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1 STUDY SUMMARY 

p,Botective v5ntilation with veno-venou§. lung assis! 

Scientific title in respiratory failure 
Acronym: The REST Trial 

Public title 
A trial of a new way of treating patients with 
respiratory failure 

Health condition studied Acute hypoxaemic respiratory failure 

Study Design 
Randomised, allocation concealed, controlled, open, 
pragmatic clinical and cost effectiveness trial 

The primary objective is to determine whether W-
ECC02R and lower tidal volume mechanical 
ventilation in patients with acute hypoxaemic 
respiratory failure decreases mortality 90 days after 
randomisation. 

Secondary objectives are to determine the effects of 

Study Aim and Objectives 
W-ECC02R on: 

1) Tidal volumes 
2) Duration of mechanical ventilation 
3) Requirement for ECMO 
4) Long-term mortality 
5) Health Related Quality of Life 
6) Safety 
7) Cost-effectiveness in the NHS setting 
8) Long term respiratory morbidity 

W-ECC02R and lower tidal volume mechanical 
Study standard ventilation (target tidal volume of s 3ml/kg predicted 

body weight and a Pplat s 25cmH20) 

Primary Outcome Mortality at 90 days after randomisation 

1) Tidal volumes 
2) Ventilator free days at 28 days 
3) ECMO use up to 7 days 
4) Mortality at 28 days, 6 months and 1 year 

Key Secondary Outcomes 5) HRQoL at 6 months and 1 year 
6) Adverse event rate 
7) Health & Social Care Service costs at 6 

months and 1 year 
8) Long term respiratory morbidity and 

requirement for home oxygen 

Study Setting At least 40 adult intensive care units 

Target Sample Size 1120 participants (560 in each arm) 

Study Duration 65 months 
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3 FUNDING 

The National Institute for Health Research (NIHR) Health Technology Assessment (HTA) 
Programme will be providing the research costs to the REST study (Reference 13/141/02). 

The study is funded as a result of a commissioned call from the NIHR HTA. 

Additional costs associated with the ECC02R equipment along with the required training will 
be supported by the ECC02R device manufacturer. 
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4 ROLES AND RESPONSIBILITIES 

4.1 Sponsor 

The Belfast Health and Social Care Trust (BHSCT) will act as Sponsor for the study and the 
Chief Investigator (Cl) will take overall responsibility for the conduct of the trial. Separate 
agreements will be put in place between the Sponsor and each organisation undertaking 
Sponsor-delegated duties in relation to the management of the study. 

4.2 Committees 

4.2.1 Trial Management Group (TMG) 

A TMG will be established and chaired by the Cl or delegated to the Clinical Lead 
(CL). It will have representatives from the Clinical Trials Unit (CTU) and co
investigators, and will meet face to face or by teleconference on a monthly basis and 
will communicate between times via telephone and email as needed. The roles and 
responsibilities of the TMG will be detailed in the Trial Management Group Charter. 
Meetings will be formally minuted and a list of actions recorded and stored in the Trial 
Master File (TMF). All the day-to-day activity will be managed by the Trial 
Manager/Co-ordinators. 

4.2.2 Trial Steering Committee (TSC) 

The TSC will provide oversight with respect to the conduct of the study on behalf of 
the Funder and Sponsor. An independent chair will lead the TSC, with at least 75% 
independent membership. Membership and roles of the TSC will be listed in the TSC 
Charter. The TSC will incorporate a patient/public representative as well as the Cl 
and CL. 

The TSC will meet at least annually and observers may be invited and be in 
attendance at TSC meetings, such as the Sponsor or Funder representatives or the 
Trial Manager to provide input on behalf of the CTU. 

4.2.3 Data Monitoring and Ethics Committee (DMEC) 

The independent DMEC will be comprised of at least 2 independent clinicians with 
experience in clinical trials, and an independent statistician. One of the independent 
clinicians will have experience in the regulatory aspects of clinical trials involving 
medical devices. 
The role of the independent DMEC will be detailed in the DMEC charter but will 
include: monitoring the data and making recommendations to the TSC on whether 
there are any ethical or safety reasons why the trial should not continue; considering 
the need for any interim analysis; advising the TSC regarding the release of data 
and/or information; considering data emerging from other related studies. The 
independent DMEC will meet at least 6 monthly and additional meetings can be 
convened if the event of any safety concerns. 

If funding is required above the level originally requested, the independent DMEC 
may be asked by the Cl, TSC, Sponsor or Funder to provide advice and, where 
appropriate, information on the data gathered to date in a way that will not 
compromise the trial. 
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4.2.4 User Involvement or any other relevant committees 

The study will be registered with the INVOLVE open-access database which registers 
research health care projects involving members of the public as partners in the 
research process (http://www.involve.org.uk). Patient experience whilst critically ill will 
be taken into consideration when preparing patient information leaflets and consent 
forms. Barry Williams (previous Chairman of the Critical Care patient group CritPal; 
now known as PatRel) will represent the patient's perspective on the TSC ensuring 
that the trial remains considerate of the needs of the patients and their families. 
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5 BACKGROUND AND RATIONALE 

5.1 Background Information 

Acute hypoxaemic respiratory failure requiring mechanical ventilation is a major cause of 
morbidity and mortality. A significant proportion of affected patients will have the Acute 
Respiratory Distress Syndrome (ARDS). ARDS is characterised by non-cardiogenic 
pulmonary oedema (identified by bilateral infiltrates on chest X-ray) alongside a requirement 
for supplementary oxygen to maintain normal arterial oxygen tension. Acute hypoxaemic 
respiratory failure and ARDS occur in response to a variety of insults, such as trauma, 
pneumonia and severe sepsis; affect all age groups; have a high mortality of up to 30-50% 
and cause a long-term reduction in quality of life for survivors (1, 2). Acute hypoxaemic 
respiratory failure has significant resource implications in terms of ICU and hospital stay (3). 
The cost per ICU bed-day exceeds £1800 and delivery of critical care to patients with acute 
hypoxaemic respiratory failure accounts for a significant proportion of ICU capacity. In 
addition, survivors often have long-term physical and cognitive impairment requiring support 
in the community and many survivors are unable to return to work 12 months after hospital 
discharge. The high incidence, mortality, long-term consequences and high economic costs 
mean that acute hypoxaemic respiratory failure is an extremely important problem. 

