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ABSTRACT
Introduction Acute traumatic coagulopathy (ATC) in 
bleeding trauma patients increase in- hospital mortality. 
Fibrinogen concentrate (FC) and prothrombin complex 
concentrate (PCC) are two purified concentrates of clotting 
factors that have been used to treat ATC. However, there is 
a knowledge gap on their use compared with the standard 
of care, the transfusion of plasma.
Methods and analysis The factors in the initial 
resuscitation of severe trauma 2 trial is a multicentre, 
randomised, parallel- control, single- blinded, phase IV 
superiority trial. The study aims to address efficacy and 
safety of the early use of FC and PCC compared with 
a plasma- based resuscitation. Adult trauma patients 
requiring massive haemorrhage protocol activation on 
hospital arrival will receive FC 4 g and PCC 2000 IU or 
plasma 4 U, based on random allocation. The primary 
outcome is a composite of the cumulative number of all 
units of red cells, plasma and platelets transfused within 
24 hours following admission. Secondary outcomes 
include measures of efficacy and safety of the intervention. 
Enrolment of 350 patients will provide an initial 
power >80% to demonstrate superiority for the primary 
outcome. After enrolment of 120 patients, a preplanned 
adaptive interim analysis will be conducted to reassess 
assumptions, check for early superiority demonstration or 
reassess the sample size for remainder of the study.
Ethics and dissemination The study has been approved 
by local and provincial research ethics boards and will be 
conducted according to the Declaration of Helsinki, Good 
Clinical Practice guidelines and regulatory requirements. 
As per the Tri- Council Policy Statement, patient consent 
will be deferred due to the emergency nature of the 
interventions. If superiority is established, results will have 

a major impact on clinical practice by reducing exposure to 
non- virally inactivated blood products, shortening the time 
for administration of clotting factors, correct coagulopathy 
more efficaciously and reduce the reliance on AB plasma.
Trial registration number NCT04534751, pre results.

INTRODUCTION
After hospital arrival, the most common cause 
of death in trauma patients is uncontrolled 

Strengths and limitations of this study

 ► This is the first large randomised controlled trial 
assessing the early preemptive coadministration of 
fibrinogen concentrate and prothrombin complex 
concentrate for haemorrhaging trauma patients.

 ► The trial is the first one to compare the use of both 
investigational products with the standard of care, 
the replacement of clotting factors with a ratio- 
based plasma resuscitation.

 ► The use of an active control will permit that all pa-
tients receive clotting factors supplementation as 
clinically indicated.

 ► Clinicians will not be fully blinded to treatment allo-
cation. However, patients, caregivers, clinical team 
members involved in care after trauma bay resusci-
tation and all outcome assessors will be blinded to 
minimise risk of bias.

 ► The study design aligns with standard clinical prac-
tice which will permit and enhance adherence and 
ensure clinical relevance and generalisability, while 
stratified randomisation by participating site is ap-
plied to address between- site practice variability.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-0292-9676
http://dx.doi.org/10.1136/bmjopen-2021-051003
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http://dx.doi.org/10.1136/bmjopen-2021-051003
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or refractory haemorrhage aggravated by acute trauma 
coagulopathy (ATC), which is present in up to 25% of all 
trauma patients and 100% of severely injured patients.1 
ATC is multifactorial, caused by clotting factor deficien-
cies, hypofibrinogenemia, hyperfibrinolysis and platelet 
and endothelial dysfunction.1 ATC is part of the ‘lethal 
triad’ of coagulopathy, acidosis and hypothermia. Despite 
knowledge that the lethal triad must be avoided and, 
where present, addressed promptly, different strategies to 
correct ATC have not been addressed in definitive clinical 
trials. Trauma patients with ATC have a threefold greater 
in- hospital mortality and are more likely to experience 
early haemorrhagic death in the first 24 hours.2–5 ATC 
is also associated with higher transfusion requirements 
and multiorgan dysfunction, as well as longer duration 
of mechanical ventilation, intensive care unit (ICU) stay 
and hospital stay.6

