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Abstract 

Background: Although supplemental oxygen can be lifesaving, liberal oxygen administration causing 

hyperoxaemia, may be harmful. The targets for oxygenation in patients with acute hypoxaemic 

respiratory failure acutely admitted to the intensive care unit (ICU) are strongly debated, and consensus 

on which targets to recommend has not been reached. The Handling Oxygenation Targets in the ICU 

(HOT-ICU) trial is a multicentre, randomised, parallel-group trial of a lower oxygenation target (arterial 

partial pressure of oxygen (PaO2) = 8 kPa) versus a higher oxygenation target (PaO2 = 12 kPa) in adult ICU 

patients with acute hypoxaemic respiratory failure. In this study, we aim to evaluate the effects of these 

targets on long-term cognitive and pulmonary function in Danish patients, enrolled in the HOT-ICU trial 

and surviving to one-year follow-up. We hypothesise that a lower oxygenation target throughout the ICU A
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stay may result in cognitive impairment, whereas a higher oxygenation target may result in impaired 

pulmonary function.

Methods:  All patients enrolled in the HOT-ICU trial at Danish sites and surviving to one year after 

randomisation are eligible to participate. The last patient is expected to be included by November 2021. A 

Repeatable Battery for the Assessment of Neuropsychological Status and a body plethysmography, 

including diffusion capacity for carbon monoxide, both pre-planned secondary long-term outcomes of the 

HOT-ICU trial, will be obtained. 

Conclusion: This study will provide important information on the long-term effects of a lower versus a 

higher oxygenation target on cognitive and pulmonary function in adult ICU patients with acute 

hypoxaemic respiratory failure.
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Introduction

Oxygen is one of the most commonly used medicines in critically ill adults.1 Although it can be lifesaving, 

liberal oxygen administration leading to hyperoxaemia, may have harmful effects2 – e.g. cellular damage 

mediated by reactive oxygen species.3,4 In the last decades, targeting oxygenation in critically ill patients 

admitted to the intensive care unit (ICU) with acute hypoxaemic respiratory failure has been strongly 

debated and agreement on recommended oxygenation targets has not been reached. The protocol for 

mechanical ventilation provided by the acute respiratory distress syndrome (ARDS) network5 has 

supported a low oxygenation target of a partial pressure of arterial oxygen (PaO2) between 7.3 and 10.7 

kPa or a peripheral saturation between 88% and 95%.6,7 While it has been considered the standard of care 

in ARDS patients, this oxygenation target has never been tested in clinical trials.6,7 Consequently, the 

evidence is sparse8 and clinical guidelines do not give recommendations on targeting oxygenation.9,10 

Recently, several randomised clinical trials (RCTs), investigating lower versus higher oxygenation 

strategies in the ICU, have been published.11-13 Neither of these provide clear evidence regarding optimal 

oxygenation targets when treating adult ICU patients in terms of effects on mortality.14 

Many organs can remain impaired after discharge from the ICU leading to temporal or permanent 

dysfunctions.15 Long-term cognitive sequelae after ICU admissions have been described especially in 

mechanically ventilated patients with ARDS,16-19 and a lower PaO2 has been associated with poorer 

cognitive performance.20 Regarding long-term pulmonary function, most studies have been conducted in 

ARDS populations,21-25showing potential disadvantages with a higher oxygenation target.26 However, the 

severity of the organ impairments has predominantly been mild and the association with oxygenation 

targets is difficult to quantify.15 

The Handling Oxygenation Targets in the ICU (HOT-ICU) trial is the largest trial to date exploring lower 

versus higher oxygenation targets in adult patients acutely admitted to the ICU with hypoxaemic 

respiratory failure. The trial found no differences in the primary outcome being 90-day all-cause mortality, 

or in the secondary outcomes at 90 days (number of patients with serious adverse events, percentage of 

days alive without life-support in the ICU, and percentage of days alive and out of hospital).13 In the 

present study, we aim to evaluate the effects of the two oxygenation targets on cognitive and pulmonary 

functions in Danish patients, enrolled in the HOT-ICU trial and who survive to one year after 

randomisation. We hypothesise that the lower oxygenation target results in long-term cognitive 

impairment whereas the higher oxygenation target results in impaired long-term pulmonary function.
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Methods

Study design 

This is a protocol and statistical analysis plan for two pre-planned secondary long-term outcomes of the 

HOT-ICU trial, explored in a subgroup of survivors included at selected Danish ICUs. The last patient was 

included in the HOT-ICU trial on the 3rd of August 2020 and one-year follow-up is currently being 

conducted.

