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ABSTRACT

Introduction: Resuscitation using blood products is critical during the acute post-injury period. However, the

optimal target haemoglobin (Hb) levels have not been adequately investigated. With the Restrictive

Transfusion Strategy for Critically Injured Patients (RESTRIC) trial, we aim to compare the restrictive and

liberal red blood cell (RBC) transfusion strategies.

Methods and analysis: This is a cluster-randomised, crossover, non-inferiority trial of patients with severe

trauma at 22 hospitals that have been randomised in a 1:1 ratio based on the use of a restrictive or liberal

transfusion strategy with target Hb levels of 7-9 or 10-12 g/dL, respectively, during the first year.

Subsequently, after a month washout period, another transfusion strategy will be applied for an additional

year. RBC transfusion requirements are usually unclear on arrival at the emergency department. Therefore,

patients with severe bleeding, which could lead to haemorrhagic shock, will be included in the trial based on

the attending physician’s judgement. Each RBC transfusion strategy will be applied until 7 days

post-admission to the hospital or discharge from the intensive care unit. The outcomes measured will include

28-day survival rate after arrival at the emergency department (primary), the cumulative amount of blood

transfused, event-free days, frequency of transfusion-associated lung injury and organ failure and the Glasgow

outcome scale score at discharge (secondary). Demonstration of the non-inferiority of restrictive transfusion

will emphasise its clinical advantages. We believe the RESTRIC trial will be the first to clarify the optimal

target Hb levels in patients with severe trauma during the acute post-injury period.
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Ethics and dissemination: The trial will be performed according to Japanese and international ethical
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guidelines. It has been approved by the Ethics Committee of each participating hospital and the Japanese
10 Association for the Surgery of Trauma. Written informed consent will be obtained from all patients or their
13 representatives.

16 Registration details: UMIN Clinical Trials Registry; UMIN000034405. Registered 8 October 2018.

19 https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000038522

25 Keywords: emergency department, massive bleeding, restrictive transfusion strategy, RESTRIC trial,

28 transfusion-associated lung injury, trauma

34 STRENGTHS AND LIMITATIONS OF THIS STUDY

w
N
[ ]

While the transfusion of fresh frozen plasma has been widely evaluated in the management of
40 trauma-associated coagulopathy during the acute post-injury period, the transfusion of red blood cells has
43 not been adequately investigated.

This trial will be the first to determine the optimal haemoglobin level during the acute post-injury period
49 in patients with severe trauma.

This multicentre trial will have a cluster-randomised, crossover non-inferiority design.

35 e  The two study interventions will be restricted or liberal red blood cell transfusion, initiated immediately

58 after the patient’s arrival at the emergency department.
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Each red blood cell transfusion strategy will be defined by a target haemoglobin level, rather than by the

patient’s haemoglobin level because, among patients with severe trauma and active bleeding, red blood

cell transfusion is frequently initiated before determining the patient’s haemoglobin level.
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INTRODUCTION

Bleeding is a major cause of death after severe trauma. Although early haemostatic procedures are

most important, resuscitation using crystalloid and blood products also plays a crucial role in the early phase

of management of patients with severe trauma. While the transfusion of fresh frozen plasma has been widely

evaluated in the management of trauma-associated coagulopathy during the acute post-injury period,'-’? the

transfusion of red blood cells (RBCs) has not been investigated adequately, and the optimal target levels of

haemoglobin (Hb) in the early phase of treatment remain unclear.

The European guidelines for the management of major bleeding and coagulopathy recommend target

Hb levels of 7-9 g/dL.® This is based mainly on the results of a post-hoc analysis of the Transfusion

Requirements in Critical Care (TRICC) trial,’ which compared a restrictive transfusion strategy (target Hb

level: 7-9 g/dL) with a liberal transfusion strategy (target Hb level: 10-12 g/dL).!® However, as the TRICC

trial included critically ill patients after admission to intensive care units (ICUs), information regarding the

patient characteristics, haemostatic procedures and transfusion before admission to the ICUs remains

unclear.!® Furthermore, the trial excluded patients with active blood loss.!? Therefore, it is not appropriate to

apply the results of this trial and its post-hoc analysis to patients in the early phase of severe trauma.’ '° The

European guidelines also state that ‘It should be emphasised that this study was neither designed nor powered

to answer these questions with precision’ in the rationale section.®

A low Hb level is a possible cause of hypoxic damage to various organs. In patients with traumatic

brain injury, a low Hb level is associated with particularly concerning neurological outcomes.!' Recently, a

randomised controlled trial that compared two Hb transfusion thresholds (7.0 or 10.0 g/dL) in patients with
6
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traumatic brain injury indicated no differences in the neurological outcomes and mortality rates between the

use of low and high Hb transfusion thresholds.!> However, 38% of the patients included in that study were not

transfused with any packed RBCs.!?

To address the above-mentioned lack of clarity regarding the clinical impacts of a restrictive RBC

transfusion strategy in trauma patients during the acute post-injury period, we are conducting a

cluster-randomised, crossover non-inferiority trial to compare restrictive and liberal RBC transfusion

strategies.

METHODS AND ANALYSIS

Trial design

The Restrictive Transfusion strategy for Critically Injured Patients (RESTRIC) trial is a

cluster-randomised, crossover non-inferiority multicentre trial of patients with severe trauma. This pragmatic

trial aims to reproduce real-world settings as closely as possible. The RESTRIC trial applies a

cluster-randomised design that enables the initiation of study interventions immediately after arrival at the

emergency department (ED), and a crossover design to reduce the confounding effects between different

hospitals.

Twenty-two hospitals in Japan are participating in the RESTRIC trial (Table 1). These hospitals are

tertiary emergency medical facilities that provide emergency and intensive care treatments to patients with

severe trauma. The participating hospitals have been randomised into two study schedules at a 1:1 ratio based
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on a pre-created random assignment table to either a restrictive transfusion strategy (target Hb level: 7-9
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g/dL) or a liberal transfusion strategy (target Hb level: 10—12 g/dL). After the randomisation, the hospitals
10 will apply the first transfusion strategy for 1 year (first study period). After a washout period of 1 month after
13 the end of the first study period, the second transfusion strategy will be applied for another 1 year (second

16 study period; Figure 1).

22 Patients

25 Upon arrival at the ED, the requirement for RBC transfusion is usually unclear. Therefore, the
28 inclusion criteria include trauma patients aged >20 years with one of the following complications based on the
31 judgment of the attending physician (Figure 2):

34 1. Severe bleeding that can result in circulatory shock,

37 2. Suspicion of such bleeding after arrival at the ED and

40 3. Possibility of inducing such bleeding by surgical procedures during the acute phase of
43 trauma.

46 The following exclusion criteria have been set:

49 1) Cardiac arrest before or upon arrival at the hospital,

52 2) Transfer from another hospital,

55 3) Physician’s decision to withdraw active treatment at the initial assessment,

58 4) Severe burn injuries (>15% of the body surface),
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5) Pregnancy,

6) Chronic anaemia (Hb level <7 g/dL) and

7) Known objection to blood transfusions.

Intervention

In severe trauma patients with active bleeding, RBC transfusion is frequently initiated before

confirming a decrease in Hb levels. Therefore, each RBC transfusion strategy is defined by the target Hb

level, rather than the current Hb level. The timing of RBC transfusion initiation in a patient with active

bleeding is determined by the attending physician based on not only the Hb levels, but also on hemodynamic

instability. Either of the RBC transfusion strategies will be applied to patients until (1) 7 days after admission

to the hospital, (2) discharge from the ICU, (3) decision to withdraw active treatment or (4) death.

Assessments and follow-up

Clinical assessments and treatments will be performed as necessary, based on the attending

physician’s judgement. The schedule of trial assessments is presented in Table 2. The assessment data will be

recorded in the electronic trial data capture system (NorthNet, https://www.crmic-huhp.jp/northnet/edc/).