In the UK over 100,000 patients each year require mechanical ventilation, of whom over 
15,000 patients have acute hypoxaemic respiratory failure as defined in our planned study 
population (unpublished data UK Intensive Care National Audit & Research Centre). Over 
the past few decades significant progress has been made in understanding the 
pathophysiology of acute hypoxaemic respiratory failure and ARDS (4). Mechanical 
ventilation is often required to provide adequate gas exchange and although it is life-saving 
in this setting, it is also now known to contribute to the morbidity and mortality in the 
condition. Ventilators delivering high pressures and volumes cause regional over distension 
in the injured lung resulting in further inflammation and non-cardiogenic pulmonary oedema. 
The release of inflammatory mediators from the damaged lung causes systemic 
inflammation leading to multi-organ failure and death (5). 

5.2 Rationale for the Study 

The few interventions that have been shown to reduce the high mortality in these patients 
have targeted ventilator-induced lung injury (Vilt) (6-10). A landmark trial by the ARDSNet 
trials group found that ventilating patients with acute hypoxaemic respiratory failure 
secondary to ARDS with a lung protective strategy aiming for a reduced tidal volume of 
6ml/kg PBW and a maximum end-inspiratory Pplat s 30cmH20 decreased mortality from 
40% (in the conventional arm treated with tidal volume less than 12ml/kg PBW) to 31% (6). 
Furthermore in a cohort of 485 patients with hypoxaemic respiratory failure secondary to 
ARDS, long-term mortality at 2-years was improved in patients compliant with lung protective 
ventilation during their ICU stay (11 ). It is accepted that implementing protective lung 
ventilation saves lives ( estimated 2 patients' lives/day in the UK extrapolating ARDS Net data 
to the UK) and is cost effective. Extrapolating US data to the UK, in terms of Quality 
Adjusted Life Years (QAL Ys) gained, if an average ICU spent £6000 per patient with ARDS 
on an intervention in order to achieve more than 90% adherence to low tidal volume 
ventilation the intervention would still be cost effective ( 12). 

Recent studies have shown that lung hyperinflation and injury still occur in approximately 
30% of ARDS patients even though they are being ventilated using the ARDSNet strategy 
(13). Additionally, using more protective ventilation compared to conventional protective 
ventilation was associated with further reduction in mortality as the Pplat decreases below 
28cmH20 (14). This analysis also suggested a beneficial effect of further tidal volume 
reduction even for patients who already had a Pplat s 30cmH20. However tidal volume 
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reduction to < 6ml/kg PBW can be associated with secondary systemic effects associated 
with raised blood carbon dioxide levels, such as elevated intracranial pressure, pulmonary 
hypertension, altered myocardial contractility and decreased renal blood flow. Therefore 
more protective mechanical ventilation strategies are difficult to achieve for most patients on 
conventional mechanical ventilation for moderate to severe respiratory failure. 

5.3 Veno-venous Extracorporeal Carbon Dioxide Removal (VV-ECC02R) 

Extracorporeal carbon dioxide removal (ECC02R} in association with mechanical ventilation 
offers a potentially attractive solution to permit tidal volume reduction to less than 6ml/kg 
PBW and to achieve low plateau pressures (< 25cmH20). Using these extracorporeal 
circuits, carbon dioxide can be 'dialysed' out of the blood while the lungs are ventilated in a 
more protective manner (15). Techniques to achieve ECC02R have existed since the late 
1970s but widespread uptake has been limited due to the paucity of trial data, the 
demanding technical requirements with the devices originally used, and concerns regarding 
complications, particularly associated with arterial cannulation where arterio-venous 
ECC02R devices were used. In an observational study conducted in the 1980's, the use of 
W-ECC02R in addition to low frequency mechanical ventilation resulted in lower than 
expected mortality in a cohort of patients with severe ARDS (16). However, a randomised, 
controlled single-centre study using that same technology in the 1990s was stopped early for 
futility after only 40 patients had been recruited and failed to demonstrate a survival benefit 
with this device (17). These early inefficient devices required high extracorporeal blood flows 
and large intravascular cannulae and they were associated with significant complications, 
hence their use was restricted to specialist cardiothoracic centres. In addition the devices did 
not use biocompatible materials and therefore the high level of systemic anticoagulation 
necessary to prevent clotting in the extracorporeal circuit was associated with significant 
haemorrhagic complications. 

In recent years, more efficient veno-venous (W-ECC02R} devices have become available. 
These have replaced arterio-venous devices and have the advantage of not requiring arterial 
puncture. These can achieve carbon dioxide removal with relatively low extracorporeal blood 
flows (0.4-1 I/min) requiring only a smaller dual lumen venous catheter. In addition these 
ECC02R devices use more biocompatible materials making the device more resistant to clot 
formation and cause less platelet and clotting factor consumption. Therefore only minimal 
systemic anticoagulation is required which reduces the likelihood of bleeding complications 
(15). These devices are now comparable to renal dialysis equipment, which is routinely used 
safely as standard care in ICUs in the UK. Recent registry data released on the use of W
ECC02R in 129 patients demonstrated a risk and safety profile similar to continuous renal 
replacement therapy (CRRT) devices facilitating significant reductions in mechanical 
ventilation plateau pressures (2015 Hemolung Registry Report). 

