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Abstract

Background Non-invasive ventilation (NIV) has been commonly used to treat acute respiratory failure due to COVID-
19. In this study we aimed to compare outcomes of older critically ill patients treated with NIV before and during
the COVID-19 pandemic.

Methods We analysed a merged cohort of older adults admitted to intensive care units (ICUs) due to respiratory fail-
ure. Patients were enrolled into one of two prospective observational studies: before COVID-19 (VIP2—2018 to 2019)
and admitted due to COVID-19 (COVIP—March 2020 to January 2023). The outcomes included: 30-day mortality,
intubation rate and NIV failure (death or intubation within 30 days).

Results The final cohort included 1986 patients (1292 from VIP2, 694 from COVIP) with a median age of 83 years.

NIV was used as a primary mode of respiratory support in 697 participants (35.1%). ICU admission due to COVID-19
was associated with an increased 30-day mortality (65.5% vs. 36.5%, HR 2.18,95% Cl 1.71 to 2.77), more frequent
intubation (36.9% vs. 17.5%, OR 2.63, 95% Cl 1.74 to 3.99) and NIV failure (76.2% vs. 45.3%, OR 4.21, 95% Cl 2.84 to 6.34)
compared to non-COVID causes of respiratory failure. Sensitivity analysis after exclusion of patients in whom life
supporting treatment limitation was introduced during primary NIV confirmed higher 30-day mortality in patients
with COVID-19 (52.5% vs. 23.4%, HR 2.64, 95% Cl 1.83 to 3.80).

Conclusion The outcomes of patients aged >80 years treated with NIV during COVID-19 pandemic were worse com-
pared then those treated with NIV in the pre-pandemic era.
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Introduction

Acute respiratory distress syndrome (ARDS) is one of
the leading causes of admission to intensive care units
(ICUs) around the world [1]. In recent years this trend
was strengthened by the COVID-19 pandemic result-
ing in an overwhelming number of patients admitted
to ICUs due to ARDS secondary to SARS-CoV2 infec-
tion. The majority of patients suffering from ARDS
require invasive mechanical ventilation, but the some
experts and guidelines support a trial of non-invasive
respiratory support (e.g. NIV) as an appropriate man-
agement in selected cases of mild ARDS [2, 3]. The
Authors of recently published ARDS management
guidelines issued by European Society of Intensive
Care Medicine were unable to make a recommenda-
tion for or against the use of NIV for the treatment of
ARDS due to insufficient evidence[4]. However, due to
the shortage of resources in many healthcare systems
clinicians have had to resort to using NIV, often out-
side the ICU, in patients who would typically be intu-
bated in normal circumstances [5].

The frequency of NIV failure in patients with non-
COVID ARDS was relatively high and correlated with
ARDS severity [6]. Initial reports confirmed NIV to
have a low success rate in the treatment of hypox-
emic respiratory failure due to COVID-19 [6, 7].
Randomised controlled trials showed, albeit inconsist-
ently, that NIV compared to high-flow oxygen therapy
and conventional oxygen therapy reduced the need
for intubation but did not reduce mortality [8—10].
Despite limited effectiveness, NIV offers some indis-
putable advantages compared to invasive mechanical
ventilation such as the reduction of invasive proce-
dures associated with patient's discomfort such as
intubation, which is particularly relevant in popula-
tions with poor prognosis at baseline [11].

The management of older patients in the ICU is
challenging and associated with a high risk of failure
largely determined by the degree of frailty at admis-
sion [12-14]. Therefore, in many cases, care is centred
around patients’ comfort and avoidance of invasive
procedures whenever possible. To date, there are no
available reports describing the use of NIV in very old
ICU patients in terms of impact of the COVID-19 pan-
demic on its frequency, application, and outcomes.

In this analysis of data from two large, prospective,
observational studies we aimed to compare outcomes
of patients aged >80 years primarily treated with NIV
before and during the COVID-19 pandemic. Addition-
ally, we describe temporal trends in the frequency and
application of NIV in this population.
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Methods

Study design

The study cohort includes patients enrolled in two pro-
spective observational studies aimed at the evaluation of
very old intensive care patients i.e. Prognostic Score in
the Very Old ICU Patients (VIP2 study, NCT0337069)
and Outcomes and Prognostic Factors in COVID-19
(COVIP study, NCT04321265) [13-15]. Intensive care
units participating in the VIP2 study recruited consecu-
tive patients >80 years during a 6-month period in 2018—
2019. In COVIP patients aged >70 years with COVID-19
were recruited from March 2020 to January 2023. Both
studies were endorsed by the European Society of Inten-
sive Care Medicine.

The recruitment of ICUs, coordination of national and
local ethical permission, and the supervision of patient
recruitment at the national level was the responsibility of
national coordinators. Ethical approval was mandatory
for the study participation in each country. The ethical
consent procedures varied across participating countries
[16]. In some countries recruitment without informed
consent was allowed, while in others the collection of
informed consent was mandatory. Patients were followed
up to 30 days after ICU admission or until death.

Study population

For this substudy we excluded patients: (1) aged <80
years enrolled in the COVIP study; (2) patients with
reasons for ICU admission other than “respiratory fail-
ure” and “combined respiratory and circulatory failure”
enrolled in the VIP2 study; (3) lost to 30-day follow-up;
(4) with incomplete data on NIV use and (5) recruited in
ICUs outside the Europe and Israel.

Each patient was entered only once into the database
regardless of readmission, transfer, or other reason. Day
1 of the first admission to an ICU was the reference date.
All consecutive dates were numbered sequentially from
the admission date.