Patients will be followed for 28 days. If a patient is discharged from the hospital prior to 28 days after arrival

at the ED, the investigators will contact the patient (or their representative, as appropriate) by telephone to

collect information regarding the patient’s status.
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Safety monitoring

A safety monitoring board comprising two independent experts who are not involved in the conduct

of the trial will oversee the safety of the trial. Significant adverse events (SAEs) will be recorded immediately

in the patient’s medical record and in the electronic data capture system. The treating physician will

immediately report any SAEs to the site investigator, who will in turn report them to the chief of each site and

the principal investigator. The principal investigator will then consult with the safety monitoring board about

the SAEs. The board will review and examine the report and send written recommendations made in response

to the principal investigator.

Primary outcome

To evaluate the non-inferiority of the restrictive transfusion strategy to the liberal transfusion

strategy, we will assess the 28-day survival rate after arrival at the ED (Tables 2 and 3) as the primary

outcome measure. Patients with incomplete information regarding survival/death on the 28th day after arrival

at the ED will be defined as drop-out and will be excluded from the primary outcome analysis.

Secondary outcomes

The secondary outcome measures will be: (1) the time to death during the first 28 days; (2)

in-hospital survival rate; (3) cumulative amounts of RBC concentrate, fresh-frozen plasma and platelet cell

10
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concentrate transfused during days 1, 7 and 28; (4) ventilator-, catecholamine- and ICU-free days during the

first 28 days; (5) frequency of organ failure (renal, hepatic and respiratory) during the first 7 days; (6) rates of

each complication (deep venous thrombosis, pulmonary embolism, cerebral infarction, myocardial infarction,

bowel ischemia, transfusion-associated lung injury [TRALI] and sepsis) during the first 28 days and (7) the

Glasgow outcome scale at discharge from the hospital (Tables 2 and 3).'3 If the patient dies during the first 28

days after admission to the hospital, each event-free day will be defined as zero. Renal failure is defined as

stage III as per the Kidney Disease Improving Global Guidelines.'* Hepatic failure is defined as a total

bilirubin level >6 mg/dL, as per the Sequential Organ Failure Assessment score.!> Respiratory failure is

defined as moderate acute respiratory distress syndrome as per the Berlin definition.!® Deep venous

thrombosis, pulmonary embolism and cerebral infarction will be diagnosed via clinical imaging, whereas

myocardial infarction and bowel ischemia will not be diagnosed solely from the elevation of cardiac

biomarkers and laboratory data, respectively. TRALI is defined according to the Toronto definition,'” and

sepsis is defined according to Sepsis-3.18

Sample size

In our previous retrospective multicentre observational study, wherein data were collected from 796

patients with severe trauma from 15 hospitals during a 1-year period,'>2¢ 241 patients received RBC

concentrates during the first 24 hours after arrival at the ED, and 25% of the patients transfused with RBC

concentrates died within 28 days after arrival at the ED. Based on these results, we assumed a mortality rate of

11
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25% at 28 days after arrival in the ED among patients receiving a liberal RBC transfusion strategy. To

evaluate the non-inferiority of the restrictive versus liberal transfusion strategy at 28 days post-arrival at the

ED, we set both the inter-class and inter-period correlation coefficients at 0.05 and the non-inferiority margin

at 3%. Assuming that 17 hospitals participate and are randomised as a cluster, the present study would require

the inclusion of 170 patients into each of the transfusion strategies to reach a power of 80% and a one-sided

alpha level of 2.5%, based on a previous study.?’ Therefore, we set the total target sample size for this study at

400 patients, considering a possible variation in the cluster size, the inclusion of non-appropriate patients and

drop-outs during follow-up. According to previous studies, this number of patients will allow us to study the

outcomes for 2 years.!-26

Statistical plan

All analyses of the primary outcome will be adjusted for clustering within sites. The analysis will

use a mixed model with adjustment for intervention, the period as a fixed effect and the sites and the

interaction of site with period as a random effect.?® The non-inferiority margin will be set at P, - P; <0.03 (P,

28-day survival rate for liberal transfusion; P, 28-day survival rate for restrictive transfusion). We will use the

full analysis set for our primary outcome analysis after excluding cases with missing primary outcome values.

We will follow the principle of intention-to-treat for the primary analysis and a per-protocol for sensitivity

analysis to ensure that no cases deviate intentionally from the target Hb levels.

12
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The secondary outcomes will be analysed as follows. (1) Kaplan—Meier curves with log rank

statistics will be used to assess the survival rate during the first 28 days after arrival at the ED. (2) The number

of in-hospital survival patients will be tabulated. (3) Summary statistics of the cumulative amounts of

transfused RBC concentrate, fresh frozen plasma and platelet cell concentrate during days 1, 7 and 28 after

arrival at the ED will be created using graphs plotted over time. (4) Summary statistics of the event-free days

(i.e., ventilator-, catecholamine- and ICU- free days) will be calculated. (5) The proportions of organ failure

and complications will be calculated. (6) The Glasgow outcome scale will be measured at discharge from

hospital.

Subgroup analyses will be performed to investigate the effects of the interventions on patients

according to sex, age (<60 or >60 years), Injury Severity Score (<16 or >16 years), head trauma and

performance of definitive surgical procedures within 6 hours of arrival at the ED. The results of both

unadjusted and covariate data-adjusted analyses will be assessed. Furthermore, we will perform a post-hoc

power analysis if the numbers of the participating institutions and included patients differ from the planned

numbers.

ETHICS AND DISSEMINATION

Ethical approval and consent to participate

The clinical trial will be conducted according to the principles of the Declaration of Helsinki and

Ethical Guidelines for Medical and Health Research Involving Human Subjects published by the Ministry of

13
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Health, Labour and Welfare of Japan and the Japanese Ministry of Education, Culture, Sports, Science and

Technology. Patients or the public were not involved in the design, or conduct, or reporting, or dissemination

plans of our trial. The present trial is registered with the UMIN Clinical Trials Registry (identifier:

UMINO000034405) and has been approved by the Ethics Committee of each participating hospital and the

Japanese Association for the Surgery of Trauma. Written informed consent will be obtained from all patients

or their representatives.

Expected Outcomes

The RESTRIC trial will compare the outcomes of the restrictive versus liberal RBC transfusion

strategy in trauma patients during the acute post-injury period. To the best of our knowledge, the RESTRIC

trial will be the first to clarify the optimal target Hb levels in patients with severe trauma during this period.

Although previous studies, such as the TRICC trial and its post-hoc analysis,” ' initiated the study

interventions after admission to the ICU, the RESTRIC trial has been designed to initiate the study

interventions immediately after arrival at ED and to continue these interventions through the early phase of

severe trauma. In patients with severe trauma, management before admission to an ICU is as important as that

after admission to an ICU. If the restrictive RBC transfusion strategy is found to be non-inferior to the liberal

RBC transfusion strategy, the former will be considered advantageous in clinical settings during the acute

postinjury period because will help to reduce the total amount of RBC transfusion. This reduction in RBC

14
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transfusion will reduce (a) the risk of transfusion-related complications such as TRALI, (b) RBC

transfusion-related immunomodulation and (¢) the costs associated with RBC transfusion.!” %

Trial status

At first, the trial protocol ver. 1.3 was approved at 11th October 2018. The latest protocol is ver. 1.7

which have been approved at 19th December 2019 after minor changes. In May 2019, 12 participating

institutions were randomised as a cluster, and the trial was started. The first patient was included on May 11,

2019. Subsequently, 10 more institutions have joined the trial and have been randomised. The last

participating institution began the trial in October 2019. Patients will be recruited until October 2021 and

followed-up thereafter.
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Figure 1. Flowchart of the randomisation and crossover of the participating hospitals.
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Figure 2. Flowchart of the patient enrolment process.
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Table 1. List of participating hospitals

