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IMPORTANCE High-flow nasal oxygen is recommended as initial treatment for acute
hypoxemic respiratory failure and is widely applied in patients with COVID-19.

OBJECTIVE To assess whether helmet noninvasive ventilation can increase the days free of
respiratory support in patients with COVID-19 compared with high-flow nasal oxygen alone.

DESIGN, SETTING, AND PARTICIPANTS Multicenter randomized clinical trial in 4 intensive care
units (ICUs) in Italy between October and December 2020, end of follow-up February 11,
2021, including 109 patients with COVID-19 and moderate to severe hypoxemic respiratory
failure (ratio of partial pressure of arterial oxygen to fraction of inspired oxygen �200).

INTERVENTIONS Participants were randomly assigned to receive continuous treatment with
helmet noninvasive ventilation (positive end-expiratory pressure, 10-12 cm H2O; pressure
support, 10-12 cm H2O) for at least 48 hours eventually followed by high-flow nasal oxygen
(n = 54) or high-flow oxygen alone (60 L/min) (n = 55).

MAIN OUTCOMES AND MEASURES The primary outcome was the number of days free of
respiratory support within 28 days after enrollment. Secondary outcomes included the
proportion of patients who required endotracheal intubation within 28 days from study
enrollment, the number of days free of invasive mechanical ventilation at day 28, the number
of days free of invasive mechanical ventilation at day 60, in-ICU mortality, in-hospital
mortality, 28-day mortality, 60-day mortality, ICU length of stay, and hospital length of stay.

RESULTS Among 110 patients who were randomized, 109 (99%) completed the trial (median age,
65 years [interquartile range {IQR}, 55-70]; 21 women [19%]). The median days free of respiratory
support within 28 days after randomization were 20 (IQR, 0-25) in the helmet group and 18 (IQR,
0-22) in the high-flow nasal oxygen group, a difference that was not statistically significant (mean
difference, 2 days [95% CI, −2 to 6]; P = .26). Of 9 prespecified secondary outcomes reported, 7
showed no significant difference. The rate of endotracheal intubation was significantly lower in
the helmet group than in the high-flow nasal oxygen group (30% vs 51%; difference, −21% [95%
CI, −38% to −3%]; P = .03). The median number of days free of invasive mechanical ventilation
within 28 days was significantly higher in the helmet group than in the high-flow nasal oxygen
group (28 [IQR, 13-28] vs 25 [IQR 4-28]; mean difference, 3 days [95% CI, 0-7]; P = .04). The rate
of in-hospital mortality was 24% in the helmet group and 25% in the high-flow nasal oxygen
group (absolute difference, −1% [95% CI, −17% to 15%]; P > .99).

CONCLUSIONS AND RELEVANCE Among patients with COVID-19 and moderate to severe
hypoxemia, treatment with helmet noninvasive ventilation, compared with high-flow nasal
oxygen, resulted in no significant difference in the number of days free of respiratory support
within 28 days. Further research is warranted to determine effects on other outcomes,
including the need for endotracheal intubation.
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T he role of noninvasive respiratory support in patients
with acute hypoxemic respiratory failure is debated.1

Noninvasive ventilation may help avoid endotracheal
intubation and invasive mechanical ventilation; however,
the rate of treatment failure can be as high as 60%, and
patients exposed to delayed intubation experience worse
clinical outcome.2-4

The uncertainty about the initial management of hypox-
emic respiratory failure has been emphasized by the COVID-19
pandemic. Hypoxemic respiratory failure is the most fre-
quent life-threatening complication of COVID-19. The opti-
mal initial respiratory support for these patients is controver-
sial, and different approaches have been applied with variable
success rates.5-7 Because high-flow nasal oxygen is simple to
use and has clinical and physiological effects, it is recom-
mended as the first-line intervention for respiratory support
in patients with hypoxemia8 and is widely applied in patients
with COVID-19.7,9

Helmet noninvasive ventilation has recently been advo-
cated as an alternative for management of acute hypoxemic
respiratory failure,10-12 but its use is limited by the lack of evi-
dence regarding its efficacy. Putative benefits of this tech-
nique include the possibility to deliver longer-term treat-
ments with higher levels of positive end-expiratory pressure,
which may be crucial to improve hypoxemia and prevent pro-
gression of lung injury during spontaneous breathing.13,14

Helmet noninvasive ventilation may confer physiological ad-
vantages compared with high-flow oxygen,15 but whether these
translate into a clinical benefit remains to be established.

This open-label, multicenter, randomized clinical trial was
conducted in patients with acute hypoxemic respiratory fail-
ure due to COVID-19 to assess whether early treatment with
helmet noninvasive ventilation in comparison with high-
flow nasal oxygen increased the days free of respiratory sup-
port within 28 days after randomization.

Methods
The Helmet Noninvasive Ventilation Versus High-Flow Oxy-
gen Therapy in Acute Hypoxemic Respiratory Failure
(HENIVOT) Trial was an investigator-initiated, 2-group,
open-label, multicenter, randomized clinical trial conducted
in 4 intensive care units in Italy between October 13, 2020,
and December 13, 2020; 60-day follow up was completed by
February 11, 2021. The study was supported by the acute
respiratory failure study group of the Italian Society of Anes-
thesia, Analgesia, and Intensive Care Medicine and was
approved by the ethics committee of all participating centers
(coordinating center: Fondazione Policlinico Universitario A.
Gemelli IRCCS; ethics committee approval ID3503). All
patients provided written informed consent to participate in
the study. The study protocol and statistical analysis plan are
available in Supplement 1 and Supplement 2, respectively.

Participants
All consecutive adult patients admitted in the intensive care
units due to acute hypoxemic respiratory failure were screened

for enrollment. The study was originally designed for includ-
ing patients with hypoxemic respiratory failure from all causes,
but, due to the surge of the ongoing pandemic, only included
patients diagnosed with COVID-19.

