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Introduction

 Trauma casualties – present a unique challenge

 Care and management - require experience and expertise. 

 Timely treatment - one of the most important variables 

affecting outcome. 



 Trauma-induced coagulopathy (TIC) is the result of complex 

mechanisms including 

 consumption and loss of coagulation factors, 

 hyperfibrinolysis

 release of anticoagulation factors, and 

 dilution of coagulation factors by crystalloid or colloid 

infusion1. 



 Emergency resuscitation of TIC - major challenge in casualty 

care 

 20% to 30% among casualties requiring blood transfusion1.

1.Maegele M, Spinella PC, Schochl H: The acute coagulopathy of trauma: mechanisms and tools for risk stratification. Shock
2012;38:450-58.



 Addresses diagnosis and treatment of entire lethal triad 

immediately upon admission

 liberal and early use of plasma in the concept of “Damage 

Control Resuscitation” 2. 

 Rapid progress in DCR in warfronts

2. Midwinter MJ, Woolley T: Resuscitation and coagulation in the severely injured trauma patient. Philos Trans R Soc Lond B Biol Sci
2011; 366:192–203



 Similar logistic challenges may be expected in civilian mass 

casualty events. 



 American College of Surgeons and European guidelines favor 

early transfusion of blood products instead of large-volume 

resuscitation with crystalloids3.

 crystalloids or colloids - induce a coagulopathy characterized 

by a compromised clot development4. 

3. American College of Surgeons. Advanced Life Support for Doctors ATLS. 9th ed. 2012.
4. Bolliger D, Go¨rlinger K, Tanaka KA: Pathophysiology and treatment of coagulopathy in massive hemorrhage and hemodilution.
Anesthesiology 2010; 113:1205–19



 Not just the overall transfusion ratio that was important, but 

the early ratio5. 

5. Holcomb JB, del Junco DJ, Fox EF, et al. The Prospective, Observational, Multicenter, Major Trauma Transfusion
(PROMMTT) study: comparative effectiveness of a timevarying treatment with competing risks. JAMA Surg 2013; 148:127–36.



Advantages of FFP

1. Volume replacement; 

2. Preservation of intra vascular volume due to plasma proteins; 

3. PH balanced fluid; 

4. Replacing and assisting hemostasis by adding coagulation 

factors.

5. Avoids dilutional coagulopathy

6. Replaces both procoagulant and anticoagulant proteins,

7. Repairs endothelial function, and 

8. Produces anti-inflammatory effects



 Plasma infusion as close as feasible to the point of injury may 

augment that effect further. 

 Precludes infusion of acidic crystalloids



Limitations of FFP

 storage at-30°C, 

 30 min to thaw, 

 and optimal use within hours of thawing. 

 refrigerated thawed plasma



Need for Freeze dried plasma

 FFP not feasible at the point of injury 

 Challenges in remote civilian hospitals and medical facilities, 

 a cold chain independent Freeze Dried Plasma (FDP)



 Plasma can be lyophilized and freeze-dried to create a 

logistically superior product

 Suitable in austere environments for the treatment of 

trauma-associated coagulopathy. 



History

 US Military used dried plasma throughout WWII. 

 Increased focus on hepatitis risk

 Pooled product, increased donor exposure. 

 Civilian institutions did not use excess dried plasma from US 

military. 

 Production and use ceased within a few years after WWII. 



 French Military Blood Institute produced French lyophilized 

plasma (FLYP) in 1949. 

 Became the first European center of FDP production in 

1950. 

 During the Indochina war, 40,000 units were delivered to 

support French military operations. 



 In 1985, production suspended to prevent the spread of HIV

 Production restarted in 1991 at the time of the Gulf War and 

continues to the present. 

 Since then, advanced medical units of the French Army as 

well as the German Armed Forces have used FDP6.

6. Martinaud C, Ausset S, Deshayes AV, Cauet A, Demazeau N, Sailliol A: Use of freeze-dried plasma in French intensive care
unit in Afghanistan. J Trauma 2011;71:1761-64.





FDP preparation

 3L from a maximum of 10 different donors’ plasma placed in 

a sterile 3 L-plastic bag. 

 Plasma is distributed aseptically into individual flasks for 

cryodessication, a desiccation process by sublimation of ice 

under vacuum.



 The flasks are placed into the freeze dryer. 

 stored at ambient temperature (2–25°C) 

 Reconstituted with 200 ml medical sterile water. 

 In less than 6 min





 Females with previous pregnancy are tested for antihuman 

leukocyte antigen antibodies and excluded if the antibodies 

are found. 







 Storage of reconstituted lyophilized plasma at RT showed 

protein S activity and FVIII decrease within 48 hours to 50 

and 66% of starting activity. 

 However, loss in the first 6 hours was less than 10% 

suggesting that it is best used within 6 hours.

 While FV decreased to 87%

 All other components remained stable



 Clotting activities were found to decrease between -6.3% 

(FXI) and -14.9% (FVIII) after 6 hours of storage at 4°C

 Between -6.3% (fibrinogen) and -24.3% (FVIII) after 6 days 

at 4°C.