In North America, ATC is typically treated with ratio- 
based plasma resuscitation, where 1 unit of frozen plasma 
(FP) is transfused for every 1–2 red blood cell (RBC) units 
until haemorrhage is controlled and blood components 
can be administered based on coagulation test results.7 In 
contrast, in many European countries, fibrinogen concen-
trate (FC) and prothrombin complex concentrates 
(PCCs) are administered instead of FP.8 The FC +PCC 
strategy has several potential advantages compared with 
plasma: simplified logistics by reducing the door- to- needle 
time (no knowledge of blood group needed, no thawing 
of FP, convenience of storage at room temperature where 
needed and ability to safely administer during transport 
from remote geographic regions), a reduced risk of some 
transfusion reactions and pathogen transmission (FC and 
PCC are pathogen- inactivated protecting patients from 
emerging pathogens) and an elimination of the need 
for reserving AB plasma for trauma patients. In contrast, 
the current standard of care (FP) may be theoretically 
superior due to the additional volume administered in 
this hypotensive population and replacement of clotting 
factors that are not present in the FC/PCC products. 
However, there are little data to support the use of FP 
in general due to the paucity of trials as concluded by a 
recent Cochrane systematic review.9 Moreover, in a single, 
small trial10 in Europe that compared these two strategies, 
the FC +PCC strategy was found to be superior, with a 
reduction in the need for massive transfusion (>10 units 
of RBC) and more rapid correction of coagulopathy. This 
study, however, does not resolve the lack of definitive 
knowledge. Confirmatory trials are needed.

Use of FC in trauma patients has been described 
in small studies.11–13 Four systematic reviews14–17 have 
addressed feasibility, efficacy and safety regarding the use 
of FC in trauma and other settings. These small studies 
demonstrate that FC improves coagulation and decreases 
the number of allogeneic blood products (ABPs) trans-
fused, including RBCs, FP and platelets, without identi-
fying any safety concerns such as thromboembolic (TE) 
complications. Similarly, the use of PCC as an alterna-
tive source of clotting factors (as compared with FP) has 

been investigated in other small studies,10 18–20 which 
reported a decreased number of ABP units transfused 
and improved coagulation assays, again without safety 
concerns. Recently, a meta- analysis21 of coagulopathic 
patients who were not receiving anticoagulants reported 
that a resuscitation strategy using both PCC and plasma 
was associated with reduced mortality in a subpopulation 
of trauma patients, when compared with plasma alone. 
In the same study, PCC use compared with strategies 
not involving PCC reduced the need for RBC transfu-
sions. Furthermore, no risk of TE events was increased 
in the whole cohort. However, the efficacy and safety of 
early replacement of FC and PCC as a source of fibrin-
ogen and clotting factors in bleeding trauma patients has 
yet to be demonstrated in a definitive large multicentre, 
randomised trial.

The Factors in initial Resuscitation of Severe Trauma 2 
(FiiRST 2) trial will determine the impact of FC and PCC 
used together as an early hemostatic therapy in bleeding 
trauma patients, as compared with the standard massive 
haemorrhage protocols (MHP) that infuse 1 FP unit for 
every 1 or 2 RBC units. This trial will provide efficacy data 
on the number of ABPs transfused, coagulation tests and 
clinical and safety endpoints.

METHODS AND ANALYSIS
Objective
The primary objective of this randomised controlled 
trial is to demonstrate that the early coadministration 
of FC and PCC (Fibryga and Octaplex, respectively—
Octapharma AG, Lachen, Switzerland) is superior to the 
current standard of care of ratio- based plasma resusci-
tation in severely injured trauma patients for whom an 
MHP is activated on admission to the emergency depart-
ment (ED) in reducing the number of ABPs transfused in 
the first 24 hours.

Study design and setting
The FiiRST 2 trial is a phase IV, multicentre, randomised, 
controlled, superiority trial that uses a conventional, 
parallel group, two- armed, adaptive two- stage design 
and will be performed at eight level 1 trauma centres 
in Canada. It is preceded by a pilot randomised trial 
confirming the ability to randomise patients to the 
treatment arms and to administer FC within 1 hour of 
patient arrival to the trauma bay.13 The study is designed 
to examine the effect of early replacement of fibrinogen 
and clotting factors via FC +PCC on the number of ABP 
units transfused within 24 hours following admission to 
the trauma bay/ED to trauma patients with severe haem-
orrhage versus the current standard of care, a ratio- based 
plasma resuscitation.