Eligibility inclusion criteria were assessed within the first
24 hours from intensive care unit admission, while patients
were receiving oxygen through a Venturi mask, with nominal
fraction of inspired oxygen (FIO2) ranging between 24% and
60% as set by the attending physician.

Patients were enrolled if all of the following inclusion cri-
teria were met: ratio of partial pressure of arterial oxygen to
fraction of inspired oxygen (PaO2/FIO2) equal to or below 200,
partial pressure of arterial carbon dioxide (PaCO2) equal to or
lower than 45 mm Hg, absence of history of chronic respira-
tory failure or moderate to severe cardiac insufficiency
(New York Heart Association class >II or left ventricular ejec-
tion fraction <50%), confirmed molecular diagnosis of COVID-
19, and written informed consent. Acute exacerbation of
chronic pulmonary disease and kidney failure were the main
exclusion criteria (full list of exclusion criteria is provided in
the eAppendix in Supplement 3). Patients who had already re-
ceived noninvasive ventilation or high-flow oxygen for more
than 12 hours at the time of screening were excluded.

Randomization
Enrolled patients were randomized in a 1:1 ratio to receive
either helmet noninvasive ventilation or high-flow nasal
oxygen. A computer-generated randomization scheme with
randomly selected block sizes ranging from 3 to 9 managed
by a centralized web-based system was used to allocate par-
ticipants to each group.

Study Treatments
Patients had to receive the allocated treatment within 1 hour
from validation of enrollment criteria. In both groups, the al-
located treatment was continued until the patient required en-
dotracheal intubation or (in case of no intubation) up to in-
tensive care unit discharge.

Key Points
Question Among patients admitted to the intensive care unit with
COVID-19–induced moderate to severe hypoxemic respiratory
failure, does early continuous treatment with helmet noninvasive
ventilation increase the number of days free of respiratory support
at 28 days as compared with high-flow nasal oxygen?

Findings In this randomized trial that included 109 patients, the
median number of days free of respiratory support within 28 days
was 20 days in the group that received helmet noninvasive
ventilation and 18 days in the group that received high-flow nasal
oxygen, a difference that was not statistically significant.

Meaning Among critically ill patients with moderate to severe
hypoxemic respiratory failure due to COVID-19, helmet
noninvasive ventilation, compared with high-flow nasal oxygen,
resulted in no significant difference in the number of days free of
respiratory support within 28 days.
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In the high-flow group, patients received nasal high-flow
oxygen (Fisher and Paykel Healthcare, New Zealand) con-
tinuously for at least 48 hours. Gas flow was initially set at
60 L/min and eventually decreased in case of intolerance,
FIO2 titrated to obtain peripheral oxygen saturation as mea-
sured by pulse oximetry (SpO2) between 92% and 98%, and
humidification chamber was set at 37 °C or 34 °C according
to the patient’s comfort.16 After 48 hours, weaning from
high-flow oxygen was allowed if the FIO2 was equal to or
lower than 40% and the respiratory rate was equal to or
lower than 25 breaths/min. Oxygen flow was lowered to 10
L/min, keeping FIO2 unchanged. Weaning from high-flow
nasal oxygen was considered successful if the SpO2 remained
between 92% and 98% and the respiratory rate was lower
than 25 breaths/min with this setting. In this case, high-flow
oxygen was replaced by Venturi mask or nasal cannula: oxy-
gen flow or FIO2 were set to obtain the same SpO2 target.
High-flow nasal oxygen could be resumed at any time if the
patient experienced respiratory distress and hypoxemia
(SpO2 <92%). Use of noninvasive ventilation was not permit-
ted in the high-flow group.

Patients in the noninvasive ventilation group received 48-
hour continuous noninvasive ventilation through the helmet
interface (Dimar, Italy, or Starmed-Intersurgical, UK). Helmet
size was chosen according to neck circumference. Noninva-
sive ventilation was delivered by a compressed gas-based ven-
tilator connected to the helmet through a bi-tube circuit, as
displayed in Figure 1. The ventilator was set in pressure sup-
port mode, with the following settings10,15: initial pressure sup-
port between 10 and 12 cm H2O, eventually increased to en-
sure a peak inspiratory flow of 100 L/min; positive end-
expiratory pressure between 10 and 12 cm H2O; and FIO2

titrated to obtain SpO2 between 92% and 98%. Any modifica-
tion in ventilator settings and interface setup to optimize com-
fort and patient-ventilator interaction was allowed at the dis-
cretion of the attending physicians, but positive end-
expiratory pressure had to be kept equal to or greater than
10 cm H2O. After 48 hours, interruption of noninvasive ven-
tilation was attempted when FIO2 was equal to or lower than
40% and respiratory rate was equal to or lower than 25 breaths/
min. Weaning was performed by reducing positive end-
expiratory pressure and pressure support to 8 cm H2O. If the

Figure 1. Noninvasive Helmet Ventilation as Used in the Trial
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The patient intervention is illustrated on the left with a mock-up of the control
panel on the right. Sources of pressurized oxygen and air, typically through
piped gasses, are not illustrated. Settings illustrated were the initial settings
used in the trial. Listed monitoring and intubation criteria are those used in the

trial. FIO2 indicates fraction of inspired oxygen; PaCO2, partial pressure of arterial
carbon dioxide; PaO2, partial pressure of arterial oxygen; PEEP, positive
end-expiratory pressure; PSV, pressure support ventilation; and SpO2,
peripheral oxygen saturation as measured by pulse oximetry.
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patient maintained SpO2 equal to or greater than 92% and re-
spiratory rate equal to or lower than 25 breaths/min for 30 min-
utes, noninvasive ventilation was interrupted. After interrup-
tion of noninvasive ventilation, patients underwent continuous
Venturi mask or high-flow nasal oxygen, according to the choice
of the attending physician: oxygen flow and FIO2 were set to
obtain the same SpO2 target. Helmet noninvasive ventilation
could be resumed at any time if the respiratory rate was greater
than 25 breaths/min and/or SpO2 was lower than 92%.

