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ABSTRACT
Introduction  Reduced thrombin generation is an 
important component of post cardiopulmonary bypass 
(CPB) coagulopathy. To replenish coagulation factors and 
enhance thrombin generation in bleeding surgical patients, 
frozen plasma (FP) and four-factor prothrombin complex 
concentrate (4F-PCC) are used. However, the efficacy–
safety balance of 4F-PCC relative to FP in cardiac surgery 
is unconfirmed.
Methods and analysis  LEX-211 (FARES-II) is an active-
control, randomised, phase 3 study comparing two 
coagulation factor replacement therapies in bleeding 
adult cardiac surgical patients at 12 hospitals in Canada 
and the USA. The primary objective is to determine 
whether 4F-PCC (Octaplex/Balfaxar, Octapharma) is 
clinically non-inferior to FP for haemostatic effectiveness. 
Inclusion criteria are any index (elective or non-elective) 
cardiac surgery employing CPB and coagulation factor 
replacement with 4F-PCC or FP ordered in the operating 
room for bleeding management. Patients will be 
randomised to receive 1500 or 2000 international units of 
4F-PCC or 3 or 4 units of FP, depending on body weight. 
The primary endpoint of haemostatic treatment response 
is ‘effective’ if no additional haemostatic intervention is 
required from 60 min to 24 hours after the first initiation 
of 4F-PCC or FP; or ‘ineffective’ if any other haemostatic 
intervention (including a second dose of study drug) is 
required. An estimated 410 evaluable patients will be 
required to demonstrate non-inferiority (one-sided α 
of 0.025, power ≥90%, non-inferiority margin 0.10). 
Secondary outcomes include transfusions, bleeding-
related clinical endpoints, coagulation parameters and 
safety.
Ethics and dissemination  The trial has been approved 
by the institutional review boards of all participating 
centres. Trial completion is anticipated at the end of 2024, 
and results will be disseminated via publications in peer-
reviewed journals and conference presentations in 2025. 

The results will advance our understanding of coagulation 
management in bleeding surgical patients, potentially 
reducing the need for allogeneic blood products and 
improving outcomes in surgical patients.
Trial registration number  NCT05523297.

INTRODUCTION
For patients undergoing cardiac surgery 
requiring cardiopulmonary bypass (CPB), 
coagulopathic bleeding is a serious compli-
cation that can lead to blood product trans-
fusions and poor outcomes.1 2 The aetiology 
of coagulopathy in these patients is multi-
factorial and can be related to anticoagula-
tion use, haemorrhage, haemodilution and 
consumptive losses following tissue injury 
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and during CPB.3 An important component of post-CPB 
coagulopathy is reduced thrombin generation caused by 
deficiency of enzymatic coagulation factors (eg, vitamin 
K-dependent factors II, VII, IX and X).4–7

To replenish coagulation factors and enhance thrombin 
generation in bleeding patients, frozen plasma (FP) and 
non-activated prothrombin complex concentrate (PCC) 
are used during or after surgery.8 FP is the mainstay of 
therapy for bleeding cardiac surgery patients requiring 
coagulation factor replacement in many countries; in the 
USA, approximately 15% of all cardiac surgery patients 
and one-third of all bleeding patients receive FP.9–11 FP 
contains the full array of human procoagulant and anti-
coagulant factors but not in concentrated form, meaning 
that achieving clinically significant increments can 
require large volumes.12 Accordingly, FP is associated with 
adverse reactions such as transfusion-associated circula-
tory overload and transfusion-related acute lung injury.13

PCC offers a potential alternative to FP for treating 
bleeding cardiac surgery patients requiring coagulation 
factor replacement. Non-activated four-factor PCCs (4F-
PCCs) contain standardised levels of coagulation factors 
II (prothrombin), VII, IX and X, as well as the inhib-
itor proteins C and S and small amounts of heparin.14 
4F-PCCs are purified from human pooled plasma and 
treated to minimise the risk of pathogen transmission 
and transfusion reactions. They are also administered 
in a smaller volume than FP, reducing the risk of fluid 
overload and haemodilution.14 15 However, the efficacy–
safety balance of 4F-PCCs relative to FP in cardiac surgery 
is unconfirmed, with limited studies carried out in this 
setting. Recent systematic reviews and meta-analyses have 
suggested that PCC seems to be at least as effective as FP 
in patients with significant bleeding after cardiac surgery, 
without additional risk of thromboembolic events (TEEs) 
or other adverse events.16–18 However, only three relevant 
randomised studies were identified, two of which were 
pilot studies designed primarily to assess the feasibility of 
conducting larger trials,9 19 and the other being a single-
centre study in 100 patients.20 Therefore, high-quality 
evidence from large, multicentre, randomised studies is 
required.

