) 4.0 (3.0-4.0) 4.0 (3.0-4.0) 0.30
SAPS-II, median (IQR) 28.0 (24.0-33.0) 30.0 (26.0-35.0) <0.0001

HFNC: high-flow nasal cannula, CPAP: continuous positive airway pressure, OSA: obstructive sleep apnea, ETI: endotracheal intubation, IRCU: intermediate respiratory care
unit, PaO, [FiO,: arterial oxygen partial pressure/fraction of inspired oxygen, SpO, /FiO,: peripheral oxygen saturation/fraction of inspired oxygen, IROX: ROX index, SOFA:
Sequential Organ Failure Assessment scale, SAPS II: Simplified Acute Physiology Score II, IQR: interquartile range.

2 The fact of having the same number of patients in both groups was a completely coincidental fact.

Assessed for eligibility
(n=1360)

Excluded (n=584)
¢ HFNC exclusively (n=530)
¢ CPAP exclusively (n=16)
¢ Lessthan 24 h in IRCU (n=49)
¢ Not meeting inclusion criteria (n=5)

Included in the study

(n=760)
Early HFNC+CPAP Delayed HFNC+CPAP
(n=380) (n=380)
HFNC+CPAP HFNC+CPAP
within 24-48h after 48h
(n=244) (n=166)

HFNC= high-flow nasal cannula, CPAP= continuous positive airway pressure, IMV= invasive mechanical ventilation

Fig. 1. Study flow diagram.
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Table 2
Respiratory support parameters, treatment, and clinical evolution.
Early HFNC + CPAP Delayed HFNC + CPAP p-Value
Respiratory support parameters
HFNC FIO, upon IRCU admission, median (IQR) 1.0 (0.9-1.0) 1.0 (0.81-1.0) 0.065
HFNC flow upon IRCU admission, median (IQR) 60.0 (60.0-60.0) 60.0 (60.0-60.0) 0.43
CPAP initial pressure upon IRCU admission, median (IQR) 10.0 (8.0-10.0) 9.0 (8.0-10.0) 0.04
Other treatment
Tocilizumab, n (%) 178 (46.8) 169 (44.5) 0.51
Corticosteroids, n (%) 380 (100) 379 (99.7) 0.31
Awake pronation, n (%) 122 (32.6%) 118 (31.5%) 0.73
Clinical evolution
Respiratory rate at 24 h, median (IQR) 20(18-24) 20 (18-24) 0.84
SpO,/FiO; at 24 h, median (IQR) 116.0 (95.0-136.0) 112.0 (94.0-131.0) 0.21
SpO,/FiO; at 48 h, median (IQR) 121.0 (96.0-160.0) 119.0 (95.0-158.0) 0.42

HENC: high-flow nasal cannula, CPAP: continuous positive airway pressure, IRCU: intermediate respiratory care unit, SpO/FiO,: peripheral oxygen saturation/fraction of

inspired oxygen, IROX: ROX index, IQR: interquartile range.

Table 3
Outcomes.
Early HFNC + CPAP Delayed HFNC + CPAP p-Value
Endotracheal intubation, n (%) 125 (34.5%) 148 (41.8%) 0.045
30-day mortality, n (%) 31 (8.2%) 59 (15.5%) 0.002
CPAP tolerance, n (%) 310 (84.0%) 265 (71.4%) <0.0001
Pneumothorax, n (%) 7 (1.8%) 10 (2.6%) 0.46
Pneumomediastinum, n (%) 20 (5.3%) 25 (6.6%) 0.44
IRCU admission days, median (IQR) 6.0 (4.0-9.0) 8.0(5.0-11.0) <0.0001
Hospital admission days, median (IQR) 18.0(13.0-29.0) 22.0(15.0-36.0) <0.0001
NIRS duration, median (IQR) 5.0 (3.0-7.0) 6.0 (4.0-9.0) <0.0001
HENC: high-flow nasal cannula, CPAP: continuous positive airway pressure, IRCU: intermediate respiratory care unit, IQR: interquartile range.
Table 4
Multivariate analysis.
OR Cl195% p-Value
Endotracheal intubation
Age 1.02 0.99 1.05 0.09
Charlson Comorbidity Index 1.21 0.99 1.48 0.054
Delayed HFNC + CPAP 1.93 1.27 291 0.002
CPAP initial pressure 1.16 0.97 1.39 0.08
NIRS duration 0.75 0.70 0.80 <0.0001
Time of symptom onset until IRCU admission 0.86 0.80 0.92 <0.0001
30-Day mortality
Age 1.055 1.01 1.09 0.003
Charlson Comorbidity Index 1.29 1.08 1.55 0.005
Delayed HFNC + CPAP 2.11 1.17 3.82 0.01
CPAP initial pressure 13 1.01 1.66 0.036
Days of respiratory support 0.93 0.88 0.98 0.009

HENC: high-flow nasal cannula, CPAP: continuous positive airway pressure, IRCU: intermediate respiratory care unit, OR: odds ratio, CI: confidence interval.

compared to conventional oxygen,>? which would support the use
of HFNC in CPAP breaks.

