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Abstract 

Purpose: To evaluate whether helmet noninvasive ventilation compared to usual respiratory support reduces 180‑
day mortality and improves health‑related quality of life (HRQoL) in patients with acute hypoxemic respiratory failure 
due to COVID‑19 pneumonia.

Methods: This is a pre‑planned follow‑up study of the Helmet‑COVID trial. In this multicenter, randomized clini‑
cal trial, adults with acute hypoxemic respiratory failure (n = 320) due to coronavirus disease 2019 (COVID‑19) were 
randomized to receive helmet noninvasive ventilation or usual respiratory support. The modified intention‑to‑treat 
population consisted of all enrolled patients except three who were lost at follow‑up. The study outcomes were 180‑
day mortality, EuroQoL (EQ)‑5D‑5L index values, and EQ‑visual analog scale (EQ‑VAS). In the modified intention‑to‑
treat analysis, non‑survivors were assigned a value of 0 for EQ‑5D‑5L and EQ‑VAS.

Results: Within 180 days, 63/159 patients (39.6%) died in the helmet noninvasive ventilation group compared 
to 65/158 patients (41.1%) in the usual respiratory support group (risk difference − 1.5% (95% confidence interval 
[CI] − 12.3, 9.3, p = 0.78). In the modified intention‑to‑treat analysis, patients in the helmet noninvasive ventilation and 
the usual respiratory support groups did not differ in EQ‑5D‑5L index values (median 0.68 [IQR 0.00, 1.00], compared 
to 0.67 [IQR 0.00, 1.00], median difference 0.00 [95% CI − 0.32, 0.32; p = 0.91]) or EQ‑VAS scores (median 70 [IQR 0, 93], 
compared to 70 [IQR 0, 90], median difference 0.00 (95% CI − 31.92, 31.92; p = 0.55).
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Conclusions: Helmet noninvasive ventilation did not reduce 180‑day mortality or improve HRQoL compared to 
usual respiratory support among patients with acute hypoxemic respiratory failure due to COVID‑19 pneumonia.

Keywords: Acute hypoxemic respiratory failure, COVID‑19, Helmet, Noninvasive ventilation, High‑flow nasal oxygen, 
Quality of life

Introduction

The impact of acute hypoxemic respiratory failure 
due to coronavirus disease 2019 (COVID-19) extends 
beyond its short-term clinical outcomes, such as 
in-hospital morbidity and mortality. Survivors may 
continue to have poor health-related quality of life 
(HRQoL) for months after discharge [1–3]. Studies 
have demonstrated that patients with acute hypoxemic 
respiratory failure who were managed with invasive 
mechanical ventilation had decreased HRQoL [4–6]. 
However, the effect of noninvasive respiratory support 
on HRQoL is not well studied. This is particularly rel-
evant as noninvasive respiratory support, including 
noninvasive ventilation and high-flow nasal oxygen, 
has increasingly been used during the COVID-19 pan-
demic, with the premise of preventing intubation and 
its sequalae. Noninvasive ventilation delivered through 
a helmet interface has been used in patients with acute 
hypoxemic respiratory failure due to COVID-19 to 
deliver prolonged uninterrupted treatments with high 
positive airway pressure to reduce self-inflicted lung 
injury [7, 8]. However, data on the effect of helmet non-
invasive ventilation are limited to short-term mortality, 
and the effects on long-term mortality and quality of 
life in this population are unclear.

The Helmet-COVID trial evaluated whether helmet 
noninvasive ventilation compared with usual respira-
tory support would reduce 28-day all-cause mortality 
in patients with acute hypoxemic respiratory failure 
due to COVID-19 [9–11] and demonstrated that hel-
met noninvasive ventilation did not significantly reduce 
28-day mortality [11]. In this report, we present the 
180-day mortality and HRQoL results, which were pre-
specified secondary outcome measures of the Helmet-
COVID trial. We hypothesized that helmet noninvasive 
ventilation would reduce 180-day mortality and better 
HRQoL.

Methods
Study settings and populations
The Helmet-COVID trial was an investigator-initiated, 
pragmatic, multicenter randomized controlled trial 
conducted between 8 February 2021 and 16 November 
2021 across seven sites in Saudi Arabia and 1 in Kuwait 

(Table  S1) [9–11]. A priori or deferred written or wit-
nessed verbal consent was obtained from all patients or 
surrogates per local approvals. The trial protocol was 
approved by the Institutional Review Boards in all par-
ticipating sites.