Following the completion of a phase 2 pilot study 
(FARES),9 we embarked on a phase 3 study to delineate 
the risk–benefit profile of 4F-PCC relative to FP and to 
determine whether 4F-PCC is a suitable substitute for FP 
to mitigate bleeding in cardiac surgery. Here, we describe 
the study protocol for this study, LEX-211 (also known 
as FARES-II), which is a randomised comparison of the 
efficacy and safety of 4F-PCC with FP as active control for 
coagulation factor replacement for the management of 
bleeding in adults undergoing cardiac surgery with CPB.

METHODS AND ANALYSIS
Study design and setting
LEX-211 is a prospective, multicentre, active-control, 
randomised, phase 3 study comparing 4F-PCC with FP in 

bleeding adult cardiac surgical patients. The study does 
not include a placebo arm because delaying coagulation 
factor replacement in this setting may expose patients to 
the negative consequences of excessive blood loss.

Due to the nature of the intervention, the clinical team 
and some research personnel are not blinded to treat-
ment allocation, but patients and outcome assessors are 
blinded. All participating hospitals are required to follow 
an established transfusion management protocol for the 
administration of non-interventional blood components 
and haemostatic agents (figure 1).21 Recognising that the 
intervention takes place during a very dynamic period 
(ie, post-CPB bleeding during surgery), however, the 
study does allow clinicians to use best judgement within 
the context of the transfusion protocol.

The study is being conducted at 12 academic hospitals 
in Canada and the USA. In the USA, prospective, written, 
informed consent is obtained from patients at a screening 
visit (performed ≤28 days before surgery) before they 
are included in the study. In Canada, a delayed consent 
process is used whereby informed consent is obtained 
when appropriate after surgery, in accordance with 
the Tri-Council Policy Statement (TCPS2) on Ethical 
Conduct for Research Involving Humans.22

Study population
To ensure that the results of the study are clinically rele-
vant and generalisable, the study includes adult patients 
undergoing any type of cardiac surgery (except highly 
specialised procedures such as heart transplantation) who 
require coagulation factor replacement due to haemor-
rhage in the operating room (OR), post-CPB.

Inclusion criteria
Inclusion criteria are adult patients undergoing any index 
(elective or non-elective) cardiac surgery employing CPB 
for whom coagulation factor replacement with 4F-PCC or 
FP is ordered in the OR for the management of bleeding 
box 1. This can be either active bleeding or anticipated 
bleeding in patients deemed to be at high risk for major 
bleeding post-CPB.

Included patients will receive the intervention 
post-CPB, but only if they are bleeding severely enough to 
merit treatment (as determined by the clinical team and 
confirmed with a validated bleeding severity scale23 and 
have either an elevated international normalised ratio 
(INR) (>1.5 as measured at the point of care) posthep-
arin reversal with protamine or their bleeding is severe 
enough to require immediate therapy, precluding waiting 
for the INR measurement.

Exclusion criteria
Patients undergoing highly specialised or very high-risk 
surgeries are excluded. These include heart transplan-
tation, insertion or removal of ventricular assist devices 
(not including intra-aortic balloon pump), or repair of 
thoracoabdominal aneurysm. Patients are also excluded 
if the clinical team deems them to be in a critical state 
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immediately before surgery or at high risk of death within 
24 hours of surgery. Examples include patients with acute 
aortic dissection or cardiac arrest within 24 hours before 
surgery. Severe right heart failure (clinical diagnosis with 
or without echocardiography) will also result in exclu-
sion. Additional exclusion criteria are listed in box 1.

Interventions
As described above, patients are included in the study 
either after consent is obtained before surgery (only in 
the US sites) or if clinicians order coagulation factor 
replacement with 4F-PCC or FP in the OR (in the Cana-
dian sites). However, the intervention can be adminis-
tered only if the patient is experiencing bleeding that 
is severe enough to necessitate treatment with coagula-
tion factor replenishment. The treatment criteria are the 
following: adequate reversal of heparin with protamine; 
at least a grade 2 (moderate) bleed according to the vali-
dated bleeding severity scale23 and point-of-care INR (as 
measured by the Hemochron Signature Elite conducted 
>10 min after protamine administration) 1.5 or higher. 
The need for INR measurement is waived if the bleeding 
is severe enough to require immediate therapy post-CPB.

Grading the severity of bleeding according to the 
bleeding severity scale23 fulfils the US Food and Drug 
Administration (FDA) requirement for a validated, 
clinician-reported scale to standardise bleeding in clinical 
studies of intraoperative bleeding. The scale was devel-
oped to assess the performance of haemostatic agents in 
clinical studies to generate clinically relevant labelling 
claims and identify appropriate haemostatic agents for 
clinical use.

Intervention
Patients randomised to the intervention group who meet 
the treatment criteria will receive 4F-PCC (Octaplex/
Balfaxar, Octapharma), administered intravenously. The 
4F-PCC is supplied as a powder for solution for injec-
tion together with a solvent (sterile water for injection), 
which will be used for the reconstitution per the manu-
facturer’s instructions. The dose for 4F-PCC will be 1500 
international units (IU) for patients whose body weight 
is ≤60 kg and 2000 IU for patients whose body weight is 
>60 kg.

