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Abstract

Background: The SARS-CoV-2 outbreak spread in Lombardy Region (Italy)
rapidly saturating intensive care unit beds, forcing the application of noninvasive
respiratory support in RICU.

Objectives: We aimed to analyze the effects of helmet CPAP in COVID19-
related ARDS in RICU. The primary outcome was CPAP failure, defined as the
occurrence of either intubation or death due to any cause during RICU stay; the
secondary one was the identification of factors related to patients’ prognosis.

Methods: 150 consecutive patients with ARDS due to COVID-19 and
referred to Vimercate Hospital (MB) between March and May 2020 were
enrolled. All patients were treated with helmet CPAP. Demographics, clinical
and laboratory tests and blood gas analysis were collected.

Results: Patients had a mean (SD) age of 62 (+11) years. The worst PaO,/
FiO, ratio during continuous positive airway pressure stratified the subjects
in mild (26/150), moderate (39/150) and severe (85/150) ARDS. Most of
patients were treated with systemic corticosteroids (79%). 93 patients (62%)
were successfully treated while 57 (38%) failed; of the latter, 32 patients were
transferred in the intensive care unit to receive invasive mechanical ventilation.
Dimer test and ferritin at admission, use of steroids, P/F in oxygen at admission
and age were independently associated with CPAP failure. The severity of
ARDS and the use of steroids strongly correlate with clinical outcomes. Mortality
rate in our cohort of patients was 28%.

Conclusions: The application of helmet CPAP in RICU and the
administration of corticosteroids in COVID19-related ARDS are associated with
satisfactory clinical outcomes.

Keywords: Helmet CPAP (Continuous Positive Airway Pressure);
COVID-19; ARDS (Acute Distress Respiratory Syndrome); RICU (Respiratory
Intermediate Care Unit); Corticosteroid

Health Organization (WHO) declared the outbreak of a pandemic on
11" March 2020 [2].

CPAP: Continuous Positive Airway Pressure; COVID-19:

Coronavirus Disease-19; ARDS: Acute Distress

Respiratory

Although in most cases it causes very mild symptoms,
approximately 20% of patients develops significant respiratory

Syndrome; RICU: Respiratory Intermediate Care Unit; P/F: PaO,/
FiO, ratio; PaO,: Arterial Oxygen Tension; FiO,: Inspiratory Oxygen
Fraction; WHO: World Health Organization; ICU: Intensive Care
Unit; NIV: Non-Invasive Ventilation; IMV: Invasive Mechanical
Ventilation; HFNC: High Flow Nasal Cannula; PEEP: Positive
End-Expiratory Pressure; BPM: Breaths Per Minute; DNI: Do-Not-
Intubate; SD: Standard Deviations; IQR: Interquartile Ranges; CT:
Computed Tomography; RCT: Randomized Controlled Trial; BMI:
Body Mass Index; COPD:  Chronic ~ Obstructive ~ Pulmonary
Disease; APACHE: Acute Physiology and Chronic Health Evaluation;
IL: Interleukin; HR: Hazard Ratio; CI: Confidence Interval

Introduction

In December 2019, a novel coronavirus-related pneumonia has
been firstly reported in the city of Wuhan, China [1]. The World

disease, with bilateral interstitial pneumonia [3]. Acute Respiratory
Distress Syndrome (ARDS) is a major complication of COVID-19
that occurs in 20-41% of patients with severe disease [4].

It is well known that, despite advances in supportive care,
mortality rates of ARDS in Intensive Care Unit (ICU) are still high
(35-40%) and increase with the severity of hypoxemia (27% in mild,
32% in moderate, 45% in severe ARDS as defined by the Berlin
definition) [5].

The frequent lack of ICU beds has pushed the authorities to
create respiratory intermediate care units (RICU), in order to face
the increasing number of patients with ARDS needing respiratory
support and monitoring [6].

Non-Invasive Ventilation (NIV) is a reasonable initial
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approach in less severely ill patients with ARDS [7]; the beneficial
role of Continuous Positive Airway Pressure (CPAP) in acute,
non-hypercapnic respiratory insufficiency is well known in terms
of improvement in oxygenation and reduction in endotracheal
intubation rate as compared to oxygen therapy, even if no difference
in outcomes is demonstrated [8,9].

One of the main issues in CPAP treatment failure is the interface,
as technical problems and compliance often represent a major
concern; in this perspective, the helmet has been proposed, as an
alternative to the facemask and evidence of its superiority is reported
[10].

