
Critical Care and Resuscitation • Volume 20 Number 1 • March 2018

ORIGINAL ARTICLES

22

Oxygen is administered to all patients who are invasively 
mechanically ventilated in the intensive care unit (ICU). 
In Australia and New Zealand, the standard approach to 
oxygen therapy in ICU patients who are mechanically 
ventilated appears to be relatively liberal.1-3 It is biologically 
plausible that liberal use of oxygen, which exposes patients 
to a high fraction of inspired oxygen (Fio2)

4 or to abnormally 
high arterial oxygen partial pressure (Pao2),

5-8 might be 
harmful. Observational studies suggest that increasing 
hyperoxaemia is associated with increasing mortality risk9,10 
and fewer ventilator-free days.10 While reduced mortality 
in ICU was observed with conservative oxygen therapy 
compared with a more liberal approach in a recent single-
centre trial,11 this trial had methodological shortcomings12 
and there is ongoing uncertainty about the optimal use 
of supplemental oxygen in ICU patients requiring invasive 
mechanical ventilation.

To address the uncertainty, we are conducting the ICU 
randomised trial comparing two approaches to oxygen 
therapy (ICU-ROX). This trial compares a conservative 
approach to oxygen therapy to a standard care approach 
in a cohort of adults receiving mechanical ventilation in the 
ICU. Results of the internal pilot phase of the study have 
been published previously,13 showing the feasibility of our 
trial design with respect to appropriate patient selection, 
treatment group separation, protocol compliance, 
confounder minimisation and adequacy of recruitment. 
Here we describe the protocol and statistical analysis plan 
for ICU-ROX. Our use of a pre-specifi ed statistical analysis 
plan aims to reduce the risk of analysis bias arising from 
knowledge of the study fi ndings as they emerge during the 
analysis of the study data.14

Methods

Trial design

ICU-ROX is a 1000-patient multicentre, randomised, 
participant and outcome assessor-blinded, standard care-
controlled, parallel-group, two-sided superiority trial 
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ABSTRACT

Background: The balance of risks and benefi ts of 
conservative v standard care oxygen strategies for patients 
who are invasively ventilated in the intensive care unit (ICU) 
is uncertain.
Objective: To describe the study protocol and statistical 
analysis plan for the ICU randomised trial comparing two 
approaches to oxygen therapy (ICU-ROX).
Design, setting and participants: Protocol for a 
multicentre, randomised, participant and outcome 
assessor-blinded, standard care-controlled, parallel-group, 
two-sided superiority trial to be conducted in up to 22 
ICUs in Australia and New Zealand. 1000 adults who 
are mechanically ventilated in the ICU and expected to 
remain ventilated beyond the day after recruitment will 
be randomly assigned to conservative oxygen therapy 
or standard care in a 1:1 ratio. ICU-ROX began with an 
internal pilot phase in September 2015. It is anticipated 
that recruitment will be completed in 2018.
Main outcome measures: The primary endpoint will be 
alive, ventilator-free days to Day 28. Secondary outcomes 
include 90- and 180-day all-cause mortality, survival time 
to 180 days, and quality of life and cognitive function at 
180 days. All analyses will be conducted on an intention-
to-treat basis.
Results and conclusions: ICU-ROX will compare the effect 
of conservative v standard oxygen therapy in critically ill 
mechanically ventilated adults who are expected to be 
ventilated beyond the day after recruitment on ventilator-
free days to Day 28.
Trial registration: Australian and New Zealand Clinical 
Trials Registry (ANZCTRN 12615000957594).
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designed to determine if using conservative oxygen therapy 
instead of standard oxygen therapy alters ventilator-free 
days to Day 28 in adults who are mechanically ventilated in 
the ICU and are expected to be ventilated beyond the day 
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after recruitment. ICU-ROX is a two-sided superiority trial 
that will allocate patients to conservative oxygen therapy or 
standard oxygen therapy in a 1:1 ratio. ICU-ROX has been 
designed with reference to the Standard Protocol Items: 
Recommendations for Interventional Trials checklist.15

Setting and population

ICU-ROX will include 1000 adult patients from up to 22 ICUs 
from Australia and New Zealand. The fi rst 100 participants 
were enrolled in an internal pilot phase that ran from 18 
September 2015 until 1 July 2016.13 Recruitment of the 
remaining 900 participants commenced on 13 March 2017 
and is expected to be completed in early 2018.