Figure 1  Cardiac surgery blood transfusion algorithm (updated from TACS)*.21 *To determine the need for RBC transfusion, 
consider patient status and haemoglobin. Transfuse red cells if Hb<70 g/L during CPB; <80 g/L post-CPB and <90 g/L in 
bleeding or unstable patients. †In general, the initial protamine dose should not exceed 400 mg, irrespective of the amount 
of heparin given. If an additional protamine dose does not shorten ACT, consider low fibrinogen levels or deficiency of 
enzymatic coagulation factors as a reason for the prolonged ACT and treat according to the algorithm. ‡BSS<2 (less than 
moderate)=no therapy; BSS 2–3 (moderate-severe)=institute stepwise treatment; assess bleeding after each product; BSS 4 
(life-threatening)=administer therapy as necessary without waiting for laboratory results and combine therapies as appropriate. 
§POC INR should be performed >10–15 min after protamine or results may be inaccurate. ACT, activated clotting time; Blwk, 
bloodwork; BSS, bleeding severity scale; CBC, complete blood count; CPB, cardiopulmonary bypass; CT, clotting time; Hb, 
haemoglobin; IMP, investigational medicinal product; INR, international normalised ratio; POC, point of care.
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Active control
Patients assigned to the comparator arm who meet the 
treatment criteria will receive an intravenous infusion of 
FP as active control. The dose of FP will be three units (U) 
(approximately 750 mL) for patients whose body weight 
is ≤60 kg and 4 U (approximately 1000 mL) for patients 
whose body weight is >60 kg.

Repeat dosing
If a second order for coagulation factors is received 
during the treatment period of 24 hours after initiation of 
the first dose, the blood bank will release a second dose of 
the intervention to which the patient was originally allo-
cated (figure 2). In both groups, if further doses of coag-
ulation factors are required, non-interventional FP will be 
administered in 1–4 U increments at the discretion of the 
ordering physician; these additional FP units will not be 
counted as part of the investigational medicinal product 
(IMP). Thus, the maximum allowable cumulative dose of 
4F-PCC will be 3000 IU if body weight is ≤60 kg and 4000 
IU if >60 kg.

Dosing determination
The doses of PCC and FP selected for the study are 
the same as those used in the pilot FARES study, which 
showed high effectiveness rates without any indication 
of increasing TEEs.9 There is currently an absence of 
consensus regarding PCC dosing in acquired coagula-
tion factor deficiency; however, the study dosing of PCC 
represents current dosing as used for bleeding indications 
in other (including cardiac) settings.21 24–26 Moreover, the 
maximum dose is equal to or lower than doses of PCC that 
have demonstrated a good safety and tolerability profile 
in other clinical settings, for example, factor Xa inhibitor 
reversal in major bleeding27–29 and trauma.30 Neither PCC 
nor FP will be administered to patients unless they are 
deemed to be clinically indicated by the ordering physi-
cian based on objective clinical criteria that will ensure 
adherence to best blood management practices.

Outcomes and study duration
Primary outcome
A dichotomous classification will be used to assess the 
primary endpoint of comparison of haemostatic treat-
ment response to 4F-PCC versus FP in bleeding cardiac 
surgical patients (table 1). Treatment will be considered 
‘effective’ if no additional haemostatic intervention is 
required in the time window from 60 min to 24 hours 
after initiation of the first IMP dose. ‘Haemostatic inter-
vention’ comprises the administration of any systemic 

Box 1  Eligibility criteria

Inclusion criteria
Adult (≥18 years old) patients undergoing any index cardiac surgery 
employing CPB.
Coagulation factor replacement with PCC or FP was ordered in the op-
erating room for:
a.	 Management of bleeding.
b.	 Anticipated bleeding in a patient who has been on pump for >2 

hours or undergone a complex procedure (eg, aortocoronary bypass 
plus aortic valve replacement).

Coagulation factor deficiency is either known to exist (eg, as indicated 
by elevated EXTEM clotting time (CT) or INR) or suspected based on the 
clinical situation.
Exclusion criteria
Undergoing heart transplantation, insertion or removal of ventricular as-
sist devices (not including intra-aortic balloon pump (IABP)) or repair of 
thoracoabdominal aneurysm.
Critical state immediately before surgery with a high probability of 
death within 24 hours of surgery (eg, acute aortic dissection, cardiac 
arrest 24 hours before surgery).
Severe right heart failure (clinical diagnosis±echocardiography).
Known contraindications to heparin.
PCC required for reversal of warfarin or direct oral anticoagulant (dab-
igatran, rivaroxaban, apixaban or edoxaban) within 3 days prior to or 
during surgery.
Known TEE within 3 months prior to surgery.
History of severe allergic reactions to PCC or FP.
Individuals who have IgA deficiency with known antibodies against IgA.
Refusal of allogeneic blood products.
Known pregnancy.
Currently enrolled in any other interventional clinical trials.