The protocol has been written according to the Standard Protocol Items: Recommendations for 

Interventional Trials (SPIRIT) 2013 statement.27 The SPIRIT 2013 checklist is presented in Appendix S1.

The Danish cohort of the HOT-ICU trial

The HOT-ICU trial is an investigator-initiated, pragmatic, multicentre, randomised, outcome-assessor 

blinded, parallel-group trial of a lower versus a higher oxygenation target in adult patients acutely 

admitted to the ICU with hypoxaemic respiratory failure, defined as a need of at least 10 litres of oxygen 

per minute in an open system or a fraction of inspired oxygen (FiO2) of at least 0.50 in a closed system.13 

Patients were randomised 1:1 within 12 hours after ICU admission to either a PaO2 target of 8 kPa (lower 

target) or 12 kPa (higher target) up to a maximum of 90 days after randomisation. The HOT-ICU trial was 

performed in 35 ICUs in 7 countries and enrolment was completed in August 2020 with a total of 2928 

patients included. The Danish trial cohort consists of 2332 patients.

Approvals and registrations

The trial was approved by the Danish Health and Medicines Agency (AAUH-ICU-01, EudraCT no. 2017-

000632-34); the Committee on Health Research Ethics in the North Denmark Region (N-20170015); the 

Danish Data Protection Agency (2008-58-0028); and all required authorities in the participating countries, 

and prospectively registered at European clinical trials database (EudraCT number 2017-000632-34) and 

at ClinicalTrials.gov (Identifier: NCT03174002).13,28,29

Additional details on the HOT-ICU trial are available in the primary publication and elsewhere.13,28,29

Study population and one-year cognitive and pulmonary follow-up

All patients enrolled in the HOT-ICU trial at Danish sites and surviving until one year after randomisation 

are eligible to participate. The inclusion criteria are the following: 1) included in the HOT-ICU trial; 2) able 

to speak and understand the Danish language; 3) informed consent to participate in the long-term 

evaluations of cognitive and lung function. Patients will be excluded from the trial if they meet any of the 

following criteria: 1) more than 18 months since the inclusion in the HOT-ICU trial – this limit was A
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previously set to 15 months and later extended to 18 at the COVID-19 pandemic outbreak with 

consequent suspension of outpatient clinics’ activities; 2) consent not obtainable according to national 

regulations; 3) body weight above 150 kg (only an exclusion criterion for the lung function test).

Setting 

The cognitive evaluation and lung function tests are performed at selected Danish hospitals. The cognitive 

evaluation is performed by trained research personnel from Aalborg University Hospital, Kolding Hospital, 

and Zealand University Hospital Køge; the lung function tests are undertaken at the Departments of 

Pulmonology at Aalborg University Hospital, Kolding Hospital, and Herlev & Gentofte Hospital.

Enrolment 

At one-year follow-up, all survivors included in the HOT-ICU trial are contacted by telephone for a health-

related quality of life (HRQoL) interview within 1 months after the date of one-year follow-up. Eligible 

Danish patients are, at this point, invited to participate in the present study and enrolled after written 

informed consent is obtained. Inclusion and exclusion of patients will be reported according to the 

Consolidated Standards of Reporting Trials statement.30

Outcome measures

The two pre-planned long-term outcomes covered in the present study are: 

a) A global cognitive score obtained from the Repeatable Battery for the Assessment of 