Data collection

Data were collected online using electronic case report
forms (eCRF). The eCRF and database ran on a secure
server composed and stored at Aarhus University,
Aarhus, Denmark.

The Sequential Organ Failure Scale (SOFA) score on
admission was calculated manually or using an online
calculator built into the eCRF [17]. The baseline frailty
level was assessed using the Clinical Frailty Scale (CFS)
version 1.0. The CFS categorises patients into nine classes
from very fit to terminally ill [1-9]. The information on
patients’ frailty was obtained from the patient or the
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caregiver/family or hospital records. CES was further cat-
egorised into fit (CFS < 3), vulnerable (CFES = 4) and frail
(CFS >5) [18, 19].

Type and duration of respiratory support were also
documented. This included invasive mechanical ventila-
tion (IMV) and NIV. The available information included:
the use of each respiratory support modality, day of ini-
tiation and duration of mechanical ventilation. Based on
this information, patients were divided into primary NIV
group (patients in whom NIV was introduced as the first
respiratory support modality) and post-extubation NIV
group (patients in whom NIV was the secondary res-
piratory support modality following invasive mechanical
ventilation).

Data about limitation of life supporting treatment
LLST (withholding or withdrawing) were documented
based on international recommendations and national
guidelines. We documented the category and timing of
LLST introduction.

Outcome measurement

The primary endpoint was 30-day mortality. Second-
ary outcomes were: 30-day intubation rate, length of
ICU stay, and NIV failure defined as death or intubation
within 30 days since admission to the ICU.

Statistical analysis

Categorical variables were presented as numbers (per-
centages) and compared using the x* test, while con-
tinuous variables were presented as medians with
interquartile ranges (IQR) and compared using the
Mann—Whitney test.

The primary and secondary outcomes were described
in a subgroup of patients in whom NIV was used as a pri-
mary respiratory support modality. Crude mortality was
compared using the log-rank test and visualised using
Kaplan—Meier curves. The same approach was used to
compare mortality between patients primarily treated
with invasive mechanical ventilation and those who were
intubated after an initial NIV trial.

Multivariable analysis of factors associated with 30-day
mortality was performed using Cox proportional hazard
model and the independent variables included: study
(VIP vs. COVIP), age, sex, SOFA score and CFS at admis-
sion. We also investigated factors associated with intuba-
tion rate and NIV failure using logistic regression with
the same set of independent variables as listed above.
Finally, we evaluated association between 30-day mor-
tality and the number of days between NIV introduction
and intubation in a Cox proportional hazard model with
adjustment for above mentioned confounders.

We performed a sensitivity analysis for which we
excluded patients in whom LLST was introduced while
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patients were on primary NIV. Such an approach allowed
us to evaluate the effectiveness of NIV used as a primary
respiratory support in patients without “do not intubate”
or “do not resuscitate” orders, contrary to NIV being
used as a palliative measure in patients with LLST. In
this subgroup we compared 30-day mortality, intubation
rate and NIV failure rate in a univariable and multivari-
able analysis using analogous methods to those described
above.

No formal sample size calculation prior to these two
purely observational studies was performed. This was a
complete case analysis. A two-sided p-value<0.05 was
considered statistically significant. Statistical analyses
were performed using the R 4.1.0 software (R Develop-
ment Core Team, Vienna, Austria).

Results

Study sample

The final cohort of patients consisted of 1986 patients
with 1292 patients enrolled in VIP2 study and 694
patients recruited in the COVIP study. Patients included
in the COVIP study were younger (83 vs. 84 years, p <
0.001), more frequently male (66.1% vs. 52.8%, p < 0.001)
and were less often classified as frail (35.6% vs. 45.2%, p
< 0.001) or vulnerable (15.9% vs. 22.7%, p < 0.001). The
median follow-up period for the primary outcome was 30
days (IQR 8 to 30). Study flow-chart is presented in Fig. 1.

Non-invasive ventilation

Non-invasive ventilation was used in 812 patients (40.9%)
and less often in the COVIP study (34.3% vs. 44.4%, p <
0.001) with the median day of NIV initiation being the
first day of ICU stay for both studies. The duration of
NIV therapy was similar in both studies (24.0 vs. 20.0 h, p
= 0.121). Among non-invasively ventilated patients, NIV
was used as a primary respiratory support modality in
697 participants (86.4%) and as post-extubation respira-
tory support in 115 patients. The proportion of primary
NIV was similar in both studies (86.9% vs. 86.1%, p =
0.856). Comparison of primary NIV patients in COVIP
and VIP2 cohorts is presented in Table 1.

In the primary NIV group LLST was introduced dur-
ing NIV therapy in 264 patients (38.3%) with this pro-
portion being similar in COVIP and VIP2 studies (40.5%
vs. 37.3%, p = 0.486). Data on LLST was unavailable in 7
patients.

Outcomes

The 30-day mortality rate in the primary NIV group
was 45.1% (314/697) and was significantly higher in the
COVIP cohort (65.5% vs. 36.5%, log-rank p < 0.001).
Multivariable analysis adjusted for age, sex, SOFA and
CES scores confirmed that COVID patients were at
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Entire VIP cohort
N=3920

Excluded:

Non-European countries (n=78)
Reasons for admission other than
“respiratory failure” and “Combined
respiratory and circulatory failure”
(n=2 493)

Unknown NIV status (n=5)

Lost to follow-up (n=52)

A

Final VIP cohort
N=1292
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Entire COVIP cohort
N=4457

Excluded:

Non-European countries (n=908)
Age<80 (n=2813)

Unknown NIV status (n=7)

Lost to follow-up (n=35)

Final COVIP cohort
N=694

Final study cohort
N=1986

Fig. 1 Study flow-chart.

higher risk of dying within 30 days of admission com-
pared to patients without SARS-CoV2 infection (HR
2.18,95% CI 1.71 to 2.77, see Fig. 2).