The study will aim to enrol 350 severely injured (pene-
trating or blunt) trauma patients at risk of significant 
haemorrhage for whom the institutional MHP has been 
activated within the first hour of arrival, according to local 
MHP activation criteria and/or judgement of the trauma 
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team leader physician. Eligibility will be confirmed jointly 
by the trauma team and the blood bank technologist and 
eligible patients will be randomised to one of the two 
treatment groups. Patients will receive the treatment in 
MHP packs (figure 1). Patients in the intervention group 
will receive FC (Fibryga) and PCC (Octaplex) delivered 
in two MHP packs and patients in the control group will 
receive FP similarly delivered in two MHP packs.

Eligibility criteria
The study will enrol adult trauma patients (>16 years old) 
with blunt or penetrating injuries for whom an MHP is 
activated within the first hour following arrival to the 
trauma bay/ED. Patients will be excluded if they meet any 
of the following criteria: (1) Have received more than 2 
U RBCs before admission (during transport or at trans-
ferring hospital); (2) have received more than 2 U RBCs 
in the trauma bay/ED before activation of the MHP; (3) 
have an elapsed time from injury of more than 3 hours 

(for patients with prolonged prehospital extraction or 
transport times); (4) have a penetrating traumatic brain 
injury with Glasgow Coma Scale of 3; (5) are known to 
be on anticoagulants in the last 7 days; (6) have known 
congenital or acquired bleeding disorder; (7) have a 
known pregnancy; (8) are known to have refused blood 
transfusion due to religious or other reasons and (9) have 
a known history of heparin- induced thrombocytopenia.

Intervention and control
Intervention
Each of the first two MHP packs given to patients in the 
intervention group will contain 4 g FC and 2000 IU PCC 
for coagulation factor replacement. Both products will be 
administered by slow intravenous injection, in the trauma 
bay/ED (each 1 g of FC over 1 min and each 1000 IU of 
PCC over 5 min). Products will be reconstituted at the 
bedside by the clinical team.

Active control
Patients randomised to the active control group will 
receive 4 U FP which will be released as part of the first 
and second MHP packs. In addition, FC may be admin-
istered if hypofibrinogenemia (fibrinogen level below 
1.5–2.0 g/L or FIBTEM (fibrin- based extrinsically acti-
vated test with tissue factor and the platelet inhibitor 
cytochalasin D) A10 below 8–12 mm) is identified as part 
of routine testing, based on a specific order from the 
clinical team to the blood bank. All sites will maintain 
thawed AB or low titre group A plasma to eliminate delays 
in delivery of the FP. Patients in the control group will 
not be permitted to receive PCC during the intervention 
period (from admission to trauma bay/ED until when the 
two MHP packs are administered).

Procedures common to both groups
In both groups, 4 RBC units will be included as part of 
the first and second MHP packs, and 1 dose of platelets 
(pooled buffy coat 4- unit pools or 1 unit of apheresis 
platelet) will be included as part of the second MHP pack. 
The second MHP pack will be released at the request 
of the clinical team, but clinicians will be instructed to 
administer all the FC–PCC or FP in the first pack before 
transitioning to the second pack. Similarly, if the second 
pack is opened, clinicians will be instructed to admin-
ister all the FC–PCC or FP, before commencing transfu-
sion of the coagulation contents of the third pack. Not 
administering all the investigational products in the first 
pack, once started, will be recorded as a protocol devi-
ation. However, if all the investigational products are 
not completely administered when the second pack is 
opened, this will not be considered a protocol deviation.

The maximum time frame for administration of the 
second MHP pack (if required) is 24 hours from arrival 
at the trauma bay/ED or termination of the MHP (which-
ever comes first). If a third pack is required, and there-
after, patients in both groups will receive MHP packs 
according to MHP guidelines at each participating site 

Figure 1 Study design. ED, emergency department; FC, 
fibrinogen concentrate; FP, frozen plasma; MHP, massive 
haemorrhage protocol; PCC, prothrombin complex 
concentrate; PLT, platelets; RBC, red blood cells.
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or revert to a laboratory or viscoelastic- guided transfu-
sion as per the local guidelines if haemorrhage control is 
achieved and the MHP is terminated. All sites will termi-
nate the MHP once bleeding is controlled and the criteria 
for MHP termination are met.

Administration of all non- investigational products will 
be at the discretion of the clinical team according to the 
haemodynamic status of the patient and/or laboratory 
or viscoelastic tests where available. While platelets will 
be routinely included in the second pack, clinicians can 
request platelets outside of the packs (eg, for patients on 
antiplatelet therapy or with marked thrombocytopenia 
on baseline testing).

