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Abstract

Introduction: While limiting the tidal volume to 6 mL/kg during veno-venous extracorporeal membrane
oxygenation (V-V ECMO) to ameliorate lung injury in patients with acute respiratory distress syndrome
(ARDS) is widely accepted, the best setting for positive end-expiratory pressure (PEEP) is still
controversial. This study is being conducted to investigate whether a higher PEEP setting (15 cmH,0)
during V-V ECMO can decrease the duration of ECMO support needed in patients with severe ARDS, as
compared with a lower PEEP setting.

Methods and analysis: The study is an investigator-initiated, multicenter, open-label, two-arm, randomized
controlled trial conducted with the participation of 21 intensive care units (ICUs) at academic as well as
non-academic hospitals in Japan. The subjects of the study are patients with severe ARDS who require V-V
ECMO support. Eligible patients will be randomized equally to the High PEEP group or Low PEEP group.
Recruitment to the study will continue until a total of 210 ARDS patients requiring V-V ECMO support
have been randomized. In the High PEEP group, PEEP will be set at 15 cmH,O from the start of V-V
ECMO until the trials for liberation from V-V ECMO (or until day 28 after the allocation), while in the
Low PEEP group, the PEEP will be set at 5 cmH,0. Other treatments will be the same in the two groups.
The primary endpoint of the study is the number of ECMO-free days until day 28, defined as the length of
time (in days) from successful libration from V-V ECMO to day 28. The secondary endpoints are mortality
on day 28, in-hospital mortality on day 60, ventilator-free days during the first 60 days, and length of ICU
stay.

Ethics and dissemination: Ethical approval was obtained on September 27, 2022 (IRB at Hiroshima
University hospital, C2022-0006). The results of this study will be presented at national and international
medical congresses, and also published in a scientific journal.

Trial registration: The Japan Registry of Clinical Trials jJRCT1062220062. Registered on September 28,
2022

Protocol version: January 7, 2023, version 3.0

Name and contact information for the trial sponsor: Not applicable

For peer review only - http://bmjopen3.bmj.com/site/about/guidelines.xhtmI

Page 4 of 30

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublasug

e


http://bmjopen.bmj.com/

Page 5 of 30

oNOYTULT D WN =

BMJ Open

*  Role of sponsor: Not applicable
Keywords
acute respiratory distress syndrome, positive end-expiratory pressure, veno-venous extracorporeal membrane

oxygenation, ventilator management, ExPress SAVER trial

Strengths and limitations of this study

e  The ExPress SAVER trial is the first large multicenter RCT to investigate whether a high PEEP setting or
low PEEP setting is more beneficial for ameliorating the lung injury in patients with severe ARDS
requiring V-V ECMO.

e The result of this study will can help clarify the most beneficial mechanical ventilation strategies for severe
ARDS patients receiving V-V ECMO support.

e  Some limitations to the study design include study design as an open-label study and the endpoints
assessed by ICU physicians. However, the criteria for liberation from ECMO are already set prior to the
start of the study, and other outcomes, including the mortality on day 28 and in-hospital mortality on day

60, will be also evaluated as secondary endpoints.
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INTRODUCTION

Background and rationale

Acute respiratory distress syndrome (ARDS) is a life-threatening condition characterized by widespread
inflammatory lung injury, and is encountered in an estimated 23% of mechanically ventilated patients [1]. Of the
three severity scales of ARDS categorized in the Berlin criteria, the reported mortality of severe ARDS, defined
by a PaO,/FIO, ratio (P/F ratio) of <100 mmHg, is as high as 45%, and these patients often need respiratory
support with veno-venous extracorporeal membrane oxygenation (V-V ECMO) [2].

As compared with ventilation strategies in patients not requiring V-V ECMO, optimal strategies for
patients requiring V-V ECMO support have received relatively little attention. Based on a previous prospective
study conducted with the participation of 23 ECMO centers from 10 countries, a tidal volume of <6 mL/kg and
plateau pressure not exceeding 30 cmH,O have been widely accepted as lung protective strategies; however, there
is still a large variability in the setting of positive end-expiratory pressure (PEEP); for example, the reported PEEP
setting on day 1 of ECMO ranges from 5 to 20 cmH,O [3]. Thus, the optimal settings for mechanical ventilation
during ECMO in patients with ARDS have not been established yet.

A high PEEP setting can be beneficial for preventing lung injury by reducing atelectrauma. The ExPress
trial conducted in mechanically ventilated ARDS patients not requiring ECMO support showed that a higher PEEP
(approximately 15 cmH,0O on day 1) tended to improve the lung function and reduced the needed duration of
mechanical ventilation [4]. The results of a previous systematic review and meta-analysis suggested that the
beneficial effect of a higher PEEP setting may be more pronounced in the subgroup of patients with relatively
more severe ARDS [5], which may imply that the effect may be most noteworthy in patients with severe ARDS
who require ECMO support. In fact, a single-center RCT conducted in ARDS patients requiring V-V ECMO
showed that the proportion of patients who could be successfully weaned from V-V ECMO was higher in the
patient group in which a transpulmonary pressure-guided ventilation strategy, including a higher PEEP setting

(approximately 15 cmH,0), had been used, as compared with that in the conventional lung rest strategy group.
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On the other hand, however, a high PEEP setting can also have a harmful influence on the hemodynamics
by reducing the venous return [6], as well as on the lung condition by inducing lung injury due to overdistention
[7] and increasing the mechanical power [16]. Considering that the PEEP setting during ECMO can be adjusted
without limiting oxygenation, because oxygenation is mainly accomplished by ECMO rather than by mechanical
ventilation, and patients with severe ARDS likely have concomitant right heart failure, a low PEEP setting, such
as 5 cmH,0, which is considered to be the minimum PEEP setting for patients with ARDS [8], may be more
beneficial. While a recent guideline published by the Extracorporeal Life Support Organization (ELSO)
recommends a PEEP setting of >10 cmH,0 during ECMO [9], the Consensus Conference 2014 recommends that
“mechanical ventilation be adjusted to minimize the plateau pressure, while administering a minimum positive
expiratory pressure” [10]. It remains unclear whether a higher or lower PEEP setting during V-V ECMO might
be more beneficial for ameliorating the lung injury in severe ARDS patients [11].

Therefore, we designed this open-label, multicenter RCT to examine the beneficial effect of a higher
PEEP setting (15 cmH,0) as compared with a lower PEEP setting (5 cmH,0) in severe ARDS patients requiring

V-V ECMO support.

Aim and objectives
This study is being conducted to investigate whether a higher PEEP setting (15 cmH,0) during V-V ECMO can
decrease the duration of ECMO support needed in patients with severe ARDS, as compared with a lower PEEP

setting (5 cmH,0).
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METHODS AND ANALYSIS

Trial design

The Expiratory Pressure for Severe ARDS requiring V-V ECMO Respiratory Support trial (ExPress SAVER trial)
is a randomized controlled, parallel-group, open-label, multicenter, superiority trial that is proposed to be
conducted in patients with severe ARDS requiring V-V ECMO. Eligible patients will be randomized equally to

the High PEEP (15 cmH,0) group or Low PEEP (5 cmH,0) group.

Study setting

The study is an investigator-initiated, multicenter, open-label, two-arm, randomized trial conducted with the
participation of 21 intensive care units (ICU) at academic as well as non-academic hospitals in Japan. The flow
chart for patient recruitment into the trial is shown in Fig. 1. The study was conducted with the approval of the
Institutional Review Boards of Hiroshima University Hospital (C2022-0006) and each of the other participating
hospitals. Among the 21 participating hospitals, 12 were academic hospitals and 9 were non-academic hospitals.
This 3-year study is planned to run from November 2022 until March 2026. The trial is registered in the jJRCT

(Japan Registry of Clinical Trials; https://jrct.niph.go.jp, trial registration number: jJRCT1062220062).

