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Abstract 

Background: Noninvasive ventilation (NIV) is a promising alternative to invasive mechanical ventilation (IMV) with a 
particular importance amidst the shortage of intensive care unit (ICU) beds during the COVID-19 pandemic. We aimed 
to evaluate the use of NIV in Europe and factors associated with outcomes of patients treated with NIV.

Methods: This is a substudy of COVIP study—an international prospective observational study enrolling patients 
aged ≥ 70 years with confirmed COVID-19 treated in ICU. We enrolled patients in 156 ICUs across 15 European coun-
tries between March 2020 and April 2021.The primary endpoint was 30-day mortality.

Results: Cohort included 3074 patients, most of whom were male (2197/3074, 71.4%) at the mean age of 75.7 years 
(SD 4.6). NIV frequency was 25.7% and varied from 1.1 to 62.0% between participating countries. Primary NIV failure, 
defined as need for endotracheal intubation or death within 30 days since ICU admission, occurred in 470/629 (74.7%) 
of patients. Factors associated with increased NIV failure risk were higher Sequential Organ Failure Assessment (SOFA) 
score (OR 3.73, 95% CI 2.36–5.90) and Clinical Frailty Scale (CFS) on admission (OR 1.46, 95% CI 1.06–2.00). Patients 
initially treated with NIV (n = 630) lived for 1.36 fewer days (95% CI − 2.27 to − 0.46 days) compared to primary IMV 
group (n = 1876).

Conclusions: Frequency of NIV use varies across European countries. Higher severity of illness and more severe frailty 
were associated with a risk of NIV failure among critically ill older adults with COVID-19. Primary IMV was associated 
with better outcomes than primary NIV.

Clinical Trial Registration NCT04 321265, registered 19 March 2020, https:// clini caltr ials. gov.

Keywords: COVID-19, Noninvasive ventilation, Frailty, Intensive care unit, Elderly

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Coronavirus disease 2019 (COVID-19) led to an 
unprecedented disruption of everyday life and insuffi-
ciency of healthcare systems around the world [1]. As 
a result, tremendous efforts were made by researchers 
to elucidate the disease pathophysiology, find effective 
treatments, and develop vaccines [2–5]. COVID-19 
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typically involves the respiratory system and may lead 
to an acute respiratory distress syndrome (ARDS) 
with a poor prognosis and frequent need for invasive 
mechanical ventilation [6]. It is estimated that approxi-
mately 9% of hospitalized patients become critically ill 
and require transfer to an intensive care unit (ICU) [7]. 
Unfortunately, the sheer volume of the most severely 
ill patients repeatedly led to an overload of ICUs. As 
a consequence, the management of severe hypoxemic 
acute respiratory failure (ARF) required an adjustment 
to the reality of the global pandemic.

According to the current guidelines, the primary 
method of respiratory support in patients with ARDS 
is invasive mechanical ventilation (IMV). Conversely, 
noninvasive ventilation (NIV) is reserved for selected 
patients with mild ARDS. It should be used with cau-
tion and in constant preparedness for endotracheal 
intubation [8]. However, due to the shortage of avail-
able ICU beds, a significant proportion of COVID-19 
patients with ARDS have been treated with noninva-
sive methods, including high-flow oxygen therapy and 
noninvasive ventilation, often outside the ICU [9–11]. 
This approach was based on available evidence of 
reduced intubation and mortality rates in patients with 
hypoxemic non-hypercapnic ARF treated with NIV 
[12].

