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Abstract

Resuscitation with pre-hospital blood products in adults with 
trauma-related haemorrhagic shock: the RePHILL RCT

Nicholas Crombie ,1 Heidi A Doughty ,2 Jonathan RB Bishop ,3  
Amisha Desai ,4 Emily F Dixon ,3 James M Hancox ,5 Mike J Herbert,6  
Caroline Leech ,7 Simon J Lewis ,8 Mark R Nash ,9 David N Naumann ,10  
Karen Piper ,1 Gemma Slinn ,3 Hazel Smith ,1 Iain M Smith ,1  
Rebekah K Wale ,3 Alastair Wilson ,11 Aisling Crombie ,1 
Mark Midwinter ,1 Natalie Ives 3 and Gavin D Perkins 12,13*

1 NIHR Surgical Reconstruction and Microbiology Research Centre, Queen Elizabeth Hospital, University 
Hospitals Birmingham NHS Foundation Trust, Birmingham, UK

2NHS Blood and Transplant, Birmingham, UK
3 Birmingham Clinical Trials Unit, Institute of Applied Health Research, University of Birmingham, 
Birmingham, UK

4Pharmacy Department, Queen Elizabeth Hospital, Birmingham, UK
5West Midlands Ambulance Service NHS Trust, West Midlands, UK
6Blood Transfusion, The Royal Wolverhampton NHS Trust, Wolverhampton, UK
7The Air Ambulance Service, Blue Skies House, Butlers Leap, Rugby, UK
8Magpas Air Ambulance, Huntingdon, UK
9 Midlands Air Ambulance and MERIT, West Midlands Ambulance Service NHS Trust, West Midlands, UK
10Institute of Inflammation and Ageing, University of Birmingham, Birmingham, UK
11East Anglian Air Ambulance, Norwich, UK
12Warwick Clinical Trials Unit, Warwick Medical School, University of Warwick, Coventry, UK
13 Critical Care Unit, Heartlands Hospital Birmingham, University Hospitals Birmingham NHS Foundation 

Trust, Birmingham, UK

*Corresponding author g.d.perkins@warwick.ac.uk

Background: The treatment of traumatic haemorrhagic shock has been transformed through better 
haemorrhage control, use of tranexamic acid and use of blood products. The improved survival seen 
from these strategies has stimulated an interest in pre-hospital transfusion.

Objectives: To determine if the clinical effectiveness of resuscitation with red blood cells and 
lyophilised plasma was superior to 0.9% saline for improving tissue perfusion and reducing mortality in 
adults with haemorrhagic shock following major trauma.

Design: A multi-centre, allocation concealed, open-label, parallel group, randomised controlled trial 
(with internal pilot).

Setting: The trial was conducted in four civilian pre-hospital critical care services who operated within 
the National Health Service (NHS) England Major Trauma Networks.

Participants: Adults (aged ≥16 years) who had sustained traumatic injuries, were attended by a  
pre-hospital emergency medical team and were hypotensive (systolic blood pressure <90 mmHg 
or absence of radial pulse) as a consequence of traumatic haemorrhage were eligible for inclusion. 
The exclusion criteria were known or apparently <16 years, blood administered on scene prior to 
arrival of the RePHILL team, traumatic cardiac arrest where (1) the arrest occurred prior to arrival of 
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the team and/or (2) the primary cause is not hypovolaemia, refusal of blood product administration, 
known Jehovah’s Witness, pregnancy, isolated head injury without evidence of external haemorrhage, 
prisoners in the custody of HM Prison and Probation Service.

Interventions: Participants were randomised to receive up to either two units each of red blood cells 
and lyophilised plasma or up to 1 L 0.9% saline. Treatment was administered through the intravenous or 
intraosseous route.

Main outcome measures: The primary outcome was a composite of episode mortality and/or impaired 
lactate clearance. The secondary outcomes included the individual components of the primary outcome.

Results: From 6 December 2016 to 2 January 2021, pre-hospital medical teams randomised 432 
participants to red blood cell/lyophilised plasma (n = 209) or 0.9% saline (n = 223) out of a target sample 
size of 490. Most participants were white (62%), males (82%), median age 38 (interquartile range  
26 to 58), involved in a road traffic collision (62%) with severe injuries (median injury severity score 36, 
interquartile range 25 to 50). Prior to randomisation participants had received on average 430 ml 
crystalloid fluids and tranexamic acid (90%). The primary outcome occurred in 128/199 (64.3%) of 
participants randomised to red blood cell/lyophilised plasma and 136/210 (64.8%) randomised to 0.9% 
saline [adjusted risk difference –0.025% (95% confidence interval –9.0% to 9.0%), p = 0.996]. The event 
rates for the individual components of the primary outcome, episode mortality and lactate clearance 
were not statistically different between groups [adjusted average differences −3% (−12% to 7%); 
p = 0.57 and −5% (−14% to 5%), p = 0.33, respectively].

Limitations: Recruitment stopped prematurely due to disruption caused by the COVID-19 pandemic.

Future work: Identify the characteristics of patients who may benefit from pre-hospital blood products 
and whether alternative transfusion regimens are superior to standard care.

Conclusions: The trial did not demonstrate that pre-hospital red blood cell/lyophilised plasma 
resuscitation was superior to 0.9% saline for trauma-related haemorrhagic shock.

Trial registration: This trial is registered as ISRCTN62326938.

Funding: This award was funded by the National Institute for Health and Care Research (NIHR) Efficacy 
and Mechanism Evaluation Programme (NIHR award ref: 14/152/14) and is published in full in Efficacy 
and Mechanism Evaluation; Vol. 11, No. 2. See the NIHR Funding and Awards website for further award 
information.
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Plain language summary

Blood and plasma are life-saving treatments for people with severe bleeding following major 
traumatic injury. Until recently, they could only be administered in hospital. The Resuscitation 

with Pre-Hospital Blood Products (RePHILL) trial tested whether providing these treatments before 
the injured person arrives in hospital was better than current NHS treatment (a clear fluid called 0.9% 
saline).

We worked with NHS ambulance services, air ambulance charities, blood transfusion laboratories, blood 
bikers and the NHS major trauma networks to make blood and plasma available to patients outside the 
hospital. Blood banks prepared sealed boxes according to a schedule prepared by the research team. 
Half the boxes contained blood and plasma (treatment) and half contained salty water (control). The pre-
hospital critical care teams did not know what was in the sealed boxes.

Critical care doctors and paramedics assessed people who had sustained major traumatic injuries. 
People with severe bleeding and a critically low blood pressure were recruited into the trial. The critical 
care team opened the sealed box and administered the contents of the box (blood/plasma or saline). The 
trial compared how effective the treatments were by looking at a combined outcome comprising (1) how 
quickly the body cleared a waste product called lactate and (2) whether the individual died.

Four hundred and thirty-two people participated in the trial, slightly less than the 490 planned due to 
the trial being interrupted by COVID-19. Two hundred and nine people were in the blood/plasma group 
and 223 in the 0.9% saline group. The combined outcome of lactate clearance and mortality was very 
similar between the two groups occurring in around 6 out of 10 people in each group.

Further research is required to work out who might benefit from pre-hospital blood/plasma and how 
best to measure that benefit in future trials.
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Scientific summary

Background

For many years, trauma care focused upon providing basic treatments on scene to facilitate safe transfer 
to hospital for further and definitive care. In the last two decades however, the emphasis in civilian 
practice has started to change in the direction of delivering more advanced interventions to patients 
while still in the pre-hospital phase. This shift, intended to provide earlier physiological stability and 
prevent so-called secondary damage occurring, has been driven in part by lessons learned in conflict by 
military medical systems, and include advanced haemorrhage control and blood product-based 
resuscitation.

The introduction of blood component resuscitation during military casualty retrieval initially produced 
encouraging results with reports of reduced mortality amongst recipients receiving red blood cells 
(RBCs) and pre-thawed plasma. Extrapolating results from military trauma-based studies into civilian 
practice is not straightforward. The mechanisms and severity of injury sustained in conflict are rarely 
replicated in civilian practice, the patient demographic of active combatants is comparatively narrow and 
the medical infrastructure in dedicated field hospitals is different to many civilian emergency 
departments (EDs).

The provision of blood products as early treatment of major haemorrhage may seem logical, but it is also 
not without complication. Stored RBCs carry a significant metabolic burden when administered rapidly 
and have the potential to cause further disruption to coagulation and myocardial function. There are 
also considerations around the provision of blood products including the demand for ‘universal’ blood 
products, regulatory compliance and secure cold-chain governance to avoid unnecessary wastage of 
products.

The lack of robust evidence surrounding the administration of pre-hospital RBCs or plasma in civilian 
practice, coupled with the challenges this poses to the transfusion community, made a prospective 
randomised controlled trial (RCT) important if further developments in this area of practice are to be 
justifiable.

Objectives

The primary objective of the RePHILL trial was to investigate the clinical effectiveness of pre-hospital 
blood products (PHBP) resuscitation compared to the current standard care of restricted crystalloid-
based resuscitation in participants developing haemorrhagic shock following major trauma. This was 
assessed through the primary outcome, a composite of episode mortality and a failure to clear lactate.

The secondary objectives included examining the effect of PHBP on systolic blood pressure (SBP), heart 
rate, capillary oxygen saturation, on scene times, fluid and transfusion requirements, coagulopathy and 
platelet function, transfusion-related complications, blood product wastage and haemoglobin 
concentration on ED arrival.

Methods

Ethics and regulatory approvals
The study was sponsored by University Hospitals Birmingham NHS Foundation Trust and approved by 
the South Central Research Ethics Committee (15/SC/0691) and the Medicines and Healthcare products 
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Regulatory Agency. The EudraCT number is 2015-001401-13 and International Standard Randomised 
Controlled Trial number is ISRCTN62326938. The trial was co-ordinated by Birmingham Clinical Trials 
Unit.

Design
The study was a multi-centre, allocation concealed, open-label, parallel group, RCT.

Inclusion and exclusion criteria
Participants were eligible for inclusion if the following criteria were met:

• traumatic injury;
• pre-hospital emergency medical (PHEM) team attend;
• hypotension SBP <90 mmHg (or absence of palpable radial pulse) believed to be due to 

traumatic haemorrhage.

The trial exclusion criteria were:

• children (known or apparently aged <16 years);
• blood administered on scene, prior to randomisation;
• traumatic cardiac arrest where (1) the arrest occurred prior to arrival of the PHEM team and/or 

(2) the primary cause is not hypovolaemia;
• refusal of blood product administration (e.g. known Jehovah’s Witness);
• pregnancy (known or apparent);
• isolated head injury without evidence of external haemorrhage;
• known prisoners in the custody of HM Prison and Probation Services.

Setting
The trial was conducted in four civilian pre-hospital critical care services who operated within the NHS 
England major trauma networks.

• East Anglian Air Ambulance, Norwich, UK (www.eaaa.org.uk, accessed 7 February 2022).
• Magpas Air Ambulance, Huntingdon, UK (www.magpas.org.uk, accessed 7 February 2022).
• Midlands Air Ambulance and MERIT, West Midlands Ambulance Service NHS Trust, West Midlands, 

UK (www.midlandsairambulance.com and https://wmas.nhs.uk, accessed 7 February 2022).
• The Air Ambulance Service, Warwickshire (https://theairambulanceservice.org.uk, accessed 

7 February 2022).

Major trauma network treatment protocols were informed by the National Institute for Health and Care 
Excellence Clinical Guidelines 39 Major trauma: assessment and initial management (www.nice.org.uk/
guidance/ng39, accessed 7 February 2022).

Consent
Major traumatic haemorrhage is a life-threatening condition that requires urgent treatment. The time-
critical nature meant that it was impractical to obtain informed consent from the patient, a personal or 
professional legal representative without the potential for causing harm through delaying treatment. In 
accordance with the Medicines for Human Use (Clinical Trials; Amendment No. 2) Regulations 2006, 
approval was obtained from the Research Ethics Committee to enrol patients prior to obtaining informed 
consent. For patients who survived to be admitted to hospital, the local research teams sought written, 
informed consent from the patient or a legal representative to continue in the trial.

Randomisation and masking
Randomisation (variable block size, stratified by site 1 : 1 ratio) was implemented through a central and 
secure trial database at the Birmingham Clinical Trials Unit. Blood bank staff prepared sealed treatment 

www.eaaa.org.uk
www.magpas.org.uk
www.midlandsairambulance.com
https://wmas.nhs.uk
https://theairambulanceservice.org.uk
www.nice.org.uk/guidance/ng39
www.nice.org.uk/guidance/ng39
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boxes with either red blood cell/lyophilised plasma (LyoPlas) or 0.9% saline according to the 
randomisation schedule.

Allocation concealment was implemented by using opaque boxes that were externally identical in 
appearance and weight. This ensured pre-hospital teams were unaware of the treatment allocation prior 
to enrolling a participant.

When a participant met the trial eligibility criteria, randomisation was achieved by opening the sealed 
boxes. Once opened, those administering the trial intervention were aware of group assignment. Those 
assessing outcomes in hospital were not informed of group assignment but may have been able to 
access it through hospital records.

Trial treatments

• Intervention: Up to two units of RBC and up to two units of LyoPlas.
• Control: Up to four (250 ml) bags of 0.9% saline.

Trial treatments were administered until either hospital arrival or until hypotension resolved (i.e. SBP 
≥90 mmHg or a radial pulse was palpable). If all four units of trial treatments were given, non-trial 0.9% 
saline was then given. Following arrival in hospital, further resuscitation and transfusion was at the 
discretion of the treating clinician.

The primary outcome was a composite measure consisting of episode mortality and lactate clearance 
defined as a failure to achieve lactate clearance ≥20% per hour in the first 2 hours from randomisation.

The secondary outcomes comprised:

• individual components of the primary outcome;
• all-cause mortality within 3 hours of randomisation;
• pre-hospital time and type and volume of fluid;
• vital signs (SBP, heart rate, capillary oxygen saturation);
• (venous) lactate concentration;
• haemoglobin concentration on ED arrival;
• trauma-induced coagulopathy [defined as International Normalised Ratio (INR) >1.5];
• coagulation measured viscoelastically by rotational thromboelastometry (ROTEM);
• platelet function using multiple electrode impedance aggregometry (MultiPlate);
• total blood product receipt;
• acute respiratory distress syndrome;
• transfusion-related complications;
• organ failure-free day.

Sample size and statistical analysis
The trial set out to detect a 10% absolute difference between groups in the proportion of participants 
experiencing the primary outcome assuming an event rate of 20% in the control group and 10% in the 
intervention. For 80% power and type 1 error rate of 0.05, 438 participants (219 per group) were 
required. Allowing for 10% attrition, the sample size was set at 490 participants.

During May 2018, the Data Monitoring Committee (DMC) reported a much higher than anticipated 
pooled event rate for the primary outcome (65%) to the Trial Steering Committee (TSC). The TSC advised 
to continue the trial with the original sample size unchanged, noting that the trial retained 80% power to 
detect a relative risk of 0.82 (71.7% control, 58.3% intervention).

All primary analyses of the primary and secondary outcomes followed the intention-to-treat principle. 
The analyses used a model-based approach with pre-hospital critical care service included as a fixed 
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effect covariate in the model. Treatment effects are presented with two-sided 95% confidence intervals 
(CIs). No adjustment for multiple comparisons was made. Binary outcomes were analysed using log-
binomial regression models to obtain adjusted relative risks along with 95% CIs. A relative risk <1 
favoured the RBC/LyoPlas group. Adjusted risk differences along with 95% CIs were estimated using a 
binomial regression model with identity link. A risk difference <0 favoured the RBC/LyoPlas group. 
Continuous data were analysed using linear regression models to obtain adjusted mean differences 
between groups along with 95% CIs. We planned a priori a Bayesian analysis of the primary outcome 
and its individual components using non-informative, sceptical and informative priors.

Patient and public involvement
Patient and public involvement (PPI) was intrinsic to the development, management and oversight of 
RePHILL.

During the initial stages of the trial’s development the sponsor engaged a major trauma-specific focus 
group, the purpose being for PPI representatives to provide their perspective on the study, ask 
questions and discuss challenges. Valuable feedback was provided from this session that helped drive 
how key issues (e.g. patient consent) were addressed in the trial protocol. Furthermore, given the nature 
of the trial interventions, the Jehovah’s Witness Hospital Liaison Committee were also consulted and 
provided guidance on the management of patients within the Witness community.

Throughout the life of the trial, dedicated representatives who sat on both the Trial Management Group 
(TMG) and TSC provided PPI input.

Results

Recruitment
The trial opened to recruitment on 29 November 2016, with the first patient being recruited on 6 
December 2016. The last patient was recruited on 1 January 2021. The trial was closed on 2 January 
2021 prior to achieving the intended sample size due to the ongoing impact of the COVID-19 pandemic. 
The decision to close the trial was made by the TSC and sponsor, without any knowledge of the data or 
results of interim analyses.

Five hundred and eighty potential participants were assessed for eligibility from which 432 participants 
were randomised [RBC/LyoPlas (n = 209) or control (n = 223)].

Baseline characteristics
The baseline characteristics were well-balanced between the two groups. Participants were 
predominantly white (62%), males (82%). The median age was 38 [interquartile range (IQR) 26 to 58]. 
Road traffic collision (62%), stabbing (16%) and falls (14%) were the commonest mechanisms of injury. 
Injury patterns were blunt trauma (79%) and penetrating trauma (22%). Brain injury was also present in 
48%. Participants received on average 430 ml crystalloid fluids and tranexamic acid (90%) prior to 
randomisation.

Participants were severely injured. The median injury severity score was 36 (IQR 25 to 50); median new 
injury severity score was 43 (IQR 34 to 57) and average blood pressure was 73/46 mmHg. Transfer to 
hospital was facilitated by road ambulance in 62% of participants. The median transfer time was 83 (IQR 
65 to 100.5) minutes after the emergency call.

Intervention delivery and follow-up
199/209 randomised to the intervention group (RBC/LyoPlas) received the allocated intervention. The 
average (mean) volume of fluid administered was 1.57 [standard deviation (SD) 443 ml] units of RBC and 
1.25 units LyoPlas (SD 709 ml). Five participants were withdrawn from follow-up.



DOI: 10.3310/TDNB9214 Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 2

Copyright © 2024 Crombie et al. This work was produced by Crombie et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.  
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction 
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original 
author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

xxv

215/233 randomised to the control group (0.9% saline) received the allocated intervention. The average 
volume infused was 2.55 units of 0.9% saline (638 ml).

Primary outcome
Amongst the participants randomised to RBC/LyoPlas, 128/199 (64.3%) experienced the primary 
outcome compared to 136/210 (64.8%) of those randomised to 0.9% saline. The adjusted risk ratio was 
1.01 (95% CI 0.88 to 1.17) and adjusted difference −0.025% (95% CI −9.0% to 9.0%), p = 0.996.

The breakdown for the composite primary outcome for the RBC/LyoPlas group was:

• Failure to clear lactate alone [n = 40 (20%)].
• Failure to clear lactate and mortality [n = 58 (29%)].
• Mortality alone [n = 30 (15%)].

The breakdown for the composite primary outcome for the 0.9% saline group was:

• Failure to clear lactate alone [n = 37 (18%)].
• Failure to clear lactate and mortality [n = 76 (36%)].
• Mortality alone [n = 23 (11%)].

The Bayesian analysis revealed that the probability that the risk difference for the primary outcome was 
>0% or >10% was 48.2% and 1.3% (non-informative priors), 44.1% and 0.3% (sceptical priors) and 
53.4% and 1.6% (informative priors) respectively.

Secondary outcomes
The event rates for the individual components of the primary outcome comprised of:

• Episode mortality 88/203 (43%) in the RBC/LyoPlas group compared to 99/218 (45%) in the 0.9% 
saline group [adjusted average differences −3% (−12% to 7%), p = 0.57].

• Failure to clear lactate 98/196 (50%) compared to 113/206 (55%) [adjusted average difference −5% 
(−14% to 5%), p = 0.33].

Vital signs on arrival at hospital and through to 24 hours were similar between groups.

The haemoglobin concentration on arrival to hospital was 133 (19) g/L in the RBC/LyoPlas group 
compared to 118 (23) g/L in the 0.9% saline group, an adjusted average difference of 15 g/L (95% CI 
10 to 19), P < 0.0001. There were no between group differences in tests of coagulation, and platelet 
function was similar.