Neuropsychological Status (RBANS),31 which is a comprehensive test battery for the 

neuropsychological status consisting of 12 subtests designed to produce a global cognitive score 

and index scores for five different cognitive domains; i.e. immediate memory; delayed memory; 

attention; language; and visuospatial/constructional abilities.

b) A body plethysmography with measurement of pulmonary diffusion capacity for carbon monoxide 

as the inactive tracer gas mixed with oxygen and nitrogen. The value obtained corresponds to the 

diffusing capacity for carbon monoxide (DLCO).32

Exploratory outcomes include pulmonary plethysmography with measurements of dynamic and static 

lung function; a) forced expiratory volume in the first second (FEV1), b) forced vital capacity (FVC), c) the 

ratio between FEV1 and FVC (FEV1/FVC), d) total lung capacity (TLC) , e) inspiratory capacity (IC), f) ratio 

between IC and TLC (IC/TLC) g) residual volume, and h) intrathoracic gas volume. The RBANS scores in all 

separate five cognitive domains will be reported as well.A
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Blinding 

HRQoL interviews are conducted by blinded interviewers, and consequently, recruitment to the current 

study is also blinded. Additionally, RBANS and pulmonary function tests are performed by blinded 

research staff personnel ensuring full outcome assessment blinding for the long-term outcomes. The trial 

statistician will as well be blinded for the trial allocations during all analyses.

Data management 

No data from the patient files are collected. RBANS and lung function data will be stored in accordance 

with the Danish legislation and the trial is reported to The Danish Data Protection Agency. The data will be 

merged with the electronic HOT-ICU database.

Statistical analysis

Baseline variables

Baseline variables will be reported as numbers and percentages for categorical variables. Means and 

standard deviations (SDs) or medians with interquartile ranges (IQRs) will be reported for continuous 

variables, as appropriate.

Evaluation of sample representativeness

In order to evaluate whether our sample is representative of the entire trial population alive at one year, 

we will compare the baseline variables and non-mortality secondary outcomes of the HOT-ICU trial being 

the number of patients with serious adverse events in the ICU, percentage of days alive without life-

support in the ICU in 90 days, percentage of days alive and out of hospital in 90 days, and EuroQol visual 

analogue scale score33 from the HRQoL interviews at one-year follow-up between the subpopulation 

included in the present study and the remaining HOT-ICU trial cohort alive at one year from 

randomisation. We will use a chi-square test for categorical data and a parametric or non-parametric test 

for continuous data, as appropriate.

Pre-planned long-term outcomes

We will conduct all analyses according to the intention-to-treat principle unless specified otherwise.34 The 

intention-to-treat population includes all randomised Danish patients surviving to one year after 

randomisation, except where follow-up data cannot be obtained due to withdrawal of consent according 

to national regulations.35-37

The pre-planned long-term outcomes will be compared between the intervention groups using a 

generalised linear model or a non-parametric test. Results will be presented as absolute differences with A
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multiplicity adjusted CIs. Adjustments of CIs due to multiple outcomes will be performed as according to 

the procedure specified by Jakobsen et al38 and in the statistical analysis plan for the HOT-ICU trial.29 With 

an adjusted CI of 98.75%. Adjusted P-values below 0.0125 will be considered definitely significant and P-

values above 0.0125 will be considered definitely non-significant. P-values below 0.05 but above 0.0125 

will be considered only possibly significant and thus not confirmative.

All generalised linear models will initially use normal distribution or alternatively Poisson distribution or  

negative binomial distribution,39 and will be adjusted for the stratification variables site, known chronic 

obstructive pulmonary disease (COPD), and haematological malignancy.40 If assumptions for these 

distribution are not met, we will analyse the data using the nonparametric Van Elteren test adjusting for 

site, only.41

Secondary analyses of the outcomes, using a generalised linear model will be performed, adjusting for 

stratification variables together with important prognostic baseline factors: age, active metastatic cancer, 

type of admission (medical, elective surgery, or emergency surgery) and Sequential Organ Failure 

Assessment Score. If assumptions for this analysis is not met, we will apply a general linear model for the 

mean regardless of any non-parametric data distributions to allow for the multiple adjustments required.