Due to multimorbidity and frailty, critically ill elderly 
patients have a particularly poor prognosis [13]. Simi-
lar analyses among patients with COVID-19 confirmed 
that increasing age and degree of frailty are related to 
worse outcomes in this population [14]. Compared to 
NIV, endotracheal intubation and IMV are associated 
with more discomfort and a higher risk of complica-
tions, e.g., ventilator-associated pneumonia. Hence, 
NIV may be a particularly appealing therapeutic 
option in elderly patients with COVID-19, including 
those with the “do not intubate” order. The available 
evidence suggests that NIV is superior to high-flow 
nasal oxygen therapy (HFNOT) and conventional oxy-
gen therapy in terms of decreasing 30-day intubation 
rate in these patients, although no effect on mortality 
was observed [15, 16]. To date, there are no large-scale 
studies describing the use of NIV among old patients 
in Europe and evaluating outcomes in this clinical 
context.

This substudy of the COVIP study aimed to describe 
the use of NIV in critically ill older adults with 
COVID-19 admitted to European ICUs. Moreover, we 
attempted to assess the outcomes in patients treated 
with NIV, identify risk factors for NIV failure, and 
compare the effects of primary NIV and primary IMV 
in this population.

Methods
Study design
This is a substudy of the COVIP study, an interna-
tional prospective cohort study that recruited patients 
aged ≥ 70  years with confirmed COVID-19 admitted to 
the ICU. The COVIP study aims to assess outcomes and 
factors associated with the outcomes in the population of 
elderly ICU patients with COVID-19. It is a part of the 
Very old Intensive Care Patients (VIP) research network, 
which includes critical care physicians and researchers 
from around the world and is focused on investigating 
the management and outcomes of VIPs [14, 17]. Patients 
included in this substudy were recruited in 156 centres 
from 15 countries between March 2020 and April 2021. 
Detailed information about participating countries and 
number of enrolled patients is summarized in Table  1. 
National study coordinators were responsible for gaining 
local ethical permission, supervision of patient recruit-
ment, and recruitment of ICUs. Ethical consent proce-
dures were highly variable across participating countries 
(Additional file  1: Table  S1). The study was performed 
in accordance with the Declaration of Helsinki and its 
amendments.

Study population and data collection
The COVIP study included patients admitted to the 
ICU and aged ≥ 70 years in whom SARS-CoV2 infection 
was confirmed using reverse transcription-polymerase 
chain reaction (RT-PCR). Should a patient be previ-
ously enrolled in the COVIP study, he or she would not 
be recruited again upon transfer, readmission or for any 
other circumstance.

Information about patients was gathered using elec-
tronic case report forms. The date of the ICU admis-
sion was labeled as day 1, and all dates were numbered 
sequentially from that day on. The study personnel gath-
ered detailed clinical data on each patient, including 
baseline demographic and clinical characteristics (see 
definitions of comorbidities in Additional file 1: Table S2), 
Sequential Organ Failure Assessment (SOFA), and Clini-
cal Frailty Scale (CFS) scores at admission. Based on the 
CFS score, patients were categorized as fit (1–3 points), 
vulnerable (4 points) or frail (5–9 points). We addition-
ally gathered information about NIV (day of initiation 
and duration) and invasive ventilation (day of intubation 
and duration of IMV). Patients were included in the pri-
mary NIV group when NIV was the initial mechanical 
ventilation modality. At the same time, patients in whom 
IMV was introduced as the first respiratory support were 
included in the primary IMV group.

The patients were followed-up throughout the hospi-
talization and up to three months after admission to the 



Page 3 of 12Polok et al. Critical Care          (2022) 26:224  

ICU. The primary endpoint for this substudy was mortal-
ity within 30  days from admission to the ICU. The sec-
ondary endpoint was NIV failure defined as death or 
need for intubation within 30  days of admission to the 
ICU.

Statistical analysis
We presented categorical variables as numbers (per-
centages) and we compared them using the  Chi2 test, 
while continuous variables were presented as medians 
with interquartile ranges (IQR) and compared using the 
Mann–Whitney test. Comparisons of crude mortality 
between study groups were performed using the log-rank 
test and were visualized using the Kaplan–Meier curves.