Blood product use was similar following hospital admission through to 24 hours. A post-hoc analysis 
found that total (pre-hospital and hospital) blood and plasma use was higher in the RBC/LyoPlas group 
[mean difference 1.80 units (95% CI 0.58 to 3.01) and 1.54 units (95% CI 0.57 to 2.50)] respectively.

Death within 3 hours occurred in 32/197 (16%) compared to 46/208 (22%), adjusted average difference 
−7% (−15% to 1%); P = 0.08, and within 30 days it occurred in 86/204 (42%) compared to 99/219 (45%),  
adjusted average difference −4% (−13% to 6%); P = 0.44.

Adverse events

Rates of complications and adverse events were similar across groups, and only two serious adverse 
events were recorded.
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Complications relating to transfusion in the first 24 hours were similar for the RBC/LyoPlas group 
11/148 (7%); compared to 0.9% saline 9/137 (7%).

Acute respiratory distress syndrome developed amongst 9/142 (6%) in the RBC/LyoPlas group and 
3/129 (2%) in the 0.9% saline group [adjusted relative risk 2.71 (0.75 to 9.81)].

The number of organ failure-free days were also similar across groups [12.9 (SD 13.0) RBC/LyoPlas vs. 
12.1 (13.1) 0.9% saline].

No patients required dose reductions or had treatment discontinued for drug-related toxicity. There 
were no treatment-related deaths.

Conclusion

In adults with severe injuries and haemorrhagic shock secondary to major trauma in a civilian setting, the 
RePHILL trial did not demonstrate that pre-hospital RBC/LyoPlas resuscitation was superior to 0.9% 
sodium chloride.

Future research should seek to identify if specific groups of patients may benefit and explore the effects 
of alternative transfusion strategies.

Trial registration

This trial is registered as ISRCTN62326938.

Funding

This award was funded by the National Institute for Health and Care Research (NIHR) Efficacy and 
Mechanism Evaluation Programme (NIHR award ref: 14/152/14) and is published in full in Efficacy and 
Mechanism Evaluation; Vol. 11, No. 2. See the NIHR Funding and Awards website for further award 
information.
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Chapter 1 Introduction

Background

For many years, trauma care has been predominantly based upon offering casualties with traumatic 
injuries basic treatment on scene to then safely allow transfer to hospital for further and definitive care. 
In the last two decades however, the emphasis in civilian practice has started to change in the direction 
of delivering more advanced interventions to patients while still in the pre-hospital phase. This shift, 
intended to provide earlier physiological stability and prevent so-called secondary damage occurring, 
has been driven in part by lessons learned in conflict by military medical systems, and includes advanced 
haemorrhage control and blood product-based resuscitation.1–3

The introduction of blood component resuscitation during military casualty retrieval initially produced 
encouraging results with reports of reduced mortality amongst recipients receiving red blood cells 
(RBCs) and pre-thawed plasma.4–6 However, a subsequent systematic review and meta-analysis of 
studies investigating outcomes following pre-hospital transfusion across both military and civilian 
practice found only modest advantages in those with moderate severity of injury.7 In more recent years, 
two large randomised trials examining the use of pre-hospital plasma produced differing results – one 
trial favoured the use of plasma8 and one trial was stopped early due to futility.9 There is therefore a lack 
of consistent and reliable data, confounded by the wide variety of systems in which studies have been 
conducted. In 2020, a review of pre-hospital transfusion of RBCs was unable to demonstrate a survival 
benefit, again highlighted the absence of randomised controlled trials (RCTs) and recommended further 
studies incorporating the use of individualised transfusion criteria and the use of plasma.10

Extrapolating results from military trauma-based studies into civilian practice is not straightforward. 
The mechanisms and severity of injury sustained in conflict are rarely replicated in civilian practice, 
the patient demographic of active combatants is comparatively narrow and the medical infrastructure 
in dedicated field hospitals is different to many civilian emergency departments (EDs).

The provision of blood products as early treatment of major haemorrhage may seem logical, but it is 
also not without complication. Stored citrated blood can present a significant metabolic burden when 
administered rapidly and has the potential to cause further disruption to coagulation and myocardial 
function, especially in trauma.11 There are also considerations around the provision of blood products 
including the demand for ‘universal’ blood products, regulatory compliance and secure cold-chain 
governance to avoid unnecessary wastage of products.12

The lack of robust evidence surrounding the administration of pre-hospital RBCs or plasma in civilian 
practice, coupled with the challenges this poses to the transfusion community, make a prospective RCT 
important if further developments in this area of practice are to be justifiable.13

We present the results of resuscitation with pre-hospital blood products (PHBP) (RePHILL) – a 
prospective multi-centre RCT which investigates the hypothesis that the administration of pre-hospital 
RBCs and lyophilised plasma (LyoPlas) would improve tissue perfusion as measured by the clearance of 
lactate and/or reduce mortality in patients demonstrating shock secondary to traumatic haemorrhage 
compared to resuscitation with crystalloid infusion.14
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Chapter 2 Methods

Study design

We conducted a multi-centred two-arm (1 : 1) open-labelled phase 3 RCT of pre-hospital blood 
product administration versus standard care for patients following traumatic haemorrhage. Research 
Ethics Committee approval was granted prior to study initiation (South Central – Oxford C, ref: 
15/SC/0691). The trial was registered with the International Standard Randomised Controlled 
Trial Number (ISRCTN62326938) as well as with the European Union Drug Regulating Authorities 
Clinical Trials Database (registration: 2015-001401-13) and the Medicines and Healthcare products 
Regulatory Agency (Clinical Trials Authorisation: 16719/0228/001-0001). The trial was run in 
accordance with Good Clinical Practice requirements. Reporting is undertaken according to the 
Consolidated Standards of Reporting Trials (CONSORT) guidance.15 A trial protocol has been published 
previously.14 Figure 1 presents a summary of the trial protocol.

Internal pilot

The RePHILL trial included an internal pilot. The purpose of the internal pilot was to assess the trial 
logistics to determine if it is both feasible and practical to carry on and recruit into the trial. It was 
intended that the pilot would be run at multiple sites to validate the multi-centre aspects of the trial.

The trial progression criteria were defined as:

• minimum of 25 participants recruited across at least two active sites;
• in participants recruited to the trial intervention arm, at least one unit of RBC and one unit of LyoPlas 

delivered to at least 80% of participants before reaching hospital;
• at least 90% complete data capture;
• Data Monitoring and Ethics Committee (DMEC) reports no safety concerns, which would prohibit 

continuation to main trial.

Changes to trial protocol
There were no major changes made to the study design. Table 1 lists the key amendments to the 
trial protocol.

Eligibility criteria

Eligibility was assessed by the Pre-Hospital Emergency Medical (PHEM) team (doctor and/or paramedic). 
The principal investigator (PI) for intervention delivery sites (IDS) was always a medically qualified 
doctor, and they were responsible for maintaining oversight of the confirmation of eligibility process.

Inclusion criteria
Patients were eligible for inclusion in RePHILL if:

• they had suffered a traumatic injury;
• the PHEM team attended;
• hypotension [systolic blood pressure (SBP) <90 mmHg or absence of palpable radial pulse] believed 

to be due to traumatic haemorrhage.
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PHEM team assesses patient at the trauma scene and confirms eligibility
for randomisation into the RePHILL Trial

Randomised intervention

Capiliary lactate concentration measured immediately prior to intervention using a
point of care device

Hospital admission

Data cleaning & analysis

In-patients will be followed-up for up to
30 days

Fluid boluses will be given to restore a palpable radial pulse or a
measured standard SBP above 90 mmHg

Arrive at receiving hospital

PHEM team opens sealed transport boxes

Informed consent
for continued

participation in the
trial

Crystalloid-based resuscitation
arm:

Presence/
absence of

ARDs
SOFA score

Adverse event
monitoring

Pre-hospital blood product
resuscitation arm: Up to 4 units of

PHBP given as follows:Up to 4 boluses of 250 ml Sodium
Chloride 0.9% (normal saline)

2 × 250 ml bags per box

In hospital assessments
• Vital signs
• Standard coagulation and FBC
• Lactate concentration
• ROTEM (designated sites)

• Platelet function

1 unit PRBC → 1 unit LyoPlas N-w
1 unit PRBC → 1 unit LyoPlas N-w

FIGURE 1 RePHILL trial protocol summary.
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TABLE 1 Key amendments to the trial protocol

Amendment date Protocol version number Summary of amendment 

18 July 2016 1.1 Changes to the chief and PIs
Addition of new sites

21 September 2016 1.1 Change of PI

2.0 Administrative updates to TMG (formal change to CI 
requested as part of SA1)
Updates to members of the oversight committees
Clarification on the primary outcome (see note 1)
Update to exclusion criteria (see note 2)
Update to include delivery of interventions by the  
intraosseous route
Clarification of the informed consent process
Clarification on the randomisation and enrolment process
Update to the schedule of events
Clarification on adverse event (AE) reporting
Clarification on data collection
Statistical updates
Clarification on monitoring requirements
Removal of participating sites
Change of PIs

6 February 2017 to 1 
February 2019 (covering 
11 amendments)

2.0 Change of PIs and addition of sites

18 February 2019 3.0 Removal of participating sites table
RePHILL Trial Protocol version 3.0, 8 April 2019
EudraCT Number: 2015-001401-13 Page 4 of 58
Update to secondary outcomes (see note 3)
Update to who will assess and confirm eligibility (see note 4)
Update to the exclusion criteria (see note 2)
Removal of NHS digital, long-term follow-up
Clarification to trial procedures on scene
Clarification of informed consent procedure
Update on blood sampling
Removal of blood sampling for future analysis
Update to pharmacovigilance reporting requirements
Update to categorisation of causality table
Update to data protection regulations
Update to end of trial definition

TMG, Trial Management Group
Note 1:  It was clarified that episode mortality refers to mortality between time of injury/recruitment and discharge from 

the primary receiving facility to non-acute care, that is discharge home or to long-term care, to rehabilitation or 
repatriation to a hospital closer to their normal residence.

Note 2:  The trial exclusion criteria were revised so that the following groups of participants were ineligible: traumatic 
cardiac arrest where (1) the arrest occurred prior to arrival of the PHEM team and/or (2) the primary cause is 
not hypovolaemia; blood administered on scene prior to arrival of the RePHILL PHEM team; isolated head injury 
without evidence of external haemorrhage; known prisoners in the custody of HM Prison and Probation Service.

Note 3:  Changes to the secondary outcomes included the addition of all-cause mortality within 30 days of randomisation; 
haemoglobin at hospital admission; and vital signs at 12 hours after ED arrival.

Note 4: Eligibility assessment was extended to include RePHILL-trained paramedics in addition to doctors.

Exclusion criteria
Patients were excluded if:

• children (known or apparently aged <16 years);
• blood administered on scene, prior to arrival of the RePHILL PHEM team;
• traumatic cardiac arrest where (1) the arrest occurred prior to arrival of the PHEM team and/or  

(2) the primary cause is not hypovolaemia;
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• refusal of blood product administration; known Jehovah’s Witness;
• pregnancy (known or apparent);
• isolated head injury without evidence of external haemorrhage;
• known prisoners in the custody of HM Prison and Probation Service.

Clinician training

All clinical staff who participated in the trial completed online Good Clinical Practice and protocol 
training. At the start of the trial, authorisation for the administration of the interventions was limited 
to doctors working with the PHEM teams. However, this led to missed recruitments by paramedic-only 
crews. With agreement from relevant parties, the protocol was amended in 2019 and developed a 
training programme to ensure the safe administration of blood products by paramedics in the context of 
the trial, that is non-medical authorisation (NMA).

A bespoke training to enable NMA of blood was developed. The training programme comprised 
four elements as outlined in Figure 2. The programme was successful delivered to three critical care 
paramedics who cascaded the training to 14 colleagues.

Informed consent

Prospective informed consent for the participation in the trial was not feasible due to the nature of the 
injuries and incapacitation that was anticipated to fulfil eligibility criteria. Patients were enrolled in the 
trial in accordance with Good Clinical Practice, the Declaration of Helsinki, the Clinical Trials Regulations 
2004 and the Human Tissue Act 2004. After enrolment, consent for participants to remain in the trial 
was sought as early as feasible and appropriate when capacity was regained. At the time of enrolment, 
consent was sought from a professional legal representative shortly after arrival at the receiving 

• Learn Blood Transfusion from LearnPro. 
    Selection of modules covering Safe 
    Transfusion Practice (adult) and Acute 
    Transfusion Reactions. Estimated completion 
    time of 3 hours. 

Pre-course
online learning

• CCPs were to have supported the previous 
    recruitment of a RePHILL patient by a doctor 
    and been involved in team decision-making.

Previous participation 
in at least one RePHILL 

recruitment

• Classroom-based 3-hour session designed to 
    incorporate the principles and practice of 
    transfusion in the context of the trial. 

Face-to-face session

• Written 10-question assessment at end of 
    face-to-face session, signed off by trainer and 
    PHEM team clinical lead. Designed to confirm 
    that learning had taken place and to provide 
    evidence of this to the RePHILL Trial 
    Management Group (TMG).

Competency 
assessment

FIGURE 2 Non-medical authorisation programme.
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hospital. Further consent was sought from a personal or legal representative (such as a close relative 
or friend). Information regarding the trial was on display in locations likely to be visited by relatives, 
with a brief summary of the trial and contact details for further information. Some patients may wish to 
avoid blood product transfusion due to prior held beliefs (such as the Jehovah’s Witness community). 
In such circumstances, an advance medical directive would have been sought (as per usual practice in 
emergency resuscitation).

Although an eligibility criterion was that participants should be aged 16 or over, due to the nature of the 
trial it was not always possible to confirm the age of the participant before recruitment. If a participant 
was recruited and later found to be under the age of 16, child assent was sought alongside consent from 
a parent or guardian.

Study setting

The trial was situated within NHS England major trauma network. PHEM teams were recruited to 
become IDS. At the start of the research, it was anticipated recruitment would take place in six regional 
air ambulances services. During the set-up of the trial, two air ambulance services withdrew (Dorset 
and Somerset Air Ambulance and Essex and Herts Air Ambulance) due to loss of equipoise. A further air 
ambulance service briefly joined the trial (Yorkshire Air Ambulance) but subsequently withdrew prior to 
recruitment starting due to loss of equipoise.

The following air ambulances participated in the trial:

• East Anglian Air Ambulance, Norwich, UK (www.eaaa.org.uk, accessed 7 February 2022)
• Magpas Air Ambulance, Huntingdon, UK (www.magpas.org.uk, accessed 7 February 2022)
• Midlands Air Ambulance and MERIT, West Midlands Ambulance Service NHS Trust, West Midlands, 

UK (www.midlandsairambulance.com and https://wmas.nhs.uk, accessed 7 February 2022)
• The Air Ambulance Service, Warwickshire (https://theairambulanceservice.org.uk, accessed 

7 February 2022)

The hospital sites which served as receiving hospitals and participating blood banks and pharmacies are 
listed in Appendix 1.

Randomisation

Sequence generation
Randomisation was provided by a computer-generated programme at the Birmingham Clinical Trials Unit 
(BCTU), with a 1 : 1 ratio of experimental intervention and control. The randomisation procedure was 
stratified by IDS to account for variation in trauma care and type of trauma between sites.

Allocation concealment
Blood banks were supplied with pre-printed ‘treatment box number’ labels. A registered user at the 
blood bank requested a treatment allocation from the BCTU and received a treatment box number and 
treatment arm allocation. The allocated trial intervention was placed into transport boxes affixing the 
correct labels. These transport boxes were then issued as a pair, one marked red (containing either 2 
units of RBC or 2 bags of 250 ml 0.9% saline) and one marked yellow (containing either 2 units of LP 
or 2 bags of 250 ml 0.9% saline). These sealed boxes were then dispatched to the PHEM base where 
they were taken to the scene of any pre-hospital trauma patient(s). The weight and appearance of the 
boxes were the same between trial arms. Those assessing eligibility were blinded to the trial intervention 
before enrolling patients into the trial. No formal assessment of the success of allocation concealment 
was undertaken.

www.eaaa.org.uk
www.magpas.org.uk
www.midlandsairambulance.com
https://wmas.nhs.uk
https://theairambulanceservice.org.uk
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Interventions

The experimental intervention was a combination of universal donor (blood group O) RBCs and LyoPlas. 
LyoPlas was used as the plasma product for this trial (License PEI.H.03075.01.1, Germany) in accordance 
with MHRA approval for import and use as an investigational medicinal product (IMP). The control 
intervention was 0.9% saline, which was the most commonly delivered non-blood product fluid at the 
time of trial design.3 Participants received up to four boluses of the assigned intervention in order to 
achieve SBP ≥90mmHg or a palpable radial pulse. For the experimental intervention, this was delivered as 
alternating units of RBC and LyoPlas until a total of 2 RBC and 2 LyoPlas were delivered. For the control 
intervention, up to four boluses of 250 ml 0.9% saline were delivered. All boluses were administered 
using fluid warming devices. If any further fluid resuscitation was required in either interventional arm 
of the trial, this was given in further boluses of 250 ml 0.9% saline and recorded on the PHEM case 
report form.

Storage and delivery

Lyophilised plasma should be stored between 2 and 25°C and RBC between 2 and 6°C. As LyoPlas is very 
difficult to reconstitute when cold, it was necessary to store it separately from the RBC. The trial tested and 
validated two insulated box systems for this purpose – ORCA boxes (Intelsius, Elvington, UK) and Credo 
boxes (Pelican BioThermal, Leighton Buzzard, UK). The latter boxes were preferred by air ambulances due 
to their smaller size and weight. The insulated boxes were preconditioned for a minimum of 24 hours in a 
freezer below –25°C, then removed 30 minutes before use to allow them to reach the required operating 
temperature before packing. Each transport container also had a temperature data logger, the choice of 
which was determined by the local blood bank. Sealed treatment boxes were transferred from blood banks 
to air ambulance/ambulances bases by volunteers from the Blood Bikes charity (www.bloodbikes.org.uk, 
accessed 9 February 2022). The intervention pathway is shown in Figure 3.

Outcomes

Primary outcome
The primary outcome was a composite measure consisting of episode mortality and lactate clearance 
defined as a failure to achieve lactate clearance ≥20% per hour in the first 2 hours from randomisation.

Therefore, if the participant experiences either:

1. Episode mortality, or
2. A failure to achieve lactate clearance ≥20% per hour in the first 2 hours after randomisation,

they will be considered to have experienced the primary outcome. If they have survived to the point 
of exiting the trial through discharge from acute care and have experienced lactate clearance ≥20% 
per hour in the first 2 hours after randomisation, they will be considered to not have experienced the 
primary outcome.

Rationale for the primary outcome
RePHILL was designed to assess the superiority of pre-hospital blood and plasma transfusion over 
the existing standard of care at the time, which was 0.9% saline. We hypothesised that early blood 
would accelerate the reversal of hypovolaemic shock, improve coagulopathy and thereby improve 
episode mortality.

The absence of a core outcome set for trauma trials creates a challenge for investigators each time 
they plan and develop a trial. The trial team carefully considered using mortality as the sole and 

www.bloodbikes.org.uk


DOI: 10.3310/TDNB9214 Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 2

Copyright © 2024 Crombie et al. This work was produced by Crombie et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.  
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction 
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original 
author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

9

primary outcome for the study but were concerned that mortality was too a blunt a tool to assess the 
effectiveness of the intervention as a certain proportion of patients recruited would either be too well or 
too sick to benefit from the treatment. Furthermore, sample size estimates to detect small but important 
differences in mortality were prohibitively large (several thousand participants).

After a review of the literature and further discussion with the funder and co-investigators, it was agreed 
to use lactate clearance as (1) it could be easily measured; (2) it is related to tissue perfusion, a target 
specifically related to the intervention; and (3) it has been shown to be prognostically related to mortality.16

LyoPlas N-W

Saline

(LyoPlas)
manufacturer

Central IMP
distribution centre

Standard NHS
stocks

Packed RBCs

Randomise & pack 2
boxes

Blood bikers

PHEM teams

Tags & IMP
checked,
if unused,

added back
to trial stock

Contents
destroyed

by
blood banks

Boxes unopened Taken out on shift
Boxes opened or

expired

Patient randomised

Standard NHS
stocks

Local site pharmacy

Blood banks

FIGURE 3 IMP management.
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During the peer review process and contracting with the funder, we were required to include mortality 
and thus create a composite outcome.

