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ABSTRACT
Introduction  A palliative approach to intensive care unit 
(ICU) patients with acute respiratory failure and a do-not-
intubate order corresponds to a poorly evaluated target 
for non-invasive oxygenation treatments. Survival alone 
should not be the only target; it also matters to avoid 
discomfort and to restore the patient’s quality of life. We 
aim to conduct a prospective multicentre observational 
study to analyse clinical practices and their impact on 
outcomes of palliative high-flow nasal oxygen therapy 
(HFOT) and non-invasive ventilation (NIV) in ICU patients 
with do-not-intubate orders.
Methods and analysis  This is an investigator-initiated, 
multicentre prospective observational cohort study comparing 
the three following strategies of oxygenation: HFOT alone, 
NIV alternating with HFOT and NIV alternating with standard 
oxygen in patients admitted in the ICU for acute respiratory 
failure with a do-not-intubate order. The primary outcome is the 
hospital survival within 14 days after ICU admission in patients 
weaned from NIV and HFOT. The sample size was estimated at 
a minimum of 330 patients divided into three groups according 
to the oxygenation strategy applied. The analysis takes into 
account confounding factors by modelling a propensity score.
Ethics and dissemination  The study has been approved 
by the ethics committee and patients will be included 
after informed consent. The results will be submitted for 
publication in peer-reviewed journals.
Trial registration number  NCT03673631

INTRODUCTION
Background and rationale
In intensive care unit (ICU) patients with 
acute respiratory failure, non-invasive strate-
gies of oxygenation are mainly used to avoid 

invasive mechanical ventilation.1 A palliative 
approach to some ICU patients with acute 
respiratory failure corresponds to a specific 
target for non-invasive oxygenation treat-
ments.2–4 In such situations, the goal of treat-
ment should not only be survival, but also 
improved respiratory condition and avoidance 
of inappropriate discomforts. Medium-term 
or long-term benefits should be evaluated in 

Strengths and limitation of this study

►► This trial will be the largest prospective study specif-
ically targeted on palliative use of non-invasive oxy-
genation strategies in patients admitted to intensive 
care unit for acute respiratory failure with do-not-
intubate order.

►► The study will also include patients who have been 
intubated and then developed post-extubation respi-
ratory failure with a do-not-reintubate order. There 
are currently very limited data concerning this pa-
tient subgroup.

►► To analyse the benefit of such therapies in a pallia-
tive context, specific attention will be paid to patient-
centred outcomes: tolerance, comfort, intermediate 
and long-term evolution of quality of life

►► Given the heterogeneity of clinical situations, and 
more specifically the presence or absence of hy-
percapnia, the study has not been randomised. The 
study aims to evaluate bedside practice and to take 
into account the effect of confounding factors, and 
a propensity will be calculated individually for each 
treatment.
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view of assessing the actual benefit of these techniques 
under the above-mentioned conditions.5 6 Only rarely in 
ICUs, do non-invasive palliative oxygenation strategies 
correspond to compassionate treatment, of which the only 
goal should be to reduce discomfort related to dyspnoea.4 
In most cases, non-invasive palliative oxygenation strate-
gies are applied in selected patients with the hope of clin-
ical recovery for whom endotracheal ventilation is not 
an option, but with the hope of clinical recovery. Simi-
larly, in some patients who have been initially intubated 
and mechanically ventilated, the do-not-reintubate ques-
tion may arise. Schematically, two types of patients may 
benefit from these non-invasive approaches: patients with 
severe chronic obstructive pulmonary disease (COPD) 
or chronic heart failure and patients with cancer or 
haematologic malignancy. While previous studies in the 
first group have reported that nearly half survive and can 
return home,4 for patients with malignancies, the prog-
nosis is more severe.4 7