This trial enrolled adult patients admitted to the inten-
sive care unit (ICU) with acute hypoxemic respiratory 
failure (the ratio of arterial oxygen partial pressure to 
fraction of inspired oxygen  (PaO2/FiO2) < 200 despite 
supplemental oxygen with at a flow rate ≥ 10  L/min) 
and suspected or confirmed COVID-19 pneumonia by 
reverse transcription-polymerase chain reaction. Exclu-
sion criteria included prior intubation in the current hos-
pital admission, cardiopulmonary arrest, Glasgow coma 
scale (GCS) of < 12, tracheostomy, upper airway obstruc-
tion, the requirement of > 1 vasopressor to maintain 
mean arterial pressure of > 65  mmHg, imminent intu-
bation, do-not-intubate order, chronic carbon dioxide 
retention  (PaCO2 > 45  mmHg), previous enrollment in 
this trial and heart failure as the primary cause of respira-
tory failure.

Eligible patients were randomly allocated to receive hel-
met noninvasive ventilation or usual respiratory support. 
In the helmet noninvasive ventilation group, pressure 
support was applied through a helmet (Subsalve, Middle-
town, Rhode Island) according to a written protocol, with 
initial settings of pressure support of 8–10  cmH2O, posi-
tive end-expiratory pressure (PEEP) of 10  cmH2O with 
 FiO2 of 1, a flow rate of ≥ 50 L/min, an inspiratory rise 
time of 50 ms and end flow/cycling off of 50% of maximal 
inspiratory flow [9–11]. Interruptions of the helmet were 
avoided or kept at a minimum at least in the first 48  h 
[9–11]. Dexmedetomidine, but not other intravenous 
sedatives or narcotics, was allowed to improve comfort. 
If a patient continued to be intolerant to the helmet, the 
patient was managed according to the usual respiratory 

Take‑home message 

Compared with usual respiratory support, helmet noninvasive ven‑
tilation did not reduce 180‑day mortality or improve health‑related 
quality of life (HRQoL) in critically ill patients with acute hypox‑
emic respiratory failure due to coronavirus disease 2019. Invasive 
mechanical ventilation was an independent predictor of lower 
HRQoL.
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support. In the usual respiratory support group, patients 
were managed according to the clinical practices of each 
site, using mask noninvasive ventilation, high-flow nasal 
oxygen and standard oxygen [9–11].

The results of this analysis are reported per the CON-
SORT Statement PRO Extension (Consolidated Stand-
ards of Reporting Trials, Patient-Reported Outcomes) 
[12]. The modified intention-to-treat population con-
sisted of all enrolled patients in the Helmet-COVID 
trial, except for three who were lost to follow-up for the 
180-day outcomes. The HRQoL population consisted of 
patients who were alive at day 180 and had a response 
to the HRQoL interview. The per-protocol population 
consisted of all randomized patients who received the 
allocated intervention (helmet noninvasive ventilation 
for ≥ 1 h in the helmet noninvasive ventilation group, and 
no helmet noninvasive ventilation in the usual respira-
tory support group).

Data and study outcomes
Collected data are described in the Online Supplemen-
tary Methods. The pre-specified follow-up outcomes 
were all-cause 180-day mortality and HRQoL using 
EQ-5D-5L index values and EQ-VAS [13, 14]. The EQ-
5D-5L questionnaire has five dimensions (mobility, self-
care, usual activities, pain or discomfort, and anxiety/
depression) with five levels of severity (no problems, 
slight problems, moderate problems, severe problems, 
extreme problems); thus describing 3125 possible health 
states [13]. Using a scoring algorithm based on pub-
lic preferences, the EQ- 5D-5L index value is calculated 
and ranges from 1 (perfect health) to values below zero 
(health states valued worse than death with zero defined 
as a state equivalent to death) [14, 15]. Although the EQ-
5D-5L instrument has been used in several patient popu-
lations in Saudi Arabia, there are no validated value sets 
that can be applied to critically ill patients [16]. There-
fore, we calculated the index values based on the United 
States EQ-5D-5L value set [17]. We conducted sensitiv-
ity analyses of EQ-5D-5L index values using France and 
Japan set values in the modified intention-to-treat pop-
ulation. EQ-VAS provides a single global rating of self-
perceived health and has values that range from 0 (worst 
imaginable health) to 100 (best imaginable health) [13].

Procedure
Data regarding vital status at day 180 were obtained 
from medical records and contact with patients or rela-
tives by phone. Shortly after day 180, surviving patients 
were interviewed over the phone by a trained unblinded 
research coordinator using the EQ-5D-5L questionnaire 
as soon as possible. The patients were asked to describe 
the status of each dimension that best described their 

health on that day. If a patient could not provide answers, 
the next of kin was interviewed on behalf of the patient. 
Interviewers could make several attempts following day 
180 to establish contact.