In ARDS due to COVID-19 infection treated with invasive
mechanical ventilation (IMV) in ICU, prognosis seems to be even
worse than non COVID-19 related ARDS, as reported in numerous
recent published data: a 28-day mortality exceeding 60% emerges in
Wuhan City Hospital [11], at least 50% in Seattle region [12] and,
from the experience in New York, 76.4% in the 18-to-65 and 97.2% in
older than 65 groups respectively [13].

In Lombardy, northern Italy, the COVID-19 pandemic has led to
a substantial increase in the number of patients admitted to hospital
with ARDS, causing a stressful burden on the healthcare system,
particularly on ICUs, with almost 10% of the hospitalized COVID-19
patients needing invasive respiratory assistance, rapidly saturating
resources and the availability of ICU beds [6].

To avoid aqueous droplets dispersion during active disease, the
use of high flow nasal cannula (HFNC) oxygen therapy and NIV is
generally not recommended [14]. Nevertheless, in a recent overview
of the indications for the healthcare workers’ protection from SARS-
CoV-2 infection, Ferioli and co-workers showed how the helmet have
negligible air dispersion with a tight air cushion around the neck-
helmet interface [15].

The aims of our study were the evaluation of helmet CPAP efficacy
in COVIDI19-related ARDS in our RICU and the identification of
factors related to patients’ prognosis.

Bed’s quick filling and high mortality rate of these patients in ICU
led to the need of treating this disease with a non-invasive ventilation
approach in a proper specialized environment (RICU).

Materials and Methods

During COVID-19 pandemic, 230 patients were admitted
in the Pulmonology Division at Vimercate Hospital, Lombardy,
Italy, between March and May 2020 with a diagnosis of COVID-19
pneumonia, defined as the presence of interstitial pulmonary
infiltrates and a positive SARS-CoV-2 nasal-pharyngeal swab. Of
these, 150 were enrolled in our study, selected for having ARDS
criteria satisfied during hospital-stay as defined by the Berlin
definition (P/F <300 with PEEP >5cm H,0); all of the 150 patients
were treated with helmet CPAP in RICU; patients aged more than 80
and those who never developed ARDS were excluded.

In our Hospital the ad hoc RICU dedicated to patients with
COVID-19-related severe respiratory failure (implemented with
50 beds) was characterized by negative pressure rooms, continuous
multiparametric monitors, access to high flow oxygen and air source

with blender systems to obtain adequate values of delivered FiO,, on-
site life support and intubation kit, a nurse: patient ratio between 1:6-
1:10 and active full day shift run by pulmonologists.

This is a monocentric observational study. The primary outcome
was CPAP failure, defined as the occurrence of either intubation or
death due to any cause during RICU stay; the secondary one was the
identification of factors related to patients’ prognosis.

All patients included in the study were hemodynamically stable,
had a normal Glasgow Coma Scale score, did not show multiorgan
system failure, acidosis or hypercapnia [16], and were poor respondent
to treatment with high flows oxygen therapy with Venturi mask or
non-rebreathing oxygen mask (SpO, < 92%, respiratory rate > 24
Breaths Per Minute (BPM), paCO, <35mmHg, thoraco-abdominal
dyssychrony).

Indications to intubation were a reduced level of consciousness,
altered breathing mechanic, hypoxiemia and hemodynamic
instability.

The Do-Not-Intubate (DNI) order was the decision to withhold
intubation and to use CPAP as “ceiling” treatment considering
patient’s characteristics and the reduced availability of ICU beds.
“DNTI” criteria was considered only in the cases needing intubation
by intensivists, not at the admission.

Helmet CPAP was delivered with pressure between 7.5-15 ¢cm
H,O (mean pressure 13 + 1.91) and FiO, variable between 50 and
99% (mean FiO, 81% + 12.37) with a target oxygen saturation of 92%
or more. During helmet CPAP therapy patients were moved, when
feasible, into prone position, which was maintained for a minimum
duration of 2 hours. During each blood, gas control the PaO,/FiO,
ratio was re-calculated. The most critical patients were selected by
pulmonologists and evaluated by intensivists to decide ICU transfer.

Qualitative and quantitative variables were summarized with
frequencies (absolute and relative, percentage) and central tendency
(means and medians) and variability (standard deviations, SD, and
interquartile ranges, IQR) indicators, depending on their parametric
distribution. A chi-squared or Fisher exact test was computed for
qualitative variables; Student t test or Mann Whitney was used
for quantitative variables with a parametric or non-parametric
distribution, respectively. Survival analysis were performed with
Kaplan - Meier method. A Cox proportional hazards regression
analysis was carried out to assess the relationship between the
composite primary outcome and independent variables. A two-
tailed p-value less than 0.05 was considered statistically significant.
Statistical computations were performed with R Studio.