Eligibility criteria

Patients will be included if they meet the following 3 criteria: (1) age between 18 and 80 years (male or female);
(2) diagnosed as having severe ARDS at the timing of cannulation for ECMO; (3) V-V ECMO selected for
respiratory support. The diagnosis of severe ARDS was made on the basis of the Berlin definition criteria (P/F
ratio < 100 mmHg) [12]. Respiratory support using ECMO is considered if the patients are assessed as having a
high risk of mortality (=50%) and is considered as being indicated when the risk is >80% in accordance with the
guideline [13]. A P/F ratio of <150 mmHg on a high FIO, of >0.9 and/or a Murray score of 2-3 indicates a
mortality risk of >50%, while a P/F ratio of <80 mmHg on a high FIO, of >0.9 and/or a Murray score of 3—4

indicates an 80% mortality risk.
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Patients were excluded if they were cases of conversion from initial veno-arterial (V-A) ECMO, had
been on a mechanical ventilation for longer than 7 days at the time of initiation of the ECMO support, had
hemodynamic instability with a reduced left ventricular ejection fraction (<40%), had pneumothorax or air leak
syndrome, had ARDS due to thoracic trauma, had ARDS due to extra-pulmonary triggers, are known to be
pregnant, or are judged by the ICU attending doctors as being unsuitable to participate in this study based on
their medical condition.

Since eligible patients are expected to be unconscious, the trial information will be given to a proxy in
person by physicians before enrollment in the study, and both written and verbal informed consent will be
obtained. When the patient becomes alert, the attending physicians will obtain informed consent. If enrollment
is rejected, the data of that patient will not be used for the analyses. Physicians will attempt to obtain informed
consent from the patient even if consent has already been provided by the proxy. Approval from the local ethical
committee will be needed for ancillary studies of the patient data, unless this is waived based on prior approvals

or the design of the studies.

Interventions

Explanation for the choice of comparators

There is poor evidence as to the optimal PEEP setting in ARDS patients requiring V-V ECMO support. In this
study, which is being conducted to investigate beneficial effects of a high PEEP setting, we set the group with a
low PEEP setting during ECMO as the control group. We will use 5 cmH,O as a low PEEP setting, which is

considered a the minimum PEEP for patients with ARDS, based on previous literature [8].

Intervention description

Within 24 hours after the start of V-V ECMO support, registration will be performed by electronic data capture
(EDC) on a personal computer. Then, patients will be randomized to the High PEEP group and Low PEEP
group. In the High PEEP group, the PEEP will be set at 15 cmH,0 from the start of V-V ECMO support until

the trials for liberation from V-V ECMO (or until day 28 after the allocation), while in the Low PEEP group, the
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PEEP will be set at 5 cmH,0. Other treatments will be the same in the two groups.

In both groups, the invasiveness of mechanical ventilation, except for the PEEP, will be reduced for
lung protection. The preset goals for oxygenation are a PaO2 of 55-65 mmHg. Accordingly, the tidal volume
will be decreased to ensure that the plateau pressure does not exceed 30 cmH,0. Also, the settings of FIO,,
respiratory rate and driving pressure were adjusted to less than 0.5, 10 times/min and 8 cmH,0O, respectively.
Hypercapnia is allowed for lung protection (PaCO, > 70 mmHg).

After the lung function improves, the extracorporeal blood flow rate will be reduced stepwise to 2.0
liters per min. Thereafter, the gas flow will be tapered and finally switched off for 4-24 h. In the weaning trial,
the settings of mechanical ventilation will be adjusted to match the following criteria: FIO, <0.6 and plateau
pressure <30 cmH,O. If the arterial blood gases, including PaO2 >70 mmHg, and respiratory parameters remain
stable, the ECMO system will be removed.

When the participant does not satisfy the eligibility criteria after registration before liberation from V-
V ECMO, the intervention described above will be discontinued and the PEEP setting will be decided according

to the clinical preference. Then, they will be excluded from the analyses and labelled as dropouts.

Relevant concomitant care permitted or prohibited during the trial

All treatments will be allowed, and there will be no prohibited treatments in either group.

Provisions for post-trial care
All patients who will suffer harm from participation in the trial will be covered by the Japanese public

healthcare system.
Outcomes

The primary endpoint is ECMO-free days (EFDs) on day 28, defined as the number of days from successful

weaning from V-V ECMO to day 28. The concept is similar to ventilator-free days (VFDs) [14]. EFDs are
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typically defined as follows. EFD = 0, if the subject dies within 28 days after the start of ECMO support. EFDs
= 28 - x in patients who are successfully liberated from ECMO x days after initiation of ECMO. EFD = 0, if the
subject is on ECMO for >28 days (Figure 2). The 28-day time frame was initially chosen because most subjects
with ARDS either die or are extubated by day 28 [15].

The secondary endpoints are the mortality rate on day 28, the in-hospital mortality on day 60, number
of VFDs during the first 60 days, and length of ICU stay.

In the subgroup analysis, we propose to analyze the effects of high PEEP versus low PEEP setting
separately according to indices of lung recruitability at the start of ECMO support. The indices of lung

recruitability include the recruitment-to-inflation ratio (R/I) and the static lung compliance (Cst).

Participant timeline

The main timeline of this study is shown in Fig. 3.

Patient and public involvement

There was no patient or public involvement in the design and conduct of this study.

Sample size

For the primary outcome measure, we assumed a mean number of EFDs of 10.5 days, with a standard deviation
of 10 in the placebo group, based on past sample data of patients admitted to our ICU (53 cases from 2014 to
2021). Referring to the results of the ExPress trial [4], we set 4.0 days as a difference in the number of EFDs
between the High PEEP group and Low PEEP group (10.5 days vs 6.5 days). It was estimated that a sample size
of 100 per group would be needed to obtain at least 80% statistical power at a two-sided significance level of
5% by a Student’s two-sample t-test. To compensate for the loss of participants to follow-up (5%), we decided

to enroll 105 patients per group (total study sample, 210 subjects).

1
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Recruitment
This study will be conducted with the participation of 19 ICUs in Japan. The ICU physicians at each hospital

will provide the patients with adequate information about the study.

Assignment of interventions: allocation

Sequence generation

The randomization will be performed using stratified block randomization with a block size of two or four on
the Electronic Data Capture (EDC) site. The randomization list was automatically generated with a random
sequence in each hospital on the EDC, based on stratification according to the age of the subjects (>60/<60
years). Therefore, stratification will be performed for two factors (facility and age). Once physicians input the

inclusion of a new participant on the EDC site, his/her allocation is immediately noted on the EDC site.

Concealment mechanism
The results of the allocation will be shown on the EDC site of each hospital and researchers at one hospital will

be blinded to the assignments and outcomes of the patients at the other hospitals.

Implementation
The allocation will be performed on the EDC. Clinicians and investigators will enroll patients and assign them

to the High PEEP or Low PEEP group according to the allocation.

Assignment of interventions: Blinding
Due to the type of the study design, it is impossible to blind keep the investigators, patients, and care providers

blinded to the group allocation. However, the data analysts will be kept blinded to the group allocation.
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Data collection and management

Assessment and collection of outcomes will be performed by the ICU physicians at the participating hospitals.
As for the mortality at 28 days, if a patient has been already discharged by 28 days, the outcome will be
collected by a phone call to the patient’s general practitioner or to any medical staff involved in the care of the
patient after discharge from the ICU.

Patients included are expected to stay in the ICU until they are liberated from ECMO, which means
the primary outcomes (EFDs at 28 days) of almost all included patients could be expected to be collected by
ICU physicians without any extra effort. However, if a patient is transferred to another hospital before he/she is
liberated from ECMO, the outcomes will be collected by a phone call to the patient’s general practitioner or to
any medical staff involved in the care of the patient.

Patient data will be stored as raw medical records at each participating hospital and remain
anonymized on the EDC for at least 5 years. Changes in the EDC will be preserved on a log showing
information about who changed the information and when.

