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Original Protocol and Statistical Analysis Plan

Lower or Higher Oxygenation Targets in Acute Hypoxemic Respiratory Failure – A Patient-Level Meta-Analysis of Two Randomised Clinical Trials:
Protocol and statistical analysis plan
Acta Anaesthesiologica Scandinavica 2023; 67; 6; 811-819 (doi: 10.1111/aas.14220)


This protocol was prepared, submitted for publication, and published prior after completion 90-day follow-up and publication of the primary results of the Handling Oxygenation Targets in the ICU (HOT-ICU) trial, but before randomisation of the last patient in the Handling Oxygenation Targets in COVID-19 (HOT-COVID) trial, and prior to initiation of the individual patient data meta-analysis.

Outcomes
The primary outcome for this individual patient data meta-analysis is 90-day all-cause mortality. The secondary outcome is the absolute number of days alive without life-support within 90 days. Life-support is defined as either the use of any renal replacement therapy, vasopressor or inotropic support, or respiratory support defined as NIV, non-intermittent CPAP, or IMV. Further, we will perform sensitivity analyses of both the primary and secondary outcome with adjustment for clinically important baseline variables, being age as a continuous variable, presence or absence of metastatic cancer, admission type, and Sequential Organ Failure Assessment (SOFA) score as a count variable (Table 2).

Subgroups analysed for interaction with both the primary and secondary outcome
We will assess if the intervention effect on both the primary and secondary outcome is influenced by categorical subgroups based on baseline patient characteristics. The baseline subgroups investigated for statistical interaction are age, sex, type of admission, ventilatory support, chronic obstructive pulmonary disease (COPD), pneumonia, intracranial pathology, heart disease, intestinal ischaemia, malignancy, shock, SARS-CoV-2 infection, and PaO2:FiO2 ratio among patients with respiratory support. The credibility of the investigated effect modification in each subgroup will be assessed using the ‘Instrument to assess the Credibility of Effect Modification Analyses’ (ICEMAN) tool [1]. A detailed overview of the subgroups and the expected direction of the intervention effect is presented in Table 1. 

Baseline description
Baseline characteristics will be reported for the combined HOT-ICU and HOT-COVID population and for each trial separately. Categorial variables will be reported as numbers and percentages, while continuous variables will be reported as medians with interquartile ranges. An overview of all baseline variables is presented in Table 2.

Power estimation
Based on a control group mortality measured as 42.4% in the HOT-ICU trial and estimated at 40.0 % in the HOT-COVID trial taking trial size into account, a control group mortality of 42.1% is expected. With a statistical power of 80%, and a two-sided P value of 0.05 this study will be able to detect an absolute difference in mortality of 4.6 %-points or more.

[bookmark: _Hlk124337458]General Analytical Principle
All analyses will be based on the intention-to-treat principle. The intention-to-treat population includes all randomised patients except those where follow-up could not be obtained due to withdrawal of consent according to national regulations [2].
[bookmark: _Hlk124337447]All tests for statistical significance will be two-sided. The alpha level will be 0.05 for the primary and the secondary outcome with 95% confidence intervals (CIs) with the same approach applied to the sensitivity analyses. The intervention effects in the subgroup analyses will be presented with 95% CIs, while we will present p-values of the tests for interactions with significance levels of 0.05. As the significance level of the p-values for the secondary outcome, the sensitivity analyses, and the subgroup analyses are not adjusted for multiplicity, results should be interpreted cautiously.



