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Abstract
During the first wave of the Coronavirus-19 (COVID-19) pan-

demic, due to an overflow of patients in the ICU, continuous pos-
itive airway pressure (CPAP) was used as a last resort to mechan-
ical ventilation. The purpose of this study is to evaluate prognostic
factors in COVID-19 severe respiratory failure patients treated
with helmet CPAP. We reviewed the medical records of COVID-
19 respiratory failure patients treated with H-CPAP at the
Emergency Department from February 23rd to March 14th, 2020.
A total of 202 (40%) patients admitted for respiratory failure due
to COVID-19 pneumonia were considered. 129 (64%) patients
received H-CPAP, while 73 (36%) required endotracheal intuba-
tion and invasive mechanical ventilation despite initial H-CPAP.
99 patients (49%) died. The mortality rate in the IMV group was
37%, compared to 56% in the group that received only H-CPAP
(p=0.004). The age and comorbidities of patients in the two groups
differed significantly (p<0.001). Age and PaO2/FiO2 were identi-
fied as the only independent risk factors for death. Identifying
these independent predictors of mortality in patients with acute
respiratory insufficiency may help clinicians optimize treatment
escalation.

Introduction
Coronavirus disease 2019 (COVID-19) is an infectious disease

caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The World Health Organization (WHO) declared
the outbreak of the pandemic on March 11th 2020.1 In the context
of this infection, the proportion of patients admitted with severe
acute hypoxemic respiratory failure ranged widely and was report-
ed to be between 6.1% and 41% of all hospitalizations.2 Among
them, 30-88% of patients needed mechanical ventilation. Death
rates in the Intensive Care Unit (ICU) varied from 16 to 78%.3

Due to the overwhelming number of patients requiring respira-
tory support and the lack of ICU beds, the majority of patients
admitted were treated with non-invasive ventilation despite evi-
dence of severe respiratory failure.4,5 Some studies report that 11-
62% of patients admitted to the ICU were treated with Non-
Invasive Respiratory Support (NIRS), breathing support adminis-
tered through a face mask, nasal mask, or a helmet without the
need for endotracheal intubation or High Flow Nasal Cannula
(HFNC) during the first outbreak.5,6

The Papa Giovanni XXIII Hospital in Bergamo was one of the
most severely affected hospitals worldwide at the beginning of the
COVID-19 pandemic with thousands of patients admitted in a
short period of time. The overflow of patients necessitated a reor-
ganization of the Emergency Department (ED) and the hospital as
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a whole, which greatly increased its capacity. In particular, the
number of ICU beds increased from 16 to 92 during the first out-
break due to the high prevalence of critically ill patients requiring
intensive care resources. Nonetheless, due to the overload of the
ICU, continuous positive airway pressure (CPAP), non-invasive
ventilation that applies a single level of positive airway pressure
throughout the whole respiratory cycle, was used as a bailout alter-
native to mechanical ventilation to treat patients with COVID-19
respiratory failure. In this case, the interface used was the helmet,
which is widely available in the Italian EDs.

The role of NIRS in COVID-19 pneumonia is uncertain: some
authors recommend its use only in selected patients, while others
indicate NIRS or HFNC as a first-line therapy, claiming their
potential role in preventing endotracheal intubation (ETI) and
Invasive Mechanical Ventilation (IMV).7-10 At the time of the ini-
tial COVID-19 outbreak, i.e. when data collection started, there
was uncertainty about the selection criteria, risk stratification, tim-
ing, defined indications, duration, and success or failure criteria for
CPAP in this clinical setting. This depends on the fact that the
majority of initially available studies were observational retrospec-
tive monocentric experiences, whereas only a few were prospec-
tive.11-21 Only one randomized clinical trial (RCT) was initially
published as a preview in August 2021.22

Our study aims to assess prognostic factors in patients with
acute respiratory failure due to COVID-19 pneumonia treated with
helmet-CPAP (H-CPAP) in ED or during the hospitalization with a
minimum 28-day follow-up with the intent to discriminate
between patients who need early invasive mechanical ventilation
(IMV) and patients who could improve with H-CPAP alone.

Materials and Methods
Study design and setting 

This is a retrospective observational study. All consecutive
patients admitted to the ED for respiratory failure due to COVID-
19 pneumonia and treated with H-CPAP during hospitalization in
the Papa Giovanni XXIII hospital from the beginning of the pan-
demic on 23 February 2020 to 14 March 2020 were analyzed.
Exclusion criteria were no need for respiratory support and con-
traindication to noninvasive ventilation.