All patient data will be anonymized in the EDC system. Only the chief investigator at each
participating hospital, who has in his/her possession the original ID and password for accessing the EDC can
input data on patients at his/her facility. The Statistician and Central Monitor will have exclusive access to all

participants’ data on the EDC.

Statistical methods

Statistical methods for primary and secondary outcomes

Statistical analyses will be performed using an intention-to-treat analysis with a full analysis set (FAS). FAS is
defined as all subjects for whom there were no violations of the main eligibility criteria (selection and exclusion
criteria) or conflicts with the discontinuation and dropout criteria. Student’s t-test will be used to evaluate the
significance of differences in the log-transformed values of the number of EFDs at 28 days. For analysis of the

secondary endpoints, Fisher’s exact test will be used to analyze differences in the categorical variables
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(mortality on day 28 and in-hospital mortality on day 60), and Student’s t-test will be used to analyze

differences in the continuous variables (VFDs during the first 60 days and length of ICU stay).

Interim analyses

Safety monitoring will be conducted in a timely manner by the Safety Monitoring Committee, comprising Kei
Suzuki, Yusuke Okazaki, and Yuya Yoshino of Hiroshima City North Medical Center Asa Citizens Hospital. If
serious adverse events associated with the trial are identified, the chief investigator at the corresponding hospital
will immediately report them to the director of that hospital and the Primary Investigator. The primary
investigator will then take appropriate actions under the guidance of the Ethics Committee for Clinical Research
of Hiroshima University and the Safety Monitoring Committee. The Safety Monitoring Committee will
discontinue the study if a marked difference in safety is noted based on the severe adverse events. We do not

propose to conduct any interim analysis of the efficacy.

Methods for additional analyses (e.g., subgroup analyses)
We propose to conduct a subgroup analysis to determine the effects of a high PEEP setting as compared with
low PEEP setting separately according to the indices of lung recruitability at the start of ECMO support. The

indices of lung recruitability include the R/I and Cst.

Methods of analysis to handle protocol non-adherence and any statistical methods to
handle missing data

In this study, we will perform FAS analysis as the main analysis. Any patients with missing data on the primary
or secondary outcomes will be excluded. The safety analysis will be performed including all patients, even if

there are missing data.

Plans to give access to the full protocol, participant level-data and statistical code
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Both the protocol and data will be available upon reasonable request and approval from the relevant authorities

after the trial is completed.

Oversight and monitoring

Composition of the coordinating centre and trial steering committee

The Principal Investigator and Study Coordinator is Shinichiro Ohshimo, Hiroshima University Hospital. The
Data Manager is Mitsuaki Nishikimi, Hiroshima University Hospital. The Statistical Analysis Manager is
Kunihiko Takahashi, Tokyo Medical and Dental University. The Certification of the Ethics Committee for
Clinical Research is established at Hiroshima University Hospital as the Coordinating Center and Trial Steering

Committee.

Composition of the data monitoring committee, its role and reporting structure

Central monitoring will be performed by the Data Monitoring Committee, which consist of Kazuya Kikutani,
Assistant Professor, Department of Emergency and Critical Care Medicine, Graduate School of Biomedical and
Health Sciences, Hiroshima University. On-site monitoring will be performed at each hospital by monitors
appointed by the Data Monitoring Committee if the committee judges that such monitoring is needed based on

the results of central monitoring.

Adverse event reporting and harms

If serious adverse events associated with the trial are identified, the chief investigator at the corresponding
hospital will immediately report them to the director of that hospital and to the Primary Investigator. The
primary investigator will then take the appropriate actions under the guidance of the Ethics Committee for
Clinical Research of Hiroshima University and the safety monitoring committee. All serious adverse events

associated with the trial will be shared among all researchers by the Primary Investigator.
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Frequency and plans for auditing trial conduct

An independent party will audit and report the results.

Plans for communicating important protocol amendments to relevant parties (e.g. trial
participants, ethical committees)

Any protocol modifications will be reviewed by the Ethical Committee for Clinical Research of Hiroshima
University and then registered at jRCT (https://jrct.niph.go.jp). All relevant information will be shared among

the researchers.

Dissemination plans

The results of this study will be presented at national and international medical congresses, and also published in

a scientific journal.
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DISCUSSION

The ExPress SAVER trial is the first large multicenter RCT being conducted to investigate whether a high PEEP
setting or low PEEP setting is more beneficial for ameliorating the lung injury in patients with severe ARDS
requiring V-V ECMO. As compared with ventilation strategies in the absence of V-V ECMO, those in patients
needing ECMO have received relatively little attention, and the optimal PEEP setting in patients receiving
ECMO has not been established yet. We believe that this trial can help clarify the most beneficial mechanical
ventilation strategies for severe ARDS patients receiving V-V ECMO support.

In this study, we also plan to conduct a subgroup analysis according to the indices of lung
recruitability at the start of ECMO support. Recently, several studies have reported on the heterogeneity of
ARDS, and the most appropriate management for ARDS might differ according to the sub-clinical phenotype
[16-18]. We consider it not surprising that the beneficial effects of high PEEP settings differ according to
differences in the lung recruitability at the start of ECMO support. In this sub-group analysis, we will use R/I,
which has been reported as a useful index of lung recruitability in several previous studies.

There are several limitations of the ExPress SAVER trial. Firstly, this is an open-label study and the
endpoints will be assessed by ICU physicians. However, the criteria for liberation from ECMO are already set
prior to the start of the study, and outcomes which cannot be influenced by the physicians’ judgement, including
the mortality on day 28 and in-hospital mortality on day 60, will be also evaluated as secondary endpoints.
Secondly, we decided not to use novel monitoring devices for the PEEP setting, such as electrical impedance
tomography (EIT) and esophageal balloon catheter for measuring the esophageal pressure, because these
devices are used only at a limited number of ECMO centers in Japan. Both have the potential to help estimate
the most appropriate PEEP setting for individual ARDS patients requiring ECMO, although the benefits of

personalizing PEEP settings have not yet been established.

Trial status
This study protocol was approved by IRB at Hiroshima University hospital on September 27, 2022 (C2022-

0006). This study protocol is version 3 made on January 7, 2023. The recruitment period is between November
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15, 2022, and March 31, 2026. The first patient was randomized on November 18, 2022.
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Figure legends

Fig 1. Flow chart for patient recruitment into the ExPress SAVER trial
ARDS: acute respiratory distress syndrome; ECMO: extracorporeal membrane oxygenation;

EF: ejection fraction; ICU: intensive care unit; PEEP: positive end-expiratory pressure.

Fig 2. Calculation of ECMO-free days at 28 days
ECMO: extracorporeal membrane oxygenation; EFDs: ECMO-free days.

Fig 3. Time schedule for the trial
PEEP: positive end-expiratory pressure; ARDS: acute respiratory distress syndrome; SOFA
score: Sequential Organ Failure Assessment score; ECMO: extracorporeal membrane

oxygenation.
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Screening of eligible patients
(1) age between 18 and 80 years old

(2) diagnosed as severe ARDS at the timing of ECMO cannulation
(3) decided to use V-V ECMO for respiratory support
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.