Statistical Analyses
Individual level data from the HOT-ICU and HOT-COVID trials will be appended and analysed in a one-step approach using a GLMM, where the clustering of patients within the trials and sites are accounted for. Sites that are present in both trials are treated as separate clusters in the model. The model will allow for random intercepts and fixed slopes [3–5]. We will adjust the model for each trials’ stratification variables: the HOT-ICU trial was stratified for site, presence or absence of chronic obstructive pulmonary disease (COPD), and presence or absence of active haematological malignancy, whereas the HOT-COVID trial was stratified for site only. We will use a VCE(robust) option in Stata as recommended by Cameron and Trivedi [6] as a robust estimator of clustered variance-covariance [7].
Primary outcome
The primary dichotomous outcome, 90-day all-cause mortality, will be compared between the intervention groups using a GLMM with a log-link to estimate a relative risk. The adjusted analysis will utilise the same model with adjustment for age, metastatic cancer, admission type, and SOFA-score (Table 2).
Secondary outcome
The secondary discrete outcome, absolute number of days alive without life-support within 90 days, will be compared between the intervention groups using a GLMM with an identity link to estimate a mean difference. The adjusted analysis will utilise the same model with adjustment for age, metastatic cancer, admission type, and SOFA-score (Table 2).
Subgroup analyses
We will analyse the previously defined subgroups (Table 1) for heterogeneity in the intervention effects for both the primary and secondary outcome, including tests for interaction. The subgroup predictor will have a fixed slope and a random intercept.
Visualisation of survival time
Survival until 90 days after randomisation will be visualised for both intervention groups using Kaplan-Meier plots based on crude survival data.
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Handling of missing data
Analyses will be performed without imputation if missingness in data does not exceed 5%. If missingness does exceed 5%, we will perform multiple imputations of missing data using chained equations. The number of imputations needed will be estimated based on a quadratic rule as proposed by Von Hippel [8].

Software
All analyses will be conducted using Stata (StataCorp. 2021. Stata Statistical Software. College Station, TX: StataCorp LLC.), with meglm (Multilevel mixed-effects generalised linear model) and stmixed (Multilevel mixed-effects parametric survival analysis) packages for fitting a multilevel mixed-effects generalised linear model.



	Table 1 Subgroups
	

	Subgroups based on baseline registrations:
	Specification:
	Expected direction of intervention effectA

	Age
	Patients are categorised into two subgroups according to the population median age.
   Age ≥median age
   Age <median age
	We hypothesise a differential effect for patients in the two intervention groups according to age.

	Sex
	Categorial. Genotypic male or female
	We hypothesise a differential effect for patients in the two intervention groups according to gender.

	Admission type
	Categorised into three subgroups:

   Medical
   Elective Surgical
   Emergency Surgical
	We hypothesise a successively greater effect favouring the 8 kPa PaO2 target for patients in elective surgical, medical, and emergency surgical admissions.

	Ventilatory support
	Categorised into three subgroups:
   IMV
   NIV or CPAP
   Open systems
	We hypothesise a successively greater effect favouring the 8 kPa PaO2 target for patients in open systems, NIV or CPAP, and IMV group.

	COPDB
	Categorical (Yes/No). Yes, if the patient at baseline were registered as having COPD 
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with COPD.

	Pneumonia
	Categorical (Yes/No). Yes, if the patient at baseline were registered as having pneumonia
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with pneumonia.

	Intracranial pathology
	Categorical (Yes/No). Yes, if the patient at baseline were registered with either:
   Cardiac arrest
   Traumatic brain injury
   Haemorrhagic or ischaemic stroke
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with intracranial pathology.

	Heart disease
	Categorical (Yes/No). Yes, if the patient at baseline were registered with either:
   Ischaemic heart disease
   Chronic heart failure
   Acute myocardial infarction
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with heart disease.

	Chronic dialysis
	Categorical (Yes/No). Yes, if the patient at baseline were registered as receiving chronic dialysis
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with chronic dialysis.

	Intestinal ischaemia
	Categorical (Yes/No). Yes, if the patient at baseline were registered with intestinal ischaemia
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with intestinal is ischaemia.

	Malignancy

	Categorical (Yes/No). Yes, if the patient at baseline were registered with either:
   Active haematological malignancyA
   Metastatic cancer
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with malignancy.

	Shock
	Categorical (Yes/No). Yes, if the patient at baseline had both:
   Plasma lactate >2mmol/L
   Use of continuous vasopressor or inotropes 
	We hypothesise an effect favouring the 12 kPa PaO2 target for patients with shock [9–11].

	SARS-CoV-2 infectionC

	Categorical (Yes/No). 
Yes, for all patients in HOT-COVID, in HOT-ICU, yes, if patients tested positive for SARS-CoV-2 by any test at randomisation or during ICU admission
	We hypothesise a differential effect for patients in the two intervention groups according to gender.