CPB, cardiopulmonary bypass; FP, frozen plasma; INR, international normalised 
ratio; PCC, prothrombin complex concentrate; TEE, thromboembolic event.

Figure 2  Study design. *OR personnel will remain blinded to treatment until treatment decision; patients will be blinded to 
treatment allocation. †A second dose of 4F-PCC or FP (as per original randomised allocation) can be given within the 24-hour 
treatment period (ie, within 24 hours after the first dose of IMP) if the patient continues to have at least a grade 2 bleed and 
an INR≥1.5 after the first dose; for subsequent doses, the patient will receive FP. ‡FP in 1–4 U increments at the discretion 
of the ordering physician. 4F-PCC, four-factor prothrombin complex concentrate; BW, body weight; FP, frozen plasma; IMP, 
investigational medicinal product; IU, international units; OR, operating room; U, units.
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haemostatic agents (including platelets, cryoprecipi-
tate, fibrinogen concentrate, activated factor VII, other 
coagulation factor products or a second dose of IMP) or 
any other haemostatic interventions (including surgical 
reopening for bleeding). Because of the complexity and 
dynamic nature of cardiac surgery, and the multifacto-
rial nature of haemorrhage during cardiac surgery, it is 
inherently not feasible to assess the specific haemostatic 
response to individual therapeutic agents. Patients cate-
gorised as having an ‘ineffective’ haemostatic treatment 
response to IMP, due to requiring administration of any 
haemostatic intervention (including a second dose of 
IMP) in the time window from 60 min to 24 hours after 
initiation of the first IMP dose, will be considered as treat-
ment failures. The 60 min time period will allow for the 
administration of the IMP and establishment of treatment 
effect and for correction of any other identified coagu-
lation defects (eg, thrombocytopaenia, platelet dysfunc-
tion, hypofibrinogenaemia and hyperfibrinolysis).3

The primary endpoint was selected for its clinical rele-
vance, was discussed with regulatory authorities and was 
demonstrated by the FARES pilot study to be feasible.9

Secondary outcomes
The secondary endpoints and their assessment timings are 
summarised in table 2. The following secondary endpoints 
are included to provide supportive evidence of haemo-
static efficacy: global haemostatic response, as measured 
by a composite of the need for post-therapy haemostatic 
interventions (per the primary endpoint) and drop in 
haemoglobin level (table  3); chest tube drainage; the 
incidence of severe to massive bleeding; the incidence 
and amount of allogeneic blood products transfused; the 
incidence of administration of other coagulation factor 
products; the incidence of additional bleeding-related 
clinical endpoints (ie, intracerebral haemorrhage, gastro-
intestinal haemorrhage and surgical re-exploration); 
changes in INR and other coagulation parameters from 
before to after IMP administration; and the time from 
initiation of the first IMP dose to the patient’s arrival into 
the intensive care unit (ICU). The assessment of global 
haemostatic response will be based on the haemostatic 
efficacy scale used successfully in a phase 3b randomised 
clinical trial by Sarode et al31 (in discussion with the US 

FDA), modified to reflect the special considerations of 
haemorrhage during cardiac surgery. Severe to massive 
bleeding will be assessed using a modification of the 
universal definition of perioperative bleeding in cardiac 
surgery.32 Safety endpoints are the incidence of serious 
treatment-emergent adverse events, the duration of 
mechanical ventilation, ICU stay and hospitalisation, the 
incidence of death, and the number of days alive and out 
of hospital up to postoperative day 30.

Study duration
The duration of the treatment period is 24 hours from 
IMP initiation or until the maximum dose of IMP has 
been administered, whichever occurs first. The duration 
of the study for an individual patient is 30 days from the 
time of randomisation (ie, day of surgery). The study 
visits are described In table 4. The study will be consid-
ered completed when at least 410 patients have been 
randomised, treated and consented and have finalised 
data through day 30.

Randomisation and blinding
Eligible patients will be randomly assigned to receive 
4F-PCC or FP. Randomisation lists using a permuted-
block randomisation scheme (stratified by site) will be 
prepared by the biostatistician, and sealed randomisation 
envelopes based on these randomisation lists will then be 
provided to the blood banks of the participating centres 
who will be responsible for providing the IMP. Patients will 
be identified using a sequential numbering system within 
the centre, and randomisation performed in sequential 
order of the patient identification numbers.