Results

Demographics and patients’ characteristics are summarized in
Table 1.

At admission, most patients presented an ARDS pattern: ARDS
was mild in 50 (33%), moderate in 60 (40%) and severe in 15 (10%).
There is a small number of patients enrolled (25/150, 17%) who did
not fulfill ARDS criteria at admission but, as shown in Figure 4, all
of them developed ARDS during hospital stay (we define this initial
condition as “pre-ARDS”).
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Table 1: Baseline characteristics, hospital treatment and outcomes of the study

Table 2: Multivariate analysis of factor associated with helmet CPAP failure.

population according to CPAP failure or success. _ Factor p-Value St.atls't'lcally HR=exp (coef) 95% Cl
Total Success Failure p-value o significant
test
Number of patients 150 93 (62%) | 57 (38%) ) imer tes 0.00230 » 1.000 1.000;1.000
(admission)
Di hi e

emographics Feritin 0.03973 * 1.000  1.000;1.000
Meanage 62 +11 60 + 11 65+9 0.005** (admission)

Male sex 123 (82%) 75 (81%) 48 (84%) 0.739 Steroids 0.00048 il 0.24 0.108;0.353
Neversmokers 104 (69%) | 69 (74%) = 35 (61%) 0.143 P/Faicf;n‘])i?é?:: at 00393 . 0.99 0.984:0.997
BMI 2 24.5 48 (32%) | 33(35%) 15 (26%) 0.323

i ] Age 0.02558 * 1.04 1.005;1.083
Comorbidities and prognostic score

: HR: Hazard Ratio; HR = 1 no effect, HR <1 reduction of risk, HR>1 increase of
5 o o ; ' )

::if}:ﬁ:i'g:‘diac T2(a8%) | 43(46%) | 29(51%) | 0701 risk, 95% CI = 95% Confidence Interval.

; 15 (10%) 6 (6%) 9 (16%) 0.116 ) ) . . .
disease Most of the patients were treated with systemic corticosteroids
((j:iz;\(ri:gzzscular 21 (14%) 9 (10%) 12 (21%) 0.088 (79%, receiving methylprednisolone at a dose of 1 mg/kg a day for
Hypercholesterolemia | 28 (19%) 12 (13%) 16 (28%) 0.036* 10 days than gradually reduced). Other drugs administered are
Diabetes 11 (7%) 6 (6%) 5 (9%) 0.749 summarised in Table 1.

Tumors 6 (4%) 1(%) 5(9%) 0.030* Ninety-three patients (62%) were successfully discharged without

COPD/asthma 14 (9%) 5 (5%) 9 (16%) 0.044* need of invasive support, while in 57 subjects (38%) non-invasive

Chronicrenalfailure 1(0.7%) 0 1(1.8%) . treatment failed; of those, 25 died without intubation while 32 were

*

APACHE Il score 8.6 (2"1) ?'3 _(2'2? 9.1(18) 0.015 transferred in ICU to receive IMV. Between the two groups (success

Pharmacological treatment duringhospitalization vs failure), we found significant statistical difference in mean age (60
Vi 0, 0 0 .

Antivirals 104 (69%) 61 (66%) 43 (75%) 0.277 +11vs.65+9 respectlvely, p—Value 0'005).

Remdesivir 4(2.7%) 2(2.2%) 2 (3.5%) 0.635

Azytromicin 37 (25%) 26 (28%) = 11 (19%) 0.318 Of the 26 patients who died in the RICU ward: 21 with a DNI order

Tocilizumab 11 (7%) 6 (6%) 5 (9%) 0.749 and 5 with sudden deaths (2 massive pulmonary thromboembolism,

Hydroxychloroquine 145 (97%) | 91 (98%) 54 (95%) 0.369 1 sudden cardiac arrest, 1 acute cardiac ischemic attack, 1 cerebral

Steroids 118 (79%) | 81(87%) 37 (65%) = 0.003** stroke after ICU discharge).

H i 136 (91% 87 (94% 49 (86% 0.151 C . .

Oepa“n (91%) (94%) (86%) Complications developed during RICU stay included: 4
t . . .