The investigators appreciate that interpretation of a composite outcome is challenging, particularly 
when the clinical importance of the outcomes is different. We attempt to mitigate this through reporting 
the individual components of the primary outcome separately in accordance with recommended practice 
for composite outcomes.

Definitions of components of primary outcome
Episode mortality was defined as those participants who die during the study between the time of 
injury/recruitment and discharge from the primary receiving facility to non-acute care (this includes 
participants who die on scene). The date of discharge from acute care and date of death are recorded on 
the exit form. Any deaths occurring after the date of discharge from acute care are not considered to be 
cases of episode mortality.

Lactate clearance was calculated according to the baseline capillary lactate (recorded immediately prior 
to intervention delivery), and measured using a point of care lactate device. The value, date, and time of 
the 2-hour post-randomisation lactate concentration were defined as the value, date and time of either:

1. the capillary lactate concentration taken if the participant has not reached hospital within 2 hours 
of randomisation; or

2. the venous lactate concentration taken in ED if the participant has reached hospital within 2 hours 
of randomisation; or

3. the arterial lactate concentration taken in ED if the participant has reached hospital within 2 hours 
of randomisation and venous access is not available.

The lactate concentration value available from (1) to (3) above which is closest to the 2 hours from 
randomisation time point will be used as the 2-hour lactate concentration value regardless of method 
of collection.

Using the following notation:

Lac0 = Randomisation capillary lactate concentration 

Lach = 2-hour post-randomisation lactate concentration

T0 = Date and time of Lac0

Th = Date and time of Lach

Interval = Th–T0 (in minutes)

The interval time is given by:

Time between 2-hour post- 
randomisation lactate concentration 
and randomisation lactate (minutes) 

= Date and time of the 
2-hour post-randomisation 
lactate concentration (Th) 

- Date and time of the 
randomisation capillary 
lactate concentration (T0) 

Lactate clearance, expressed as a percentage per hour (%/h), is calculated using the formula:

LactateClearance(%per hour) =
100x(Lac0 − Lach)

Lac0x
(Th − T0)

60  

(1)
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A normal lactate is taken to be ≤2.2 mmol/L. Achieving ≥20% per hour lactate clearance is defined as 
follows in participants whose:

1. Lac0 is >2.2 mmol/L and whose Lach demonstrates lactate clearance of ≥20% per hour; or
2. Lach is >2.2 mmol/L, but whose Lach is ≤2.2 mmol/L, regardless of the magnitude of the change; or
3. Lac0 and Lach are both ≤2.2 mmol/L, regardless of the magnitude and direction of any difference.

All the above will be counted as participants achieving ≥20% per hour lactate clearance.

The above can be summarised in Table 2.

Achieving <20% per hour lactate clearance is defined as follows in participants:

1. Whose Lac0 is >2.2 mmol/L and whose Lach demonstrates lactate clearance of <20% per hour; or
2. Who die prior to interval sampling (e.g. before the Lach measurement is taken at Th). For this we re-

quire the date and time of death from the exit form to determine if the participant died within two 
hours and 30 minutes of randomisation.

The Table 3 below summarises what is considered an event (failure to achieve lactate clearance).

There are instances where the lactate value is too high for a value to be reported, that is the value is out 
of range (OOR) of the detection level of the test. In these cases, the lactate measurement is recorded 
on the database as ‘too high to be recorded’. In these instances, at database lock prior to analysis, a 
review of these lactate values was undertaken by two statisticians blind to treatment allocation to 
assess whether the participant cleared their lactate or not. For example, if randomisation lactate is OOR, 
but the two- hour randomisation lactate is ≤2.2, then as per the table above the participant would be 
considered to have achieved clearance; or if both the randomisation and two- hour lactates are OOR, 
then the participant will be considered to have failed to clear. If unable to determine, then the lactate 
component of the primary outcome was considered missing.

TABLE 2 Lactate clearance

Lac0 (mmol/L) Lach (mmol/L) Required lactate clearance 

>2.2 >2.2 ≥20% per hour

>2.2 ≤2.2 Not applicable

≤2.2 ≤2.2 Not applicable

TABLE 3 Failure to achieve lactate clearance

Lac0 (mmol/L) Lach (mmol/L) Lactate clearance <20% per hour Lactate clearance ≥20% per hour 

>2.2 >2.2 Failure to clear (event) Achieves clearance

>2.2 ≤2.2 Achieves clearance Achieves clearance

≤2.2 ≤2.2 Achieves clearance Achieves clearance

Dies prior to interval sampling and 
within 2.5 hours of randomisation

Failure to clear (event)
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Secondary outcomes
The secondary outcomes comprised:

• individual components of the primary outcome;
• all-cause mortality within 3 hours of randomisation;
• pre-hospital time and type and volume of fluid;
• vital signs (SBP, heart rate, capillary oxygen saturation);
• (venous) lactate concentration;
• haemoglobin concentration on ED arrival;
• trauma-induced coagulopathy [defined as International Normalised Ratio (INR) >1.5];
• coagulation measured viscoelastically by rotational thromboelastometry (ROTEM)III;
• platelet function using multiple electrode impedance aggregometry (MultiPlate)III;
• total blood product receipt;
• acute respiratory distress syndrome;
• transfusion-related complications;
• organ failure-free days.

Justification of the secondary outcomes
The secondary outcomes were selected to assess whether PHBP improved blood pressure, heart 
rate and capillary oxygenation on ED arrival, prolonged on-scene time, reduced pre-hospital fluid and 
in-hospital transfusion requirements, reduced trauma-induced coagulopathy and preserved platelet 
function. The study also set out to monitor transfusion-related complications, including acute respiratory 
distress syndrome and other adverse events.

Definitions of organ failure-free days
The presence of organ failure is defined as any Sequential Organ Failure Assessment (SOFA) component 
score of ≥3.3,17 Organ failure will be assumed to be absent if the participant is discharged from hospital 
and will be assumed to be present if the participant has died.

Sample size calculation

There were no prior published analyses using our composite primary outcome. However, there is 
considerable evidence from observational data for the survival benefit of RBC and plasma in civilian and 
military studies. Through consultation with those with expertise in pre-hospital trauma resuscitation, 
we chose an absolute reduction of 10% in the proportion of patients having one of the components of 
our composite primary outcome as a clinically meaningful effect size. Therefore, using this difference 
between proportions (two-sided Fisher’s exact test) with 80% power, and a type 1 error rate of 5% (i.e. 
α = 0.05), we calculated a requirement for 219 participants in each arm of the trial (438 participants 
in total in our 1 : 1 design). A target of 490 patients was set in order to account for 10% loss to 
follow-up rate.

The interim analysis for the DMC meeting in May 2018 reported the results on the 192 participants 
recruited by 20 April 2018. A pooled event rate of 65% experiencing either episode mortality or lactate 
clearance <20%/h in the two hours post-randomisation was observed in these participants. This 
observed rate did not correspond with the pooled event rate of 15% assumed in the original sample size 
calculations. On the DMC’s recommendations, this issue was discussed with the Trial Steering Committee 
(TSC) in October 2018. The TSC recommended that the power calculations be framed in terms of a 
relative risk rather than an absolute risk, with the original target sample size of 490 unchanged.

Assuming the pooled event rate remains at 65% and allowing for a 10% loss to follow-up rate, 490 
participants will provide 80% power to detect a relative risk ratio of 0.82 (i.e. from 71.7% in the standard 
care group to 58.3% in the group receiving PHBP) using the method of difference between proportions 
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(two-sided Fisher’s exact test), and a type 1 error rate of 5% (i.e. α = 0.05). This estimated relative risk 
ratio is consistent with the relative risk ratios of 1.54 and 0.70 reported in two recent pre-hospital RCTs 
using plasma in one of the treatment arms.8,9

Statistical analysis

All analyses followed a statistical analysis plan which was finalised prior to database lock (see Report 
Supplementary Material 1). All analyses were undertaken in SAS v9.4.

Primary analyses
The intention-to-treat principle (i.e. analysis according to the randomisation schedule irrespective of 
treatment received) informed all primary analyses of the primary and secondary outcomes. Participants 
who withdrew from the study were non-assessable. A model-based approach to analysis was used with 
IDS included as a fixed effect covariate in the model. Treatment effects are presented with two-sided 
95% confidence intervals (CIs). No adjustment for multiple comparisons was made. The risk ratio and 
absolute risk difference are adjusted for IDS. In the primary analyses of the primary outcome, all lactate 
clearance measurements are included regardless of whether they were inside the two hour ± 30 minute 
window. The 0.9% saline treatment arm is the reference level.

The study reports both the relative effect and absolute effect for binary outcomes (e.g. primary outcome 
and the individual components) as recommended by CONSORT. Binary outcomes were analysed using 
log-binomial regression models to obtain adjusted relative risks along with 95% CIs. A relative risk <1 
favoured the RBC/LyoPlas group. Adjusted risk differences along with 95% CIs were estimated using 
a binomial regression model with identity link. A risk difference <0 favoured the RBC/LyoPlas group. 
Continuous data were analysed using linear regression models to obtain adjusted mean differences 
between groups along with 95% CIs.

Bayesian analysis
We planned a priori a Bayesian analysis of the primary outcome and its individual components using 
non-informative, sceptical and informative priors.

Subgroup analysis
We also planned a priori various exploratory subgroup analyses according to: IDS, mode of transport 
(air vs. ground), initial lactate concentration (≤2.2 mmol/L vs. >2.2 mmol/L), time to hospital arrival from 
injury (≤1 hour vs. >1 hour), mode of injury (blunt vs. penetrating vs. crush), volume of pre-hospital fluid 
given (total intervention (4 boluses vs. <4 boluses), age (<50 years, 50–70 years, >70 years), presence of 
head injury, compressible haemorrhage, prior history of anticoagulant/antiplatelet use (anticoagulant or 
antiplatelet medication vs. no anticoagulant or antiplatelet medication) and cardiac arrest (arrested vs. 
not arrested).

Sensitivity analyses
Sensitivity analyses were undertaken for the primary outcome:

• An analysis in which the risk ratio and absolute risk difference for the composite outcome were both 
adjusted for IDS and the following prognostic variables: age, capillary lactate, cardiac arrest and 
Glasgow Coma Score (GCS) at randomisation.

• A per-protocol analysis, the per-protocol population comprised those who received one or more  
dose of the randomised intervention/control, unless there was a clinical justification for 
withholding it.

• An analysis in which only lactate concentrations recorded within specified time windows 
were included.

• A multiple imputation analysis to assess the effect of missing response.
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Post-hoc analyses
Post-hoc analyses comprised a comparison of total transfusion volume (i.e. pre-hospital and hospital 
transfusion), the influence of injury severity score and transport time from scene to hospital (post-hoc 
subgroup analyses), and an additional per-protocol analysis in which the per-protocol population was 
defined as those who received one or more units of the randomised intervention.

We also modelled different scenarios had the trial achieved the intended sample size.

Interim analyses and stopping guidelines
An independent DMEC was established to oversee the safety of trial participants. The DMEC met 
prior to the trial opening and again once the first 25 patients had been entered into the study. All data 
discussed remained confidential except to members of the DMEC and the trial statisticians performing 
the analyses. The DMEC then met on an annual basis throughout the trial. Interim analyses were 
provided to the DMEC, as well as any new evidence from other sources that may have shown that 
one treatment was definitely more, or less, effective than the other. The trial would be stopped if the 
DMEC had advised the TSC that any of the randomised comparisons in the trial had provided both (1) 
‘proof beyond reasonable doubt’ that for all, or for some, types of patient one particular treatment is 
definitely indicated or definitely contraindicated in terms of a net difference in the major end-points, 
and (2) evidence that might reasonably be expected to influence the patient management of many 
clinicians who are already aware of the other main trial results. The trial statistician performed all of the 
interim and final analyses. Analyses were verified and reviewed by an independent statistician, and the 
statistical analysis report was reviewed by the senior statistician on the study.
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Chapter 3 Results

Internal pilot

There were delays in starting the trial due to changes to the regulatory requirements, change of chief 
investigator and difficulty in procuring LyoPlas for use in the trial. The trial opened to recruitment at 
the Midlands Air Ambulance and West Midlands Ambulance sites on 29 November 2016, with the first 
patient being recruited on 6 December 2016. By 31 May 2017:

• Twenty-six participants had been randomised across the two active sites.
• 100% of patients randomised to the PHBP arm have received at least one unit of RBC and one unit 

of LyoPlas.
• A review of 22 completed case report forms confirmed 100% data completion for the primary 

outcome and 93% data for the secondary outcome.
• The TSC and DMC reviewed trial progress and recommended to the funder that the trial be continued.

The funder confirmed successful completion of the internal pilot and approved progression to the main trial.

Recruitment
Following successful completion of the pilot, the trial extended to the three remaining additional sites. 
Participant recruitment continued through to 1 January 2021. The trial was closed on 2 January 2021 
prior to achieving the intended sample size due to the ongoing impact of the COVID-19 pandemic. 
The decision to close the trial was made by the TSC and sponsor, without any knowledge of the data 
or results of interim analyses. During the 49 months of trial recruitment, at least 580 patients were 
assessed for eligibility, with 432 (74%) deemed eligible and recruited into the trial (see Figure 4). 
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FIGURE 4 Recruitment. Thick red line denotes observed recruitment. Aqua line denotes the revised target recruitment still 
based on a total of 490. Dashed blue line denotes projected recruitment based on rate observed up to the previous DMEC 
meeting in January 2020. Lighter aqua shaded region denotes period during which no LyoPlas was available to be supplied to 
the trial. Dashed black line denotes the scheduled end of trial recruitment. Darker aqua shaded region denotes period during 
which recruitment was paused due to COVID-19. A further breakdown of recruitment (by site) is provided in Appendix 2.
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Analysis of primary outcome

210 available
13 not available
  2 missing both episode mortality and
     lactate clearance data
  2 missing episode mortality data only
  9 missing lactate clearance data only 

580 patients deemed 
eligible for triala

148a not recruited

41 - no boxes available (other reason)
21 - trial on hold due to COVID-19
18 - proximity to hospital 
16 - attending member of staff not delegated 
RePHILL duties
14 - no boxes available (already used on shift)
11 - LyoPlas shortage 11 (7%)
8 - scene complications (e.g. no IO access, lack 
of resources)
7 - clinical (TCA, therefore not considered)
12 - other

Analysis of primary outcome
199 available
10 not available
  2 missing both episode mortality and 
     lactate clearance data
  3 missing episode mortality data only
  5 missing lactate clearance data only

5 withdrawn
  1 self-discharge & provided false 
details
  1 deemed to be ineligible (under 
16, no traumatic haemorrhage)
  1 declined to share reasons
  1 did not want to participate
  1 did not specify

432 randomised

2 withdrawn
  1 unable to obtain informed
  consent
  1 declined to share reasons
  1 lost to follow-up

209 allocated to PHBP/LyoPlas
208 supplied compliance data:
  199 received allocated interventionsb

  9 did not receive the allocated interventionsc 
1 missing compliance data

223 allocated to 0.9% saline
223 supplied compliance data:
  215 received allocated interventionsb

  8 did not receive the allocated interventionc

0 missing compliance data

FIGURE 5 CONSORT flow diagram. abased on screening lists provided by each IDS. IO = intraosseous, TCA = traumatic 
cardiac arrest. ballocated interventions are, unless clinically justified: the administration of at least one unit of RBC and 
one unit of LyoPlas in the PHBP/LyoPlas arm of the trial, and the administration of at least one bolus of fluid in the 
0.9% saline arm of the trial. creasons for participants not receiving any units of allocated intervention (with no clinical 
justification) were: 9 due to equipment absence/failure (e.g. of giving sets or lactate monitors), 1 due to complex scene 
conditions, 1 due to decision to stop resuscitation, 1 due to non-trial saline already being administered to patient and 
5 gave no reason.

The flow of participants and reasons for non-recruitment are summarised in Figure 5. Recruitment 
was approximately equal between both trial arms with 209 (46%) participants allocated to receive 
RBC/LyoPlas and 223 (54%) allocated to receive 0.9% saline.

All participants were followed up until trial exit, with data collection ending at the first occurrence of: 
withdrawal, acute care discharge, death or at 30 days follow-up. Episode mortality data was collected 
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up to discharge from the acute care setting, which may be >30 days. The median duration of study 
follow-up was 8 days [interquartile range (IQR) to 34] across all 432 participants. The median follow-
ups for each treatment group were 9 days (IQR 1 to 34) for participants in the RBC/LyoPlas group and 
7 days (IQR 0 to 31) for participants in the 0.9% saline group.

The allocation of participants between treatment arms exhibited a slight imbalance, with 14 
more participants allocated to receive 0.9% saline than to receive RBC/LyoPlas. Across all 8188 
treatment boxes issued by the blood banks, 4094 contained 0.9% saline and 4094 contained 
RBC/LyoPlas. Treatment boxes issued by blood banks were split 50:50 between RBC/LyoPlas 
and 0.9% saline in each IDS. Although the proportion of issued treatment boxes used by 
participants did vary by IDS, from 2.8% to 11.5%, there was no systematic imbalance by study 
arm. The pre-hospital teams were unaware of the treatment allocation prior to enrolling a 
participant, so we assume that the imbalance in the number of participants in each arm is down to 
random chance.

Baseline demographic and clinical characteristics

Baseline demographic and clinical characteristics by treatment arm are presented in Table 4. 
Participants were well-balanced across baseline characteristics, with most participants being male 
(82%), of white ethnicity (62%) and with a median age of 38 years (IQR 26 to 58). Participants 
could record more than one injury mechanism and the most commonly recorded was road traffic 
collision (62%), with stabbing (16%) and falls (14%) being the other main mechanisms of injury. 
Other mechanisms of injury were recorded by 9% of participants and comprised 13 laceration 
injuries, 6 pedestrian incidents with trains, 4 agricultural incidents, 4 industrial accidents and 5 
other injuries.

Injury characteristics were similar across treatment arms. The presence of a concurrent brain injury 
was only collected in the last 16 months of the trial and, during that period, around half of the 
participants had a concurrent brain injury (48%). Participants could experience both compressible 
and non-compressible haemorrhages, with non-compressible haemorrhages being the most 
commonly recorded (83%). Traumatic cardiac arrest, defined as those with a heart rate of 0 and 
blood pressure of 0, was experienced by 13% of participants providing on-scene heart rate and 
blood pressure measurements. Blunt force trauma injuries were recorded in 79% of participants, 
with penetrating trauma injuries recorded in 22% of participants. Acute excessive consumption or 
alcoholism was suspected in 14% of participants, and the presence of other illicit substances was 
suspected in 6% of participants. On-scene vital signs were very similar between both groups, with 
participants exhibiting a mean [(standard deviation (SD)] blood pressure of 73 (18)/46 (15) mmHg, 
a mean (SD) heart rate of 112 (32) bpm, a mean (SD) respiratory rate of 23.8 (10.1) per minute, a 
mean (SD) oxygen saturation of 92% (9%) and a median (IQR) GCS of 7 (3, 14). Capillary lactate 
concentration was very similar across both groups, with a mean (SD) of 9.15 (4.69) mmol/L across 
all participants.