Among patients in the primary NIV group the intu-
bation rate was 23.2% (162/697) and was significantly
higher in patients with confirmed SARS-CoV2 infec-
tion (36.9% vs. 17.5%, p < 0.001) compared to the VIP2
cohort. This association was confirmed in the multivar-
iable analysis (OR 2.63, 95% CI 1.74 to 3.99). The num-
ber of days between NIV introduction and intubation
was higher in the COVIP cohort (1.0 vs. 0.5 days, p =
0.001).

The mortality rate in patients who eventually required
intubation was 59.3% (94/157) and was significantly
higher in patients from the COVIP cohort (71.1% vs.
48.8%, log-rank p = 0.027). The requirement for escala-
tion to invasive mechanical ventilation after initial NIV
trial was associated with an increased 30-day mortal-
ity in both the VIP2 (HR 4.90, 95% CI 2.89 to 8.30) and
COVIP (HR 5.60, 95% CI 2.50 to 12.50) cohorts (see
Fig. 3) . There was no significant difference in 30-day
mortality between patients primarily treated with inva-
sive mechanical ventilation (n = 883) and patients who
required intubation after initial NIV trial in the entire
cohort (54.5% vs. 59.3%, log-rank p = 0.89) , COVIP
cohort (64.8% vs. 71.1%, log-rank p = 0.89) and VIP
cohort (49.1% vs. 48.8%, log-rank p = 0.63)—see Addi-
tional file 1: Fig. S1. Moreover, after adjustment for age,
sex, SOFA and CFS scores, we did not find any asso-
ciation between 30-day mortality and number of days
between NIV introduction and intubation for the entire

cohort (HR 0.75, 95% CI 0.49 to 1.16), COVIP cohort
(HR 0.90, 95% CI 0.49 to 1.63) and VIP cohort (HR
0.91, 95% CI 0.43 to 1.91).

Patients with COVID-19 were hospitalised in the ICU
for a longer period of time compared to participants
without COVID-19 (8.0 vs. 4.0 days, p < 0.001), both in
non-survivors (7.6 vs. 4.0 days, p < 0.001) and survivors
(8.5 vs. 4.1 days, p < 0.001).

NIV failure rate was 54.5% (379/697) and was mark-
edly higher in the COVIP study (76.2% vs. 45.3%, p <
0.001). Multivariable analysis confirmed a higher odds
of NIV failure in the COVIP cohort (OR 4.21, 95% CI
2.84 to 6.34). Another risk factor for NIV failure was
higher SOFA score on admission (OR 1.22, 95% CI 1.14
to 1.31). A summary of outcome analyses is presented
in Table 2.

Sensitivity analysis

For sensitivity analysis we compared 30-day mortal-
ity in a subgroup of patients in whom LLST was not
introduced while on NIV (n = 426). The 30-day mor-
tality rate, intubation rate and NIV failure rates were
31.7% (135/426), 38.0% (162/426) and 47.2% (201/426)
respectively. It confirmed a higher mortality rate in the
COVIP cohort both in univariable (52.5% vs. 23.4%, p
< 0.001) and multivariable analyses (HR 2.64, 95% CI
1.83 to 3.80). Similar results were found in the sensitiv-
ity analyses for intubation (62.3% vs. 28.3%, p < 0.001;
OR 4.54, 95%CI 2.74 to 7.62) and NIV failure (70.5% vs.
37.8%, p < 0.001; OR 4.05, 95% CI 2.47 to 6.78).



Polok et al. Annals of Intensive Care (2023) 13:82 Page 5 of 10
Table 1 Characteristics of primary NIV patients
Feature VIP2 covip p-value
Entire group
Number of patients 491 206
Age 83.00 (81.0 to 86.0) 83.0(81.0t0 85.0) 0.044
Female sex 251(51.1) 67 (32.5) <0.001
SOFA 4.0(3.0t06.0) 50(3.0t07.0) 0117
CFS 4.0(3.0t06.0) 4.0(3.0t06.0) 0.022
Frailty category
Fit (CFS<3) 152 (31.1) 84 (42.9)
Vulnerable (CFS =4) 116 (23.7) 29(14.8) 0.004
Frail (CFS > 5) 221 (45.2) 83 (42.3)
LLST introduction during NIV 181(37.3) 83 (40.5) 0.486
30-day mortality 79 (36.5) 135 (65.5) p < 0.001
Intubation rate 86 (17.5) 76 (36.9) p < 0.001
NIV failure 222 (453) 157 (76.2) p < 0.001
ICU length of stay 40(1.9t076) 80(4.0t0 14.8) p < 0.001
Survivors 4.1(20t07.8) 85(56t021.2) p < 0.001
Non-survivors 40(1.5t07.3) 76(3.11t013.3) p < 0.001
Without LLST on NIV*
Number of patients 304 122
Age 83.0(81.0t0 86.0) 83.0(81.0t0 84.8) 0.087
Female sex 154 (50.7) 41 (33.6) 0.002
SOFA 40(3.0t06.0) 5.0((3.0t07.0) 0.022
CFS 40(3.0t05.0) 303.0t05.0) 0.007
Frailty category
Fit (CFS<3) 117 (38.6) 63 (54.8) 0.012
Vulnerable (CFS = 4) 74 (24.4) 21(18.3)
Frail (CFS = 5) 112 (37.0) 31 (27.0)
30-day mortality 71(234) 64 (52.5) <0.001
Intubation rate 86 (28.3) 76 (62.3) <0.001
NIV failure 115 (37.8) 86 (70.5) <0.001