D:Ico?es 25 (15% 1 (1o o1 (379 supraventricular tachyarrhythmias, 5 Pulmonary Embolisms (PE)

order - .

. (15%) (1%) (37%) (2 fatal and 3 non-fatal), 5 thrombosis (1 fatal stroke, 1 cerebral
Intubation 32 (21%) 0 (0%) 32 (56%) - . . . . . .
Survived 108 (72%) | 93 (100%) | 15 (26%) transient ischemic attack, 1 popliteal thrombosis, 1 fatal cardiac

0 0 0 - . . . . . .

Blood test ischemic attack, 1 thrombosis in descending aorta), 1 fatal diffuse

ood tests
Dimer test (admission) 16171 TR intravascular coagulation, 1 acute renal failure, 2 bleedings treated
(ng/mL) 4365 £ 9423 4685 13699 0.007* with embolization, 2 pneumothoraxes (1 fatal and 1 non-fatal) and 2
Dimer test (worst) 8258 + 12382 o130% 13386 + . episodes of pneumomediastinum (1 fatal and 1 non-fatal), 1 cardiac
(ng/mL) * 6249 16848 th bl d d
Ferritin (admission) arrest with possible non demonstrated PE.
(ng/mL) 2193 +1943 1378 + 984 | 3007 £ 2613 | <0.001***

9 -~ 1772 + The PaO,/FiO, ratio in CPAP at presentation is significantly
Ferritin (wors)(ng/mL) | 2750 + 3115 1810 4362 £ 4039 ) different between the two groups, as lower P/F are associated with a
'n:S (admission) (pg/ 67 + 83 41 +55 93 + 103 0.06 worse prognosis (mean P/F 189 vs 235, p-value 0.008) and this is even

362 950 + more evident if we consider the worst P/F in CPAP during hospital
IL-6 (worst)(pg/mL) 338.2 111+196 | 613+ 1366 . staying (mean value of 68 vs 156, p-value < 0.001).
CPAP treatment
PEEP 134191 12190 | 14+165 <0001 The severity of ARDS at admission strictly correlates with the
FO 81+1237  77+126 | 88+8.66  <0.001% clinical outcome (p-value 0.0047) (Figure 1).

, +£12. +12. +8. .

Days of CPAP 8+5.00 9+5.1 641 - The most important inflammatory biomarkers collected at
P/F (in oxygen) 132+644 |144+682| 1144533 | 0.004™ admission were higher in those patients who failed CPAP. We
First P/F (in CPAP) 218+1058 | 235+109 | 18995 0.008* have defined 4 levels for ferritin (1: <1000 ng/mL; 2: 1000-1500; 3:
Worst P/F (in CPAP) 123+73.8 156+749 68+16.6  <0.001* 1500-2000; 4: >2000) and 3 for dimer-test values (1: < 500 ng/mL;
N/umber of pronedpts | 73 (49%)  37(40%) 36 (63%) 0.824 2: 500-1000; 3: >1000) considering the two biomarkers as qualitative
gnFCp:;;g)ronatlon 242+119.6  271+120 | 184+96.8 = <0.001** variables (Figure 2). We found a statistically significant difference

Data are presented as n (%), mean * standard deviation, unless otherwise
stated. BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary Disease;
APACHE: Acute Physiology and Chronic Health Evaluation; DNI: Do-Not-
Intubate; IL: Interleukin; PEEP: Positive End-Expiratory Pressure; P/F: PaO,/FiO,
Ratio; PaO,: Arterial Oxygen Tension; FiO,: Inspiratory Oxygen Fraction; CPAP:
Continuous Positive Airway Pressure. Besides; *: Statistically Significant p-Value
< 0.05; **: Statistically Significant p-Value < 0.01; ***: Statistically Significant
p-Value < 0.001.

between the surviving curves in both cases as shown in Figure 2.

We finally searched for a correlation between the P/F ratio
and the value of the two biomarkers recorded and we observed a
prognostic relevance in dimer-test only: an increase in dimer-test
class is associated to a lower P/F.

In our study 96 patients (almost 65%) were put in prone position
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Figure 1: Survival analysis according to ARDS class.

during CPAP therapy (not applied only if not considered necessary;
58/96 patients were compliant to pronation). If we consider the P/F
ratio after 1 hour of prone position, a positive prognostic role seems
to emerge in treated patients (mean P/F 271 vs. 184) but this evidence
is lacking in the multivariate analysis.