	PaO2:FiO2 ratio
	PaO2:FiO2 ratio is categorised into three subgroups. Only patients on IMV, NIV or CPAP at baseline are included in this subgroup.
   PaO2:FiO2 ratio > 26.6 mmHg
   13.3 mmHg < PaO2:FiO2 ratio ≤ 26.6 mmHg
   PaO2:FiO2 ratio ≤ 13.3 mmHg
	We hypothesise a successively greater effect favouring the 8 kPa PaO2 target for patients in elective surgical, medical, and emergency surgical admissions.


Table 1: Overview of subgroups planned for analysis for interaction with the intervention. 
Abbreviations: COPD: chronic obstructive pulmonary disease, CPAP: continuous positive airway pressure, FiO2: fraction of inspired oxygen, HOT-ICU: Handling Oxygenation Targets in the ICU, HOT-COVID: Handling Oxygenation Targets in COVID-19, IMV: invasive mechanical ventilation, NIV: non-invasive ventilation, PaO2: arterial partial pressure of oxygen, SaO2: arterial oxygen saturation, SARS-CoV-2: severe acute respiratory syndrome coronavirus 2

A  The expected direction of the intervention effect for each subgroup is consistent with those postulated in the HOT-ICU statistical analysis plan where nothing else is stated [12].
B  Stratification variable in the HOT-ICU trial
 C  Patients diagnosed with SARS-CoV-2 during their ICU stay, but after randomisation, were included as having COVID-19 at baseline in the HOT-ICU trial since test availability and turnaround time were limited at the beginning of the pandemic leading to diagnostic delays.
	Table 2 Baseline characteristics

	Parameter
	Definition

	AgeA
	Calculated from birth to time of randomisation in years

	Sex – no (%)
	Genotypic

	Median interval between hospital admission and randomisation (IQR)
	Time from hospital admission to trial randomisation measured in days

	Median interval between ICU admission and randomisation (IQR)
	Time from ICU admission to trial randomisation measured in hours

	Confirmed SARS-CoV-2 infection
	HOT-ICU: Patients were registered if SARS-CoV-2 infection was confirmed by any test method at randomisation or during ICU admission
HOT-COVD: Confirmed SARS-CoV-2 infection at randomisation was an inclusion criterion

	Type of ICU admission - no (%)A
	

	   Medical
	Patients admitted to the ICU from a non-surgical setting

	   Elective surgical
	Patients admitted directly from the operating or recovery room after elective surgery

	    Emergency surgical
	Patients admitted directly from the operating or recovery room after emergency surgery

	Acute illnessE – no (%)
	

	   Pneumonia
	Defined by clinicians and noted in the patient files

	   Multiple trauma
	Acute accident with lesions in two anatomical sites or more

	   Haemorrhagic or ischaemic stroke
	Onset of symptoms prior to randomisation and verified by CT or MRI scan or diagnosed by a neurologist

	   Traumatic brain injury
	Verified by fresh lesions on a CT or MRI scan

	   Myocardial infarction
	Verified by ECG changes, significant rise in coronary biomarkers and/or acute PCI or CABG conducted

	   Intestinal ischaemia
	Verified by surgery, gastroscopy, colonoscopy, or CT or MRI angiography

	   Cardiac arrest
	Clinically diagnosed along with initiated cardiopulmonary resuscitation, leading to or occurred during current ICU admission

	   ARDS
	According to the Berlin Criteria [13], judged by clinicians

	Coexisting illness – no (%)
	

	   Ischaemic heart disease
	Previous myocardial infarction, previously conducted PCI or CABG, or previous stable or unstable angina pectoris or relevant use of nitrates

	   Chronic heart failure
	Chronic LVEF ≤ 40% or diagnosed chronic heart failure with preserved LVEF

	   Active metastatic cancerA
	Any metastasis from a malignant non-haematological neoplasm, which was not considered eradicated at randomisation

	   Long-term dialysis
	Any renal replacement therapy on a regular basis prior to hospital admission including haemodialysis and peritoneal dialysis

	   COPDB
	Defined as previous spirometry in stable phase diagnostic of COPD, or COPD in the anamnesis and daily use of inhaled β2-adrenergic bronchodilators, anticholinergic bronchodilators, or glucocorticoids

