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ABSTRACT
Aim: We aimed to characterise a large population of coronavirus disease 2019 (COVID-19) patients with
moderate-to-severe hypoxaemic acute respiratory failure (ARF) receiving continuous positive airway
pressure (CPAP) outside the intensive care unit (ICU), and to ascertain whether the duration of CPAP
application increased the risk of mortality for patients requiring intubation.
Methods: In this retrospective, multicentre cohort study, we included adult COVID-19 patients, treated with
CPAP outside ICU for hypoxaemic ARF from 1 March to 15 April, 2020. We collected demographic and
clinical data, including CPAP therapeutic goal, hospital length of stay and 60-day in-hospital mortality.
Results: The study included 537 patients with a median (interquartile range (IQR) age of 69 (60–76) years.
391 (73%) were male. According to the pre-defined CPAP therapeutic goal, 397 (74%) patients were
included in the full treatment subgroup, and 140 (26%) in the do not intubate (DNI) subgroup. Median
(IQR) CPAP duration was 4 (1–8) days, while hospital length of stay was 16 (9–27) days. 60-day in-hospital
mortality was 34% (95% CI 0.304–0.384%) overall, and 21% (95% CI 0.169–0.249%) and 73% (95% CI
0.648–0.787%) for full treatment and DNI subgroups, respectively. In the full treatment subgroup, in-
hospital mortality was 42% (95% CI 0.345–0.488%) for 180 (45%) CPAP failures requiring intubation, and
2% (95% CI 0.008–0.035%) for the remaining 217 (55%) patients who succeeded. Delaying intubation was
associated with increased mortality (hazard ratio 1.093, 95% CI 1.010–1.184).
Conclusions: We described a large population of COVID-19 patients treated with CPAP outside ICU.
Intubation delay represents a risk factor for mortality. Further investigation is needed for early identification
of CPAP failures.
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Introduction
Noninvasive ventilation (NIV) administered as bilevel positive airway pressure (BiPAP) or continuous
positive airway pressure (CPAP) is commonly used in various critical care settings across a variety of
aetiologies of acute respiratory failure (ARF). For hypercapnic ARF, mainly consequent to COPD
exacerbation, BiPAP can be used at an early stage to prevent intubation, at a later stage as an alternative to
first-line endotracheal intubation, or as a means to facilitate weaning [1]. For hypoxaemic ARF,
recommendations strongly support the use of both BiPAP and CPAP in patients with episodes of
cardiogenic pulmonary oedema [1, 2], while fewer data suggest their use in immunosuppressed [1, 3] and
in post-operative [1, 4] patients. In patients with de novo hypoxaemic ARF, evidence and recommendations
on the use of NIV are still to be determined [1]. Moreover, the application of NIV in patients with acute
respiratory distress syndrome (ARDS) complicating viral pneumonia is controversial [5].

During the coronavirus disease 2019 (COVID-19) pandemic, Piedmont, together with Lombardy,
Emilia-Romagna and Veneto, was one of the most affected Italian regions. Due to the exceptional demand
on intensive care unit (ICU) resources, hospitals increased the number of ICU beds and converted many
general wards in respiratory intermediate care units (RICUs) to treat patients with severe pneumonia and
ARDS needing respiratory support and monitoring. Indeed, NIV in patients with different therapeutic
indications, i.e. full treatment and do not intubate (DNI) [6], has been shown to be successfully applicable
outside the ICU [7, 8], when appropriate monitored settings and trained personnel are employed.

Data on NIV during the COVID-19 pandemic, so far, consider predominantly patients admitted to the
ICU [9–13]. The rate of patients receiving NIV at ICU admission ranges from 11%, as reported by an
Italian multicentre investigation [10], to 56%, according to a Chinese single-centre study [11]. Exposure to
noninvasive forms of respiratory support may have been even more diffuse outside ICU, although only
data from two monocentre studies are presently available, accounting overall for 40 patients; 38 treated
with CPAP [14] and two with NIV or high-flow oxygen therapy [15].

We designed this retrospective multicentre study to describe the clinical characteristics of patients with
laboratory-confirmed COVID-19 treated with CPAP outside ICU, to assess 60-day in-hospital mortality
and hospital length of stay (LOS), and to ascertain whether the duration of CPAP application prior to
CPAP failure affects outcome in patients requiring endotracheal intubation.

Methods
Study design
This is a multicentre, retrospective observational study performed in six hospitals in the Eastern Piedmont
area of Northern Italy. All the participating centres obtained ethics committee approval. More details on
study design and ethics approval are provided in the supplementary material.