Principal institution

Department of Emergency and Critical Care Medicine, Tohoku University Hospital

Project management

Department of Emergency Medicine, Hokkaido University Hospital

Other participating institutions

Advanced Critical Care and Emergency Centre, Okayama University Hospital

Advanced Critical Care Centre, Gifu University Hospital

Advanced Emergency and Critical Care Centre, Saitama Red Cross Hospital

Advanced Trauma, Emergency and Critical Care Centre, Oita University Hospital

Department of Emergency Medicine, Gunma University Graduate School of Medicine

Department of Acute Care Surgery, Shimane University Faculty of Medicine

Department of Emergency and Critical Care Medicine, Chiba University Graduate School of Medicine
Department of Emergency and Critical Care Medicine, Fukuoka University Hospital

Department of Emergency and Critical Care Medicine, Japan Red Cross Maebashi Hospital

Department of Emergency and Critical Care Medicine, Juntendo University Urayasu Hospital
Department of Emergency and Critical Care Medicine, Nippon Medical School

Department of Emergency and Critical Care Medicine, Nippon Medical School Tama Nagayama Hospital
Department of Emergency and Critical Care Medicine, Tokyo Saiseikai Central Hospital

Department of Emergency and Critical Care Medicine, Wakayama Medical University

Department of Emergency Medicine, Division of Acute Care Surgery, Teikyo University School of Medicine

Emergency and Critical Care Centre, Kochi Health Sciences Centre
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Senri Critical Care Medical Centre, Saiseikai Senri Hospital
Senshu Trauma and Critical Care Centre, Rinku General Medical Centre
Shock and Trauma Centre, Nippon Medical School Chiba Hokusoh Hospital

Trauma and Acute Critical Care Centre, Tokyo Medical and Dental University Hospital of Medicine
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1
2 Table 2. Schedule of assessments
3
4 Arrival Discharge Discharge
5 6 hr 12 hr 24 hr 48 hr Day 7 i Day 28
p at ED from ICU from hospital
7 Informed consent O
8
9 Check inclusion/exclusion criteria @)
10 .
1 Patient assesment ©)
g Physiologic severity O
14 Abbreviated Injury Scale O
15
16 Surgical intervention and IVR —O—
1; Laboratory data O
19 Haemoglobin level } ©) |
20
21 Cumulative amount of transfusion O O O O O ©)
22 Organ failure
23 . . | o |
24 (renal/respiratory/hepatic)
2 TRALI I o) |
26 ! !
27 Complications } O |
28
29 Mortality ©) O O
:? Discharge destination O
32 Glasgow outcome scale O
33
34 Event-free days (free of o
25 ventilator/catecholamine/ICU)
6
:; Complications include deep venous thrombosis, pulmonary embolism, acute myocardial infarction, ischaemic bowel necrosis and sepsis.
39 IVR, interventional radiology; TRALI, transfusion-related acute lung injury; ICU, intensive care unit
40
41 22
42
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Outcome

Definition/annotation

Primary outcome

28-day survival rate after arrival at the ED

Patients whose survival/death information on 28th day after arrival at the ED
1s unclear are defined as drop-outs and will be excluded from the primary

outcome analysis

Secondary outcome

Time to death during the first 28 days after
arrival at the ED
In-hospital survival rate
Cumulative transfusion amounts
Red blood cell concentrate
Fresh-frozen plasma

Platelet concentrate

Cumulative amounts during the first 1, 7, and 28 days after arrival at the ED
Cumulative amounts during the first 1, 7, and 28 days after arrival at the ED

Cumulative amounts during the first 1, 7, and 28 days after arrival at the ED

Event-free days during the first 28 days after arrival at the ED

Ventilator-free days

Catecholamine-free days

ICU-free days

When the patient dies during the first 28 days after the arrival at ED, the free
days are defined as zero.
When the patient dies during the first 28 days after the arrival at ED, the free
days are defined as zero.
When the patient dies during the first 28 days after the arrival at ED, the free

days are defined as zero.

Organ failure during the first 7-days after arrival at the ED
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Renal failure

Hepatic failure

Respiratory failure

BMJ Open

Stage III defined by the Kidney Disease Improving Global Guidelines
Total bilirubin level =6 mg/dL as per the Sequential Organ Failure

Assessment score
Moderate acute respiratory distress syndrome according to the Berlin

definition

Complications during in-hospital stay or the first 28 days after arrival at the ED

Deep venous thrombosis
Pulmonary embolism

Cerebral infarction
Acute myocardial infarction

Bowel ischaemia

Transfusion-associated lung injury

Sepsis
Glasgow outcome scale score at discharge from
the hospital

Presence or absence should be diagnosed using clinical imaging

Presence or absence should be diagnosed using clinical imaging

Presence or absence should be diagnosed using clinical imaging

Presence or absence should not be diagnosed using only an elevation of cardiac
biomarkers

Presence or absence should not be diagnosed using laboratory data
Presence, possibility or absence are defined using the Toronto definition
Presence or absence should be diagnosed using the Sepsis-3 definition

Good recovery, moderate disability, severe disability, persistent vegetative

state or death
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|
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Figure 1. Flowchart of the randomisation and crossover of the participating hospitals.

Figure 1

Hb, Haemoglobin

190x275mm (96 x 96 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 31



Page 27 of 31 BMJ Open

oNOYTULT D WN =

Arrival at the emergency department,
9 Patient aged >20 years

13 At the initial assessment, Yes
14 physician decides to withdraw active Exclusion
15 treatment.

17 No

19 At the initial assessment, Yes
20 physician predicts no present and future Exclusion
21 complications from severe bleeding.

23 No

25 Any of the following conditions are present:
26 » Cardiac arrest on or before arrival at
27 the emergency department

28 » (Objection to transfusion M

X i » Exclusion
29 + Chronic anaemia

30 «  Pregnancy
31 « Severe burn injury
32 + Transferred from another hospital

No consent

Study
inclusion

» Exclusion

39 Consent

41 Inclusion
42 Figure 2

45 Figure 2. Flowchart of the patient enrolment process.
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STANDARD PrROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and

related documents*

Page 28 of 31

Section/item Item Description

No

Administrative information

Title 1

Trial registration 2a

2b
Protocol version 3
Funding 4
Roles and 5a
responsibilities

5b

5c

5d

Introduction

Background and 6a
rationale

6b

Objectives 7

Descriptive title identifying the study design, population,
interventions, and, if applicable, trial acronym

Trial identifier and registry name. If not yet registered, name

of intended registry

All items from the World Health Organization Trial
Registration Data Set

Date and version identifier

Sources and types of financial, material, and other support
Names, affiliations, and roles of protocol contributors
Name and contact information for the trial sponsor

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 ltem 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
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Trial design 8
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Description of trial design including type of trial (eg, parallel
group, crossover, factorial, single group), allocation ratio,
and framework (eg, superiority, equivalence, noninferiority,
exploratory)

Methods: Participants, interventions, and outcomes

Study setting 9

Eligibility criteria 10

Interventions 11a
11b
11c
11d

Outcomes 12

Participant 13

timeline

Sample size 14

Description of study settings (eg, community clinic,
academic 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, eligibility criteria for study centres and
individuals who will perform the interventions (eg, surgeons,
psychotherapists)

Interventions for each group with sufficient detail to allow
replication, including how and when they will be
administered

Criteria for discontinuing or modifying allocated
interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or
improving/worsening disease)

Strategies to improve adherence to intervention protocols,
and any procedures for monitoring adherence (eg, drug
tablet return, laboratory tests)

Relevant concomitant care and interventions that are
permitted or prohibited during the trial

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

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

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

Allocation:

Sequence
generation

Allocation

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

Methods: Assignment of interventions (for controlled trials)

16a

16b

concealment
mechanism

Implementatio 16¢

n

Blinding
(masking)

17a

17b

Method of generating the allocation sequence (eg,
computer-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

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

Methods: Data collection, management, and analysis

Data collection 18a

methods

Data
management

18b

19

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
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Statistical
methods

20a

20b

20c

Data monitoring 21a

Harms

Auditing

21b

22

23

Research ethics 24

approval

Protocol
amendments

Consent or
assent

25

26a

26b

BMJ Open

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)

Definition of analysis population relating to protocol non-

adherence (eg, as randomised analysis), and any statistical

methods to handle missing data (eg, multiple imputation)
Methods: Monitoring

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

Ethics and dissemination

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
ltem 32)