	   Habitual creatinine >110 mol/L
	Known or estimated

	   Active hematologic malignancyB
	Defined by the WHO 2017 classification [14]. Is considered active if treated within the last 6 months prior to randomisation

	Invasive ventilation
	

	   Patients– no (%)
	Patients receiving invasive ventilation

	   Median TV (IQR) - mL
	Last representative measure of tidal volume before randomisation

	   Median Ppeak (IQR) – cm of water
	Last representative measure of peak pressure before randomisation

	   Median PEEP (IQR) – cm of water
	Last setting before randomisation

	NIV or CPAP
	

	   Patients – no (%)
	Patients receiving NIV or CPAP

	   Median PEEP (IQR) – cm of water
	Last setting before randomisation

	Open systems
	

	   Patients – no (%)
	Patients receiving supplemental oxygen on an open system

	Oxygenation
	

	   Median PaO2 (IQR) - mmHg
	Last ABG before randomisation

	   Median SaO2 (IQR) - mmHg
	Last ABG before randomisation

	   Median FiO2C (IQR) - mmHg
	At the time of the last ABG before randomisation

	   Median PaO2:FiO2 ratio (IQR)
	

	      In all systems 
	All open systems providing supplemental oxygen therapy

	      In closed systems
	NIV, CPAP, or IMV

	   Median plasma-lactate (IQR) – mmol/liter
	Measured on last ABG before randomisation

	SOFA scoreA,D
	As defined in the SOFA score [15]

	   Median lowest MAP(IQR) - mmHg
	Lowest measurement during the 24 hours prior to randomisation

	   Use of inotropes - no (%)
	Number of patients receiving inotropes during the 24 hours prior to randomisation

	   Use of vasopressors
	

	      Patients - no (%)
	Number of patients receiving vasopressors during the 24 hours prior to randomisation

	      Median highest dose of norepinephrine (IQR) –
      µg/kg/min
	Highest dose of norepinephrine during the 24 hours prior to randomisation



Table 2: Overview of baseline variables for both the HOT-ICU and HOT-COVID trial.
Abbreviations: ABG: arterial blood gas analysis, CABG: coronary artery bypass grafting, COPD: chronic obstructive pulmonary disease, CPAP: continuous positive airway pressure, CT: computed tomography, ECG: electrocardiography, EPAP: expiratory positive airway pressure, FiO2: fraction of inspired oxygen,
GCS: Glasgow Coma Score, HOT-ICU: Handling Oxygenation Targets in the ICU, HOT-COVID: Handling Oxygenation Targets in COVID-19, ICU: intensive care unit, IMV: invasive mechanical ventilation, LVEF: left ventricular ejection fraction, MRI: magnetic resonance imaging, MAP: mean arterial pressure, NIV: non-invasive ventilation, PaO2: arterial partial pressure of oxygen, PCI: percutaneous coronary intervention, PEEP: positive end-expiratory pressure, Ppeak: peak inspiratory pressure, SaO2: arterial oxygen saturation, SARS-CoV-2: severe acute respiratory syndrome coronavirus 2, SOFA: sequential organ failure assessment, TV: tidal volume

A  Baseline variable used in the adjusted analyses of the primary and secondary outcomes.
B  Stratification variable in the HOT-ICU trial.
C  In open systems the FiO2 is estimated based on standardised conversion tables.
D  Based on values from the last 24 hours prior to randomisation except those concerning respiratory status, where values at randomisation is used. The PaO2:FiO2 ratio is based on the last ABG sample prior to randomisation.
E  Must have led to or occurred during the current hospitalisation.
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Final Protocol and Statistical Analysis Plan
Lower or Higher Oxygenation Targets in Acute Hypoxemic Respiratory Failure – A Patient-Level Meta-Analysis of Two Randomised Clinical Trials:
Protocol and statistical analysis plan
Acta Anaesthesiologica Scandinavica 2023; 67; 6; 811-819 (doi: 10.1111/aas.14220)


This protocol was prepared, submitted for publication, and published prior after completion 90-day follow-up and publication of the primary results of the Handling Oxygenation Targets in the ICU (HOT-ICU) trial, but before randomisation of the last patient in the Handling Oxygenation Targets in COVID-19 (HOT-COVID) trial, and prior to initiation of the individual patient data meta-analysis.