Multivariable analysis of the association between 
pre-intubation NIV duration and 30-day mortality was 

performed using logistic regression. It included all-cause 
mortality at 30 days as dependent variable and the inter-
val from NIV initiation to intubation in days treated as 
a continuous variable as well as the set of the following 
independent variables selected according to available lit-
erature and expert knowledge: number of days hospital-
ized prior to ICU admission, age, sex, body mass index 
(BMI), SOFA score on admission, CFS score on admis-
sion, hypertension, ischaemic heart disease [IHD], diabe-
tes, chronic pulmonary disease, chronic kidney disease, 
congestive heart failure. The linear association between 
the pre-intubation NIV duration and 30-day mortality 
was later presented graphically.

Evaluation of factors associated with NIV failure was 
performed using logistic regression with NIV failure as a 
dependent variable and same set of independent variables 

Table 1 Noninvasive ventilation rate and application across included countries

NIV—noninvasive ventilation

*Day of NIV initiation was unknown in 2 patients from Germany and 1 patient from Denmark and Spain

Country Number of patients Number of patients using 
NIV

NIV rate %
(95% CI)

NIV application

Primary NIV Post-
extubation 
NIV

Austria 40 10 25.0%
(12.7–41.2%)

9 (90.0) 1 (10.0)

Belgium 174 2 1.1%
(0.1–4.1%)

2 (100.0) 0 (0.0)

Denmark* 215 73 34.0%
(27.7–40.7%)

66 (90.4) 6 (8.2)

England 172 94 54.7%
(46.9–62.2%)

89 (94.7) 5 (5.3)

France 699 170 24.3
(21.2–27.7%)

124 (72.9) 46 (27.1)

Germany* 284 141 49.6%
(43.7–55.6%)

124 (87.9) 15 (10.6)

Greece 130 36 27.7%
(20.2–36.2%)

19 (52.8) 17 (47.2)

Israel 58 20 34.5%
(22.5–48.1%)

15 (75.0) 5 (25.0)

Netherlands 338 11 3.3%
(1.6–5.8%)

7 (63.6) 4 (36.4)

Norway 23 12 52.2%
(30.6–73.2%)

12 (100.0) 0 (0.0)

Poland 129 4 3.1%
(0.9–7.8%)

2 (50.0) 2 (50.0)

Portugal 91 48 52.7%
(42.0–63.3%)

39 (81.3) 9 (18.7)

Spain* 408 46 11.3%
(8.4–14.8%)

30 (66.0) 15 (34.0)

Switzerland 263 93 35.4%
(29.6–41.5%)

63 (67.7) 30 (32.3)

Wales 50 31 62.0%
(47.2–75.4%)

29 (93.5) 2 (6.5)
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as in the model mentioned above. We performed a sen-
sitivity analysis for which we excluded patients in whom 
decision to withhold or withdraw life-sustaining treat-
ment was made within 2 days since admission to the ICU. 
Finally, we assessed intubation rate and factors associated 
with it in a subgroup of patients from the primary NIV 
group in whom LST limitation was not introduced dur-
ing the NIV therapy period.

To compare survival in the primary NIV and the pri-
mary IMV groups, we performed a multivariable survival 
analysis using restricted mean survival time adjusted for 
the limitation of life-sustaining therapies (LST) during 
the hospitalization and the above mentioned set of inde-
pendent variables. For the comparison of 30-day mor-
tality between the primary NIV and the primary IMV 
groups we performed two separate sensitivity analyses: 
(1) after exclusion of patients in whom LST limitation 
was not introduced during the initial respiratory treat-
ment, and (2) after exclusion of patients in whom LST 
limitation was introduced within 30  days since the ICU 
admission.

This was a complete case analysis. Data missingness 
maps for each model are presented in Additional file  1: 
Figure S1. A two-sided p-value < 0.05 was considered sta-
tistically significant. Statistical analyses were performed 
using the R 4.1.0 software (R Development Core Team, 
Vienna, Austria).