5.4 Clinical Trials of ECC02R to date 

We have recently completed a systematic review to assess feasibility, complication rates 
and efficacy of extracorporeal CO2 removal devices in acute respiratory failure and ARDS. 
We included randomised controlled trials and observational studies. The review included 14 
studies with 495 patients (2 randomised controlled trials and 12 observational studies). 
Given the variation in study design, a meta-analysis was considered to be inappropriate and 
data were descriptively synthesised. Overall there was a paucity of high quality data (18). 
Arterio-venous ECC02R was used in seven studies, and veno-venous devices in seven. 
Carbon dioxide removal was shown to be feasible, facilitating the use of lower, more 
protective tidal volume ventilation. Studies conducted before the year 2000 reported higher 
rates of haemorrhagic complications, with the reduction in more recent studies likely 
representing technological advances. There was no survival benefit with ECC02R, although 
a post hoc analysis of data from the most recent randomised controlled trial showed an 
improvement in ventilator free days in patients with more severe hypoxia as defined by a 
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Pa02'Fi02 ratio ::;; 20kPa (19). In addition although the optimal timing of the use of ECC02R 
remains unclear, early usage may be more beneficial. While there was a trend towards 
improved outcomes as indicated by more ventilator free days with the application of modern 
ECC02R in patients with more severe respiratory failure definitive data are, as yet, lacking. 
Our review indicates a state of clinical equipoise on the benefits of ECC02R in acute 
respiratory failure (18). 

A 2010 Canadian Health Technology Assessment review found that ECC02R was 
efficacious for CO2 removal and could therefore potentially facilitate lung protective ventilator 
strategies, but like our review, found no evidence of improved long-term survival (20). The 
UK NICE guidelines on ECC02R state that evidence on its efficacy is limited in quantity and 
quality and calls for more clinical trials on these devices (21 ). 

Currently there are a number of trials evaluating the use of ECC02R in intensive care 
patients. NCT02260583, NCT02107222 and NCT02086084 will evaluate ECC02R use in 
hypercapnic respiratory failure secondary to COPD exacerbations. This indication has been 
summarised in a recent systematic review and concluded that although it is still experimental 
it appears to have a benefit in COPD exacerbations but higher-quality studies are required to 
better elucidate this risk-benefit balance (22). 

With regard to its use in hypoxaemic respiratory failure a European study SUPERNOVA 
(Strategy of UltraProtective Lung Ventilation With Extracorporeal CO2 Removal for New
Onset Moderate to severe ARDS) NCT02282657 is in pilot phase and aims to recruit 
patients with ARDS as does a trial in Singapore, U-Protect (Ultra-protective Pulmonary 
Ventilation Supported by Low Flow ECC02R for Severe ARDS) NCT02252094 and a further 
trial in Belgium NCT01911533. A recently published series of 9 patients using W-ECC02R 
and lower tidal volume ventilation demonstrated that this technique is safe providing 
adequate gas exchange (23). 

5.5 Current use of ECC02R in the UK 

As the technology to deliver W-ECC02R has become simpler, it is increasingly being 
adopted into clinical practice. Two recent surveys have demonstrated increasing usage of 
this technology despite the lack of evidence. We have undertaken a national survey 
endorsed by the UK Intensive Care Society. Of 321 responses, 36% of respondents would 
use ECC02R to treat a patient with severe respiratory failure receiving protective ventilation. 
In addition 92% would consider taking part in a clinical trial to determine its effectiveness 
(presented at UK ICS conference 2011 ). A NICE commissioned ECC02R Evaluation 
Steering Group based at the Universities of Birmingham and Brunel also carried out an 
independent survey on national use of ECC02R in the UK. Of 141 responses from ICU 
clinical leads, 33% of respondents had already used ECC02R and 75% said they would 
consider using it in the future (Personal communication; A Chapman). These data 
demonstrate that many sites are already using these devices on an ad-hoc basis. Wide 
dissemination of ECC02R technology at this time in the absence of high quality evidence 
would represent premature adoption of a technology without rigorous evaluation of 
associated risks and benefits. Specifically, potential benefits must be balanced against risks 
associated with catheter insertion and extracorporeal blood circulation. 

Together this highlights the need for a large randomised controlled trial to establish whether 
W-ECC02R in acute hypoxaemic respiratory failure can allow the use of a more protective 
ventilatory strategy and is associated with improved patient outcomes. Importantly, if there 
was no benefit, the trial would provide evidence to stop the widespread adoption of an 
expensive and ineffective or potentially harmful treatment in this setting. 
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5.6 Why do a study now? 

The use of extracorporeal carbon dioxide removal in acute respiratory failure is important to 
the UK intensive care community. The need for a randomised controlled trial in this area was 
proposed at the UK Intensive Care Society research prioritisation exercise in 2010 and was 
ranked highly. Subsequently the NIHR Health Technology Assessment board issued a 
commissioned call brief for a clinical trial to determine the clinical and cost effectiveness of 
W-ECC02R in patients with hypoxaemic respiratory failure. 
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6 STUDY AIM AND OBJECTIVES 

6.1 Research Hypothesis 

In adult patients who require invasive mechanical ventilation for acute hypoxaemic 
respiratory failure, W-ECC02R and lower tidal volume ventilation results in reduced 
mortality. 

6.2 Study Aim 

We propose to deliver a multi-centre clinical trial to determine whether W-ECC02R and 
lower tidal volume mechanical ventilation improves outcomes and is cost-effective, in 
comparison with standard care in patients who are mechanically ventilated for acute 
hypoxaemic respiratory failure. 

6.3 Study Objectives 

6.3.1 Primary objective 

To determine whether W-ECC02R and lower tidal volume mechanical ventilation in 
patients with acute hypoxaemic respiratory failure decreases mortality 90 days after 
randomisation 

6.3.2 Secondary objectives 

In mechanically ventilated patients with acute hypoxaemic respiratory failure we want 
to determine the effects of W-ECC02R on: 

1) Tidal volumes 
2) Duration of mechanical ventilation 
3) Requirement for ECMO 
4) Long-term mortality 
5) Health Related Quality of Life 
6) Safety 
7) Cost-effectiveness in the NHS setting 
8) Long term respiratory morbidity 
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7 STUDY DESIGN 

7 .1 Study Design 

This is a randomised, allocation concealed, controlled, open, pragmatic clinical and cost 
effectiveness trial. 