There has been rapidly increasing interest in high-flow 
nasal oxygen therapy (HFOT), which has been reported in 
different clinical situations to be more effective and better 
tolerated than non-invasive ventilation (NIV).8 9 However, 
results are conflicting and controversies about its possible 
superiority have remained persistent.10–13 Frequency of 
use of non-invasive oxygenation strategies in ICU patients 
with do-not-intubate order is not precisely known. In 
these palliative ICU patients, the balance between bene-
fits and harms of the non-invasive oxygenation supports 
has been inadequately investigated especially with regard 
to HFOT, and the impact on medium-term or long-term 
quality of life has yet to be studied.1

Objectives
We aim to conduct a prospective multicentre observa-
tional study comparing the practices and impact of pallia-
tive non-invasive oxygenation strategies, including HFOT 
and NIV, in patients admitted to an ICU for acute respira-
tory failure with a do-no-intubate order. We hypothesised 
that a strategy involving HFOT alone is more beneficial in 
terms of survival and comfort compared with strategies of 
NIV alternating with standard oxygen or HFOT.

Primary objective
To compare the survival within 14 days of ICU admission 
among patients with acute respiratory failure and a do-no-
intubate order alive and weaned from an oxygenation 
strategy using high-flow nasal oxygen alone versus NIV 
alternating with standard oxygen and NIV with high-flow 
nasal oxygen.

Secondary objectives
To compare the three strategies of oxygenation as regards:

►► Short-term efficacy of the non-invasive oxygenation 
strategies.

►► Tolerance, acceptance comfort and sleep quality 
under the non-invasive strategies of oxygenation 
during ICU stay.

►► Length of stay in ICU and hospital, mortality rates in 
ICU, in hospital, at day 28 and up to day 90, and the 
number of decision to withdraw life-support decision.

►► Quality of life in survivors at 3 and 6 months after ICU 
discharge.

Trial design
The OXYPAL study is an investigator initiated, prospective 
multicentre, observational study comparing non-invasive 
strategies of oxygenation using HFOT alone versus NIV 
alternating with standard oxygen and with HFOT in ICU 
patients with severe acute respiratory failure and do-not-
intubate orders.

METHODS
Participants, interventions and outcome
Study setting
The OXYPAL study is taking place in 34 mixed medical 
and surgical ICUs in France.

Eligibility criteria
Inclusion criteria
Adult patients admitted to ICU with acute respiratory 
failure and a do-not-intubate order will be eligible. Acute 
respiratory failure is defined as a respiratory rate above 
25 breaths/minute or signs of respiratory distress, and 
hypoxemia requiring more than 3 L/min oxygen flow to 
obtain pulse oximetry above 92%.

Two types of patients will be considered at inclusion 
according to the following criteria: patients with acute 
respiratory failure requiring non-invasive strategies 
of oxygenation within the 24 hours of admission and 
patients initially mechanically ventilated with postextuba-
tion respiratory failure (figure 1).

Exclusion criteria
Refusal to participate, patients with home care treatment 
by NIV, patients treated with prophylactic HFOT or NIV 
after extubation.

Intervention
Patients will be included after obtaining their informed 
consent or from their next of kin, and non-invasive strat-
egies of oxygenation will then be carried out within the 
24 hours after they meet inclusion criteria. The purpose 
of the 24-hour time frame is to allow confirmation of 
the do-not-intubate orders, including collegiality of the 
decision according to French law on withholding or with-
drawing therapies.

The non-invasive oxygenation strategy to be applied 
will be left at the appreciation of the physician in charge 
of the patient (HFOT alone or NIV alternating with 
HFOT or NIV alternating with standard oxygen). In line 
with the recent international guidelines,1 NIV will be priv-
ileged in hypercapnic patients with underlying chronic 
lung disease.

Three groups of patients will be determined according 
to the non-invasive strategy of oxygenation carried out: 
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continuous HFOT, sessions of NIV interspaced with stan-
dard oxygen therapy and sessions of NIV interspaced with 
HFOT.