Patients without signs of respiratory failure, such as oxygen
saturation (SpO2) < 94% at rest (without supplemental oxygen) or
a decrease in SpO2 more than 5% while walking for 30 meters
were discharged from ED and not included in the analysis. Follow-
up was censored on 11 April 2020, so that every patient had a min-
imum observation of 28 days. 

Patients’ data were extracted from electronic medical records.
At admission to ED, blood gas analysis, blood test, nasal swab,

and chest X-ray were performed. Diagnosis was based upon clini-
cal, and radiological criteria and a PCR-RT test nasal swab positiv-
ity, according to updated international and institutional guidelines. 

Indication of H-CPAP was an arterial partial pressure of oxy-
gen (PaO2) < 60 mmHg or a respiratory rate (RR) > 30 breaths
after a trial, performed immediately on presentation to the ED,
with the non-rebreather mask with an oxygen flow of 15 Liters for
15 min. Indication of BiPAP modality (NIPPV) was a respiratory
acidosis at admission or during H-CPAP or other oxygen therapy
or clinical signs of respiratory distress. Due to limited healthcare
resources compared to the patients’ inflows, IMV was considered
only in case of persistent hypoxemia despite H-CPAP treatment, or
even after hypoxemia correction by H-CPAP in patients who had

worsening tachypnoea, pH, or level of consciousness. Patient
comorbidities, age, and ICU bed saturation were also taken into
account. The study was approved by the local Ethical Committee
(N. 37/2020). In the view of the urgent need to treat critical
patients, and to avoid paper contamination, local Ethical
Committee authorized data collection from clinical record review
and their publication after the study period.

Outcome analysis 
The primary outcome was 28-day mortality which was ana-

lyzed according to the presence of comorbidities, and clinical and
ventilatory parameters at presentation. Finally, 28 days was mod-
eled as the dependent variable in a multivariable logistic regression
analysis.

Statistical analysis
Continuous variables were expressed as mean and standard

deviation (SD) or as the median and interquartile range (IQR) and
compared by T student or Wilcoxon-Mann-Whitney test according
to the distribution of data that was visually inspected. Categorical
variables were expressed as absolute counts and percentages and
were compared by chi-square or Fisher exact test as appropriate.
28-day survival rates were estimated by Kaplan-Meier curves. A
multivariate logistic regression model was used to identify predic-
tors of death at 28 days. The variables that resulted significantly
associated with death at 28 days at univariate comparison were
considered as potential covariates which were finally selected by
the LASSO method. For all tests, a p<0.05 was considered signif-
icant.

Statistical analysis was performed using STATA software,
release 16 (StataCorp LP, College Station TX, USA).

Results
Demographic, clinical characteristics, and blood
gas parameters at admission

Two hundred-two out of 509 consecutive patients (39.7%)
admitted to our ED with a diagnosis of COVID-19 pneumonia
were treated with H-CPAP and therefore included in the study. One
hundred-fifty-three (75.7%) patients were male, with a median age
of 66.5 (IQR 56.0-75.0) years, median body mass index (BMI) of
27.5 (25.0-31.0), and 51 patients (36.4 %) were active smokers.
The most common comorbidities were: hypertension (57%), dia-
betes (22.7%), previous myocardial infarction (15.7%), and vascu-
lar disease (15.1%). At admission 112 patients (58.3%) were
already on antihypertensive therapy, 12 patients (6.3%) on
steroids, 30 (15.5%) on oral hypoglycemic medications, 19 (9.8%)
on insulin, 22 (11.5%) on oral anticoagulation therapy and 55
(28.6%) on antiplatelet medications. Median CCI was 3.0 (2.0-5.0)
(Table 1).

Table 1 shows the most common comorbidities and medica-
tions in the study population, with hypertension, diabetes, and pre-
vious myocardial infarction as the most common past illnesses. 

At the admission median heart rate (HR) was 86 (76-97) bpm,
systolic blood pressure (SBP) was 127 (114-142) mmHg, respira-
tory rate (RR) was 24 (18-30) bpm and 123 patients (65.4%) were
febrile. The arterial blood gas analysis (ABG) records showed a
median pH of 7.47 (7.44-7.5), with a PaO2/FiO2 ratio of 194 (105-
252) (Table 2).
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Drugs and ventilatory therapy in ED
During the first 24 hours, 22 (11.2%) patients received low-

flow oxygen through a nasal cannula, 17 (8.6%) Venturi masks, 36
(18.3%) non-rebreather masks, 99 (50.3%) H-CPAP, 7 (3%)
BiPAP modality (NIPPV), 6 (3.6%) IMV and 10 (5%) did not
receive any respiratory support. 