In PICO terms: 
Population 
Intervention 
Comparator 
Outcome 

Adult patients with acute hypoxaemic respiratory failure 
W-ECC02R and lower tidal volume mechanical ventilation 
Standard care with conventional lung protective mechanical ventilation 
Mortality 90 days after randomisation 

7.2 Internal Pilot Study 

An internal 6-month pilot study in at least ten sites to confirm both recruitment and adherence 
assumptions that have contributed to study design will precede the main trial. The pilot will 
run from months 4-9 and will follow the processes described in the main study section below. 
Pilot data will come from a minimum of ten sites open to recruitment. The pilot will be used to 
confirm screening, consent procedures, recruitment rates, randomisation processes, data 
collection, protocol compliance and ensure follow.:up processes run smoothly. Full details of 
the criteria for progression from the pilot study to the main study are given below. 

If recruitment of 40 patients occurs more quickly than anticipated, progression to full trial may 
occur earlier than 6 months at the discretion of the Funder. The main parameters of interest, 
to guide the progress of the trial and inform the procedures to be used in its delivery, are: 
recruitment rates; adherence to the protocol-specified intervention; and separation of 
mechanical ventilation tidal volumes in the study groups. Participants enrolled in the pilot will 
be included in the analysis of the main study. 

Progression to the full trial will be dependent on: 

(i) Recruitment rate: 
a. Progression without major modification if at least 75% of recruitment target 

reached, with analysis and resolution of any identified barriers to successful 
recruitment. 

b. Progression with addition of further trial sites if between 40-75% of target reached, 
with detailed analysis of the screening log, protocol review and consultation with 
participants and refusers. 

c. Progression unlikely if less than 40% of target reached. A rescue plan will be 
proposed and this decision will be made by the TSC in association with the Health 
Technology Assessment secretariat. 

(ii) Separation, in terms of the intervention, between the two arms: 
a. Progression without major modification if there is at least 2ml/kg PBW tidal volume 

separation. 
b. If there is less than 2ml/kg PBW separation then progression will only be 

supported after a detailed analysis of the protocol and its implementation has 
identified where this can be improved with agreement from the HT A. This will 
include enhanced clinical supervision and training of the intervention providers 

(iii) Follow-up assessments 
a. We will audit completeness of datasets and if below 95%, enhanced training for 

sites on CRF and dataset completion will be provided. 
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b. If completion of datasets is less than 75% then progression will only be supported 
if there is a clear rescue plan that can be implemented to improve on this 
compliance. This will include refining schedules to reduce the assessment burden, 
refining data collection tools and reviewing missing data procedures. 
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Study Schematic Diagram 

Figure 1: Study Schematic 
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7.3 Study Timeline 

The total trial duration will be 65 months. 

We will open the first site within 3 months and aim to have at least 40 sites open within 9 
months. The internal pilot will run between months 4-9. Following successful confirmation of 
recruitment rates the internal pilot will run seamlessly into the main trial. If necessary, 
additional study sites will be recruited. 

The total recruitment period will last for 4 7 months with a follow up period of 12 months. 
There will be 3 months at the end for final data analysis, reporting and trial close down. 

7 .4 End of Study 

The end of trial will be when database lock occurs for the final study analysis after 1120 
participants have been randomised. 

The study will be stopped early if mandated by the ethics committee, mandated by the 
Sponsor, mandated by regulatory authorities, recommended by the TSC or if funding ceases. 

Protocol Version 4.0_15.02.17 Final 22 of 64 



8 METHODS: PARTICIPANTS, INTERVENTIONS, AND 
OUTCOMES 

8.1 Study Setting 

The main trial will take place in at least 40 ICUs that are able to care for level 3 patients as 
previously defined (24). 

The ICUs must provide evidence that they have: 
• a proven track record of participating in ICU research. 
• access to this population 
• consultants in the ICU who have clinical equipoise for W-ECC02R in this setting and 

agree to maintain trial allocation in patients randomised by their colleagues. 

Staff must also demonstrate and document a willingness to comply with the protocol, 
standard operating procedures (SOPs), the principles of GCP (Good Clinical Practice), 
regulatory requirements and be prepared to participate in training. Experience with the 
management of W-ECC02R will be addressed with a training package, with all sites having 
access to the equipment and the educational package. A list of study sites will be maintained 
in the TMF. 

8.2 Eligibility Criteria 

Patients will need to be assessed using the inclusion and exclusion criteria as set out below. 
Eligibility to participate in the trial will be confirmed by a medically qualified person who is 
named on the Delegation Log. The medical care given to, and medical decisions made on 
behalf of subjects will be the responsibility of an appropriately qualified treating physician. 

Two arterial blood gas samples (ABG) will be required but these will be collected as part of 
standard care. The P/F ratio table in appendix 1 can be used for reference. 

Patients will be eligible to participate in the study if they fulfil the following criteria: 

8.2.1 Inclusion criteria 

• Invasive mechanical ventilation using PEEP~ 5cmH20* 

• Acute and potentially reversible cause of acute respiratory failure as determined 
by the treating physician 

• Within 48 hours of the onset of hypoxaemia as defined by Pa02'Fi02 s 20kPa** 

*Recommended on low tidal volume ventilation s 6 ml/kg PBW 
**Requires two ABG with a Pa02'Fi02 s 20kPa separated by at least 6 hours. 48 hour 
duration begins at the time of 2nd ABG demonstrating Pa02/Fi02 ratio s 20kPa. The 
onset of hypoxaemia is from time of intubation and invasive ventilation. 