Standard Care
In both groups, standard care was delivered according to the
clinical practice of each institution.

Intravenous sedation was allowed according to the phy-
sician’s preference, but the concurrent use of sedative drugs
and opioids was discouraged.17 Use of prone positioning dur-
ing the treatment was left to the choice of treating physicians.18

Use of face mask noninvasive ventilation before endotra-
cheal intubation was only allowed in case of respiratory aci-
dosis (ie, PaCO2 >45 mm Hg, with pH level <7.35).

Treatment Failure
Treatment failure was defined as the need for endotracheal
intubation. The decision to intubate was based on predefined
criteria10,19,20 indicating persisting or worsening respiratory
failure, which included at least 2 of the following: worsening
or unchanged unbearable dyspnea; lack of improvement in
oxygenation and/or SpO2 below 90% for more than 5 minutes
without technical dysfunction; lack of improvement of signs
of respiratory-muscle fatigue; development of unmanageable
tracheal secretions; respiratory acidosis with a pH level
below 7.30 despite face mask noninvasive ventilation; and
intolerance to the used device. Patients were also intubated if
they developed hemodynamic instability (systolic pressure
<90 mm Hg, mean blood pressure <65 mm Hg, and/or
requirement for high-dosage vasopressors with hyperlactate-
mia) or deterioration of neurologic status with a Glasgow
Coma Scale score less than 12 points or seizures.

Because the final decision on intubation was left to the phy-
sician in charge who could not be blinded to the study group,
2 independent experts blindly reviewed a posteriori the rec-
ords and verified whether the decision to intubate was unbi-
ased and in compliance with the required criteria. In case of
disagreement between experts, a third physician established
whether the criteria had been met.

After intubation, adherence to acute respiratory distress syn-
drome guidelines was encouraged21: setting of tidal volume at
6 mL/kg of predicted body weight and 48 hours of paralysis and
prone position were suggested for patients with PaO2/FIO2 ratio
lower than 150. Following current guidelines, daily assessment
for readiness for extubation was recommended and use of high-
flow nasal oxygen after extubation was encouraged.8,22,23 The
decision to perform tracheostomy to enhance the weaning pro-
cess was left to the attending physicians.

Measurements
Patient demographic characterisitcs were collected at study en-
try. Ventilator settings, arterial blood gases, dyspnea, and device-

related discomfort were recorded at study entry and 1 hour, 6
hours, 12 hours, 24 hours, and 48 hours after randomization,
and then on a daily basis up to 28 days or intensive care unit dis-
charge. Dyspnea and device-related discomfort were assessed
with visual analog scales adapted for critically ill patients, rang-
ing from 0 to 10, with 10 representing the worst symptom.15 The
need for endotracheal intubation and all-cause mortality at 28
and 60 days after randomization, at intensive care unit dis-
charge, and at hospital discharge were recorded. All data were
recorded on a dedicated web-based platform.

Outcomes
The primary outcome of the study was the number of days
free of respiratory support (including high-flow nasal oxy-
gen, noninvasive and invasive ventilation) within 28 days
after enrollment.

Secondary outcomes included the proportion of patients
who required endotracheal intubation within 28 days from
study enrollment, the number of days free of invasive me-
chanical ventilation at days 28 and 60, in–intensive care unit
mortality, in-hospital mortality, 28-day mortality, 60-day mor-
tality, intensive care unit length of stay, and hospital length of
stay. Ninety-day mortality and quality of life after 6 and 12
months were among the prespecified secondary outcomes, but
results are not reported. Safety end points included the causes
of endotracheal intubation, the time between randomization
and endotracheal intubation, and any event yielding the need
for emergency intubation.

Exploratory outcomes included PaO2/FIO2 ratio, PaCO2, re-
spiratory rate, device-related discomfort (assessed by visual
analog scale), and dyspnea (assessed by visual analog scale)
over the initial 48 hours of treatment. Rates of intensive care
unit–acquired infections, tracheostomy, acute kidney injury
requiring kidney replacement therapy, barotrauma, upper limb
vessel thrombosis, extracorporeal membrane oxygenation, and
liver failure were also assessed.

Power Analysis
Systematic data about the number of days free of respiratory
support in patients affected by hypoxemic respiratory failure
with PaO2/FIO2 lower than 200 and treated solely with high-
flow nasal oxygen are lacking. Data from a single-center ex-
ploratory report indicated that the mean (SD) 28-day respira-
tory support–free days of patients receiving first-line treatment
with high-flow nasal oxygen was 11.6 (5) days.24 We hypoth-
esized that this parameter would be 25% higher in patients re-
ceiving helmet noninvasive ventilation (14.5 days). Based on
consensus among 3 investigators (D.L.G., S.M.M., M.A.), this
was deemed to potentially represent a clinically relevant ef-
fect of the intervention. Assuming a normal distribution of the
primary outcome, we calculated that the enrollment of 50 pa-
tients per group would provide 80% power to detect a 25% in-
crease in the number of ventilator support–free days on a
28-day basis in the helmet group, with an α level of .05. The
attrition rate was expected to be less than 10% and likely due
to protocol violations, absence of objective criteria to define
the need for endotracheal intubation, crossover, and drop-
outs. We planned to enroll a total of 110 patients.
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Statistical Analysis
Data are expressed as number of events (percentage) or me-
dian (interquartile rage). Data were tabulated descriptively by
study group and analyzed for all randomized patients in the
primary analysis. A prespecified secondary analysis was con-
ducted after exclusion of patients who showed major proto-
col deviations, defined as crossover between treatment pro-
tocols and the case of assigned treatment not provided due to
any reason.