Patients aged ≥ 18 years who require invasive mechanical 
ventilation in the ICU and are expected to be receiving 
mechanical ventilation beyond the next calendar day at the 
time of randomisation will be eligible for inclusion (Table 
1). The exclusion criteria are provided in Table 1. Enrolment 
will be restricted to patients who have received less than 
2 hours of invasive mechanical ventilation or non-invasive 
ventilation in an ICU. Patients who fulfi l all other eligibility 
criteria but are not enrolled within the 2-hour time window 
will be categorised as “missed”, rather than excluded, for 
the purposes of describing participant fl ow (Figure 1). Data 
linkage to identify “included” and “missed” patients in the 
Australian and New Zealand Intensive Care Society Adult 
Patient Database16 will be performed as was done during 
the internal pilot phase.13

Randomisation and blinding

Treatment assignment will be performed using a secure, 
centralised, web-based, randomisation interface. The 
allocation sequence will be generated by the study 
statistician using computer-generated random numbers, 
with block randomisation using variable block sizes, 
stratifi ed by site. Participants will be enrolled by ICU doctors, 
nurses and research staff. The assigned intervention will be 
communicated to the bedside nurse who will implement 
the study intervention.

The nature of the study interventions means that treatment 
providers cannot be blinded. However, trial participants will 
be blinded and long term functional outcome assessments 
will be conducted by a blinded outcome assessor from the 
Medical Research Institute of New Zealand, for New Zealand 
participants, and from the Australian and New Zealand 
Intensive Care Research Centre, for Australian participants. 
Participants will be asked at the 180-day follow-up which 
treatment arm they think they were allocated to.

Study treatments

After randomisation, patients will receive either conservative 
or standard oxygen therapy. In patients assigned to 

conservative oxygen therapy, the Fio2 will be decreased 

to 0.21 or supplemental oxygen will be discontinued (in 

patients who have been extubated), provided that the 

arterial oxygen saturation measured by pulse oximetry (Spo2) 

is greater than the lower limit acceptable to the treating 

clinician. An Spo2 > 96% will be strictly avoided, unless the 

Fio2 is 0.21, by mandating the use of an upper Spo2 alarm 

limit of 97% whenever supplemental oxygen is administered 

Table 1. Eligibility criteria

Inclusion 
criteria

1. The patient is aged ≥ 18 years

2. The patient requires invasive mechanical 
ventilation in the ICU

3. The patient is expected to be receiving 
mechanical ventilation beyond the next 
calendar day

Exclusion 
criteria

1. In the view of the treating clinician, hyperoxia 
is clinically indicated for reasons including (but 
not limited to) carbon monoxide poisoning or 
a requirement for hyperbaric oxygen therapy

2. In the view of the treating clinician, avoidance 
of hyperoxia is clinically indicated for reasons 
including (but not limited to) COPD, paraquat 
poisoning, previous exposure to bleomycin, or 
chronic hypercapnic respiratory failure

3. Pregnancy

4. Death is deemed to be inevitable as a result 
of the current acute illness and either the 
treating clinician, the patient or the substitute 
decision maker are not committed to full 
active treatment

5. Patients with a life expectancy < 90 days due 
to a chronic or underlying medical condition

6. Patients admitted after a drug overdose 
(including alcohol intoxication)

7. Long term dependence on invasive ventilation 
prior to this acute illness

8. Confi rmed or suspected diagnosis of any 
of the following: Guillain–Barré syndrome, 
cervical cord injury above C5, muscular 
dystrophy, or motor neurone disease

9. Enrolment not considered in the patient’s best 
interests

10. Enrolled in any other trial of targeted oxygen 
therapy

11. Previously enrolled in the ICU-ROX study

12. More than 2 hours of invasive mechanical 
ventilation or non-invasive ventilation in an 
ICU during this hospital admission (includes 
time ventilated in another hospital’s ICU)*

COPD = chronic obstructive pulmonary disease. ICU = intensive care 
unit. ICU-ROX = ICU randomised trial comparing two approaches 
to oxygen therapy. * Patients who fulfi l all other eligibility but are 
not enrolled within the 2-hour time window will be categorised 
as “missed”, rather than excluded, for the purposes of describing 
participant fl ow.
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a Pao2 < 60 mmHg or the arterial 
oxygen saturation (Sao2) is lower than 
the clinically acceptable lower limit, 
inspired oxygen may be increased 
irrespective of the Spo2 reading.