Results
Characteristics of the study sample
The cohort of this COVIP substudy comprised 3158 
critically ill patients recruited in 156 centres across 15 
countries. All analyses were performed among patients 
with complete 30-day follow-up (3074/3158, 97.3%). The 
study flowchart is presented in Fig. 1. The mean age was 

75.7 (SD 4.6) years, and most of the patients were male 
(2197/3074, 71.4%). The median SOFA score at admis-
sion was 5 (IQR 3–8). Based on the CFS score patients 
were classified as fit (67.0%), vulnerable (15.6%) and frail 
(17.4%). The baseline characteristics of the study group 
are presented in Table 2.

Noninvasive ventilation application across included 
countries
Noninvasive ventilation was used in 791 (25.7%) patients. 
NIV was used as a primary mechanical ventilation 
modality in 630 (79.6%) patients and as post-extubation 
respiratory support in 157 (19.8%) patients, while the day 
of NIV introduction was unknown in 4 patients (0.5%). 
The frequency of NIV use varied significantly across 
included countries and ranged from 1.1% (95% CI 0.1–
4.1%) in Belgium to 62.0% (95% CI 47.2–75.4%) in Wales. 
NIV was used more commonly as primary therapy in all 
countries, but the distribution of NIV application differed 
depending on the country. We did not observe any evi-
dent temporal trend in the frequency of NIV in the study 
period (Additional file 1: Figure S2). Detailed information 
about the frequency and indications for NIV across par-
ticipating countries is summarized in Table 1.

In the primary NIV group noninvasive ventilation was 
initiated on day 1.0 (IQR 1.0–1.0) and the median dura-
tion of NIV therapy was 33.5 h (12.75–72.0). The histo-
grams of the day of NIV initiation and the duration of 
NIV therapy are presented in Additional file 1: Figure S3.

Clinical outcomes
Mortality at 30 days was 52.9% (333/630) in the primary 
NIV group and 14.0% (22/157) in the post-extubation 
NIV group. Among the 630 patients primarily treated 
with NIV, 330 (52.4%) patients eventually required 

Fig. 1 Study flowchart
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invasive mechanical ventilation at a median 1.0 (0.0–3.0) 
days from the initiation of NIV. Among patients primar-
ily treated with NIV, we did not find sufficient evidence 
for a difference in 30-day mortality between patients 
who eventually required endotracheal intubation and the 
remaining patients (58.2 vs. 47.0%, log-rank p = 0.32). The 
Kaplan–Meier curve for this comparison is presented in 
Additional file 1: Figure S4. The association between the 
duration of NIV and 30-day mortality in patients who 
eventually required intubation is visualized in Fig. 2.

Factors associated with NIV failure
NIV failure, defined as endotracheal intubation or death 
within 30 days since ICU admission, occurred in 470/629 
(74.7%) of patients primarily treated with NIV (date of 
intubation was unknown for one patient). Univariate 
comparison of these groups is summarized in Additional 

file  1: Table  S3. A multivariable analysis revealed that 
higher SOFA score at admission (OR 3.73, 95% CI 2.36–
5.90, p < 0.001) and higher baseline CFS (OR 1.46, 95% CI 
1.06–2.00, p = 0.02) were associated with a higher risk for 
NIV failure, while hypertension was linked to lower odds 
of NIV failure (OR 0.50, 95% CI 0.31–0.81, p = 0.005). For 
a sensitivity analysis, we excluded patients in whom the 
decision to withhold or withdraw life-sustaining treat-
ment was made within 2 days since admission to the ICU. 
This analysis revealed a NIV failure rate accounting to 
74.1% (403/544) and showed its association with a higher 
SOFA score on admission (OR 3.38, 95% CI 2.10–5.46, 
p < 0.001) and hypertension (OR 0.58, 95% CI 0.35–0.96, 
p = 0.034). Finally, among patients in the primary NIV 
group in whom LST limitation was not introduced dur-
ing the initial NIV treatment, the intubation rate was 
67.4% (329/488) and was associated with the baseline 