Statistical analysis
Continuous data were expressed as means with standard 
deviations or medians with interquartile ranges (IQR), 
according to normality distribution. Categorical data 
were expressed as numbers and percentages. We did not 
impute for missing values and did not correct for multi-
ple testing. Post hoc sample size calculation is provided 
in the Online Supplementary Methods. A p < 0.05 was 
considered statistically significant, and analyses were 
conducted using SAS software, version 9.4 (SAS Institute, 
Cary, NC, USA).

We reported baseline characteristics, interventions and 
co-interventions in the two groups among non-survivors 
and survivors by day 180 (HRQoL population).

In the modified intention-to-treat population, we com-
pared 180-day mortality between the two groups using 
Chi-square test and reported the results as risk differ-
ence with 95% confidence interval (CI). We compared 
the time-to-death distributions between the two groups 
using Kaplan–Meier curves and log-rank tests.

In the modified intention-to-treat population, HRQoL 
population and per-protocol population, we used Mann–
Whitney U test to compare the index values of EQ-5D-5L 
and EQ-VAS at 180 days of enrollment between the two 
groups. Quantile regression was used to calculate the 
median difference and 95% CI. In the HRQoL population, 
we used chi-square test or the Freeman-Halton extension 
of Fisher’s exact test to compare the distributions of indi-
vidual dimension levels of EQ-5D-5L between the two 
groups.

We conducted a post hoc analysis comparison between 
intubated and non-intubated patients. We conducted a 
post hoc multivariable analysis evaluating the predic-
tors of EQ-5D-5L and EQ-VAS at 180 days in the HRQoL 
population with the following covariates: receipt of hel-
met noninvasive ventilation, sex, acute physiology and 
chronic health evaluation (APACHE) II score, intubation, 
age,  PaO2/FiO2 ratio at baseline and receipt of dexme-
detomidine. Because both intubation and dexmedetomi-
dine were post-randomization variables, we conducted 
a similar analysis restricted to day 28-survivors in the 
modified intention-to-treat population.

Results
Of the 320 patients enrolled in the Helmet-COVID trial, 
the modified intention-to-treat population consisted of 
317 patients with available 180-day outcomes (3 patients 
were lost to follow-up and had no data for mortality and 
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HRQoL), and the HRQoL population consisted of 189 
patients who survived to day 180 and all had HRQoL data 
(Online Supplement, Fig. S1 and Table  S2). Patients in 
the HRQoL population were interviewed for EQ-5D-5L 
and EQ-VAS at a median of 186  days (IQR 182, 207.5) 
after randomization in the helmet noninvasive venti-
lation group and 186  days (IQR 181, 206) in the usual 
respiratory support group. The HRQoL questionnaire 
was answered by relatives/surrogate decision makers 
for 47/96 (49%) patients in the helmet noninvasive ven-
tilation group and 46/93 (49.5%) in the usual respiratory 
support group.

Baseline characteristics
Among non-survivors by day 180, the baseline charac-
teristics were balanced between the two groups, includ-
ing age [median 64  years (IQR 53, 71) compared with 
64  years (IQR 55, 72)], the prevalence of comorbidities 
(46/63 patients [70%] compared with 52/65 patients 
[80%]) and  PaO2/FiO2 on enrollment (70 mmHg [IQR 58, 
80] compared with 68.8 [55, 96]) (Table 1).

Similarly, among patients who were alive by day 180 
and who were interviewed for HRQoL, the baseline 
characteristics were balanced between the two group, 
including age [median 54 years (IQR 43–62) compared 
with 56 years (IQR 49, 63)], the prevalence of comor-
bidities (62/96 patients [64.6%] compared with 63/93 
patients [67.7%]) and  PaO2/FiO2 on enrollment (77.1 
[IQR 60.5, 98.6] compared with 88.8 [64.3, 114.3]) 
(Table 1).

Interventions and co‑interventions
Among non-survivors by day 180, helmet noninvasive 
ventilation was used in 63/63 patients (100%) in the hel-
met noninvasive ventilation group and 2/65 patients 
(3.1%) in the usual respiratory support group. Co-inter-
ventions, including vasopressors, renal replacement 
therapy, corticosteroids and tocilizumab, were not dif-
ferent between the two groups. Dexmedetomidine infu-
sion during noninvasive respiratory support was used 
in 36/63 patients (57.1%) in the helmet noninvasive res-
piratory support group and 22/65 patients (33.8%) in the 
usual respiratory group (Table 2). Other co-interventions 
are described in Table S3, Online Supplement.