Categorical data is presented as n (%), while continuous variables are presented as median (interquartile range)

" Data on LLST was incomplete in 7 patients

Discussion
In this analysis of two large observational studies
including 1986 patients aged >80 years old we showed
that, compared to the pre-pandemic era, patients with
COVID-19 ARDS treated primarily with NIV were
less likely to survive 30 days after admission to the ICU
despite being less frail. Other important observations
include lower NIV utilisation and more than a quadru-
pled risk of NIV failure during the COVID-19 pandemic.
Within the first weeks of the pandemic it became
clear that COVID-19 was a complex and challenging
disease presenting with severe and difficult to treat res-
piratory failure, increased risk of thrombotic complica-
tions and above all high infectivity [20]. This in turn led
to nearly immediate exhaustion of global ICU capacity

and requirement to maximally optimise distribution of
already scarce resources. One of the greatest challenges
faced by clinicians and policymakers was managing the
constant rapidly escalating requirement for ICU beds.
This led to difficult decisions, with some countries resort-
ing to using age as a sole criterion for ICU admission
[21]. This was contradictory to accumulating evidence
that frailty, rather than age, is a crucial determinant of
outcomes in this population, both before and during the
pandemic [13, 14, 22]. Very old ICU patients are a par-
ticularly fragile and challenging population of patients
with limited physiological reserves and poor baseline
prognosis. They require careful consideration in terms
of the goals of care and the scope of invasive procedures
offering potential benefit for these patients. NIV is an
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Fig. 2 Adjusted survival curves comparing 30-day mortality between patients enrolled in the VIP2 and COVIP studies. Adjustment was made for:
age, sex, CFS at admission and SOFA score at admission.
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Fig. 3 Kaplan—Meier curves comparing a crude 30-day mortality between patients treated initially with NIV who required and who did not require
intubation, stratified by study. This curves represent pint estimates with 95% confidence intervals

Table 2 Summary of outcome analyses

Factor Outcomes
30-day mortality, Intubation rate, NIV failure, 30-day mortality
HR (95% ClI) OR (95% ClI) OR (95% Cl) (sensitivity
analysis),
HR (95% ClI)
Age 1.04 (1.01 to 1.07) 0.86 (0.80t0 0.92) 1.00 (0.96 to 1.05) 02 (0.96 to 1.08)
Female sex 81(0.63t0 1.03) 1.30(0.86 to 1.99) 0.90 (064 to 1.27) 0.84 (0.58t0 1.22)
SOFA 108(1 0410 1.13) 127 (1.1810 1.37) 122 (1.14t0 1.31) 0(1.03t01.17)
CFS 1.16 (1.08 to 1.24) 0.78 (0.69 to 0. 88) 1.09 (0.98 to 1.20) 1(0.99to 1.24)
Study (COVIP vs. VIP2) 218 (1.71t0 2.77) 263 (1.74 t0 3.99) 421 (28410 6.34) 2.64 (1.83 to 3.80)
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excellent example of minimising discomfort in critically
ill older patients. It can be used as a respiratory support
in both hypoxemic and hypercapnic acute respiratory
failure without the need for intubation, neuromuscular
blockade and in majority of cases without sedation. For
these reasons it was considered a promising alternative
to invasive mechanical ventilation during the pandemic
crisis.

According to the current guidelines NIV is primar-
ily used in patients with acute COPD exacerbation with
hypercapnia and in patients with acute respiratory failure
secondary to pulmonary oedema. Due to shortage of ICU
beds and personnel as well as relative simplicity of NIV
compared to invasive mechanical ventilation, NIV was
commonly used outside the ICUs to treat even severe
cases of ARDS resulting from COVID-19, which enabled
a more optimal distribution of limited ICU resources in
this difficult time. Our study confirms that compared to
the pre-pandemic era the utilisation of NIV decreased
during the pandemic as compared to patients admitted
due to respiratory failure in the earlier period [23]. In
this analysis we focused more on the application of NIV
and found that the proportion of NIV used as a primary
respiratory support compared to post-extubation NIV
remained the same during the pandemic. We believe that
the surprising decrease of NIV utilisation in older ICU
patients was mainly driven by the staggering number of
patients who required invasive mechanical ventilation
which in turn shifted the management of ARDS requiring
high-flow nasal oxygen therapy (HFNOT) or NIV outside
the ICU. The lower use of NIV in COVID-19 patients
was also driven by recommendations for early intubation
which appeared in the early phase of the pandemic as
well as fear of increased risk of infections affecting medi-
cal staff associated with aerosol-generating procedures
such as HFNOT or NIV [24]. Unfortunately, we did not
gather data about pre-ICU management of respiratory
failure and are unable to determine whether and for how
long HENOT or NIV were used in the study participants
before the ICU admission.

