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2 RCTs in 2023



Current understanding of hemostatic failure/trauma-induced coagulopathy



CRYOSTAT 2



Maegele, Textbook of Surgery 2017

Substrate for 

clotting!

Floccard et al., Injury 2012

Rourke et al., J Thromb Haemost 2012

We recommend treatment with fibrinogen concentrate or 

cryoprecipitate if major bleeding is accompanied by 
hypofibrinogenaemia (viscoelastic sgins of a function 
fibrinogen deficit or a plasma claus fibrinogen level </= 1.5 

g/L) (Grade 1C; unchanged)

Role of fibrinogen and need for early supplementation



Rationale for CRYOSTAT 2



CRYOSTAT 2: Methods

Inclusion criteria:

Adult patients affected by traumatic injury with

Suspected on-going active haemorrhage

 
AND has activated the local major haemorrhage protocol

 

AND has started or received at least one unit of any blood component

Exclusion criteria:

Transferred from another hospital or

Trauma team leader deems injury incompatible with life or

>3 hours from the time of injury



Intervention:

3 pools of Cryoprecipitate (6g fibrinogen equivalent)

…as soon as possible (aim to start within 90 minutes)

…in addition to standard local major haemorrhage 

protocol

Control:
Standard local major haemorrhage protocol

 pRBC + FFP in 4 + 4 unit packs with platelets

 in the second round and then ongoing for 1:1:1 

and 2 pools of cryoprecipitate (4g fibrinogen 

equivalent) and ongoing

CRYOSTAT 2: Methods



Primary Outcome: 

28-day all-cause mortality

Secondary Outcomes:

• All-cause mortality at 6 & 24 hours

• Death from bleeding at 6 & 24 hours

• Transfusion requirements at 24 hours

• Mortality at 6 & 12 months
• EQ-5D-5L & GOSE at discharge and 6 months

• Hospital resource use up to discharge or day 28

CRYOSTAT 2: Methods

Randomised, parallel-group

Sealed envelopes at sites

 Varying block size

 Stratified by centre

Open label

UK & USA > 26 Major Trauma Centres



CRYOSTAT 2: Recruitment and study flow



CRYOSTAT 2: Patient characteristics

No differences!

Prehospital care



CRYOSTAT 2: All-cause mortality (primary outcome)



CRYOSTAT 2: Secondary outcomes



CRYOSTAT 2: Secondary outcomes



CRYOSTAT 2: Timing of cryoprecipitate and survival
60-90 min

Survival



CRYOSTAT 2: Primary outcome by subgroup



CRYOSTAT 2: Conclusion



CRYOSTAT 2: Conclusion



PROCOAG

A randomized controlled trial in adult patients at risk of massive 

transfusion to test the hypothesis that 4F-PCC administration 

combined with a ratio-based transfusion is superior to ratio-based 

transfusion alone in reducing 24-hour blood product consumption



PROCOAG: Methods

Inclusion criteria:

 Adult patients with trauma directly admitted from injury scene to participating center with highest 

trauma level activation at

 RISK of massive transfusion defined as

 transfusion of at least 1 unit of pRBC during pre-hospital care or within 1 hour of admission

 

 AND an Assessment of Blood Conssumption Score (ABC)* of at least 2

 
 OR clinical assessment of the attending physician of risk of massive transfusion**

*ABC = 1 point for each, scores above 2 are likely to require massive transfusion 

>Penetrating mechanism

>Systolic blood pressure (BP) <90 in emergency department (ED)

>Heart rate (HR) >120 in ED

>Positive Focused Assessment with Sonography for Trauma (FAST)

** Massive transfusion: at least 3 pRBC/1h of admission or at least 10 pRBC within first 24 hours



Exclusion criteria:

 

 Traumatic cardiac arrest before randomization 

 Patients with catastrophic injuries expected to die within first hour of admission

 Secondary admission from a different health care facility

 Pre-injury treatment with anticoagulants

 Pregnant patients 

 Known hypersensitivity to 4F-PCC and its analogues

 Patients under guardianship

 Any inclusion in another trial within past 30 days 

 Known pre-injury terminal condition 

 Patients without health insurance (according to French Law) 

PROCOAG: Methods



* Both groups were treated with fluid 

expansion and early transfusion of blood 

products with a PRBC:FFP ratio between 

1:1 and 2:1. TXA was administered 

within 3 hours at a loading dose of 1 g 
followed by 1 g over 8 hours. The source 

of bleeding was identified and treated as 

soon as possible. Fibrinogen was 

administered if measured fibrinogen was 

low or viscoelastic criteria (VET) showed 
a functional deficiency. Platelets were 

transfused to maintain a count higher 

than 50x109/L.

Intervention:

Within 1 hour of admission 4F-PCC at a dose of 25U of 

factor IX per kg (1 mL/kg). Doses were administered at a 

speed of 120 mL/h

…in addition to standard local major haemorrhage 

protocol*

Control (Placebo):
1 mL/kg of normal saline. Doses were administered at a 

speed of 120 mL/h

… in addition to standard local major haemorrhage 

protocol*

PROCOAG: Methods



Primary Outcome: 

Total number of all blood product units (RBC, FFP, and 

platelets) consumed within the first 24 hours after arrival in 

the trauma bay

Secondary Outcomes:

• Individual blood product units consumed within the first 

24 hours
• Time to Prothrombin Time (PT) less than 1.5

• Time to hemorrhage control

• 24-hour and 28-day mortality

• Number of ICU days, ventilator-free days, and 

hospital-free days through day 28
• Hospitalization status at 28 days

• Glasgow Outcome Scale-Extended score in patients 

with brain injury seen on computed tomography (CT) 

on admission (Abbreviated Injury Scale score >2)

PROCOAG: Methods

Randomised, parallel-group

Sealed envelopes at sites

 Varying block size

 Stratified by centre

France > 12 Major Trauma Centres



PROCOAG: Study flow



PROCOAG: Patient characteristics

No 
differences!

Demographics/Prehospital care

No 
differences!

Admission



PROCOAG: Patient characteristics (Resuscitation indicators)

No differences!



PROCOAG: Total blood product consumption (primary outcome)

       Secondary outcomes



PROCOAG: Secondary outcomes

❖ No differences in blood product consumption within first 24 hours

❖ Faster recovery of INR to 1.2 within 6 hours of admission



PROCOAG: Secondary outcomes (Complications and safety)



PROCOAG: Conclusion

The empiric use of 4F-PCC in patients at risk of massive 

transfusion was not supported by this RCT as it did not 

reduce 24-hour blood product consumption and was 

associated with more thromboembolic events. 



Thank you very much!
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