Patient enrolment and data collection
All patients were admitted to one of the participating hospitals from March 1 to April 15, 2020 with
hypoxaemic ARF secondary to confirmed severe acute respiratory syndrome coronavirus 2. Inclusion
criteria were 1) age ⩾18 years; 2) respiratory distress and partial pressure of arterial oxygen (PaO2

) to
inspiratory oxygen fraction (FiO2

) ratio <200 mmHg during Venturi mask oxygen therapy; and 3) CPAP
initiation outside ICU. Patients who received post-extubation CPAP were excluded.
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Patients were classified according to a pre-defined CPAP therapeutic goal applied by the medical team, in
two subgroups [6]: 1) full treatment, i.e. patients scheduled to receive intubation in cases of CPAP failure;
and 2) DNI, when CPAP was the ceiling of treatment. In cases where the patient changed the therapeutic
goal during hospital stay, the last CPAP goal was considered. The therapeutic goal of CPAP was collegially
discussed within the multidisciplinary teams, with the patients and their families, taking into account
comorbidities [16], quality of life and patient wishes. Possible discrepancies between patients and relatives
were solved through additional discussions between patient, relatives and the medical team.

Demographic characteristics, body mass index (BMI), blood sample exams performed at hospital entry
(white blood cell count, lymphocyte count, creatinine, alanine transaminase, aspartate transaminase, lactate
dehydrogenase, C-reactive protein, D-dimer, ferritin), arterial blood gas (ABG) values obtained prior to
CPAP initiation and 2–24 h after and coexisting comorbidities were recorded. Charlson comorbidity index
(CCI) [17] was computed on the first day of hospital admission. This index contemplates 17 categories of
comorbidity recorded via anamnesis. Age is not included as a comorbidity in the CCI version adopted.
Finally, we collected data about clinical outcomes, such as duration of CPAP use, hospital LOS, intubation
and hospital mortality. The outcomes were censored on May 15, 2020 for patients still in the hospital on
that day (n=32).

CPAP and RICU organisation
Details on CPAP setting, schedule, RICU organisation and criteria for intubation are described in the
supplementary material.

Statistical analysis
Descriptive statistics are used to summarise the main demographic characteristics and the results of
laboratory findings of all patients included in the study. Categorical variables are reported as absolute
frequencies and percentages, while numerical variables as median and interquartile range (IQR). The
frequency and percentage of missing values for all variables are also reported. The Mann–Whitney U-test
is used to assess the difference between two independent samples, and the Wilcoxon signed-rank test for
repeated measurements. Chi-squared is used for testing relationships of categorical variables.

Curves of cumulative incidence of in-hospital mortality are drawn to describe mortality along 60 days,
either overall and stratified for treatment goal, and in the full treatment subgroup separately for patients
succeeding CPAP or receiving intubation.

In order to avoid immortal time bias, in the survival analysis of patients receiving intubation, the
observation period started at the day of intubation. In the other analyses, the observation period started at
the day of CPAP initiation. Since discharge must be considered an informative censoring [18], cumulative
incidence was calculated using methods accounting for competing risk. To evaluate the cumulative
incidence of in-hospital mortality for patients not undergoing intubation, all full-treatment subjects are
considered, and intubation is treated as a competing event allowing the contribution of the time spent by
intubated patients on CPAP to be accounted for. Gray’s test is used to assess the difference between
cumulative incidence functions. The Fine and Gray multivariate competing risk model is adopted to
calculate the subdistribution hazard ratios and the corresponding 95% confidence intervals for the
association between CPAP duration and in-hospital mortality risk in intubated patients, considering
discharge as competing event. In the main analyses, missing data are managed by listwise deletion. In
addition, we performed a secondary analysis using multiple imputation to evaluate the impact of missing
values on the association estimates. Missing imputation is performed using the expectation-maximisation
algorithm (500 imputations) and considering the “missing at random” mechanism. More details about the
model are provided in the supplementary material.

All hypothesis tests are two-tailed and a significance level of 0.05 is considered. All statistical analysis was
performed using Stata (Stata Statistical Software: release 15; StataCorp, College Station, TX, USA), SAS
(version 9.4; SAS Institute, Cary, NC, USA) and R (version 3.5.1; http://R-project.org).

Results
From March 1 to April 15, a total of 2845 patients with confirmed COVID-19 were admitted to the six
hospitals of the Eastern Piedmont (supplementary figure 1S). Of these, 326 (11%) patients were treated in
ICU; 31 (1%) and 295 (10%) with noninvasive and invasive mechanical ventilation, respectively. CPAP
was applied to 537 (22%) patients in RICU.