Ordinal qualitative variables or nonnormal quantitative
variables were compared with the Mann-Whitney U test. Nor-
mally distributed quantitative variables were assessed with the
t test. In particular, intergroup difference in the primary out-
come measure was assessed with the Mann-Whitney U test,

after the nonnormal distribution of this variable was deter-
mined with the Shapiro-Wilk test. Comparisons between
groups regarding qualitative variables were performed with the
Fisher exact test. Intergroup differences in quantitative vari-
ables distribution in the initial 48 hours of treatment were as-
sessed with analysis of variance.

Data on the endotracheal intubation were assessed both
in terms of crude reintubation rate and after exclusion of pa-
tients for whom the decision to intubate was not deemed ad-
herent to the criteria of the protocol by the external experts.
Kaplan-Meier curves are displayed for results concerning in-
tubation rate; the graphical representation showed no evi-
dence against the assumption of proportionality. Post hoc
analyses were conducted to establish the potential effect of

Figure 2. Selection and Randomization of Patients in a Study of Noninvasive Helmet Ventilation vs High-Flow Nasal Oxygen

182 Patients with acute hypoxemic respiratory
failure screened for enrollment

114 Received 15-min Venturi mask oxygen therapy

33 Already receiving invasive mechanical ventilation

35 Excluded
16 Noninvasive ventilation for ≥12 h prior to evaluation
7 Required urgent endotracheal intubation
4 Lacked informed consent

3 Do-not-intubate order
1 Anatomy that prevented use of helmet or high-flow oxygen
1 Chronic kidney failure requiring urgent dialysis

3 History of chronic respiratory failure or moderate to
severe cardiac insufficiency NYHA >II or left ventricular
ejection fraction <50%

4 Excluded
2 PaO2/FIO2 ratio >200
2 PaCO2 >45 mm Hg

110 With PaO2/FIO2 ratio
≤200 were randomized

1 Excluded due to a new diagnosis of
end-stage pulmonary fibrosis with
do-not-intubate order

1 Had major protocol violationsa 1 Had major protocol violationsa

53 Included in the analysis of patients
successfully treated according to
the study protocol

149 Evaluated for noninvasive respiratory support

55 Randomized to the noninvasive
ventilation helmet group

55 Randomized to the high-flow
nasal oxygen group

54 Included in the analysis of patients
successfully treated according to
the study protocol

54 Completed 60-d follow-up and were
included in the primary analysis

55 Completed 60-d follow-up and were
included in the primary analysis

FIO2 indicates fraction of inspired oxygen; NYHA, New York Heart Association;
PaCO2, partial pressure of arterial carbon dioxide; and PaO2, partial pressure of
arterial oxygen.

a Major protocol violations included crossover between study protocols and
assigned treatment not provided due to any reason.
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covariates on the primary outcome measure and on the oc-
currence of endotracheal intubation. For this purpose, a mixed-
effect modeling including site and time of enrollment as ran-
dom effects and significant covariates (study group and all
demographic variables showing association with the event en-
dotracheal intubation with a P ≤ .05 at the bivariable analy-
sis) as fixed effects was performed.

There were no missing data for the primary, secondary, and
safety end points. There were missing data in the exploratory
end points due to the occurrence of endotracheal intubation
during the initial 48 hours. Because data were not missing at
random but mainly due to the consequence of treatment ef-
fect, we did not perform multiple imputation and excluded
missing values from analysis.

All results with 2-sided P ≤ .05 are considered statisti-
cally significant. Because of the potential for type I error due
to multiple comparisons, findings from analyses on second-
ary end points should be interpreted as exploratory. Statisti-
cal analysis was performed with R Project for Statistical Com-
puting (version 4.0.4).

Results
Between October 13 and December 13, 2020, a total of 182 pa-
tients were admitted to the 4 participating intensive care units
due to acute hypoxemic respiratory failure; among 149 spon-
taneously breathing patients, 110 were eligible for inclusion in
the study and underwent randomization (Figure 2). Fifty-
five patients were assigned to each group. After secondary ex-
clusion of 1 patient who had a newly diagnosed end-stage pul-
monary fibrosis with do-not-intubate order, 109 patients were
included in the follow-up and in the primary analysis.

Two patients showed major protocol violations: 1 patient
received noninvasive ventilation despite being assigned to the
high-flow nasal oxygen group, and 1 patient did not receive hel-
met noninvasive ventilation because of ventilator unavailabil-
ity; 107 patients were included in the prespecified secondary
analysis on patients who did not show protocol violations.

The characteristics of the patients at enrollment are dis-
played in Table 1. Results of the primary analysis on all ran-
domized patients are reported in Table 2. Results of the pre-
specified secondary analysis are reported in eTable 1 in
Supplement 3.

Characteristics at Inclusion
All randomized patients had confirmed molecular diagnosis
of COVID-19 (positive real-time polymerase chain reaction for
viral RNA performed on an upper or lower respiratory tract
specimen). While receiving oxygen therapy with a Venturi mask
before randomization, their median PaO2/FIO2 ratio was 102 (in-
terquartile range [IQR], 82-125) and the median respiratory rate
was 28 breaths/min (IQR, 24-32).

Treatments
In the helmet group, noninvasive ventilation was delivered con-
tinuously in the first 48 hours or until intubation in 49 pa-
tients (91%); 2 patients (4%) did not undergo continuous treat-

ments but received helmet noninvasive ventilation for at least
16 hours in each of the first 2 days. Two patients (4%) could
not tolerate the interface and interrupted noninvasive venti-
lation without receiving 16 hours per day of treatment. One pa-
tient did not receive noninvasive ventilation despite assign-
ment to this group.