Outcomes
The primary outcome for this individual patient data meta-analysis is 90-day all-cause mortality. The secondary outcome is the absolute number of days alive without life-support within 90 days. Life-support is defined as either the use of any renal replacement therapy, vasopressor or inotropic support, or respiratory support defined as NIV, non-intermittent CPAP, or IMV. Further, we will perform sensitivity analyses of both the primary and secondary outcome with adjustment for clinically important baseline variables, being age as a continuous variable, presence or absence of metastatic cancer, admission type, and Sequential Organ Failure Assessment (SOFA) score as a count variable (Table 2).

Subgroups analysed for interaction with both the primary and secondary outcome
We will assess if the intervention effect on both the primary and secondary outcome is influenced by categorical subgroups based on baseline patient characteristics. The baseline subgroups investigated for statistical interaction are age, sex, type of admission, ventilatory support, chronic obstructive pulmonary disease (COPD), pneumonia, intracranial pathology, heart disease, intestinal ischaemia, malignancy, shock, SARS-CoV-2 infection, and PaO2:FiO2 ratio among patients with respiratory support. The credibility of the investigated effect modification in each subgroup will be assessed using the ‘Instrument to assess the Credibility of Effect Modification Analyses’ (ICEMAN) tool [1]. A detailed overview of the subgroups and the expected direction of the intervention effect is presented in Table 1. 

Baseline description
Baseline characteristics will be reported for the combined HOT-ICU and HOT-COVID population and for each trial separately. Categorial variables will be reported as numbers and percentages, while continuous variables will be reported as medians with interquartile ranges. An overview of all baseline variables is presented in Table 2.

Power estimation
Based on a control group mortality measured as 42.4% in the HOT-ICU trial and estimated at 40.0 % in the HOT-COVID trial taking trial size into account, a control group mortality of 42.1% is expected. With a statistical power of 80%, and a two-sided P value of 0.05 this study will be able to detect an absolute difference in mortality of 4.6 %-points or more.

General Analytical Principle
All analyses will be based on the intention-to-treat principle. The intention-to-treat population includes all randomised patients except those where follow-up could not be obtained due to withdrawal of consent according to national regulations [2].
All tests for statistical significance will be two-sided. The alpha level will be 0.05 for the primary and the secondary outcome with 95% confidence intervals (CIs) with the same approach applied to the sensitivity analyses. The intervention effects in the subgroup analyses will be presented with 95% CIs, while we will present p-values of the tests for interactions with significance levels of 0.05. As the significance level of the p-values for the secondary outcome, the sensitivity analyses, and the subgroup analyses are not adjusted for multiplicity, results should be interpreted cautiously.

Statistical Analyses
Individual level data from the HOT-ICU and HOT-COVID trials will be appended and analysed in a one-step approach using a GLMM, where the clustering of patients within the trials and sites are accounted for. Sites that are present in both trials are treated as separate clusters in the model. The model will allow for random intercepts and fixed slopes [3–5]. We will adjust the model for each trials’ stratification variables: the HOT-ICU trial was stratified for site, presence or absence of chronic obstructive pulmonary disease (COPD), and presence or absence of active haematological malignancy, whereas the HOT-COVID trial was stratified for site only. We will use a VCE(robust) option in Stata as recommended by Cameron and Trivedi [6] as a robust estimator of clustered variance-covariance [7]. To obtain convergence, all subgroup analyses were investigated using a generalised linear model with fixed slopes, and robust cluster variance estimation, while retaining data clustering as in the primary analyses. 

Primary outcome
The primary dichotomous outcome, 90-day all-cause mortality, will be compared between the intervention groups using a GLMM with a log-link to estimate a relative risk. The adjusted analysis will utilise the same model with adjustment for age, metastatic cancer, admission type, and SOFA-score (Table 2).
Secondary outcome
The secondary discrete outcome, absolute number of days alive without life-support within 90 days, will be compared between the intervention groups using a GLMM with an identity link to estimate a mean difference. The adjusted analysis will utilise the same model with adjustment for age, metastatic cancer, admission type, and SOFA-score (Table 2).
Subgroup analyses
We will analyse the previously defined subgroups (Table 1) for heterogeneity in the intervention effects for both the primary and secondary outcome, including tests for interaction. The subgroup predictor will have a fixed slope and a random intercept. 
An analysis of the interaction magnitude for possible effect modifiers stratified by trial was included post-hoc to enable adequate assessment of question 2 in ICEMAN.