An overview of the study design is presented in figure 1.

Outcomes and study duration
The primary outcome is one of efficacy; specifically, the 
comparison between study groups of the total number 
of all units of ABPs (RBCs, FP and platelets) transfused 
within 24 hours following arrival at the trauma bay/ED. 
Since over 85% of all platelets provided to the study sites 
will be 4- unit pools, all platelets administered will be 
numerically counted as four allogeneic exposures.

Secondary outcomes will include both efficacy and 
safety endpoints. For the former, the key secondary 
outcome is the number of units of RBCs transfused 
within the first 24 hours following arrival at the trauma 
bay/ED as a measure of haemorrhage control. Other 
additional efficacy endpoints include: (1) Total number 
of all units of RBCs, FP and platelets transfused within 24 
hours following arrival at the trauma bay/ED excluding 
the FP units given as part of the active control (first two 
MHP packs); (2) total and individual numbers of units 
and volumes (litres) of ABPs (RBCs, FP and platelets) 
transfused within 6 hours and within 7 days post arrival 
at the trauma bay/ED; (3) total volume of crystalloids 
and other colloids administered within the first 6 hours 
and 24 hours following arrival at the trauma bay/ED; (4) 
rescue use of haemostatic agents (FC and recombinant 
factor VIIa) within the first 24 hours following arrival at 
the trauma bay/ED; (5) laboratory endpoints on arrival 
(before drug administration), if measured, and following 
infusion of the investigational medicinal products, as per 
each site protocol routine, measured within the first 24 
hours and within 7 days following arrival at the trauma 
bay/ED; (6) percentage of patients who received calcium; 
(7) percentage of patients who received tranexamic acid; 
(8) ventilator- free days; (9) days out of hospital within the 
first 28 days following arrival at the trauma bay/ED; (10) 
time to death over the first 28 days following arrival at 
the trauma bay/ED and (11) cost- effectiveness with cost 
utility analysis and quality- adjusted life year of FC–PCC as 
compared with FP.

The key safety secondary outcome is incidence of TE 
events, as defined by evidence of any of the following, 
from arrival at the trauma bay/ED to up to 28 days: 
deep vein thrombosis, pulmonary embolism, myocar-
dial infarction, ischaemic stroke and arterial or venous 

thrombosis at other sites. Safety endpoints include: 
(1) All documented adverse events (AEs) and serious 
AEs (SAEs) during the first 28 days following arrival, 
including multiorgan failure, abdominal compart-
ment syndrome and limb compartment syndrome as 
defined by the medDRA classification system; (2) inci-
dence of transfusion reactions as defined by the Inter-
national Society of Blood Transfusion;22 (3) incidence of 
treatment- emergent AEs; (4) duration of ICU stay and 
(5) 28- day all- cause mortality.

The duration of the treatment period is from randomi-
sation to up to 24 hours. The maximum time for adminis-
tration of the second MHP pack is 24 hours. If the second 
MHP is not initiated within the first 24 hours, the ABP 
units will not be added to the primary and secondary 
outcomes. The duration of the study for an individual 
patient is 28 days. The study was launched in April 2021 
and will run for approximately 48 months.

Sample size
The sample size calculation was based on demonstrating 
superiority in efficacy of the intervention (FC +PCC) 
compared with the active control (FP), with respect to 
the primary outcome. To demonstrate that the early 
administration of FC–PCC is clinically superior to the 
usual component therapy, with respect to the primary 
outcome (mean number of ABP units within 24 hours 
post admission), a type I error probability of α=0.025 will 
be used. Inferences will be based on the one- sided 97.5% 
CI derived from the estimated least square means of a 
negative binomial regression model. Superiority will be 
concluded if the upper limit of this CI is less than 1.0 (ie, 
the mean number of ABPs is larger in the control group).