Helmet noninvasive ventilation was delivered with a me-
dian positive end-expiratory pressure of 12 cm H2O (IQR, 10-
12) and a median pressure support of 10 cm H2O (IQR, 10-12)
(eFigure 1 in Supplement 3).

In the high-flow nasal oxygen group, treatment was deliv-
ered continuously for 48 hours or until intubation in 48 pa-
tients (87%). Six patients improved and were successfully
weaned to the Venturi mask before 48 hours, none of whom re-
quired endotracheal intubation afterwards. One patient stopped
receiving high-flow nasal oxygen and received noninvasive ven-
tilation. A median flow of 60 L/min (IQR, 60-60) was initially
applied to all patients (eFigure 1 in Supplement 3).

Continuous infusion of sedative/analgesic drugs was ad-
ministered to 20 patients (37%) in the helmet group and in 10
patients (18%) in the high-flow nasal oxygen group. Over the
initial 48 hours of treatment, the mean (SD) FIO2 used in the
helmet and high-flow nasal oxygen groups were 0.54 (0.12) and
0.58 (0.9), respectively. As per clinical decision, 32 patients
(60%) in the high-flow nasal oxygen group vs 0 in the helmet
group underwent prone position.

Primary Outcome
The median days free of respiratory support within 28 days af-
ter randomization were 20 (IQR, 0-25) in the helmet group and
18 (IQR, 0-22) in the high-flow nasal oxygen group, a differ-
ence that was not statistically significant (P = .26). The mean
(SD) days free of respiratory support at 28 days in the groups
were 15 (11) and 13 (11), respectively (mean difference, 2 days
[95% CI, −2 to 6]).

Secondary Outcomes
Of 9 prespecified secondary end points, 7 showed no signifi-
cant difference between groups.

Forty-four patients required endotracheal intubation within
28 days after randomization. The decision to intubate the pa-
tients was deemed adherent to the predefined criteria of the pro-
tocol by the independent experts for all but 1 patient.

The rate of endotracheal intubation was significantly lower
in the helmet group than in the high-flow nasal oxygen group:
30% vs 51%, with an absolute risk reduction of 21% (95% CI,
3%-38%) and an unadjusted odds ratio of 0.41 (95% CI, 0.18-
0.89; P = .03) (Table 2 and Figure 3).

The median numbers of days free of invasive ventilation
within 28 days from enrollment were 28 (IQR, 13-28) in the hel-
met group vs 25 (IQR, 4-28) in the high-flow nasal oxygen
group, a difference that was statistically significant (mean dif-
ference, 3 days [95% CI, 0-7]; P = .04).

Safety End Points
The median time between enrollment and intubation was 29
hours (IQR, 8-71) in the helmet group and 21 hours in the high-
flow nasal oxygen group (IQR, 4-65), a difference that was not
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statistically significant (mean difference, −7 hours [95% CI, −60
to 46]; P = .45) (Table 2).

No patient required emergency intubation in the study
cohort.

Among the prespecified causes that led to endotracheal
intubation, patients in the helmet group showed significantly
lower incidence of hypoxemia (28% vs 49%; absolute differ-

ence, −21% [95% CI, −38% to −3%]; odds ratio, 0.40 [95% CI,
0.18-0.88]; P = .03), worsening or unbearable dyspnea (17%
vs 45%; absolute difference, −29% [95% CI, −44% to −11%];
odds ratio, 0.24 [95% CI, 0.10-0.59]; P = .002), and signs of
respiratory muscle fatigue (24% vs 44%; absolute difference,
−20% [95% CI, −36% to −2%]; odds ratio, 0.41 [95% CI, 0.18-
0.93]; P = .04).

Table 1. Characteristics of Patients at Baseline, According to Study Group

Characteristic

No. (%)
Helmet noninvasive
ventilation
(n = 54)

High-flow
nasal oxygen
(n = 55)

Age, median (IQR), y 66 (57-72) 63 (55-69)

Sex

Female 12 (22) 9 (16)

Male 42 (77) 46 (84)

Body mass index, median (IQR)a 27 (26-30) 28 (26-31)

Most relevant comorbiditiesb

Hypertension 24 (44) 33 (60)

Type 2 diabetes 13 (24) 10 (18)

Smoking 5 (9) 11 (20)

Immunocompromised state 3 (6) 5 (9)

Recent chemotherapy 2 (4) 0

HIV 1 (2) 1 (2)

Immunosuppressor therapy–kidney transplant 0 2 (4)

Acute myeloid leukemia 0 1 (2)

Ulcerative colitis–immunosuppressor therapy 0 1 (2)

History of cancer 4 (8) 0

Neurologic conditions 0 2 (4)

Autism spectrum disorders 0 1 (2)

Alzheimer disease 0 1 (2)

Duration before enrollment, median (IQR)

Hospital stay, d 2 (1-3) 2 (0-3)

Intensive care unit, h 1 (0-3) 1 (0-2)

Heart rate at enrolment, beats/min 75 (65-87) 80 (70-90)

Arterial pressure at enrollment,
median (IQR), mm Hgc

Systolic 130 (125-150) 138 (126-152)

Mean 92 (84-101) 91 (80-102)

Diastolic 70 (63-75) 70 (61-90)

Dyspnea at enrollmentd 4 (2-7) 4 (1-6)

Device-related discomfort at enrollmentd 0 (0-4) 0 (0-1)

Respiratory rate at enrollment, breaths/min 28 (24-32) 28 (23-32)

Arterial blood gases at enrollment,
median (IQR)

PaO2/FIO2 ratio 105 (83-125) 102 (80-124)

pH 7.47 (7.45-7.49) 7.46 (7.45-7.48)

PaCO2, mm Hg 34 (31-37) 34 (32-37)

Hypoxemia severity at enrollment

PaO2/FIO2 ratio ≤100 26 (48) 27 (49)

