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BackgroundBackgroundBackgroundBackground

•• Hemorrhage Hemorrhage ‐‐ leading  cause  of  preventable leading  cause  of  preventable gg g pg p
death  after  traumadeath  after  trauma

•• AcuteAcute coagulopathycoagulopathy of traumaof trauma 25% of25% of•• Acute  Acute  coagulopathycoagulopathy of  trauma of  trauma ‐‐ 25%  of 25%  of 
trauma  patientstrauma  patients

•• High  mortality  in  massively  transfusedHigh  mortality  in  massively  transfused

Hess, et al. J Trauma 2008
Brohi, et al. Curr Opin Crit Care 2007







Joint  Theater  Trauma  SystemJoint  Theater  Trauma  System
Clinical  Practice  GuidelineClinical  Practice  Guideline

•• “The  goal  in  transfusion  of  the  patient  “The  goal  in  transfusion  of  the  patient  
with  need  for  massive  transfusion  is  to  with  need  for  massive  transfusion  is  to  
deliver  a  ratio  of  PRBCs  to  plasma  to  deliver  a  ratio  of  PRBCs  to  plasma  to  
platelets of 1:1:1”platelets of 1:1:1”platelets  of  1:1:1platelets  of  1:1:1



High ratios problematicHigh ratios problematicHigh  ratios  problematicHigh  ratios  problematic

Pl t b fPl t b f•• Plasma  must  be  frozenPlasma  must  be  frozen

•• Not  immediately  availableNot  immediately  availableyy

•• Not  available  in  far  forward  settingsNot  available  in  far  forward  settings
tt il bili i CSil bili i CS•• 11stst availability  in  CSHavailability  in  CSH

•• Survival  bias?Survival  bias?



ObjectivesObjectivesObjectivesObjectives

•• Evaluate the effect ofEvaluate the effect of lyophilizationlyophilization ononEvaluate  the  effect  of  Evaluate  the  effect  of  lyophilizationlyophilization on  on  
factor  activityfactor  activity

C LP FFP i l iC LP FFP i l i•• Compare  LP  to  FFP  in  a  severe  multiCompare  LP  to  FFP  in  a  severe  multi‐‐
system  modelsystem  model

•• Assess  the  effects  of  RBC’s  on  coagulationAssess  the  effects  of  RBC’s  on  coagulation



MethodsMethodsMethodsMethods
•• Whole blood sterilelyWhole blood sterilely•• Whole  blood  sterilely Whole  blood  sterilely 
removed  from  swineremoved  from  swine

•• Plasma componentPlasma component•• Plasma  component Plasma  component 
separatedseparated

•• Lyophilized byLyophilized by HemConHemCon®®•• Lyophilized  by Lyophilized  by HemConHemCon®  ®  
Medical Technologies,  Inc. Medical Technologies,  Inc. 

•• Powdered plasmaPowdered plasma•• Powdered  plasma Powdered  plasma 
returnedreturned

•• Reconstituted prior toReconstituted prior to•• Reconstituted  prior to Reconstituted  prior to 
transfusiontransfusion



MethodsMethodsMethodsMethods

•• LP  very  LP  very  alkaloticalkaloticyy

•• Requires  addition  of  acid  to  reconstitution  Requires  addition  of  acid  to  reconstitution  
fl idfl idfluidfluid

•• Vitamin  C  utilizedVitamin  C  utilized

•• Reconstitute  to  original  volumeReconstitute  to  original  volume



MethodsMethodsMethodsMethods

Clotting factor activity and coagulation Clotting factor activity and coagulation 
t d b ft d b f l hili til hili tiparameters measured before parameters measured before lyophilizationlyophilization

and after reconstitutionand after reconstitution



Residual ActivityResidual ActivityResidual ActivityResidual Activity
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Methods: Swine ModelMethods: Swine ModelMethods: Swine ModelMethods: Swine Model

•• Multi Multi ‐‐ center  trial center  trial 

•• OHSU,  USAISROHSU,  USAISR

•• Previously validated modelPreviously validated modelPreviously  validated  modelPreviously  validated  model

•• 32  Yorkshire  crossbred  swine 32  Yorkshire  crossbred  swine 

•• Anesthetized,  mechanically  ventilatedAnesthetized,  mechanically  ventilated

•• Carotid and jugular catheters placedCarotid and jugular catheters placed•• Carotid  and  jugular  catheters  placedCarotid  and  jugular  catheters  placed

•Syverud et al, Resuscitation 1988
•Wladis et al Shock 2001•Wladis et al, Shock 2001
•Kiraly et al, J Trauma 2006
•Cho et al, Shock 2008



Cho, et al. Cho, et al. ShockShock 20082008 Shuja, et al, J Trauma 2008

Baseline        Injury        Hemorrhage         Operative                          Hemostatic Resuscitation

Phase Phase Phase Phase



•• 60%  of  estimated  blood  volume  removed60%  of  estimated  blood  volume  removed