Table 2 Cohort characteristics

BMI—body mass index, CFS—Clinical Frailty Scale, IMV—invasive mechanical ventilation, LST—life-sustaining therapy, NIV—noninvasive ventilation, SOFA—
Sequential Organ Failure Assessment

Characteristics Entire cohort (n = 3074) NIV (n = 791) Primary NIV (n = 630) Post-
extubation NIV 
(n = 157)

Age, mean (SD) [years] 75.7 (4.6) 76.4 (4.9) 76.8 (4.9) 74.9 (4.6)

Female gender 877 (28.5) 226 (28.6) 181 (28.7) 42 (26.8)

BMI [kg/m2] 27.7 (24.8, 31.0) 27.7 (24.7, 31.3) 27.7 (24.5, 31.3) 27.8 (25.7, 31.5)

Prior hospitalization length [days] 2.0 (1.0, 5.0) 2.0 (1.0, 4.0) 2.0 (1.0, 5.0) 2.0 (1.0, 4.0)

Symptoms before hospitalization [days] 7.0 (4.0, 10.0) 7.0 (3.0, 10.0) 6.0 (3.0, 9.0) 7.0 (4.0, 10.0)

Diabetes 1033 (33.7) 293 (37.1) 241 (38.4) 51 (32.5)

Ischemic heart disease 694 (22.9) 190 (24.4) 158 (25.5) 31 (19.7)

Chronic renal failure 495 (16.2) 155 (19.7) 134 (21.4) 20 (12.7)

Arterial hypertension 2028 (66.2) 528 (67.0) 418 (66.7) 106 (67.5)

Pulmonary disease 689 (22.5) 199 (25.3) 159 (25.4) 40 (25.5)

Congestive heart failure 455 (15.0) 129 (16.5) 104 (16.8) 25 (15.9)

Bacterial coinfection 651 (21.6) 201 (26.1) 161 (26.4) 40 (25.6)

SOFA score on admission 5.0 (3.0, 8.0) 4.0 (3.0, 7.0) 4.0 (3.0, 6.0) 6.0 (4.0, 8.0)

Frailty status

 Fit (CFS 1–3) 1912 (67.0) 459 (61.2) 356 (59.6) 102 (68.0)

 Vulnerable (CFS 4) 444 (15.6) 127 (16.9) 93 (15.6) 32 (21.3)

 Frail (CFS 5–9) 498 (17.4) 164 (21.9) 148 (24.8) 16 (10.7)

Day of NIV initiation 1.0 (1.0, 3.0) 1.0 (1.0, 3.0) 1.0 (1.0, 1.0) 12.0 (8.0, 19.0)

Duration of NIV [hours] 34.0 (10.0, 88.0) 34.0 (10.0, 88.0) 34.0 (10.0, 91.3) 33.5 (12.8, 72.0)

IMV 2219 (72.2) 490 (61.9) 330 (52.4) 157 (100.0)

Day of IMV initiation 1.0 (1.0, 2.0) 2.0 (1.0, 3.0) 2.0 (2.0, 5.0) 1.0 (1.0, 1.0)

Vasopressors 2165 (70.8) 497 (63.4) 352 (56.3) 142 (91.6)

Renal replacement therapy 488 (15.9) 120 (15.2) 94 (14.9) 25 (15.9)

Antibiotics 2767 (90.1) 713 (90.1) 557 (88.4) 153 (97.5)

Steroids 2058 (68.6) 565 (74.3) 467 (77.3) 96 (63.2)

LST limitation 1189 (39.1) 306 (39.0) 276 (44.1) 28 (18.1)

 Withholding 981 (32.3) 251 (32.1) 227 (36.3) 23 (14.8)

 Withdrawal 627 (20.6) 161 (20.5) 150 (24.0) 9 (5.8)



Page 6 of 12Polok et al. Critical Care          (2022) 26:224 

SOFA score (OR 2.56, 95% CI 1.82–3.59, p < 0.001) and 
age (0.70, 95% CI 0.49–0.99, p = 0.044). Additional file 1: 
Table  S4 presents the mortality, NIV failure rate, and 
intubation rate stratified by the duration of primary NIV.