Among patients who were alive by day 180 and were 
interviewed for HRQoL, helmet noninvasive ventilation 
was used in 89/96 patients (92.7%) in the helmet nonin-
vasive ventilation group and in 2/93 patients (2.2%) in 
the usual respiratory support group. Co-interventions, 
including vasopressors, renal replacement therapy, cor-
ticosteroids and tocilizumab, were not different between 
the two groups. Dexmedetomidine infusion during non-
invasive respiratory support was used in 33/96 patients 

(34.4%) in the helmet noninvasive ventilation group and 
18/93 patients (19.4%) in the usual respiratory group 
(Table  2). Other co-interventions are described in 
Table S3, Online Supplement.

Modified intention‑to‑treat analysis
180‑day mortality
In the modified intention-to-treat population, 63/159 
patients (39.6%) died within 180  days in the helmet 
noninvasive ventilation group compared with 65/158 
patients (41.1%) in the usual respiratory support group 
(risk difference − 1.5%, 95% CI − 12.3, 9.3; relative risk 
0.96; 95% CI 0.74, 1.26, p = 0.78). Kaplan–Meier curves 
for mortality showed no difference in time-to-death 
distribution between the two groups (log-rank p = 0.86, 
Fig. 1).

Health‑related quality of life
In the modified intention-to-treat cohort, the EQ-5D-5L 
index value was not different between the helmet non-
invasive ventilation and the usual respiratory support 
groups (median 0.68 [IQR 0.00, 1.00], compared with 0.67 
[IQR 0.00, 1.00], median difference 0.00 [95% CI − 0.32, 
0.32; p = 0.91]) (Table  3 and Fig.  2A). The distributions 
of individual EQ-5D-5L dimension levels were statisti-
cally not different between the two groups (Fig.  2C). 
EQ-VAS value was not different between patients in the 
helmet noninvasive ventilation and the usual respiratory 
support groups (median 70 [IQR 0, 93], compared with 
70 [0, 90], median difference 0 [95% CI − 31.92, 31.92; 
p = 0.55]) (Table 3 and Fig. 2B). Analysis of the per-proto-
col population and sensitivity analyses using France and 
Japan set values in the modified intention-to-treat popu-
lation yielded consistent results (Tables S4 and S5, Online 
Supplement). 

Analysis of the HRQoL population
In the HRQoL population, the EQ-5D-5L index values 
were similar between the helmet noninvasive ventilation 
and usual respiratory support groups (median 0.94 [IQR 
0.72, 1.00], compared with 1 [IQR 0.72, 1.00], median 
difference 0.00 [95% CI − 0.09, 0.09; p = 0.91]) (Table 3). 
Of the patients assigned to helmet noninvasive ventila-
tion and usual respiratory support and were alive by day 
180, 39/96 (40.6%) and 35/93 (37.6%) reported problems 
in mobility, 29/96 (30.2%) and 29/93 (31.2%) reported 
problems in self-care, 34/96 (35.4%) and 35/93 (37.6%) 
reported problems in usual activities, 37/96 (38.5%) 
and 37/93 (39.8%) reported pain or discomfort, 28/96 
(29.2%) and 27/93 (29%) reported anxiety or depres-
sion, respectively. None of the comparisons were statisti-
cally different between the two groups (Table S6, Online 
Supplement).
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In the HRQoL population, the median EQ-VAS for 
patients who received helmet noninvasive ventilation 
versus usual respiratory support was similar (median 
90, IQR 75–100 versus 85, IQR 75–99, respectively; 
median difference 5, 95% CI − 1.33, 11.33; p = 0.46, 
Table  3). In the 180-day survivors, the index values 

were similar between the helmet noninvasive venti-
lation and usual respiratory support groups (median 
0.94, IQR 0.72, 1, versus 1, IQR 0.72, 1, median dif-
ference 0, 95% CI − 0.09, 0.99, 11.33; p = 0.91). 
Analysis in the per-protocol population and sen-
sitivity analyses using France and Japan set values 

Table 1 Baseline characteristics of patients in the helmet noninvasive ventilation and usual respiratory support groups 
in the modified intention‑to‑treat population, which included patients who died by day 180, and the health‑related qual‑
ity of life (HRQoL) population consisting of patients who were alive and responded to the HRQoL questionnaire