Bilateral infiltrates on enrollment chest x-raye 54 (100) 55 (100)

Concomitant medications

Dexamethasone 54 (100) 55 (100)

Remdesivir 44 (81) 45 (81)

SAPS II, median (IQR)f 32 (27-35) 29 (24-34)

SOFA score at enrollment, median (IQR)g 2 (2-3) 2 (2-3)

Abbreviations: FIO2, fraction of
inspired oxygen; IQR, interquartile
range; PaCO2, partial pressure of
arterial carbon dioxide; PaO2, partial
pressure of arterial oxygen;
SAPS, Simplified Acute Physiology
Score; SOFA, Sequential Organ
Failure Assessment.
a Calculated as weight in kilograms

divided by height in meters
squared.

b Medical history was obtained from
the patient and the medical record.

c Mean arterial blood pressure was
obtained integrating the invasive
arterial blood pressure curve.

d Dyspnea and discomfort were
assessed through visual analog
scales adapted for intensive care
unit patients ranging from 0 to 10.

e All patients received chest x-ray the
day of enrollment.

f SAPS II was calculated from 17
variables at enrollment, information
about previous health status, and
information obtained at admission.
Scores range from 0 to 163, with
higher scores indicating more
severe disease.

g SOFA score was calculated from 6
variables at enrollment, information
about previous health status, and
information obtained at admission.
Scores range from 0 to 24, with
higher scores indicating more
severe disease.
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Table 2. Primary and Secondary Outcomes, According to Study Group

Outcome

No. (%)
Absolute
or mean difference
(95% CI)b

Odds ratio
(95% CI) P valuec

Helmet noninvasive
ventilation
(n = 54)a

High-flow
nasal oxygen
(n = 55)a

Primary outcome

Respiratory support–free days,
median (IQR)d

20 (0 to 25) 18 (0 to 22) 2 (−2 to 6) .26

Secondary outcomes

Intubation within 28 d from enrollment 16 (30) 28 (51) −21 (−38 to −3) 0.41 (0.18 to 0.89) .03

Intubation within 28 d from enrollment,
after adjudication of intubation criteria
by external experts

15 (28) 28 (51) −23 (−39 to −5) 0.37 (0.17 to 0.82) .02

Invasive ventilation–free days,
median (IQR)

28 d 28 (13 to 28) 25 (4 to 28) 3 (0 to 7) .04

60 d 60 (43 to 60) 57 (19 to 60) 6 (−3 to 15) .07

Mortality

28 d 8 (15) 10 (18) −3 (−17 to 11) 0.78 (0.28 to 2.16) .80

60 d 13 (24) 12 (22) 2 (−13 to 18) 1.14 (0.46 to 2.78) .82

In–intensive care unit mortality 11 (20) 14 (25) −5 (−21 to 11) 0.75 (0.30 to 1.84) .65

In-hospital mortalitye 13 (24) 14 (25) −1 (−17 to 15) 0.93 (0.39 to 2.22) >.99

Duration of stay, median (IQR), d

Intensive care unit 9 (4 to 17) 10 (5 to 23) −6 (−13 to 1) .22

Hospital 21 (14 to 30) 22 (13 to 44) −6 (−14 to 1) .47

Safety end points

Hours to intubation, median (IQR) 29 (8 to 71) 21 (4 to 65) −7 (−60 to 46) .45

Need for emergency intubation 0 0 >.99

Causes of endotracheal intubation

Hypoxemiaf 15 (28) 27 (49) −21 (−38 to −3) 0.40 (0.18 to 0.88) .03

Signs of respiratory muscles fatigue 13 (24) 24 (44) −20 (−36 to −2) 0.41 (0.18 to 0.93) .04

Intolerance to treatment 11 (20) 5 (9) 11 (−2 to 25) 2.56 (0.82 to 7.94) .11

Worsening or unbearable dyspnea 9 (17) 25 (45) −29 (−44 to −11) 0.24 (0.10 to 0.59) .002

SpO2 <90% for >5 ming 9 (17) 23 (42) −25 (−40 to −8) 0.28 (0.11 to 0.68) .006

Altered mental status 1 (2) 1 (2) 0 (−8 to 8) 1.02 (0.06 to 17) >.99

Shock 1 (2) 1 (2) 0 (−8 to 8) 1.02 (0.06 to 17) >.99

Hypercapnia 1 (2) 0 2 (−5 to 10) .49

Inability to clear secretions 1 (2) 0 2 (−5 to 10) .49

Exploratory end points

Intensive care unit–acquired infectiong 17 (31) 22 (40) −9 (−26 to 9) 0.69 (0.31 to 1.52) .43

Ventilator-associated pneumonia 14 (26) 18 (33) −7 (−23 to 10) 0.72 (0.31 to 1.65) .53

Septic shock 12 (22) 19 (34) −12 (−28 to 5) 0.54 (0.23 to 1.27) .20

Tracheostomy 4 (7) 11 (20) −13 (−26 to 1) 0.32 (0.1 to 1.08) .09

Acute kidney injury requiring
kidney replacement therapy

4 (7) 8 (14) −7 (−20 to 5) 0.47 (0.13 to 1.66) .36

Barotraumah 2 (4) 7 (13) −9 (−21 to 2) 0.26 (0.05 to 1.33) .16

Pneumothorax 2 (4) 4 (7) −4 (−14 to 6) 0.49 (0.09 to 2.80) .70

Subcutaneous emphysema 0 5 (9) −9 (−20 to −1) .06

Upper limber vein thrombosis 1 (2) 0 2 (−5 to 10) .49

Extracorporeal membrane oxygenation 0 3 (5) −5 (−15 to 2) .24

Liver failure 0 2 (4) −4 (−12 to 4) .49

Abbreviations: IQR, interquartile range; SpO2, peripheral oxygen saturation as
measured by pulse oximetry.
a Comparisons between groups for qualitative variables were by χ2 or Fisher

exact test, as appropriate in agreement with tests assumptions. All the
calculations were unadjusted. There were no missing data.