•• Hypothermia,  acidosis,  Hypothermia,  acidosis,  coagulopathycoagulopathy inducedinduced
–– Active coolingActive cooling–– Active  coolingActive  cooling

–– Saline  infusionSaline  infusion

Baseline        Injury        Hemorrhage         Operative                          Hemostatic Resuscitation

Phase Phase Phase Phase

Shock 3:1 NS

Femur 
fracture

Controlled 
hemorrhage



Baseline        Injury        Hemorrhage         Operative                          Hemostatic Resuscitation

Phase Phase Phase Phase

Shock 3:1 NS

Femur 
fracture

Controlled 
hemorrhage

Grade V liver injury



•• Volume equal to Volume equal to 
controlled hemorrhagecontrolled hemorrhage

•• 4 randomized groups4 randomized groups

–– FFPFFP
•• ReRe‐‐warmed to 37warmed to 37°°CC

•• Labs drawn hourlyLabs drawn hourly

FFPFFP

–– LPLP

FFP PRBCFFP PRBC •• Labs drawn hourlyLabs drawn hourly–– FFP : PRBCFFP : PRBC

–– LP : PRBCLP : PRBC

Baseline        Injury        Hemorrhage         Operative                          Hemostatic Resuscitation

Phase Phase Phase Phase

Shock 3:1 NS

Femur 
fracture

Controlled 
hemorrhage

Grade V liver injury 1hr 2hr 3hr 4hr



Blood loss after liver injuryBlood loss after liver injuryBlood  loss  after  liver  injuryBlood  loss  after  liver  injury
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MAPMAPMAPMAP

100

120

60

80

100

m
 H

g FFP
*

*
*

*

20

40

60

m
m LP

PRBC:FFP

0

20

Post 1 HR Post 2 HR Post 3 HR Post 4 HR

PRBC:LP

Time



LactateLactate
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HematocritHematocritHematocritHematocrit
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R timeR timeR  timeR  time
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Activated Clotting TimeActivated Clotting TimeActivated  Clotting  TimeActivated  Clotting  Time
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PartialPartial ThromboplastinThromboplastin TimeTimePartial  Partial  ThromboplastinThromboplastin TimeTime
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Figure 8. p<0.05 for comparisons a‐d.  a= FFP lower than LP:PRBC; b= FFP lower 
than FFP:PRBC; c=LP lower than LP:PRBC; d= LP lower than FFP:PRBC.



Platelet CountPlatelet CountPlatelet  CountPlatelet  Count
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DiscussionDiscussionDiscussionDiscussion
•• Decreased blood loss LP:PRBC groupDecreased blood loss LP:PRBC group•• Decreased  blood  loss  LP:PRBC  groupDecreased  blood  loss  LP:PRBC  group

–– LP  retains  coagulation  factor  activityLP  retains  coagulation  factor  activity

–– RBC  affectsRBC  affects

•• Accelerated coagulation in PRBC groupsAccelerated coagulation in PRBC groupsAccelerated  coagulation  in  PRBC  groupsAccelerated  coagulation  in  PRBC  groups
–– Add  pure  PRBC  groupAdd  pure  PRBC  group

d dd d–– TEG  TEG  vsvs standard  standard  coagcoag assaysassays

•• Decreased  inflammation  in  LP  groupDecreased  inflammation  in  LP  groupg pg p
–– Vitamin  C?Vitamin  C?



MechanismsMechanismsMechanismsMechanisms
•• RBC crucial participant in clotRBC crucial participant in clot cellcell•• RBC  crucial  participant  in  clot RBC  crucial  participant  in  clot –– cell cell 
membrane,  phospholipidsmembrane,  phospholipids



MechanismsMechanismsMechanismsMechanisms
•• RBC  contribute  to  biomechanical RBC  contribute  to  biomechanical 
marginationmargination of  plateletsof  plateletsgg pp
–– RouleauxRouleaux formationformation

Enhance concentration ofEnhance concentration of pltplt nearnear–– Enhance  concentration  of  Enhance  concentration  of  pltplt near near 
endotheliumendothelium

•• RBCs  modulate  platelet  production  of RBCs  modulate  platelet  production  of 
thromboxanethromboxane

Reinhart, et al. Throm Haemost 2009



Future StudiesFuture StudiesFuture  StudiesFuture  Studies

•• Citrate  Citrate  vsvs HClHCl vsvs Vitamin  CVitamin  C

•• Minimize  volume  of  reconstitution  fluidMinimize  volume  of  reconstitution  fluid

•• Optimize  type  of  reconstitution  fluidOptimize  type  of  reconstitution  fluid

•• Study additional antiStudy additional anti‐‐oxidantsoxidantsStudy  additional  antiStudy  additional  anti oxidantsoxidants

•• Survival  studies  with  optimized  fluidSurvival  studies  with  optimized  fluid
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