BMI body mass index (calculated as weight in kilograms divided by height in meters squared), FIO2 fraction of inspired oxygen, ICU intensive care unit, IQR 
interquartile range, SOFA Sequential [Sepsis-related] Organ Failure Assessment
a Data on comorbidities were obtained from the medical record. Other comorbidities included mild, moderate, or severe liver disease; chronic neurologic disease, 
hemiplegia or paraplegia, or dementia; and AIDS/HIV and rheumatologic diseases. Additional details on baseline characteristics are provided in Table S2 in the Online 
Supplement
b COVID-19 infection was confirmed by polymerase chain reaction test for SARS-CoV-2 from respiratory specimens. No patients received a diagnosis by rapid antigen 
test or solely by clinical criteria. After the results of testing were obtained at enrollment, additional patients were confirmed to have COVID-19, totaling 62 of 63 
(98.4%) in the helmet noninvasive ventilation group and 65 of 65 (100%) in the the usual respiratory support group among non-survivors and additional patients were 
confirmed to have COVID-19, totaling 95 of 96 (99%) in the helmet noninvasive ventilation group and 92 of 93 (98.9%) in the usual respiratory support group among 
survivors
c Standard oxygen included oxygen delivery via any device other than high-flow nasal cannula or noninvasive ventilation regardless of the  FiO2 delivered to the 
patient

Characteristic Non‑survivors by day 180 HRQoL population

Helmet noninvasive 
ventilation (N = 63)

Usual respiratory 
support (N = 65)

Helmet noninvasive 
ventilation (N = 96)

Usual respiratory 
support (N = 93)

Age (years), median (IQR) 64 (53, 71) 64 (55, 72) 54 (43, 62) 56 (49, 63)

Male sex, N (%) 44 (69.8) 34 (52.3) 58 (60.4) 49 (52.7)

BMI (kg/m2), median (IQR) 30.1 (26.8, 33.1) 29.4 (27, 33.2) 30.3 (26.3, 35.7) 30.8 (26.6, 34.8)

APACHE II score, median (IQR) 14 (11, 19) 15 (11, 19) 12 (9, 14) 13 (9, 16)

SOFA score, median (IQR) 3 (2, 4) 3 (2, 4) 2 (2, 3) 2 (2, 3)

Comorbidities, N (%)a

 Any chronic comorbidity 46 (73) 52 (80) 62 (64.6) 63 (67.7)

 Diabetes 38 (60.3) 40 (61.5) 48 (50) 54 (58.1)

 Chronic cardiac disease 32 (50.8) 22 (33.8) 25 (26) 29 (31.2)

 Chronic pulmonary disease 14 (22.2) 6 (9.2) 10 (10.4) 13 (14)

 Chronic renal disease on dialysis 6 (9.5) 6 (9.2) 2 (2.1) 2 (2.2)

 Malignancy 4 (6.3) 4 (6.2) 4 (4.2) 6 (6.5)

Confirmed COVID‑19 at the time of enrollment, N (%)b 61 (96.8) 65 (100) 94 (97.9) 91 (97.8)

Respiratory support at enrollment, N (%)
 High‑flow nasal oxygen 35 (55.6) 28 (43.1) 58 (60.4) 48 (51.6)

 Mask noninvasive ventilation 23 (36.5) 29 (44.6) 22 (22.9) 34 (36.6)

 Standard  oxygenc 5 (7.9) 8 (12.3) 16 (16.7) 11 (11.8)

Respiratory rate, median (IQR), breaths/minute 30 (27, 34) 30 (28, 34) 31.5 (27, 35) 30 (26, 33)

Physiologic parameters before enrollment, median (IQR)
  PaO2 (mmHg) 57 (51, 66) 59 (52, 68) 62 (54, 72) 62 (55, 72)

  FiO2 (%) 80 (70, 100) 80 (60, 100) 80 (65, 100) 70 (60, 90)

  PaO2/FiO2 ratio 70 (58, 80) 68.8 (55, 96) 77.1 (60.5, 98.6) 88.8 (64.3, 114.3)

  PCO2 (mmHg) 36 (31, 39) 35 (31, 39) 35 (32, 39) 36 (32, 39)

  HCO3
− (meq/L) 24.1 (21, 27) 23.7 (22, 25) 24 (22, 26) 24 (22, 26)

 pH 7.43 (7.40, 7.47) 7.43 (7.39, 7.47) 7.44 (7.40, 7.46) 7.43 (7.40, 7.46)

Organ support, N (%)
 Vasopressors 8 (12.7) 2 (3.1) 5 (5.2) 9 (9.7)

 Renal replacement therapy for acute kidney injury 0 1 (1.5) 0 2 (2.2)
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Table 2 Interventions, co‑interventions and outcomes among patients in the helmet noninvasive ventilation and usual 
respiratory support groups