To standardise homogenate practices, basic recommen-
dations in accordance with guidelines are specified in the 
study protocol

HFOT
HFOT (Optiflow or AIRVO2, Fisher & Paykel, Auckland, 
New Zealand) is continuously administered with a gas 
flow of at least 40 L/min and FiO2 adjusted to obtain 
adequate oxygenation (pulse oximetry of at least 92%) 
through a heated humidifier (MR 850, Fisher & Paykel, 
Auckland, New Zealand) set to the ‘intubation’ position.

NIV
NIV is carried out with a ventilator dedicated for NIV 
(ICU ventilator after activation of NIV mode or NIV 
bi-level ventilator)10 in pressure support (PS) ventilatory 
mode with a minimal PS level of 5 cm H2O targeting a 
tidal volume of 6 mL/kg of predicted body weight and 
avoiding tidal volumes exceeding 8 mL/kg, a positive 
end-expiratory pressure (PEEP) level of at least 8 cm 
H2O, and FiO2 adjusted to obtain adequate oxygenation 
(pulse oximetry of at least 92%). For patients experi-
encing NIV intolerance despite reassurance, physicians 
will be encouraged to modify NIV settings (level of PS 
and PEEP, minimisation of leaks, adjustment of inspira-
tory trigger and cycling, and interface switch) to improve 
NIV tolerance.

As this observational study will correspond to bedside 
practice, while no minimal duration/day will be imposed 
by the protocol, a first session of at least 2 hours and further 
sessions lasting at least 1 hour are to be encouraged.

Standard oxygen
In the group with NIV sessions interspaced with stan-

dard oxygen therapy, oxygen therapy is applied contin-
uously through a non-rebreather face mask at a flow 
rate adjusted to maintain an oxygen saturation level of 
92% or more, as measured by means of pulse oximetry 
(SpO2).

In the three groups, continuation or discontinuation 
of the treatment will be decided according to patient’s 
respiratory status. Reasons for discontinuation, that is, 
improvement, intolerance or refusal of the oxygenation 
strategy, will be recorded on the case report form.

Definitions
Active palliative oxygenation support is given to patients 
provided that the cause of acute respiratory failure is 
reversible and oxygenation support improves patient 
comfort.14 Compassionate oxygenation support is given 
to patients receiving only comfort care alone to alleviate 
their dyspnoea.

Outcomes
Primary outcome
The primary outcome is survival in patients weaned from 
HFOT and NIV within day 14 after ICU admission.

Figure 1  Flowchart of the patients and study design. DNI, do-not-intubate; HFOT, high-flow oxygen therapy; ICU, intensive 
care unit; NIV, non-invasive ventilation.
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Secondary outcomes
Secondary outcome variables include the following:

►► Short-term efficacy will be evaluated by a decrease in 
respiratory rate below 20 breaths/min, pulse oximetry 
above 92% and Borg scale scores.

►► Tolerance will be evaluated by 100-mm visual 
analogue scale from ‘no discomfort’ to ‘maximal 
imaginable discomfort’ and by identification of 
the reason of eventual discontinuation of the non-
invasive oxygenation strategy; quality of sleep will be 
evaluated semi-quantitatively by the patient himself 
and by the nurse in charge of the patient during his 
or her nightshift, with a Likert scale: (good, some-
what good slightly good and not good). Overall satis-
faction at ICU discharge and global acceptance of 
the oxygenation method applied will be expressed 
at the end of the ICU stay by the patient, a patient’s 
relative and the nurse in charge of the patient by two 
distinct Likert scales: very satisfied, satisfied, some-
what satisfied, and unhappy and extremely unhappy; 
and useful and easy to accept, useful but hard to 
accept, useless but easy to accept, and useless and 
hard to accept.

►► Length of stay in ICU and in hospital, survival rates 
in ICU and in hospital, at day 28 and up to day 90, 
and the number of decisions to withdraw life support 
decision.

►► Quality of life will be assessed by the Euro Quality of 
life 5 dimensions (EQ5D) score recorded by phone 
call at 3 and 6 months.