(ABGs with Pa02'Fi02 ~ 20kPa are permitted between the two trial inclusion ABGs). 
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8.2.2 Exclusion criteria 

• Age < 16 years old 

• Intubated and mechanically ventilated via an endotracheal or tracheostomy tube~ 
7 days (168 hours) up to the time of randomisation 

• Ability to maintain Vt s 3ml/kg PBW while maintaining pH ~ 7 .2 as determined by 
the treating physician* 

• Receiving, or decision to commence, ECMO in the next 24 hours. 

• Mechanical ventilation using HFOV or APRV 

• Untreated pulmonary embolism, pleural effusion or pneumothorax as the primary 
cause of acute respiratory failure. 

• Acute respiratory failure fully explained by left ventricular failure or fluid overload 
(may be determined by clinical assessment or echocardiography/cardiac output 
monitoring). 

• Left ventricular failure requiring mechanical support 

• Contra-indication to limited systemic anticoagulation with heparin 

• Unable to obtain vascular access to a central vein (internal jugular or femoral vein) 

• Inferior vena cava filter (if using femoral vein catheter) 

• Consent declined 

• Treatment withdrawal imminent within 24 hours 

• Patients not expected to survive 90 days on basis of premorbid health status 

• DNAR (Do Not Attempt Resuscitation) order in place 

• Severe chronic respiratory disease requiring domiciliary ventilation (except for 
sleep disordered breathing) 

• Severe chronic liver disease (Child Pugh >11) 

• Platelet count< 40,000 mm3 

• Previously enrolled in the REST trial 

• Prisoners 

* This exclusion criterion relates to whether a Vt s 3ml/kg PBW could be achieved 
without the need for ECC02R. A tidal volumes 3ml/kg is unlikely to be achievable in 
most clinical scenarios without ECC02R as it is approaching dead space ventilation. 
There is no requirement to attempt to actually reduce the Vt to s 3ml/kg PBW to 
demonstrate this - this decision is made on the judgement of the treating physician. 
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Our inclusion and exclusion criteria are designed to include those who reflect the 
general population of critically ill patients with acute hypoxaemic respiratory failure 
who may benefit from the therapeutic intervention and exclude patients who are 
unlikely to benefit due to their underlying condition or at increased risk of a 
complication from ECC02R. 

8.2.3 Co-enrolment guidelines 

Patients in the REST study are potentially eligible for co-enrolment in other studies, 
this will be decided on a case by case basis in keeping with UK guidelines for critical 
care research (25). The Clinical Trials Unit (CTU) should be informed if co-enrolment 
is being considered. Co-enrolment with any studies should be documented in the 
CRF. 

8.3 Interventions 

8.3.1 Intervention description 

Table 1: Trial intervention in "TIDieR" format (26) 

TIDieR item Item 
number descriptor Item 

1 Brief name REST (pRotective vEntilation with veno-venouS lung assisT in 
respiratory failure) Study 

2 Why Extracorporeal carbon dioxide removal (ECC02R) enables lower 
tidal volume mechanical ventilation (27). 

3 What materials Membrane lung and pump combined with a controller. A dual 
lumen venous catheter for vascular access. 

4 What In the intervention arm a dual lumen catheter will be inserted into 
procedures a central vein. ECC02R is commenced and managed as per 

study manual. Tidal volumes are then reduced on mechanical 
ventilation to enable lower tidal volume ventilation. 

5 Who provides An appropriately trained clinician with the required competencies 
will insert the catheter. A member of the research team will 
commence ECC02R which will then be managed by ICU nurses 
with the appropriate training. 

6 How Continuous bedside care. 

7 Where Participating general adult ICUs 

8 When and how Commence within 48 hours of hypoxemia, and continue for at 
much least 48 hours. Patients are then weaned off ECC02R as per 

study manual. ECC02R will be used for a maximum of 7 days as 
part of the study protocol. If continued longer this will be outside 

of the study protocol. 

9 Tailoring The device is weaned when patients are less hypoxaemic and 
have demonstrated signs of clinical improvement. The duration of 
this may vary between patients. 

10 How well The tidal volume separation and duration of ECC02R will be 
reported. 

The health technology being assessed is the use of W-ECC02R and lower tidal volume 
mechanical ventilation compared to standard care. 
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All aspects of intensive care and disease therapies will be according to standard critical care 
guidelines (See section 8.3.11 ). In both arms of the study we will allow a similar degree of 
hypercapnic respiratory acidosis as is currently practised within the UK ICU community 
based on our national survey (ICS State of the Art 2010). 

• Ventilatory management in each study arm will be detailed in the study manual. 

• Any mode of ventilation capable of delivering the prescribed tidal volume can be used 
as long as Vt and Pplat can be accurately monitored and adjusted accordingly. 

• Recommended Positive End Expiratory Pressure (PEEP) will be based on the 
ARDSnet ARMA trial (6). (See appendix 2) 

• Oxygenation will be titrated aiming for Sp02 of 88%-95% or Pa02 7-10kPa. 

• Permissive hypercapnic respiratory acidosis aiming for a pH ~ 7 .2 

8.3.2 Veno-venous Extracorporeal Carbon Dioxide Removal (ECC02R) 

The study manual will provide detailed information regarding the insertion of the 
vascular catheter, set up and initiation and management of the W-ECC02R device. 
The manual will also detail the reduction in tidal volume and how to wean the device. 

A summary is described below: 

8.3.3 Insertion of the dual lumen catheter 

The catheter is inserted preferentially into the right internal jugular or femoral vein 
using ultrasound guidance of needle and guide wire insertion (similar to the vascular 
approach used in renal replacement therapy). The catheter will be fixed in place and 
care of the catheter skin site will follow local infection control policy. 

If the catheter is accidently dislodged or removed in the first 48 hours then a new 
catheter is reinserted and a total of at least 48 hours of lower tidal volume mechanical 
ventilation will be completed and continued until the weaning criteria are satisfied. 