Primary NIV vs. primary IMV and 30-day mortality
Noninvasive ventilation and invasive ventilation were 
used as primary ventilation modality in 630 and 1876 
patients, respectively. Compared to patients initially 
treated with IMV, patients in the primary NIV group 
were older (76.8 vs. 75.1, p < 0.001), more frequently 
frail (24.8 vs. 13.7%, p < 0.001), more commonly had 
diabetes (38.4 vs. 32.5%, p = 0.009), IHD (25.5 vs. 
20.5%, 0.01), chronic renal failure (21.4 vs. 13.3%, 
p < 0.001), chronic pulmonary disease (25.4 vs. 21.4%, 
p = 0.044), congestive heart failure (16.8 vs. 13.3%, 
p = 0.034) and had a lower SOFA score on admission 
(4 vs 7, p < 0.001). Life-sustaining treatment was with-
held more commonly in the primary NIV group (36.3 
vs. 29.5%, p = 0.002) and withdrawn similarly often in 
both groups (24.0 vs. 22.5%, p = 0.495). The distribu-
tion of LST limitation timing is presented in Additional 
file 1: Figure S5. Detailed univariate comparison of the 
groups is presented in Additional file  1: Table  S5. We 

found a significantly lower crude 30-day mortality in 
the primary IMV group compared to the primary NIV 
group (47.7 vs. 52.9%, log-rank p = 0.003) (Fig.  3). A 
multivariable restricted mean survival time analysis 
revealed that in the 30-day follow-up patients in the 
primary NIV group lived for 1.36 fewer days (95% CI − 
2.27 to − 0.46 days, p = 0.003) compared to the patients 
in the primary IMV group.

We performed two sensitivity analyses to account 
for LST limitation in these groups. The first sensitiv-
ity analysis revealed that, after exclusion of patients in 
whom LST limitation was introduced during the ini-
tial respiratory treatment (i.e., during NIV in the pri-
mary NIV group and during IMV in the primary IMV 
group), 30-day mortality in the primary NIV was higher 
than in the primary IMV group (43.2 vs. 29.5%, log-
rank p < 0.001). For the second sensitivity analysis, we 
excluded all patients in whom LST limitation was intro-
duced within 30 days since the ICU admission. It sug-
gested a lack of association between the modality of the 
initial respiratory support and 30-day mortality (28.0 
vs. 29.5%, log-rank p < 0.55). The Kaplan–Meier curves 
for these comparisons are presented in Additional 
file 1: Figure S6.

Fig. 2 Association between pre-intubation NIV duration and 30-day mortality. Black line represents OR point estimate across NIV duration prior to 
endotracheal intubation, while grey areas depicts 95% confidence interval
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Discussion
This prospective observational study of more than 3000 
patients aged ≥ 70 years old hospitalized in the ICU due 
to severe COVID-19 showed that the use of NIV in this 
population is highly variable in Europe and is associated 
with high failure and mortality rates. A longer time to 
intubation in patients requiring escalation from NIV to 
IMV was associated with an increased 30-day mortality. 
Finally, a comparison of initial respiratory support strat-
egies revealed that primary IMV was associated with 
lower mortality compared to primary NIV.