IQR interquartile range, NIV noninvasive ventilation, PEEP positive end-expiratory pressure, ECMO Extracorporeal membrane oxygenation
a All calculations are provided for all patients in each group, with the exception of noninvasive ventilation (helmet or mask noninvasive ventilation) settings, which 
were provided for patients receiving noninvasive ventilation (helmet or mask noninvasive ventilation)
b Dexmedetomidine was used for comfort and to improve compliance; benzodiazepines and other intravenous sedatives were not used
c ICU and hospital length of stay were calculated from the time of randomization to ICU or hospital discharge respectively

Variablea Non‑survivors at 180 days HRQoL respondents

Helmet noninvasive 
ventilation (N = 63)

Usual respiratory 
support (N = 65)

Helmet noninvasive 
ventilation (N = 96)

Usual respiratory 
support (N = 93)

Helmet NIV use during the 28‑day study period

 Number of patients, N (%) 63 (100) 2 (3.1) 89 (92.7) 2 (2.2)

 Total duration of helmet, median (IQR), hours 48 (20, 72) 0 (0, 0) 34 (16, 58) 0 (0, 0)

Noninvasive respiratory support in the first 48 h

 Helmet NIV

  Number of patients, N (%) 63 (100) 1 (1.5) 88 (91.7) 2 (2.2)

  Duration of use (hours), median (IQR) 38 (19, 46) 0 (0, 0) 33 (10.5, 45.3) 0 (0, 0)

 Mask NIV

  Number of patients, N (%) 17 (27) 44 (67.7) 26 (27.1) 65 (69.9)

  Duration of use (hours), median (IQR) 0 (0, 5) 17 (0, 33) 0 (0, 5.5) 12 (0, 24)

 Helmet or mask NIV

  Number of patients, N (%) 63 (100) 44 (67.7) 91 (94.8) 65 (69.9)

  Duration of use (hours), median (IQR), 42 (28, 48) 17 (0, 33) 36 (21.8, 47.5) 12 (0, 25)

 High‑flow nasal oxygen

  Number of patients, N (%) 34 (54) 52 (80) 57 (59.4) 69 (74.2)

  Duration of use (hours), median (IQR) 2 (0, 9) 15.5 (6, 36) 4 (0, 22) 26 (2, 40)

 Standard oxygen

  Number of patients, N (%) 9 (14.3) 9 (13.8) 16 (16.7) 22 (23.7)

  Duration of use (hours), median (IQR) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0)

Noninvasive ventilation settings (via helmet or mask), day 1

 Highest pressure support level,  cmH2O, median (IQR) 8 (8, 10) 8 (0, 10) 8 (6, 10) 8 (0, 10)

 Highest PEEP,  cmH2O, median (IQR) 10 (10, 10) 10 (8, 10) 10 (10, 10) 10 (8, 10)

Co‑interventions during the study period, N (%)

 Vasopressors/Inotropes 50 (79.4) 56 (86.2) 24 (25) 23 (24.7)

 Dexmedetomidine use during noninvasive respiratory  supportb 36 (57.1) 22 (33.8) 33 (34.4) 18 (19.4)

 Awake prone positioning 20 (31.7) 21 (32.3) 22 (22.9) 27 (29)

 Renal replacement therapy 16 (25.4) 16 (24.6) 5 (5.2) 4 (4.3)

 Invasive mechanical ventilation 53 (84.1) 60 (92.3) 22 (22.9) 20 (21.5)

 Duration of invasive mechanical ventilation, median (IQR) 10 (6, 18) 12 (8, 21) 9 (7, 16) 12 (7, 23)

Therapies received during invasive mechanical ventilation, N (%)

 Neuromuscular blocker infusion 37 (58.7) 39 (60) 15 (15.6) 13 (14.0)

 Prone positioning 30 (47.6) 40 (61.5) 11 (11.5) 12 (12.9)

 Recruitment maneuvers 12 (19.0) 8 (12.3) 5 (5.2) 6 (6.5)

 Inhaled nitric oxide 11 (17.5) 8 (12.3) 4 (4.2) 3 (3.2)

 Tracheostomy 6 (9.5) 9 (13.8) 5 (5.2) 7 (7.5)

 ECMO 3 (4.8) 2 (3.1) 1 (1) 0 (0)

COVID‑19 therapeutics, N (%)

 Corticosteroids 63 (100) 65 (100) 96 (100) 93 (100)

 Tocilizumab 45 (71.4) 27 (41.5) 59 (61.5) 53 (57)

ICU length of stay (days)c, median (IQR) 18 (13, 27) 20 (13, 35) 9 (6, 14) 10 (7, 14)