The superiority design of the FiiRST 2 trial was chosen 
due to the impact on clinical practice and logistical 
benefits that FC–PCC may offer. Empirical estimates of 
the mean number of ABP units within the first 24 hours 
and its dispersion were based on results of the FIIRST 1 
Study.11 In FiiRST 1, the mean (±SD) composite number 
of ABPs was 1.50 (±2.51) in the intervention group and 
3.06 (±5.06) in the control group. A mean difference in 
5 units of the composite outcome (eg, mean 15 units in 
the control group and mean 10 units in the intervention 
group) is considered as a clinically meaningful differ-
ence that should be detected with at least 80% power. 
This approach was used for power determination, which 
was calculated as 80% with a sample size of 297, which 
would suffice to demonstrate the superiority of the inves-
tigational treatment under the stated assumptions. The 
FIIRST 1 study had a 10% patient drop off (exclusions 
post randomisation for subjects where informed consent 
could not be obtained and for patients randomised 
and not treated with any coagulation products in pack 
1). In addition, FiiRST 1 had 10% death rate. Hence, 
we inflated the sample size to account for a drop- out 
percentage by 15% for a final sample estimate of 350 
patients.
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Randomisation and blinding
This is a single- blinded randomised trial. Given that 
the products have different physical appearances and 
methods of administration, it is not possible to blind 
the treating clinicians to group assignment. The clinical 
team will remain blinded with a tamper- proof seal on the 
assigned products until the point of use. Caregivers and 
clinicians involved in patient care during the adminis-
tration of the two first MHP packs will be trained not to 
register on paper or electronic notes the product names 
(FC, PCC, FP) administered to the patients. These proce-
dures will be audited by the study monitors and feedback 
will be provided to the participating sites. In addition, 
patients, caregivers and clinical team members involved 
after the administration of the second pack and outcome 
assessors will remain blinded by using a generic product 
label in the patient chart.

Blinding of treatment will be performed by blood 
bank technologists. For the intervention group, FC and 
PCC will be placed in a tamper- sealed room temperature 
container and issued with the first set of RBCs and will be 
opened in the trauma bay/ED only immediately before 
infusion. Similarly, the control group will receive the stan-
dard MHP pack 1 in a tamper- proof cooler along with the 
first set of RBCs, which will only be opened immediately 
before transfusion.

The random allocation schedule will be prepared by 
a biostatistician not involved in the conduct of the trial 
using a permuted- block, random allocation schedule. 
As transfusion practices are not standardised, randomi-
sation will be stratified by study site. The random alloca-
tion schedule will be provided to participating centres 
in opaque, consecutively numbered envelopes. Neither 
the individual randomising nor any of the healthcare 
providers will know which treatment will be assigned to a 
given patient when the MHP pack is ordered.

Data analysis plan
Data collection and management
Data will be collected as part of the deferred consent 
up to the date the patient or substitute decision- maker 
expresses his/her desire to not participate. Table 1 illus-
trates full details of the data to be collected during the 
study, in addition to the timing and frequency of its collec-
tion. The investigator will ensure that the patient’s confi-
dentiality is preserved. All source records and source data 
will be maintained by the site investigator and preserved 
as stipulated by the regulatory authorities. An electronic 
data capture system will be used to collect study data. All 
patient information and data will be maintained as confi-
dential and patients will only be identified using a sequen-
tial numbering system. The site investigator will maintain 
a confidential patient identification code list.

Statistical methods
In this randomised, active- control, superiority trial, 
statistical analysis of the primary efficacy outcome will 
be conducted according to modified intention- to- treat 

(mITT) principles. The mITT population will be 
comprised of randomised patients who receive any of 
the non- RBC products in MHP pack 1 or beyond of the 
intended first- line treatment up to the date the patient 
or the substitute decision- maker agrees to remain in the 
study after consent has been obtained. A secondary anal-
ysis will also be conducted for the per- protocol population, 
which excludes patients with major protocol deviations 
and patients who receive less than 50% of the coagulation 
factor replacement in pack 1. A final decision about the 
classification of protocol deviations as major and minor 
and their consequences regarding assignment of patients 
to analysis populations will be made during the blinded 
data review meeting prior to unblinding for the interim 
and final analyses by the sponsor/principal investigator 
(PI).

To demonstrate that the early coadministration of FC 
and PCC is clinically superior to the standard of care, 
with respect to the mean number of ABPs administered 
within 24 hours of arrival at the trauma bay/ED, a two- 
sample, one- sided test of the pair of hypotheses: H0: RR 
≥ RR0 versus Ha: RR < RR0 will be carried out with a type 
I error probability of α=0.025. Here, λ1 and λ2 denote 
the mean number of ABPs (RBCs+FP+platelets) in the 
control group (standard of care) and intervention group, 
respectively, RR is the ratio λ2/λ1 and RR0 will be set equal 
to 1.0 to test for superiority. Testing of the hypothesis will 
be performed in the context of a counting regression 
model (generalised linear model for count data with log- 
link function and a negative binomial error term23), with 
treatment group as main effect. Inferences will be based 
on the one- sided 97.5% CI for the ratio λ2/λ1 derived 
from the estimated least square means of this model. 
Superiority will be concluded if the upper limit of this CI 
is strictly less than R0=1.0.