Table 1 shows the demographic and clinical patients’ characteristics. The number of observations for each
variable is displayed in supplementary table 1S. The median (IQR) age was 69 (60–76) years and BMI was 28
(25–31) kg·m−2. 391 (73%) were male. Laboratory values at hospital admission are also summarised in table 1.
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Median (IQR) white blood cell count was 6.9 (5.1–9.5)×103 cells·µL−1, with lymphopenia 0.8 (0.6–1.1)×103

cells·µL−1. Median values of creatinine, aspartate-aminotransferase and alanine-aminotransferase were in the
normal range, while C-reactive protein, ferritin, lactate dehydfrogenase and D-dimer were all above the normal
range. Median (IQR) CCI value was 1 (0–2); chronic arterial hypertension was present in 278 (52%) patients,
diabetes in 138 (26%) patients and ischaemic heart disease in 66 (12%) patients.

The most common interface was the helmet, in 399 (74%) patients, while face masks were used in 123
(23%) patients; 15 (3%) patients alternated both interfaces. Median (IQR) CPAP duration was 4 (1–8)
days. Overall cumulative 60-day in-hospital mortality was 34% (cumulative incidence 0.344, 95% CI
0.304–0.384), as depicted in figure 1a, while median (IQR) hospital LOS was 16 (9–27) days.

Demographic and clinical patients’ characteristics stratified by PaO2
/FiO2

performed 2–24 h after initiation
of CPAP and application of the interface are provided in supplementary tables 2S and 3S, respectively.
Overall cumulative 60-day in-hospital mortality stratified according to PaO2

/FiO2
and interface applied is

depicted in supplementary figure 2S. As expected, mortality seemed to increase in patients with lower
PaO2

/FiO2
ratio, while it did not differ between patients treated using helmet (cumulative incidence 0.315,

95% CI 0.270–0.361) or face mask (cumulative incidence 0.407, 95% CI 0.320–0.493; p=0.094).

TABLE 1 General characteristics of patients who received noninvasive continuous positive
airway pressure (CPAP) outside the intensive care unit

Patients 537
Age years 69 (60–76)
Male 391 (73)
BMI kg·m−2 28 (25–31)
White blood cell count ×103 cells·μL−1 6.9 (5.1–9.5)
Lymphocyte count ×103 cells·μL−1 0.8 (0.6–1.1)
Creatinine mg·dL−1 1.0 (0.8–1.3)
Aspartate-aminotransferase U·L−1 41 (29–59)
Alanine-aminotransferase U·L−1 31 (22–50)
C-reactive protein mg·dL−1 11 (6–17)
Ferritin ng·mL−1 1053 (565–1643)
Lactate dehydrogenase U·L−1 560 (410–786)
D-dimer μgFEU·L−1 954 (526–1874)
Charlson Comorbidity Index 1 (0–2)
Chronic arterial hypertension 278 (52)
Diabetes 138 (26)
Ischaemic heart disease 66 (12)
CPAP days 4 (1–8)
Hospital length of stay days 16 (9–27)

Data are presented as n, median (interquartile range) or n (%). BMI: body mass index; FEU:
fibrinogen-equivalent unit.
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FIGURE 1 Cumulative incidence of in-hospital mortality in a) all patients and b) stratified by treatment, i.e. do not intubate (DNI) and full
treatment. Data are presented with 95% CI. CPAP: noninvasive continuous positive airway pressure.
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When dividing patients according to the therapeutic goal (table 2), patients in the full treatment subgroup
were younger (median (IQR) 66 (57–72) years) compared to DNI (median (IQR) 79 (72–84) years). The
DNI subgroup had higher D-dimer values than full treatment patients (median (IQR) 1351 (637–3518) µg
fibrinogen-equivalent units (FEU)·L−1 versus 897 (496–1665) µgFEU·L−1; p=0.02), and greater CCI
(median (IQR) 2 (1–3) versus 0 (0–1); p<0.0001). The number of observations for each variable is
displayed in supplementary table 4S.

Supplementary table 5S shows ABGs and supplementary table 6S shows the number of observations for
each variable. While the first ABG measurements indicated in supplementary table 5S were performed
a median 1 day (IQR 0–3 days) after hospital admission, the second was performed 2–24 h after CPAP
initiation.

Before starting CPAP, patients presented a median (IQR) PaO2
/FiO2

ratio of 108 (71–157) mmHg and a
respiratory rate of 27 (22–32) breaths·min−1. Soon after CPAP, PaO2

/FiO2
increased to 157 (109–255)

mmHg and respiratory rate decreased to 24 (20–28) breaths·min−1 with CPAP of 10 (10–12) cmH2O and
FiO2

of 50% (50–60%). Median CPAP duration was 4 days for both subgroups, while hospital LOS was 19
(11–30) days for full treatment and 11 (6–20) days for the DNI subgroup.

