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Introduction
• Hemorrhage  leading  cause  of  

preventable  death  after  trauma

• Hemorrhage  control  1st step

• Replace  what  is  lost

• Novel  products  in  development
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History  of  Whole  Blood
• Richard  Lower (1665) – Keeps  

exsanguinated  dogs  alive

• Philip  Syng Physick (1795) – 1st

human  transfusion

• Civil  War – 2  successful  transfusions

• Alexis  Carrel (1908) – Vein  to  vein

• 1970s – Whole  blood  to  components 





Sydney  Ringer

• 1835 – 1910

• British  physiologist,  MD

• Outstanding  bedside  teacher

• True  early  clinical  investigator

• Fanatically  punctual

• Climbed  building  when  lab door  locked

• “. . . first  and  foremest to  be  open  eyed  

and  open – minded; then  to  be  honest”  



Ringer’s  Fluid

• Isolated  frog heart  studies

• Saline  produced  ventricular  dilatation

• Blood  and  albumin  reverse

• Calcium - normal  heart  beat

• Potassium – increased  period  of  organ  

functionality



Normal  Saline

• Hamburger  1886  to  treat  cholera  

patients

• Studied  freezing  point  of  salt  

solutions

• 0.92%  saline  freezes  at  same  temp  

as  human  serum  (-0.52C)

Hartog Jakob Hamburger

Dutch  Physiological  Chemist



“What  is  wanted  is  a  fluid  

that  will  have  the  advantages  

of  salt  solutions  together  

with  the  antagonism  to  the  

state  of  acidosis”
Captain  Walter  B.  Cannon

Observations  WWI

Cannon  WB.  JAMA.  1918:70;618-621.



The British Medical Journal, July 8, 1916.



Lyophilized  Plasma

WWII





War  in  Vietnam
• Crystalloid  increases  in  dominance

– ARDS,  Shock  lung,  Da  Nang  lung

• Whole  blood  transfusion  continues

• Blood  frequently  shipped  from  US

• Known  clotting  deficiencies  

• FFP  routinely  transfused  with  every  

5 – 10  units





• Controlled  hemorrhage  studies  in  dogs

• No  trauma

• LR  at  rapid  rate  to  replace  interstitial  fluid  

until  whole  blood  available

• Base  further  whole  blood resuscitation  on  

patient  response

CCM,  1976



• Massive  resuscitation  to  increase  O2  delivery  

• Resulted  in  increased  fluid  given

• Increased  ACS

• Increased  MOF

• Increased  death

• Michelin  people
Arch  Surg 2003





PROPPR  Patient  Flow

Holcomb  et  al  JAMA 2015;313:471 – 482.



Kaplan – Meier  Curves

Holcomb  et  al  JAMA 2015;313:471 – 482.



Product  Ratios

Holcomb  et  al  JAMA 2015;313:471 – 482.



Cause  of  Death

Holcomb  et  al  JAMA 2015;313:471 – 482.





Whole  Blood  Definitions

• Warm  fresh  whole  blood – Transfused  immediately  

or stored  up  to  8  hours  at 22C.  Can  be  stored  

an  additional  24  hours  at  4C. 

• Cold  whole  blood – Stored  at  1- 6C

– Fresh  if  transfused  within  48  hours

– CPD, CP2D – Stored  up  to  21  days

– CPDA – 1  Stored  up  to  35  days



Additive  Solution  Volume

Seheult  et  al.  Transfusion  Clin  et  Biol  2019;26:174 – 179.



Whole  Blood  vs Components

Nessen  et  al.  Transfusion 2013;53:107S-113S.



Propensity  Analysis

Nessen  et  al.  Transfusion 2013;53:107S-113S.





Whole  Blood  Portland
• Program  started  July  9th, 2018

• 20  units  provided  per  week

• Whole  blood  provided  ARC

– Low  titer  Ab  to  A  and  B  (<  200)

– Mixture  of  Rh +  and  Rh –

– Leukoreduced with  platelet  sparing filter



Storage

• Stored  up  to  14  days  in  CPD  solution

• If  not  utilized  converted  to  RBCs

• Stored  at  4C

• No  special  storage  requirement



Elegance  in  Simplicity



Resource  Nurse

• TEGs,  calciums every  30  minutes

• Guide  adjunctive  therapies

• Coordinate  with  blood  bank

• Organize  and  transfuse  with  Belmont

• TXA  for  MTPs







Adjunctive  Therapy

Einersen et  al.  JTACS 2017;82:114 – 119.



Cirrhotic  Motorcyclist  3  

Weeks s/p  MI  on  Plavix



Condron  et  al.  Transfusion 2018;9999;1 – 4.



Gallaher  et  al.  JTACS 2020;89:238 – 245.  



Whole  Blood  Barnes
• Prospective  observational  trial

• Leukoreduced WB,  anti-A  and  B  

titers  <  200

• Max  dose  8  units

• 42  CT,  44  whole  blood

• No  difference  organ  failure

Shea et  al.  Transfusion 2020;60:S2 – S9.



Whole  Blood  Barnes

Shea et  al.  Transfusion 2020;60:S2 – S9.

WB, ml/kg 23.6 (11.9 – 45.2)



UT  Houston – 1377  Patients

Brill  et  al.  JACS 2022;234:408 – 418.

Reduced

- Blood  Use

- Mortality



Whole  Blood  LITES

Sperry  et  al.  JACS 2023; DOI: 10.1097/XCS.0000000000000708.



Whole  Blood  LITES

Sperry  et  al.  JACS 2023; DOI: 10.1097/XCS.0000000000000708.



TROOP

TOWAR



WB  Coagulation  Function  Over  Time

Strandness et  al.  JTACS 2015;78:S31 – S38.