Visualisation of survival time
Survival until 90 days after randomisation will be visualised for both intervention groups using Kaplan-Meier plots based on crude survival data.

Handling of missing data
Analyses will be performed without imputation if missingness in data does not exceed 5%. If missingness does exceed 5%, we will perform multiple imputations of missing data using chained equations. The number of imputations needed will be estimated based on a quadratic rule as proposed by Von Hippel [8].

Software
All analyses will be conducted using Stata (StataCorp. 2021. Stata Statistical Software. College Station, TX: StataCorp LLC.), with meglm (Multilevel mixed-effects generalised linear model) and stmixed (Multilevel mixed-effects parametric survival analysis) packages for fitting a multilevel mixed-effects generalised linear model.



	Table 1 Subgroups
	

	Subgroups based on baseline registrations:
	Specification:
	Expected direction of intervention effectA

	Age
	Patients are categorised into two subgroups according to the population median age.
   Age ≥median age
   Age <median age
	We hypothesise a differential effect for patients in the two intervention groups according to age.

	Sex
	Categorial. Genotypic male or female
	We hypothesise a differential effect for patients in the two intervention groups according to gender.

	Admission type
	Categorised into three subgroups:

   Medical
   Elective Surgical
   Emergency Surgical
	We hypothesise a successively greater effect favouring the 8 kPa PaO2 target for patients in elective surgical, medical, and emergency surgical admissions.

	Ventilatory support
	Categorised into three subgroups:
   IMV
   NIV or CPAP
   Open systems
	We hypothesise a successively greater effect favouring the 8 kPa PaO2 target for patients in open systems, NIV or CPAP, and IMV group.

	COPDB
	Categorical (Yes/No). Yes, if the patient at baseline were registered as having COPD 
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with COPD.

	Pneumonia
	Categorical (Yes/No). Yes, if the patient at baseline were registered as having pneumonia
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with pneumonia.

	Intracranial pathology
	Categorical (Yes/No). Yes, if the patient at baseline were registered with either:
   Cardiac arrest
   Traumatic brain injury
   Haemorrhagic or ischaemic stroke
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with intracranial pathology.

	Heart disease
	Categorical (Yes/No). Yes, if the patient at baseline were registered with either:
   Ischaemic heart disease
   Chronic heart failure
   Acute myocardial infarction
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with heart disease.

	Chronic dialysis
	Categorical (Yes/No). Yes, if the patient at baseline were registered as receiving chronic dialysis
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with chronic dialysis.

	Intestinal ischaemia
	Categorical (Yes/No). Yes, if the patient at baseline were registered with intestinal ischaemia
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with intestinal is ischaemia.

	Malignancy

	Categorical (Yes/No). Yes, if the patient at baseline were registered with either:
   Active haematological malignancyA
   Metastatic cancer
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with malignancy.

	Shock
	Categorical (Yes/No). Yes, if the patient at baseline had both:
   Plasma lactate >2mmol/L
   Use of continuous vasopressor or inotropes 
	We hypothesise an effect favouring the 12 kPa PaO2 target for patients with shock [9–11].

	SARS-CoV-2 infectionC

	Categorical (Yes/No). 
Yes, for all patients in HOT-COVID, in HOT-ICU, yes, if patients tested positive for SARS-CoV-2 by any test at randomisation or during ICU admission
	We hypothesise an increased effect favouring the 8 kPa PaO2 target in patients with Sars-Cov-2 infection.

	PaO2:FiO2 ratio
	PaO2:FiO2 ratio is categorised into three subgroups. Only patients on IMV, NIV or CPAP at baseline are included in this subgroup.
   PaO2:FiO2 ratio > 26.6 kPa
   13.3 kPa < PaO2:FiO2 ratio ≤ 26.6 kPa
   PaO2:FiO2 ratio ≤ 13.3 kPa
	We hypothesise a successively greater effect favouring the 8 kPa PaO2 target for patients in elective surgical, medical, and emergency surgical admissions.