Regardless of age group the prognosis of patients
admitted to the ICU due to COVID-19 is clearly worse
compared to other viral or bacterial pneumonias [25,
26]. A recent paper written by the VIP project group
confirmed that the survival rate of critically ill patients
aged > 80 years nearly halved during the pandemic
despite younger age, better functional status and lower
severity of organ failure at admission [23]. Our analy-
sis of a subpopulation of patients primarily treated with
NIV proves that patients with COVID-19, despite being
more frequently categorised as fit according to CFS, had
more than a two-time higher risk of dying within 30 days
from admission. This observation was confirmed in a
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sensitivity analysis excluding patients in whom LLST
was introduced during NIV. Contrary to the report of the
entire population of VIP2 and COVIP studies, analysis
of patients primarily treated with NIV revealed a similar
rate of LLST in COVID-19 and non-COVID-19 patients.
This suggests that the difference observed by Guidet et al.
was mostly driven by LLST introduced during invasive
ventilation [23]. Worse outcomes of COVID-19 patients
treated with NIV are not surprising when one remem-
bers that this technique is not the first choice of therapy
in hypoxemic respiratory failure due to pneumonia and
in the majority of COVID-19 cases was selected based on
logistical, rather than medical reasons. Conversely, VIP2
study population likely included a proportion of patients
admitted to the ICU with respiratory failure secondary
to acute exacerbation of chronic obstructive pulmonary
disease or pulmonary oedema i.e. two indications with
the strongest evidence for NIV benefit [27]. To improve
comparability of these samples we used multivariable
analysis allowing to account for at least part of clinically
relevant confounders. Nevertheless, the reader must
keep in mind that at least part of the difference in clinical
outcomes could be attributed to different indications for
NIV therapy.

In the pre-pandemic circumstances intubation rate
in patients with ARDS ranged from 22.2% in mild cases
to 47.1% in severe cases [6]. The intubation rate in our
study was 23.2% and increased to 38.0% after exclusion
of patients with LLST. Requirement for intubation after
the initial NIV trial has serious clinical implications and
is associated with approximately a five times higher risk
of death compared to patients who were not intubated.
In this subgroup the 30-day mortality reached nearly 50%
in non-COVID patients and more than 70% in patients
with COVID-19. This may be a least partially related to
longer exposure to NIV which is associated with patient
self-inflicted lung injury potentially leading to worse out-
comes [7, 28]. On the other hand, our analyses showed
that the 30-day mortality of patients who required inva-
sive mechanical ventilation was similar regardless of
previous NIV attempt in both cohorts while some pre-
vious studies showed that early intubation may even be
associated with worse outcomes [29]. The optimal tim-
ing of intubation remains unclear and requires further
research. Due to the specific population of our study we
broadened the definition of NIV failure by adding death.
We revealed that in approximately half of the cases NIV
failed to protect older patients from intubation or death
and this proportion was especially high in patients with
COVID-19. In this subgroup three out of four patients
died or required intubation. A previous report by our
group, based on a cohort of COVID-19 patients aged
>70 years, suggested that increasing duration of NIV
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prior to intubation was related to higher mortality [7].
The current report does not confirm this observation,
but the number of patients included in this analysis was
low hence limiting its statistical power. Considering the
entire available body of evidence, we believe that when
deciding to initiate respiratory support for respiratory
failure, especially secondary to SARS-CoV2 infections,
clinicians should be aware of the high risk of failure and
be ready to intubate and should not delay this decision.
Further studies are required to determine the optimal
timing and thresholds for escalation from NIV to inva-
sive respiratory support.

The main strength of this paper is it is the prospectively
gathered and large sample of homogenous population of
critically ill, older patients with a high follow-up comple-
tion rate. Precisely gathered data on LLST allowed us to
reliably incorporate this crucial aspect of geriatric critical
care into our analyses. We are however aware of several
limitations of our study. First, we did not gather data on
HENOT which is another form of advanced non-invasive
respiratory support which gained a lot of attention during
the COVID-19 pandemic. Second, we do not have infor-
mation about the management of acute respiratory fail-
ure prior to ICU admission and therefore we are unable
to determine whether NIV or HENOT were previously
used. Third, due to the pragmatic character of this study
we were unable to gather some crucial date on NIV such
as mode (CPAP vs. bi-level), interface (nasal mask vs. face
mask vs. helmet) and complications (e.g. pressure sores).
This information would be very valuable from a clinical
point of view. Fourth, we had limited data on patients’
characteristic e.g., we did not collect precise data on
comorbidities, body mass index, oxygenation index,
severity of dyspnoea, and medications that could fur-
ther reduce the risk of residual confounding. Fifth, lack
of precise data about etiology of acute respiratory failure
(ARDS vs. COPD exacerbation or pulmonary oedema)
prevented us from performing some potentially signifi-
cant subgroup analyses. Sixth, we did not collect data on
post-ICU care trajectory and hence were unable to deter-
mine the LLST status after transfer from the ICU and the
reasons of death in ICU survivors who died within 30
days. Finally, this study includes only older critically ill
patients with COVID-19 and therefore the generalizabil-
ity of the results outside this group is limited.

Presented analysis of merged data from VIP2 and
COVIP studies revealed that older critically ill patients
with COVID-19 initially treated with NIV are at higher
risk of dying within 30 days of ICU admission compared
with patients treated for respiratory failure of differ-
ent aetiologies. We also confirmed that the odds of NIV
success were low in patients aged >80 and decreased
dramatically during the pandemic. The causes of worse
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outcomes in COVID-19 patients are likely to be mul-
tifactorial and at least partially related to the scarcity of
resources faced in the early phase of the pandemic.

Abbreviations
NIV Non-invasive ventilation

COVID-19  Coronavirus disease 2019

ICUS Intensive care units

ARDS Acute respiratory distress syndrome

VIP2 study  Prognostic score in the very old ICU patients
Covip Outcomes and prognostic factors in COVID-19
eCRF Electronic case report forms

SOFA The sequential organ failure scale

CFS The clinical frailty scale

IMV Invasive mechanical ventilation

LLST Limitation of life supporting treatment

IQR Interquartile ranges

HR Hazard ratio

OR Odds ratio

cl Confidence interval

HENOT High-flow nasal oxygen therapy

CPAP Continuous positive airway pressure

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513613-023-01173-2.