At the moment, NIV is strongly recommended by the 
combined European Respiratory Society and Ameri-
can Thoracic Society task force in two clinical scenarios, 
i.e., hypercapnic ARF due to COPD exacerbation and 
cardiogenic pulmonary oedema [18]. Previous reports 
by the VIP Study Group, based on a cohort of patients 
aged ≥ 80  years admitted to the ICUs before the pan-
demic, showed that every fourth patient received NIV 
[19]. In the light of a universal shortage of ICU beds dur-
ing the COVID-19 pandemic, NIV became a promising 
alternative to IMV in patients with severe hypoxemic 
ARF. Such approach was also justified by encouraging 
results of a recent Bayesian network analysis [12]. The 
current study showed that NIV was used in approxi-
mately a quarter of patients included in this study; 
however, the frequency of NIV application was highly 

variable across the Europe. This is in line with previous 
reports revealing significant international variation in 
management of ARF in the course of COVID-19 [20]. 
The presented inter-country differences are multifacto-
rial and are probably related to local availability of ICU 
beds, presence of intermediate care units, and national 
management strategies. The clinical relevance of nonin-
vasive respiratory strategies increased significantly dur-
ing COVID-19 due to a dramatic increase in the number 
of hypoxemic ARF cases. On the one hand, the main 
idea behind the implementation of NIV in this clini-
cal scenario was to avoid intubation and admission to 
the ICU. On the other hand, the high failure rate raised 
concerns that NIV may only delay endotracheal intuba-
tion and potentially worsen patients outcomes [21, 22]. 
Other potentially alarming aspects of NIV application in 
patients with hypoxemic ARF due to COVID-19 included 
the risk of self-inflicted lung injury secondary to large 
tidal volumes as well as the generation of aerosol increas-
ing the risk of nosocomial infections [23]. Our study con-
firmed that more than half of patients initially treated 
with NIV eventually required endotracheal intubation 
and NIV failure, defined as intubation or death within 
30 days since the NIV initiation, was observed in almost 
75% of the cases. In comparison, the primary outcome, 
including intubation or death in the continuous posi-
tive airway pressure (CPAP) group of the RECOVERY 

Fig. 3 Kaplan–Meier curve for comparison of 30-day mortality between primary NIV and primary IMV group
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RS trial, occurred in 36.3% of the patients, and 28-day 
mortality and intubation rate in the helmet NIV group of 
the HENIVOT trial were 15% and 30%, respectively [15, 
16]. This discrepancy may be largely attributed to older 
age, a higher number of comorbidities, more frequent 
coexistence of frailty, and greater severity of the disease 
expressed as a higher SOFA score at admission in the 
COVIP study sample. Nevertheless, such a high NIV fail-
ure rate was expected since elderly ICU patients have a 
particularly grim prognosis [24]. Therefore, in order to 
avoid unnecessary invasive procedures and futile suffer-
ing of the patients, LST limitations are commonly intro-
duced during hospitalization. In our study, any form of 
LST limitation (withhold or withdrawal) was applied at 
some point of hospitalization in more than 40% of cases. 
This proportion is markedly higher compared to a cohort 
of merged VIP1 and VIP2 studies in which therapy limi-
tation was introduced in 32% of patients [19, 25]. We 
believe that this difference is yet another consequence 
of the ICUs being overflown by a staggering number of 
critically ill patients during the ongoing pandemic [26]. 
As a result, more advanced treatment modalities such as 
IMV and extracorporeal membrane oxygenation became 
reserved for younger and healthier patients with a more 
favourable prognosis.

Despite years of research, the risk factors for NIV fail-
ure remain unclear. Most of the evidence on this issue is 
based on low-quality studies concerning predominantly 
hypercapnic ARF [27–29]. Some interesting insights were 
offered by a prospective observational study including 
over 1800 patients with ARF due to influenza, which sug-
gested an increasing SOFA score as a predictor of NIV 
failure [30]. In our study increasing baseline SOFA score 
was related to higher risk of NIV failure as well as higher 
intubation rate in patients without LST limitation during 
the primary NIV therapy. Additionally, we revealed an 
association between an increasing degree of frailty and 
the risk of NIV failure. This is consistent with previous 
studies describing the impact of frailty on outcomes in 
elderly patients admitted to the ICU [14, 19].