The duration of the study treatment 
will be until discharge from a study 
ICU, or 28 days (672 hours) from 
randomisation. Patients who are 
readmitted to a study ICU within 28 
days of randomisation will recommence 
study treatment in accordance with 
their original treatment allocation. 
When patients are transported 
outside the ICU for radiological, 
surgical or other interventions, no 
restrictions will be placed on oxygen 
use in either treatment group. 
Similarly, if an increase in Fio

2 is 
required for procedures performed 
in the ICU, such as bronchoscopy, 
suctioning or tracheostomy, this is 
permitted in both groups. Patients 
undergoing extracorporeal membrane 
oxygenation (ECMO) will receive 
standard oxygen therapy while on 
ECMO irrespective of the treatment 
arm to which they are assigned.

Concomitant therapies

There are no restrictions to the 
amount of positive end-expiratory 
pressure applied or other concomitant 
therapies.

Outcomes

The primary outcome is ventilator-
free days to Day 28.17 Ventilator-free 
days are defi ned as the total number 
of days (or part days) of unassisted 
breathing between randomisation 
and Day 28 (672 hours post-
randomisation), with the exception 

that all patients who die by Day 28 will be defi ned as having 
zero ventilator-free days. Days when the only mechanical 
ventilation is periods of assisted breathing lasting less than 
24 hours for the purpose of a surgical procedure will not 
be counted as ventilated for the purposes of the ventilator-
free days calculation. Assisted breathing will be defi ned 
as any form of invasive positive pressure ventilation via an 
endotracheal tube or tracheostomy tube or non-invasive 
positive pressure support provided via a face mask or nasal 

 

in the ICU (Figure 2). In patients assigned to standard 

oxygen therapy, no specifi c measures will be taken to limit 

Fio2 or Spo2 and the use of upper alarm limits for Spo2will 

be prohibited. To minimise the risk of contamination, the 

use of Fio2 < 0.3 while patients are invasively ventilated will 

be discouraged (Figure 3). In both treatment groups, lower 

alarm limits for Spo2 will be set at 90% (or lower if clinically 

appropriate). If an arterial blood gas measurement shows 

Figure 1. Proposed reporting of fl ow of participants through the trial

ICU-ROX = intensive care unit randomised trial comparing two approaches to oxygen therapy.
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• APACHE (Acute Physiology of Chronic Health Evaluation) 
II illness severity score;22

• chronic comorbidities;

• baseline physiology and therapies;

• details of acute brain pathologies present;

• date and time of initiation of invasive mechanical ventilation;

mask. Patients breathing spontaneously through 
a tracheostomy tube or extubated patients 
receiving supplemental oxygen (including high 
fl ow nasal prongs) or breathing room air will not 
be considered to be receiving assisted breathing. 
Patients who are receiving ECMO will be defi ned 
as receiving assisted breathing irrespective of 
whether they are ventilated or not.

Secondary endpoints are death from all causes 
at 90 and 180 days after randomisation, duration 
of survival to 180 days, and the proportion 
of patients in paid employment at baseline 
who are unemployed at Day 180. Cognitive 
function will be assessed at 180 days using 
the Telephone Interview for Cognitive Status 
(TICS) questionnaire.18 Quality of life will be 
assessed at 180 days using the fi ve-level EuroQol 
fi ve dimensions (EQ-5D-5L) questionnaire.19 
In addition, for patients with acute brain 
pathologies at baseline, functional outcomes 
at Day 180 will be assessed using the Extended 
Glasgow Outcome Scale.20

Relevant physiological descriptors and process 
of care measures will be reported (Table 2), and 
cause-specifi c mortality by treatment group will 
be reported for descriptive purposes.21

Data collection and management

Trained research coordinators will collect data at 
each site; these data will be managed in a web-
based case report form (a full list of the data 
being collected is shown in Table 3). Accuracy 
and consistency checks will be carried out by 
way of automatic validation, pre-specifi ed 
and ad hoc checking by personnel at the 
coordinating centres. On-site data monitoring 
will be performed by trained project managers 
and study monitors from the Medical Research 
Institute of New Zealand and the Australian and 
New Zealand Intensive Care Research Centre 
for New Zealand and Australian participants, 
respectively.