Table 1: Overview of subgroups planned for analysis for interaction with the intervention. 
Abbreviations: COPD: chronic obstructive pulmonary disease, CPAP: continuous positive airway pressure, FiO2: fraction of inspired oxygen, HOT-ICU: Handling Oxygenation Targets in the ICU, HOT-COVID: Handling Oxygenation Targets in COVID-19, IMV: invasive mechanical ventilation, NIV: non-invasive ventilation, PaO2: arterial partial pressure of oxygen, SaO2: arterial oxygen saturation, SARS-CoV-2: severe acute respiratory syndrome coronavirus 2

A  The expected direction of the intervention effect for each subgroup is consistent with those postulated in the HOT-ICU statistical analysis plan where nothing else is stated [12].
B  Stratification variable in the HOT-ICU trial
 C  Patients diagnosed with SARS-CoV-2 during their ICU stay, but after randomisation, were included as having COVID-19 at baseline in the HOT-ICU trial since test availability and turnaround time were limited at the beginning of the pandemic leading to diagnostic delays.


	Table 2 Baseline characteristics

	Parameter
	Definition

	AgeA
	Calculated from birth to time of randomisation in years

	Sex – no (%)
	Genotypic

	Median interval between hospital admission and randomisation (IQR)
	Time from hospital admission to trial randomisation measured in days

	Median interval between ICU admission and randomisation (IQR)
	Time from ICU admission to trial randomisation measured in hours

	Confirmed SARS-CoV-2 infection
	HOT-ICU: Patients were registered if SARS-CoV-2 infection was confirmed by any test method at randomisation or during ICU admission
HOT-COVD: Confirmed SARS-CoV-2 infection at randomisation was an inclusion criterion

	Type of ICU admission - no (%)A
	

	   Medical
	Patients admitted to the ICU from a non-surgical setting

	   Elective surgical
	Patients admitted directly from the operating or recovery room after elective surgery

	    Emergency surgical
	Patients admitted directly from the operating or recovery room after emergency surgery

	Acute illnessE – no (%)
	

	   Pneumonia
	Defined by clinicians and noted in the patient files

	   Multiple trauma
	Acute accident with lesions in two anatomical sites or more

	   Haemorrhagic or ischaemic stroke
	Onset of symptoms prior to randomisation and verified by CT or MRI scan or diagnosed by a neurologist

	   Traumatic brain injury
	Verified by fresh lesions on a CT or MRI scan

	   Myocardial infarction
	Verified by ECG changes, significant rise in coronary biomarkers and/or acute PCI or CABG conducted

	   Intestinal ischaemia
	Verified by surgery, gastroscopy, colonoscopy, or CT or MRI angiography

	   Cardiac arrest
	Clinically diagnosed along with initiated cardiopulmonary resuscitation, leading to or occurred during current ICU admission

	   ARDS
	According to the Berlin Criteria [13], judged by clinicians

	Coexisting illness – no (%)
	

	   Ischaemic heart disease
	Previous myocardial infarction, previously conducted PCI or CABG, or previous stable or unstable angina pectoris or relevant use of nitrates

	   Chronic heart failure
	Chronic LVEF ≤ 40% or diagnosed chronic heart failure with preserved LVEF

	   Active metastatic cancerA
	Any metastasis from a malignant non-haematological neoplasm, which was not considered eradicated at randomisation

	   Long-term dialysis
	Any renal replacement therapy on a regular basis prior to hospital admission including haemodialysis and peritoneal dialysis

	   COPDB
	Defined as previous spirometry in stable phase diagnostic of COPD, or COPD in the anamnesis and daily use of inhaled β2-adrenergic bronchodilators, anticholinergic bronchodilators, or glucocorticoids

	   Habitual creatinine >110 mol/L
	Known or estimated

	   Active hematologic malignancyB
	Defined by the WHO 2017 classification [14]. Is considered active if treated within the last 6 months prior to randomisation