Additional consent provisions for collection and use of
participant data and biological specimens in ancillary
studies, if applicable
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Confidentiality 27

Declaration of
interests

28

Access to data 29

Ancillary and
post-trial care

Dissemination
policy

Appendices

31a

31b

31c

Informed consent 32

materials

Biological
specimens
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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

Financial and other competing interests for principal
investigators for the overall trial and each study site

Statement of who will have access to the final trial dataset,
and disclosure of contractual agreements that limit such
access for investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial
participation

Plans for investigators and sponsor to communicate trial
results to participants, healthcare professionals, the public,
and other relevant groups (eg, via publication, reporting in
results databases, or other data sharing arrangements),
including any publication restrictions

Authorship eligibility guidelines and any intended use of
professional writers

Plans, if any, for granting public access to the full protocol,
participant-level dataset, and statistical code

Model consent form and other related documentation given
to participants and authorised surrogates

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
the current trial and for future use in ancillary studies, if
applicable

P9

P16

N/A

P10

N/A

P15

N/A

N/A

N/A
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*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013

Explanation & Elaboration for important clarification on the items. Amendments to the
protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT

Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported”

license.
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ABSTRACT

Introduction: Resuscitation using blood products is critical during the acute post-injury period. However, the
optimal target haemoglobin (Hb) levels have not been adequately investigated. With the Restrictive Transfusion
Strategy for Critically Injured Patients (RESTRIC) trial, we aim to compare the restrictive and liberal red blood
cell (RBC) transfusion strategies.

Methods and analysis: This is a cluster-randomised, crossover, non-inferiority trial of patients with severe
trauma at 22 hospitals that have been randomised in a 1:1 ratio based on the use of a restrictive or liberal
transfusion strategy with target Hb levels of 7-9 or 10-12 g/dL, respectively, during the first year. Subsequently,
after a 1-month washout period, another transfusion strategy will be applied for an additional year. RBC
transfusion requirements are usually unclear on arrival at the emergency department. Therefore, patients with
severe bleeding, which could lead to haemorrhagic shock, will be included in the trial based on the attending
physician’s judgement. Each RBC transfusion strategy will be applied until 7 days post-admission to the hospital
or discharge from the intensive care unit. The outcomes measured will include the 28-day survival rate after
arrival at the emergency department (primary), the cumulative amount of blood transfused, event-free days, and
frequency of transfusion-associated lung injury and organ failure (secondary). Demonstration of the non-
inferiority of restrictive transfusion will emphasise its clinical advantages.

Ethics and dissemination: The trial will be performed according to the Japanese and international ethical
guidelines. It has been approved by the Ethics Committee of each participating hospital and The Japanese
Association for the Surgery of Trauma (JAST). Written informed consent will be obtained from all patients or
their representatives. The results of the trial will be disseminated to the participating hospitals and board-
certified educational institutions of JAST, submitted to peer-reviewed journals for publication, and

presented at congresses.

Registration details: UMIN Clinical Trials Registry; UMIN000034405. Registered 8 October 2018.

https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000038522
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Keywords: emergency department, massive bleeding, restrictive transfusion strategy, RESTRIC trial,

transfusion-associated lung injury, trauma

STRENGTHS AND LIMITATIONS OF THIS STUDY

e During the acute post-injury period, the appropriate strategy for red blood cell transfusion has not been
investigated.

e  This trial will be the first to determine the optimal haemoglobin level during the acute post-injury period
in patients with severe trauma.

o  This multicentre trial will have a cluster-randomised, crossover non-inferiority design.

e The two study interventions will be restricted or liberal red blood cell transfusion initiated immediately
after the patient’s arrival at the emergency department.

e FEach red blood cell transfusion strategy will be defined by a target haemoglobin level rather than by the

actual patient’s haemoglobin level.
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INTRODUCTION

Bleeding is a major cause of death after severe trauma. Although early haemostatic procedures are
most important, resuscitation using crystalloid and blood products also plays a crucial role in the early phase of
management of patients with severe trauma. While the transfusion of fresh frozen plasma has been widely
evaluated in the management of trauma-associated coagulopathy during the acute post-injury period,'-’? the
transfusion of red blood cells (RBCs) has not been investigated adequately, and the optimal target levels of
haemoglobin (Hb) in the early phase of treatment remain unclear.

The European guidelines for the management of major bleeding and coagulopathy recommend target
Hb levels of 7-9 g/dL.® This is based mainly on the results of a post-hoc analysis of the Transfusion
Requirements in Critical Care (TRICC) trial,’ which compared a restrictive transfusion strategy (target Hb level:
7-9 g/dL) with a liberal transfusion strategy (target Hb level: 10-12 g/dL).!® However, as the TRICC trial
included critically ill patients after admission to intensive care units (ICUs), information regarding the patient
characteristics, haemostatic procedures, and transfusion before admission to the ICUs remains unclear.!?
Furthermore, the trial excluded patients with active blood loss.!® Therefore, it is not appropriate to apply the
results of this trial and its post-hoc analysis to patients in the early phase of severe trauma.’ ' The European
guidelines also state that ‘it should be emphasised that this study was neither designed nor powered to answer
these questions with precision’ in the rationale section.®

A low Hb level is a possible cause of hypoxic damage to various organs. In patients with traumatic
brain injury, a low Hb level is associated with particularly concerning neurological outcomes.!' Recently, a
randomised controlled trial that compared two Hb transfusion thresholds (7.0 or 10.0 g/dL) in patients with
traumatic brain injury indicated no differences in the neurological outcomes and mortality rates between the use
of low and high Hb transfusion thresholds.!? However, 38% of the patients included in that study were not
transfused with any packed RBCs.!?

To address the above-mentioned lack of clarity regarding the clinical impacts of a restrictive RBC
transfusion strategy in trauma patients during the acute post-injury period, we are conducting a cluster-

randomised, crossover non-inferiority trial to compare restrictive and liberal RBC transfusion strategies.
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METHODS AND ANALYSIS
Trial design

The Restrictive Transfusion strategy for Critically Injured Patients (RESTRIC) trial is a cluster-
randomised, crossover non-inferiority multicentre trial of patients with severe trauma. This pragmatic trial aims
to reproduce real-world settings as closely as possible. The RESTRIC trial applies a cluster-randomised design
that enables the initiation of study interventions immediately after arrival at the emergency department (ED),
and a crossover design to reduce the confounding effects between different hospitals.

Twenty-two hospitals in Japan are participating in the RESTRIC trial (Table 1). These hospitals are
tertiary emergency medical facilities that provide emergency and intensive care treatments to patients with
severe trauma. The participating hospitals have been randomised into two study schedules at a 1:1 ratio based
on a pre-created random assignment table to either a restrictive transfusion strategy (target Hb level: 7-9 g/dL)
or a liberal transfusion strategy (target Hb level: 10—12 g/dL). After the randomisation, the hospitals will apply
the first transfusion strategy for 1 year (first study period). After a washout period of 1 month after the end of
the first study period, the second transfusion strategy will be applied for another 1 year (second study period;
Figure 1).

The allocated transfusion strategy is posted in each hospital in order to provide opt-out opportunities
to patients and their next of kin. The allocated transfusion strategy will be applied for all trauma patients during
the initial phase after arrival at the ED. After obtaining the consent for registration from the patients or their
representatives, the patients will be registered in the trial and the transfusion strategy will be applied until a
defined period. If the registration to the trial is declined, the transfusion strategy will be continued based on the

physician’s decision.

Patients

Upon arrival at the ED, the requirement for RBC transfusion is usually unclear. Therefore, the
inclusion criteria include trauma patients aged >20 years with one of the following complications based on the
judgment of the attending physician (Figure 2):

1. Severe bleeding that can result in circulatory shock,
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2. Suspicion of such bleeding after arrival at the ED and
3. Possibility of inducing such bleeding by surgical procedures during the acute phase of trauma.
The following exclusion criteria have been set:
1) Cardiac arrest before or upon arrival at the hospital,
2) Transfer from another hospital,
3) Physician’s decision to withdraw active treatment at the initial assessment,
4) Severe burn injuries (>15% of the body surface),
5) Pregnancy,
6) Chronic anaemia (Hb level <7 g/dL) and

7) Known objection to blood transfusions.