Both measures of injury severity, injury severity score (ISS) and new injury severity score (NISS), 
are recorded only on those participants that were Trauma Audit Research Network (TARN) eligible. 
This excludes participants who died prior to arrival at the ED, so cannot strictly be defined as a 
baseline characteristic. For the 300 participants providing injury severity scores, the median ISS 
was 36 (IQR 25 to 50) and median NISS was 43 (IQR 34 to 57). The pre-hospital teams enrolling 
RePHILL patients attended scene via road ambulance for 62% of participants. They arrived on 
scene at a median of 26 minutes (IQR 19 to 37) after the time of injury, approximated via the time 
of the 999 call, and administered the first bolus of trial intervention at a median of 22 minutes 
(IQR 15 to 34) later.
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TABLE 4 Baseline characteristics by group

 RBC/LyoPlas (n = 209) 0.9% saline (n = 223) All (n = 432) 

Stratification variable

IDS

 Site 1 68 (32%) 64 (29%) 132 (31%)

 Site 2 37 (18%) 41 (18%) 78 (18%)

 Site 3 60 (29%) 61 (27%) 121 (28%)

 Site 4 44 (21%) 57 (26%) 101 (23%)

Demographic and other baseline variables

Sex (n = 208) (n = 223) (n = 431)

 Male 170 (82%) 183 (82%) 353 (82%)

Age (n) (n = 196) (n = 211) (n = 407)

 Median (IQR) 38 (27, 56.5) 39 (24, 59) 38 (26, 58)

Ethnic groupa (n = 166) (n = 168) (n = 334)

 White 104 (63%) 104 (62%) 208 (62%)

 Black 2 (1%) 3 (2%) 5 (1.5%)

 Mixed 4 (2%) 5 (3%) 9 (3%)

 Asian 8 (5%) 8 (5%) 16 (5%)

 Other 1 (1%) 4 (2%) 5 (1.5%)

 Not known/provided 47 (28%) 44 (26%) 91 (27%)

Injury details

Injury mechanismb

 RTC 130 (62%) 139 (62%) 269 (62%)

 Stabbing 33 (16%) 35 (16%) 68 (16%)

 Fall 26 (12%) 35 (16%) 61 (14%)

 Gunshot 4 (2%) 4 (2%) 8 (2%)

 Burn 0 (0%) 1 (0.4%) 1 (0.2%)

 Inhalation 1 (0.5%) 0 (0%) 1 (0.2%)

 Otherc 19 (9%) 22 (10%) 41 (9%)

Injury characteristics

 Concomitant head injuryd 29/60 (48%) 32/68 (47%) 61/128 (48%)

 Compressible haemorrhage 50/208 (24%) 49/223 (22%) 99/431 (23%)

 Non-compressible haemorrhage 171/208 (82%) 186/223 (83%) 357/431 (83%)

 Traumatic cardiac arreste 21/151 (14%) 20/175 (11%) 41/326 (13%)

 Blunt force trauma 162/208 (78%) 178/223 (80%) 340/431 (79%)

 Penetrating trauma 47/208 (23%) 48/223 (22%) 95/431 (22%)

 Crush trauma 6/208 (3%) 2/223 (1%) 8/431 (2%)
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 RBC/LyoPlas (n = 209) 0.9% saline (n = 223) All (n = 432) 

Suspected at time of injury

 Alcohol

  Yes 30 (14%) 32 (14%) 62 (14%)

  No 175 (84%) 186 (83%) 361 (84%)

 Other illicit substances

  Yes 13 (6%) 12 (5%) 25 (6%)

  No 187 (89%) 201 (90%) 388 (90%)

Pre-hospital timeline

Time from 999 call to arrival on scene 
(mins) Median (IQR) (n)

26 (19–36) (209) 27 (19–37) (223) 26 (19–37) (432)

Time from arrival on scene to administration 
of first intervention (mins) Median (IQR) (n)

22 (15–33) (201) 21 (13–35) (209) 22 (15–34) (410)

On-scene vital signs

Heart Rate (bpm)f Mean (SD, n) 115 (31, 185) 109 (33, 198) 112 (32, 383)

SBP (mmHg)f Mean (SD, n) 73 (16, 128) 73 (20, 148) 73 (18, 276)

DBP (mmHg)f Mean (SD, n) 47 (13, 125) 46 (16, 147) 46 (15, 272)

Respiratory rate (/min)f Mean (SD, n) 24 (9, 172) 23 (11, 186) 24 (10, 358)

Oxygen saturation (%)f Mean (SD, n) 92 (8, 131) 91 (9, 144) 92 (9, 275)

GCS Median (IQR) (n) 8 (3–14) (209) 6 (3–14) (222) 7 (3–14) (431)

Capillary lactate concentration 
(mmol/L) Mean (SD, n)

9.1 (4.4, 199) 9.2 (5.0, 207) 9.2 (4.7, 406)

Medical historyg

ISSh Median (IQR) (n) 36 (24.5–49) (148) 36 (25–50) (152) 36 (25–50) (300)

NISSh Median (IQR) (n) 43 (34–57) (144) 48 (34–57) (148) 43 (34–57) (292)

Comorbidities

 Yes 18/172 (10%) 20/170 (12%) 38/342 (11%)

 No 154/172 (90%) 149/170 (87.5%) 303/342 (88.75%)

Anticoagulant medication

 Yes 16/172 (9%) 24/170 (14%) 40/342 (12%)

 No 125/172 (73%) 105/170 (62%) 230/342 (67%)

 Unknown 30/172 (17.5%) 41/170 (24%) 71/342 (20.75%)

Antiplatelet medication

 Yes 3/172 (2%) 3/170 (2%) 6/342 (1.75%)

 No 138/172 (80%) 127/170 (75%) 265/342 (78%)

 Unknown 30/172 (17.5%) 40/170 (23%) 70/342 (20%)

Concomitant treatments

 Tranexamic acid 182 (87%) 206 (92%) 388 (90%)

TABLE 4 Baseline characteristics by group (continued)

continued
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 RBC/LyoPlas (n = 209) 0.9% saline (n = 223) All (n = 432) 

  Fluid volume given prior to intervention 
(ml) Mean (SD)

422 (499) 437 (482) 430 (490)

Mode of transport

 Air 80 (38%) 86 (39%) 166 (38%)

 Ground 129 (62%) 137 (61%) 266 (62%)

a Data only available for participants providing an ED arrival form.
b Multiple responses are possible.
c Other injuries comprise: 13 laceration injuries, 6 pedestrian incidents with trains, 4 agricultural incidents, 4 industrial 

accidents and 5 other injuries.
d Added in v4.0 of pre-hospital CRF (sent to all sites by 29 August 2019).
e Defined as those with a heart rate of 0 and blood pressure of 0.
f Blood pressure, heart rate, respiratory rate and oxygen saturation are summarised as continuous variables only for 

participants with non-zero on-scene measurements.
g Data only available for the 342 participants providing a medical history form.
h ISS and NISS will only be available for those participants who are TARN eligible, hence this is not strictly a baseline 

characteristic, and the number of missing participants refers to the number of TARN eligible participants missing their 
ISS or NISS.

TABLE 5 Mode of transport by IDS and group

Site Mode of transport RBC/LyoPlas (%) 0.9% saline (%) Total (%) 

Site 1 Air 19/68 (28) 19/64 (30) 38/132 (29)

Ground 49/68 (72) 45/64 (70) 94/132 (71)

Site 2 Air 17/37 (46) 18/41 (44) 35/78 (45)

Ground 20/37 (54) 23/41 (56) 43/78 (55)

Site 3 Air 23/60 (38) 17/61 (28) 40/121 (33)

Ground 37/60 (62) 44/61 (72) 81/121 (67)

Site 4 Air 21/44 (48) 32/57 (56) 53/101 (52)

Ground 23/44 (52) 25/57 (44) 48/101 (48)

Mode of transport
There was variability between IDS in the mode of transport the pre-hospital teams enrolling RePHILL 
patients used to attend the scene (see Table 3). Over all participants, 62% were attended via road 
ambulance, but this proportion varies between 48% and 71% across the four IDS.

The distribution of mode of transport is summarised by IDS and treatment group in Table 5.

Pre-hospital timeline
The pre-hospital timeline (see Table 6) displays the time, in minutes, between the key trial events that 
occurred prior to arrival at hospital for each treatment group. The timings are very similar across the two 
treatment groups, with little evidence that administering boluses of RBC and LyoPlas, compared to 0.9% 
saline, delayed arrival at ED. The time from opening the treatment box to arrival at ED was a median of 
32 minutes (IQR 21 to 45) for participants in the RBC/LyoPlas group and a median of 30 minutes (IQR 
20 to 45) for participants in the 0.9% saline group.

TABLE 4 Baseline characteristics by group (continued)
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Primary outcomes

The composite primary outcome of episode mortality and/or failure to clear lactate occurred in 128/199 
(64%) of participants in the RBC/LyoPlas group, and in 136/210 (65%) of participants in the saline 0.9% 
group (see Table 5). After adjusting for IDS, allocation to treatment with RBC/LyoPlas was observed 
across the 432 study participants to have a 1% higher relative risk of episode mortality and/or failure 
to clear lactate than allocation to treatment with 0.9% saline with a 95% two-sided compatibility 
interval of 0.88 to 1.17, indicating a moderate range of plausible true treatment effects. The degree of 
evidence against the null hypothesis that the treatments are interchangeable is p = 0.86. After adjusting 
for IDS, allocation to treatment with RBC/LyoPlas was observed across the 432 study participants to 
have a 0.025% lower absolute risk of episode mortality and/or failure to clear lactate than allocation 
to treatment with 0.9% saline with a 95% two-sided compatibility interval of −9% to 9%, indicating a 
moderate range of plausible true treatment effects. The degree of evidence against the null hypothesis 
that the treatments are interchangeable is p = 0.996.

The qualifying events for the primary outcome in each treatment group are given in Table 7. Due to 
participant drop-out and missing data, 23 participants did not provide primary outcome data. For the 
199 participants providing a primary outcome in the RBC/LyoPlas group, the most common outcome 
was survival and clearance of lactate (36%), 29% of participants experienced episode mortality and 
failed to clear their lactate, 20% survived but failed to clear their lactate and 15% cleared their lactate 
but experienced episode mortality. For the 210 participants providing a primary outcome in the 0.9% 
saline group, the most common outcome was experiencing episode mortality and failure to clear their 
lactate (36%), 35% of participants survived and cleared their lactate, 18% survived but failed to clear 
their lactate and 11% cleared their lactate but experienced episode mortality.

TABLE 6 Pre-hospital timing by group. Values above the diagonal correspond to participants allocated to RBC/LyoPlas, 
values below the diagonal correspond to participants allocated to 0.9% saline

Pre-hospital event 999 call 
On-scene 
attendance 

Randomisation 
capillary lactate 

Treatment 
box opening 

Left 
scenea 

Arrival 
at EDb 

999 call 26
(19, 36) 
(n = 209)

46
(35, 60)
(n = 203)

47
(35, 62)
(n = 209)

57.5
(41, 76)
(n = 62)

83
(63, 109)
(n = 169)

On-scene attendance 27
(19, 37)
(n = 223)

18
(11, 28)
(n = 203)

19
(11, 30)
(n = 209)

31
(22, 45)
(n = 62)

57
(40, 78)
(n = 169)

Randomisation capillary lactate 48.5
(34, 65)
(n = 214)

17.5
(10, 30)
(n = 214)

0
(0, 1)
(n = 203)

4
(0, 19)
(n = 59)

33
(22, 47)
(n = 165)

Treatment box opening 48
(34, 65)
(n = 223)

19
(10, 31)
(n = 223)

1
(0, 2)
(n = 214)

3
(–2, 15)
(n = 62)

32
(21, 45)
(n = 169)

Left scenea 66
(42, 
87.5)
(n = 68)

34.5
(19, 45)
(n = 68)

10
(–3, 24.5)
(n = 64)

10.5
(–3, 24.5)
(n = 68)

26
(17, 36)
(n = 53)

Arrival at EDb 85
(66, 111)
(n = 171)

57
(41, 74)
(n = 171)

31
(21, 45)
(n = 167)

30
(20, 45)
(n = 171)

26.5
(18, 36.5)
(n = 56)

All durations are recorded in minutes and expressed as medians and IQRs.
a Added in v4.0 of pre-hospital CRF (active from 29th August 2019).
b These numbers are lower than the totals of randomised participants due to deaths on-scene or during transit to 

hospital.
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The individual components of the primary outcome were analysed separately (see Table 8). Episode 
mortality occurred in 88/203 (43%) of participants in the RBC/LyoPlas group, and in 99/218 (45%) 
of participants in the saline 0.9% group (see Table 8). Analyses, adjusted for IDS, yielded an estimated 
risk ratio of 0.97 (95% CI 0.78 to 1.20; p-value: 0.75) and an estimated risk difference of −3% (95% 
CI: −12% to 7%; p-value: 0.57). Failure to clear lactate occurred in 98/196 (50%) of participants in 
the RBC/LyoPlas group, and in 113/206 (55%) of participants in the saline 0.9% group (see Table 8). 
Analyses, adjusted for IDS, yielded an estimated risk ratio of 0.94 (95% CI 0.78 to 1.13; p-value: 0.52) 
and an estimated risk difference of −5% (95% CI −14% to 5%; p-value: 0.33). The estimates of treatment 
effects for each individual component produced relatively wide CIs including both benefits and harms. 
The degree of evidence against the null hypothesis that the treatments are interchangeable ranged from 
0.33 to 0.75 across these analyses.

Table 6 summarises which of the primary outcome components were met by the 432 participants: the 
409 who recorded a primary outcome, and the 23 who did not provide information to determine a 
primary outcome.

Secondary outcomes

The secondary outcomes are summarised in Tables 9–13. Selected secondary outcomes are summarised 
in Table 9. The volume of post intervention fluids was similar between treatment groups [adjusted mean 

TABLE 7 Summary of qualifying event that contributed to the primary outcome

 RBC/LyoPlas (%) 0.9% saline Total 

Qualifying event, n (%)

 Both episode mortality and failure to clear lactate 58/209 (28) 76/223 (34) 134/432 (31)

 Episode mortality alone 30/209 (14) 23/223 (10) 53/432 (12)

 Failure to clear lactate alone 40/209 (19) 37/223 (17) 77/432 (18)

 Alive and cleared lactate 71/209 (34) 74/223 (33) 145/432 (34)

 Missing/not available 10/209 (5) 13/223 (6) 23/432 (5)

TABLE 8 Primary outcomes

 RBC/LyoPlas (%) 0.9% saline (%) Adjusted risk ratio (95% CI) 
Adjusted average 
difference (95% CI) 

Primary outcome

  Episode mortality 
and/or failure to 
clear lactate

128/199 (64) 136/210 (65) 1.01 (0.88 to 1.17)a; P = 0.86 −0.025% (−9%  
to 9%)b; P = 0.996

 Episode mortality 88/203 (43) 99/218 (45) 0.97 (0.78 to 1.20)a; P = 0.75 −3% (−12% to 7%)b; 
P = 0.57

Failure to clear lactate 98/196 (50) 113/206 (55) 0.94 (0.78 to 1.13)a; P = 0.52 −5% (−14% to 5%)b; 
P = 0.33

Data are n/N (%);
a Output is from a log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate lower event rates in 

the RBC/LyoPlas group.
b Output is from a binomial regression model with identity link adjusted for IDS. Values of absolute risk difference <0 

lower event rates in the RBC/LyoPlas group.
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TABLE 9 Selected secondary outcomes

 RBC/LyoPlas 0.9% saline 
Adjusted risk 
ratio (95% CI) 

Adjusted average 
difference (95% CI) 

Secondary outcomes

 Post intervention fluids (ml) 123 (310), 207 160 (389), 221 −34 (−101 to 32)a; 
P = 0.31

Time to ED arrival (mins)

 From 999 call 90 (35), 169 91 (35), 171 - 0.60 (–6.14 to 7.35)a; 
P = 0.86

 From randomisation 37 (22), 169 35 (22), 171 - 3.03 (−1.40 to 7.46)a; 
P = 0.18

Vital signs at ED arrival

 Heart rate (bpm) 107 (29), 157 105 (24), 154 - −0.80 (−5.83 to 
4.23)b; P = 0.76

  SBP (mmHg) 114 (27), 111 114 (29), 124 - −1.19 (−8.19 to 
5.82)b; P = 0.74

  Diastolic blood pressure  
(mmHg)

75 (24), 107 72 (24), 123 - 2.26 (−3.77 to 8.29)b; 
P = 0.46

 Respiratory rate (/min) 20 (6.5), 128 19 (5.6), 126 - 0.59 (−0.79 to 1.97)b; 
P = 0.40

 Oxygen saturation (%) 97 (5.2), 105 97 (5.2), 114 - 0.48 (−0.86 to 1.82)b; 
P = 0.48

Laboratory results (ED arrival)

  Lactate concentration 
(mmol/L)

7.04 (4.50) 6.93 (4.58) - −0.08 (−0.97 to 
0.82)b; P = 0.87

 INR >1.5 12/84 (14%) 12/74 (16%) 0.91 (0.44 to 
1.90)c; P = 0.80

 Haemoglobin (g/L) 133 (19), 154 118 (23), 152 - 15 (10 to 19)a; 
P < 0.0001

Total blood product up to 24 hours after ED arrival

 RBC 6.34 (7.09), 209 4.41 (6.17), 223 - 1.80 (0.58 to 3.01)a; 
P = 0.0037

 Plasma 5.04 (5.56), 209 3.37 (5.04), 223 - 1.54 (0.57 to 2.50)a; 
P = 0.0018

Death

 Within 3 hours 32/197 (16%) 46/208 (22%) 0.75 (0.50 to 
1.13)c; P = 0.17

−7% (−15% to 1%)d; 
P = 0.083

 Within 30 days 86/204 (42%) 99/219 (45%) 0.94 (0.76 to 
1.17)c; P = 0.59

−4% (−13% to 6%)d; 
P = 0.44

 Within 24 hours 47/197 (24%) 65/207 (31%) 0.77 (0.56 to 
1.06)c; P = 0.10

−8% (−17% to 
0.05%)d; P = 0.066

Data are n/N (%); or mean (SD), N, when N is different to the total number of participants, unless otherwise specified.
a Output is from a linear regression model adjusted for IDS. Values of mean differences <0 indicate lower average values 

in the RBC/LyoPlas group
b Output is from a linear regression model adjusted for IDS and the on-scene value of the outcome variable. Values of 

mean differences <0 indicate lower average values in the RBC/LyoPlas group.
c Output is from a log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate lower event rates in 

the RBC/LyoPlas group.
d Output is from a binomial regression model with identity link adjusted for IDS. Values of absolute risk difference <0 

lower event rates in the RBC/LyoPlas group.
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difference −34 ml (95% CI –101 to 32)]. There was little evidence of any meaningful difference in the 
time taken to arrive at ED from either the time of injury [recorded as the time of the 999 call, adjusted 
mean difference 0.60 minutes (95% CI –6.14 to 7.35)] or from the time of randomisation [recorded as 
the time the first treatment box was opened, adjusted mean difference 3.03 minutes (95% CI –1.40 
to 7.46)]. Vital signs recorded at ED arrival were similar across treatment groups [adjusted mean 
differences for heart rate −0.80 (95% CI –5.83 to 4.23) beats per minute, SBP −1.19 (95% CI –8.19 to 
5.82) mmHg, diastolic blood pressure 2.26 (95% CI –3.77 to 8.29) mmHg, respiratory rate 0.59 (95% 
CI –0.79 to 1.97) per minute and oxygen saturation 0.48 (95% CI –0.86 to 1.82)]. Laboratory results 
showed that lactate concentration on ED arrival was similar across groups [adjusted mean difference 
−0.08 (95% CI −0.97 to 0.82) mmol/L]. Although INR was only collected on 158 participants, the 
proportion with an INR >1.5 was similar across treatment groups [adjusted risk ratio 0.91 (95% CI 0.44 
to 1.90)]. Haemoglobin concentration on ED arrival was significantly higher in the RBC/LyoPlas group 
compared to the 0.9% saline group [adjusted mean difference 15 (95% CI 10 to 19) g/L]. A post-hoc 
analysis found that blood product use from admission to hospital through to 24 hours later was higher 
in the RBC/LyoPlas group than in the 0.9% saline group [adjusted mean difference of 1.80 (95% CI 
0.58 to 3.01) units of RBCs and 1.54 (95% CI 0.57 to 2.50) units of plasma]. Measures of mortality 
within 3 hours of injury and within 30 days of mortality were both slightly lower in the RBC/LyoPlas 
group. Analyses, adjusted for IDS, yielded an estimated risk ratio of 0.75 (95% CI 0.50 to 1.13) and 
an estimated risk difference of −7% (95% CI –15% to 1%) for 3-hour mortality. For 30-day mortality, 
adjusted analyses produced an estimated risk ratio of 0.94 (95% CI 0.76 to 1.17) and an estimated risk 
difference of −4% (95% CI –13% to 6%).