Information collected at baseline will include:

• patient demographics (ie, age, sex, ethnicity);

• ICU admission diagnosis;

• admission category (ie, elective or emergency surgical, 
medical);

• ICU admission source (ie, hospital ward, emergency 
department, operating theatre, other hospital, other 
hospital ICU);

Figure 3. Management of ventilated patients allocated to 
the standard oxygen therapy arm

Fio2 = fraction of inspired oxygen. ICU-ROX = intensive care unit randomised trial 
comparing two approaches to oxygen therapy. Pao2 = arterial partial pressure 
of oxygen. Sao2 = arterial oxygen saturation. Spo2 = arterial oxygen saturation 
measured by peripheral pulse oximetry.

Figure 2. Management of ventilated patients allocated to 
the conservative oxygen therapy arm

Fio2 = fraction of inspired oxygen. ICU-ROX = intensive care unit randomised trial 
comparing two approaches to oxygen therapy. Pao2 = arterial partial pressure 
of oxygen. Sao2 = arterial oxygen saturation. Spo2 = arterial oxygen saturation 
measured by peripheral pulse oximetry.



Critical Care and Resuscitation • Volume 20 Number 1 • March 2018

ORIGINAL ARTICLES

26

• employment status; and

• the Informant Questionnaire on 
Cognitive Decline in the Elderly.23

Baseline Pao2, arterial partial 
pressure of carbon dioxide (Paco2) and 
contemporaneous Fio2 will be obtained 
before randomisation.

Daily data will be collected while the 
patient is in the ICU from Day zero (day 
of randomisation) until Day 28 (672 
hours after randomisation). If a patient is 
discharged from the ICU and readmitted 
before Day 28, the data collection will 
recommence and continue to Day 28 or 
subsequent ICU discharge.

The primary outcome will be assessed 
at Day 28. Quality of life and cognitive 
assessments will be conducted by 
telephone as close as possible to but 
after Day 180. The cause of death will 
be verifi ed by an intensive care specialist 
from the centre where death occurs.21

A data sharing policy for ICU-ROX will 
be produced and posted online at: http://
www.wellingtonicu.com/PubResPres/
Protocols before the primary article is 
published.

Ethics approval

The trial has been approved in New 
Zealand by the New Zealand Central 
Health and Disability Ethics Committee 
(15CEN14) and in Australia at the 
Austin Hospital Human Research Ethics 
Committee (HREC/15/Austin/23) and 
the South Metropolitan Health Service, 
Government of Western Australia Human 
Research Ethics Committee (2015-153).

Data monitoring committee

The members of the data monitoring 
committee (DMC) are Ville Pettilä (chair), 
Maija Kaukonen and Theis Lange. The 
role of this committee is to ensure 
that the rights and safety of patients 
involved in the study are protected. 
The DMC has reviewed and approved 
the study protocol and will review all 
reported serious adverse events as they 
occur. A summary of protocol deviations 
and adverse events will be provided to 

Table 2. Physiological descriptors and process of care measures

Physiological 
descriptors

  Proportion of hours in the ICU when Spo2 ≥ 97% (until Day 28)*

  Total number of hours in the ICU with Spo2 ≥ 97% (until Day 28)*

  Proportion of hours in the ICU when Spo2 < 91% (until Day 28)*

  Total number of hours in the ICU with Spo2 < 91% (until Day 28)*

  Proportion of hours in the ICU when Spo2 < 88% (until Day 28) *

  Mean daily Pao2 (until Day 10)†

  Highest daily Pao2 (until Day 28)‡

  Lowest daily Pao2 (until Day 28)‡

  Mean daily Paco2 (until Day 10)†

  Delta creatinine (until Day 28)§

Process 
of care 
measures

  Proportion of hours in the ICU when the Fio2 is 0.21 (until Day 28)*

  Total number of hours in the ICU when the Fio2 is 0.21 (until 
Day 28)*

  Mean daily Fio2 while ventilated (until Day 10)†

  Highest daily Fio2 while ventilated (until Day 28)‡

  Lowest daily Fio2 while ventilated (until Day 28)‡

  Mean daily PEEP while ventilated (until Day 10 or extubation)†

  Highest daily PEEP (until Day 28 or extubation)‡

  Lowest daily PEEP (until Day 28)‡

  Average daily mean airway pressure (until Day 10)†

  Highest daily mean airway pressure (until Day 28 or extubation)‡

  Lowest daily mean airway pressure (until Day 28 or extubation)‡

  Predominant ventilation mode (until Day 28)

  Time to ICU discharge (censored at 90 days)

  Time to hospital discharge (censored at 90 days)