All the 202 patients included in the study received respiratory
support by H-CPAP in the ED or during hospitalization: 37.6% on
the first day after ED admission, and 88% within the 4th day
(Figure 1). The median time elapsed before starting H-CPAP was
1 day (IQR 0-3) (Table 2).

Antiviral therapy was administered to 173 (91.1%), hydroxy-
chloroquine to 165 (87.8%), steroids to 23 (12.2%), antibiotics to
183 (96.3%), and IL-6 inhibitors to 15 (8%) patients (Table 2).

                             Article                                                                                   

Figure 1. Proportion of patients undergoing CPAP over time.

Table 1. Demographic and clinical characteristics by death. 

                                                                  Total                28-day mortality                                                  p
                                                                 N=202                                  Survivors (N=103)              Non-survivors (N=99)                  

Male gender - n (%)                                        153 (75.7)                                               73 (70.9)                                         80 (80.8)                             0.100
Age - y median (IQR)                                66.5 (56.0-75.0)                                    58.0 (51.0-66.0)                             74.0 (68.0-79.0)                      <0.001
    ≤ 56 – n (%)                                                55 (27.2)                                                49 (47.6)                                           6 (6.1)                              <0.001
    57-67 – n (%)                                              49 (24.3)                                                31 (30.1)                                         18 (18.2)                                  
    68-75 – n (%)                                              52 (25.7)                                                20 (19.4)                                         32 (32.3)                                  
    ≥ 76 – n (%)                                                46 (22.8)                                                  3 (2.9)                                           43 (43.4)                                  
BMI - median (IQR)                                  27.5 (25.0-31.0)                                    27.8 (25.0-31.2)                             27.5 (25.0-30.8)                        0.63
    ≥ 30 – n (%)                                                49 (28.2)                                                25 (27.2)                                         24 (29.3)                              0.76
Current/former smokers – n (%)                     51 (36.4)                                                21 (30.0)                                         30 (42.9)                              0.11
Comorbidities – n (%)                                                                                                                                                                                                            
    Hypertension                                              114 (57.0)                                               42 (40.8)                                         72 (74.2)                            <0.001
    Diabetes                                                       45 (22.7)                                                14 (13.6)                                         31 (32.6)                             0.001
    Chronic Kidney Failure                                14 (7.1)                                                   0 (0.0)                                           14 (14.7)                            <0.001
    COPD                                                           14 (7.1)                                                   3 (2.9)                                           11 (11.6)                             0.024
    Long-term oxygen therapy                            4 (2.0)                                                    2 (1.9)                                             2 (2.1)                                1.00
    Active solid neoplasm                                  12 (6.1)                                                   4 (3.9)                                             8 (8.4)                                0.24
    Active hematologic malignancy                   9 (4.5)                                                    1 (1.0)                                             8 (8.4)                               0.015
    Cerebrovascular disease                               10 (5.1)                                                   4 (3.9)                                             6 (6.3)                                0.43
    Previous Myocardial Infarction                 31 (15.7)                                                  6 (5.8)                                           25 (26.6)                            <0.001
    Chronic heart failure                                    14 (7.0)                                                   4 (3.9)                                           10 (10.4)                             0.096
    Vasculopathy                                               30 (15.1)                                                  7 (6.8)                                           23 (24.0)                            <0.001
    Rheumatic pathology                                   16 (8.1)                                                   8 (7.8)                                             8 (8.4)                                0.87
    Immunosuppression                                    20 (10.1)                                                  6 (5.8)                                           14 (14.6)                             0.040
CCI score - median (IQR)                            3.0 (2.0-5.0)                                          2.0 (1.0-3.0)                                   5.0 (3.0-6.0)                         <0.001
    CCI=0 – n (%)                                             20 (10.1)                                                19 (18.4)                                           1 (1.0)                              <0.001
    CCI=1-2 – n (%)                                         53 (26.6)                                                46 (44.7)                                           7 (7.3)                                    
    CCI=3+ – n (%)                                         126 (63.3)                                               38 (36.9)                                         88 (91.7)                                  
Home therapies – n (%)                                                                                                                                                                                                          
    Antihypertensives                                      112 (58.3)                                               45 (44.6)                                         67 (73.6)                            <0.001
    ACE-inhibitors                                            33 (17.0)                                                  6 (5.9)                                           27 (29.3)                            <0.001
    ARBs                                                           36 (18.6)                                                16 (15.7)                                         20 (21.7)                              0.28
    Other antihypertensives                               85 (43.6)                                                33 (32.4)                                         52 (55.9)                            <0.001
    Steroids                                                         12 (6.3)                                                   6 (5.9)                                             6 (6.7)                                0.81
    Oral antidiabetics                                         30 (15.5)                                                11 (10.8)                                         19 (20.9)                             0.053
Insulin                                                                19 (9.8)                                                   4 (3.9)                                           15 (16.5)                             0.006
    Oral anticoagulation therapy                       22 (11.5)                                                  8 (7.8)                                           14 (15.7)                             0.089
    Antiplatelets                                                 55 (28.6)                                                 10 (9.8)                                          45 (50.0)                            <0.001
    Flu vaccine – n (%)                                     60 (47.2)                                                20 (29.9)                                         40 (66.7)                            <0.001