This is a partially blinded study, with patients and 
outcome assessors blinded to treatment allocation. Given 
the physical differences in the products and the emer-
gency nature of the intervention, attending clinicians 
and research personnel in the OR cannot be blinded to 
the treatment. Thus, breaking the study blind is not an 
issue in this study. The biostatistician who prepares the 
random allocation schedule is not involved in the conduct 
of the study. To minimise bias, neither the individual 
performing the randomisation nor any of the healthcare 
providers will know which treatment will be assigned to 
a given patient when coagulation factor replacement is 

Table 1  Objective criteria used for determination of the primary endpoint of haemostatic treatment response to investigational 
medicinal product

Haemostatic response Haemostatic intervention

Effective No additional haemostatic interventions* administered between 60 min and 24 hours after 
initiation of infusion†

Ineffective Additional haemostatic interventions* administered between 60 min and 24 hours after initiation 
of infusion†

*Administration of any systemic haemostatic agents (including platelets, cryoprecipitate, fibrinogen concentrate, activated recombinant factor 
VII, other coagulation factor products or a second dose of IMP) or any haemostatic interventions (including surgical reopening for bleeding).
†The 60 min period allows for the administration of the IMP and establishment of treatment effect.
IMP, investigational medicinal product; .
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ordered. Blood products will be transported to the OR in 
weighted tamper-proof boxes to maintain the blind until 
IMP administration criteria are met post-CPB and the 
clinical decision is made to administer the IMP. The type 
of IMP administered will be recorded in a manner that 
will not unblind the outcome assessor.

Sample size determination
In the FARES pilot study, approximately 75% of patients 
in the PCC group and 65% in the FP group demon-
strated haemostatic treatment response from 60 min to 

24 hours after initiation of the first IMP dose.9 Using a 
more conservative estimate of 70% vs 65%, it is estimated 
that 410 evaluable patients will be required to demon-
strate non-inferiority with a one-sided α of 0.025, power 
of ≥90% and non-inferiority margin of 0.10 when using a 
Farrington-Manning score test.

It is anticipated that up to 20% of randomised patients 
may not meet IMP administration criteria (based on objec-
tive bleeding severity scale and INR) between randomis-
ation and delivery of IMP to the OR and termination of 

Table 2  Secondary efficacy and safety endpoints

Outcome Timing of assessment

Efficacy parameters

Global haemostatic response, based on requirement for additional 
haemostatic intervention (as per the primary endpoint) and 
haemoglobin level decrease

60 min to 24 hours after initiation of the first IMP dose

Total amount of chest tube drainage 12 and 24 hours after chest closure

Incidence of severe to massive bleeding, using a modification of 
the UDPB in cardiac surgery32 and its individual components

First 24 hours after surgery commencement, after the end 
of CPB and after IMP initiation

Mean number of total allogeneic blood products administered, 
including red cells, platelets and all (interventional and non-
interventional) FP

First 24 hours after the end of CPB

Mean number of total non-interventional allogeneic blood 
products administered, including red cells, platelets and non-
interventional FP

First 24 hours after the end of CPB

Mean number of total non-interventional allogeneic blood 
products administered, including red cells, platelets, 
cryoprecipitate and non-interventional FP

First 24 hours and 7 days after IMP initiation

Mean number and incidence of transfusion of individual allogeneic 
blood products (including red cells, platelets, cryoprecipitate and 
non-interventional FP), and incidence of administration of non-
interventional coagulation factor products (including fibrinogen 
concentrate and rFVIIa)

First 24 hours and 7 days after surgery commencement, 
after the end of CPB and after IMP initiation

Incidences of ICH, GI haemorrhage and surgical re-exploration First 24 hours after surgery commencement, after the end 
of CPB and after IMP initiation

Change in INR* Within 30 min before to within 60 min after IMP initiation

Changes in coagulation parameters, including PT, aPTT, 
fibrinogen activity, ROTEM EXTEM CT and MCF, ROTEM FIBTEM 
MCF and platelets

Within 75 min before to within 75 min after IMP initiation

Time elapsed from initiation of first IMP dose to the patient’s 
arrival into the ICU

To be measured

Safety parameters

Incidence of serious treatment-emergent adverse events, 
individually and as a composite where appropriate (eg, TEEs, 
MACE)

All from the beginning of surgery up to postoperative day 
30

Duration of mechanical ventilation, ICU stay and hospitalisation

Incidence of death

Number of days alive and out of hospital

*INR reduction will be considered successful if the magnitude of the reduction is >1.0 or the post-treatment level falls to below 1.5.
aPTT, activated partial thromboplastin time; CPB, cardiopulmonary bypass; CT, clotting time; GI, gastrointestinal; ICH, intracerebral 
haemorrhage; ICU, intensive care unit; IMP, investigational medicinal product; INR, international normalised ratio; MACE, major adverse 
cardiac events; MCF, maximum clot firmness; PT, prothrombin time; rFVIIa, activated recombinant factor VII; ROTEM, rotational 
thromboelastometry; TEEs, thromboembolic events; UDPB, universal definition of perioperative bleeding.
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CPB, and therefore, will not receive the therapy. Thus, it is 
anticipated that the study will include approximately 500 
randomised patients, which, accounting for randomised 
but untreated patients in both arms, as well as evaluable 
patients who do not provide informed consent (antici-
pated to occur in <5% of cases), is expected to provide 
at least 410 evaluable patients, with a minimum of 205 
patients in each group.

Interim analysis
The study design included a preplanned administra-
tive unblinded interim analysis (conducted by an inde-
pendent statistician) after 200 patients were enrolled to 
re-estimate the sample size or stop the study for futility 
(non-binding), without pausing patient recruitment 
during the conduct of the interim analysis.