When analyzing mortality in patients undergoing ETI for
IMV, the EHC group presented a significantly lower mortality
rate than the DHC group (31.6% vs. 68.4%; p=0.01). Perhaps
this was once again due to lesser P-SILI development before
tracheal intubation, and it probably improved mechanics and
response to treatment during IMV. Although between-group dif-
ferences in NIRS duration could be considered a confounder
for mortality by meaning an increased delay in ETI, it was
not identified as a risk factor for mortality in the multivariate
analysis.

No studies have demonstrated the usefulness of HFNC+ CPAP
for lowering the ETI rate in patients with de novo AHRF. Thille
etal.>! demonstrated reduced reintubation after extubation in sub-
jects treated with HFNC + NIV compared to HFNC alone. This was
partly attributed to the combination of the benefits of PAP with
diminished work of breathing during NIV rests with HFNC. Despite

the different setting, it would seem that the stability of respiratory
mechanics in PAP breaks is critical for lowering the risk of ETI in
patients undergoing NIRS.

Moreover, CPAP break with HFNC can not only decrease the
number of adverse ventilation-related events, but can also be
applied for feeding and hydration, physiotherapy sessions, commu-
nication with family members, etc. Spoletini et al.'® demonstrated
increased comfort and tolerability of the NIV combination with
breaks of HFNC compared to breaks of standard oxygen. Signif-
icantly fewer adverse events, such as dry nose and mouth, eye
irritation and difficulty eating, were observed in the HFNC group.
CPAP intolerance in our cohort, understood as the need to discon-
tinue CPAP due to adverse effects (flow or pressure was too strong,
breathlessness, coughing, etc.), was almost twice in the DHC despite
the median use of more than 5 days in both groups. We consider
that early PAP usage in a stable situation can help to get used to the
interface with better pressures than upon initiation in response to
clinical deterioration.
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30-day mortality

1,00 SRR s

095 —

0,90
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085

0,80

0 5 10 15

EHC

DHC
EHC-censured
—+-DHC-censured

Log Rank 0,002

20 25 30

Days after IRCU admission

Fig. 2. Kaplan-Meier survival probability over 30 days after IRCU admission (EHC: early high-flow nasal cannula plus continuous positive airway pressure, DHC: delayed

high-flow nasal cannula plus continuous positive airway pressure).

This study has several limitations. First, due to its observational
character, we can only show associations and not causality. In addi-
tion, there is no control group because the health care collapse
limited the development of more robust clinical studies. Selection
bias may limit data interpretation. However, we found that the two
groups were homogeneous in the main predictors of severity with
a similar disease process, and they received the same treatment
and respiratory support, with HFNC + CPAP onset only at differ-
ent times. To reduce the influence of confounders, we developed
a multivariate model to mitigate the effect on the results. Sec-
ond, its single-center nature limits the results being extrapolated.
Additionally, the availability of devices may be a constraint for per-
forming this NIRS strategy in other centers. Third, as no information
on vaccination status was collected during the study period, it is
impossible to assess the influence on the results. Finally, the treat-
ment protocol in the IRCU does not allow comparisons to be made
to CPAP or HFNC in monotherapy. So, it is impossible to reach con-
clusions about the superiority of therapies. However, our study
also has its strengths. First, as far as we know, this is the largest
cohort study to date of patients with ARDS by COVID-19 treated
with a combination of respiratory therapies. Second, despite the
widespread use of HFNC+CPAP in clinical practice and it being
mentioned in many publications, our results for the relevant vari-
ables, such as mortality or orotracheal intubation, have not yet
been reported. Third, our results may help to develop more sci-
entific strength studies to demonstrate the potential usefulness of
this strategy in non-COVID ARDS.

Conclusions

In patients with ARDS secondary to COVID-19, the HFNC + CPAP
combination in the first 24h was associated with a significant
reduction in ETI and 30-day mortality rates compared to initiation
on the following days. Future studies that compare HFNC + CPAP to
CPAP or HFNC in monotherapy to treat ARDS would be welcomed.
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