Participant timeline
Table 1 shows assessment and visits for participants.

Sample size
This observational study will be constituted by three groups: 
HFOT alone, NIV with standard oxygen, and NIV with 
HFOT, according to the strategy initially chosen by the clini-
cians. We assume proportions of surviving patients weaned 
from non-invasive strategies of oxygenation within day 14 of 
50% in the NIV group and 65% in the HFOT group. There 
do not exist enough data to speculate on survival in the NIV 
associated with the HFOT group. Considering the propor-
tions of patients receiving each strategy of oxygenation, 30% 
for HFOT, 60% for NIV with standard oxygen and 20% for 
NIV with HFOT (the total exceeds 100% to take account of 
the variability of the proportions), for a power of 80% and a 
type I error of 5%, for the relative hazard of 0.65, the number 
of patients required is at least 70 in the HFOT alone group, 
130 in the NIV with standard oxygen group and 40 in the 
NIV with HFOT group, that is, a total of 240 patients to esti-
mate mortality hazard with precision of 1%. The control 
of confounding factors will be carried out by the inverse 
weighting method of propensity score. Adjusting the sample 
size for the propensity score and possible non-exploitable 
records, the number of patients required is 300 (80 patients 
in HFOT alone group, 170 in NIV with standard oxygen 
group and 50 in NIV with HFOT group), that is, recruit-
ment of 8–15 patients/year for a target of 34 participating 
centres. Sample size has been increased to 330 to account for 
the inclusion of patients on home NIV (addition of the non-
inclusion criterion after the first inclusions).

Blinding
As allocation of the non-invasive oxygenation strategy is 
based on a not masked practitioner’s approach, the stat-
istician and the co-ordinating centre investigators will 

Table 1  Collected variables from baseline to month 6

Actions Baseline D1 D2 D3 D14 ICU discharge Hospital discharge M3 M6

Inclusion/exclusion criteria X

Informed consent X

Group attribution X

Analysis

Dyspnoea score X

Respiratory rate X

Comfort scale with oxygenation method X X X

Quality of sleep (patient)

Quality of sleep (nurse)

Sedation (y/n) X X X X

NIV duration X X X X

HFOT X X X

Outcome (death/alive) X X X X X

ED5Q X* X X

*ED5Q at baseline corresponds to quality of life before the current admission.
HFOT, high-flow nasal oxygen therapy; ICU, intensive care unit; NIV, non-invasive ventilation.
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remain unaware of the study group outcomes until the 
data are locked.

Recruitment
Current status: the first patient was included on 15 
October 2018.

Due to inclusion curve, and study recruitment discon-
tinuation during the COVID-19 period (March to May 
2020), amendment has been provided for a 6-month 
prolongation of inclusion period. The expected date of 
complete data collection has been set: mid-April 2021

(6-month follow-up of the last patient included).
1.	 Expected date of the end of monitoring of participat-

ing centres: June 2021.
2.	 Expected starting date of data analysis: last trimester 

2021.

Assignment of intervention, data collection, management and 
analysis
Assignment of intervention
Allocation of the non-invasive strategy of oxygenation is 
based on the practitioner’s approach in accordance with 
the recent guidelines1 leading to three groups of treatment: 
HFOT alone, NIV with standard oxygen and NIV with HFOT.

Data collection and management
Data will be collected on an electronic case report form by 
a trained investigator or research assistant at each centre. 
At time of inclusion, the following data will be collected:

►► Demographic characteristics : age, sex, simplified 
acute physiology score II, body mass index, cause of 
acute respiratory distress, comorbidities: diabetes, 
cirrhosis, stroke with motor sequelae, cognitive 
impairment (dementia), chronic psychiatric illness, 
depressive syndrome, coronary artery disease, New 
York Heart Association (NYHA) IV heart failure, stage 
IV COPD, pulmonary fibrosis, progressive cancer and 
progressive haematological malignancy.

►► Reasons for the decision not to intubate: patient 
refusal, cancer, malnutrition, heart failure NYHA IV 
and severe chronic respiratory failure.