Intervention

In severe trauma patients with active bleeding, RBC transfusion is frequently initiated before
confirming a decrease in Hb levels. Therefore, each RBC transfusion strategy is defined by the target Hb level
rather than the current Hb level. The timing of RBC transfusion initiation in a patient with active bleeding is
determined by the attending physician based on not only the Hb levels, but also on hemodynamic instability.
Either of the RBC transfusion strategies will be applied to patients until (1) 7 days after admission to the hospital,

(2) discharge from the ICU, (3) decision to withdraw active treatment, or (4) death.

Assessments and follow-up

Clinical assessments and treatments will be performed as necessary based on the attending physician’s
judgement. The schedule of trial assessments is presented in Table 2. The assessment data will be recorded in
the electronic trial data capture system (NorthNet, https://www.crmic-huhp.jp/northnet/edc/). Patients will be
followed for 28 days. If a patient is discharged from the hospital prior to 28 days after arrival at the ED, the
investigators will contact the patient (or their representative, as appropriate) by telephone to collect information

regarding the patient’s status.
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Safety monitoring
A safety monitoring board comprising two independent experts who are not involved in the conduct
of the trial will oversee the safety of the trial. Significant adverse events (SAEs) will be recorded immediately

in the patient’s medical record and in the electronic data capture system (NorthNet, https:/www.crmic-

huhp.jp/northnet/edc/) which are same as the system that recorded the assessment data of patients. The treating

physician will immediately report any SAEs to the site investigator, who will in turn report them to the chief of
each site and the principal investigator. The principal investigator will then consult with the safety monitoring
board about the SAEs. The board will review and examine the report and send written recommendations made

in response to the principal investigator.

Primary outcome

To evaluate the non-inferiority of the restrictive transfusion strategy to the liberal transfusion strategy,
we will assess the 28-day survival rate after arrival at the ED (Tables 2 and 3) as the primary outcome measure.
Patients with incomplete information regarding survival/death on the 28th day after arrival at the ED will be

defined as drop-out and will be excluded from the primary outcome analysis.

Secondary outcomes

The secondary outcome measures will be: (1) the time to death during the first 28 days; (2) in-hospital
survival rate; (3) cumulative amounts of RBC concentrate, fresh-frozen plasma and platelet cell concentrate
transfused during days 1, 7 and 28; (4) ventilator-, catecholamine- and ICU-free days during the first 28 days;
(5) frequency of organ failure (renal, hepatic and respiratory) during the first 7 days; (6) rates of each
complication (deep venous thrombosis, pulmonary embolism, cerebral infarction, myocardial infarction, bowel
ischaemia, transfusion-associated lung injury [TRALI] and sepsis) during the first 28 days; and (7) the Glasgow
Outcome Scale at discharge from the hospital (Tables 2 and 3).!3 If the patient dies during the first 28 days after
admission to the hospital, each event-free day will be defined as zero. Renal failure is defined as stage III as per
the Kidney Disease Improving Global Guidelines.'* Hepatic failure is defined as a total bilirubin level >6 mg/dL,

as per the Sequential Organ Failure Assessment score.!> Respiratory failure is defined as moderate acute
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respiratory distress syndrome as per the Berlin definition.'® Deep venous thrombosis, pulmonary embolism and
cerebral infarction will be diagnosed via clinical imaging, whereas myocardial infarction and bowel ischaemia
will not be diagnosed solely from the elevation of cardiac biomarkers and laboratory data, respectively. TRALI

is defined according to the Toronto definition,'” and sepsis is defined according to Sepsis-3.'3

Sample size

In our previous retrospective multicentre observational study, wherein data were collected from 796
patients with severe trauma from 15 hospitals during a 1-year period,'®?¢ 241 patients received RBC
concentrates during the first 24 hours after arrival at the ED, and 25% of the patients transfused with RBC
concentrates died within 28 days after arrival at the ED. Based on these results, we assumed a mortality rate of
25% at 28 days after arrival in the ED among patients receiving a liberal RBC transfusion strategy. To evaluate
the non-inferiority of the restrictive versus liberal transfusion strategy at 28 days post-arrival at the ED, we set
both the inter-class and inter-period correlation coefficients at 0.05 and the non-inferiority margin at 3%. The
non-inferiority margin was defined based on statistically acceptable tolerance and clinically acceptable margin
referenced previous large clinical trials in the same field 102730

Assuming that 17 hospitals participate and are randomised as a cluster, the present study would require
the inclusion of 170 patients for each of the transfusion strategies to reach a power of 80% and a one-sided alpha
level of 2.5%, based on a previous study.’! Therefore, we set the total target sample size for this study at 400
patients, considering a possible variation in the cluster size, the inclusion of non-appropriate patients and
dropouts during follow-up. According to previous studies, this number of patients will allow us to study the

outcomes for 2 years.!%-2¢

Statistical plan

All analyses of the primary outcome will be adjusted for clustering within sites. The analysis will use
a mixed model with adjustment for intervention, the period as a fixed effect, and the sites and the interaction of
site with period as a random effect.>? The non-inferiority margin will be set at P, - P; <0.03 (P, 28-day survival

rate for liberal transfusion; P, 28-day survival rate for restrictive transfusion). Therefore, we will evaluate
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whether the lower limit of the 95% confidence interval of Py-P; exceeds the non-inferiority margin (3%) or not.
We will use the full analysis set for our primary outcome analysis after excluding cases with missing primary
outcome values. We will follow the principle of intention-to-treat for the primary analysis and a per-protocol
for sensitivity analysis to ensure that no cases deviate intentionally from the target Hb levels.

The secondary outcomes will be analysed as follows. (1) Kaplan—Meier curves with log rank statistics
will be used to assess the survival rate during the first 28 days after arrival at the ED. (2) The number of in-
hospital survival patients will be tabulated. (3) Summary statistics of the cumulative amounts of transfused RBC
concentrate, fresh frozen plasma and platelet cell concentrate during days 1, 7 and 28 after arrival at the ED will
be created using graphs plotted over time. (4) Summary statistics of the event-free days (i.e., ventilator-,
catecholamine- and ICU- free days) will be calculated. (5) The proportions of organ failure and complications
will be calculated. (6) The Glasgow Outcome Scale will be measured at discharge from hospital.

Subgroup analyses will be performed to investigate the effects of the interventions on patients
according to sex, age (<60 or >60 years), Injury Severity Score (<16 or >16 years), head trauma, and
performance of definitive surgical procedures within 6 hours of arrival at the ED. The results of both unadjusted
and covariate data-adjusted analyses will be assessed. Furthermore, we will perform a post-hoc power analysis

if the numbers of the participating institutions and included patients differ from the planned numbers.

Patient and public involvement

No patient is involved.

ETHICS AND DISSEMINATION
Ethical approval and consent to participate

The clinical trial will be conducted according to the principles of the Declaration of Helsinki and
Ethical Guidelines for Medical and Health Research Involving Human Subjects published by the Ministry of
Health, Labour and Welfare of Japan and the Japanese Ministry of Education, Culture, Sports, Science and

Technology. Patients or the public were not involved in the design, or conduct, or reporting, or dissemination

10
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plans of our trial. The present trial is registered with the UMIN Clinical Trials Registry (identifier:
UMINO000034405) and has been approved by the Ethics Committee of each participating hospital (Table 1) and
the Japanese Association for the Surgery of Trauma (Ethics Committee of the Japanese Association for the
Surgery of Trauma). Written informed consent will be obtained from all patients or their representatives. The
trial information form in Japanese and patient consent forms in Japanese and English were provided as

supplement files (supplementary files 1, 2 and 3).

Dissemination
The results of trial will be disseminated to the participating hospitals and board-certified educational
institutions of The Japanese Association for The Surgery of Trauma, submitted to peer-reviewed journals

for publication, and presented at congresses.