The sample size re-estimation was based on evaluation 
of the conditional power, calculated as described previ-
ously,33 making use of the observed response rates at the 
time of the interim analysis and inverse normal combi-
nation test statistic with equal weights given by (Φ−1(1–
p1)+Φ−1(1–p2))/√2, where p1 and p2 denote the p values 
for testing the non-inferiority null hypothesis for the first 
and the second stage of the trial, respectively. The aspired 
conditional power used for the new intended sample size 
was 90%. A 25% drop-out rate was added to the re-esti-
mated sample size of evaluable patients to obtain the 
number of patients to be enrolled in the second stage. 
The minimum number of patients for the second stage 
was specified at 210 evaluable subjects (as per the orig-
inal sample size estimate, even if the re-estimated sample 
size was below this number) or 263 patients, including 
the possible dropouts (+25%). The maximum allowed 
sample size for the second stage was specified at 1000 
patients (dropouts included). If the drop-out-adjusted 
re-estimated sample size exceeded this threshold, the 

independent data and safety monitoring committee 
(IDSMC) would recommend stopping the trial for futility 
or enrolling the maximum overall number of 1250 
patients in the study.

Statistical methods
The non-inferiority of the primary endpoint of haemo-
static response will be tested between the treatment 
groups by means of a Farrington-Manning score test with 
a non-inferiority margin of 0.10. At the end of the trial (as 
at the interim analysis), the inverse normal test statistic 
with equal weights given by (Φ−1(1–p1) Φ−1(1–p2))/√2 will 
be calculated. If the test statistic exceeds the value of 1.96, 
non-inferiority is demonstrated. Only in the case that 
non-inferiority is demonstrated, that is, the null hypoth-
esis is rejected at the one-sided 2.5% level of significance, 
the superiority of 4F-PCC with regard to the primary 
endpoint will be investigated.

Descriptive statistics or frequency tables will be 
presented for all efficacy and safety data in addition to the 
inferences performed. The summary tables and explor-
atory inferences will be chosen according to the scaling 
level of the measurements, for example, frequency tables 
for categorical responses and sampling statistics for 
continuous data. Safety endpoints will be analysed anal-
ogously to the primary endpoint, presenting point esti-
mates and two-sided 95% CIs in addition to descriptive 
statistics. A p<0.05 will be considered significant without 
adjustment for multiplicity. A statistical analysis plan has 
been prepared that details all analyses to be undertaken; 
this plan will be finalised before data lock.

The full analysis set will consist of all consented and 
randomised patients who receive any amount of the 
intervention, which will serve as the primary analysis set 
for efficacy and safety. Consented and randomised but 
untreated patients will not be included in the efficacy or 

Table 3  Objective criteria used for determination of the secondary endpoint of global haemostatic response, adapted from 
Sarode et al31

Global haemostatic response Haemostatic intervention Drop in haemoglobin

Excellent (positive) No additional haemostatic 
interventions* administered 
between 60 min and 24 hours 
after initiation of infusion†

AND <15% decrease in haemoglobin between 
60 min and 24 hours after initiation of 
infusion†‡

Good (positive) No additional haemostatic 
interventions* administered 
between 60 min and 24 hours 
after initiation of infusion†

AND 15% to <30% decrease in haemoglobin 
between 60 min and 24 hours after initiation of 
infusion†‡

Poor (negative) Additional haemostatic 
interventions* administered 
between 60 min and 24 hours 
after initiation of infusion†

OR ≥30% decrease in haemoglobin between 
60 min and 24 hours after initiation of 
infusion†‡

*Administration of any systemic haemostatic agents (including platelets, cryoprecipitate, fibrinogen concentrate, activated recombinant factor 
VII, other coagulation factor products or a second dose of IMP) or any haemostatic interventions (including surgical reopening for bleeding).
†The 60 min period allows for the administration of the IMP and establishment of treatment effect.
‡Each unit of RBC transfused during this time period will be counted as a drop of 1.0 g/dL in haemoglobin.
IMP, investigational medicinal product; RBC, red blood cell.
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Table 4  Flow chart of study procedures and information collected at each study visit*

Assessments

Visit 1
POD 0
Prerandomisation visit
(blood bank)

Visit 2
POD 0–1
First visit after IMP 
initiation
(0–24 hours after IMP 
initiation)†

Visit 3
POD 2–7 after IMP 
initiation (or at 
discharge if earlier)

Visit 4
POD 30 after 
IMP initiation 
(in person if 
in hospital or 
by phone)

Blood bank receives PCC or FP order‡ x

Inclusion and exclusion criteria§ x

Body weight x

Randomisation x

IMP (PCC or FP) administration¶ x

Patient (or legally authorised representative) 
debriefing and consent**

x (x) (x)