Figure 1b depicts 60-day in-hospital mortality for full treatment (21% (cumulative incidence 0.208, 95%
CI 0.169–0.249)) and DNI (73% (cumulative incidence 0.731, 95% CI 0.648–0.787); p<0.0001). Within the
full treatment subgroup, 60-day in-hospital mortality was 42% (cumulative incidence 0.418, 95% CI
0.345–0.488) for patients receiving intubation (figure 2) and 2% (cumulative incidence 0.018, 95% CI
0.008–0.035) for patients with successful CPAP (supplementary figure 3S).

Median (IQR) CPAP duration was 2 (1–3) days in patients who survived and 3 (1–5) days in patients who
died (p=0.061). Table 3 shows that duration of CPAP application was an independent predictor of
mortality for patients requiring intubation. The model, adjusting for age, sex, comorbidities, lactate
dehydrogenase, C-reactive protein values and lymphocyte count, indicates a 9.4% (hazard ratio (HR)
1.094, 95% CI 1.010–1.184) increase in the risk of death for each day of treatment. The association
between duration of CPAP and mortality does not substantially change in the secondary analysis using
multiple imputation (HR 1.060, 95% CI 1.001–1.121), as presented in supplementary table 7S. 60-day
in-hospital mortality was significantly higher in patients subjected to CPAP for >3 days (cumulative
incidence 0.510, 95% CI 0.393–0.615) as compared to those receiving CPAP for ⩽3 days (cumulative
incidence 0.350, 95% CI 0.259–0.441), as shown in supplementary figure 4S.

TABLE 2 General characteristics of patients stratified according to noninvasive continuous
positive airway pressure (CPAP) therapeutic goal

Full treatment Do not intubate p-value

Patients 397 140
Age years 66 (57–72) 79 (72–84) <0.0001
Male 293 (74) 98 (70) 0.22
BMI kg·m−2 28 (25–31) 28 (25–31) 0.74
White blood cell count ×103 cells·μL−1 6.8 (5.1–9.1) 7.1 (5.0–10.6) 0.47
Lymphocyte count ×103 cells·μL−1 0.8 (0.6–1.1) 0.7 (0.5–1.1) 0.04
Creatinine mg·dL−1 0.9 (0.8–1.2) 1.2 (0.9–1.5) <0.0001
Aspartate-aminotransferase U·L−1 42 (31–59) 39 (26–60) 0.36
Alanine-aminotransferase U·L−1 34 (24–53) 25 (19–39) <0.0001
C-reactive protein mg·dL−1 11 (6–17) 12 (7–18) 0.26
Ferritin ng·mL−1 1068 (600–1674) 817 (411–1389) 0.08
Lactate dehydrogenase U·L−1 575 (415–786) 538 (393–760) 0.47
D-dimer μgFEU·L−1 897 (496–1665) 1351 (637–3518) 0.02
Charlson Comorbidity Index 0 (0–1) 2 (1–3) <0.0001
Chronic arterial hypertension 199 (50) 79 (56) 0.12
Diabetes 94 (24) 44 (31) 0.047
Ischaemic heart disease 37 (9) 29 (21) 0.001
CPAP days 4 (2–9) 4 (1–8) 0.33
Hospital LOS days 19 (11–30) 11 (6–20) <0.0001

Data are presented as n, median (interquartile range) or n (%), unless otherwise stated. BMI: body mass
index; FEU: fibrinogen-equivalent unit; LOS: length of stay. p-values were calculated using Mann–Whitney
U-test or Chi-squared test, as appropriate.
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Discussion
This multicentre retrospective observational study on 537 patients with hypoxaemic ARF secondary to
laboratory-confirmed COVID-19 infection shows that CPAP applied to different therapeutic goals, i.e.
candidate for intubation in the case of CPAP failure, and do not intubate, in which CPAP is considered
the ceiling of treatment, is feasible outside ICU. Treatment duration for patients failing CPAP prior to
intubation represents a risk factor for mortality.

CPAP can be delivered both in ICU and outside ICU. GRASSELLI et al. [10] found that 11% of patients
entering ICU needed NIV, while early data from China revealed higher percentages, i.e. 41.7% [13], 43.3%
[19], 56% [11] and 62% [15]. In keeping with data from GRASSELLI et al. [10], CPAP was delivered to 31
(9.5%) out of 326 patients entering the ICU.