Expected Outcomes

The RESTRIC trial will compare the outcomes of the restrictive versus liberal RBC transfusion
strategy in trauma patients during the acute post-injury period. To the best of our knowledge, the RESTRIC trial
will be the first to clarify the optimal target Hb levels in patients with severe trauma during this period.

Although previous studies, such as the TRICC trial and its post-hoc analysis,” ' initiated the study
interventions after admission to the ICU, the RESTRIC trial has been designed to initiate the study interventions
immediately after arrival at ED and to continue these interventions through the early phase of severe trauma. In
patients with severe trauma, management before admission to an ICU is as important as that after admission to
an ICU. If the restrictive RBC transfusion strategy is found to be non-inferior to the liberal RBC transfusion
strategy, the former will be considered advantageous in clinical settings during the acute postinjury period
because it will help reduce the total amount of RBC transfusion. This reduction in RBC transfusion will reduce
(a) the risk of transfusion-related complications such as TRALI, (b) RBC transfusion-related

immunomodulation, and (c) the costs associated with RBC transfusion.!” 33

11
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Trial status

At first, the trial protocol ver. 1.3 was approved at 11 October 2018. The latest protocol is ver. 1.7
which have been approved at 19 December 2019 after minor changes (supplementary file 4). In May 2019,
12 participating institutions were randomised as a cluster, and the trial was started. The first patient was included
on 11 May 2019. Subsequently, 10 more institutions have joined the trial and have been randomised. The last
participating institution began the trial in October 2019. Patients will be recruited until October 2021 and

followed up thereafter.

Authors' contributions

MH conceived and designed the RESTRIC trial and drafted the manuscript. TT drafted the statistical plan. HI
calculated the sample size and developed the statistical plan. SK is the principal investigator and supervised the
planning of the RESTRIC trial. MH, TT, HI, DK, KS, TO, TY, YK, AE, KI, YM and SK discussed the plan of
the RESTRIC trial, revised the manuscript for important intellectual content and read and approved the final

manuscript.

Funding
This study was supported in part by research grants from The General Insurance Association of Japan and The

Marumo Emergency Medical Research Promotion Fund.

Competing Interests

The authors declare that they have no competing interests.

Acknowledgements
We would like to thank Akiyoshi Hagiwara (Department of Emergency Medicine and Critical Care, National
Centre for Global Health and Medicine), Atsushi Shiraishi (Emergency and Trauma Centre, Kameda Medical

Centre), Daizoh Saitoh (Division of Traumatology Research Institute, National Defence Medical College),

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 15 of 71 BMJ Open

Kazuhisa Yoshiya (Department of Traumatology and Acute Critical Medicine, Osaka University Graduate

School of Medicine) and Shinji Nakahara (Department of Emergency Medicine, Teikyo University School of

oNOYTULT D WN =

Medicine) for supporting the RESTRIC trial. We would also like to thank Editage (https://online.editage.jp/)

10 for English language editing.

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 16 of 71

References

1.

10.

Borgman MA, Spinella PC, Perkins JG, et al. The ratio of blood products transfused affects mortality
in patients receiving massive transfusions at a combat support hospital. The Journal of trauma
2007;63:805-13.

Shaz BH, Dente CJ, Nicholas J, ef al. Increased number of coagulation products in relationship to red
blood cell products transfused improves mortality in trauma patients. Transfusion 2010;50:493-500.
Cotton BA, Reddy N, Hatch QM, et al. Damage control resuscitation is associated with a reduction in
resuscitation volumes and improvement in survival in 390 damage control laparotomy patients. Annals
of surgery 2011;254:598-605.

Holcomb JB, del Junco DJ, Fox EE, et al. The prospective, observational, multicenter, major trauma
transfusion (PROMMTT) study: comparative effectiveness of a time-varying treatment with competing
risks. JAMA Surg 2013;148:127-36.

Johansson PI, Sorensen AM, Larsen CF, et al. Low hemorrhage-related mortality in trauma patients in
a Level I trauma center employing transfusion packages and early thromboelastography-directed
hemostatic resuscitation with plasma and platelets. Transfusion 2013;53:3088-99.

Langan NR, Eckert M, Martin MJ. Changing patterns of in-hospital deaths following implementation
of damage control resuscitation practices in US forward military treatment facilities. JAMA Surg
2014;149:904-12.

Holcomb JB, Tilley BC, Baraniuk S, et al. Transfusion of plasma, platelets, and red blood cells in a
1:1:1 vs a 1:1:2 ratio and mortality in patients with severe trauma: the PROPPR randomized clinical
trial. Jama 2015;313:471-82.

Rossaint R, Bouillon B, Cerny V, et al. The European guideline on management of major bleeding and
coagulopathy following trauma: fourth edition. Critical care 2016;20:100.

Mclntyre L, Hebert PC, Wells G, et al. Is a restrictive transfusion strategy safe for resuscitated and
critically ill trauma patients? The Journal of trauma 2004;57:563-8; discussion 68.

Hebert PC, Wells G, Blajchman MA, et al. A multicenter, randomized, controlled clinical trial of

transfusion requirements in critical care. Transfusion Requirements in Critical Care Investigators,

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 17 of 71

oNOYTULT D WN =

14 13.

16 14.

20 15.

33 17.

37 18.

43 19.

20.

54 21.

11.

12.

16.

BMJ Open

Canadian Critical Care Trials Group. The New England journal of medicine 1999;340:409-17.

Sena MJ, Rivers RM, Muizelaar JP, ef al. Transfusion practices for acute traumatic brain injury: a
survey of physicians at US trauma centers. Intensive care medicine 2009;35:480-8.

Robertson CS, Hannay HJ, Yamal JM, et al. Effect of erythropoietin and transfusion threshold on
neurological recovery after traumatic brain injury: a randomized clinical trial. Jama 2014;312:36-47.
Jennett B, Bond M. Assessment of outcome after severe brain damage. Lancet 1975;1:480-4.

Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clinical practice
2012;120:¢179-84.

Vincent JL., de Mendonca A, Cantraine F, et al. Use of the SOFA score to assess the incidence of organ
dysfunction/failure in intensive care units: results of a multicenter, prospective study. Working group
on "sepsis-related problems" of the European Society of Intensive Care Medicine. Critical care
medicine 1998;26:1793-800.

Force ADT, Ranieri VM, Rubenfeld GD, et al. Acute respiratory distress syndrome: the Berlin
Definition. Jama 2012;307:2526-33.

Kleinman S, Caulfield T, Chan P, et al. Toward an understanding of transfusion-related acute lung
injury: statement of a consensus panel. Transfusion 2004;44:1774-89.

Shankar-Hari M, Phillips GS, Levy ML, et al. Developing a New Definition and Assessing New
Clinical Criteria for Septic Shock: For the Third International Consensus Definitions for Sepsis and
Septic Shock (Sepsis-3). Jama 2016;315:775-87.

Shiraishi A, Kushimoto S, Otomo Y, et al. Effectiveness of early administration of tranexamic acid in
patients with severe trauma. The British journal of surgery 2017;104:710-17.

Nakamura Y, Ishikura H, Kushimoto S, et al. Fibrinogen level on admission is a predictor for massive
transfusion in patients with severe blunt trauma: Analyses of a retrospective multicentre observational
study. Injury 2017;48:674-79.

Kudo D, Kushimoto S, Shiraishi A, et al. The impact of preinjury antithrombotic medication on
hemostatic interventions in trauma patients. The American journal of emergency medicine 2017;35:62-

65.

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

BMJ Open Page 18 of 71

Hayakawa M, Maekawa K, Kushimoto S, ef al. Hyperfibrinolysis in severe isolated traumatic brain
injury may occur without tissue hypoperfusion: a retrospective observational multicentre study. Critical
care 2017;21:222.

Hayakawa M, Kushimoto S, Watanabe E, et al. Pharmacokinetics of recombinant human soluble
thrombomodulin in disseminated intravascular coagulation patients with acute renal dysfunction.
Thrombosis and haemostasis 2017;117:851-59.