If dislodgement occurs after 48 hours of therapy and the weaning criteria have been 
satisfied then ECC02R is discontinued and the patient is ventilated and weaned as 
per standard care. If the weaning criteria have not been met at time of dislodgement 
then a new catheter will be reinserted and continued until such time as weaning 
criteria have been met up to a total of 7 days. 

8.3.4 Circuit 

The ECC02R device will be set-up according to the manufacturer instructions. 
Unfractionated heparin sodium by continuous infusion will normally be administered 
to achieve anticoagulation for the device. This is detailed in the study manual. 

8.3.5 Management of VV-ECC02R 

The W-ECC02R device will be attached to the catheter and the blood pump 
commenced. The initial sweep gas flow will be set at a default of 1 I/min. Thereafter, 
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the blood and sweep gas flows will be titrated according to the detailed instructions 
included in the study manual. 

8.3.6 Reduction in tidal volumes 

The underlying principle is to maximise CO2 removal by ECC02R to target: 

• a tidal volume of s 3ml/kg PBW and a Pplat s 25cmH20 whilst maintaining the 
arterial pH ~ 7 .20 

• Arterial blood gases should be monitored and if the arterial pH is < 7 .20 no 
further tidal volume reductions should be attempted. Respiratory rate can be 
increased accordingly to a maximum of 35/min to allow tidal volume reduction. 

• If a respiratory alkalosis develops (arterial pH > 7.45) it is recommended the 
respiratory rate is decreased incrementally 

• Mandatory ventilation is mandated in the first 48 hours to ensure lower tidal 
volume mechanical ventilation is delivered (Vt s 3ml/kg PBW) 

8.3.7 VV-ECC02R Weaning 

After 48 hours and daily thereafter, the patient will be assessed to determine whether 
criteria to progress to ECC02R weaning have been met. This is detailed in the study 
manual. 

If the criteria are not all met on daily assessment then ECC02R should be continued 
for a maximum of 7 days aiming for tidal volumes of s 3 ml/kg PBW in either 
mandatory ventilation or pressure support ventilation. It is recognised at this stage 
that spontaneous breath tidal volumes may be difficult to limit even with minimal 
pressure support. 

After 7 days ECC02R should be discontinued. If ECC02R is continued at the 
discretion of the treating physician for a longer period, this is outside the study 
protocol and would form part of clinical care. 

Weaning from the ECC02R device will be detailed in the study manual. Once weaned 
the cannula will be removed as per local policy on removing central venous lines. 

8.3.8 Intervention discontinuation 

Therapy will be terminated if: 
1) the patient's legal representative requests withdrawal from the study 
2) there is a safety concern about the therapy such that withdrawal is mandated 
3) ECC02R therapy has been weaned 
4) 7 days post randomisation 
5) escalation to ECMO occurs 
6) discontinuation of active medical treatment occurs 
7) the patient dies 

Following cessation of therapy, the ECC02R controller will be cleaned according to 
the local Trust's Infection Control Policy and in accordance with manufacturer's 
instructions. 
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8.3.9 VV-ECC02R Equipment 

ICUs that participate in the trial will be supplied with at least one ECC02R device and 
the required consumables for trial subjects. The manufacturer will be responsible for 
delivery and maintenance of the device. Centres will not commence the trial until 
regulatory approvals are in place and the appropriate training has taken place for the 
site staff. The site will also agree that the equipment will be removed if there are 
violations in its use and prohibit the use of the trial-specific consumables for non-trial 
patients. 

The device will be stored within access of the ICU where it is to be used. Each patient 
will have individual non-reusable consumables that will be provided in sterile 
packaging by the company. The device will only be used as part of the study protocol 
in compliance with its CE mark. 

8.3.10 Training 

A clinical training group will be responsible for the set up and training of staff at sites. 
This will be made up of experts in extra-corporeal technology, research nursing staff 
and W-ECC02R device support staff. Previous level of experience of W-ECC02R 
will be determined at the sites. Sites may not have had experience with the use of 
ECC02R before so the clinicians will be trained on how to operate the device with the 
assistance of the ECC02R device support staff. Instructional material will be provided 
to trial sites. The group will provide training on the study manual and facilitate training 
by the manufacturers on the W-ECC02R device at the site 

8.3.11 Concomitant/ Standard care 

Mechanical Ventilation 
It is recommended that patients are mechanically ventilated according to best 
practice. Ventilation according to the ARDSNetwork ARMA trial, which demonstrated 
a reduction in mortality using a tidal volume of 6 ml/kg PBW is recommended (6). 
Target tidal volumes will be s 6 ml/kg PBW to maintain a plateau pressure s 
30cmH20. To ensure compliance with standard care in the main trial we will audit 
ventilator parameters every 3 months and give feedback to sites. 

Neuromuscular Blocking Drugs 
Patients in both the intervention and control arm can receive neuromuscular blocking 
drugs (NMBD) at any stage to ensure patient-ventilator synchrony. This is in keeping 
with recent evidence that suggests NMBD are of benefit in early hypoxaemic 
respiratory failure due to ARDS (8). 

Refractory Hypoxaemia 
If the treating physician is concerned about hypoxaemia, interventions including 
prone positioning or referral for consideration of extracorporeal membrane 
oxygenation (ECMO) can be applied in either arm of the trial as per standard care in 
the UK. 

Intravenous Fluid and Blood Therapy 
It is recommended that patients will be managed with a conservative fluid balance 
strategy according to best evidence for patients with hypoxaemic respiratory failure 
(28). Blood transfusions should be in keeping with the best practice of a restrictive 
transfusion policy (29). Platelet transfusion at the discretion of the clinical team is 
allowed to achieve a platelet count of at least 40,000 mm3 to facilitate the insertion of 
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the venous catheter for ECC02R as well as maintain a platelet count to allow 
systemic anticoagulation. 