b For median (IQR), statistical calculation is for difference in means (95% CI).
c For quantitative variables, P values refer to the Fisher exact test.

d Invasive or noninvasive mechanical ventilation and high-flow nasal oxygen.
e One patient was discharged from hospital but died on readmission.
f Worsening or nonimproving hypoxemia, assessed with PaO2/FIO2.
g Investigator reported.
h Subcategories are not mutually exclusive and may not sum to the

category total.
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Exploratory End Points
Over the initial 48 hours of treatment, oxygenation and dys-
pnea were improved in the helmet group, while device-
related discomfort and PaCO2 were lower in the high-flow na-
sal oxygen group (Figure 4; eTable 2 in Supplement 3).

The mean (SD) PaO2/FIO2 in the helmet group was 188 (73)
vs 138 (46) in the high-flow nasal oxygen group (mean differ-
ence, 59 [95% CI, 39-61]; P < .001), dyspnea rated on a visual
analog scale was 1.9 (2) in the helmet group vs 2.5 (2.2) in the
high-flow nasal oxygen group (mean difference, −0.5 [95% CI,
−1 to −0.2]; P = .003), discomfort rated on a visual analog scale
was 3.7 (3.1) in the helmet group vs 1.8 (2.4) in the high-flow
nasal oxygen group (mean difference, 1.9 [95% CI, 1.4-2.5];
P < .001), and PaCO2 was 36 (5) mm Hg in the helmet group vs
35 (4) mm Hg in the high-flow nasal oxygen group (mean dif-
ference, 1 [95% CI, 0-2]; P < .001).

There were no statistically significant differences in any
of the other analyzed exploratory outcomes (Table 2).

Secondary and Post Hoc Analyses
In the prespecified secondary analysis that excluded 2 pa-
tients with major protocol deviations, the primary outcome of
number of days free of respiratory support within 28 days af-
ter randomization was not statistically different between the
study groups (mean difference, 2 days [95% CI, −2 to 6];
P = .25).

After the exclusion of the single patient for whom intuba-
tion was deemed not adherent to the prespecified criteria of
the protocol by the external expert review, the difference in
the rate of endotracheal intubation remained significant (28%
vs 51%; absolute risk reduction, 23% [95% CI, 5%-39%]; un-
adjusted odds ratio, 0.37 [95% CI, 0.17-0.82]; P = .02).

In a post hoc multivariable analysis with adjustment for
site, time of randomization, Simplified Acute Physiology Score
II, Sequential Organ Failure Assessment, and PaO2/FIO2 at in-
clusion, the number of days free of respiratory support at 28
days remained not significantly different between groups, with

an adjusted mean difference of −3 days (95% CI, −6 to 1; P = .12).
For the secondary outcome of endotracheal intubation, the re-
sults remained statistically significant, with an adjusted odds
ratio for intubation for the helmet group of 0.27 (95% CI, 0.10-
0.70; P = .02).

Discussion
In this randomized, multicenter, open-label clinical trial con-
ducted in patients admitted to the intensive care unit with
COVID-19 and moderate to severe hypoxemic respiratory fail-
ure, treatment with helmet noninvasive ventilation did not re-
sult in significantly fewer days of respiratory support at 28 days
from randomization as compared with high-flow nasal oxy-
gen alone.

Among 9 prespecified secondary outcomes, 7 showed no
significant differences between groups. Treatment with helmet
noninvasive ventilation was associated with a significantly
lower rate of endotracheal intubation and increased invasive
ventilation–free days on a 28-day basis. During treatments, pa-
tients receiving helmet noninvasive ventilation showed im-
proved oxygenation and dyspnea, while device-related dis-
comfort and PaCO2 were lower in patients undergoing high-
flow nasal oxygen.

Face-mask noninvasive ventilation has been proposed for
the management of hypoxemic respiratory failure, with con-
flicting results.4,20,25-31 Thus, recent guidelines have been un-
able to provide conclusive recommendations on the use of face-
mask noninvasive ventilation in patients with hypoxemia,1

while the use of high-flow nasal oxygen was encouraged.8

Helmet noninvasive ventilation has been advocated as an
alternative for the noninvasive support of patients with
hypoxemia.10,12 Use of the helmet interface allows delivery of
high positive end-expiratory pressure levels for prolonged
treatments with good tolerability, which improves oxygen-
ation and may prevent the occurrence of lung injury when
spontaneous breathing is maintained.13,14,32 In spontane-
ously breathing patients with hypoxemia, high positive end-
expiratory pressure increases functional residual capacity and
reduces inspiratory effort, tidal volume, and ventilatory
inhomogeneity.13 This may aid successful management of pa-
tients with severe hypoxemic respiratory failure, in whom treat-
ment with helmet noninvasive ventilation has been proven to
improve oxygenation and reduce inspiratory effort as com-
pared with high-flow nasal oxygen.15 Inspiratory effort relief
and improvement of hypoxemia are associated with avoid-
ance of intubation during noninvasive support.15,33-35

In previous randomized trials, both helmet noninvasive
ventilation and high-flow nasal cannula have been shown to
reduce intubation rate and improve survival in patients with
most severe hypoxemia compared with noninvasive ventila-
tion sessions delivered through face mask.10,19 To our knowl-
edge, this is the first randomized trial comparing helmet non-
invasive ventilation and high-flow nasal oxygen in patients with
hypoxemic respiratory failure.