Hayakawa M, Maekawa K, Kushimoto S, et al. High D-Dimer Levels Predict a Poor Outcome in
Patients with Severe Trauma, Even with High Fibrinogen Levels on Arrival: A Multicenter
Retrospective Study. Shock 2016;45:308-14.

Hagiwara A, Kushimoto S, Kato H, ef al. Can Early Aggressive Administration of Fresh Frozen Plasma
Improve Outcomes in Patients with Severe Blunt Trauma?--A Report by the Japanese Association for
the Surgery of Trauma. Shock 2016;45:495-501.

Endo A, Shiraishi A, Otomo Y, et al. Development of Novel Criteria of the "Lethal Triad" as an
Indicator of Decision Making in Current Trauma Care: A Retrospective Multicenter Observational
Study in Japan. Critical care medicine 2016;44:¢797-803.

Hébert PC, Wells G, Blajchman MA, et al. A multicenter, randomized, controlled clinical trial of
transfusion requirements in critical care. Transfusion Requirements in Critical Care Investigators,
Canadian Critical Care Trials Group. The New England journal of medicine 1999;340:409-17.
Villanueva C, Colomo A, Bosch A, et al. Transfusion strategies for acute upper gastrointestinal bleeding.
The New England journal of medicine 2013;368:11-21.

Hajjar LA, Vincent JL, Galas FR, et al. Transfusion requirements after cardiac surgery: the TRACS
randomized controlled trial. Jama 2010;304:1559-67.

Mazer CD, Whitlock RP, Fergusson DA, et al. Restrictive or Liberal Red-Cell Transfusion for Cardiac
Surgery. The New England journal of medicine 2017;377:2133-44.

Giraudeau B, Ravaud P, Donner A. Sample size calculation for cluster randomized cross-over trials.
Stat Med 2008;27:5578-85.

Morgan KE, Forbes AB, Keogh RH, et al. Choosing appropriate analysis methods for cluster

16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 19 of 71 BMJ Open

randomised cross-over trials with a binary outcome. Stat Med 2017;36:318-33.

33. Remy KE, Hall MW, Cholette J, et al. Mechanisms of red blood cell transfusion-related

oNOYTULT D WN =

immunomodulation. Transfusion 2018;58:804-15.

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Figure Legends
Figure 1. Flowchart of the randomisation and crossover of the participating hospitals.

Hb, Haemoglobin

Figure 2. Flowchart of the patient enrolment process
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Table 1. List of participating hospitals and ethics committee

Participating hospitals

Ethics committees

Principal institution

Department of Emergency and Critical Care Medicine,

Tohoku University Hospital

Ethics Committee Tohoku University Graduate School of

Medicine

Project management

Department of Emergency Medicine, Hokkaido University
Hospital

The Institutional Review Board of Hokkaido University
Hospital

Other participating institutions

Advanced Critical Care and Emergency Centre, Okayama

University Hospital

Advanced Critical Care Centre, Gifu University Hospital

Advanced Emergency and Critical Care Centre, Saitama
Red Cross Hospital

Advanced Trauma, Emergency and Critical Care Centre,
Oita University Hospital

Department of Emergency Medicine, Gunma University
Graduate School of Medicine

Department of Acute Care Surgery, Shimane University

Faculty of Medicine

Okayama University Graduate School of Medicine, Dentistry
and Pharmaceutical Sciences and Okayama University
Hospital, Ethics Committee

Medical Review Board of Gifu University Graduate School of

Medicine
Hospital ethical committee of Saitama Red Cross

The Institutional Review Board of Interventional Clinical

Research of Oita University Hospital

Institutional Review Board of Gunma University Hospital

The Shimane University Institutional Committee on Ethics
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Department of Emergency and Critical Care Medicine,
Chiba University Graduate School of Medicine
Department of Emergency and Critical Care Medicine,
Fukuoka University Hospital

Department of Emergency and Critical Care Medicine,
Japan Red Cross Maebashi Hospital

Department of Emergency and Critical Care Medicine,
Juntendo University Urayasu Hospital

Department of Emergency and Critical Care Medicine,
Nippon Medical School

Department of Emergency and Critical Care Medicine,
Nippon Medical School Tama Nagayama Hospital
Department of Emergency and Critical Care Medicine,
Tokyo Saiseikai Central Hospital

Department of Emergency and Critical Care Medicine,
Wakayama Medical University

Department of Emergency Medicine, Division of Acute Care
Surgery, Teikyo University School of Medicine
Emergency and Critical Care Centre, Kochi Health Sciences
Centre

Senri Critical Care Medical Centre, Saiseikai Senri

Hospital

CHIBA UNIVERSITY Certified Clinical Research Review
Board

Institutional Review Board of Fukuoka University Hospital

Research Review Board of Japan Red Cross Maebashi Hospital

The Ethics Committee of the Juntendo University Urayasu
Hospital

Ethics Committee of Nippon Medical School Hospital

Ethics Committee of Nippon Medical School Tamanagayama
Hospital

Research Ethics Committee, Tokyo Saiseikai Central Hospital

The Ethical Review Board of Wakayama Medical University

Teikyo University Institutional Review Board

Institutional Review Board, Kochi Health Sciences Center

Ethical committee Saiseikai Senri Hospital
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Senshu Trauma and Critical Care Centre, Rinku General Ethics Committee for Clinical Research, Rinku General Medical
Medical Centre Center

Shock and Trauma Centre, Nippon Medical School Chiba The ethical review board of Nippon Medical School Chiba
Hokusoh Hospital Hokusoh Hospital

Trauma and Acute Critical Care Centre, Tokyo Medical and Medical Research Institute Tokyo Medical and Dental
Dental University Hospital of Medicine University
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Arrival

6 hr 12 hr 24 hr 48 hr Day 7
at ED

Discharge
from ICU

Discharge

from hospital

Day 28

Informed consent

Check inclusion/exclusion criteria
Patient assesment

Physiologic severity

Abbreviated Injury Scale

Surgical intervention and IVR
Laboratory data

Haemoglobin level

Cumulative amount of transfusion
Organ failure
(renal/respiratory/hepatic)

TRALI

Complications
Mortality
Discharge destination

Glasgow outcome scale
Event-free days (free of

ventilator/catecholamine/ICU)

©)
O
©)
O
@)

O
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Complications include deep venous thrombosis, pulmonary embolism, acute myocardial infarction, ischaemic bowel necrosis and sepsis.

IVR, interventional radiology; TRALI, transfusion-related acute lung injury; ICU, intensive care unit
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Outcome

Definition/annotation

Primary outcome

28-day survival rate after arrival at the ED

Patients whose survival/death information on 28th day after arrival at the
ED is unclear are defined as drop-outs and will be excluded from the primary

outcome analysis

Secondary outcome

Time to death during the first 28 days after
arrival at the ED
In-hospital survival rate
Cumulative transfusion amounts
Red blood cell concentrate
Fresh-frozen plasma

Platelet concentrate

Cumulative amounts during the first 1, 7, and 28 days after arrival at the ED
Cumulative amounts during the first 1, 7, and 28 days after arrival at the ED

Cumulative amounts during the first 1, 7, and 28 days after arrival at the ED

Event-free days during the first 28 days after arrival at the ED

Ventilator-free days

Catecholamine-free days

1CU-free days

When the patient dies during the first 28 days after the arrival at ED, the
free days are defined as zero.
When the patient dies during the first 28 days after the arrival at ED, the
free days are defined as zero.
When the patient dies during the first 28 days after the arrival at ED, the

free days are defined as zero.