Upload your completed checklist as an extra file when you submit to a journal.
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In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Gotzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hrébjartsson A, Schulz KF,
Parulekar WR, Krleza-Jeri¢ K, Laupacis A, Moher D. SPIRIT 2013 Explanation and Elaboration: Guidance for
protocols of clinical trials. BMJ. 2013;346:¢7586
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perform the interventions (eg, surgeons, psychotherapists)

Interventions: #1la Interventions for each group with sufficient detail to allow

description replication, including how and when they will be administered

Interventions: #11b Criteria for discontinuing or modifying allocated interventions for a

modifications given trial participant (eg, drug dose change in response to harms,
participant request, or improving / worsening disease)

Interventions: #11c Strategies to improve adherence to intervention protocols, and any

adherance procedures for monitoring adherence (eg, drug tablet return;
laboratory tests)

Interventions: #11d Relevant concomitant care and interventions that are permitted or

concomitant care prohibited during the trial

Outcomes #12  Primary, secondary, and other outcomes, including the specific
measurement variable (eg, systolic blood pressure), analysis metric
(eg, change from baseline, final value, time to event), method of
aggregation (eg, median, proportion), and time point for each
outcome. Explanation of the clinical relevance of chosen efficacy
and harm outcomes is strongly recommended

Participant timeline #13  Time schedule of enrolment, interventions (including any run-ins
and washouts), assessments, and visits for participants. A
schematic diagram is highly recommended (see Figure)

Sample size #14  Estimated number of participants needed to achieve study
objectives and how it was determined, including clinical and
statistical assumptions supporting any sample size calculations

Recruitment #15  Strategies for achieving adequate participant enrolment to reach
target sample size

Methods: Assignment

of interventions (for

controlled trials)

Allocation: sequence #16a Method of generating the allocation sequence (eg, computer-

generation generated random numbers), and list of any factors for

stratification. To reduce predictability of a random sequence,
details of any planned restriction (eg, blocking) should be provided
in a separate document that is unavailable to those who enrol

participants or assign interventions
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Allocation concealment

mechanism

Allocation:

implementation

Blinding (masking)

Blinding (masking):

emergency unblinding

Methods: Data
collection,
management, and

analysis

Data collection plan

Data collection plan:

retention

Data management

Statistics: outcomes

Statistics: additional

analyses
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Mechanism of implementing the allocation sequence (eg, central
telephone; sequentially numbered, opaque, sealed envelopes),
describing any steps to conceal the sequence until interventions are

assigned

Who will generate the allocation sequence, who will enrol

participants, and who will assign participants to interventions

Who will be blinded after assignment to interventions (eg, trial
participants, care providers, outcome assessors, data analysts), and

how

If blinded, circumstances under which unblinding is permissible,
and procedure for revealing a participant’s allocated intervention

during the trial

Plans for assessment and collection of outcome, baseline, and other

trial data, including any related processes to promote data quality
(eg, duplicate measurements, training of assessors) and a
description of study instruments (eg, questionnaires, laboratory
tests) along with their reliability and validity, if known. Reference

to where data collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up,
including list of any outcome data to be collected for participants

who discontinue or deviate from intervention protocols

Plans for data entry, coding, security, and storage, including any
related processes to promote data quality (eg, double data entry;
range checks for data values). Reference to where details of data

management procedures can be found, if not in the protocol

Statistical methods for analysing primary and secondary outcomes.
Reference to where other details of the statistical analysis plan can

be found, if not in the protocol

Methods for any additional analyses (eg, subgroup and adjusted

analyses)
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Statistics: analysis
population and missing
data

Methods: Monitoring

Data monitoring:

formal committee

Data monitoring:

interim analysis

Harms

Auditing

Ethics and

dissemination

Research ethics

approval

Protocol amendments

Consent or assent

Consent or assent:

ancillary studies

Confidentiality
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Definition of analysis population relating to protocol non-
adherence (eg, as randomised analysis), and any statistical methods

to handle missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary of its
role and reporting structure; statement of whether it is independent
from the sponsor and competing interests; and reference to where
further details about its charter can be found, if not in the protocol.

Alternatively, an explanation of why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and make

the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited
and spontaneously reported adverse events and other unintended

effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and
whether the process will be independent from investigators and the

sponsor

Plans for seeking research ethics committee / institutional review
board (REC / IRB) approval

Plans for communicating important protocol modifications (eg,
changes to eligibility criteria, outcomes, analyses) to relevant
parties (eg, investigators, REC / IRBs, trial participants, trial

registries, journals, regulators)

Who will obtain informed consent or assent from potential trial

participants or authorised surrogates, and how (see Item 32)

Additional consent provisions for collection and use of participant

data and biological specimens in ancillary studies, if applicable

How personal information about potential and enrolled participants
will be collected, shared, and maintained in order to protect

confidentiality before, during, and after the trial
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Abstract

Introduction: While limiting the tidal volume to 6 mL/kg during veno-venous extracorporeal membrane
oxygenation (V-V ECMO) to ameliorate lung injury in patients with acute respiratory distress syndrome
(ARDS) is widely accepted, the best setting for positive end-expiratory pressure (PEEP) is still
controversial. This study is being conducted to investigate whether a higher PEEP setting (15 cmH,0)
during V-V ECMO can decrease the duration of ECMO support needed in patients with severe ARDS, as
compared with a lower PEEP setting.

Methods and analysis: The study is an investigator-initiated, multicenter, open-label, two-arm, randomized
controlled trial conducted with the participation of 20 intensive care units (ICUs) at academic as well as
non-academic hospitals in Japan. The subjects of the study are patients with severe ARDS who require V-V
ECMO support. Eligible patients will be randomized equally to the High PEEP group or Low PEEP group.
Recruitment to the study will continue until a total of 210 ARDS patients requiring V-V ECMO support
have been randomized. In the High PEEP group, PEEP will be set at 15 cmH,O from the start of V-V
ECMO until the trials for liberation from V-V ECMO (or until day 28 after the allocation), while in the
Low PEEP group, the PEEP will be set at 5 cmH,0. Other treatments will be the same in the two groups.
The primary endpoint of the study is the number of ECMO-free days until day 28, defined as the length of
time (in days) from successful libration from V-V ECMO to day 28. The secondary endpoints are mortality
on day 28, in-hospital mortality on day 60, ventilator-free days during the first 60 days, and length of ICU
stay.

Ethics and dissemination: Ethics approval for the trial at all the participating hospitals was obtained on
September 27, 2022, by central ethics approval (IRB at Hiroshima University Hospital, C2022-0006). The
results of this study will be presented at domestic and international medical congresses, and also published
in scientific journals.

Trial registration: The Japan Registry of Clinical Trials jJRCT1062220062. Registered on September 28,
2022

Protocol version: March 28, 2023, version 4.0
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* Name and contact information for the trial sponsor: Not applicable

*  Role of sponsor: Not applicable

Keywords

acute respiratory distress syndrome, positive end-expiratory pressure, veno-venous extracorporeal membrane

oxygenation, ventilator management, ExPress SAVER trial

Strengths and limitations of this study

e  This is the first randomized controlled trial (RCT) performed to investigate whether a high PEEP setting
can shorten the ECMO-free days until day 28 as compared with a low PEEP setting in patients with severe
ARDS requiring V-V ECMO.

e This study could be the largest randomized controlled trial conducted to date in patients with severe ARDS
requiring V-V ECMO.

e  This study includes a subgroup analysis for evaluating the outcomes by the index of lung recruitability.

e  Some limitations of the study include its open-label study design and assessment of the endpoints by the

attending ICU physicians.
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INTRODUCTION

Background and rationale

Acute respiratory distress syndrome (ARDS) is a life-threatening condition characterized by widespread
inflammatory lung injury, and is encountered in an estimated 23% of mechanically ventilated patients [1]. Of the
three severity scales of ARDS categorized in the Berlin criteria, the reported mortality of severe ARDS, defined
by a PaO,/FIO, ratio (P/F ratio) of <100 mmHg, is as high as 45%, and these patients often need respiratory
support with veno-venous extracorporeal membrane oxygenation (V-V ECMO) [2].

As compared with ventilation strategies in patients not requiring V-V ECMO, optimal strategies for
patients requiring V-V ECMO support have received relatively little attention. Based on a previous prospective
study conducted with the participation of 23 ECMO centers from 10 countries, a tidal volume of <6 mL/kg and
plateau pressure not exceeding 30 cmH,O have been widely accepted as lung protective strategies; however, there
is still a large variability in the setting of positive end-expiratory pressure (PEEP); for example, the reported PEEP
setting on day 1 of ECMO ranges from 5 to 20 cmH,O [3]. Thus, the optimal settings for mechanical ventilation
during ECMO in patients with ARDS have not been established yet.