Baseline data

 � Demographics x

 � Medical history x

 � Preoperative medications x

 � Laboratory assessments X

Surgical data

 � Bleeding score x

 � Intraoperative medications x

 � CPB time x

 � Cross-clamp time x

 � Circulatory arrest x

 � Fluid intake and output monitoring x

 � Inotropes and vasopressors x

 � Start and end time of IMP administration X

 � OR length of stay x

Laboratory assessments

 � Clinical chemistry†† x x

 � Haematology (CBC)†† x‡‡ x§§

 � Coagulation measures††¶¶ x*** x

 � Safety laboratory analyses†† x x

 � INR x†††

Transfusions and haemostatic therapies and 
timings

 � Second dose of PCC (IMP), if needed‡‡‡ x

 � Second dose of FP (IMP), if needed‡‡‡ x

 � FP (non-interventional) x x

 � RBCs x x

 � Pooled and apheresis platelets x x

 � Cryoprecipitate x x

 � Fibrinogen concentrate X X

 � Activated recombinant factor VII x x

 � Other haemostatic products x x

Blood loss determination

 � Total chest tube drainage at 1, 6, 12 and 24 
hours after chest closure

X X

Bleeding-related clinical endpoints

 � Occurrence of intracerebral haemorrhage§§§ x X

 � Occurrence of gastrointestinal haemorrhage§§§ x X

 � Occurrence of surgical re-exploration§§§ x X

Continued
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safety analyses but will be followed for 30 days to deter-
mine between-group comparability in baseline character-
istics and outcomes. A secondary efficacy analysis will be 
performed for the per-protocol set, which will exclude all 
patients with major protocol deviations. To ensure that 
the safety reporting is complete, all haemostatic therapy 
and serious adverse event data will be collected in cases 
where consent for remaining in the study cannot be 
obtained due to logistical issues (eg, the patient died and 
a legally authorised representative could not be reached) 
and research ethics board (REB) approval is obtained to 
collect the information. For patients in Canada who refuse 
consent, only treatment allocation data will be collected 
and patients will not be included in any analyses.

Study management
Study oversight is provided by the steering committee 
and the IDSMC (see online supplemental appendix 1 for 

members). Study conduct is organised and managed by 
Ozmosis Research, Toronto, and the Anesthesia Clinical 
Trials Unit (ACTU) at the University Health Network, 
Toronto (the coordinating centre).

The IDSMC is composed of recognised experts in the 
fields of statistics, perioperative medicine and haema-
tology who are not actively recruiting patients. The 
IDSMC conducts a review of the accumulating safety, 
endpoint and other study data (recruitment, retention 
and compliance, data quality and timeliness, risk vs 
benefit and summary statistics of outcomes) every time 
100 patients complete the study. The IDSMC provides 
recommendations about continuing, modifying and/or 
stopping the study based on considerations of treatment 
efficacy, patient safety and trial futility, as appropriate. A 
written study-specific charter defines in detail the compo-
sition, responsibilities and procedures of the IDSMC.

Assessments

Visit 1
POD 0
Prerandomisation visit
(blood bank)

Visit 2
POD 0–1
First visit after IMP 
initiation
(0–24 hours after IMP 
initiation)†

Visit 3
POD 2–7 after IMP 
initiation (or at 
discharge if earlier)

Visit 4
POD 30 after 
IMP initiation 
(in person if 
in hospital or 
by phone)

Extubation time x (x) (x)

ICU length of stay (x) (x)

Hospital length of stay (x) (x)