  Proportion of patients requiring RRT in ICU¶

  Proportion of patients requiring a tracheostomy in ICU¶

  Number of ABG measurements performed per patient (up to 
10 days)

  Vasopressor-free days (until Day 28)

  Proportion of patients who receive each of the following 
respiratory co-interventions in the fi rst 10 days in the ICU:

– ECMO or extracorporeal CO2 removal;

– ongoing neuromuscular blockade;

– nitric oxide;

– prone positioning; and

– prostaglandins

  Proportion of patients who receive PRBC transfusions in the ICU 
and the number of units per patient¶

ABG = arterial blood gas. CO2 = carbon dioxide. ECMO = extracorporeal membrane 
oxygenation. Fio2 = fraction of inspired oxygen. ICU = intensive care unit. 
IQCODE = Informant Questionnaire on Cognitive Decline in the Elderly. Paco2 = arterial 
partial pressure of carbon dioxide. Pao2 = arterial partial pressure of oxygen. 
PEEP = positive end-expiratory pressure. PRBC = packed red blood cells. RRT = renal 
replacement therapy. Spo2 = arterial oxygen saturation measured by peripheral pulse 
oximetry. * Based on all values (up to a maximum of one per hour) recorded on the ICU 
fl ow chart day. † Calculated from values recorded 6-hourly at 06:00, 12:00, 18:00 and 
24:00 from Day zero (day of randomisation) until 28 days (672 hours) after randomisation. 
‡ These values will be determined from all recorded values (not just those used to 
calculate the mean daily). § Calculated by the difference between the pre-randomisation 
serum creatinine and the highest serum creatinine level in ICU measured between 
randomisation and Day 28. ¶ Censored at 28 days.
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Table 3. Data to be collected in the intensive care unit randomised trial comparing two approaches to 
oxygen therapy (ICU-ROX)

Time of collection Data collected

Screening*   Patient initials
  Date screened
  Patient’s age at hospital admission
  Gender
  ICU admission date
  Hospital admission date†

In the event that these data points do not uniquely identify an individual data entry in ANZICS APD, the ICU 
discharge date and hospital discharge date will also be collected

Baseline   Date and time of randomisation
  Demographic data
  Comorbid conditions
  Date and time of ICU admission
  ICU admission source
  Category of ICU admission
  Physiological and laboratory data (including oxygen therapy)
  IQCODE
  Employment status
  APACHE III diagnosis code
  APACHE II score
  Ventilation mode
  Physiological support received

Day 0–Day 28   Hours of assisted breathing
  Lowest and highest Paco2 and Pao2

  Hours Fio2 is 0.21 (or room air), total number of hours Fio2 is recorded
  Spo2  97%, < 91%, < 88%, mode of ventilation used most frequently
  Hours of inotropes/vasopressors, number of unit of PRBCs, highest creatinine
  While ventilated: lowest and highest Fio2, PEEP, mean airway pressure

Day 0–Day 10   Pao2, Paco2 and Fio2 6-hourly at 06:00, 12:00, 18:00 and 24:00 hours
  Number of ABG measurements performed
  Use of ECMO, extracorporeal CO2 removal, ongoing neuromuscular blockade, nitric oxide, prone positioning 
and prostaglandins

Discharge/
Outcome data

  Vital status at Day 28, Day 90 and Day 180
  Cause of death
  ICU length of stay
  Hospital length of stay
  Mechanical ventilation-free days
  Tracheostomy
  RRT
  Employment status at Day 180
  GOSE at Day 180 for patients with acute brain pathologies at baseline
  EQ-5D-5L at Day 180
  TICS at Day 180

Adverse events   Description, timing, causality and resolution of adverse events from randomisation until Day 180

Protocol deviations   Randomisation of ineligible patient, failure to comply with treatment protocol or other deviation