A high PEEP setting can be beneficial for preventing lung injury by reducing atelectrauma. The ExPress
trial conducted in mechanically ventilated ARDS patients not requiring ECMO support showed that a higher PEEP
(approximately 15 cmH,0O on day 1) tended to improve the lung function and reduced the needed duration of
mechanical ventilation [4]. The results of a previous systematic review and meta-analysis suggested that the
beneficial effect of a higher PEEP setting may be more pronounced in the subgroup of patients with relatively
more severe ARDS [5], which may imply that the effect may be most noteworthy in patients with severe ARDS
who require ECMO support. In fact, a single-center RCT conducted in ARDS patients requiring V-V ECMO
showed that the proportion of patients who could be successfully weaned from V-V ECMO was higher in the
patient group in which a transpulmonary pressure-guided ventilation strategy, including a higher PEEP setting

(approximately 15 cmH,0), had been used, as compared with that in the conventional lung rest strategy group.
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On the other hand, however, a high PEEP setting can also have a harmful influence on the hemodynamics
by reducing the venous return [6], as well as on the lung condition by inducing lung injury due to overdistention
[7] and increasing the mechanical power [8]. Considering that the PEEP setting during ECMO can be adjusted
without limiting oxygenation, because oxygenation is mainly accomplished by ECMO rather than by mechanical
ventilation, and patients with severe ARDS likely have concomitant right heart failure, a low PEEP setting, such
as 5 cmH,0, which is considered to be the minimum PEEP setting for patients with ARDS [9], may be more
beneficial. While a recent guideline published by the Extracorporeal Life Support Organization (ELSO)
recommends a PEEP setting of >10 cmH,O during ECMO [10], the Consensus Conference 2014 recommends
that “mechanical ventilation be adjusted to minimize the plateau pressure, while administering a minimum
positive expiratory pressure” [11]. It remains unclear whether a higher or lower PEEP setting during V-V ECMO
might be more beneficial for ameliorating the lung injury in severe ARDS patients [12].

Therefore, we designed this open-label, multicenter RCT to examine the beneficial effect of a higher
PEEP setting (15 cmH,0) as compared with a lower PEEP setting (5 cmH,0) in severe ARDS patients requiring

V-V ECMO support.

Aim and objectives
This study is being conducted to investigate whether a higher PEEP setting (15 cmH,0) during V-V ECMO can
decrease the duration of ECMO support needed in patients with severe ARDS, as compared with a lower PEEP

setting (5 cmH,0).

For peer review only - http://bmjopen6.bmj.com/site/about/guidelines.xhtmI

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

BMJ Open

METHODS AND ANALYSIS

Trial design

The Expiratory Pressure for Severe ARDS requiring V-V ECMO Respiratory Support trial (ExPress SAVER trial)
is a randomized controlled, parallel-group, open-label, multicenter, superiority trial that is proposed to be
conducted in patients with severe ARDS requiring V-V ECMO. Eligible patients will be randomized equally to

the High PEEP (15 cmH,0) group or Low PEEP (5 cmH,0) group.

Study setting

This 3-year study is expected to run from November 1, 2022, to March 31, 2026. The study is an investigator-
initiated, multicenter, open-label, two-arm, randomized trial conducted with the participation of 20 intensive care
units (ICU) at academic as well as non-academic hospitals in Japan. The flow chart for patient recruitment into
the trial is shown in Fig. 1. Among the 20 participating hospitals, 11 were academic hospitals and 9 were non-

academic hospitals. The trial is registered in the jRCT (Japan Registry of Clinical Trials; https://jrct.niph.go.jp

trial registration number: jJRCT1062220062).

Eligibility criteria
Adult Patients (18-80 years old) with ARDS requiring V-V ECMO will be included. The diagnosis of severe
ARDS was made on the basis of the Berlin definition criteria (P/F ratio < 100 mmHg) [13]. Respiratory support
using ECMO is considered if the patients are assessed as having a high risk of mortality (>50%) and is considered
as being indicated when the risk is >80% in accordance with the guideline [14]. A P/F ratio of <150 mmHg on a
high FIO, of >0.9 and/or a Murray score of 2-3 indicates a mortality risk of >50%, while a P/F ratio of <80 mmHg
on a high FIO, of >0.9 and/or a Murray score of 3—4 indicates an 80% mortality risk.

Patients were excluded if they were cases of conversion from initial veno-arterial (V-A) ECMO, had
been on a mechanical ventilation for longer than 7 days at the time of initiation of the ECMO support, had
hemodynamic instability with a reduced left ventricular ejection fraction (<40%), had pneumothorax or air leak

syndrome, had ARDS due to thoracic trauma, had ARDS due to extra-pulmonary triggers, are known to be
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pregnant, or are judged by the ICU attending doctors as being unsuitable to participate in this study based on
their medical condition.

Since eligible patients are expected to be unconscious, the trial information will be given to a proxy in
person by physicians before enrollment in the study, and both written and verbal informed consent will be
obtained. When the patient becomes alert, the attending physicians will obtain informed consent. If enrollment
is rejected, the data of that patient will not be used for the analyses. Physicians will attempt to obtain informed
consent from the patient even if consent has already been provided by the proxy. An example of the participant
consent form is shown in Supplemental Material. Approval from the local ethical committee will be needed for

ancillary studies of the patient data, unless this is waived based on prior approvals or the design of the studies.

Interventions

Explanation for the choice of comparators

There is poor evidence as to the optimal PEEP setting in ARDS patients requiring V-V ECMO support. In this
study, which is being conducted to investigate beneficial effects of a high PEEP setting, we set the group with a
low PEEP setting during ECMO as the control group. We will use 5 cmH,0 as a low PEEP setting, which is

considered a the minimum PEEP for patients with ARDS, based on previous literature [9].

Intervention description
Within 24 hours after the start of V-V ECMO support, registration will be performed by electronic data capture
(EDC) on a personal computer. Then, patients will be randomized to the High PEEP group and Low PEEP
group. In the High PEEP group, the PEEP will be set at 15 cmH,0 from the start of V-V ECMO support until
the trials for liberation from V-V ECMO (or until day 28 after the allocation), while in the Low PEEP group, the
PEEP will be set at 5 cmH,0. Other treatments will be the same in the two groups.

In both groups, the invasiveness of mechanical ventilation, except for the PEEP, will be reduced for
lung protection. The preset goals for oxygenation are a PaO2 of 55-65 mmHg. Accordingly, the tidal volume

will be decreased to ensure that the plateau pressure does not exceed 30 cmH,0. Also, the settings of FIO,,
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respiratory rate and driving pressure were adjusted to less than 0.5, 10 times/min and 8 cmH,0O, respectively.
Hypercapnia is allowed for lung protection (PaCO, > 70 mmHg).

During the period of intervention, it is left to the charge of the ICU physicians to judge whether the
lung injury has improved sufficiently to attempt a weaning trial from ECMO, based mainly on the findings of
daily blood gas examinations (e.g. P/F ratio and PaCO2) and daily chest X-rays, and where needed, chest CT.

After the lung function improves, the sweep gas flow will be gradually tapered and finally switched off
for 4-24 h. In the weaning trial, the settings for mechanical ventilation will be adjusted to achieve the following
criteria: FIO2 <0.6 and plateau pressure <30 cmH2O. If the arterial blood gases and respiratory parameters
remain stable (e.g., PaO2 >70 mmHg), the ECMO system will be disconnected.

When the participant does not satisfy the eligibility criteria after registration before liberation from V-
V ECMO, the intervention described above will be discontinued and the PEEP setting will be decided according

to the clinical preference. Then, they will be excluded from the analyses and labelled as dropouts.