It is crucial for a clinician not to cause harm while try-
ing to avoid intubation by using NIV. In general, the use 
of NIV is restricted to mild ARDS with a success rate of 
78%, decreasing to 58% and 53% for moderate and severe 
ARDS [21]. Our analysis of the association between the 
duration of NIV before intubation and 30-day mortality 
revealed a poorer prognosis in a subgroup of patients in 
whom NIV duration exceeded 3 days. It suggests that cli-
nicians should reevaluate patients in terms of indications 
for intubation early in the course of NIV therapy when 
there are no signs of improvement. This could poten-
tially prevent excessive delays in intubation and therefore 
improve patients’ outcomes.

Taking into account the high failure rate and the 
well-established relation between delays in intubation 
and a poorer prognosis, we compared the outcomes of 
patients depending on an initially introduced modal-
ity of respiratory support. Survival analysis revealed 
that mortality was higher in patients treated primarily 
with NIV. Similar observation was made in a sensitivity 
analysis that excluded patients in whom LST was lim-
ited during NIV in the primary NIV group and during 
IMV in the primary IMV group. However, the differ-
ence in mortality between the groups disappeared after 
the exclusion of all patients in whom LST limitation 
was introduced within 30  days since the ICU admis-
sion. Another interesting observation is similar mortal-
ity in the primary IMV group and in patients who were 
treated with NIV and never required intubation (47.7% 
and 47.0%, respectively) and markedly higher mortality 
in patients who required intubation after the initial NIV 
trial (58.2%). On the one hand, these results are not 
very surprising because NIV is a suboptimal therapy 
for the majority of ARDS cases according to the current 
guidelines and its application in this clinical scenario is 
a last resort for elderly patients who would likely not be 
qualified for intubation under pandemic circumstances. 
On the other hand, the results of the second sensitiv-
ity analysis suggest that both primary NIV and primary 
IMV may be associated with a similar survival rate in 
elderly critically ill COVID-19 patients when LST limi-
tation is not considered.

The main strengths of this paper include an inter-
national multicentre character of the study and a 
relatively large sample of a very specific population. 
Moreover, the small amount of missing data on 30-day 
mortality increases the credibility of our findings. We 
are aware of several limitations of this article. First, 
some details concerning NIV technique were not gath-
ered i.e., type of interface (face mask vs. helmet) and 
mode of ventilation (CPAP vs. bi-level). Second, we 
did not gather data on HFNOT, an option increasingly 
used in patients with respiratory failure before tracheal 
intubation and IMV. Third, participating countries are 
probably largely heterogenous in terms of intubation 
criteria, which likely affects our results in a significant 
way. Fourth, we did not collect any physiological or 
clinical data describing the initial response of patients 
to NIV therapy, which could potentially provide very 
valuable information, particularly in terms of risk fac-
tors for NIV failure. Finally, potentially important data 
on the pre-ICU disease trajectory was not collected. 
Therefore, we were unable to determine whether and 
for how long NIV or HFNOT were used before admis-
sion to the ICU.
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Conclusions
In conclusion, NIV is used in approximately one in 
four elderly patients with COVID-19 treated in the 
European ICU, and its use varies significantly across 
the European countries. Initial application of NIV was 
associated with a high risk of failure and increased 
mortality compared to patients in whom IMV was 
the first mechanical ventilation modality. In addition, 
we found evidence of the association between higher 
SOFA and CFS scores and an increased risk of NIV fail-
ure. Finally, among patients primarily treated with NIV 
who eventually required IMV, delay in endotracheal 
intubation was associated with increased 30-day mor-
tality. Careful monitoring during the first days of NIV 
is essential to ensure that patients showing no sign of 
improvement from NIV, who are expected to benefit 
from an escalation to IMV, are offered endotracheal 
intubation promptly.
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