Effects  of  Leukoreduction

Remy  et  al.  JTACS  2018;84:S104 – S114.



Effects  of  Leukoreduction

Remy  et  al.  JTACS  2018;84:S104 – S114.



Leukodepletion  and  Belmont

14  Day  old  

leukodepleted LTOWB  

before  and  after  

Belmont  infusion
Hoyos  Gomez  T  et  al.  Injury  2022  PMID  36180259.  



OHSU  vs  BAMC

Beiling  et  al  Presented  at  2022  AAST

Leukodepleted

Max  age  14d
NLR

Max  age  35d



OHSU  vs  BAMC

Beiling  et  al  Presented  at  2022  AAST

Leukodepleted

Max  age  14d
NLR

Max  age  35d



Domaine Leroy  

Musigny Grand  

Cru – France

Cost - $75,000

Charles  Shaw  

Cabernet

California

Cost - $2.99

Low  Titer  O

Fresh  whole  blood

Still warm!

LTOWB – CPDA

Leukoreduced

35  Days  old

Cost - $600Cost - Priceless



Cold  Platelets
• Platelets  currently  stored  at  22C  in  

incubators  for  up  to  5  days

• Risk  of  infection  limits  storage

• Warm  platelets  survive  longer  in  vivo

– 1.3  vs  3.9  days

• Trauma  patients  don’t  need  3.9  days  



Platelet  Function

Reddoch et  al  Shock 2014;41  Suppl 1:54 – 61.



Cardiac  Surgery - Norway

Strandeness  et  al. Anesthesiology  2020;133:1173 – 1183.



Blood  Product  Use



Safety  Endpoints



FDA  and  CSPs
• 2015 – FDA  approves  CSPs  stored  up  

to  3  days  for  resuscitation

• 2019 – FDA  grants  South  Texas  Blood 

&  Tissue  Center  approval  to  

manufacture  and  distribute  CSP  up  to  

14  days  when  conventional  platelets  

not  available  or  not  practical

• Approved  for  battlefield  use



Fresh  Frozen  Plasma
• Obtained  from  whole  blood  and  frozen  

at  -20C  within  8  hours

• Stored  up  to  1  year

• Freeze/thaw diminishes  function

• Approximately  30  minutes  to  thaw

• Greatest  source  of  waste  at  OHSU



Thawed  FFP

• Once  thawed,  FFP  can  be  maintained  

at  1 – 6C  for  up  to  5  days

• Minimal  degradation  of  factor  function

• Mitigates  logistical  difficulties  of  

maintaining  a  balanced  resuscitation



Decrease  (%)  in  FFP  Coagulation 

Factor  Levels  Day 0   to  Day  5 

%



FP24
• Similar  to  FFP  and  used  interchangeably  

• Frozen  between  8  and  24  hours  

• Additional  testing  (anti - HLA  antibodies,  

TRALI)

• Further  fractionation  of  plasma

• Not  approved  to  create  thawed  plasma



Liquid  Plasma

• Never  frozen

• Approved  for  26  days

• Minimal  factor  degradation

• Immediately  available



%

Increase in FVII, XII and vWF in some plasma units: cold promoted activation

>88% of the initial activities retained 

41%

51%

Clotting  Factors  in  LQP  

Day 0 to Day 26



Dried  Plasma
• Logistically  superior 

• US  products  are  in  early  FDA  trials

• German  LyoPlas

– Single  donor  (Blood  type  compatibility)

– Stored  up  to  15  months

– 200,000 TFNs – 0.023%  major complications  similar  

to  FFP



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

• Pathogen  reduced

• Stored  up  to  24  months

• Available  to  US  SF  on  IRB  protocol

• 1000  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.





PAMPer Trial
• Pragmatic,  multicenter,  cluster  

randomized

• Air  transport,  scene  or  transfer

• Thawed  plasma  vs  standard  care

• 501  patients

– 271  standard  care

– 230  thawed  plasma

Sperry  et  al.  NEJM 2018;379:315 – 326.



Group  Comparisons

Sperry  et  al.  NEJM 2018;379:315 – 326.

Standard Plasma



Kaplan – Meier  Survival

Sperry  et  al.  NEJM 2018;379:315 – 326.



Potential  Benefits
• Over  1000  proteins  in  plasma

• Many  are  biologically  active

• Many  have  unknown  functions

• Suppression  of  dysfunctional  

inflammation

• Decreased  endothelial  permeability

• Rebuilding  the  glycocalyx



Working  Biological  Model

Endotheliopathy of  Trauma 

Pati et  al.  J  Trauma  2010;69 Suppl 1:S55 – S63.



Lung Injury in HS is inhibited by FFP

Lung Tissue

N=5 mice/group

Peng  et  al  Shock 2013;40:195 – 202.



Donor  Characteristics

Chasse  et  al  JAMA  Internal  Medicine  2016;176:1307 – 1314.



Exposure of aged mice to young blood late

in life is capable of rejuvenating cognitive function

Parabiosis Model

Exposure of aged mice to young blood 

is capable of rejuvenating skeletal muscle 

Was  Bram  Stoker  Right?
Science May 2014

Nature Med May 2014

Questions to consider:

1) Does the age and gender of the

donor blood affect outcomes in recipients?

2) What are the soluble factors that modulate outcomes?



Wartime  Special  Forces  Medic
• Liquid  cold  stored  whole  blood

– Type  O

– Low  titer

– Not  leukodepleted

• Cold  stored  platelets

• Lyophilized  plasma



The  Future
• Whole  blood  on  the  shelf

• Thrombosomes – Freeze  dried  platelets

• Platelet  extracellular  vesicles

• Oxygen  carriers – Not  Hgb  substitutes

• Products  as  curative  drugs  beyond  

resuscitation