Relevant concomitant care permitted or prohibited during the trial

All treatments will be allowed, and there will be no prohibited treatments in either group.

Provisions for post-trial care
All patients who will suffer harm from participation in the trial will be covered by the Japanese public

healthcare system.

Outcomes

The primary endpoint is ECMO-free days (EFDs) on day 28, defined as the number of days from successful
weaning from V-V ECMO to day 28. The concept is similar to ventilator-free days (VFDs) [15]. EFDs are
typically defined as follows. EFD = 0, if the subject dies within 28 days after the start of ECMO support. EFDs

= 28 - x in patients who are successfully liberated from ECMO x days after initiation of ECMO. EFD = 0, if the
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subject is on ECMO for >28 days (Figure 2). The 28-day time frame was initially chosen because most subjects
with ARDS either die or are extubated by day 28 [16]. We defined ECMO-free days as the primary endpoint,
because we believe that it is a more appropriate index for evaluating improvement of lung injury as compared
with mortality.

The secondary endpoints are the mortality rate on day 28, the in-hospital mortality on day 60, number
of VFDs during the first 60 days, and length of ICU stay.

In the subgroup analysis, we propose to analyze the effects of high PEEP versus low PEEP setting
separately according to indices of lung recruitability at the start of ECMO support. The indices of lung
recruitability include the recruitment-to-inflation ratio (R/I) and the static lung compliance (Cst). Regarding the
measurement for recruitability, we follow the method described in previous reports [17, 18]. In brief, all
measurements were performed in the supine position after confirming a stable respiratory status in ventilated,
deeply sedated patients (RASS < -3). If necessary, neuromuscular blockade was also used to maintain adequate
levels of sedation. To measure the R/I ratio, alveolar derecruitment was evaluated by the first expired volume

immediately after lowering the PEEP level from 15 to 5 cmH2O.

Participant timeline

The main timeline of this study is shown in Fig. 3.

Patient and public involvement

There was no patient or public involvement in the design and conduct of this study.

Sample size

For the primary outcome measure, we assumed a mean number of EFDs of 10.5 days, with a standard deviation
of 10 in the placebo group, based on past sample data of patients admitted to our ICU (53 cases from 2014 to

2021). Referring to the results of the ExPress trial [4], we set 4.0 days as a difference in the number of EFDs

1
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between the High PEEP group and Low PEEP group (10.5 days vs 6.5 days). It was estimated that a sample size
of 100 per group would be needed to obtain at least 80% statistical power at a two-sided significance level of
5% by a Student’s two-sample t-test. To compensate for the loss of participants to follow-up (5%), we decided

to enroll 105 patients per group (total study sample, 210 subjects).

Recruitment
This study will be conducted with the participation of 19 ICUs in Japan. The ICU physicians at each hospital

will provide the patients with adequate information about the study.

Assignment of interventions: allocation

Sequence generation

The randomization will be performed using stratified block randomization with a block size of two or four on
the Electronic Data Capture (EDC) site. The randomization list was automatically generated with a random
sequence in each hospital on the EDC, based on stratification according to the age of the subjects (>60/<60
years). Therefore, stratification will be performed for two factors (facility and age). Once physicians input the

inclusion of a new participant on the EDC site, his/her allocation is immediately noted on the EDC site.

Concealment mechanism
The results of the allocation will be shown on the EDC site of each hospital and researchers at one hospital will

be blinded to the assignments and outcomes of the patients at the other hospitals.

Implementation
The allocation will be performed on the EDC. Clinicians and investigators will enroll patients and assign them

to the High PEEP or Low PEEP group according to the allocation.
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Assignment of interventions: Blinding

Due to the type of the study design, it is impossible to blind keep the investigators, patients, and care providers

blinded to the group allocation. However, the data analysts will be kept blinded to the group allocation.

Data collection and management

Assessment and collection of outcomes will be performed by the ICU physicians at the participating hospitals.
As for the mortality at 28 days, if a patient has been already discharged by 28 days, the outcome will be
collected by a phone call to the patient’s general practitioner or to any medical staff involved in the care of the
patient after discharge from the ICU.

Patients included are expected to stay in the ICU until they are liberated from ECMO, which means
the primary outcomes (EFDs at 28 days) of almost all included patients could be expected to be collected by
ICU physicians without any extra effort. However, if a patient is transferred to another hospital before he/she is
liberated from ECMO, the outcomes will be collected by a phone call to the patient’s general practitioner or to
any medical staff involved in the care of the patient.

Patient data will be stored as raw medical records at each participating hospital and remain
anonymized on the EDC for at least 5 years. Changes in the EDC will be preserved on a log showing
information about who changed the information and when.

All patient data will be anonymized in the EDC system. Only the chief investigator at each
participating hospital, who has in his/her possession the original ID and password for accessing the EDC can
input data on patients at his/her facility. The Statistician and Central Monitor will have exclusive access to all

participants’ data on the EDC.

Statistical methods

1
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Statistical methods for primary and secondary outcomes

Statistical analyses will be performed using an intention-to-treat analysis with a full analysis set (FAS). FAS is
defined as all subjects for whom there were no violations of the main eligibility criteria (selection and exclusion
criteria) or conflicts with the discontinuation and dropout criteria. Student’s t-test will be used to evaluate the
significance of differences in the log-transformed values of the number of EFDs at 28 days. For analysis of the
secondary endpoints, Fisher’s exact test will be used to analyze differences in the categorical variables
(mortality on day 28 and in-hospital mortality on day 60), and Student’s t-test will be used to analyze

differences in the continuous variables (VFDs during the first 60 days and length of ICU stay).

Interim analyses

Safety monitoring will be conducted in a timely manner by the Safety Monitoring Committee, comprising Kei
Suzuki, Yusuke Okazaki, and Yuya Yoshino of Hiroshima City North Medical Center Asa Citizens Hospital.
Because this study is being conducted in the ICU, attempts will be made to identify signs of any serious adverse
events as early as possible through daily chest X-rays and blood examinations. If serious adverse events
associated with the trial are identified, the chief investigator at the corresponding hospital will immediately
report them to the director of that hospital and the Primary Investigator. The primary investigator will then take
appropriate actions under the guidance of the Ethics Committee for Clinical Research of Hiroshima University
and the Safety Monitoring Committee. The Safety Monitoring Committee will discontinue the study if a marked
difference in safety is noted based on the severe adverse events. We do not propose to conduct any interim

analysis of the efficacy.

Methods for additional analyses (e.g., subgroup analyses)
We propose to conduct a subgroup analysis to determine the effects of a high PEEP setting as compared with
low PEEP setting separately according to the indices of lung recruitability at the start of ECMO support. The

indices of lung recruitability include the R/I and Cst.
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Methods of analysis to handle protocol non-adherence and any statistical methods to
handle missing data

In this study, we will perform FAS analysis as the main analysis. Any patients with missing data on the primary
or secondary outcomes will be excluded. The safety analysis will be performed including all patients, even if

there are missing data.

Plans to give access to the full protocol, participant level-data and statistical code
Both the protocol and data will be available upon reasonable request and approval from the relevant authorities

after the trial is completed.

Oversight and monitoring

Composition of the coordinating centre and trial steering committee

The Principal Investigator and Study Coordinator is Shinichiro Ohshimo, Hiroshima University Hospital. The
Data Manager is Mitsuaki Nishikimi, Hiroshima University Hospital. The Statistical Analysis Manager is
Kunihiko Takahashi, Tokyo Medical and Dental University. The Certification of the Ethics Committee for
Clinical Research is established at Hiroshima University Hospital as the Coordinating Center and Trial Steering

Committee.