Another parameter analyzed was steroids use. Steroids were more
frequently used in the “success” group (87% vs. 65%, p-value 0.003).
The use of steroids strongly correlated with the clinical outcome
(p < 0.0001) also stratifying for ARDS severity classes. The use of
systemic steroids increased the probability of a positive outcome
even compared to patients belonging to a better ARDS class but
not receiving the drug (p-value: <0.0001) (Figure 3). According to
the Cox model (Table 2), expressing the prognostic relevance of a
number of variables in a multivariate analysis (Dimer test and ferritin
at admission, use of steroids, P/F in oxygen at admission and age), a
0.24 coeflicient emerges in the group treated with steroids, meaning
that, maintaining consistent all other parameters, being treated with
steroids reduces helmet CPAP failure risk of 76%. In addition, in
patients failing the treatment, we observe an increase in the risk of
failure of 4% for each additional year of age.

Discussion

The use of NIV in “de novo” ARDS has received a growing interest
over the last decades in order to avoid complications related to IMV.
Until the outbreak of COVID-19 pandemic, evidence suggested
to limit this treatment to carefully selected patients with mild to
moderate ARDS (failure in fact is higher than 50% in severe ARDS)
and applied in experienced centers with close monitoring of blood
gases and respiratory mechanics in order to avoid delayed intubation
in case of failure [17,18].

It is well known that in ARDS the application of a positive

end expiratory pressure (PEEP) recruits non aerated alveoli in
dependent pulmonary regions, stabilizes the airways and reduces
the inhomogeneity of lung volume distribution [16]. PEEP can be
applied to spontaneous breathing patients in the form of CPAP [19]
with an increase in functional residual capacity and improvement of
oxygenation [8,20]. The benefits of prone position in non-COVID-19
related ARDS treated with IMV in terms of improved oxygenation
and reduced mortality are well-know [21] and is due to improved
ventilation—perfusion matching and recruitment of more gas-
exchange-efficient dorsal regions [22,23].

A large number of COVID-19 patients in early phase of the
disease present bilateral ground glass opacities at Computed
Tomography (CT) [24], with an atypical, recently termed “L-type”
ARDS, characterized by severe hypoxemia and a relatively high
compliance [25,26]; the greater part of the lung is still not affected,
which explains the low pulmonary elastance, but in affected areas
the vessels are maximally dilated with a postulated loss of hypoxic
vasoconstriction and a secondary increase in shunt volume; due to the
preserved lung compliance, however, the patient is able to increase
ventilation, often not perceiving dyspnoea despite hypocapnia and
simultaneous significant hypoxemia [27]. In this scenario, most
patients successfully proceed with helmet CPAP. Gattinoni and co-
workers stress the idea that, in this first stage of disease, improvement
in oxygenation by application of PEEP or pronation is mainly not
due to the recruitment mentioned above, but to the redistribution of
perfusion in the lungs [25,26].

In many cases this is followed by a progressive worsening of
hypoxemia, which perhaps corresponds to the “cytokine storm”
typical of COVID-19 infection and characterized by elevated
concentration of ferritin, interleukin-6 and D-dimers: a severe
primarily local inflammation that can lead to widespread damage to
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the lung parenchyma towards a so called “H type” ARDS [25,26] with
low compliance as a result of increasing oedema and atelectasis with
high right to left shunt, and associated to an extensive densification
on the CT, similar to those seen in typical ARDS.

A hypercoagulability state, with consequent
microvascular coagulation [28], is also well-know.

pulmonary

The RECOVERY TRIAL [29], a large multicenter Randomized

Controlled Trial (RCT), demonstrated that patients receiving
Dexamethasone 6 mg for 10 days had a death rate reduced by up
to one-third with more prominent effect in-patient on mechanical
ventilation. These results suggest that corticosteroids, acting as
inflammatory attenuators, could slow down the transition from L- to
H-ARDS pattern in COVID-19 pneumonia.

Our study shows good clinical outcomes in patients affected by
COVID19-related ARDS treated with helmet CPAP in RICU and
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a significant improvement of prognosis in subjects who received
corticosteroids. Dimer test and ferritin at admission, use of steroids,
P/F in oxygen at admission and age all influence the overall outcome
by expressing the entity of the cytokines storm on one side (the two
biomarkers) and the severity of respiratory compromission on the
other (P/F ratio). As previously mentioned, in patients failing the
treatment, an increase in the risk of failure of 4% is observed for each

additional year of age.

Many management models for non-invasive treatment of
COVID-19 ARDS in RICU have been proposed in literature
[14,33,34].