ACE-Inhibitor, Angiotensin-Converting-Enzym Inhibitor; ARB, Angiotensin II receptor blocker; BMI, Body Mass Index; CCI, Charlson Comorbidity Index; COPD, Chronic Obstructive Pulmonary Disease; IMV, Invasive
Mechanical Ventilation; IQR, Interquartile Range.
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Outcome according to demographic and comor-
bidities associated variables

In the overall population included in the study, the primary out-
come (28-day mortality) occurred in 99 (49%) patients, ranging
from 10.9% among patients younger than 56 years of age (6/55
patients) to 93.5% in those aged 76 years or older (43/46 patients).
Indeed, median age was significantly higher in non-survivors than
in survivors (74±5.5 years versus 58±7.5, p<0.001) (Table 1).  

The primary outcome was significantly affected by comorbidi-
ties such as hypertension, chronic kidney disease, previous
myocardial infarction, vascular disease (p<0.001), diabetes melli-
tus (p=0.001), active hematologic malignancy (p=0.015) and
chronic obstructive pulmonary disease (COPD) (p=0.024). 

According to the CCI, the mortality rate ranged from 5%

among patients with CCI = 0 (1/20 patients) to 69.8% in those with
CCI ≥ 3 (88/126 patients). In the non-survivors group, 1 (1%)
patient scored 0, and 88 (91.7%) had a score equal to three or high-
er (p<0.001) (Tables 1 and 2).

The use of antihypertensives, insulin, and antiplatelet drugs
was associated with 28-day mortality, as well as flu vaccination. 

Outcome according to clinical and ventilation
parameters

Hypoxemia at presentation was a predictor of mortality:
PaO2/FiO2 mean ratio was 228 in the survivors group and 145 in
the non-survivors group (p<0.001). Fifty-four (65%) of the non-
survivors had a PaO2/FiO2 ratio < 200 (p=0.001) (Table 2).

The median oxygen saturation was 90% (85-94%) vs 92% (89-
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Table 2. Clinical characteristics, blood gas analysis at presentation and in-hospital treatments. 

                                                                     Total              28-day mortality                                               p
                                                                   N=202                                  Survivors (N=103)           Non-survivors (N=99)                     