Other exploratory endpoints will also be examined 
in the efficacy analysis, such as: (1) Total number of all 
units of RBCs, FP and platelets transfused within 24 hours 
following arrival at the trauma bay/ED excluding the FP 
units given as part of the active control (first two MHP 
packs); (2) number of units of RBCs administered within 
24 hours following trauma bay/ED admission; (3) total 
and individual number of units and volumes (in litres) 
of ABPs transfused within 6 hours and within 7 days post 
arrival at the trauma bay/ED. All these endpoints will 
be examined using point estimates with two- sided 95% 
CIs and descriptive statistics; (4) laboratory endpoints, 
including thromboelastometry measurements; (5) days 
out of hospital within the first 28 days following arrival at 
the trauma bay/ED and (6) time to death over the first 28 
days following arrival at the trauma bay/ED.

Analyses of safety outcomes will be conducted in 
the safety analysis population which will include all 
randomised patients who receive any of the interventional 
products in the first MHP pack or beyond the intended 
first- line treatment and agree to remain in the study after 
consenting. Similarly, safety outcomes will be analysed 
analogously to the primary endpoint, presenting point 
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estimates and two- sided 95% CIs in addition to descrip-
tive statistics. Safety analyses will focus on treatment emer-
gent AEs, defined as AEs that start or worsen after the 

start of treatment (intervention or active control group), 
such as: (1) Incidence of TE events; (2) ventilator- free 
days; (3) duration of ICU stay and (4) 28- day all- cause 

Table 1 Flow chart of study procedures and information collected at each study visit

Procedures

Visit 1
On arrival at the 
trauma bay/ED (day 0)

Visit 2
24 hours following 
arrival at the trauma 
bay/ED (day 1)

Visit 3
2–27 days following 
arrival at the trauma 
bay/ED

Visit 4
End of study visit: day 
28 after arrival at the 
trauma bay/ED

Inclusion and exclusion criteria x       

Randomisation x       

Interventions administered   x     

Baseline data   

  Demographics x x*     

  Medical history x x*     

  Prearrival medications x x*     

Injury data x x*     

Obtain deferred consent from SDM or 
patient if recovered

  x x x

Primary endpoint

  Total composite units of 
RBC +FP+platelets

  x (24 hours)     

Secondary endpoints

  Total number of units of RBCs   x (24 hours)     

  Thromboembolic events†   x x x

  Ventilator- free days       x

Additional endpoints

Efficacy endpoints

  Total and individual numbers of units 
and volumes

  of ABPs (RBCs, FP, platelets) transfused

  x (6 hours and 24 hours) x (day 7)   

  Total volume of crystalloids and other 
colloid use

  x (6 hours and 24 hours)     

  Rescue use of rFVIIa   x     

  Total FC use   x     

  Laboratory tests, including 
thrombelastometry measurements, 
where available

  x x (day 7)   

  Days out of hospital within 28 days       x

  Time to death       x

Safety endpoints

  AEs and SAEs   x x x

   MOF (SOFA score)   x x (daily) x

   ACS and LCS   x x x

    Transfusion reactions from 
products transfused following 
arrival at the trauma bay/ED

  x x x

   Treatment- emergent events   x x x

  Duration of ICU stay       x

  All- cause mortality       x

*If not already collected.
†Including leg Doppler ultrasound or other imaging as per clinical indications.
ABP, allogeneic blood product; ACS, abdominal compartment syndrome; AEs, adverse events; ED, emergency department; FC, fibrinogen 
concentrate; FP, frozen plasma; ICU, intensive care unit; LCS, limb compartment syndrome; MOF, multiple organ failure; RBC, red blood cells; rFVIIa, 
recombinant factor VIIa; SAEs, serious AEs; SDM, substitute decision- maker; SOFA, sequential organ failure assessment.
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mortality. Patients who died will be summarised. Survival 
differences between treatment groups will be estimated 
by the risk ratio with 95% CI. Kaplan- Meier estimator 
for the time to death distribution will be calculated and 
graphically presented.