Extracorporeal Carbon Dioxide Removal 
ECC02R is an unproven therapy in hypoxaemic respiratory failure and its use is 
discouraged as a salvage therapy for standard care. The crossover and use of the 
device in the non-interventional arm will be considered a protocol violation. Persistent 
violations may result in termination of the trial at that site. 

8.4 Outcome Measures 

8.4.1 Primary Outcome Measure 

All cause mortality 90 days after randomisation 

8.4.2 Secondary Outcome Measures 

1) Tidal volume (ml/kg PBW) at day 2 and day 3 after randomisation 
2) Ventilator free days at 28 days after randomisation 
3) Duration of ventilation in survivors after randomisation at 28 days 
4) Need for ECMO up to Day 7 
5) Mortality rate at 28 days, 6 months and 1 year after randomisation 
6) Health Related Quality of Life (HRQoL) at 6 months and 1 year after 

randomisation 
7) Adverse event rate 
8) Health· and Social Care Service costs at 6 months and 1 year 
9) St George's Respiratory Questionnaire (SGRQ) at 1 year and need for home 

oxygen at 6 months and 1 year after randomisation 
10) Post Traumatic Stress Syndrome Questionnaire (PTSS-14) at 1 year after 

randomisation 
11) Montreal Cognitive Assessment (MoCA-BLIND) or AD8 Dementia Screening 

Interview (AD8) at 1 year after randomisation 

8.4.3 Exploratory Outcome Measures 

Right heart function as determined by echocardiography during 6ml/kg PBW and 
s3ml/kg PBW tidal volume ventilation 

8.5 Sample Size 

The required sample size is 1120 patients. With 90% power at a p value of 0.05 with a 3% 
dropout, 560 per group will be required to detect a 23% relative reduction (9% absolute 
reduction) in 90 day mortality, assuming a control group mortality of 41 %. This sample size 
would also detect a 20% relative reduction (8% absolute reduction) at 80% power. 

We have used two independent sources for the estimation of the all cause mortality that was 
used to determine the sample size: 

1. Data from the Intensive Care National Audit & Research Centre (ICNARC) case mix 
programme (CMP) for UK intensive care patients. The unpublished ICNARC data 
from the CMP for the year 2012 was compiled from 133,266 admissions from 203 
adult critical care units in England, Wales and Northern Ireland. For patients with a 
Pa02'Fi02 ratio< 20kPa the ICU mortality was 40.7% and the hospital mortality was 
48.8%. 
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2. Data from the NIHR HTA funded OSCAR trial (30). This was a recent large 
randomised controlled trial on high frequency oscillatory ventilation (HFOV) in 
patients with respiratory failure. The 30-day mortality in the control group in the 
OSCAR trial was 41.1 %. These patients received conventional ventilation with a tidal 
volume of 6-8ml/kg PBW and had an average Pa02'Fi02 ratio of 15kPa. 

We have assumed 90-day control group mortality will be at least equivalent to 41 %. We have 
used the effect size of one of the few interventions to reduce mortality in patients with 
hypoxaemic respiratory failure. The ARDSNet ARMA trial demonstrated a 9% absolute risk 
reduction in patients with hypoxaemic respiratory failure secondary to ARDS with lung 
protective ventilation (6). Our hypothesis is that we can extend the benefits of more 
protective lung ventilation with the use of ECC02R (14). Loss to follow up in UK critical care 
trials is low. We know this is approximately 3% from previously published research as well as 
from the experience of our team in managing large critical care trials in the UK (30-32). 

An independent statistician on the DMEC will conduct an interim analysis for the primary 
outcome measure (mortality) before the recruitment of 560 patients; (half the estimated 
sample size), to ascertain whether the assumptions made in the sample size calculations are 
correct 

8.6 Recruitment 

8.6.1 Screening procedure 

Sites will be provided with posters to be used to highlight the study is on-going at their 
site. 

All mechanically ventilated patients in the ICU will be screened daily each morning for 
eligibility. Patients clinically judged to have hypoxaemic respiratory failure will be 
screened against the inclusion and exclusion criteria. Eligible patients will then be 
discussed with their treating ICU physician to confirm their agreement with trial 
enrolment and willingness to follow the treatment strategy allocated in either arm of 
the trial. A screening log will be maintained which will include data on the numbers of 
patients meeting eligibility criteria for the trial but not entered into the trial. A fully 
anonymised minimal dataset will be recorded on these patients (age, gender, 
APACHE II score, worst P/F ratio at time of assessment, reasons for non-enrollment 
and vital status). APACHE II score and vital status will be collected using anonymised 
linkage to the ICNARC database through a defined CMP number. Recording this 
information is required to establish an unbiased study population and for reporting 
according to the CONSORT statement (33) 

8.6.2 Informed consent procedure 

It is the responsibility of the Principal Investigator (Pl) (or designee) to ensure that 
written informed consent/advice is obtained for each participant prior to entry into the 
trial. Consent/advice may be obtained by the Pl; an appropriately trained Research 
Nurse; or medically trained investigator. The Pl (or designee) taking informed 
consent/advice must be GCP trained, suitably qualified and experienced and have 
been delegated this duty by the Principal Investigator on the delegation log. 

Where patients' representatives require further clarification about the benefits and 
risks of participating, this will be provided by either the research team or an 
independent senior physician (one will be nominated in advance for each trial site). 
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Patients will be unable to give informed consent due to the effects of sedation, 
infection, delirium and mechanical ventilation; consent/advice will therefore be 
obtained in line with the legal requirements for obtaining advice in patients without 
capacity in England and Wales (Mental Capacity Act 2005), and consent in Scotland 
(Adults With Incapacity (Scotland) Act 2000). Northern Ireland follows common law; 
for the purposes of the REST trial processes used in England and Wales will be used 
in Northern Ireland. 