Hospital length of stay (days)c, median (IQR) 20 (14, 32) 21 (13, 35) 17 (10, 25) 14 (10, 22)
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Fig. 1 Kaplan–Meier time‑to‑event curves for mortality in the helmet noninvasive ventilation group and the usual respiratory support group in the 
modified intention‑to‑treat population. All patients were observed to event or 180 days

Table 3 Outcome measures at 180 days among patients in the helmet noninvasive ventilation and usual respiratory sup‑
port groups

EQ-5D-5L EuroQol, 5 dimensions, 5 levels, IQR interquartile range, SD standard deviation, VAS visual analog scale

Helmet noninvasive  
ventilation (N = 159)

Usual respiratory  
support (N = 158)

Risk difference or median  
difference (95%, CI)

p value

Intention‑to‑treat analysis
 Death by 180 days, n/N (%) 63/159 (39.6) 65/158 (41.1)  − 1.5 (− 12.3, 9.3) 0.78

 EQ‑5D‑5L index values

  Median (IQR) 0.68 (0, 1) 0.67 (0, 1) 0.00 (− 0.32, 0.32) 0.91

  Mean ± SD 0.52 ± 0.44 0.5 ± 0.45 – –

 EQ‑VAS

  Median (IQR) 70 (0, 93) 70 (0, 90) 0.00 (− 31.92, 31.92) 0.55

  Mean ± SD 51.3 ± 43.29 49.1 ± 42.97 – –

Analysis of the HRQoL population
 EQ‑5D‑5L index values

  Median (IQR) 0.94 (0.72, 1) 1 (0.72, 1) 0.00 (− 0.09, 0.09) 0.91

  Mean ± SD 0.85 ± 0.18 0.85 ± 0.21 – –

 EQ‑VAS

  Median (IQR) 90 (75, 100) 85 (75, 99) 5.00 (− 1.33, 11.33) 0.46

  Mean ± SD 85 ± 14.93 83.4 ± 16.04 – –
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yielded consistent results (Tables S4 and S5, Online 
Supplement).

In the HRQoL population, the multivariable analysis 
demonstrated that helmet noninvasive ventilation com-
pared with usual respiratory support was not associated 
with a difference in EQ-5D-5L index values (median 
difference 0.0, 95% CI − 0.06, 0.06; p > 0.99), while intu-
bation was independently associated with reduced 
EQ-5D-5L index values (median difference − 0.21, 95% 
CI − 0.26, − 0.15; p < 0.0001). Helmet noninvasive ven-
tilation compared with usual respiratory support was 
not associated with a difference in EQ-VAS (median 
difference 0.5, 95% CI − 3.9, 4.9; p = 0.82, while intuba-
tion (median difference − 11.68, 95% CI − 16.41, − 6.92; 
p < 0.0001) and the use of dexmedetomidine (median 
difference − 7.88, 95% CI − 13.33, − 2.34; p = 0.006) were 
independently associated with reduced EQ-VAS. Multi-
variable analysis including 28-day survivors in the modi-
fied intention-to-treat analysis demonstrated similar 
results (Table S7, Online Supplement).

Post hoc analysis of intubated versus non‑intubated 
patients
Additional post hoc analyses comparing intubated and 
non-intubated patients in the modified intention-to-treat 
and HRQoL populations are provided in Table  S8. The 
EQ-5D-5L index value and EQ-VAS were significantly 
lower in intubated compared with non-intubated patients 
in the modified intention-to-treat population (median 0, 
IQR 0, 0.42, versus 1, IQR 0.72, 1; p < 0.0001, and 0, IQR 
0, 50 versus 90, IQR 75, 100; p < 0.0001), and HRQoL 
population (median 0.70, IQR 0.64, 0.85, versus 1, IQR 
0.81, 1; p < 0.0001, and median 80, IQR 60, 85 versus 90, 
IQR 80, 100; p < 0.0001; Fig. 2D, E and Table S8). Distri-
butions of individual EQ-5D-5L dimension levels among 
the HRQoL population in intubated and non-intubated 
patients showed that patients who were intubated 
patients had lower levels for all dimensions (p < 0.0001, 
Table S9).

Discussion
In this multicenter randomized clinical trial of patients 
with acute hypoxemic respiratory failure due to COVID-
19, we observed no statistically significant differences in 
mortality or HRQoL at 180 days among patients assigned 
to the helmet noninvasive ventilation versus usual respir-
atory support. The results are consistent with the study 
outcomes observed at the 28-day follow-up.