Pre-hospital fluid (type and volume) and vital signs are summarised in Table 10. The proportion of 
participants receiving fluids given prior to intervention, and the volumes of fluids received, were similar 
between both groups [adjusted risk ratio 0.95 (95% CI 0.83 to 1.07) and adjusted mean difference 

TABLE 10 Further secondary and exploratory outcomes: pre-hospital fluid type and volume and vital signs

Outcome RBC/LyoPlas 0.9% saline 
Adjusted risk ratio 
(95% CI) 

Adjusted average  
difference (95% CI) 

Pre-hospital fluid type and volume

  Fluids given prior to 
intervention

142/209 68%) 159/223 (71%) 0.95 (0.83 to 1.07)a;  
P = 0.40

 Salineb 140/209 (67%) 159/223 (71%)

 Hartmann’sb 1/209 (0.5%) 2/223 (1%)

 Otherb 7/209 (3%) 4/223 (2%)

  Volume given prior 
to intervention

422 (499), 209 437 (482), 223 −17 (−108 to 74)c; 0.71

  Fluids given after 
intervention

40/207 (19%) 52/221 (24%) 0.84 (0.58 to 1.21)a;  
P = 0.35

 Salineb 33/207 (16%) 39/221 (17%)

 Hartmann’sb 3/207 (1%) 6/221 (3%)

 Otherb 5/207 (2%) 15/221 (7%)

  Volume given after 
intervention

123 (310), 207 160 (389), 221 −34 (−101 to 32)c;
P = 0.31
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Outcome RBC/LyoPlas 0.9% saline 
Adjusted risk ratio 
(95% CI) 

Adjusted average  
difference (95% CI) 

Vital signs

Heart rate (bpm)

 On scene 115 (31),185 109 (33), 198 5.83 (−0.61 to 12.27)c; 
P = 0.076

 ED arrival 107 (29), 157 105 (24), 154 −0.80 (−5.83 to 4.23)d; 
P = 0.76

 2 hrs after ED arrival 95 (22), 147 91 (22), 147 3.80 (−1.09 to 8.70)d; P = 0.13

 6 hrs after ED arrival 88 (21), 148 86 (21), 137 2.57 (−2.34 to 7.49)d; P = 0.31

  12 hrs after ED 
arrival

90 (21), 149 89 (23), 139 1.23 (−3.81 to 6.28)d; P = 0.63

  24 hrs after ED 
arrival

90 (20), 144 90 (22), 134 −1.05 (−5.94 to 3.84)d; 
P = 0.67

SBP (mmHg)

 On scene 73 (16), 128 73 (20), 148 −0.05 (v4.23 to 4.14)c; 
P = 0.98

 ED arrival 114 (27), 111 114 (29), 124 −1.19 (−8.19 to 5.82)d; 
P = 0.74

 2 hrs after ED arrival 114 (24), 113 115 (21), 121 0.04 (−5.75 to 5.83)d; P = 0.99

 6 hrs after ED arrival 109 (21), 116 114 (23), 117 −5.22 (−10.87 to 0.43)d; 
P = 0.070

  12 hrs after ED 
arrival

113 (22), 110 115 (24), 118 −2.27 (−8.23 to 3.69)d; 
P = 0.45

  24 hrs after ED 
arrival

114 (20), 109 117 (21), 114 −3.24 (−8.59 to 2.12)d;
P = 0.24

Diastolic blood pressure (mmHg)

 On scene 47 (13), 125 46 (16), 147 0.77 (−2.70 to 4.24)c; P = 0.66

 ED arrival 75 (24), 107 72 (24), 123 2.26 (−3.77 to 8.29)d; P = 0.46

 2 hrs after ED arrival 67 (17), 111 65 (15), 119 2.07 (−1.97 to 6.12)d; P = 0.31

 6 hrs after ED arrival 64 (15), 114 67 (15), 117 −2.76 (−6.57 to 1.04)d; 
P = 0.15

  12 hrs after ED 
arrival

62 (13), 108 62 (13), 118 −0.36 (−3.60 to 2.88)d; 
P = 0.83

  24 hrs after ED 
arrival

61 (14), 107 62 (12), 114 −1.44 (−4.73 to 1.84)d; 
P = 0.36

Respiratory rate (/min)

 On scene 24 (9.5), 172 23 (10.6), 191 0.98 (−1.10 to 3.05)c; P = 0.36

 ED arrival 20 (6.5), 128 19 (5.6), 126 0.59 (–0.79 to 1.97)d; P = 0.40

 2 hrs after ED arrival 19 (4.8), 121 19 (4.7), 123 0.45 (−0.72 to 1.62)d; P = 0.45

 6 hrs after ED arrival 19 (6.3), 133 18 (4.1), 129 0.62 (−0.66 to 1.91)d; P = 0.34

  12 hrs after ED 
arrival

19 (5.2), 140 18 (3.8), 133 0.49 (−0.59 to 1.58)d; P = 0.37

TABLE 10 Further secondary and exploratory outcomes: pre-hospital fluid type and volume and vital signs (continued)

continued
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−17 (−108 to 74) ml]. The proportion of participants receiving fluids given after intervention, and the 
volumes of fluids received, were also similar between both groups [adjusted risk ratio 0.84 (95% CI 
0.58 to 1.21) and adjusted mean difference −34 (−101 to 32) ml]. Vital signs were recorded at regular 
intervals from arrival on scene to 24 hours after arrival at hospital. Vital signs are only summarised 
for participants who were still alive at the time of assessments (i.e. no values of 0 are imputed for 
participants known to have died at a previous time point). All vital signs were broadly similar across 
both treatment groups at each time point. Mean heart rate values appeared to stabilise at around 
86–90 beats per minute two hours after participants arrived in hospital. SBP increased from a mean of 
73 mmHg on scene to around 110–117 mmHg at all in-hospital assessments. Diastolic blood pressure 
increased from a mean of 46 mmHg on scene to a mean of 73 mmHg when arriving at hospital, before 
reducing to a mean of 62 mmHg 12 hours after arriving at hospital. Respiratory rate was slightly elevated 
on scene with a mean of 23 per minute, but this reduced to an average rate between 18 and 20 per 
minute after arrival at hospital. Oxygen saturation was relatively low on scene with a mean of 92%, 
but this increased to a mean saturation greater than 97% once participants arrived in hospital. Lactate 
concentration was similar across both arms at each time point with values decreasing from arrival at 
hospital to 2 hours after arrival at hospital. At 2 and 6 hours after arrival at hospital, the proportion of 
participants with an INR >1.5 was similar across treatment groups, however given the low incidence of 
participants with an INR >1.5 there is considerable uncertainty associated with these estimates. Calcium 
concentration on ED arrival was similar across treatment groups [adjusted mean difference −0.03 
(95% CI −0.12 to 0.05) mmol/L].

Total blood product receipt was recorded at 6, 12 and 24 hours after arrival at hospital and is 
summarised in Table 12. The mean number of units of RBCs used at each time point was slightly higher 
in participants in the RBC/LyoPlas group compared to the 0.9% saline group. Similarly, the mean number 
of units of plasma used at each time point was also slightly higher in the RBC/LyoPlas group compared 
to the 0.9% saline group. Participants on the RBC/LyoPlas arm received a higher volume of crystalloid 
than participants on the 0.9% saline arm [adjusted mean difference at 12 hours after hospital arrival 628 

Outcome RBC/LyoPlas 0.9% saline 
Adjusted risk ratio 
(95% CI) 

Adjusted average  
difference (95% CI) 

  24 hrs after ED 
arrival

18 (4.11), 140 18 (3.7), 129 0.38 (−0.56 to 1.31)d; P = 0.43

Oxygen saturation (%)

 On scene 92 (7.6),131 91 (9.3), 144 0.92 (−1.10 to 2.94)c; P = 0.37

 ED arrival 97 (5.2), 105 97 (5.2), 114 0.48 (−0.86 to 1.82)d; P = 0.48

 2 hrs after ED arrival 98 (3.9), 104 98 (4.9), 108 0.03 (−1.14 to 1.20)d; P = 0.96

 6 hrs after ED arrival 98 (4.4), 109 98 (6.0), 103 0.48 (−0.94 to 1.90)d; P = 0.51

  12 hrs after ED arrival 97 (6.9), 108 98 (3.9), 102 −0.38 (−1.91 to 1.15)d; P = 0.63

  24 hrs after ED 
arrival

97 (2.6), 105 98 (2.4), 96 −0.02 (−0.70 to 0.65)d; P = 0.95

a Output is from a log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate lower event rates in 
the RBC/LyoPlas group.

b Multiple responses are possible.
c Output is from a linear regression model adjusted for IDS. Values of mean differences <0 indicate lower average values 

in the RBC/LyoPlas group.
d Output is from a linear regression model adjusted for IDS and the on-scene value of the outcome variable. Values of 

mean differences <0 indicate lower average values in the RBC/LyoPlas group.

Note
Data are n/N (%); or mean (SD), N, when N is different to the total number of participants, unless otherwise specified.

TABLE 10 Further secondary and exploratory outcomes: pre-hospital fluid type and volume and vital signs (continued)
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TABLE 11 Further secondary and exploratory outcomes: laboratory results, ROTEM and Multiplate

Outcome RBC/LyoPlas 0.9% saline 
Adjusted risk 
ratio (95% CI) 

Adjusted average difference 
(95% CI) 

Laboratory results

Lactate concentration (mmol/L)

  2 hrs post- 
randomisation 
based on time

5.42 (4.45)
(n = 168)

5.78 (4.68)
(n = 169)

−0.37 (−1.28 to 0.53)a; P = 0.42

  2 hrs post- 
randomisation 
based on CRF

4.91 (4.14)
(n = 153)

5.40 (4.41)
(n = 152)

−0.34 (−1.24 to 0.55)a; P = 0.46

 Arrival at ED 7.04 (4.50)
(n = 157)

6.93 (4.58)
(n = 161)

−0.08 (−0.97 to 0.82)a; P = 0.87

  2 hrs after ED 
arrival

4.45 (3.57)
(n = 134)

4.46 (3.33)
(n = 138)

−0.07 (−0.84 to 0.70)a; P = 0.86

INR >1.5

 ED arrival 12/84 (14%) 12/74 (16%) 0.91 (0.44 to 
1.90)b; P = 0.80

  2 hrs after ED 
arrival

1/27 (4%) 4/29 (14%) 0.27 (0.03 to 
2.25)c; P = 0.23

  6 hrs after ED 
arrival

3/48 (6%) 3/46 (7%) 0.81 (0.17 to 
3.88)b; P = 0.79

Haemoglobin 
(g/L) arrival at ED

133 (19), 154 118 (23), 152 15 (10 to 19)d;
P = < 0.0001

Calcium 
(mmol/L) arrival 
at ED

1.21 (0.42), 152 1.24 (0.37), 156 −0.03 (−0.12 to 0.05)d; P = 0.44

ROTEM

EXTEM

 A05 (mm) 35.8 (9.9), 32 33.2 (11.9), 23 2.61 (−3.07 to 8.29)d; P = 0.37

 CFT (seconds) 107 [84.5, 131.5], 32 110 [79, 145], 22 −3 (−36 to 30)e; P = 0.86

 MCF (mm) 55.7 (12.4),32 54.9 (6.01), 20 0.64 (−5.10 to 6.37)d; P = 0.83

 CT (seconds) 78 [73, 107], 33 78 [69, 122], 3 3 (−22 to 28)c; P = 0.81

 α angle (degree) 70 [66, 73], 28 71 [65, 74],23 −1 (−6 to 4)c; P = 0.67

 Ly30 (%) 100 [100, 100], 32 100 [100, 100], 23 0 (−0 to 0)e; -

 Ly60 (%) 99.5 [99, 100], 22 98.5 [97, 100], 18 1 (−0.29 to 2.29)c; P = 0.13

FIBTEM

 A05 (mm) 8.73 (3.78), 30 5.86 (2.71), 22 2.89 (1.06 to 4.71)d; P = 0.0020

 CFT (seconds) 76 (-), 1 - -

 MCF (mm) 12.0 (9.6), 29 7.85 (3.34), 20 4.21 (−0.13 to 8.54)d; P = 0.057

 CT (seconds) 73 [67, 101], 31 84 [70, 121], 22 −9 (−33 to 15)c; P = 0.46

 α angle (degree) 63 (7.3), 15 60 (9.0), 7 2.51 (−3.90 to 8.93)d; P = 0.44

continued
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(95% CI 211 to 1034) ml, adjusted mean difference at 24 hours after hospital arrival 708 (95% CI 180 to 
1236) ml]. The number of bags of cryoprecipitate and platelets was similar across all three time points. 
The volume of colloid was lower in participants in the RBC/LyoPlas group compared to the 0.9% saline 
group, but the high variability of colloid volume means there is considerable uncertainty associated with 
these adjusted mean differences.

Further secondary outcomes are summarised in Table 13. Acute respiratory distress syndrome (ARDS) 
was recorded in 9/142 (6%) participants in the RBC/LyoPlas group and 3/129 (2%) in the saline 0.9% 
group, adjusted relative risk 2.71 (95% CI 0.75 to 9.81). The rate of transfusion-related complications in 
the first 24 hours after arrival in hospital was similar across the two treatment groups [11/148 (7%) in 
the RBC/LyoPlas group and 9/137 (7%) in the 0.9% saline group, adjusted risk ratio 1.05 (95% CI 0.46 to 
2.42)]. The number of organ failure-free days experienced by participants was similar across treatment 
groups [mean 12.19 days (SD 13.0) in the RBC/LyoPlas group and 12.1 days (SD 13.1) in the 0.9% saline 
group, adjusted mean difference 0.86 (95% CI −1.64 to 3.36) days].

Laboratory results, ROTEM and Multiplate are summarised in Table 11. Coagulation measured 
viscoelastically by rotational thromboelastometry (ROTEM©) and platelet function using multiple 
electrode impedance aggregometry (MultiPlate) data was only collected on participants from selected 
receiving hospitals. The measurements taken for both sets of EXTEM and FIBTEM tests were similar 
across treatment group, suggesting that participants in each treatment arm exhibited equivalent 
coagulation measured viscoelastically profiles. Multiplate data were only collected on 32 participants, 
and the uncertainty associated with these small sample sizes makes it hard to reach any meaningful 
conclusions other than that there was an absence of evidence of any meaningful difference between 
treatment arms.

Outcome RBC/LyoPlas 0.9% saline 
Adjusted risk 
ratio (95% CI) 

Adjusted average difference 
(95% CI) 

 Ly30 (%) 100 [100, 100], 29 100 [100, 100], 22 0 (–0 to 0)e; -

 Ly60 (%) 100 [100, 100], 21 100 [100, 100], 17 0 (0 to 0)e; -

Multiplate

 TRAP 93.4 (49.8), 21 77.6 (44.2), 10 11.0 (−24.2 to 46.2)d; P = 0.54

 ADP 53.5 (40.4), 22 42.8 (24.6), 10 6.36 (−19.7 to 32.4)d; P = 0.63

 ASPI 66.2 (41.8), 21 51.4 (36.5), 10 12.8 (−17.1 to 42.7)d; P = 0.40

a Output is from a linear regression model adjusted for IDS and the on-scene value of the outcome variable. Values of 
mean differences <0 indicate lower average values in the RBC/LyoPlas group.

b Output is from a log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate lower event rates in 
the RBC/LyoPlas group.

c Output is from a quantile regression model adjusted for IDS. Values of median differences <0 indicate lower average 
values in the RBC/LyoPlas group.

d Output is from a linear regression model adjusted for IDS. Values of mean differences <0 indicate lower average values 
in the RBC/LyoPlas group.

e Output is from Hodges-Lehmann estimation of the location shift between the two groups and asymptotic CIs. Estimates 
are not adjusted for IDS. Values of mean differences <0 indicate lower average values in the RBC/LyoPlas group.

Note
Data are n/N (%); mean (SD); median [IQR]; or mean (SD), N, or median [IQR], N, when N is different to the total number 
of participants, unless otherwise specified.
EXTEM, Tissue factor activation; FIBTEM, tissue factor activation + platelet inhibition evaluating the contribution of 
fibrinogen to clot formation; ROTEM, rotational thromboelastometry.

TABLE 11 Further secondary and exploratory outcomes: laboratory results, ROTEM and Multiplate (continued)
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TABLE 12 Further secondary and exploratory outcomes: blood product usage

Outcome RBC/LyoPlas 0.9% saline 
Adjusted average difference  
(95% CI)a 

Total blood product receipt

RBCs (units)

 6 hrs after arrival at ED 5.61 (5.92), 132 5.31 (5.84), 137 0.09 (−1.27 to 1.45); P = 0.89

 12 hrs after arrival at ED 6.03 (7.62), 144 5.26 (6.08), 143 0.55 (−1.00 to 2.10); P = 0.49

 24 hrs after arrival at ED 5.63 (6.14), 139 5.31 (6.33), 134 0.18 (−1.22 to 1.59); P = 0.80

Plasma (units)

 6 hrs after arrival at ED 4.31 (4.68), 143 3.97 (4.75), 144 0.16 (−0.90 to 1.22); P = 0.77

 12 hrs after arrival at ED 4.72 (5.69), 144 4.26 (5.17), 143 0.30 (−0.92 to 1.51); P = 0.63

 24 hrs after arrival at ED 4.50 (4.76), 139 4.31 (5.40), 134 0.12 (–1.03 to 1.26); P = 0.84

Crystalloid (volume)

 6 hrs after arrival at ED 1417 (1610), 142 1037 (1175), 144 382 (61 to 702); P = 0.020

 12 hrs after arrival at ED 2388 (2031), 143 1782 (1550), 143 628 (221 to 1034); P = 0.0025

 24 hrs after arrival at ED 3620 (2479), 139 2947 (2115), 134 708 (180 to 1236); P = 0.0086

Cryoprecipitate (bags)

 6 hrs after arrival at ED 0.66 (1.23), 143 0.64 (1.38), 144 0.001 (−0.30 to 0.30); P = 0.99

 12 hrs after arrival at ED 0.89 (1.73), 144 0.80 (1.65), 143 0.05 (−0.33 to 0.43); P = 0.79

 24 hrs after arrival at ED 0.96 (2.03), 139 0.88 (2.00), 134 0.06 (−0.41 to 0.52); P = 0.82

Platelets (bags)

 6 hrs after arrival at ED 0.54 (0.97), 143 0.42 (0.87), 144 0.10 (−0.11 to 0.31); P = 0.37

 12 hrs after arrival at ED 0.63 (1.14), 144 0.55 (1.02), 143 0.06 (−0.18 to 0.31); P = 0.62

 24 hrs after arrival at ED 0.71 (1.19), 139 0.67 (1.31), 134 0.02 (−0.27 to 0.31); P = 0.90

Colloid (volume)

 6 hrs after arrival at ED 28 (155), 142 83 (317), 144 −55 (−113 to 3); P = 0.062

 12 hrs after arrival at ED 31 (144), 143 128 (499), 142 −98 (−183 to 13); P = 0.024

 24 hrs after arrival at ED 105 (368), 138 197 (701), 134 −89 (−221 to 43); P = 0.18

a Output is from a linear regression model adjusted for IDS. Values of mean differences <0 indicate lower average values 
in the RBC/LyoPlas group

Note
Data are mean (SD), N.

Exploratory outcomes are summarised in Table 14. Both the length of stay in ITU and in hospital, 
recorded from admission to hospital up to a maximum of 30 days, were similar between treatment 
groups [adjusted mean differences of −0.40 days (95% CI −2.84 to 2.04) and −1.67 days (95% CI −4.31 
to 0.97) respectively]. The occurrence of organ failure on at least one day during hospital stay was 
assessed for each organ system. Around two-thirds of participants experienced organ failure on at least 
one day in their respiratory, neurological or cardiovascular systems. One in four participants experienced 
organ failure on at least one day in their renal system, one in eight participants experienced organ failure 
on at least one day in their coagulation system, and one in 13 experienced organ failure on at least 
one day in their liver system. Of the 406 participants providing a response, nearly all (97%) received 
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an initial dose of TXA, of the 307 participants providing a response, over two-thirds (69%) received a 
second dose. Rates of surgery in the first 24 hours following admission to hospital were similar in both 
treatment groups, with the highest rates reported up to 6 hours after arrival at hospital.