Personal Consultee (England, Wales and Northern Ireland) 
The researcher will seek advice from a Personal Consultee (who may be a relative, 
partner or friend of the participant). This should normally take place during a face-to
face meeting. An authorised staff member/researcher will describe the REST trial to 
the individual, and provide them with a Covering Statement, Information Sheet and 
Personal Consultee Declaration (England/Wales and Northern Ireland). The 
researcher will seek their views about whether the patient should take part in the 
study. They will be asked about their opinion of the wishes and feelings of the patient 
if they had capacity. 

After the researcher has checked that the information sheet is understood, the 
researcher will invite the Personal Consultee to sign the form and will then 
countersign it. A copy of the form should be placed in the patient's medical notes and 
a copy filed in the ISF. 

If the Perso.nal Consultee is not available at site, the researcher may contact the 
Personal Consultee by telephone and seek verbal agreement. This verbal agreement 
will be recorded in the Consultee Telephone Agreement Form. The Consultee 
Telephone Agreement Form will be signed by a second member of staff who has 
witnessed the telephone advice. This witness may be a member of the site study 
team or site medical staff. A copy of the Consultee Telephone Agreement Form 
should be placed in the patient's medical notes and a copy filed in the ISF. Written 
agreement will then be obtained as soon as possible. 

Nearest Relative/Guardian or Welfare Attorney (Scotland) 
The researcher will seek consent from a Nearest Relative/Guardian or Welfare 
Attorney (who may be a relative, partner or friend of the participant). This will usually 
take place during a face-to-face meeting. An authorised staff member/researcher will 
describe the REST trial to the individual, and provide them with a Covering 
Statement, Information Sheet and Consent Form for Nearest Relative/Guardian or 
Welfare Attorney (Scotland). The researcher will seek their views about whether the 
patient should take part in the study. They will be asked about their opinion of the 
wishes and feelings of the patient if they had capacity 

After the researcher has checked that the information sheet is understood, the 
researcher will invite the Nearest Relative/Guardian or Welfare Attorney to sign the 
form and will then countersign it. A copy of the form should be placed in the patient's 
medical notes and a copy filed in the ISF. 

If there is no Nearest Relative/Guardian or Welfare Attorney available at site, the 
researcher may contact the Nearest Relative/Guardian or Welfare Attorney by 
telephone and seek verbal agreement. This verbal agreement will be recorded in the 
Consultee Telephone Agreement Form. The Consultee Telephone Agreement Form 
will be signed by a second member of staff who has witnessed the telephone 
consent. This witness may be a member of the site study team or site medical staff. A 
copy of the Consultee Telephone Agreement Form should be placed in the patient's 
medical notes and a copy filed in the ISF. Written agreement will then be obtained as 
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soon as possible. 

These processes have worked successfully in similar large multicenter UK studies 
previously (e.g. OSCAR, ABLE and BREATHE). 

Approval by a Registered Medical Practitioner (RMP): 
England, Wales and Northern Ireland 
In the event that there is no Personal Consultee for sites in England, Wales and 
Northern Ireland, authorisation to randomise the patient will be sought from an RMP 
(a doctor unrelated to the study conduct). The RMP will be informed about the trial by 
a member of the research team and given a copy of the Registered Medical 
Practitioner Form (England/Wales and Northern Ireland) and a copy of the Covering 
Statement, Information Sheet and Personal Consultee Declaration (England/Wales 
and Northern Ireland). If the RMP decides that the patient is suitable for entry into the 
study they will be asked to complete the relevant authorisation form. A copy of the 
authorisation form should be placed in the patient's medical notes and a copy filed in 
the ISF. In the event that a Personal Consultee is identified after RMP advice is 
obtained, the above process for Personal Consultee Declaration will be followed and 
all advice forms will be filed as instructed above. 

Scotland 
For sites in Scotland where no Nearest Relative/Guardian or Welfare Attorney is 
available it will not be legally possible to enroll the patient (specific to the Adults with 
Incapacity Act Scotland for non-CTIMP trials). 

Patient consent to continue 
Once the participant has recovered from the condition I treatment causing incapacity, 
and has been free from sedative medications for more than 24 hours they will be 
approached to obtain permission to continue in the study. 
The consent to continue process will include: assessment and documentation of 
capacity; providing the Patient Information Sheet and Consent Form for Participant 
with Recovered Capacity; allowing sufficient time for the patient to understand the 
material and ask questions; obtaining written informed consent. If the patient agrees 
to continue in the study they will be asked to sign the Consent Form for Participant 
with Recovered Capacity Form which will then be counter signed by a member of the 
research team. A copy of the Participant with Recovered Capacity Form will be filed 
in the ISF and a copy filed in the patient's medical notes. If the participant declines 
on-going participation in the study no further follow-up will take place. Data collected 
up until that point will be anonymised before returning to the co-ordinating centre. In 
the rare event that the patient does not regain capacity or the staff have been unable 
to obtain consent to continue, the consent from the Personal Consultee or Nearest 
Relative/ Guardian or Welfare Attorney or Registered Medical Practitioner will 
continue. 

8.6.3 Withdrawal of consent 

Participants may withdraw or be withdrawn (by their Personal Consultee/Nearest 
Relative/Guardian or Welfare Attorney or the intensive care consultant responsible for 
their care) from the study at any time without prejudice. In the event that the 
participant is withdrawn, the treating clinician responsible for their care will determine 
the safest and most appropriate way to continue the care outside of the study 
protocol. 
In the event of a request to withdraw from the study, the researcher will determine 
which elements of the study are to be withdrawn from the following possibilities and 
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this will be documented: 

• The application of extracorporeal carbon dioxide removal 

• On-going data collection during hospital admission 

• Confirmation of vital status 

• Contact for follow-up questionnaires 

In the event that the request is to withdraw from all elements of the study, only 
anonymised data recorded up to the point of withdrawal will be included in the study 
analysis. 
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