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Introduction

• Dried  plasma

• Dried  platelets

• Platelet  extracellular  vesicles

• Dried  whole  blood?







Lyophilized  Plasma

WWII

Used  for  resuscitation  

of  all  Trauma  and  

Burn  Patients



Dried  Plasma

• Logistically  superior  and  available

• Can  be  stored  in  massive  quantities

• Can  be  single  or  multiple  donor

• Long  shelf – life

• Can  be  pathogen/Ag/Ab  reduced  



Dried  Plasma  Characteristics

Peng  et  al.  Life  2024, 14, 619. https://doi.org/10.3390/ life14050619



German  LyoPlas
• German  LyoPlas

– Single  donor  (Blood  type  compatibility)

– Used  in  Afghanistan  by  German  Army

– Stored  up  to  15  months

– 200,000 TFNs – 0.023%  major complications  similar  

to  FFP





Methods

• Air  transport  Victoria, Australia

• Unblinded  randomized  trial

• After  1st  unit  RBCs

– 2  units  Lyoplas

– Routine  care



Results

Mitra  et  al.  Acad Emerg Med 2023;30:1013–1019. 



French  Flyp
• Up  to  11  donors/unit  (Universal)

• Pathogen  reduced

• Stored  up  to  24  months

• Available  to  US  SF  on  IRB  protocol

• 1000s  TFNs  with  no  major  adverse  

events



Randomized  Trial  FLyP

• Open  label  randomized  trial

• 48  trauma  patients  requiring  

emergent  transfusion

• Exclusion  criteria

– Received  blood  prior  to  randomization

– Moribund

Garrigue  et  al  Journal  of  Thrombosis  and  Haemostasis  2017;16:1 – 9.



Outcomes  FLyP  Trial

Garrigue  et  al  Journal  of  Thrombosis  and  Haemostasis  2017;16:1 – 9.



S.  African  Bioplasma  FDP

• Pooled  from  up  to  1500  donors

• Donors  screened  and  tested

• Pathogen  inactivated

• Used  throughout  S.  Africa  and  

surrounding  nations



Thrombosomes
• Freeze  dried  group – O  platelets

• Stable  for  3  years  at  room  temp

– Trehalose  stabilized

• Pooled  from  up  to  10  donors

• Heat  treated  for  viral infections

• Cultured  prior  to use  for  bacteria

• Rehydrated  in  sterile  water





Additional  Potential  Advantages

• 15%  of  collected  platelets  wasted

– $178,000,000  in  2017

• Rapid  reconstitution,  2 – 3  minutes

• Lower  plasma  content

• Not  thrombogenic  or  immunogenic

– Rabbits,  swine,  canine,  NHPs

Ohanian  et  al.  AJH  2021;97:256 – 266.  



Phase  I  Clinical  Study

• 24  hematologic  malignancy  patients

• Platelet  counts  5000 – 70,000/uL

• 9.45 x 107 – 3.78 x 108 particles/kg

• No  identified  adverse  events

• WHO  bleeding  scores  stabilized  or  

improved



Additional  Trials

• Phase  2  trial

– Bleeding  thrombocytopenic  patients

• Phase  2a  trial

– Aortic  dissection  patients  undergoing  

operations



Platelet  Extracellular  Vesicles
• Particles  secreted  from  platelets

• Express  surface  receptors

• Range  in  size  from  10 – 1000nm

• Procoagulant  GPIIb/IIIa,  TF,  PS  receptors

• Long  shelf  life  from  -80C  to  40C

• Rehydrated  in  10cc

• Known  for  close  to  50  years



Scanning  Electron  Micrographs



Potential  Advantages
• Lyophilized

• Stable  for  2 – 4  years

• Pasteurized – reduced  bacterial  load

• Reduced  expression  HLA  antigens

• May  be  effective  in  refractory  patients

• No  RBCs  or  WBCs



Available  Studies
• Mice,  rats,  rabbits,  swine

• Phase  I

– Infusion  2 – 6 mg/kg  in  normal  people

– People  given  ASA  

• Phase  II  trials

– 31  Pts,  mucosal  bleeding  and  Plts  < 50

– Platelets  or  2 – 6 mg/kg  of  PEVs

Nasiri  S  Blood  Transfusion  2013;11:337 – 342.



Human  Derived  PEVs

Dyer  MR.  JTH  2019;17:1733 - 1745.
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Mean Arterial Pressure

Injury* 5 15 30 45 60 minutes after injury

*Injury and 
intervention 
administered 
simultaneously

Lopez  et  al.  
Scientific  Reports  
2019;9:17676.

p = 0.03



Cumulative Blood Loss

m
L

5 15 30 45 60 minutes after injury

Lopez  et  al.  
Scientific  Reports  
2019;9:17676.

5 X 1010  
particles/
ml



Durbin  et  al.  JTACS  2024;96: 364–370.



Durbin  et  al.  JTACS  2024;96: 364–370.

2 ml

7 X 1011  particles/ml



Durbin  et  al.  JTACS  2024;96: 364–370.

Blood  Loss



Lactate  and  Mortality

Durbin  et  al.  JTACS  2024;96: 364–370.





What  Will  Tomorrow’s  Special  

Forces  Medic  Carry?



Conclusions

• Dried  plasma  and  platelet  products  

just  about  ready  for  prime  time

• Can  we  create  a  combination  of  

powdered  products  to  replace  WB?
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