Exploratory Bayesian analyses

We decided a priori to include a Bayesian analysis of the primary outcome and its individual 
components. The rationale for doing so was to directly estimate the probability of a clinically meaningful 
treatment effect, which is a measurement of direct interest to clinicians.18

Following the DMEC and TSC meetings in May and October 2018, the power calculations were reframed 
in terms of relative risk rather than absolute risk while maintaining the original target sample size of 490. 
Based on the observed pooled event rate in May 2018 (65%), and allowing for a 10% loss to follow-up 
rate, 490 participants would provide 80% power to detect a relative risk ratio of 0.82. This effect size was 
used to inform the sceptical and information prior distributions in the exploratory Bayesian analyses.

Bayesian models were fitted using three different prior distributions: a non-informative prior, a sceptical 
prior such that the probability of observing a treatment effect at least as large as a relative risk ratio of 
0.82 is <5% and an informative prior reflecting current knowledge. For each set of the priors, Table 15 
provides summary statistics (the mean value, and upper and lower 2.5% quantiles) of the primary 
outcome event rates in each treatment group. Posterior probabilities of primary outcome rates by 
treatment group were estimated for Bayesian analyses using each of the three priors, encompassing 
varying assumptions of benefit from RBC/LyoPlas.

Bayesian analysis of the composite primary outcome
For each set of priors, the median risk ratios and associated 95% higher posterior density intervals for 
the primary outcome are presented in Table 16, along with the posterior probabilities that the risk ratio 

TABLE 13 Further secondary and exploratory outcomes – ARDS, transfusion complications, organ failure-free days and 
all-cause mortality

Outcome RBC/LyoPlas 0.9% saline Adjusted risk ratio (95% CI) 
Adjusted average 
difference (95% CI) 

ARDS 9/142 (6%) 3/129 (2%) 2.71 (0.75 to 9.81)a; P = 0.13

Transfusion-related 
complications (in first 
24 hours in ED)

11/148 (7%) 9/137 (7%) 1.05 (0.46 to 2.42)a; P = 0.90

Organ failure-free daysb 12.9 (13.0), 202 12.1 (13.1), 212  0.86 (−1.64 to 3.36)c; 
 P = 0.50

All-cause mortality ≤ 3 hrs of randomisation

  Using time of death 
only

6/171 (4%) 6/168 (4%) 0.94 (0.32 to 2.82)a; P = 0.92   −0.001 (−0.04 to 
0.04)d; P = 0.98

a Output is from a log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate lower event rates in 
the RBC/LyoPlas group.

b Organ failure-free days. The presence of organ failure is defined as any Sequential Organ Failure Assessment (SOFA) 
component score of ≥ 3. Organ failure will be assumed to be absent if the participant is discharged from hospital and 
will be assumed to be present if the participant has died.

c Output is from a linear regression model adjusted for IDS. Values of mean differences <0 indicate lower average values 
in the RBC/LyoPlas group.

d Output is from a binomial regression model with identity link adjusted for IDS. Values of absolute risk difference <0 
lower event rates in the RBC/LyoPlas group.

Note
Data are n/N (%); or mean (SD), N, when N is different to the total number of participants, unless otherwise specified.
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TABLE 14 Exploratory outcomes

Outcome RBC/LyoPlas 0.9% saline 
Adjusted risk 
ratio (95% CI) 

Adjusted average 
difference (95% CI) 

ITU length of stay 
(up to day 30)

(n = 142) (n = 130)

  Up to discharge 
from ITU

10.5 (10.2) 10.9 (10.4) −0.40 (−2.84 to 
2.04)a

Hospital length of stay (up to day 30)

  Up to discharge 
from hospital

17.9 (11.4) 19.7 (10.8) −1.67 (−4.31 to 
0.97)a

Any organ failure by system during hospital stay (up to day 30) [SOFA ≥3]

 Respiratory 83/118 (70%) 68/113 (60%) 1.16 (0.96 to 1.40)b

 Neurological 89/139 (64%) 74/130 (57%) 1.13 (0.93 to 1.37)b

 Cardiovascular 95/138 (69%) 80/126 (63%) 1.09 (0.91 to 1.29)b

 Liver 13/130 (10%) 6/122 (5%) 2.09 (0.82 to 5.35)b

 Coagulation 12/135 (9%) 19/127 (15%) 0.58 (0.29 to 1.14)b

 Renal 32/136 (24%) 33/126 (26%) 0.92 (0.61 to 1.40)b

Use of tranexamic acid

First TXA dose 
received

186/193 (96%) 208/213 (98%) 0.99 (0.98 to 1.01)c

Second TXA dose received

 On arrival at ED 85/168 (51%) 68/168 (40%) 1.24 (0.97 to 1.56)b

  2 hrs after arrival 
at ED

54/127 (43%) 60/139 (43%) 1.00 (0.76 to 1.31)b

  6 hrs after arrival 
at ED

52/116 (45%) 50/110 (45%) 1.00 (0.77 to 1.32)b

Any second dose 
received

111/157 (71%) 102/150 (68%) 1.02 (0.89 to 1.17)b

Surgery

  2 hrs after arrival 
at ED

51/162 (31%) 45/166 (27%) 1.08 (0.78 to 1.49)b

  Between 2 and 6 hrs 
after arrival at ED

60/155 (39%) 49/151 (32%) 1.10 (0.83 to 1.46)b

  Between 6 and 12 
hrs after arrival at ED

39/152 (26%) 25/148 (17%) 1.54 (0.98 to 2.42)b

  Between 12 and 24 
hrs after arrival at ED

32/148 (21%) 31/137 (23%) 0.96 (0.62 to 1.49)b

a Output is from a linear regression model adjusted for IDS. Values of mean differences <0 indicate lower length of stay 
in the RBC/LyoPlas group.

b Output is from a log-binomial regression model adjusted for IDS. Values of risk ratio < 1 indicate lower event rates in 
the RBC/LyoPlas group.

c Output from Poisson regression with robust standard errors due to lack of convergence using log-binomial regression 
model. Model adjusted for IDS. Values of risk ratio <1 indicate lower rate of TXA use with RBC/LyoPlas.
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is <1, 0.8 and 0.7. The results are extremely similar across all three prior specifications, with posterior 
risk ratios of 1.01 (95% HDI 0.88 to 1.16) estimated for each. These estimates match the frequentist 
estimate of the adjusted risk ratio: 1.01 (95% CI 0.88 to 1.17). For each analysis the posterior probability 
that the risk ratio of experiencing either episode mortality or failure to clear lactate was lower in the 
RBC/LyoPlas group than in the 0.9% saline group which was 44%. The probability that the risk ratio of 
experiencing either episode mortality or failure to clear lactate was at least 20% lower (risk ratio of <0.8) 
in the RBC/LyoPlas group than in the 0.9% saline group which was 0.1%.

For each set of priors, the median absolute risk differences and associated 95% higher posterior 
density intervals for the primary outcome are presented in Table 17, along with the posterior 
probabilities that the absolute risk difference is less than 0, −10% and −20%. The results are 
consistent across all three prior specifications, with posterior absolute risk differences ranging from 
0.6% (95% HDI −7% to 8%) to −0.4% (HDI −9% to 8%). These estimates align with the frequentist 
estimate of the adjusted absolute risk differences: −0.025% (95% CI −9% to 9%). Across the Bayesian 
analyses the posterior probability that the absolute risk of experiencing either episode mortality or 
failure to clear lactate was lower in the RBC/LyoPlas group than in the 0.9% saline group ranged 
from 44.1% to 53.4%. The probability that the absolute risk of experiencing either episode mortality 
or failure to clear lactate was at least 10 percentage points lower in the RBC/LyoPlas group than in 
the 0.9% saline group which ranged from 0.3% to 1.6%.

TABLE 15 Priors for Bayesian analysis of primary outcome

Prior Treatment group 

Summary statistics for prior distributions: assumed 
event rate of composite primary outcome

2.5% Mean, % 97.5% 

Non-informative 0.9% saline 2.5 50 97.5

RBC/LyoPlas 2.5 50 97.5

Sceptical 0.9% saline 55.7 66.7 76.8

RBC/LyoPlas 55.7 66.7 76.8

Informative 0.9% saline 40 70 93.2

RBC/LyoPlas 19.4 60 92.5

TABLE 16 Bayesian analysis of primary outcome using all recorded 2 hr post-randomisation lactates: risk ratio adjusted 
for IDS

Composite 
outcome 

RBC/LyoPlas 
(N = 209) 

0.9% saline 
(N = 223) Priors 

Median 
risk ratio 95% HDI 

Probability of risk ratio

< 1.0, % < 0.8, % < 0.7, % 

Yes 128 (64%) 136 (65%) Non-
informative

1.01a (0.88–1.16)a 43.5 0.1 0

No 71 (36%) 74 (35%) Sceptical 1.01a (0.87–1.16)a 44 0.1 0

Missing 10 13 Informative 1.01a (0.87–1.16)a 44 0.1 0

a Output from Bayesian log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate fewer negative 
events (episode mortality or failure to clear lactate concentration) with RBC/LyoPlas.
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Bayesian analysis of episode mortality
For each set of priors, the median risk ratios and associated 95% higher posterior density intervals for 
episode mortality are presented in Table 18, along with the posterior probabilities that the risk ratio is 
<1, 0.8 and 0.7. As for the primary outcome analysis, the results are extremely similar across all three 
prior specifications, with posterior risk ratios for episode mortality of 0.97 (95% HDI 0.77 to 1.17) or 
0.97 (95% HDI 0.77 to 1.18) estimated for each. These estimates are consistent with the frequentist 
estimate of the adjusted risk ratio: 0.97 (95% CI 0.78 to 1.20). For each analysis, the posterior 
probability that the risk ratio of experiencing episode mortality was lower in the RBC/LyoPlas group than 
in the 0.9% saline group was between 63% and 64%. The probability that the risk ratio of experiencing 
episode mortality was at least 20% lower (risk ratio of <0.8) in the RBC/LyoPlas group than in the 0.9% 
saline group <5% in all three analyses.

For each set of priors, the median absolute risk differences and associated 95% higher posterior density 
intervals for episode mortality are presented in Table 19, along with the posterior probabilities that 
the absolute risk difference is <0, −10% and −20%. The results are consistent across all three prior 
specifications, with posterior absolute risk differences ranging from −5% (95% HDI −12% to 3%) to −3% 
(HDI −12% to 6%). These estimates align with the frequentist estimate of the adjusted absolute risk 
differences: −3% (95% CI −12% to 7%). Across the Bayesian analyses, the posterior probability that the 
absolute risk of experiencing episode mortality was lower in the RBC/LyoPlas group than in the 0.9% 
saline group ranged from 71.2% to 88.2%. The probability that the absolute risk of experiencing episode 
mortality was at least 10 percentage points lower in the RBC/LyoPlas group than in the 0.9% saline 
group ranged from 5.9% to 9.5%.

TABLE 17 Bayesian analysis of primary outcome using all recorded 2 hr post-randomisation lactates: absolute risk 
difference adjusted for IDS

Composite 
Outcome 

RBC/ 
LyoPlas 
(N = 209) 

0.9% 
saline 
(N = 223) Priors 

Median 
absolute 
risk 
difference 95% HDI 

Probability of absolute risk 
difference

< 0.0, % < −0.1, % < −0.2, % 

Yes 128 (64%) 136 (65%) Non-
informative

0.002a (−0.09 to 0.09)a 48.2 1.3 0.007

No 71 (36%) 74 (35%) Sceptical 0.006a (−0.07 to 0.08)a 44.1 0.3 0

Missing 10 13 Informative −0.004a (−0.09 to 0.08)a 53.4 1.6 0

a Output from Bayesian binomial regression model with identity link adjusted for IDS. Values of absolute risk difference 
<0 indicate fewer negative events (episode mortality or failure to clear lactate concentration) with RBC/LyoPlas.

TABLE 18 Bayesian analysis of episode mortality: risk ratio adjusted for IDS

Episode 
mortality 

RBC/LyoPlas 
(N = 209) 

0.9% saline 
(N = 223) Priors 

Median 
risk ratio 95% HDI 

Probability of risk ratio

< 1.0, % < 0.8, % < 0.7, % 

Yes 88 (43%) 99 (45%) Non-
informative

0.97a (0.77–1.18)a 63.1 4.2 0.2

No 115 (57%) 119 (55%) Sceptical 0.97a (0.77–1.17)a 63.6 4.6 0.2

Missing 6 5 Informative 0.97a (0.77–1.17)a 64.0 4.6 0.2

a Output from Bayesian log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate fewer episode 
mortality events with RBC/LyoPlas.
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Bayesian analysis of failure to clear lactate
For each set of priors, the median risk ratios and associated 95% higher posterior density intervals for 
failure to clear lactate are presented in Table 20, along with the posterior probabilities that the risk ratio 
is <1, 0.8 and 0.7. The results are similar across all three prior specifications, with posterior risk ratios of 
either 0.94 (95% HDI 0.78 to 1.13) or 0.94 (95% HDI 0.77 to 1.12) estimated for each. These estimates 
align well with the frequentist estimate of the adjusted risk ratio: 0.94 (95% CI 0.78 to 1.13). Across 
all three analyses, the posterior probability that the risk ratio of failure to clear lactate was lower in the 
RBC/LyoPlas group than in the 0.9% saline group ranged from 73.5% to 74.5%. The probability that the 
risk ratio of failure to clear lactate was at least 20% lower (risk ratio of <0.8) in the RBC/LyoPlas group 
than in the 0.9% saline group ranged from 4.3% to 4.5%.

For each set of priors, the median absolute risk differences and associated 95% higher posterior density 
intervals for failure to clear lactate are presented in Table 21, along with the posterior probabilities that 
the absolute risk difference is <0, −10% and −20%. The results are consistent across all three prior 
specifications, with posterior absolute risk differences ranging from −4% (95% HDI −13% to 5%) to −5% 
(HDI −14% to 4%). These estimates align closely with the frequentist estimate of the adjusted absolute 
risk differences: −5% (95% CI −14% to 5%). Across the Bayesian analyses, the posterior probability that 
the absolute risk of failure to clear lactate was lower in the RBC/LyoPlas group than in the 0.9% saline 
group ranged from 81.3% to 86.9%. The probability that the absolute risk of failure to clear lactate was 
at least 10 percentage points lower in the RBC/LyoPlas group than in the 0.9% saline group ranged from 
5.6% to 11.5%.

TABLE 19 Bayesian analysis of episode mortality: absolute risk difference adjusted for IDS

Episode 
mortality 

RBC/ 
LyoPlas 
(N = 209) 

0.9% 
saline 
(N = 223) Priors 

Median 
absolute risk 
difference 95% HDI 

Probability of absolute risk 
difference

< 0.0, % < −0.1, % < −0.2, % 

Yes 88 (43%) 99 (45%) Non-
informative

−0.03a (−0.12 to 0.06)a 71.2 5.9 0.009

No 115 (57%) 119 (55%) Sceptical −0.05a (−0.12 to 0.03)a 88.2 8.4 0

Missing 6 5 Informative −0.04a (−0.13 to 0.05)a 80.7 9.5 0.013

a Output from Bayesian binomial regression model with identity link adjusted for IDS. Values of absolute risk difference 
<0 indicate fewer episode mortality events with RBC/LyoPlas.

TABLE 20 Bayesian analysis of failure to clear lactate: risk ratio adjusted for IDS

Failure to 
clear lactate 

RBC/LyoPlas 
(N = 209) 

0.9% saline 
(N = 223) Priors 

Median 
risk ratio 95% HDI 

Probability of risk ratio

< 1.0, % < 0.8, % <0.7, % 

Yes 98 (50%) 113 (55%) Non-
informative

0.94a (0.78–1.13)a 73.5 4.3 0.09

No 98 (50%) 93 (45%) Sceptical 0.94a (0.77–1.12)a 74.4 4.4 0.14

Missing 13 17 Informative 0.94a (0.77–1.12)a 74.5 4.5 0.12

a Output from Bayesian log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate fewer failures to 
clear lactate with RBC/LyoPlas.
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Sensitivity analyses

Sensitivity analyses were undertaken for the primary outcome and each component of the primary 
outcome: episode mortality and failure to clear lactate. For each sensitivity analysis, the adjusted risk 
ratio and adjusted risk differences are reported.

Sensitivity analyses for primary outcome
The results of the sensitivity analyses for the primary outcome are presented in Table 22. The results 
from the original analyses are included in the first row for reference. All of the results of the sensitivity 

TABLE 21 Bayesian analysis of failure to clear lactate: absolute risk difference adjusted for IDS

Failure 
to clear 
lactate 

RBC/LyoPlas 
(N = 209) 

0.9% 
saline 
(N = 223) Priors 

Median 
absolute risk 
difference 95% HDI 

Probability of absolute risk 
difference

< 0.0, % < –0.1, % < –0.2, % 

Yes 98 (50%) 113 
(55%)

Non-
informative

−0.04a (−0.13 to 0.05)a 81.3 11.5 0.05

No 98 (50%) 93 
(45%)

Sceptical −0.04a (−0.11 to 0.04)a 84.6 5.6 0

Missing 13 17 Informative −0.05a (−0.14 to 0.04)a 86.9 15.3 0.07

a Output from Bayesian binomial regression model with identity link adjusted for IDS. Values of absolute risk difference 
<0 indicate fewer failures to clear lactate with RBC/LyoPlas.

TABLE 22 Sensitivity analyses for primary outcome

RBC/LyoPlas 0.9% saline Sensitivity analysis 
Adjusted risk ratio (95% CI); 
p-value 

Adjusted risk difference (95% CI); 
p-value 

128/199 (64%) 136/210 (65%) Original analysis 1.01 (0.88 to 1.17)a; P = 0.86 −0.00025 (−0.09 to 0.09)b; P = 0.996

77/130 (59%) 87/151 (58%) Further covariate 
adjustment

1.02 (0.95 to 1.08)c; P = 0.63 0.02 (−0.10 to 0.13)d; P = 0.79

125/192 (65%) 130/203 (64%) Per-protocol analysis 1.04 (0.90 to 1.20)a; P = 0.63 0.014 (−0.08 to 0.11)b; P = 0.76

125/196 (64%) 126/198 (64%) Secondary per- 
protocol analysis

1.03 (0.89 to 1.19)a; P = 0.68 0.012 (−0.08 to 0.11)b; P = 0.80

95/151 (65%) 103/153 (67%) Timing of lactate 
Concentration

0.99 (0.85 to 1.17)a; P = 0.94 −0.014 (−0.12 to 0.09)b; P = 0.80

- - Missing responses (0.87 to 1.17)e; P = 0.90 −0.001 (−0.094 to 0.091)f; P = 0.98

a Output is from a log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate fewer negative events (episode 
mortality or failure to clear lactate concentration) with RBC/LyoPlas.

b Output is from a binomial regression model with an identity link adjusted for IDS. Values of absolute risk difference <0 indicate fewer 
negative events (episode mortality or failure to clear lactate concentration) with RBC/LyoPlas.

c Log-binomial regression failed due to lack of model convergence. Output is from a Poisson regression model with robust standard error 
adjusted for IDS, age, capillary lactate, cardiac arrest and GCS. Values of risk ratio <1 indicate fewer negative events (episode mortality 
or failure to clear lactate concentration) with RBC/LyoPlas.

d Binomial regression with an identity link adjusted for IDS, age, capillary lactate, cardiac arrest and GCS failed due to lack of model 
convergence. Output is from a binomial regression model with an identity link adjusted only for IDS. Values of absolute risk difference 
<0 indicate fewer negative events (episode mortality or failure to clear lactate concentration) with RBC/LyoPlas.

e Output is from estimates pooled over 50 imputed datasets, each analysed using a log-binomial regression model adjusted for IDS. 
Values of risk ratio <1 indicate fewer negative events (episode mortality or failure to clear lactate concentration) with RBC/LyoPlas.

f Output is from estimates pooled over 50 imputed datasets, each analysed using a binomial regression model with identity link adjusted 
for IDS. Values of absolute risk difference <0 indicate fewer negative events (episode mortality or failure to clear lactate concentration) 
with RBC/LyoPlas.
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analyses are consistent with the results from the original analyses. There is little evidence that missing 
data influenced the results of the primary outcome analysis. Restricting the analysis to the participants 
providing lactate measurements within the allowable time window did not change the interpretation of 
the trial results. Restricting the analysis to the participants who adhered to their allocated treatment, 
using both definitions, did not change the trial results. Accounting for other covariates in the analysis 
reduced the analysis population, but produced estimates of treatment effect that were consistent with 
those from the primary analysis.