At entry in Emergency Room                                                                                                                                                                                          
AVPU – no. (%)                                                                                                                                                                                                                       
     A (alert)                                                        185 (93.4)                                               95 (94.1)                                     90 (92.8)                                 0.16
     V (verbal)                                                        5 (2.5)                                                    4 (4.0)                                         1 (1.0)                                       
     P (pain)                                                            2 (1.0)                                                    1 (1.0)                                         1 (1.0)                                       
     U (unresponsive)                                            6 (3.0)                                                    1 (1.0)                                         5 (5.2)                                       
HR, bpm - median (IQR)                             86.0 (76.0-97.0)                                   90.0 (80.0-100.0)                        84.0 (74.0-92.0)                          0.002
SBP, mmHg - median (IQR)                     127.0 (114.0-142.0)                              126.0 (110.0-139.5)                   130.0 (118.0-146.0)                       0.067
RR, acts/min - median (IQR)                       24.0 (18.0-30.0)                                    23.5 (18.0-30.0)                         25.0 (18.0-30.0)                           1.00
Fever – no. (%)                                                 123 (65.4)                                               70 (73.7)                                     53 (57.0)                                0.016
pH - median (IQR)                                       7.47 (7.44-7.50)                                    7.48 (7.45-7.50)                         7.46 (7.42-7.50)                          0.039
FiO2                                                               0.34 (0.21-0.70)                                    0.21 (0.21-0.60)                         0.60 (0.21-0.70)                          0.012
PaO2/FiO2 - median (IQR)                        194.3 (105.0-252.4)                              228.6 (152.5-261.9)                    145.0 (91.4-223.8)                        <0.001
     <200 – no. (%)                                              87 (52.4)                                                33 (39.8)                                     54 (65.1)                                0.001
SatO2, % - median (IQR)                             91.0 (86.5-94.0)                                    92.0 (89.0-95.0)                         90.0 (85.0-94.0)                          0.020
PaCO2, mmHg - median (IQR)                   32.0 (29.0-35.0)                                    32.0 (29.0-36.0)                         33.0 (29.0-35.0)                           0.87
HCO3-, mmol/L - median (IQR)                  24.1 (22.0-25.9)                                    24.5 (23.0-26.8)                         23.7 (22.0-25.0)                          0.041
Lac, mmol/L - median (IQR)                       1.42 (1.05-1.94)                                    1.30 (0.96-1.58)                         1.63 (1.23-2.23)                          <0.001
In the first 24h                                                                                                                                                                                                                        
Oxygen and ventilatory support – no. (%)                                                                                                                                                                              
     Low flow oxygen cannula                            22 (11.2)                                                15 (14.9)                                       7 (7.3)                                  0.092
     Venturi mask                                                  17 (8.6)                                                 14 (13.9)                                       3 (3.1)                                  0.010
     Non-rebreather mask                                    36 (18.3)                                                23 (22.8)                                     13 (13.5)                                0.094
CPAP                                                                  99 (50.3)                                                35 (34.7)                                     64 (66.7)                               <0.001
NIPPV                                                                 6 (3.0)                                                    4 (4.0)                                         2 (2.1)                                   0.68
IMV                                                                     7 (3.6)                                                    6 (5.9)                                         1 (1.0)                                   0.12
FiO2 - median (IQR)                                    60.0 (50.0-70.0)                                    60.0 (40.0-70.0)                         60.0 (60.0-70.0)                           0.13
PEEP, cmH2O - median (IQR)                     15.0 (12.0-16.0)                                    14.0 (11.0-16.0)                         15.0 (12.0-15.0)                           0.25
IPAP, cmH2O -median (IQR)                       26.5 (22.0-28.0)                                    27.0 (22.0-28.0)                         26.0 (26.0-26.0)                           0.77
Therapies                                                                                                                                                                                                                                 
Antiviral – no. (%)                                            173 (91.1)                                               93 (95.9)                                     80 (86.0)                                0.017
Hydroxychloroquine – no. (%)                         165 (87.8)                                               89 (91.8)                                     76 (83.5)                                0.085
Steroid – no. (%)                                                23 (12.2)                                                15 (15.5)                                       8 (8.7)                                   0.15
Antibiotics – no. (%)                                        183 (96.3)                                               95 (96.9)                                     88 (95.7)                                 0.64
IL-6 Inhibitors – no. (%)                                    15 (8.0)                                                 12 (12.5)                                       3 (3.3)                                  0.029
CPAP, Continuous Positive Airway Pressure, IMV, Invasive Mechanical Ventilation, FiO2, Fraction of Inspired Oxygen, IPAP, Inspiratory Positive Airway Pressure, HR, Heart rate, IQR, Interquartile Range, NIPPV, Non
Invasive Positive Pressure Ventilation, PaO2, Arterial partial pressure of Oxygen, PaCO2, Arterial Partial Pressure of Carbon Dioxide, PEEP, Positive End-Expiratory Pressure, RR, Respiratory Rate, SaO2, Arterial
Saturation of Oxygen, SBP, Systolic Blood Pressure.
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95%) and serum lactate levels were 1.63 (1.23-2.23) vs 1.3 (0.96-
1.58) in nonsurvivors as compared with survivors. (p=0.02 an
p<0.001, respectively) (Table 2). The overall 28-day mortality rate
of patients needing ventilatory support on the first day after hospi-
talization was 64.4%. Mortality rate was higher in the first period
followed by a progressive reduction in the subsequent weeks of
hospitalization, as shown by the Kaplan-Meier 28-day survival
curve (Figure 2A) and the distribution of non-survivors over time
(Figure 2B). Antivirals and IL-6 inhibitors were associated with a
lower mortality (p = 0.017 and 0.029, respectively; Table 2).

Independent predictors of mortality
Six predictors of 28-day mortality were included in the multi-

variable analysis: severity of respiratory failure expressed as PaO2/
FiO2 ratio, age, hypertension, diabetes, coronary heart disease on
medical history, or antiplatelet therapy (Table 3). The multivariate
logistic regression model revealed that the severity of respiratory
failure and age were the only predictors of 28-day mortality.