Composition of the data monitoring committee, its role and reporting structure

Central monitoring will be performed by the Data Monitoring Committee, which consist of Kazuya Kikutani,
Assistant Professor, Department of Emergency and Critical Care Medicine, Graduate School of Biomedical and
Health Sciences, Hiroshima University. On-site monitoring will be performed at each hospital by monitors
appointed by the Data Monitoring Committee if the committee judges that such monitoring is needed based on

the results of central monitoring.
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Adverse event reporting and harms

If serious adverse events associated with the trial are identified, the chief investigator at the corresponding
hospital will immediately report them to the director of that hospital and to the Primary Investigator. The
primary investigator will then take the appropriate actions under the guidance of the Ethics Committee for
Clinical Research of Hiroshima University and the safety monitoring committee. All serious adverse events

associated with the trial will be shared among all researchers by the Primary Investigator.

Frequency and plans for auditing trial conduct

An independent party will audit and report the results.

Plans for communicating important protocol amendments to relevant parties (e.g. trial
participants, ethical committees)

Any protocol modifications will be reviewed by the Ethical Committee for Clinical Research of Hiroshima
University and then registered at jRCT (https://jrct.niph.go.jp). All relevant information will be shared among

the researchers.

Dissemination plans

The results of this study will be presented at national and international medical congresses, and also published in

a scientific journal.
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DISCUSSION

The ExPress SAVER trial is the first large multicenter RCT being conducted to investigate whether a high PEEP
setting or low PEEP setting is more beneficial for ameliorating the lung injury in patients with severe ARDS
requiring V-V ECMO. As compared with ventilation strategies in the absence of V-V ECMO, those in patients
needing ECMO have received relatively little attention, and the optimal PEEP setting in patients receiving
ECMO has not been established yet. We believe that this trial can help clarify the most beneficial mechanical
ventilation strategies for severe ARDS patients receiving V-V ECMO support.

In this study, we also plan to conduct a subgroup analysis according to the indices of lung
recruitability at the start of ECMO support. Recently, several studies have reported on the heterogeneity of
ARDS, and the most appropriate management for ARDS might differ according to the sub-clinical phenotype
[19-21]. We consider it not surprising that the beneficial effects of high PEEP settings differ according to
differences in the lung recruitability at the start of ECMO support. In this sub-group analysis, we will use R/I,
which has been reported as a useful index of lung recruitability in several previous studies.

There are several limitations of the ExPress SAVER trial. Firstly, this is an open-label study and the
endpoints will be assessed by ICU physicians. However, the criteria for liberation from ECMO are already set
prior to the start of the study, and outcomes which cannot be influenced by the physicians’ judgement, including
the mortality on day 28 and in-hospital mortality on day 60, will be also evaluated as secondary endpoints.
Secondly, we decided not to use novel monitoring devices for the PEEP setting, such as electrical impedance
tomography (EIT) and esophageal balloon catheter for measuring the esophageal pressure, because these
devices are used only at a limited number of ECMO centers in Japan. Both have the potential to help estimate
the most appropriate PEEP setting for individual ARDS patients requiring ECMO, although the benefits of

personalizing PEEP settings have not yet been established.

Trial status
This study protocol was approved by IRB at Hiroshima University hospital on September 27, 2022 (C2022-

0006). This study protocol is version 4 made on March 28, 2023. The recruitment period is between November
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15, 2022, and March 31, 2026. The first patient was randomized on November 18, 2022.
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Figure legends

Fig 1. Flow chart for patient recruitment into the ExPress SAVER trial
ARDS: acute respiratory distress syndrome; ECMO: extracorporeal membrane oxygenation;

EF: ejection fraction; ICU: intensive care unit; PEEP: positive end-expiratory pressure.

Fig 2. Calculation of ECMO-free days at 28 days
ECMO: extracorporeal membrane oxygenation; EFDs: ECMO-free days.

Fig 3. Time schedule for the trial
PEEP: positive end-expiratory pressure; ARDS: acute respiratory distress syndrome; SOFA
score: Sequential Organ Failure Assessment score; ECMO: extracorporeal membrane

oxygenation.

Supplemental material. Example of the participant consent form (in Japanese)
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Screening of eligible patients
(1) age between 18 and 80 years old

(2) diagnosed as severe ARDS at the timing of ECMO cannulation
(3) decided to use V-V ECMO for respiratory support
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SO. EHAEREN (veno venous extracorporeal membrane oxygenation: V-V
ECMO) ICXDEEBZMNEBEEITDIRMEMILEBAEIREF (Acute Respiratory Distress
Syndrome; ARDS) DEBSAZXTRIC, SVVETHOATLIHIRESEER KV VETOATITIZES
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B2 THRHmEHLIEZSUN ).
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HRDER - B - BH

BECADKBERII2MHEITEEBEREE (Acute Respiratory Distress Syndrome: ARDS)
ENWDBRIATHERDPDERZERDLCOHICHENREM (veno venous extracorporeal
membrane oxygenation: V-V ECMO) [CKDBEBEZMNEETDIRRETT,

V-V ECMO (Cot5%@(35@%@)\1@“&4@_6fEI[[I]‘A&@@ RN DSV ARDS DEES
ADBZRDEZRDCEZTEICLET, BFDOALHIFERETIE. BRICXTT DBEICKIN
LTI R <RBRICHZERE UTCUEXOROBERBEE. V-VECMO ICKDEEICK D
TRACEBRDEERICXTT DIIREADEBEDNRAE CESTCHNANEZIT DX CTHIRERFDOCE
NTEFET,

MED V-V ECMO DOEHIE ARDS DEESADFTREZWNEIE I ULH, ZDITH
[FNFKIZIC BO%ICR KU, V-V ECMO BIEREIE R DRESIEBEEIBIINXCHEILISNTR
DFEEA. V-V ECMO ZUEETDIIERER ARDS OFEBSAIFBAEZEE TR TE®HT
HBDEBEBD1 DTI, HFIC. V-V ECMO BEDORESATLINIGESOFREISIARBASIN
THR5T. V-VECMO BEPDATLIMIREDEDEREICE UTCESVNEMEWENESSH
AICE>TONNDDEBES A TIEH D E B A

MUEDESXD., AHARE V-V ECMO EIEDPDATHIREEDRENSNETEET D8
CEVNWETERIDBEFETCESONKDRHICHEZNUEZ I DON ZRNDCELZENE
UICHARCTYI, CNETICAUXDBARBEANZREL TETONTRS T, RIRARDIE
RICK>TEBEBSALBUBRSICE LS ARDS DEEANTFRZRE I DIEEDAZEL
TSN DD ET,

HRDIIECDONT
(1) HAROShHEE

HEBSABRADSERERRZRDICENE LIRS, REBDIEICCOMRICDONTHAZE

TUN FRABADTHHICDONTAREVCLEEF T, AEBOINHORSNRNBERERES
FICHARZBDDIRED DD ET,

@ COWRICSHNZIET DT IMTFOEEZEINTHIZITI)

@ B ARDS EEZMicn. H'D V-V ECMO BEZBAT DI ENRE ULHRS
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Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the

items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the
missing information. If you are certain that an item does not apply, please write "n/a" and provide a short

explanation.

Upload your completed checklist as an extra file when you submit to a journal.