Sensitivity analyses for episode mortality
The results of the sensitivity analyses for episode mortality are presented in Table 23. The results from 
the original analyses are included in the first row for reference. As for the primary outcome analyses, 
all of the results of the sensitivity analyses are consistent with the results from the original analyses. 
Imputing missing data returned treatment estimates that were nearly identical to those in the original 
analysis. Restricting the analysis to the participants that adhered to their allocated treatment, using 
both definitions, produced estimates of treatment effect that were even closer to the null values, 
but the overall interpretation of the episode mortality results did not change. Accounting for other 
covariates in the analysis reduced the analysis population and produced estimates of episode mortality 
that were slightly higher in the RBC/LyoPlas treatment arm compared to the 0.9% saline arm, but the 
uncertainty associated with these estimates meant that the results were consistent with those from the 
original analysis.

Sensitivity analyses for failure to clear lactate
The results of the sensitivity analyses for failure to clear lactate are presented in Table 24. The results 
from the original analyses are included in the first row for reference. As for the primary outcome and 
episode mortality analyses, all of the results of the sensitivity analyses are consistent with the results 
from the original analyses. The missing data analyses produced results that are extremely similar to the 
results of the original analysis. Restricting the analysis to participants providing lactate measurements 
made little difference to the results and did not change their interpretation. Restricting the analysis to 
the participants that adhered to their allocated treatment, using both definitions, produced estimates of 

TABLE 23 Sensitivity analyses for episode mortality

RBC/LyoPlas 0.9% saline Sensitivity analysis 
Adjusted risk ratio
(95% CI); p-value 

Adjusted risk difference
(95% CI); p-value 

88/203 (43%) 99/218 (45%) Original analysis 0.97 (0.78 to 1.20)a; P = 0.75 −0.03 (−0.12 to 0.07)b; P = 0.57

50/131 (38%) 55/152 (36%) Further covariate 
adjustment

1.02 (0.96 to 1.09)a; P = 0.50 0.01 (−0.10 to 0.12)c; P = 0.86

85/194 (44%) 94/210 (45%) Per-protocol 
analysis

0.99 (0.80 to 1.23)a; P = 0.93 −0.02 (−0.11 to 0.08)b; P = 0.73

85/197 (44%) 91/204 (45%) Secondary per- 
protocol analysis

0.98 (0.79 to 1.22)a; P = 0.86 −0.02 (−0.12 to 0.07)b; P = 0.65

- - Missing responses 0.96 (0.78 to 1.19)d; P = 0.73 −0.03 (−0.12 to 0.07)e; P = 0.56

a Output is from a log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate fewer episode 
mortality events with RBC/LyoPlas.

b Output is from a binomial regression model with an identity link adjusted for IDS. Values of absolute risk difference <0 
indicate fewer episode mortality events with RBC/LyoPlas.

c Binomial regression with an identity link adjusted for IDS, age, capillary lactate, cardiac arrest and GCS failed due to 
lack of model convergence. Output is from a binomial regression model with an identity link adjusted only for IDS. 
Values of absolute risk difference <0 indicate fewer episode mortality events with RBC/LyoPlas.

d Output is from estimates pooled over 50 imputed datasets, each analysed using a log-binomial regression model 
adjusted for IDS. Values of risk ratio <1 indicate fewer episode mortality events with RBC/LyoPlas.

e Output is from estimates pooled over 50 imputed datasets, each analysed using a binomial regression model with 
identity link adjusted for IDS. Values of absolute risk difference <0 indicate episode mortality events with RBC/LyoPlas.
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treatment effect that were even closer to the null values, but the overall interpretation of the failure to 
clear lactate results did not change. Accounting for other covariates in the analysis reduced the analysis 
population and produced lower estimated incidences of failure to clear lactate in each group, but still 
produced estimates of treatment effect that were consistent with those from the primary analysis.

Subgroup analyses

Subgroup analyses were conducted for the composite primary outcome and for episode mortality.

Subgroups for primary outcome
The results of the pre-specified subgroup analyses for the composite primary outcome are presented in 
Table 25. There was no compelling evidence of any subgroup effect for the primary outcome. Although 
the incidence rates of the primary outcome varied by IDS, and there was some difference in rates 
across treatments arms within an IDS, these differences were not enough to conclude that there was a 
significant difference in treatment effect between IDS. There was little evidence that the estimated risk 
ratios for the composite primary outcome varied by IDS.

The results of two additional post-hoc subgroup analyses are presented in Table 26. One subgroup 
analysis examined the association between the primary outcome and band of injury severity score (NISS 
< 16 vs. 16 to 30 vs. > 30) and the other examined the association between the primary outcome and 
transport time from scene to hospital (<20 minutes vs. ≥20 minutes). As with the pre-specified subgroup 
analyses, there was no compelling evidence of any subgroup effect for the primary outcome in these 
post-hoc analyses.

TABLE 24 Sensitivity analyses for failure to clear lactate

RBC/LyoPlas 0.9% saline Sensitivity analysis 
Adjusted risk ratio 
(95% CI); p-value 

Adjusted risk difference 
(95% CI); p-value 

98/196 (50%) 113/198 (55%) Original analysis 0.94 (0.78 to 1.13)a; 
P = 0.52

−0.05 (−0.14 to 0.05)b; 
P = 0.35

55/131 (42%) 70/148 (47%) Further covariate 
adjustment

0.96 (0.89 to 1.03)a; 
P = 0.29

−0.06 (−0.17 to 0.06)c; 
P = 0.33

98/190 (52%) 109/200 (55%) Per-protocol 
analysis

0.97 (0.81 to 1.17)a; 
P = 0.75

−0.03 (−0.13 to 0.07)b; 
P = 0.56

98/193 (52%) 105/195 (55%) Secondary per- 
protocol analysis

0.97 (0.80 to 1.16)a; 
P = 0.71

−0.03 (−0.13 to 0.07)b; 
P = 0.50

74/149 (50%) 85/150 (57%) Timing of lactate 
concentration

0.92 (0.74 to 1.14)a; 
P = 0.45

−0.06 (−0.17 to 0.05)a; 
P = 0.29

- - Missing responses 0.94 (0.78 to 1.13)d; 
P = 0.50

–0.03 (−0.12 to 0.07)e; 
P = 0.56

a Output is from a log-binomial regression model adjusted for IDS. Values of risk ratio <1 indicate fewer failures to clear 
lactate concentration with the RBC/LyoPlas group.

b Output is from a binomial regression model with an identity link adjusted for IDS. Values of absolute risk difference  
<0 indicate fewer failures to clear lactate concentration with the RBC/LyoPlas group.

c Binomial regression with an identity link adjusted for IDS, age, capillary lactate, cardiac arrest and GCS failed due to 
lack of model convergence. Output is from a binomial regression model with an identity link adjusted only for IDS. 
Values of absolute risk difference <0 indicate fewer episode mortality events with RBC/LyoPlas.

d Output is from estimates pooled over 50 imputed datasets, each analysed using a log-binomial regression 
model adjusted for IDS. Values of risk ratio <1 indicate fewer failures to clear lactate concentration with the 
RBC/LyoPlas group.

e Output is from estimates pooled over 50 imputed datasets, each analysed using a binomial regression model with 
identity link adjusted for IDS. Values of absolute risk difference <0 indicate fewer failures to clear lactate concentration 
with the RBC/LyoPlas group.
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TABLE 25 Subgroup analyses for the primary outcome

Subgroup description 
RBC/LyoPlas 
(N = 199) (%) 

0.9% saline 
(N = 210) 

Adjusted risk 
ratio (95% CI) 

p-value for 
interaction 

IDS

 Site 1 49/67 (73) 43/63 (68) 1.07 (0.86 to 1.34)a 0.28

 Site 2 26/33 (79) 24/37 (65) 1.21 (0.90 to 1.63)a

 Site 3 31/58 (53) 36/57 (63) 0.85 (0.62 to 1.16)a

 Site 4 22/41 (54) 33/53 (62) 0.86 (0.61 to 1.23)a

Mode of transport

 Air 49/76 (64) 53/80 (66) 0.98 (0.79 to 1.23)a 0.74

 Ground 79/123 (64) 83/130 (64) 1.03 (0.86 to 1.24)a

Initial lactate concentration

 ≤2.2 mmol/L 3/3 (100) 1/1 (100) 1.05 (0.99 to 1.13)b 0.36

 >2.2 mmol/L 120/190 (63) 126/199 (63) 1.00 (0.94 to 1.06)b

Cardiac arrest

 Yes 20/21 (95) 20/20 (100) 0.96 (0.91 to 1.01)b 0.32

 No 70/123 (57) 82/147 (56) 1.01 (0.93 to 1.09)b

Time to ED from injury

 ≤1 hour 19/34 (56) 15/30 (50) 1.18 (0.74 to 1.86)a 0.47

 >1 hour 74/128 (58) 80/135 (59) 0.98 (0.80 to 1.19)a

Mode of injury

 Blunt 101/147 (69) 112/163 (69) 1.00 (0.94 to 1.06)b 0.83

 Penetrating 24/43 (56) 23/43 (53) 1.02 (0.89 to 1.17)b

 Crush 0/2 (0) 0/0 (-) -

 Multiple modes 3/7 (43) 1/4 (25) 1.11 (0.73 to 1.67)b

Volume of pre-hospital fluid given

 4 units 55/80 (69) 56/73 (77) 0.93 (0.77, 1.13)a 0.35

 <4 units 73/118 (62) 80/137 (58) 1.06 (0.87 to 1.29)a

Age

 <50 years 72/124 (58) 74/124 (60) 0.99 (0.81 to 1.22)a 0.58

 50 – 70 years 30/44 (68) 35/56 (63) 1.09 (0.82 to 1.45)a

 >70 years 13/18 (72) 16/19 (84) 0.87 (0.60 to 1.25)a

Head injuryc

 Positive 2/2 (100) 5/6 (83) 1.06 (0.90 to 1.24)b 0.97

 Negative 38/58 (66) 33/58 (57) 1.06 (0.95 to 1.18)b

Compressible haemorrhage

  Compressible 
haemorrhage

20/37 (54) 18/35 (51) 1.07 (0.69 to 1.65)a 0.27
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Subgroups for episode mortality
The results of the pre-specified subgroup analyses for episode mortality are presented in Table 27. There 
was no strong evidence of any subgroup effect for episode mortality, although two subgroup analyses 
did suggest a possible subgroup effect. Similar to the findings for the primary outcome, the incidence 
rates of episode mortality varied by IDS, and there was some difference in rates across treatments arms 
within an IDS. Estimated treatment effects varied from 0.55 (95% CI 0.31 to 0.99) to 1.42 (95% CI 0.89 
to 2.27) by IDS, but these differences were not large enough to conclude that there was a significant 
difference in treatment effect between IDS. The subgroup analysis examining premorbid drug history 
suggests that participants receiving either anticoagulant or antiplatelet medication may experience a 
higher rate of episode mortality if allocated to RBC/LyoPlas compared to 0.9% saline. This treatment 
effect is higher than in participants known to be receiving neither anticoagulant nor antiplatelet 
medication and in participants with unknown history of anticoagulant or antiplatelet medication. 
However, this analysis is based on small numbers of episode mortality events in the participants 
receiving either anticoagulant or antiplatelet medication, and the initial regression model experiences 
convergence problems. Hence, this result should be interpreted with caution.

Subgroup description 
RBC/LyoPlas 
(N = 199) (%) 

0.9% saline 
(N = 210) 

Adjusted risk 
ratio (95% CI) 

p-value for 
interaction 

  Non-compressible 
haemorrhage

98/149 (66) 113/164 (69) 0.97 (0.83 to 1.14)a

  Both types of 
haemorrhage

10/13 (77) 5/11 (45) 1.67 (0.82 to 3.39)a

Pre-morbid drug historyd

  Anticoagulant/antiplate-
let medication

11/17 (65) 10/24 (42) 1.16 (0.96 to 1.42)b 0.42

  No anticoagulant/
antiplatelet medication

59/120 (49) 49/99 (49) 1.00 (0.92 to 1.10)b

  Unknown anticoagulant/
antiplatelet medication

27/29 (93) 34/41 (83) 1.04 (0.96 to 1.13)b

Age of blood productse

 <8 days 11/14 (79) -

 ≥8 days 113/179 (63) -

a Output from log-binomial regression model adjusted for treatment group, IDS, subgroup variable, and the interaction 
between treatment group and subgroup variable. Values of risk ratio <1 indicate lower rate of negative events (episode 
mortality or failure to clear lactate concentration) with RBC/LyoPlas.

b Output from Poisson regression with robust standard errors due to lack of convergence using log-binomial regression 
model. Model adjusted for treatment group, IDS, subgroup variable, and the interaction between treatment group and 
subgroup variable. Values of risk ratio <1 indicate lower rate of negative events (episode mortality or failure to clear 
lactate concentration) with RBC/LyoPlas.

c Head injury data was only collected since 29 August 2019, hence only 124 participants provided both head injury and 
primary outcome data.

d Premorbid drug history was collected on the medical history case report form (CRF), which was only completed by 342 
participants. Hence, this subgroup analysis only includes the 330 participants who provided primary outcome data and 
completed the medical history CRF.

e Age of blood products can only be calculated for participants allocated to the RBC/LyoPlas treatment arm, hence there 
can be no treatment comparisons within these groups.

TABLE 25 Subgroup analyses for the primary outcome (continued)
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TABLE 26 Post-hoc subgroup analyses for the primary outcome

Subgroup 
description 

RBC/LyoPlas 
(N = 50) (%) 

0.9% saline 
(N = 54) (%) 

Adjusted risk ratio 
(95% CI) 

p-value for 
interaction 

NISS band

 <16 1/7 (14) 1/7 (14) 0.95 (0.07 to 12.30)a 0.82

 16 to 30 11/26 (42) 8/24 (33) 1.32 (0.64, 2.70)a

 > 30 68/107 (64) 69/111 (62) 1.04 (0.86, 1.27)a

Transport time: Time to ED from leaving scene

  <20 minutes 12/17 (71) 8/15 (53) 1.12 (0.91, 1.37)b 0.64

 ≥20 minutes 20/33 (61) 22/39 (56) 1.05 (0.91, 1.22)b

a Output from log-binomial regression model adjusted for treatment group, IDS, subgroup variable, and the interaction 
between treatment group and subgroup variable. Values of risk ratio <1 indicate lower rate of negative events (episode 
mortality or failure to clear lactate concentration) with RBC/LyoPlas.

b Output from Poisson regression with robust standard errors due to lack of convergence using log-binomial regression 
model. Model adjusted for treatment group, IDS, subgroup variable, and the interaction between treatment group and 
subgroup variable. Values of risk ratio <1 indicate lower rate of negative events (episode mortality or failure to clear 
lactate concentration) with RBC/LyoPlas.

TABLE 27 Subgroup analyses for episode mortality

Subgroup description 
RBC/LyoPlas 
(N = 199) (%) 

0.9% saline 
(N = 210) (%) 

Adjusted risk ratio 
(95% CI) 

p-value for 
interaction 

IDS

 Site 1 33/67 (49) 30/64 (47) 1.05 (0.74 to 1.50)a 0.07

 Site 2 21/36 (58) 16/39 (41) 1.42 (0.89 to 2.27)a

 Site 3 23/58 (40) 27/60 (45) 0.88 (0.58 to 1.35)a

 Site 4 11/42 (26) 26/55 (47) 0.55 (0.31 to 0.99)a

Mode of transport

 Air 40/77 (52) 41/84 (49) 1.07 (0.79 to 1.44)a 0.41

 Ground 48/126 (38) 58/134 (43) 0.89 (0.67 to 1.20)a

Initial lactate concentration

 ≤2.2 mmol/L 1/4 (25) 0/1 (0) 1.30 (0.93 to 1.83)b 0.35

 >2.2 mmol/L 82/190 (43) 90/201 (45) 0.99 (0.92 to 1.06)b

Cardiac arrest

 Yes 20/21 (95) 20/20 (100) 0.97 (0.92 to 1.02)b 0.49

 No 43/126 (34) 50/151 (33) 1.01 (0.93 to 1.09)b

Time to ED from injury

 ≤1 hour 9/33 (27) 11/30 (37) 0.75 (0.36 to 1.55)a 0.45

 >1 hour 46/133 (35) 47/140 (34) 1.02 (0.74 to 1.41)a

Mode of injury

 Blunt 73/151 (48) 79/169 (47) 1.01 (0.93 to 1.08)b 0.14

 Penetrating 13/43 (30) 20/44 (45) 0.90 (0.78 to 1.04)b

 Crush 0/2 (0) 0/0 (-) -

 Multiple modes 2/7 (29) 0/5 (0) 1.26 (0.98 to 1.62)b



DOI: 10.3310/TDNB9214 Efficacy and Mechanism Evaluation 2024 Vol. 11 No. 2

Copyright © 2024 Crombie et al. This work was produced by Crombie et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social Care.  
This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution, reproduction 
and adaptation in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the title, original 
author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

41

Subgroup description 
RBC/LyoPlas 
(N = 199) (%) 

0.9% saline 
(N = 210) (%) 

Adjusted risk ratio 
(95% CI) 

p-value for 
interaction 

Volume of pre-hospital fluid given

 4 units 41/80 (51) 42/76 (55) 0.95 (0.71 to 1.28)a 0.96

 <4 units 47/122 (39) 57/142 (40) 0.96 (0.71 to 1.30)a

Age

 <50 years 41/124 (33) 54/129 (42) 0.80 (0.58 to 1.10)a 0.29

 50–70 years 21/46 (46) 21/56 (38) 1.24 (0.78 to 1.96)a

 >70 years 13/20 (65) 13/22 (59) 1.05 (0.64 to 1.72)a

Head injuryc

 Positive 2/2 (100) 2/6 (33) 1.46 (1.10 to 1.93)b 0.13

 Negative 26/58 (45) 22/62 (35) 1.06 (0.94 to 1.21)b

Compressible haemorrhage

  Compressible 
haemorrhage

9/37 (24) 13/37 (35) 0.72 (0.35 to 1.47)a 0.08

  Non-compressible 
haemorrhage

72/153 (47) 84/169 (50) 0.95 (0.76 to 1.19)a

  Both types of 
haemorrhage

7/13 (54) 2/12 (17) 3.32 (0.85 to 12.94)a

Pre-morbid drug historyd

  Anticoagulant/ 
antiplatelet medication

7/19 (37) 0/26 (0) 1.36 (1.16 to 1.60)b 0.01

  No anticoagulant/
antiplatelet medication

26/121 (21) 26/102 (25) 0.97 (0.88 to 1.06)b

  Unknown anticoagulant/
antiplatelet medication

25/29 (86) 30/41 (73) 1.07 (0.97 to 1.19)b

Age of blood productse

 <8 days 6/14 (43) -

 ≥8 days 78/182 (43) -

a Output from log-binomial regression model adjusted for treatment group, IDS, subgroup variable, and the interaction 
between treatment group and subgroup variable. Values of risk ratio <1 indicate lower rate of episode mortality with 
RBC/LyoPlas.

b Output from Poisson regression with robust standard errors due to lack of convergence using log-binomial regression 
model. Model adjusted for treatment group, IDS, subgroup variable, and the interaction between treatment group and 
subgroup variable. Values of risk ratio <1 indicate lower rate of episode mortality with RBC/LyoPlas.

c Head injury data was only collected since 29 August 2019, hence only 124 participants provided both head injury and 
primary outcome data.

d Premorbid drug history was collected on the medical history CRF, which was only completed by 342 participants. 
Hence, this subgroup analysis only includes the 330 participants who provided primary outcome data and completed 
the medical history CRF.

e Age of blood products can only be calculated for participants allocated to the RBC/LyoPlas treatment arm, hence there 
can be no treatment comparisons within these groups.