►► Variables related to clinical efficacy on the first day: 
respiratory rate on admission and 1 hour after the 
first technique used, SpO2 before and 1 hour after 
the first technique used, blood gas and chest X-ray 
before treatment (if performed). On the following 
days: respiratory rate and SpO2. Processing moni-
toring variables (daily): duration of NIV per day, dura-
tion of HFOT per day, and in the event of a change in 
the initially planned strategy, reason for the change.

►► Sleep quality during the first night (patient’s esti-
mation and perception of sleep quality by patient’s 
nurse). On the following days: sleep quality on second 
and third night, perception of sleep quality, possible 
introduction of sedation (and nature of sedation) and 
treatment received by the patient (hypnotics, anxio-
lytics, morphine and neuroleptics), overall satisfaction 

at ICU discharge and global acceptance of the used 
oxygenation method scales used.

►► Quality-of-life variables: EQ5D score prior to ICU 
hospitalisation and at 3 and 6 months.

Statistical methods
Descriptive analysis of patients groups at baseline
Categorical variables will be presented as frequencies and 
percentages, and continuous variables as means with SD 
or medians with IQR (25–75 percentile). Comparison of 
continuous data between groups will be carried out using 
the unpaired t-test and categorical data will be compared 
using the χ2 test.

Analysis pertaining to the main criteria of evaluation
For the primary endpoint, analysis of survival in patients 
weaned from oxygenation support within day 14 will be 
compared by Kaplan-Meyer estimator and log-rank test. 
To adjust in-hospital survival for confounding factors, 
including demographic variables, comorbidities, disease 
severity and other medications used, a Cox model propor-
tional hazards regression will be performed. From the 
model, HRs with 95% CIs will be estimated for included 
variables to determine their effect on the risk of mortality 
(primary endpoint).

Proportionality between the predictors and the HR will 
be validated through evaluation of Schoenfeld residuals 
with a p>0·05, confirming proportionality.

To minimise the effect of confounding factors, a propen-
sity score matching analysis by the inverse weighting 
method will be carried out individually for each of the 
HFOT alone and NIV with HFOT groups compared with 
NIV with standard oxygen group. In the event of a change 
in treatment strategy, the patient will be analysed in the 
originally initiated treatment group.

All the analyses will be performed by the study statis-
tician according to a predefined statistical analysis plan 
and using statistical software (SAS V.9.4 or R software). 
For statistical tests, a two-tailed p value of <0.05 will be 
considered as indicating statistical significance.

Analysis pertaining to the main criteria of evaluation
Secondary endpoints will be compared between the three 
treatment groups by means of analysis of variance (or 
non-parametric method, if appropriate) for quantitative 
variables and by means of the χ2 test (or Fisher’s exact 
test) for qualitative variables.

Predetermined subgroup analysis
Subgroup analysis will be conducted to analyse outcomes 
in patients with and without hypercapnia and in patients 
with and without malignancy.

To take into account patients’ tolerance of oxygen-
ation support systems, subgroup of patients who could 
complete the prescribed treatment will be compared with 
patients who refused NIV or HFNT whatever the time 
elapsed between initiation and refusal.
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ETHICS AND DISSEMINATION
Consent or assent
The study was approved by an independent ethics 
committee (Comité de protection des personnes Ile 
de France V for number ID-RCB-2017-A03034-49). The 
University Hospital of Poitiers is the sponsor of the trial. 
Patients will be included after verification of the eligibility 
criteria and after having addressed an informed consent 
form to the investigator according to the decision of the 
central ethics committee. For patients not able to provide 
informed consent, their next-of-kin will be contacted 
according to the same procedure. Patients will be 
informed as soon as possible by the investigator of their 
participation in the study and their consent to continue 
to participate in the study will be retrieved. Patients will 
be informed that they will be called 3 and 6 months after 
ICU discharge for evaluation of their quality of life using 
the EQ5D score.