Organ failure during the first 7-days after arrival at the ED

Renal failure

Stage III defined by the Kidney Disease Improving Global Guidelines
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Hepatic failure

Respiratory failure

BMJ Open

Total bilirubin level >6 mg/dL as per the Sequential Organ Failure

Assessment score
Moderate acute respiratory distress syndrome according to the Berlin

definition

Complications during in-hospital stay or the first 28 days after arrival at the ED

Deep venous thrombosis
Pulmonary embolism

Cerebral infarction
Acute myocardial infarction

Bowel ischaemia
Transfusion-associated lung injury
Sepsis
Glasgow outcome scale score at discharge from

the hospital

Presence or absence should be diagnosed using clinical imaging

Presence or absence should be diagnosed using clinical imaging

Presence or absence should be diagnosed using clinical imaging

Presence or absence should not be diagnosed using only an elevation of cardiac
biomarkers

Presence or absence should not be diagnosed using laboratory data
Presence, possibility or absence are defined using the Toronto definition
Presence or absence should be diagnosed using the Sepsis-3 definition
Good recovery, moderate disability, severe disability, persistent vegetative

state or death
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‘ Participating hospitals ‘

Randomisation

!

|

Restrictive strategy
(target Hb level of 7-9 g/dL)

Liberal strategy

(target Hb level of 10-12 g/dL)

1 year First study period 1 year

1

Washout period (1 month)

1

!

Liberal strategy
(target Hb levels of 10-12 g/dL)

Restrictive strategy

(target Hb level of 7-9 g/dL)

[

1 year Second study period 1 year

4

I

Study end

Figure 1. Flowchart of the randomisation and crossover of the participating hospitals.
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Arrival at the emergency department,
9 Patient aged =20 years

13 At the initial assessment, Yes
14 physician decides to withdraw active Exclusion

15 treatment.

17 No

19 At the initial assessment, Yes
20 physician predicts no present and future Exclusion

21 complications from severe bleeding.

23 No

25 Any of the following conditions are present:
26 + Cardiac arrest on or before arrival at
27 the emergency department

28 » Objection to transfusion Yes

) . » Exclusion
29 » Chronic anaemia

30 + Pregnancy
31 « Severe burn injury
32 + Transferred from another hospital

No consent

Study
inclusion

Exclusion

39 Consent

41 Inclusion
42 Figure 2

45 Figure 2. Flowchart of the patient enrolment process

47 52x69mm (300 x 300 DPI)
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Consent Form

1

2

i To the Director of the Tohoku University Hospital

5

? I have read the following information, or it has been read to me. I have had the opportunity to ask questions about
8 it and any questions that [ have asked, have been answered to my satisfaction.

9

10

11 1. About clinical trials

g 2. Background of this clinical trial

14 3. Red blood cells transfusion

12 4. Research content and period

17 5. Other treatment options if participation from this clinical trial is withdrawn
12 6. Freedom to participate in this clinical trial and withdraw consent
20 7. Protection of personal information and handling of research results
;; 8. Research funds and conflicts of interest

23 9.  What to do if this research causes health problems

;g 10.  About a case where participation in research is canceled

26 11.  Possibility of using the data for future research and providing it to other research institutes
;é 12.  Research costs

29 13.  Recommendations that are to be followed

2(1) 14.  Method of disclosing information and viewing research materials
32 15.  Consultation counter

33

34

35 I voluntarily give my consent to participate in this research.

36

37

38  Printed Name of Participant

39

40

41  Signature of Participant Date

42

43

44  Printed Name of Representative

45

46

47  Relationship with Participant

48

49

50 Signature of Representative Date

51

52

53

gg I have accurately explained the information of this clinical trial to the potential participant.
56

57 .

=8 Printed Name of Researcher

59

60

Signature of Researcher Date
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B SPIRITV

STANDARD PrROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and

related documents*

Section/item Item Description

No

Administrative information

Title 1

Trial registration 2a

2b
Protocol version 3
Funding 4
Roles and 5a
responsibilities

5b

5c

5d

Introduction

Background and 6a
rationale

6b

Objectives 7

Descriptive title identifying the study design, population,
interventions, and, if applicable, trial acronym

Trial identifier and registry name. If not yet registered, name

of intended registry

All items from the World Health Organization Trial
Registration Data Set

Date and version identifier

Sources and types of financial, material, and other support
Names, affiliations, and roles of protocol contributors
Name and contact information for the trial sponsor

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 ltem 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
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Trial design

Study setting

BMJ Open

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

Methods: Participants, interventions, and outcomes

9

Eligibility criteria 10

Interventions

Outcomes

Participant
timeline

Sample size

11a

11b

11c

11d

13

14

Description of study settings (eg, community clinic,
academic 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, eligibility criteria for study centres and

individuals who will perform the interventions (eg, surgeons,

psychotherapists)

Interventions for each group with sufficient detail to allow
replication, including how and when they will be
administered

Criteria for discontinuing or modifying allocated
interventions for a given trial participant (eg, drug dose
change in response to harms, participant request, or
improving/worsening disease)

Strategies to improve adherence to intervention protocols,
and any procedures for monitoring adherence (eg, drug
tablet return, laboratory tests)

Relevant concomitant care and interventions that are
permitted or prohibited during the trial

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

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

Estimated number of participants needed to achieve study

objectives and how it was determined, including clinical and

statistical assumptions supporting any sample size
calculations

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 70 of 71

P6

P6

P6-7

P7

N/A

N/A

N/A

P8
Table2
Table3

Figure1
Figure2

P9



Page 71 of 71

oNOYTULT D WN =

Recruitment

Allocation:

Sequence
generation

Allocation

15

BMJ Open

Strategies for achieving adequate participant enrolment to
reach target sample size

Methods: Assignment of interventions (for controlled trials)

16a

16b

concealment
mechanism

Implementatio 16¢

n

Blinding
(masking)

17a

17b

Method of generating the allocation sequence (eg,
computer-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

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

Methods: Data collection, management, and analysis

Data collection 18a

methods

Data
management

18b

19

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
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Statistical
methods

BMJ Open

20a 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

20b Methods for any additional analyses (eg, subgroup and
adjusted analyses)

20c Definition of analysis population relating to protocol non-

adherence (eg, as randomised analysis), and any statistical

methods to handle missing data (eg, multiple imputation)

Methods: Monitoring

Data monitoring 21a Composition of data monitoring committee (DMC);

Harms

Auditing

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

21b  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

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

other unintended effects of trial interventions or trial conduct

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

Ethics and dissemination

Research ethics 24 Plans for seeking research ethics committee/institutional

approval

Protocol
amendments

Consent or
assent

review board (REC/IRB) approval

25 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)

26a Who will obtain informed consent or assent from potential
trial participants or authorised surrogates, and how (see
ltem 32)

26b  Additional consent provisions for collection and use of
participant data and biological specimens in ancillary
studies, if applicable
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1
2 Confidentiality 27 How personal information about potential and enrolled
3 participants will be collected, shared, and maintained in p7
g order to protect confidentiality before, during, and after the
6 trial
7
8 Declaration of 28  Financial and other competing interests for principal
. . . . . P12
9 interests investigators for the overall trial and each study site
10
11 Accesstodata 29 Statement of who will have access to the final trial dataset,
12 and disclosure of contractual agreements that limit such N/A
1 i access for investigators
15 Ancillary and 30 Provisions, if any, for ancillary and post-trial care, and for
16 . . .
17 post-trial care compensation to those who suffer harm from trial N/A
18 participation
19
20 Dissemination 31a Plans for investigators and sponsor to communicate trial
21 policy results to participants, healthcare professionals, the public,
22 and other relevant groups (eg, via publication, reporting in N/A
;i results databases, or other data sharing arrangements),
25 including any publication restrictions
26
57 31b  Authorship eligibility guidelines and any intended use of P12
28 professional writers
29
30 31c Plans, if any, for granting public access to the full protocol, N/A
31 participant-level dataset, and statistical code
32
33 .
34 Appendices
22 Informed consent 32 Model consent form and other related documentation given Supplem
37 materials to participants and authorised surrogates ent files
gg Biological 33 Plans for collection, laboratory evaluation, and storage of
40 specimens biological specimens for genetic or molecular analysis in
. . . S N/A
41 the current trial and for future use in ancillary studies, if
g applicable
44 *It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013
45 Explanation & Elaboration for important clarification on the items. Amendments to the
j? protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT
48 Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported”
49 license.
50
51
52
53
54
55
56
57
58
59
60
5
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