TABLE 27 Subgroup analyses for episode mortality (continued)
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Safety outcomes

The rates of complications and adverse events by treatment group are reported in Table 28. There was 
only one reported transfusion-related acute lung injury, and rates of thromboembolism were similar across 
the treatment groups. There was the suspicion or clinical evidence of infection in 65% of participants who 
completed at least one in-hospital daily assessment. This rate was similar across both treatment groups. 
There were only two serious adverse events recorded in the RePHILL trial. There were no required dose 
reductions during the trial, and no participants needed to have their trial treatment discontinued for drug-
related toxicity. None of the deaths in the RePHILL study were related to the trial treatments.

TABLE 28 Complications and adverse events by group

 RBC/LyoPlas (n = 142) 0.9% saline (n = 130) 

Transfusion-related acute lung injury

 Yes 0/142 (0%) 1/130 (1%)

 No 142/142 (100%) 128/130 (99%)

 Missing 0/140 1/130

Thromboembolism

 Yes 17/142 (12%) 11/130 (8%)

 No 125/142 (88%) 118/130 (91%)

 Missing 0/142 (0%) 1/130 (1%)

Type of thromboembolisma

 Deep vein thrombosis 3/142 (2%) 3/130 (2%)

 Pulmonary embolism 9/142 (6%) 8/130 (6%)

 Stroke 3/142 (2%) 0/130 (0%)

Other 2/142 (1%) 3/130 (2%)

Suspicion or clinical evidence of infection (n = 142) (n = 130)

 Yes (%) 92/142 (65%) 83/130 (64%)

 No (%) 50/142 (35%) 47/130 (36%)

 Missing 0/142 (0%) 0/130 (0%)

Type of infectiona

 Intra-abdominal 26/142 (18%) 15/130 (12%)

 Meningitis 3/142 (2%) 1/130 (1%)

 Respiratory 61/142 (43%) 59/130 (45%)

 Urinary tract infection 5/142 (4%) 10/130 (8%)

 Soft tissue 35/142 (25%) 20/130 (15%)

 Indwelling device 16/142 (11%) 13/130 (10%)

 Blood-borne 8/142 (6%) 7/130 (5%)

 Other 46/142 (32%) 40/130 (31%)

a Multiple responses are possible for the type of thromboembolism and type of infection.

Note
Data are n/N (%). This list of adverse events and complications is for the 272 participants that completed at least one 
daily assessment form.
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Blood product wastage

RBC and LyoPlas wastage was measured at two of the trial blood banks. In total, 2496 RBC units were 
issued, 171 units were administered to patients, 2325 units were returned to blood bank stock and 53 
units required disposal. This equates to a wastage rate of 2.12%. Amongst 2496 units of LyoPlas that 
were issued, 31 were wasted, equating to a rate of 1.24%.

Good clinical practice of compliance statement

The trial was run in accordance with the requirements of Good Clinical Practice. No serious breaches 
occurred during the conduct of the trial.
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Chapter 4 Discussion

The RePHILL prospective multi-centre randomised controlled superiority trial recruited 432 patients 
with trauma-related haemorrhagic shock in a civilian setting. For the primary outcome, a composite 

of episode mortality and lactate clearance, the trial did not demonstrate that pre-hospital RBC/LyoPlas 
resuscitation was superior to 0.9% sodium chloride. Participants’ vital signs (heart rate, blood pressures, 
respiratory rate, oxygen saturations), markers of shock (lactate) and coagulopathy were similar between 
groups at hospital arrival. Participants randomised to the RBC/LyoPlas group had a higher haemoglobin 
on admission to hospital and received cumulatively more blood products in total than those in the 
control group.

Although the point estimates for the individual components of the primary outcome and some other 
secondary outcomes (early survival) are consistent with a benefit from allocation to RBC/LyoPlas, the 
CIs are wide and include the possibility of both benefits and harms. The Bayesian exploratory analysis 
allowed the trial to examine the composite primary outcome and its individual components across a 
range of prior beliefs about the effectiveness of blood/LyoPlas. For the composite primary outcome, the 
probability that RBC/LyoPlas was superior (i.e. an absolute risk difference >0) compared to 0.9% saline 
was between 44.1 and 53.%. For episode mortality, the probability was 71.2 to 88.2% and for lactate 
clearance 81.3 to 86.9%. However, the 95% credible intervals crossed zero, included the possibility for 
benefit as well as harm.

The use of PHBP for haemorrhagic shock following major trauma has been driven by the desire 
to deliver earlier in the patient pathway interventions traditionally reserved until hospital arrival. 
Research in both military and civilian settings suggests that early transfusion improves survival 
although the evidence from randomised trials remains inconclusive.10 Trials involving pre-hospital 
plasma have produced conflicting results. The Pre-hospital Air Medical Plasma (PAMPer) clinical 
trial showed a nearly 30% relative reduction in mortality with plasma transfusion in the pre-hospital 
environment (30 day mortality 23.2% vs. 33.0%).8 In contrast the Control of Major Bleeding After 
Trauma Trial (COMBAT) trial which randomised adults with haemorrhagic shock to pre-hospital 
plasma or saline was stopped after enrolment of 144/150 participants due to futility (28 day 
mortality was 15% in the plasma group vs. 10% in the control group). The Pre-hospital Administration 
of Lyophilized Plasma for Post-traumatic Coagulopathy Treatment (PREHO-PLYO) trial randomised 
150 participants with major trauma to 4 LyoPlas units or 0.9% saline. The study found no difference 
in the primary outcome [INR on arrival at the hospital or in 30-day survival (17.6% plasma group vs. 
15.2%), OR 1.20 (0.43 to 3.37)].19

It is worth considering why the present study did not find clear benefit from PHBP. First, the study 
took place in a civilian setting within an established major trauma network. Pre-hospital critical care 
is provided at the scene of the incident by specialist doctors and critical care paramedics, who already 
bring forward some of the advanced life support treatments traditionally delayed until hospital arrival. 
Second, the national trauma network has been configured to facilitate transfer to a major trauma centre 
within 60 minutes of injury.20 Although the overall time from scene to arrival at the ED was on average 
median 57 (IQR 40 to 78) minutes, a third of participants with recorded transport times (from scene 
to ED) had an interval of less than 20 minutes. Whilst our subgroup analysis did not find evidence 
of an interaction based on transport time, a larger, post-hoc analysis of the PAMPer and COMBAT 
trials reported that the survival benefit from pre-hospital transfusion was limited to patients who had 
transport times of less than 20 minutes.21 Third, due to the logistical challenges created by the limited 
post-thaw shelf life of fresh frozen plasma at the time of the study, RePHILL used freeze-dried (LyoPlas). 
This decision was based on evidence that LyoPlas has similar or improved biological efficacy relative to 
fresh frozen plasma.22,23 However, a secondary, non-randomised analysis of the PAMPer trial showed 
that compared with crystalloid only resuscitation, resuscitation with fresh frozen plasma in combination 
with red cells reduced 30 day mortality (37% vs. 26%, P = 0.05).24 The authors however highlight that 
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their findings could be limited by residual confounding. Further research is required to determine if the 
apparent differences were due to the use of LyoPlas or fresh frozen plasma. Fourthly, RePHILL used a 
red cell to plasma ratio of 1 : 1 consistent with UK national guidelines for major haemorrhage.20 Whether 
different ratios, the addition of platelets, coagulation factors or administration of whole blood would 
have made a difference remains to be determined by future research. Finally, the population of civilian 
participants enrolled in RePHILL were older, more severely injured and had a higher proportion of blunt 
traumatic injuries than in observational military studies which have suggested benefit from pre-hospital 
blood transfusion.25,26 Although the subgroup analysis according to injury severity scores (<16, 16 to 30 
or ≥ 30) did not find evidence of interaction, it remains possible that some patients were too well or too 
sick to benefit from treatment with blood and plasma.

Part of the hypothesis for the putative benefits of transfusing red cells relate to early optimisation 
of oxygen delivery to the tissues. Guidelines recommend red cell transfusion when the level of 
haemoglobin falls below 70–90 g/L, except in older patients and those with traumatic brain injury 
who may benefit from higher concentrations of Hb.27 Despite observing higher haemoglobin levels 
on admission to hospital [133 (SD 19) in the RBC/LyoPlas group compared with 118 (SD 23) in the 
saline group], RePHILL did not find evidence that pre-hospital transfusion improved oxygen delivery as 
measured by lactate level or the rate of lactate clearance. This may in part be explained by only a small 
proportion of participants (9/152, 6%) in the 0.9% saline group arriving at hospital with a haemoglobin 
<80, highlighting the difficulty in identifying patients in the pre-hospital setting who are anaemic at the 
time of assessment.

Blood and blood components are a scarce resource. Substantial efforts are therefore put into the 
supply chain to minimise wastage. This is particularly important when using O negative blood as 
demand for O negative RBCs is 12% in the UK, but this group makes up only 8% of the population.28 
Data from the National Blood and Transplant Service during the conduct of the trial indicates that 
blood product wastage occurred in 2.5% of units issued for red cells (4.7% for group O negative 
blood).29 Given the environmental challenges inherent with the delivery of care in the pre-hospital 
environment, when extending transfusion operations into that setting it is important to take care 
to minimise wastage. In a prospective observational study, in the context of a quality improvement 
initiative, the London Air Ambulance explored blood wastage related to the supply of whole blood.30 
Over a two-year period, which involved four Plan-Do-Study-Act cycles, mean weekly wastage 
reduced from 8.36 units (70%) to 3.19 units (27%). Although not directly comparable (as the shelf 
life for whole blood is 14 days compared to 35 days for RBCs), the low wastage seen in the RePHILL 
trial (2%) provides assurance that the use of pre-hospital RBCs does not lead to substantial wastage. 
However, the finding that those in the pre-hospital transfusion group not only received earlier blood 
but also had higher total blood product usage, without definitive evidence of benefit, suggests the 
need for more careful assessment of transfusion requirements in hospital in those who received 
pre-hospital blood.

Equality, diversity and inclusion

Given the unpredictable nature of life-threatening haemorrhagic shock and the need for emergency 
treatment, it was not possible for us to take active steps to enrich the diversity of the population of 
patients recruited. However, the population enrolled broadly reflected the ethnicity characteristics of 
England and Wales (www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-
and-regional-populations/population-of-england-and-wales/latest, accessed 6 July 2022). The study 
protocol excluded people with a known objection to blood or blood product transfusion in order to 
respect the individual’s rights to accept or refuse treatment. We also excluded women who were known 
or suspected to be pregnant due to the potential greater transfusion risks in this population. Finally, 
we excluded prisoners due to the perceived difficulty of obtaining follow-up data for this population. In 

www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional-populations/population-of-england-and-wales/latest
www.ethnicity-facts-figures.service.gov.uk/uk-population-by-ethnicity/national-and-regional-populations/population-of-england-and-wales/latest
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subsequent research, we have shown that it is feasible to obtain survival outcomes data for this group of 
patients through the Office for National Statistics.31

Strengths and limitations

RePHILL is the first RCT to evaluate the clinical effectiveness of pre-hospital blood transfusion. The 
trial overcame substantial regulatory, supply and logistical challenges. It is the first to engage multiple 
air ambulance charities in a randomised clinical trial of an investigational medicinal product. The case 
mix of participants enrolled were typical of UK civilian major trauma. The injury severity scores confirm 
that the group of participants enrolled had, as anticipated, severe injuries. These findings support the 
generalisability of the research findings to the UK civilian trauma population.

Alongside these strengths, the trial also has limitations. First, we recruited only 88% of our planned 
sample size due to the impact of COVID-19 and the withdrawal of several air ambulance partners. 
Given the similarity of the primary and secondary outcomes between the intervention and control 
group, although it is possible that not recruiting the full sample size may have led to a type 2 error, we 
consider it unlikely that it would have led to a substantively different finding. This position is further 
supported by simulations examining the effect of large increases in sample sizes which would not have 
materially altered the findings for the primary outcome. Whether a larger trial would have influenced the 
secondary outcomes, remains to be determined in future studies.

COVID-19 had a global impact on clinical trials leading to thousands of clinical trials closing prior 
to reaching the intended sample size.32 The CONSORT and SPIRIT Extension for RCTs Revised 
in Extenuating Circumstances (CONSERVE) statement provides guidance to help improve the 
transparency, quality and completeness of reporting.33 Adopting that framework in the context of 
RePHILL can be summarised as:

• Extenuating circumstance: (1) COVID-19 led to an inability to maintain safe oversight for the trial due 
to a combination sickness and redeployment of clinical and research staff. (2) National lockdowns 
reduced the incidence of major trauma.

• Impact: (1) Sponsor paused trial recruitment (March 2020 through to July 2020). (2) Fewer cases of 
major trauma leading to lower recruitment rates. Together these meant that the study fell short of 
reaching the intended sample size.

• Mitigations: Recruitment window extended; addition of Bayesian analysis.
• These are important modifications as they reduced the statistical power of the study.

Although multi-centre RCTs are considered the gold standard of evidence, it takes considerable time 
to design and recruit sufficient numbers. Other pre-hospital transfusion trials have faced challenges – 
with the Control of Major Bleeding After Trauma – COMBAT stopped prematurely due to futility9 and 
the Pre-Hospital Use of Plasma for Traumatic Hemorrhage – PUPTH due to insufficient recruitment.34 
The withdrawal of several air ambulance services prior to the start of the trial also adversely affected 
delivering the trial on time and target. The clinical and commercial pressures for early adoption (www.
londonsairambulance.org.uk/news-and-stories/charity/uks-first-air-ambulance-to-carry-blood-on-
board, accessed 25 February 2022)35,36 and loss of equipoise37 meant that early evaluations of pre-
hospital blood were limited to observational studies38,39 and reduced the pool willing to participate in 
a randomised evaluation. Future randomised studies will need to carefully consider the pressures for 
early adoption inherent in this sector and work carefully with air ambulance partners to agree future 
research priorities.

Research in trauma-related haemorrhagic shock is limited by the absence of a core outcome set. 
A systematic review examining outcome measures used in clinical research evaluating pre-hospital 

www.londonsairambulance.org.uk/news-and-stories/charity/uks-first-air-ambulance-to-carry-blood-on-board
www.londonsairambulance.org.uk/news-and-stories/charity/uks-first-air-ambulance-to-carry-blood-on-board
www.londonsairambulance.org.uk/news-and-stories/charity/uks-first-air-ambulance-to-carry-blood-on-board
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blood component transfusion in traumatically injured bleeding patients identified over 212 outcome 
measures across 34 studies,40 highlighting significant heterogeneity in outcomes across previous trials. 
A composite primary outcome reflecting the efficacy of initial resuscitation (lactate clearance) and 
overall effectiveness (death) was chosen after careful consideration by the trial investigators, funders 
and patient and public involvement groups. Despite the empirical attractiveness to this composite 
outcome, the direction of effects observed in RePHILL for mortality −3% (−12% to 7%) and improved 
lactate clearance −5% (−14% to 5%) do not appear to have been additive when combined as a 
composite outcome [i.e. negligible difference seen in the composite outcome −0.025% (−9% to 9%)]. This 
could be explained by the most seriously injured patients, at highest risk of early death, would also have 
high lactate loads. An effective treatment that averted early death could be mitigated by producing a 
survivor with impaired lactate clearance. This suggests investigators should be cautious about its use in 
future studies.

Given the nature of the intervention and the setting for administration, it was not possible to mask 
treatment allocation to those delivering the intervention. It is possible that this may have led to 
performance bias during both the pre-hospital and ED treatment of enrolled patients. The key 
trial outcomes were objective measurements and thus it was unlikely that they were influenced by 
knowledge of treatment assignment. More subjective measures (e.g. transfusion reactions, adverse 
events) may have been more susceptible to detection bias.

Future research

There remains an urgent need to develop evidence-based interventions to improve outcomes from 
haemorrhagic shock secondary to acute traumatic injuries.

A key challenge is to identify the population of patients most likely to benefit from pre-hospital 
interventions.41 The RePHILL trial recruited a population of severely injured patients characterised 
by high injury severity scores and overall high episode mortality.42 By contrast, the COMBAT trial 
recruited less severely injured patients (and had a short time between intervention and hospital 
arrival) and similarly did not find evidence of benefit from up to two units of thawed plasma.9 The 
PAMPer trial,8 the only trial to find a benefit from pre-hospital transfusion (of up to two units of 
plasma) recruited a group of moderately injured patients who were on average 42 minutes from away 
from definitive hospital-delivered treatments. This suggests there may be an optimal set of inclusion/
exclusion criteria for recruitment to future trials which avoids recruiting those unlikely to benefit from 
having either catastrophic injury (e.g. traumatic cardiac arrest) or least severe injuries who are likely to 
survive irrespective of pre-hospital transfusions. However, there remains a key challenge to identify 
this population of patients at the roadside. Whilst some post-hoc analyses (e.g. longer pre-hospital 
transport time, CT evidence of brain injury) suggest there may be subgroups with better outcomes, none 
of the a priori subgroup analyses across the three trials, which can be assessed at the point of injury, 
demonstrated evidence of benefit. Further research is required to identify the characteristics of patients 
most likely to benefit from pre-hospital transfusion.

The discordant findings from the four prior randomised transfusion trials highlight the need for 
further research to identify the optimal intervention(s) in trauma-related haemorrhagic shock.8,9,19,42,43 
Consideration should be given to both the components transfused, and the sequence and dose. Such 
research should be informed by the findings (once published) of the Pre-hospital Plasma or Red Blood 
Cell Transfusion Strategy in Major Bleeding (PRIEST; www.clinicaltrials.gov/ct2/show/NCT04879485, 
accessed 28 September 2022).44 The role of whole blood, which reduces the need for transfusing 
individual components, showed promise in a single-centre pilot randomised trial45 and is being explored 
in the Type O Whole Blood and Assessment of Age During Pre-hospital Resuscitation Trial (TOWAR; 
https://clinicaltrials.gov/ct2/show/NCT04684719, accessed 28 September 2022)46 and Study of 

www.clinicaltrials.gov/ct2/show/NCT04879485
https://clinicaltrials.gov/ct2/show/NCT04684719
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Whole Blood In Frontline Trauma (SWIFT; www.nhsbt.nhs.uk/clinical-trials-unit/current-trials-and-
studies/swift/trial, accessed 28 September 2022).47 Noting that early treatment is critical for best 
outcomes in traumatic haemorrhage,48,49 future trials will need to consider how to enable interventions 
to be delivered earlier in the patient pathway.

A systematic review of outcome measures used in clinical research evaluating pre-hospital blood 
component transfusion patients with trauma-related haemorrhagic shock identified substantial 
heterogeneity in the outcomes reported. Many outcomes focused on evidence of clinical effectiveness 
with limited insights provided into safety and complications.40 The absence of a core outcome set 
for pre-hospital transfusion trials presents a significant challenge for researchers seeking to identify 
the optimal outcomes for individual trials and to facilitate meta-analyses between trials. The Core 
Outcomes Set for Cardiac Arrest (COSCA) includes survival to hospital discharge (or 30 days), survival 
with a favourable neurological outcome and health-related quality of life.50 While survival to and beyond 
hospital discharge may be desirable for large effectiveness trials, any treatment effect from pre-hospital 
transfusion will likely be diluted due to severity of underlying injuries and treatments administered 
after hospital arrival. Future trials that wish to demonstrate evidence of efficacy may need to focus on 
outcomes earlier in the patient journey such as survival to hospital admission or within the first 24 hours 
of injury. Further research and consensus work is needed to define the optimal outcomes set for efficacy 
and effectiveness trials, what constitutes the minimal clinically important differences for these outcomes 
and what the optimal experimental designs are to answer the specific research questions.18

www.nhsbt.nhs.uk/clinical-trials-unit/current-trials-and-studies/swift/
www.nhsbt.nhs.uk/clinical-trials-unit/current-trials-and-studies/swift/
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Chapter 5 Conclusions

This multi-centre, allocation concealed, open-label, parallel group RCT in participants with trauma-
related haemorrhagic shock did not demonstrate that pre-hospital RBC/LyoPlas was superior to 

0.9% saline for the composite outcome of episode mortality and/or lactate clearance.
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Appendix 2 Recruitment by site
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