Comparison between H-CPAP-only group vs H-
CPAP+IMV group

Among 202 patients supported by H-CPAP, 73 (36.1%) under-
went intubation and mechanical ventilation (Table 4). The 28-day
mortality rate was 35.6% (26/73) in patients who had undergone
intubation after the H-CPAP trial and 56.6% (73/129) in the H-
CPAP-only group (p=0.004; Table 4).

No statistical differences in the respiratory failure severity at
presentation were observed in the two groups. However, patients
who underwent endotracheal intubation were younger and healthi-
er: median age was 71 years  (IQR 61-79) in the H-CPAP group vs
60 years (IQR 54-67) in the IMV group (p<0.001); median  CCI
scores were 4.0 (IQR 2.0-6.0) in the H-CPAP group and 2.0 (1.0-
4.0) in the IMV group (p<0.001; Table 4).

Discussion
During the first ten days of the pandemic, the admission rate of

patients presenting to the Bergamo ED with COVID-19 infection
increased progressively from 20 per day on February 29th to 150
on March 6th.  During the first pandemic outbreak in Bergamo, the
majority of the patients who presented to the ED had severe respi-
ratory failure. Respiratory support was started in almost 40% of the
cases within the first day after ED admission and in 88% within the
4th day (Figure 1). These patients were admitted at a critical stage
of the disease, indeed the overall 28-day-mortality rate of patients
requiring ventilatory support on the first day after admission was
very high. As shown in another study conducted in our ED by
Duca et al.,8 the prevalence of critically ill patients needing venti-
latory support on first evaluation was very high (31% of all admis-
sions of patients with COVID-19 pneumonia). The role of CPAP in
pneumonia dates back to 201023,24 when an RCT showed that oxy-
genation was significantly improved with the use of H-CPAP com-
pared with conventional oxygen treatment. A second clinical RCT
demonstrated that the use of CPAP in patients with pneumonia sig-
nificantly reduced the need for intubation.25 In the COVID-19 era,
CPAP has been empirically used for the treatment of severe hypox-
emia refractory to standard oxygen therapy caused by lung atelec-
tasis (second clinical phase of COVID-19 pulmonary infection)17,26

Kofod et al. recently observed, in a smaller sample of patients, that
CPAP seems to have a positive effect on oxygenation and respira-
tory rate in most patients with severe respiratory failure caused by

COVID-19.18 Ramirez et al. confirmed that NIRS and physiother-
apy are a viable treatment option for patients with severe COVID-
19 and severe comorbidities.19 Elderly patients with high oxygen
requirements and a ceiling for treatment outside the ICU were
found to have a poor prognosis in both studies. 

In a systematic review and meta-analysis, Cammarota et al.
showed that the overall in-hospital mortality of patients receiving
NIRS outside the ICU was 36%. A quarter of the patients failed
NIRS and required intubation, with a higher rate of in-hospital
mortality. The authors concluded that delivering NIRS outside the
ICU was a feasible strategy to cope with the massive demand for
ventilatory assistance.27
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Figure 2. A) Kaplan-Meier, 28-day survival curve; B) Distribution
of non-survivors over time.

Table 3. Predictors of 28-mortality in patients treated with helmet
CPAP estimated by a multivariable logistic regression model. 

                                                 OR (95% CI)                      p

Age, for 1-unit increase                 1.13 (1.07 - 1.19)                   <0.001
PaO2/FiO2 < 200                            2.51 (1.07 - 5.91)                    0.035
Antiplatelets                                    2.64 (0.91 - 7.7)                     0.076
Hypertension                                  2.17 (0.93 - 5.04)                    0.071
Previous AMI                                 1.99 (0.52 - 7.66)                    0.317
Diabetes                                          1.44 (0.52 - 3.98)                    0.477
AMI, Acute myocardial infarction, CI, Confidence interval, OR, Odds ratio.
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The first evidence of a positive clinical effect of the application
of CPAP in COVID-19 adult hospitalized patients with acute res-
piratory failure is found in the Recovery-Respiratory Support trial.
For the first time, this study showed that CPAP, compared with
conventional oxygen therapy, reduced the composite outcome of
intubation or death within 30 days in patients with COVID-19
pneumonia. No beneficial effect was observed, compared with
conventional oxygen therapy, with the use of HFNC.22 The same
data about the inefficacy of HFNC in  severe respiratory distress in
COVID-19 patients was demonstrated by Grieco et al.14