Data on the use of CPAP in COVID-19 patients treated outside ICU are scarce. Two (7%) out of 28
patients received NIV or high-flow nasal cannula outside the ICU in a single-centre study in Wuhan [15].
ORANGER et al. [14] treated 38 patients with CPAP in a respiratory ward. Although the study included a
limited number of patients, CPAP was feasible and the authors suggest a potential benefit for both full
treatment and DNI patients, as opposed to those treated with oxygen only [14].

Regarding mortality concerns, we showed an overall cumulative 60-day in-hospital mortality of 34% in
patients with moderate-to-severe forms of COVID-19-related ARF needing CPAP. The rate of mortality
observed in our study is not divergent from those reported in several prior studies [9, 10, 12, 13, 15] for
ICU patients, predominantly intubated, which varied from 17% [13] to 67% [9].

Lastly, our study includes 26% DNI patients, for whom CPAP was considered the ceiling of treatment. The
rate of DNI patients reported in our study is similar to the 15% observed in a small cohort of patients
treated outside the ICU during the COVID-19 pandemic [14], as well as the 30% reported by a large
Italian multicentre observational study in patients with non-COVID-19-related pneumonia treated with
NIV outside the ICU [20]. In our study, 60-day in-hospital mortality for DNI patients was 73%.

FIGURE 2 Cumulative incidence of
in-hospital mortality in patients
requiring invasive mechanical
ventilation. Data are presented with
95% CI. ETI: endotracheal intubation.
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TABLE 3 Fine and Gray model for the association between noninvasive continuous positive
airway pressure (CPAP) duration and mortality

sHR (95% CI)

CPAP days 1.094 (1.010–1.184)
Male 1.596 (0.814–3.129)
Age 1.023 (0.985–1.064)
Hypertension yes versus no 1.224 (0.729–2.056)
Charlson Comorbidity Index 1.392 (1.145–1.693)
Lactate dehydrogenase U·L−1 1.001 (1.000–1.002)
C-reactive protein mg·dL−1 0.983 (0.947–1.020)
Lymphocyte ×103 cells·μL−1 1.269 (0.699–2.302)

Subdistribution hazard ratio (sHR) and corresponding 95% confidence interval deriving from the
multivariate Fine and Gray models. Estimates are further adjusted by centre. n=146.
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A major concern when treating patients with hypoxaemic ARF with NIV is related to NIV failure, which
might occur in up 50% of the cases with consequent recourse to intubation [21]. Undue prolongation of
NIV may worsen lung injury, resulting in so-called patient self-inflicted lung injury [22], while the direct
consequence of NIV failure is delaying intubation and adequate treatment with invasive ventilation [1, 23].
Our data confirm that intubation delay for those requiring later invasive ventilation is associated with
increased risk of mortality. In other pandemics, such as influenza, H1N1 and severe acute respiratory
syndrome, NIV failure ranges from 10% to >70% [24], reaching 90% with Middle East respiratory
syndrome [25]. In our study, the CPAP failure rate was 45%, which indicates that effective treatment
occurred in more than half of the patients, who avoided invasive ventilation through an endotracheal tube,
a procedure which is life-saving, but prone to several side-effects and complications [26].

Limitations
The study has several limitations. First, we were not able to compare our population with an historical
control. Second, most of the data have been retrospectively derived from the medical records. According to
the retrospective nature of the study, formal criteria to start CPAP treatment were not defined a priori,
and the time span between CPAP initiation and control ABG measurement was relatively long. Third,
definitions of full treatment and DNI patients, although internationally accepted [6], are influenced by
patients, families and clinicians, and might be influenced by cultural, religious and geographical factors.
Fourth, due to the diversity of interfaces and devices used in our study, the actual applied pressure could
somewhat differ from the pre-set value [27]. Fifth, due to the number of missing data among many
important variables such as D-dimer and respiratory rate, we were not able introduce them into the model
exploring the correlation between CPAP duration and mortality. Last, because of the exceptionality of the
pandemic outbreak, our results are not generalisable to other conditions.

Conclusions
To the best of our knowledge, this is the largest retrospective cohort study on patients with COVID-19
treated with CPAP outside the ICU. We show that CPAP is feasible outside the ICU, with overall
in-hospital mortality similar to that reported in other studies treating critically ill ICU patients. In-hospital
mortality is closely related to the therapeutic goal; patients having a DNI order being affected by much
higher mortality. Intubation delay is confirmed to be an independent risk factor for mortality. Further
studies are necessary to ascertain the potential infective risk related to CPAP treatment outside ICU
among healthcare workers.
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