Due to the inherent variability in the primary endpoint 
and a yet substantial uncertainty about the effect size, an 
adaptive design approach will be used. For this, a single 
interim analysis will be performed after 120 patients 
have completed the study at up to four hospital sites. 
Primary aim of this interim analysis is to calculate the 
p value and conditional power of the test statistic for 
the primary endpoint and perform a sample size reas-
sessment. This will be an unblinded interim analysis 
performed by an independent statistician who will report 
the results only to an independent data safety monitoring 
committee (IDSMC) which will make recommendations 
to the sponsor without revealing the treatment groups 
(figure 1). The study design will follow a group sequential 
design with Fleming et al’s error- spending function,24 a 
futility boundary (conditional power less than 25%) and 
sample size re- estimation based on conditional power. 
Hence, the recommendation of the IDSMC can include: 
(1) To continue the trial as planned with the initial 
sample size; (2) to stop the trial for demonstrated superi-
ority; (3) to stop the trial for futility; (4) to stop the trial 
for requiring an increase in sample size that is considered 
unfeasible (eg, total sample size larger than 450) or (5) 
to continue the trial with a modified sample size. Figure 2 
describes the study decision process.

Cost-effectiveness analysis
A cost- effectiveness analysis to compare total costs and 
health outcomes of using FC+PCC compared with FP 
will be conducted. Costs and outcomes will be assessed 
within the 28- day trial period. Data on services used and 
the efficacy of FC+PCC will be captured. All costs will be 
calculated from a perspective of Canada’s publicly health-
care system and expressed in 2020 Canadian dollars. The 
analysis will consider the following clinical outcomes: 
incidence of TE events, ventilation- free days, days spent 
at home within 28 days and 28- day all- cause mortality. The 

statistical analysis will be conducted in accordance with 
current guidelines for clinical and cost- effectiveness anal-
ysis alongside randomized controlled trials.25 The incre-
mental cost and incremental outcome will be estimated 
using generalised estimating equations that explicitly 
allow for the modelling of normal and non- normal distri-
butional forms of repeated measure data.26 We will esti-
mate the following incremental cost- effectiveness ratios 
(ICERs): cost per one TE event case avoided, cost per one 
additional ventilation- free day, cost per one additional day 
spent at home and cost per one- life year saved. The ICERs 
will be obtained through the difference in the mean costs 
of the two strategies divided by the difference in the mean 
value of each clinical outcome as denoted by the coef-
ficient of the therapy indicator variables. Uncertainty in 
the analysis will be addressed by estimating 95% CIs using 
a non- parametric bootstrapping method. For this study, 
we will obtain 5000 estimates of costs and outcomes for 
each strategy. Results from the bootstrapping exercise 
will also be used to depict cost- effectiveness acceptability 
curves, which shows the probability of a therapy being 
cost- effective over a range of potential threshold values 
that the health system may be willing to pay for an addi-
tional unit of effect.27

Monitoring and quality control and assurance
The IDSMC will be established by the sponsor/PI to 
review the data at the interim analysis of the adaptive 
interim phase, when 120 patients have been randomised, 
and subsequently at the enrolment of approximately 
each 100 patients. Additional unplanned meetings of 
the committee may be called based on the occurrence 
of SAEs, logistical issues or publication of evidence in 
other clinical trials. The results of the IDSMC meetings 
will be communicated to the sponsor/PI within 15 days or 
earlier in matters relating to ensuring patient safety and/
or study integrity. The board will contain a minimum of 
three voting members with collective expertise in the 
fields of statistics, trauma and transfusion medicine, who 
will review accumulating data related to efficacy and 
safety outcomes and other study aspects such as compli-
ance, recruitment, data quality and risk versus benefit. 

Figure 2 Study decision process at the point of the adaptive interim analysis. IDSMC, independent data safety monitoring 
committee; PI, principal investigator.
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The IDSMC will provide recommendations regarding 
continuation, modification or termination of the study, as 
appropriate. The role of the ISDMC members will be, ulti-
mately, to protect and serve the study participants and to 
assist and advise the sponsor/PI in the overall conducts, 
interpretation, validity, integrity and ongoing relevance 
of the study. The responsibilities and duties of the IDSMC 
will be defined and described in a study- specific charter. 
The sponsor/PI will have the final authority in all aspects 
of the trial and will have full access to the final study 
dataset.