Aliberti and co-workers [30] have recently described, in a
multicentric study, a group of patients with COVID-19 pneumonia
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in RICU; despite a lower level of disease severity (ARDS criteria
were not needed) the study shows worse outcomes; we bring forth
the hypothesis that a more diffuse use of steroids in our center (79%
versus 46% of patients treated) could play a role in this regard.

The other two trials conducted on the application of helmet
CPAP in COVID19 hypoxic pneumonia were carried out in different
specialistic units in a multicentric study [35] and in general wards
[36].

In detail, a multicentric observational study published by
Franco and co-workers [35] sustained the feasibility of non-invasive
respiratory support including HFNC, CPAP and NIV outside the
ICU, describing favorable outcomes in a cohort of 670 patients.
Considering the CPAP group only (n=330), the failure rate (IMV/
death) was 47.3% (vs. 38% in our study), although the percentage of
patients treated with steroids was similar but mean age was higher
(70.3 years).

Also in another, recent observational study conducted by
Coppadoro and co-workers [36] in general ward, the risk of clinical
failure (always defined as the occurrence of either intubation or
death) in patients treated with helmet CPAP was 48%. Furthermore,
29% of patients had hypoxic pneumonia without ARDS.

We may therefore assume that the proper management in a
specialistic intermediate care setting (RICU) affects the prognosis of
patients with COVID-19 ARDS; a constant clinical and parametric
monitoring during hospitalization by the pulmonologist in RICU
is critical in promptly recognition and treatment of every possible
worsening in clinical conditions, an event that can arise even later in
the course of the disease (Figure 4d). In fact, the majority of patients
move to a worse ARDS class during hospitalization (“V-shape” trend
of hypoxemia in successful patients) (Fig. 4d). This explains why the
APACHE II (“Acute Physiology and Chronic Health Evaluation II”)
score, by definition an admission score, is not predictive of mortality
in these patients.

Prone position determined in all our patients a meaningful
increase in P/F value, although this improvement does not represent
a good prognostic factor in itself. As far as we have observed, this
response provided a delay in the need of intubation and mechanical
ventilation so giving the patient a chance to overcome the critical
phase of ARDS.

We want to emphasize the fact that, despite the extremely low
values of worst PaO2/FiO2 ratio recorded (26/150 mild ARDS;
39/150 moderate ARDS; 85/150 severe ARDS), 62% of our patients
were finally discharged without need of IMV. If we divide the subjects
in the different severity stages of ARDS we can appreciate that in
mild patients we have a success of 100%, in moderate patients of
97% (only 1 patient failing, died in ICU with pneumomediastinum)
and, in severe patients, of 34%. In addition, of the 56 patients in the
“severe ARDS” group, 31 were transferred to ICU and, of these, 15
finally survived, with a mortality rate of 48%, in agreement with the
mortality rate described for patients with severe ARDS in ICU (45%).
We underline that, in our group of patients, mortality rates in mild
and moderate ARDS are inferior to those reported in literature [5,17],
considering the different features of patients admitted to ICUs (i.e.
multiorgan failure).

Furthermore, our data seem to exclude a possible delay in
intubation timing due to CPAP treatment and this is remarked by
a mortality rate of almost 50% in patients finally admitted to ICU,
substantially comparable with 55% of all Lombardy ICUs [31].

In addiction we must remember that, even if delayed intubation is
associated with increased mortality in patients with acute respiratory
failure [32], it is also true that premature intubation in patients in
whom non-invasive respiratory support is adequate exposes patients
to potentially unnecessary risks associated with IMV [10,37].

Our study has several limitations that can limit the generalizability
of our results, among them the relatively small number of patients
enrolled, the lack of control group and, at least, the peculiar setting
of the study, characterized by an emergency pandemic situation
with continuous changes in scientific evidence and ongoing shifts in
clinical indications.

Conclusion

Our study suggests satisfactory clinical outcomes with helmet
CPAP in COVID-19 ARDS in RICU. The proper management
in a specialistic intermediate care setting (RICU) may affect the
prognosis of these patients. We observed a significant improvement
of prognosis in subjects who received corticosteroids. The severity of
acute respiratory distress syndrome strongly correlates with clinical
outcomes. Finally, dimer test and ferritin at admission and age all
influence the overall outcome.

To our knowledge, till now this is the only study entirely carried
out in RICU on patients with COVID-19 related ARDS treated with
helmet CPAP.

Nevertheless, further multicentric and more numerous trials are
needed in order to confirm these data.
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