 A unique container serves both as a lyophilization container 

and as a ruggedized administration container suitable for the 

field



 Shelf life- two years in naturally-varying temperatures, 

 Can be thawed by adding water in minutes for use, 

 Does not break in shipment 

 Displays no decline in function from FFP.

 Logistically compatible as a primary resuscitation fluid at the 

point of injury7.

7. Daban JL, et al.: Freeze dried plasma: a French army specialty. Critical Care 2010, 14:412.



 The universal blood type AB is no longer an issue 

 “blood type selection allows the dilution and neutralization of 

natural anti-A and anti- B hemagglutinins”. 

 expensive and uncommon today. 
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French Vs German

 Flyp - preparation manufactured by the French Blood Bank, 

from approximately 10 donors (apheresis), 

 LyoPlas -German Red Cross, is a single-donor product. 

 Unlike the French product, which requires no blood type 

matching, the German LyoPlas requires ABO compatibility.
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Infection risk reduction

 The French blood bank undergoes a chemical process 

utilizing Amotosalen and UV radiation. 

 German LyoPlas mandates all donors to undergo a second 

serologic screening 4 months following the initial plasma 

donation

 LyoPlas additionally undergoes filtration; Solvent detergent 

FDP available



 The National Bioproducts Institute (Pinetown, South Africa) 

produces a pooled, S/D-treated, ABO-universal lyophilized 

plasma, Bioplasma FDP, since 1996



Quality

 LyoPlas offers a good safety profile with regard to the 

transmission of infectious diseases

 Exposes the plasma units to a higher risk of specific clotting 

factor deficiency8.

 FlyP- ability to assay each lot of plasma so the specific levels 

of factors are known. 

 consistency between “doses,” in contrast to individual plasma 

units

8. Vamvakas EC, Blajchman MA: Blood still kills: six strategies to further reduce allogeneic blood transfusionYrelated mortality.
Transfus Med Rev 2010;24:77-124.





 In vitro analysis revealed no differences in the coagulation 

profiles of FFP and FDP.9

 The lyophilization process did not decrease the activity levels 

of the measured clotting factors.

 After more than 2 years storage at ambient temperature, the 

fibrinogen and clotting factor levels of FDP are equivalent to 

FFP

9. Bux J, Dickhorner D, Scheel E: Quality of freeze-dried (lyophilized) quarantined single-donor plasma. Transfusion 2013;53(12):3203–
9.











Hemovigilance

 French Haemovigilance system has recorded more than 

1,000 administrations of dried plasma, with no 

documentation of any significant adverse effect10. 

 The German Red Cross has recorded more than 200,000 U 

with no evidence of a higher incidence of major adverse 

reaction compared with that of FFP 11.

10.SailliolA,Martinaud C, Cap AP, Civadier C, Clavier B, Deshayes AV,Mendes AC, Pouget T, Demazeau N, Chueca M, et al.: The
evolving role of lyophilized plasma in remote damage control resuscitation in the French Armed Forces Health Service.
Transfusion 2013;53(Suppl 1):65S-71S.
11.Bux J, Dickhorner D, Scheel E: Quality of freeze-dried (lyophilized) quarantined single-donor plasma. Transfusion
2013;53(12):3203–9.





 Lyophilization development program has been challenging. 

 The current program specifically requires that glass not be 

used.



 Significant progress in optimizing conditions, 

 Developing a process that resulted in factor levels within the 

normal range, with a loss of less than 15% activity for all 

measured factors.

 The reconstitution time is approximately 2 minutes.



FDP Benefits

 Reduce waste by eliminating breakage and outdating after 

thawing. 

 Reduce the logistical burden associated with storage 

requirements

 Permit for earlier use by physicians/surgeons managing 

severe hemorrhage. 

 short turnaround times

 prioritizing rapid transport to hospital and surgical control. 



RCTs

 The US Department of Defence is sponsoring three 

prospective, randomized clinical studies12. 

 Control of Major Bleeding after Trauma (COMBAT) study 

 The Prehospital Air Medical Plasma (PAMPer) 

 The Pre-Hospital Use of Plasma for Traumatic Hemorrhage 

(PUPTH) study

12. Brown JB, Guyette FX, Neal MD, et al. Taking the blood bank to the field: the design and rationale of the Prehospital Air
Medical Plasma (PAMPer) trial. Pre hosp Emerg Care 2015;19: 343–50.



 Outcomes will assess the effects of 2 units of prehospital FDP 

on: 

 mortality at ED arrival and at 24 hours, 

 transfusion requirements, coagulation variables, clot 

viscoelastic properties, 

 hemodynamic variables, cellular hematologic variables, 

metabolic status, and 

 disseminated intravascular coagulation score.

 Clinical studies will be completed by 2018 



 It is exciting to consider the clinical benefits of FDP to 

resuscitate the bleeding patients at the point of care

 FDP will replace use of FFP and cryo

 Essentially all transfusions for bleeding



Time to field freeze dried plasma is now