Buipnjour ‘1ybuAdoo Aq paroalold

In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Gotzsche PC, Altman DG, Mann H, Berlin J, Dickersin K, Hrébjartsson A, Schulz KF,
Parulekar WR, Krleza-Jeri¢ K, Laupacis A, Moher D. SPIRIT 2013 Explanation and Elaboration: Guidance for
protocols of clinical trials. BMJ. 2013;346:¢7586

pue 1x8) 0] pale|al sasn 10}
11edns 1uawaublasug

Page
Reporting Item Number2 @
- . >
Administrative =
. . @
information =~
Title #1 Descriptive title identifying the study design, population, 1
interventions, and, if applicable, trial acronym
Trial registration #2a  Trial identifier and registry name. If not yet registered, name of 3

intended registry

[98)

‘saifojouyoa) Jejiwis pue ‘Buluresy |y ‘Buiuiw eyep

Trial registration: data ~ #2b  All items from the World Health Organization Trial Registration
set Data Set

Protocol version #3 Date and version identifier 3
Funding #4 Sources and types of financial, material, and other support 17
Roles and #5a  Names, affiliations, and roles of protocol contributors 1,17
responsibilities:
contributorship
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1 Roles and

; responsibilities:
4 sponsor contact
Z information

7

8 Roles and

?O responsibilities:

11 sponsor and funder

Roles and
18  responsibilities:

committees

23 Introduction

Background and

27  rationale

31  Background and
32 rationale: choice of

34  comparators
36 Objectives

Trial design

45 Methods:
47 Participants,
48 interventions, and

50 outcomes

52 Study setting

Eligibility criteria

Name and contact information for the trial sponsor 3

Role of study sponsor and funders, if any, in study design;
collection, management, analysis, and interpretation of data;
writing of the report; and the decision to submit the report for
publication, including whether they will have ultimate authority

over any of these activities

Composition, roles, and responsibilities of the coordinating centre,
steering committee, endpoint adjudication committee, data
management team, and other individuals or groups overseeing the

trial, if applicable (see Item 21a for data monitoring committee)

Description of research question and justification for undertaking
the trial, including summary of relevant studies (published and

unpublished) examining benefits and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel
group, crossover, factorial, single group), allocation ratio, and
framework (eg, superiority, equivalence, non-inferiority,

exploratory)

Description of study settings (eg, community clinic, academic 7
hospital) and list of countries where data will be collected.

Reference to where list of study sites can be obtained

Inclusion and exclusion criteria for participants. If applicable, 7

eligibility criteria for study centres and individuals who will
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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perform the interventions (eg, surgeons, psychotherapists)

Interventions: #1la Interventions for each group with sufficient detail to allow

description replication, including how and when they will be administered

Interventions: #11b Criteria for discontinuing or modifying allocated interventions for a

modifications given trial participant (eg, drug dose change in response to harms,
participant request, or improving / worsening disease)

Interventions: #11c Strategies to improve adherence to intervention protocols, and any

adherance procedures for monitoring adherence (eg, drug tablet return;
laboratory tests)

Interventions: #11d Relevant concomitant care and interventions that are permitted or

concomitant care prohibited during the trial

Outcomes #12  Primary, secondary, and other outcomes, including the specific
measurement variable (eg, systolic blood pressure), analysis metric
(eg, change from baseline, final value, time to event), method of
aggregation (eg, median, proportion), and time point for each
outcome. Explanation of the clinical relevance of chosen efficacy
and harm outcomes is strongly recommended

Participant timeline #13  Time schedule of enrolment, interventions (including any run-ins
and washouts), assessments, and visits for participants. A
schematic diagram is highly recommended (see Figure)

Sample size #14  Estimated number of participants needed to achieve study
objectives and how it was determined, including clinical and
statistical assumptions supporting any sample size calculations

Recruitment #15  Strategies for achieving adequate participant enrolment to reach
target sample size

Methods: Assignment

of interventions (for

controlled trials)

Allocation: sequence #16a Method of generating the allocation sequence (eg, computer-

generation generated random numbers), and list of any factors for

stratification. To reduce predictability of a random sequence,
details of any planned restriction (eg, blocking) should be provided
in a separate document that is unavailable to those who enrol

participants or assign interventions
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Allocation concealment

mechanism

Allocation:

implementation

Blinding (masking)

Blinding (masking):

emergency unblinding

Methods: Data
collection,
management, and

analysis

Data collection plan

Data collection plan:

retention

Data management

Statistics: outcomes

Statistics: additional

analyses
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#18a

e
o0
o

#20b
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Mechanism of implementing the allocation sequence (eg, central
telephone; sequentially numbered, opaque, sealed envelopes),
describing any steps to conceal the sequence until interventions are

assigned

Who will generate the allocation sequence, who will enrol

participants, and who will assign participants to interventions

Who will be blinded after assignment to interventions (eg, trial
participants, care providers, outcome assessors, data analysts), and

how

If blinded, circumstances under which unblinding is permissible,
and procedure for revealing a participant’s allocated intervention

during the trial

Plans for assessment and collection of outcome, baseline, and other

trial data, including any related processes to promote data quality
(eg, duplicate measurements, training of assessors) and a
description of study instruments (eg, questionnaires, laboratory
tests) along with their reliability and validity, if known. Reference

to where data collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up,
including list of any outcome data to be collected for participants

who discontinue or deviate from intervention protocols

Plans for data entry, coding, security, and storage, including any
related processes to promote data quality (eg, double data entry;
range checks for data values). Reference to where details of data

management procedures can be found, if not in the protocol

Statistical methods for analysing primary and secondary outcomes.
Reference to where other details of the statistical analysis plan can

be found, if not in the protocol

Methods for any additional analyses (eg, subgroup and adjusted

analyses)
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Statistics: analysis
population and missing
data

Methods: Monitoring

Data monitoring:

formal committee

Data monitoring:

interim analysis

Harms

Auditing

Ethics and

dissemination

Research ethics

approval

Protocol amendments

Consent or assent

Consent or assent:

ancillary studies

Confidentiality

#20c

I
[\o]
—
)

=
\S)
—_
(on

#24

#25

BMJ Open

Definition of analysis population relating to protocol non-
adherence (eg, as randomised analysis), and any statistical methods

to handle missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary of its
role and reporting structure; statement of whether it is independent
from the sponsor and competing interests; and reference to where
further details about its charter can be found, if not in the protocol.

Alternatively, an explanation of why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and make

the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited
and spontaneously reported adverse events and other unintended

effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and
whether the process will be independent from investigators and the

sponsor

Plans for seeking research ethics committee / institutional review
board (REC / IRB) approval

Plans for communicating important protocol modifications (eg,
changes to eligibility criteria, outcomes, analyses) to relevant
parties (eg, investigators, REC / IRBs, trial participants, trial

registries, journals, regulators)

Who will obtain informed consent or assent from potential trial

participants or authorised surrogates, and how (see Item 32)

Additional consent provisions for collection and use of participant

data and biological specimens in ancillary studies, if applicable

How personal information about potential and enrolled participants
will be collected, shared, and maintained in order to protect

confidentiality before, during, and after the trial
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1 Declaration of interests #28  Financial and other competing interests for principal investigators 18
2 . .
3 for the overall trial and each study site
4
5 Data access #29  Statement of who will have access to the final trial dataset, and 18
3 disclosure of contractual agreements that limit such access for
8 investigators
9
:? Ancillary and post trial #30  Provisions, if any, for ancillary and post-trial care, and for 83
12 care compensation to those who suffer harm from trial participation g
13 g
14 Dissemination policy: ~ #31a Plans for investigators and sponsor to communicate trial results to 152
15 , . . . 8
16 trial results participants, healthcare professionals, the public, and other relevant §
17 groups (eg, via publication, reporting in results databases, or other é
18 . . . . . -
19 data sharing arrangements), including any publication restrictions 5
20 s
21 Dissemination policy:  #31b Authorship eligibility guidelines and any intended use of 155
;g authorship professional writers 5]
24 | | | oy
25  Dissemination policy:  #31c Plans, if any, for granting public access to the full protocol, 1502
S 2
;g reproducible research participant-level dataset, and statistical code %:gb
a3
28 . - ®
5o  Appendices = i
30 =5
31 Informed consent #32  Model consent form and other related documentation given to 18% %
gg materials participants and authorised surrogates ) é
QD
# . . . 2m
35 Biological specimens #33  Plans for collection, laboratory evaluation, and storage of N/AZ®
g? biological specimens for genetic or molecular analysis in the '
38 current trial and for future use in ancillary studies, if applicable
39

40  The SPIRIT Explanation and Elaboration paper is distributed under the terms of the Creative Commons
Attribution License CC-BY-NC. This checklist was completed on 09. February 2023 using
43 https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with Penelope.ai
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