In our population, due to the rapid saturation of ICU ventilated
beds, H-CPAP was used extensively in very critical patients. This
treatment allowed stabilization in 35 (17.3%) patients, 73 (36.1%)
patients needed escalation to IMV while 64 (31.6%) patients died
during H-CPAP treatment. Significant heterogeneity in demo-

graphic and clinical characteristics was observed when comparing
these three subgroups of patients. This is due to the mismatch
between healthcare resources and the high demand for intensive
care, resulting in a selection bias in the choice of patients eligible
for ICU beds. In this resource-limited environment, clinicians were
forced to select patients who were younger and healthier to opti-
mize the inadequate resources available at the time. A similar sce-
nario was predicted by Lee Daugherty et al. in a visionary review
titled “Too Many Patients. A Framework to Guide Statewide
Allocation of Scarce Mechanical Ventilation During Disasters”,
published in 2019, before the COVID pandemic.28

Another interesting data emerged from our analysis concerns
the mortality rate among intubated patients (35.6%), which is sim-
ilar to those previously reported in other studies related to critically
ill COVID-19 patients who underwent early IMV. This suggests

                                                                                                                             Article

Table 4. Demographic and clinical characteristics of intubated/non-intubated patients. 

                                                                            No IMV   (N=129)                                  IMV   (N=73)                                              p

Male gender - n (%)                                                                 97 (75.2)                                                      56 (76.7)                                                       0.81
Age - y median (IQR)                                                        71.0 (61.0-79.0)                                           60.0 (54.0-67.0)                                               <0.001
     ≤ 56 – n (%)                                                                       25 (19.4)                                                      30 (41.1)                                                     <0.001
     57-67 – n (%)                                                                     24 (18.6)                                                      25 (34.2)                                                           
     68-75 – n (%)                                                                     38 (29.5)                                                      14 (19.2)                                                           
     ≥ 76 – n (%)                                                                       42 (32.6)                                                        4 (5.5)                                                             
BMI - median (IQR)                                                          27.5 (25.0-29.4)                                           28.3 (25.0-31.2)                                                 0.23
     ≥ 30 – n (%)                                                                       26 (23.9)                                                      23 (35.4)                                                       0.10
Current/former smokers – n (%)                                             42 (42.9)                                                       9 (21.4)                                                       0.016
PaO2/FiO2 - median (IQR)                                              200.7 (115.2-257.1)                                      178.9 (91.7-240.0)                                               0.12
Comorbidities – n (%)                                                                                                                                                                                                            
     Hypertension                                                                      77 (60.6)                                                      37 (50.7)                                                       0.17
     Diabetes                                                                              34 (27.2)                                                      11 (15.1)                                                      0.049
     Chronic Kidney Failure                                                      10 (8.0)                                                         4 (5.5)                                                         0.58
     COPD                                                                                  11 (8.8)                                                         3 (4.1)                                                         0.26
     Long-term oxygen therapy                                                  3 (2.4)                                                          1 (1.4)                                                         1.00
     Active solid neoplasm                                                         9 (7.2)                                                          3 (4.1)                                                         0.54
     Active hematologic malignancy                                          7 (5.6)                                                          2 (2.7)                                                         0.49
     Cerebrovascular disease                                                       6 (4.8)                                                          4 (5.5)                                                         0.83
     Previous Myocardial Infarction                                        22 (17.7)                                                       9 (12.3)                                                        0.31
     Chronic heart failure                                                           11 (8.7)                                                         3 (4.1)                                                         0.26
     Vasculopathy                                                                      23 (18.3)                                                        7 (9.6)                                                         0.01
     Rheumatic pathology                                                          11 (8.8)                                                         5 (6.8)                                                         0.63
     Immunosuppression                                                           13 (10.3)                                                        7 (9.6)                                                         0.87
CCI score - median (IQR)                                                    4.0 (2.0-6.0)                                                 2.0 (1.0-4.0)                                                  <0.001
     CCI=0 – n (%)                                                                    12 (9.5)                                                        8 (11.0)                                                      <0.001
     CCI=1-2 – n (%)                                                                20 (15.9)                                                      33 (45.2)                                                           
     CCI=3+ – n (%)                                                                 94 (74.6)                                                      32 (43.8)                                                           
Home therapies – n (%)                                                                                                                                                                                                         
     Antihypertensives                                                              76 (62.8)                                                      36 (50.7)                                                       0.10
     ACE-inhibitors                                                                24 (19.7)                                                       9 (12.5)                                                        0.20
     ARBs                                                                               21 (17.2)                                                      15 (20.8)                                                       0.53
     Other antihypertensives                                                  62 (50.4)                                                      23 (31.9)                                                      0.012
     Steroids                                                                                 8 (6.6)                                                          4 (5.7)                                                         0.81
     Oral antidiabetics                                                               22 (18.0)                                                       8 (11.3)                                                        0.21
     Insulin                                                                                 15 (12.3)                                                        4 (5.6)                                                         0.21
     Oral anticoagulation therapy                                             17 (14.0)                                                        5 (7.1)                                                         0.15
     Antiplatelets                                                                       42 (34.7)                                                      13 (18.3)                                                      0.015
Flu vaccine – n (%)                                                                  44 (49.4)                                                      16 (42.1)                                                       0.45
Main outcome, n (%)                                                                                                                                                                                                             
Death                                                                                        73 (56.6)                                                      26 (35.6)                                                      0.004
ACE-Inhibitor, Angiotensin-Converting-Enzym Inhibitor, ARB, Angiotensin II receptor blocker, BMI, Body Mass Index, CCI, Charlson Comorbidity Index, COPD, Chronic Obstructive Pulmonary Disease, IMV, Invasive
Mechanical Ventilation, IQR, Interquartile Range.
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that, in limited resource settings, the treatment with H-CPAP may
be a useful bridge treatment for severe acute respiratory failure
needing IMV. Not surprisingly, younger patients and those with
fewer comorbidities were more likely to undergo IMV after an ini-
tial trial of H-PAP. Interestingly this subset of patients had a better
outcome as compared to those treated with H-CPAP only despite a
similar PaO2/FiO2. These results confirm that an initial trial of H-
PAP does not compromise the efficacy of a rescue IMV and that
the allocation of mechanical ventilation based on age and comor-
bidities is a reasonable criterion in a setting characterized by lim-
ited resources. 