ABG = arterial blood gas. APACHE = Acute Physiology and Chronic Health Evaluation. ANZICS APD = Australian and New Zealand Intensive 
Care Society Adult Patient Database. CO2 = carbon dioxide. ECMO = extracorporeal membrane oxygenation. EQ-5D-5L = fi ve-level EuroQol 
fi ve dimensions questionnaire. Fio2 = fraction of inspired oxygen. GOSE = Extended Glasgow Outcome Scale. ICU = intensive care unit. ICU-
ROX = ICU randomised trial comparing two approaches to oxygen therapy. IQCODE = Informant Questionnaire on Cognitive Decline in the 
Elderly. Paco2 = arterial partial pressure of carbon dioxide. Pao2 = arterial partial pressure of oxygen. PEEP = positive end-expiratory pressure. 
PRBC = packed red blood cells. RRT = renal replacement therapy. Spo2 = arterial oxygen saturation measured by peripheral pulse oximetry. 
TICS = Telephone Interview for Cognitive Status screening. * Patients who fulfi l all eligibility criteria and are enrolled will not be included in the 
screening log. † Completed for patients who are eligible but not enrolled.
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the DMC at each of two planned interim analyses of the 
primary endpoint. The fi rst interim analysis occurred after 
the recruitment of 100 participants in the internal pilot 
phase13 and the DMC recommended continuation of the 
trial. A second interim analysis is planned when the primary 
outcome is available for the 500th participant who reaches 
Day 28. The DMC acts in an advisory capacity to the ICU-ROX 
management committee, who are ultimately responsible 
for the conduct of the trial. The ICU-ROX management 
committee will update the DMC on accumulating external 
evidence relevant to the study in a timely manner, and 
the DMC will advise the management committee on their 
opinions regarding the importance of this evidence to the 
ongoing conduct of the study.

Adverse events

Consistent with established practice in academic ICU 
trials,24 events that are part of the natural history of the 
primary disease process or expected complications of critical 
illness will not be reported as serious adverse events in 
this study. All adverse events considered to be potentially 
causally related to the study intervention or are otherwise 
of concern in the investigator’s judgment will be reported.

Sample size and power

We consider a clinical difference of 2.6 ventilator-free days 
to be the minimally important clinical difference.25 Based on 
pilot work, we anticipate that baseline ventilator-free days 
will be 16.4 (standard deviation [SD], 11.3).26,27 A sample 
size of 800 participants will provide 90% power to detect 
a difference of 2.6 ventilator-free days using a two-tailed α 
of 0.05. We have set our sample size at 1000 participants 
to allow a 15% infl ation28 to account for the expected 
non-Gaussian distribution of ventilator-free days, and an 
additional 80 participants to allow for drop-outs, interim 
analyses and an expected temporal trend of reducing Day 
90 mortality after ICU admission.29

We will use a group sequential approach for the two 
pre-planned interim analyses at 10% and 50% of total 
recruitment and Haybittle–Peto criteria (Zk ≥ 3) for early 
stopping. This will result in negligible α-spending enabling 
the type I error for the fi nal analysis to remain at α = 0.05. 
The sample size infl ation required for the two interim 
analyses using the Haybittle–Peto 3-SD boundary is trivial, 
amounting to an extra seven patients, which is included in 
the overall infl ation from 800 to 1000 patients described 
above.

Changes to the protocol following the internal pilot 
phase

After the internal pilot phase, a number of minor protocol 
amendments were made (Table 4).

Statistical analysis plan

All data will initially be assessed for normality. We will 
analyse data on an intention-to-treat basis without 
imputation of missing data. Baseline comparisons and 
comparisons of physiological descriptors and processes of 
care will be performed using 2 tests for equal proportion, 
Student t test for normally distributed data and Wilcoxon 
rank sum tests otherwise, with results reported as n with 
percentages, mean ± SDs or median (interquartile range 
[IQR]), respectively. We will compare the characteristics of 
eligible enrolled patients and eligible but missed patients 
and the characteristics of patients enrolled in the internal 
pilot phase compared with the subsequent 900 patients in 
a similar fashion. The proportion of patients who correctly 
identify their treatment assignment will be reported by 
treatment group. Comparisons of longitudinal data will 
be performed using mixed linear modelling, fi tting main 
effects for treatment and time and an interaction between 
the two to determine if treatments differed over time. Pao2, 
Paco2, and Fio2 rates while ventilated will be reported as an 
average by treatment group.

The primary outcome (ventilator-free days) will be 
analysed using a Wilcoxon rank sum test with results 
presented as median (IQR). Point estimates and 95% 
confi dence intervals (CIs) for non-parametric differences 
will be calculated using the Hodges–Lehmann estimation. 
In addition, ventilator-free days will be compared between 
treatment groups using a bootstrapped Student t test with 
results presented as mean difference (95% CI). To further 
increase the transparency of the outcome, the duration of 
ventilation for survivors only will be reported as geometric 
means (95% CI), with the difference between groups 
reported as a ratio (95% CI).