An independent study monitor will be nominated for 
quality control and assurance, periodic monitoring of 
study- related source data/records, adherence to the 
measures to maintain compliance with blinding, the 
approved protocol in general and completeness and 
accuracy of case report forms. Access to data source docu-
ments will be provided and all study- related material will 
also be available to the independent quality assurance 
auditors and regulatory inspectors, as required.

A steering committee will be created and will oversee 
the conduct of the trial in all its dimensions, thereby 
maximising the integrity of the data, and thus the validity 
of the results. The committee will include diverse clinical 
experts in haematology, pathology laboratory medicine, 
critical care, trauma, epidemiology, anaesthesiology, 
emergency medicine, blood transfusion services and clin-
ical trials methodology. In addition, two patients will be 
part of the committee.

Patient and public involvement
A community consultation was performed for the 
pilot trial (13). An experienced social worker and case 
manager with vast experience in working with individuals 
of various ages, racial and cultural backgrounds after trau-
matic injury will be part of the steering committee. The 
steering committee will also have a patient representative 
who survived a penetrating trauma. The development of 
the research question and outcome measures were not 
informed by patients’ priorities, experience or prefer-
ences. Patients were not involved in the development of 
study design, recruitment and study conduct and they did 
not assess the possible burden of the intervention.

ETHICS AND DISSEMINATION
This study will be conducted in accordance with the ethical 
principles laid down in the Declaration of Helsinki and in 
compliance with the approved study protocol, Good Clin-
ical Practice guidelines and all appropriate regulatory 
requirements, including collecting and reporting SAEs. 
The study, study protocol and all other study documents 
have been approved by Sunnybrook Health Sciences 
Centre’s (the coordinating centre) Research Ethics 
Board (REB) (REB no. 2031; approved on 3 September 
2020), the local REB of all eight participating study sites 
and regulatory authority (Health Canada). Any protocol 
changes will be communicated by the sponsor/PI to all 

REBs, Health Canada, and will be registered on  Clinical-
Trials. gov.

This study will compare haemostatic therapies that are 
currently within the standard of care for trauma patients 
and poses no additional risks to patients and entails no 
additional interventions outside of normal clinical care. 
Moreover, due to the emergency nature of the condi-
tion being studied (ie, patients experiencing massive 
haemorrhage), all eligible patients will be incapable 
of providing informed consent at the time the therapy 
and any delays in obtaining surrogate consent would be 
severely detrimental to their safety. Thus, we will employ 
a deferred informed consent approach.25 26 28 29 We will 
obtain consent from the patient or a substitute decision- 
maker (SDM) as soon as possible after randomisation 
for ongoing collection and analysis of patient data. The 
investigator (or delegate as appropriate) will obtain freely 
given written consent from each patient (or SDM) after 
an appropriate explanation of the aims, methods, antici-
pated benefits, potential hazards and any other aspect of 
the study which is relevant to the decision to continue to 
participate. The informed consent form must be signed, 
with name and date and time noted by the patient (or 
SDM), before the patient is exposed to any further 
study- related procedures, namely evaluation and data 
collection.

The PI (or delegate) will explain that the patients are 
completely free to withdraw from the study at any time, 
without any consequences for their further care and 
without the need to justify. Each patient will be informed 
that his/her medical (source) records may be reviewed by 
the study monitor, a quality assurance auditor or a health 
authority inspector, in accordance with applicable regula-
tions, and that these persons are bound by confidentiality 
obligations.

This consent process meets the criteria for alterations of 
the informed consent according to the Tri- Council Policy 
Statement for the ethical conduct for research involving 
humans: it involves a serious threat to the participants 
that requires immediate intervention, risk is not greater 
than that involved in standard efficacious care, partici-
pant is unconscious or lacks capacity to understand the 
risks, methods and purposes of the study and third party 
authorisation cannot be secured in sufficient time.

In accordance with the relevant guidelines, the 
sponsor/PI will prepare a clinical study report to report 
the outcomes of the study and may publish the data in 
their entirety as a multicentre dataset, at the completion 
of the study. We will disseminate the findings of the study 
in a timely fashion at local, national and international 
scientific meetings and will publish our findings in the 
scientific/medical literature.
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