Furthermore, our data suggests that the treatment with H-
CPAP can be an important rescue therapy for patients affected by
severe acute respiratory failure who do not respond to standard
oxygen therapy and are ineligible for invasive care. As other stud-
ies have shown, H-CPAP may improve survival.29

The best respiratory support for patients with severe COVID-
19 pneumonia on admission to the hospital remains uncertain. The
ideal treatment has rarely been applicable in the real world, where
hospitals have been overwhelmed by the surge of the epidemic. As
a result, the only feasible therapeutic approach was a compromise
between the excessive demand and the lack of resources. In addi-
tion, the availability of resources tended to change significantly
within a few weeks. This was due to political decisions (e.g. lock-
down). To understand the conflicting results of different studies,
this scenario should be kept in mind. Therefore, the results of this
study may not be fully generalizable, as they should be contextu-
alized within the specific setting of the first wave in the city of
Bergamo and northern Italy during a well-defined period.

In conclusion, this preliminary experience of treatment of crit-
ical patients with COVID-19-related respiratory failure shows that
an H-CPAP trial is feasible and may allow patient stabilization.

Limitations
The limits of our study are mostly related to its observational

and retrospective methodology. Furthermore, data were retrieved
within a very dynamic period in terms of disease epidemiology and
treatment protocols. Therefore we should be very cautious in con-
sidering these observations in the treatment of contemporary
patients with COVID-19 pneumonia-related respiratory insuffi-
ciency. As the data source is based on a chart review of patients
presenting to the ED we have consistent numbers of missing data
restricting the possibility of adjusting for relevant covariates.

Conclusions
This study aims to identify predictors of mortality in patients

with acute respiratory failure caused by COVID-19 pneumonia
treated with helmet CPAP in a scenario of a public health emergen-
cy with a lack of intensive care resources. In such an extreme sce-
nario, treatment of patients with severe acute respiratory failure
with H-CPAP was used as a bridge for those with an indication of
IMV until an ICU bed would be available. Moreover, H-CPAP
might be contemplated as a rescue therapy for those who were not
responders to standard oxygen therapy and not eligible for IMV,
also identified as “do-not-intubate” (DNI). The multivariate logis-
tic regression model revealed that the severity of respiratory failure
and age were predictors of 28 mortality. The identification of these
independent predictors of mortality in patients with acute respira-
tory insufficiency might be helpful  to guide clinicians to optimize
treatment escalation. However further studies are necessary to

prove the therapeutic effect of H-CPAP in patients with acute res-
piratory failure in COVID-19 pneumonia and the prognostic vari-
ables need clinical validation.
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