Exploratory outcomes

Each exploratory outcome will be compared between the intervention groups using a generalised linear 

model or a nonparametric test with adjustments for stratification variables (site, known COPD, 

haematological malignancy). Evaluations of significance will be based on the P-values from these 

regression analyses and the absolute risk differences with 95% CIs will be reported. No adjustments for 

multiplicity will be conducted for the explorative outcomes.

Power sample calculation 

Assuming an RBANS mean global score ± SD of 80 ± 2042 in the HOT-ICU control group and an RBANS 

global score of 75 ± 20 in the intervention group, 2 x 359 patients are required for confirmative results 

with α = 0.0125 (two-sided) and β = 0.2 (i.e. a power of 80%). The predicted DLCO ± SD at one-year follow-

up in a small cohort of ARDS patients was 70% ± 20%.21 Assuming that this will also be the result in the 

HOT-ICU intervention group and with an expected higher value in the HOT-ICU control group being 75% ± 

20%, 2 x 359 patients are also required for confirmative results in this outcome with α = 0.0125 (two-

sided) and β = 0.2 (i.e. power of 80%). Conversely, to obtain explorative results with a two-sided α of 0.05, 

2x253 patients for both outcomes are required. A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Discussion

This one-year follow-up study of the HOT-ICU trial will provide new important information on cognitive 

and pulmonary long-term outcomes following lower versus higher oxygenation targets in acutely ill 

patients with hypoxaemic respiratory failure admitted to the ICU. Thus far, only one RCT, the Intensive 

Care Unit Randomized Trial Comparing Two Approaches to Oxygen Therapy (ICU-ROX), has performed 

long-term follow-up with cognitive evaluation on survivors conducted at 180 days post-randomisation. 

The investigators tested a lower versus a higher oxygenation target in mechanically ventilated patients 

and found no significant between-group difference in cognitive impairment.43  Otherwise, existing 

evidence comes from observational studies, primarily conducted in ARDS patients.16-25

The strengths of our study are that the cognitive and pulmonary evaluations were pre-planned long-term 

outcomes,13,28,29 and that they are assessed by research staff strictly blinded to the intervention. 

Moreover, both assessments are performed by trained personnel at three selected hospitals in Denmark 

to enhance the quality and to minimise variability, even if this could affect the number of participants due 

to geographical reasons. Additionally, the methodology of the present study has been prepared in 

agreement with the relevant statement according to the study design.27 Also, the HOT-ICU trial’s 

protocol28 and statistical analysis plan29 are predefined and were published prior to randomisation of the 

last patient. The present study has some limitations. Only survivors at selected Danish sites are invited to 

participate. However, the Danish subpopulation represents the vast majority of the trial with 2332 

patients out of 2928 (79.6%) included from 19 of the 35 recruiting sites. Additionally, we expected a 

substantially lower 90-day all-cause mortality than what was found in the primary publication.13 

Consequently, with an one-year mortality of around 42% fewer potential patients are being eligible than 

expected. Finally, the outbreak of the COVID-19 pandemic caused outpatient clinics to close and led to a 

significant loss of eligible patients, despite the inclusion period being increased from 15 to 18 months 

after randomisation upon the approval from the Ethics Committee. To evaluate the impact of the 

limitations of the trial, we will compare the baseline variables and non-mortality secondary outcomes of 

our subpopulation with the remaining HOT-ICU trial cohort alive at one-year post-randomisation.

In conclusion, we aim to evaluate the long-term effects of a higher versus a lower oxygenation target on 

both cognitive and pulmonary long-term function in a Danish subpopulation of the HOT-ICU trial. As both A
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outcomes are pre-planned, with emphasis on minimising risks of bias, the present study will provide 

important information on the long-term effects of targeted oxygen therapy in patients with acute 

hypoxaemic respiratory failure admitted to the ICU.

Status of the study

The study is currently recruiting. By 30th September 2021, we have enrolled 193 patients for the cognitive 

evaluation and 195 for the lung function test, respectively. The last patient is expected to be included by 

November 2021.
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