A Fisher exact test will be used to assess the effect of 
treatment allocation on all-cause mortality at Day 90 
and Day 180, and on the proportion of patients in paid 
employment at baseline who are unemployed at Day 180. 
The extended Glasgow Outcome Scale at Day 180, which 
will be measured in patients with acute brain pathologies at 
baseline, will be analysed in a similar fashion with outcomes 
dichotomised into good (score of 0–4) versus bad (score of 
5–8). The numbers at risk in each group and the number 
and proportion of events observed will be reported, as 
well as the equivalent absolute risk difference and relative 
risk ratio and corresponding 95% CIs. Survival time from 
randomisation until Day 180, according to treatment 
group, will be displayed as Kaplan–Meier curves and 
analysed using a log-rank test. Estimates of hazard ratios 
for survival, with corresponding 95% CI and P values will 
be obtained from the Cox proportional hazards model 
incorporating treatment group. Cognitive function (TICS) 
and quality of life (EQ-5D-5L) at 180 days will be compared 
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Table 4. Changes to study methodology between the internal pilot phase and the main study

Change Text used in the pilot study Revised test for the main study Reason or justifi cation of change

Exclusion criteria 
no. 3 (Table 1)

In the view of the treating 
clinician, avoidance of hyperoxia 
is clinically indicated for reasons 
including (but not limited to) 
paraquat poisoning, previous 
exposure to bleomycin, or chronic 
hypercapnic respiratory failure

In the view of the treating clinician, 
avoidance of hyperoxia is clinically 
indicated for reasons including (but not 
limited to) COPD, paraquat poisoning, 
previous exposure to bleomycin, or chronic 
hypercapnic respiratory failure

COPD included as a specifi c 
example of a disease requiring 
avoidance of hyperoxia

Exclusion criteria 
no. 11 (Table 1)

Guillain–Barré syndrome, cervical 
cord injury above C5, muscular 
dystrophy, or motor neurone 
disease

Confi rmed or suspected diagnosis of any 
of the following: Guillain–Barré syndrome, 
cervical cord injury above C5, muscular 
dystrophy, or motor neurone disease

The additional wording was 
added because of the diffi culty of 
establishing a defi nitive diagnosis 
within the 2-hour timeframe 
available for enrolment

New exclusion 
criteria added

na Added:
Enrolled in any other trial of targeted 
oxygen therapy

At least one other study of 
targeted oxygen therapy will be 
starting in this patient group in the 
near future, and enrolment in both 
is not possible

Study 
interventions

na Added (to “standard care”):
The use of Fio2 < 0.3 while ventilated is 
discouraged

While the treating clinician can 
decide what Fio2 to use, they 
are discouraged from using an 
Fio2 < 0.3 as the observational data 
show that is standard care

Study 
interventions

na Added:
The treating clinician is encouraged to 
follow their usual practice with respect 
to performing ABG measurements when 
adjustments to Fio2 are made

When the Fio2 has been stable for 
a prolonged period, clinicians are 
encouraged to perform an ABG 
measurement when substantial 
adjustments to Fio2 are being made

These statements are to clarify 
the clinician’s practice regarding 
monitoring of ABG measurements, 
in response to an adverse event 
in the pilot study and to ensure 
patient safety

Study 
interventions

na Amended:
The conservative oxygen therapy fl ow chart 
has been updated and a fl ow chart for 
management of patients who are ventilated 
and are allocated to the standard oxygen 
therapy arm has been added

The newer fi gures contain more 
specifi c information, to assist site 
staff

Physiological 
outcomes

The proportion of hours in ICU 
when the Spo2 is < 88% (pilot 
study only)

The proportion of hours in ICU when 
Spo2 < 88%

Originally intended to be included 
in the pilot study only, these data 
will now be included in the main 
study too

Blinding na Added:
Participants will be asked at the 180-
day follow-up whether they knew which 
treatment they received

To assess whether patients 
have remained blinded to study 
treatment

ABG = arterial blood gas. COPD = chronic obstructive pulmonary disease. Fio2 = fraction of inspired oxygen. IQCODE = Informant Questionnaire 
on Cognitive Decline in the Elderly. na = not applicable. Spo2 = arterial oxygen saturation measured by peripheral pulse oximetry.

between groups using Student t tests or Wilcoxon rank 
sum tests in accordance with the underlying distribution 
of the data, with results reported as mean (SD) or median 
(IQR), respectively. To increase clinical interpretability, 
cognitive function will further be collapsed into impairment 
categories and reported between groups as follows: severe 
(score ≤ 20), mild (score 21–25), ambiguous (26–32) and 
non-impaired (score ≥ 33).