Additional file 1: Fig. S1. Kaplan—-Meier curves for comparison of mortal-
ity in patients undergoing primary invasive mechanical ventilation and
post-NIV invasive mechanical ventilation. Table S1. Countries recruiting
patients in VIP2 and COVIP studies.

Acknowledgements
Not applicable.

Author contributions

Study design: KP, JFr, BG, AA, DDL, JFj, SL, MB, SS, RRB, BW, BBP, JCS, DS, MJ, SO,
BM, FHA, RM, MC, HF, CJ, WS. Patient recruitment and data collection: KP, JFr,
BG, AA, DDL, JFj, SL, MB, SS, RRB, BW, BBP, JCS, DS, MJ, SO, BM, FHA, RM, MC,
HF, CJ, WS. Analysis: KP, JFr, WS. Drafting of the manuscript: KP, JFr, WS. Critical
revision of the manuscript: KP, JFr, BG, AA, DDL, JFj, SL, MB, SS, RRB, BW, BBP,
JCS, DS, MJ, SO, BM, FHA, RM, MC, HF, CJ, WS. Approval of the final version of
the manuscript: KP, JFr, BG, AA, DDL, JFj, SL, MB, SS, RRB, BW, BBP, JCS, DS, MJ,
SO, BM, FHA, RM, MC, HF, CJ, WS.

Funding
None.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was mandatory for the study participation in each country.
The ethical consent procedures varied across participating countries [16]. In
some countries recruitment without informed consent was allowed, while in
others the collection of informed consent was mandatory.

Consent for publication
Not applicable

Competing interests
Joerg C. Schefold declares that the Dept. of Intensive Care Medicine Bern has/
had research and/or development/consulting contracts with (full disclosure):


https://doi.org/10.1186/s13613-023-01173-2
https://doi.org/10.1186/s13613-023-01173-2

Polok et al. Annals of Intensive Care (2023) 13:82

Orion Corporation, Abbott Nutrition International, B. Braun Medical AG, CSEM
SA, Edwards Lifesciences Services GmbH/SA, Kenta Biotech Ltd, Maquet Criti-
cal Care AB, Omnicare Clinical Research AG, and Nestlé. Educational grants
were received from Fresenius Kabi; GSK; MSD; Lilly; Baxter; Astellas; AstraZen-
eca; B. Braun Medical AG, CSL Behring, Maquet, Novartis, Covidien, Nycomed,
Pierre Fabre Pharma (Roba Pharma); Pfizer, Orion Pharma. The money went
into departmental funds. No personal financial gain applies. All other authors
do not have any conflict of interest to declare related to this manuscript.

Author details

! Center for Intensive Care and Perioperative Medicine, Jagiellonian University
Medical College, ul. Wroctawska 1-3, 30-901 Krakéw, Poland. 2Department

of Pulmonology, Jagiellonian University Medical College, Krakéw, Poland.
3UMR_S 1136, Equipe: Epidémiologie Hospitaliére Qualité et Organisation des
Soins, UPMC Univ Paris 06, INSERMInstitut Pierre Louis d'Epidémiologie et de
Santé PubliqueAssistance Publique - Hopitaux de Paris, Sorbonne Universi-
tés, F-75012 Paris, France. “Critical Care Department, Corporacion Sanitaria
Universitaria Parc Tauli, CIBER Enfermedades Respiratorias, Autonomous
University of Barcelona, Sabadell, Spain. *Department of Intensive Care Medi-
cine, University Medical Center, University Utrecht, Utrecht, The Netherlands.
®Department of Anaesthesia and Intensive Care, Viborg Regional Hospital,
Viborg, Denmark. ”Department of Critical Care, St George’s Hospital, London,
UK. 8Medical Intensive Care Unit, Hadassah Medical Center, Jerusalem, Israel.
“Department of Medical Intensive Care, Hadassah Medical Center and Faculty
of Medicine, Hebrew University of Jerusalem, Jerusalem, Israel. '°Department
of Cardiology, Pulmonology and Vascular Medicine, Medical Faculty, Heinrich-
Heine-University Duesseldorf, Moorenstralle 5, 40225 Duesseldorf, Germany.
""Department of Internal Medicine, General Hospital Oberndorf, Teaching
Hospital of the Paracelsus Medical University Salzburg, Salzburg, Austria.
12|nstitute of General Practice, Family Medicine and Preventive Medicine, Para-
celsus Medical University, Salzburg, Austria. '*Department of Acute Medicine,
Geneva University Hospitals, Geneva, Switzerland. '“Department of Intensive
Care Medicine, Inselspital, Bern University Hospital, University of Bern, Bern,
Switzerland. *Division of Intensive Care and Emergency Medicine, Depart-
ment of Internal Medicine, Medical University Innsbruck, Innsbruck, Austria.
1®Department of Intensive Care 1K12IC, Ghent University Hospital, Ghent,
Belgium. '"Mater Misericordiae University Hospital, Dublin, Ireland. '®Depart-
ment of Anaesthesia and Intensive Care, Alesund Hospital, Alesund, Norway.
19Department of Health Sciences, Norwegian University of Science and Tech-
nology, Alesund, Norway. 2°Faculdade de Ciéncias Médicas de Lisboa (Nova
Médical School), Hospital de Séo José, Centro Hospitalar Universitario de
Lisboa Central, Lisbon, Portugal. > Faculdade de Ciéncias da Satde, Universi-
dade da Beira Interior, Covilha, Portugal. >’ Department of Biomedical Sciences,
Humanitas University Pieve Emanuele, Milan, Italy. 2Department of Anaesthe-
sia and Intensive Care, IRCCS Humanitas Research Hospital, Rozzano, Milan,
Italy. *Department of Anaesthesia and Intensive Care, Haukeland University
Hospital, Bergen, Norway. >’ Department of Clinical Medicine, University

of Bergen, Bergen, Norway.