In this study, treatment with helmet noninvasive ventila-
tion did not result in a reduced duration of respiratory support,

Figure 3. Cumulative Incidence of Intubation Over Time in the Helmet
Noninvasive Ventilation and High-Flow Nasal Oxygen Groups to Day 28
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The hazard ratio for endotracheal intubation in the helmet noninvasive
ventilation is 0.49 (95% CI, 0.27-0.89). Follow-up was completed to 60 days
after randomization for all patients.
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but was associated with improved oxygenation and dyspnea,
reduced rate of endotracheal intubation, and increased days

free of invasive ventilation at 28 days from randomization.
These results indicate that noninvasive respiratory support

Figure 4. Physiologic Variables Over the First 48 Hours in the Helmet Noninvasive Ventilation and High-Flow Nasal Oxygen Groups

High-flow nasal
oxygen

Helmet noninvasive
ventilation

400

300

200

100

0

Pa
O

2/
FI

O
2

Hours from enrollment

PaO2/FIO2A

0

54

55

1

53

53

6

48

46

12

49

45

24

48

38

48

46

35

No. at risk
Helmet noninvasive
ventilation
High-flow nasal oxygen

60

50

40

30

20

Pa
CO

2,
 m

m
 H

g

Hours from enrollment

PaCO2B

0

53

55

1

53

52

6

48

46

12

49

45

24

48

38

48

46

36

No. at risk
Helmet noninvasive
ventilation
High-flow nasal oxygen

50

60

40

30

20

10

0

Re
sp

ira
to

ry
 ra

te
, b

re
at

hs
/m

in

Hours from enrollment

Respiratory rateC

0

52

53

1

48

55

6

45

44

12

46

42

24

44

37

48

42

34

No. at risk
Helmet noninvasive
ventilation
High-flow nasal oxygen

10

8

6

4

2

0

VA
S 

di
sc

om
fo

rt

Hours from enrollment

VAS discomfortD

0

47

48

1

54

49

6

43

45

12

44

46

24

36

45

48

32

43

No. at risk
Helmet noninvasive
ventilation
High-flow nasal oxygen

10

8

6

4

2

0

VA
S 

dy
sp

ne
a

Hours from enrollment

VAS dyspneaE

0

47

48

1

55

49

6

43

46

12

45

46

24

37

45

48

33

43

No. at risk
Helmet noninvasive
ventilation
High-flow nasal oxygen

P <.001

P = .82

P = .003

P = .008

P <.001

Patients were censored from the analysis after intubation. Comparisons
between groups were performed with 1-way analysis of variance. Box plots are
shown where the middle line represents the median observed value, boxes
represent the interquartile range, whiskers extend to the most extreme

observed values with 1.5 times the interquartile range of the nearer quartile, and
dots represent observed values outside that range. The plus signs indicate
mean values. VAS indicates visual analog scale.
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with helmet noninvasive ventilation did not directly affect the
disease process and the duration of the need for respiratory
support, but enabled successful noninvasive management with
avoidance of intubation in a greater proportion of patients.

The rate of endotracheal intubation during high-flow
nasal oxygen in the cohort was close to that reported by other
investigators in patients with severe COVID-19.36,37 The
results largely confirmed the data of a recent systematic
meta-analysis on acute hypoxemic respiratory failure from
heterogeneous causes that suggested a reduction in the intu-
bation rate with helmet noninvasive ventilation when com-
pared with high-flow nasal oxygen.11 Avoidance of intubation
appears of paramount importance to prevent the complica-
tions related to invasive mechanical ventilation, sedation,
delirium, and paralysis.38,39 Also, successful management of
patients with hypoxemia without endotracheal intubation
allows more efficient resource allocation in the intensive care
unit, especially in the context of the COVID-19 pandemic.6

High-flow nasal oxygen is recommended as first-line inter-
vention for patients with hypoxemia8: the data from this trial
indicate that an early trial with helmet noninvasive ventila-
tion may possibly benefit patients with most severe oxygen-
ation impairment.

Importantly, in this study, strict monitoring of patients and
well-specified criteria for defining treatment failure were used,
possibly limiting the occurrence of delays in the decision to
intubate the patients. Monitoring of patients receiving non-
invasive support during acute hypoxemic respiratory failure
remains of paramount importance not to delay endotracheal
intubation and protective ventilation.9

The study has several strengths: the randomized multi-
center design with reproducible enrollment criteria, well-
defined treatment protocols that can be applied in other in-
tensive care units, strict prespecified criteria for defining the
need for endotracheal intubation, and a process of external vali-

dation by 3 independent experts to verify the adherence to such
criteria for intubated patients.

Limitations
This study has several limitations. First, the limited sample could
have made the study underpowered to detect small differ-
ences between groups in the primary end point. Second, hel-
met noninvasive ventilation has been applied continuously for
at least 48 hours with high positive end-expiratory pressure and
relatively low pressure support in centers with expertise with
this technique. Use of this technique with different ventilator
settings, with nonadequate personnel expertise, and/or in in-
termittent sessions may not provide the same benefits ob-
served in our study. Third, the use of awake prone positioning
was not standardized and occurred more frequently in pa-
tients in the high-flow nasal oxygen group, as per clinical deci-
sion: this does not alter, and could even strengthen, the signifi-
cance of the results on endotracheal intubation because prone
positioning could have optimized the perceived benefit by high-
flow oxygen.18 Fourth, all enrolled patients were affected by
COVID-19, and the results, despite being physiologically sound
and consistent with the most recent literature on acute hypox-
emic respiratory of other ethiologies,11 may not fully be gener-
alizable to hypoxemic respiratory failure due to other causes.18

Conclusions
Among patients with COVID-19 and moderate to severe hy-
poxemia, treatment with helmet noninvasive ventilation, com-
pared with high-flow nasal oxygen, resulted in no significant
difference in the number of days free of respiratory support
within 28 days. Further research is warranted to determine ef-
fects on other outcomes, including the need for endotracheal
intubation.
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