Hospital readmissions X

AEs and SAEs x x x

Concomitant medications x x x

Patient survival X

() If needed.
*All data are collected by trained research personnel. All outcome data collectors are blinded research personnel. In-hospital data are obtained from patients or their 
medical records and recorded into electronic case report forms (eCRFs) with validity checks (see online supplemental appendix). Post-discharge data are collected 
from the patients by blinded research personnel. Independent monitors review collected data against patients’ records to ensure completeness and accuracy. 
Missing data or loss to follow-up should be minimal as the vast majority of data are in-hospital. The investigator will ensure that the patient’s confidentiality is 
preserved. On CRFs or any other documents submitted to the sponsor, the patients are not identified by their names, but by a unique patient identifier. Documents 
not intended for submission to the sponsor, that is, the confidential patient identification code list, original consent forms and source records, are maintained by the 
investigator in strict confidence.
†For any specified activity that cannot be completed during the first visit after IMP initiation, additional visits are made on postoperative day 1 until all study data are 
obtained.
‡After the start of surgery.
§In the USA, a screening visit is performed ≤28 days before surgery to apply the study inclusion criteria requiring that the patient is aged ≥18 years, is to undergo 
index cardiac surgery employing CPB and provides written informed consent, as well as to apply all exclusion criteria. If screening is performed before the day of 
surgery, the exclusion criterion of severe right heart failure (clinical diagnosis±echocardiography) is rechecked on the day of surgery.
¶IMP is administered during surgery based on objective clinical criteria of bleeding status and point-of-care INR, as assessed by the surgical staff.
**At study centres in Canada, due to the emergency nature of the condition being studied, informed consent is obtained from the patient or legally authorised 
representative as soon as possible after surgery. If neither the patient nor the legally authorised representative is reachable for consent during the follow-up period, 
a family member who is not a legally authorised representative is provided with an opportunity to object to the patient’s participation in the study. In the USA, 
prospective, voluntarily given, written (signed and dated), informed consent must be obtained from the patient at a screening visit performed ≤28 days before 
surgery. Model informed consent forms are provided in Appendix.
††As per standard practice.
‡‡Measure haemoglobin within 30 min before and at 60 min after IMP initiation.
§§Measure haemoglobin at 24 hours after IMP initiation and document results.
¶¶For example, PT, aPTT, INR, plasma fibrinogen level, ROTEM EXTEM CT and MCF, FIBTEM MCF, platelet count and function (PlateletWorks; Helena Laboratories, 
Texas, USA). Either ROTEM or TEG can be used.
***Measure INR within 30 min before and at 60 min after IMP initiation and document results.
†††If the patient continues to have at least moderate bleeding and a suspected coagulation deficiency (eg, INR ≥1.5) after completion of the first dose.
‡‡‡If the patient continues to have at least moderate bleeding and a suspected coagulation deficiency (eg, INR ≥1.5) after completion of the first dose.
§§§Data collected during visit 2 (0–24 hours after IMP initiation).
AE, adverse event; aPTT, activated partial thromboplastin time; CBC, complete blood count; CPB, cardiopulmonary bypass; CT, clotting time; DC, discharge; FP, 
frozen plasma; ICU, intensive care unit; IMP, investigational medicinal product; INR, international normalised ratio; MCF, maximum clot firmness; OR, operating 
room; PCC, prothrombin complex concentrate; POD, postoperative day; PT, prothrombin time; RBC, red blood cell; ROTEM, rotational thromboelastometry; SAE, 
serious adverse event; TEG, thrombelastography.

Table 4  Continued

https://dx.doi.org/10.1136/bmjopen-2024-091381
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Patient and public involvement
Patients and the public were not involved in the design 
of the study.

Ethics and dissemination
The study is being conducted in accordance with the 
ethical principles laid down in the Declaration of Helsinki 
and in compliance with the protocol as approved by 
Health Canada (V.8.0, 17 April 2023), the US FDA (V.9.0, 
25 August 2023) and the institutional review boards of 
all participating sites. The study also complies with Good 
Clinical Practice guidelines and all applicable regulatory 
requirements governing the participating study sites.

The study, protocol and all other study documents have 
been approved by the REB of the coordinating centre 
(University Health Network Research Ethics Board (UHN 
REB), Toronto, Ontario, Canada; CTO no. 3996; initial 
approval date: 3 August 2022), as well as the local REB of 
all participating sites (see online supplemental appendix 
1 for specific REB names and approval numbers). Model 
informed consent forms are provided in online supple-
mental appendix 1.

In Canada, the study meets the criteria stated in 
Article 3.7A on Alterations to Consent Requirements in 
the TCPS2 on Ethical Conduct for Research Involving 
Humans for identifying situations in which excep-
tions may be sought for the requirement to seek prior 
consent.22 Thus, at participating centres in Canada, all 
patients who meet the inclusion criteria are randomised 
in the OR, and delayed consent is sought from patients 
(or from their legally authorised representative where 
appropriate) at the earliest possible opportunity after 
surgery.

In the USA, an exception from informed consent was not 
granted by the FDA, and so prospective, voluntarily given, 
written (signed and dated), informed consent is obtained 
from the patient at the screening visit performed ≤28 days 
before surgery. Patients for whom this is not possible are 
excluded. At participating centres in the USA, the study is 
being conducted under the FDA’s requirements for inves-
tigational new drug applications, protection of human 
subjects and institutional review boards.34–36

Study results will be disseminated via publications in 
peer-reviewed journals and conference presentations. It 
is currently not planned to share individual participant 
data.

Trial status and anticipated impact
The study was initiated in 2022 in Canada and in 2023 
in the USA and is currently in progress. An interim 
analysis was conducted after 202 patients were enrolled, 
with the IDSMC recommending that the study continue 
with no protocol modifications and a maintained total 
sample size of 410 evaluable patients. We expect the trial 
to be completed in late 2024 and the final report to be 
presented and published in 2025.

The study is anticipated to have an important impact on 
clinical practice, potentially altering the long-established 

practice of administering FP for coagulation factor 
replacement in bleeding surgical patients. Depending on 
the findings of the study, it could lead to the adoption of 
PCC over FP as first-line therapy in this setting, or illus-
trate that the current prevailing practice of using FP as 
first-line therapy is more appropriate, or show that both 
interventions can be used interchangeably. In any case, 
the study will advance our understanding of coagulation 
management in bleeding surgical patients and has the 
potential to reduce the need for allogeneic blood product 
transfusions and improve outcomes in surgical patients.
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