Confidentiality
Data will be handled according to French law. All orig-
inal records will be archived at trial sites for 25 years. The 
clean database file will be anonymised and kept for 15 
years.

Declaration of interest
The OXYPAL study is an investigator-initiated trial. The 
European research network REVA has endorsed the study 
project. The study is promoted by the University Hospital 
of Poitiers. The study promoter has received grants from 
‘Fondation de France’, ‘AADAIRC’ and ‘Association 
Sports et Collection’. Grant numbers are not applicable.

Access to data
All investigators will have access to the final data set. 
Participant-level data sets will be made accessible on a 
controlled access basis.

Dissemination policy
Findings will be published in peer-reviewed journals and 
presented at local, national and international meetings, 
and conferences to publicise and explain the research to 
clinicians, commissioners and service users.

DISCUSSION
There is little knowledge about the proportion of patients 
admitted at an ICU with acute respiratory failure and 
do-not-intubate orders and even less information about 
not to be re-intubate orders.15 Thirteen studies have 
reported data on patients receiving NIV,5–7 16–25 three 
receiving HFOT and two comparing NIV and HFOT.26–30 
The main findings of these studies are the following: 
(1) two main types of patients are considered, patients 
with active cancer or haematologic malignancies and 
those patients with exacerbation of chronic respiratory 
disease or acute on chronic heart failure;6 31 (2) the 
hospital mortality rate of the second category is around 
50%, and it is higher in patients with cancer;6 7 13 and (3) 

non-invasive strategies of oxygenation enable respiratory 
improvement in a large proportion of patients.6 7 21 26 27 
When survival is identified as a primary objective in ICU 
patients, day 28 is almost always the gold standard choice. 
Considering the high mortality rate and the relatively 
short length of stay of the patients having declined 
tracheal intubation,6 as regards the primary objective, we 
focused on in the first 14 days of hospitalisation. Addi-
tionally, numerous points warrant specific investigations. 
Importantly, in these palliative patients, the expected 
benefit of non-invasive techniques of oxygenation should 
not be reduced to immediate efficacy and mortality rates, 
but should also include patient-centred outcomes such as 
comfort, acceptance and tolerance of these techniques 
and surviving patients’ evaluation of their quality of life.32

NIV is assumed to be generally well-tolerated by patients 
with do-not-intubate orders in only one study.31 In large-
scale studies, NIV has been discontinued in 20%–25% of 
patients due to poor tolerance.8 33 In patients with comfort 
measurements, only 10% stopped NIV treatment because 
of intolerance or adverse effects.6 7 It should also be 
pointed out that 34% of patients reported regrets about 
having received NIV in a full code strategy context.34 
HFOT is generally well-tolerated.8 Quality of sleep is a 
major challenge when assessing in ICU patients’ comfort 
and it has been shown that sleep deprivation may be asso-
ciated with altered respiratory performance.35 Only one 
study has reported poor sleep during NIV in 76% of the 
studied patients.36 In the OXYPAL study, particular atten-
tion will be paid to quality of sleep in all the included 
patients.

The quality of life of survivors with do-not-intubate 
orders was measured in two studies only reporting similar 
Short Form Health Survey and Hospital Anxiety and 
Depression Scale (HADS) scores compared with patients 
receiving NIV in full-code strategy6 36

The OXYPAL study will be the first large prospective 
study focused on bedside practice of non-invasive oxygen-
ation in patients admitted to ICU with DNI orders, 
including patients with do-not reintubate orders. This 
study will analyse not only outcome, but also the toler-
ance and the quality of life at short and medium time. A 
limitation will be due to the observational study design, 
and we cannot exclude the possibility of unmeasured 
confounding factors, although the propensity score-
matched analyses will ensure comparability on measured 
confounding factors.

Although it is not a randomised study, this study will 
give some indication with the respective potential benefit 
of the different used strategies and we should be able 
to suggest the preferred method in different clinical 
circumstances.
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