Received: 3 June 2023 Accepted: 16 August 2023
Published online: 12 September 2023

References

1. Vincent J-L, Marshall JC, Namendys-Silva SA, Francois B, Martin-Loeches
|, Lipman J, et al. Assessment of the worldwide burden of critical ill-
ness: the intensive care over nations (ICON) audit. Lancet Respir Med.
2014;2(5):380-6. https://doi.org/10.1016/52213-2600(14)70061-X.

2. Fernando SM, Ferreyro BL, Urner M, Munshi L, Fan E. Diagnosis and
management of acute respiratory distress syndrome. Can Med Assoc J.
2021;193(21):E761LP - E768.

3. Tasaka S, Ohshimo S, Takeuchi M, Yasuda H, Ichikado K, Tsushima K, et al.
ARDS clinical practice guideline 2021. J Intensive Care. 2022;10(1):32.
https://doi.org/10.1186/540560-022-00615-6.

4. Grasselli G, Calfee CS, Camporota L, Poole D, Amato MBP, Antonelli M,
et al. ESICM guidelines on acute respiratory distress syndrome: definition,
phenotyping and respiratory support strategies. Intensive Care Med.
2023. https://doi.org/10.1007/500134-023-07050-7.

20.

21

Page 9 of 10

Cammarota G, Esposito T, Azzolina D, Cosentini R, Menzella F, Aliberti S,
et al. Noninvasive respiratory support outside the intensive care unit for
acute respiratory failure related to coronavirus-19 disease: a systematic
review and meta-analysis. Crit Care. 2021;25(1):268. https://doi.org/10.
1186/513054-021-03697-0.

Bellani G, Laffey JG, Pham T, Madotto F, Fan E, Brochard L, et al. Non-
invasive ventilation of patients with acute respiratory distress syn-
drome. Insights from the LUNG SAFE Study. Am J Respir Crit Care Med.
2016;195(1):67-77. https://doi.org/10.1164/rccm.201606-13060C.
Polok K, Fronczek J, Artigas A, Flaatten H, Guidet B, De Lange DW, et al.
Noninvasive ventilation in COVID-19 patients aged > 70 years—a pro-
spective multicentre cohort study. Crit Care. 2022;26(1):224. https://doi.
0rg/10.1186/513054-022-04082-1.

Perkins GD, Ji C, Connolly BA, Couper K, Lall R, Baillie JK; et al. Effect of
noninvasive respiratory strategies on intubation or mortality among
patients with acute hypoxemic respiratory failure and COVID-19: the
RECOVERY-RS randomized clinical trial. JAMA. 2022;327(6):546-58. https://
doi.org/10.1001/jama.2022.0028.

Arabi YM, Aldekhyl S, Al Qahtani S, Al-Dorzi HM, Abdukahil SA, Al Harbi
MK, et al. Effect of helmet noninvasive ventilation vs usual respiratory
support on mortality among patients with acute hypoxemic respiratory
failure due to COVID-19: the HELMET-COVID randomized clinical trial.
JAMA. 2022,328(11):1063-72. https://doi.org/10.1001/jama.2022.15599.

. Grieco DL, Menga LS, Cesarano M, Rosa T, Spadaro S, Bitondo MM, et al.

Effect of helmet noninvasive ventilation vs high-flow nasal oxygen on
days free of respiratory support in patients with COVID-19 and moderate
to severe hypoxemic respiratory failure: the HENIVOT randomized clinical
trial. JAMA. 2021;325(17):1731-43. https://doi.org/10.1001/jama.2021.
4682.

. Diaz de Teran T, Barbagelata E, Cilloniz C, Nicolini A, Perazzo T, Perren

A et al. Non-invasive ventilation in palliative care: a systematic review.
Minerva Med. 2019;110(6):555-63.

. Fronczek J, Polok K, Nowak-Kézka I, Wiudarczyk A, Gérka J, Czuczwar M,

et al. Frailty increases mortality among patients = 80 years old treated in
Polish ICUs. Anaesthesiol Intensive Ther. 2018;50(4):245-51.

Jung C, Flaatten H, Fjglner J, Bruno RR, Wernly B, Artigas A, et al. The
impact of frailty on survival in elderly intensive care patients with COVID-
19: the COVIP study. Crit Care. 2021;25(1):149. https://doi.org/10.1186/
$13054-021-03551-3.

Guidet B, de Lange DW, Boumendil A, Leaver S, Watson X, Boulanger

C, et al. The contribution of frailty, cognition, activity of daily life and
comorbidities on outcome in acutely admitted patients over 80 years in
European ICUs: the VIP2 study. Intensive Care Med. 2020;46(1):57-69.

van Heerden PV, Beil M, Guidet B, Sviri S, Jung C, de Lange D, et al. A new
multi-national network studying Very old Intensive care Patients (VIPs).
Anaesthesiol Intensive Ther. 2021;53(4):290-5. https://doi.org/10.5114/ait.
2021.108084.

de Lange DW, Guidet B, Andersen FH, Artigas A, Bertolini G, Moreno R,

et al. Huge variation in obtaining ethical permission for a non-interven-
tional observational study in Europe. BMC Med Ethics. 2019,20(1):39.
https://doi.org/10.1186/512910-019-0373-y.

Vincent J-L, Moreno R, Takala J, Willatts S, De Mendonga A, Bruining

H, et al. The SOFA (Sepsis-related Organ Failure Assessment) score to
describe organ dysfunction/failure. Intensive Care Med. 1996;22(7):707-
10. https://doi.org/10.1007/BF01709751.

Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell |,
et al. A global clinical measure of fitness and frailty in elderly people. Can
Med Assoc J. 2005;173(5):489LP — 495.

Fronczek J, Polok K, de Lange DW, Jung C, Beil M, Rhodes A, et al.
Relationship between the clinical frailty Scale and short-term mortal-

ity in patients > 80 years old acutely admitted to the ICU: a prospec-

tive cohort study. Crit Care. 2021,;25(1):231. https://doi.org/10.1186/
$13054-021-03632-3.

Osuchowski MF, Winkler MS, Skirecki T, Cajander S, Shankar-Hari M, Lach-
mann G, et al. The COVID-19 puzzle: deciphering pathophysiology and
phenotypes of a new disease entity. Lancet Respir Med. 2021;9(6):622-42.
https://doi.org/10.1016/52213-2600(21)00218-6.

Emanuel EJ, Persad G, Upshur R, Thome B, Parker M, Glickman A, et al. Fair
allocation of scarce medical resources in the time of covid-19. N Engl J
Med. 2020;382(21):2049-55. https://doi.org/10.1056/NEJMsb2005114.


https://doi.org/10.1016/S2213-2600(14)70061-X
https://doi.org/10.1186/s40560-022-00615-6
https://doi.org/10.1007/s00134-023-07050-7
https://doi.org/10.1186/s13054-021-03697-0
https://doi.org/10.1186/s13054-021-03697-0
https://doi.org/10.1164/rccm.201606-1306OC
https://doi.org/10.1186/s13054-022-04082-1
https://doi.org/10.1186/s13054-022-04082-1
https://doi.org/10.1001/jama.2022.0028
https://doi.org/10.1001/jama.2022.0028
https://doi.org/10.1001/jama.2022.15599
https://doi.org/10.1001/jama.2021.4682
https://doi.org/10.1001/jama.2021.4682
https://doi.org/10.1186/s13054-021-03551-3
https://doi.org/10.1186/s13054-021-03551-3
https://doi.org/10.5114/ait.2021.108084
https://doi.org/10.5114/ait.2021.108084
https://doi.org/10.1186/s12910-019-0373-y
https://doi.org/10.1007/BF01709751
https://doi.org/10.1186/s13054-021-03632-3
https://doi.org/10.1186/s13054-021-03632-3
https://doi.org/10.1016/S2213-2600(21)00218-6
https://doi.org/10.1056/NEJMsb2005114

Polok et al. Annals of Intensive Care

22.

23.

24.

25.

26.

27.

28.

29.

(2023) 13:82

Flaatten H, De Lange DW, Morandi A, Andersen FH, Artigas A, Berto-

lini G, et al. The impact of frailty on ICU and 30-day mortality and the
level of care in very elderly patients (> 80 years). Intensive Care Med.
2017;43(12):1820-8. https://doi.org/10.1007/500134-017-4940-8.

Guidet B, Jung C, Flaatten H, Fjalner J, Artigas A, Pinto BB, et al. Increased
30-day mortality in very old ICU patients with COVID-19 compared to
patients with respiratory failure without COVID-19. Intensive Care Med.
2022;48(4):435-47. https://doi.org/10.1007/500134-022-06642-7.

Marini JJ, Gattinoni L. Management of COVID-19 respiratory distress.
JAMA. 2020;323(22):2329-30. https://doi.org/10.1001/jama.2020.6825.
Brinkman S, Termorshuizen F, Dongelmans DA, Bakhshi-Raiez F, Arbous
MS, de Lange DW, et al. Comparison of outcome and characteris-

tics between 6343 COVID-19 patients and 2256 other community-
acquired viral pneumonia patients admitted to Dutch ICUs. J Crit Care.
2022,68:76-82.

Haas LEM, Termorshuizen F, den Uil CA, de Keizer NF, de Lange DW,
Consortium the DC-19 R. Increased mortality in ICU patients >70 years
old with COVID-19 compared to patients with other pneumonias. J Am
Geriatr Soc. 2023. https://doi.org/10.1111/jgs.18220.

Rochwerg B, Brochard L, Elliott MW, Hess D, Hill NS, Nava S, et al. Official
ERS/ATS clinical practice guidelines: noninvasive ventilation for acute
respiratory failure. Eur Respir J. 2017;50(2):1602426.

Battaglini D, Robba C, Ball L, Silva PL, Cruz FF, Pelosi P, et al. Noninvasive
respiratory support and patient self-inflicted lung injury in COVID-19: a
narrative review. Br J Anaesth. 2021;127(3):353-64.

Rehman S, Shahiman MA, Khaleel MA, Holy O. Does the intubation time-
line affect the in-hospital mortality of COVID-19 patients? A retrospective
cohort study. Front Med. 2022. https://doi.org/10.3389/fmed.2022.10232
29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1007/s00134-017-4940-8
https://doi.org/10.1007/s00134-022-06642-z
https://doi.org/10.1001/jama.2020.6825
https://doi.org/10.1111/jgs.18220
https://doi.org/10.3389/fmed.2022.1023229
https://doi.org/10.3389/fmed.2022.1023229

	Outcomes of patients aged ≥80 years with respiratory failure initially treated with non-invasive ventilation in European intensive care units before and during COVID-19 pandemic
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Study population
	Data collection
	Outcome measurement
	Statistical analysis

	Results
	Study sample
	Non-invasive ventilation
	Outcomes
	Sensitivity analysis

	Discussion
	Anchor 20
	Acknowledgements
	References