	Invasive ventilation
	

	   Patients– no (%)
	Patients receiving invasive ventilation

	   Median TV (IQR) - mL
	Last representative measure of tidal volume before randomisation

	   Median Ppeak (IQR) – cm of water
	Last representative measure of peak pressure before randomisation

	   Median PEEP (IQR) – cm of water
	Last setting before randomisation

	NIV or CPAP
	

	   Patients – no (%)
	Patients receiving NIV or CPAP

	   Median PEEP (IQR) – cm of water
	Last setting before randomisation

	Open systems
	

	   Patients – no (%)
	Patients receiving supplemental oxygen on an open system

	Oxygenation
	

	   Median PaO2 (IQR) - mmHg
	Last ABG before randomisation

	   Median SaO2 (IQR) - mmHg
	Last ABG before randomisation

	   Median FiO2C (IQR) - mmHg
	At the time of the last ABG before randomisation

	   Median PaO2:FiO2 ratio (IQR)
	

	      In all systems 
	All open systems providing supplemental oxygen therapy

	      In closed systems
	NIV, CPAP, or IMV

	   Median plasma-lactate (IQR) – mmol/liter
	Measured on last ABG before randomisation

	SOFA scoreA,D
	As defined in the SOFA score [15]

	   Median lowest MAP(IQR) - mmHg
	Lowest measurement during the 24 hours prior to randomisation

	   Use of inotropes - no (%)
	Number of patients receiving inotropes during the 24 hours prior to randomisation

	   Use of vasopressors
	

	      Patients - no (%)
	Number of patients receiving vasopressors during the 24 hours prior to randomisation

	      Median highest dose of norepinephrine (IQR) –
      µg/kg/min
	Highest dose of norepinephrine during the 24 hours prior to randomisation



Table 2: Overview of baseline variables for both the HOT-ICU and HOT-COVID trial.
Abbreviations: ABG: arterial blood gas analysis, CABG: coronary artery bypass grafting, COPD: chronic obstructive pulmonary disease, CPAP: continuous positive airway pressure, CT: computed tomography, ECG: electrocardiography, EPAP: expiratory positive airway pressure, FiO2: fraction of inspired oxygen,
GCS: Glasgow Coma Score, HOT-ICU: Handling Oxygenation Targets in the ICU, HOT-COVID: Handling Oxygenation Targets in COVID-19, ICU: intensive care unit, IMV: invasive mechanical ventilation, LVEF: left ventricular ejection fraction, MRI: magnetic resonance imaging, MAP: mean arterial pressure, NIV: non-invasive ventilation, PaO2: arterial partial pressure of oxygen, PCI: percutaneous coronary intervention, PEEP: positive end-expiratory pressure, Ppeak: peak inspiratory pressure, SaO2: arterial oxygen saturation, SARS-CoV-2: severe acute respiratory syndrome coronavirus 2, SOFA: sequential organ failure assessment, TV: tidal volume

A  Baseline variable used in the adjusted analyses of the primary and secondary outcomes.
B  Stratification variable in the HOT-ICU trial.
C  In open systems the FiO2 is estimated based on standardised conversion tables.
D  Based on values from the last 24 hours prior to randomisation except those concerning respiratory status, where values at randomisation is used. The PaO2:FiO2 ratio is based on the last ABG sample prior to randomisation.
E  Must have led to or occurred during the current hospitalisation.
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Summary of changes to the Protocol and Statistical Analysis Plan
For all subgroup analyses we changed the model to a generalised linear model with robust cluster variance estimation to obtain convergence. We retained the same data structure with clustering on trial and site level, and the same trial specific stratification as used in the model for the primary analyses of both outcomes.

A table of Interaction magnitude for possible effect modifiers stratified by trial (Table S6) was included post-hoc, to enable adequate assessment of question 2 in the Instrument to assess the Credibility of Effect Modification Analyses (ICEMAN).

In the pre-published protocol [16] two errors in Table 1 are here noted.
   For the Sars-Cov-2 infection subgroup, the correct expected direction of the intervention effect should be: We hypothesised an increased effect favouring the 8 kPa PaO2 target in patients with Sars-Cov-2 infection.
   For the PaO2:FiO2 ratio subgroups, the unit of measurement should be kPa.
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