Hierarchical multivariable sensitivity analyses will also be 
performed for all primary and secondary outcomes using 
logistic, linear, proportional hazards, or quantile regression 
in accordance with the underlying distribution of each 
outcome. These analyses will incorporate adjustment for the 
independent covariates of age, gender, and APACHE II score 
as well as for any observed baseline differences (P ≤ 0.1), with 
patients nested in site and site treated as a random variable.
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Analyses will be performed on four pre-defi ned 
subgroup pairs irrespective of whether there is evidence of 
a treatment effect. Heterogeneity between subgroups will 
be determined by fi tting an interaction betw6een treatment 
and subgroup. Pre-defi ned subgroup pairs will be:

• surgical versus non-surgical patients;

• patients with an acute brain pathology versus those 
without an acute brain pathology at baseline;

• patients with a Pao2:Fio2 ratio < 300 mmHg versus those 
with a Pao2:Fio2 ratio ≥ 300 mmHg at baseline; and

• patients with an admission diagnosis of cardiac arrest who 
have a suspected hypoxic ischaemic encephalopathy (ie, 
those who have not been able to follow commands since 
return of spontaneous circulation) versus patients who do 
not have suspected hypoxic ischaemic encephalopathy.

• All analyses will be performed using SAS version 9.4 (SAS 
Institute, Cary, NC, USA) and P < 0.05 (two-tailed) will be 
used to indicate statistical signifi cance.

Presentation of outcome data

Table 5 lists the proposed tables and fi gures. A complete 
set of mock tables and fi gures is available online at http://
www.wellingtonicu.com/PubResPres/Protocols. Six-month 
outcome data may be published in an article separate from 
the primary article.

Summary

ICU-ROX is a multicentre, randomised, participant and 
outcome assessor-blinded, standard care-controlled, 
parallel-group, two-sided superiority trial. This trial will 
compare conservative oxygen therapy with standard care 
in 1000 adults who are mechanically ventilated in the ICU 
and are expected to remain ventilated beyond the day after 
recruitment. The primary endpoint is ventilator-free days 
to Day 28. This protocol and statistical analysis plan article 
was submitted for publication before recruitment was 
completed.

Table 5. Planned tables and fi gures

Proposed tables and fi gures 
for the main manuscript

Table 1: Baseline patient characteristics

Table 2: Primary and secondary outcomes

Figure 1: Flow of participants through the trial

Figure 2: Kaplan–Meier survival curves to Day 180 by treatment group

Proposed tables and fi gures 
for the supplementary 
appendix

Table S1: Additional baseline characteristics

Table S2: Baseline respiratory support

Table S3: ICU admission diagnoses

Table S4: Details of acute brain pathologies at baseline

Table S5: Characteristics of internal pilot v main study patients

Table S6: Characteristics of enrolled v missed patients

Table S7: Separation in oxygen exposure

Table S8: Additional physiological descriptors and process of care measures in ICU

Table S9: Subgroup analyses

Table S10: EQ-5D-5L quality of life at 180 days

Table S11: Employment status at Day 180

Table S12: Cognitive function at Day 180

Table S13: Cause-specifi c mortality by treatment group

Table S14: Protocol deviations by treatment group

Figure S1: Mean, lowest, and highest daily Fio2 while ventilated by treatment group

Figure S2: Time-weighted mean, highest and lowest daily Pao2 by treatment group

Figure S3: Time-weight mean daily Paco2 by treatment group

Figure S4: Mean, lowest, and highest daily PEEP while ventilated by treatment group

Figure S5: Mean, lowest, and highest daily mean airway pressure while ventilated by treatment group

Figure S6: Predominant modes of ventilation by treatment group

Figure S7: GOSE categories at 180 days for patients with acute brain pathologies at baseline

EQ-5D-5L = fi ve-level EuroQol fi ve dimensions questionnaire. Fio2 = fraction of inspired oxygen. GOSE = Extended Glasgow Outcome Scale. 
ICU = intensive care unit. Paco2 = arterial partial pressure of carbon dioxide. Pao2 = arterial partial pressure of oxygen. PEEP = positive end-
expiratory pressure. Spo2 = arterial oxygen saturation measured by peripheral pulse oximetry.
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