Several studies have examined HRQoL after severe 
COVID-19, and the results differed according to the 
studied populations. The EQ-5D-5L index values and 
EQ-VAS in our study are comparable to those observed 

in COVID STEROID 2 trial (dexamethasone 12  mg 
versus 6  mg in patients with COVID-19). Among the 
6-month survivors of the COVID STEROID 2 trial 
(n = 574, median age 61 years), median EQ-5D-5L index 
values were 0.93 (IQR 0.81, 1) and 0.92 (IQR 0.77, 1), 
respectively, and EQ-VAS scores were 80 (IQR 65, 95) 
and 80 (IQR 65, 90), respectively [18]. Our study reports 
HRQoL that are higher than what has been reported in 
observational studies, probably reflecting patient selec-
tion. For example, patients were enrolled in our trial 
if they were able to follow instructions and excluded if 
they had a Glasgow coma scale < 12, tracheostomy, do-
not-intubate orders or chronic carbon dioxide reten-
tion. These eligibility criteria would lead to the selection 
of a healthier and generally younger population than 
observed in observational studies, which usually have 
limited selection criteria. For example, a multicenter 
prospective study in Spain of survivors from COVID-19 
ARDS (n = 91, mean age 65.5 years) found that the EQ-
VAS at 180  days was 66.4 ± 18.3 and EQ-5D-5L index 
value 0.71 ± 0.25 [4]. The prospective multicenter post-
hospitalization COVID-19 (PHOSP-COVID) cohort 
study (2320 participants from the United Kingdom, mean 
age 58.7 years) found that median EQ-5D-5L index value 
at 5 months to be 0.74 (IQR 0.64, 0.88) [5]. A prospec-
tive study from Italy (n = 205, age 64.5 years) found that 
COVID-19 critically ill survivors had reduced EQ-5D-5L 
index values and EQ-VAS score at 6 months [6].

The effect of noninvasive respiratory support for the 
acute management of respiratory failure on HRQoL is 
not well studied. A systematic review included two stud-
ies that evaluated HRQoL in 134 patients with do-not-
intubate status who received noninvasive ventilation 
for acute respiratory failure and found that HRQoL was 
not reduced compared with baseline in survivors [19]. A 
single-center randomized clinical trial in patients with 
non-COVID-19 ARDS compared helmet versus mask 
noninvasive ventilation [20]. One-year mortality was 
lower in the helmet group [20]. At 1 year, patients in the 
helmet group were more likely to be functionally inde-
pendent [20].

On the other hand, our study showed that HRQoL 
was significantly lower in patients who received inva-
sive mechanical ventilation. Similar findings were seen 
in other studies [4–6]. The PHOSP-COVID study found 
that patients who received invasive mechanical ventila-
tion were less likely to report full recovery at one year 
(odds ratio 0.42, 95% CI 0.23, 0.76) [5]. A prospective 
study at 16 Italian ICUs of COVID-19 critically ill survi-
vors who received mechanical ventilation found that the 
duration of invasive mechanical ventilation was among 
the significant determinants of HRQoL assessed by the 
15D instrument [6].
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Strengths of this study include being a  pre-planned 
follow-up analysis of a multicenter trial with a lim-
ited number of loss to follow-up. The study assessed 
HRQoL by generic scales (EQ-5D-5L and EQ-VAS) that 
has been used to evaluate survivors of acute respira-
tory failure [21], and critically ill patients in general [4, 
5, 18]. These factors increase the results’ internal and 
external validity. Limitations include having no baseline 
HRQoL data, the inability of the EQ-5D-5L instrument 
to cover all aspects of HRQoL that may be important to 
patients, and the lack of EQ-5D-5L value sets for Saudi 
Arabia and Kuwait. However, analyses using set val-
ues of three different countries (United States, France 
and Japan) showed consistently no difference between 
the two study groups. Assessment of HRQoL was per-
formed by unblinded coordinators. Dexmedetomidine 
was used more frequently in the helmet noninvasive 
ventilation group; but the effect of dexmedetomidine on 
outcomes of patients managed with noninvasive ventila-
tion remains uncertain. Given the condition of patients, 
almost half of the responses for HRQoL, equally in both 
groups, were obtained from surrogate decision makers. 
This might have affected the measurement of HRQoL, 
although unlikely to have introduced a bias in the in-
between group difference. In this pragmatic trial, we had 
no data on patients’ effort by physiological techniques 
(e.g. esophageal pressure) to determine if there were dif-
ferences in inspiratory efforts between the two groups.

Conclusions
Compared with usual respiratory support, helmet non-
invasive ventilation did not reduce 180-day mortality or 
improve HRQoL in patients with acute hypoxemic respir-
atory failure due to COVID-19. Invasive mechanical ven-
tilation was an independent predictor of lower HRQoL.
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The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s00134‑ 023‑ 06981‑5.
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