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The THOR Network 

• An international multidisciplinary network of 
civilian and military providers ranging from 
first responders and medics to critical care 
physicians and from basic scientists to 
clinical trialists. 

 

 

• VISION: To improve outcomes from 
traumatic hemorrhagic shock by optimizing 
the acute phase of resuscitation. 

 



The THOR Network 

• MISSION: To develop and implement 
best practices for prehospital care 
through to the completion of the acute 
phase of hemorrhagic shock 
resuscitation. 

 

 

• The THOR Network will execute this 
mission through a multidisciplinary 
collaborative approach to research, 
education, training, and advocacy. 

 



THOR Network Origin 

• 2010 email: Strandenes to Spinella to Chair 
Scientific Steering Committee 

• 2011 meeting in Innsbruck Austria 
– Epiphany at Limerick Bill’s Irish bar.  

– Start yearly conference with international 
experts on trauma resuscitation to expedite 
knowledge transfer and change practice.  

• June 2011 first meeting in Bergen 

• June 2012-present meetings at Solstrand 



Strength in Balance 

• Civilian and Military  

• North American and Europe 
– Australia, South America, Asia  

• Prehospital and in hospital providers 

• Medics to basic scientists 

• Multi-disciplinary 

 

• Major key to success of Network 



THOR Activities 

• Annual meeting in Norway 

– Annual supplement  

– Position papers 

• Satellite meetings  

– Italy, Switzerland, Brazil 

– AABB (Boston, San Diego) 

• RDCR Training manual (in production) 

• DCR Textbook (in production) 
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Remote Damage Control 
Resuscitation  

• Prehospital/Presurgical application of 
Damage Control Resuscitation (DCR) 
principles  

• Goals are the same RDCR and DCR 

• How achieved differs between RDCR and DCR 

– Austere environment  

– Airway management 

– Monitoring capabilities 

– Therapeutic options  

 

 



RDCR Principles –  
Blood Failure 

• Blood is an organ and can fail like any 
other organ 

• Term emphasizes the interaction between 
blood systems  

– Promote a balanced approach to resuscitation  

• Balanced/simultaneous treatment 

– Shock, hemostatic and endothelial dysfunction 

– Prevents the exacerbation of another system 

 



RDCR Principles –  
Trauma Induced Blood Failure 
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Trauma Induced Blood Failure:  
Frequent at Admission 

13 

0

5 0 0

1 0 0 0

1 5 0 0

2 0 0 0

N o  N o s o c o m i a l  I n f e c t i o n

N o s o c o m i a l  I n f e c t i o n

P o s t - t r a u m a  d a y

E x  v i v o T N F 

p r o d u c t i o n

c a p a c i t y

( p g / m l )

p  =  0 . 0 4 ;  A N O V A

3  -  4 5  -  6 7  -  8
Sy

n
d

e
ca

n
-1

 

Rodriguez EG. Jam Coll Surg. 2017    Patregnani J. Ped Crit Care Med.2012  
Brohi. J Trauma. 2003    Muszynski J. Shock. 2014 



Trauma Induced Blood Failure:  
Correlates with Mortality 

14 Rodriguez EG. Jam Coll Surg. 2017    Patregnani J. Ped Crit Care Med.2012  
Brohi. J Trauma. 2003    Muszynski J. Shock. 2014 



Epidemiology and Outcomes 

• Trauma most common cause of death  

– 1-46 years of age in US 

• Hemorrhage most common cause of medically 

preventable death  

• Hemorrhagic death occurs fast 

– 85% of hemorrhagic deaths occur within 6 hours  

– Median time to death is between 1 to 3 hours  

• Rapid treatment of traumatic hemorrhage  

– Greatest impact on survival 

Eastridge et al. J Trauma 2013. 

Kotwal et al. Arch Surg 2011. 

Spinella et al. Blood Reviews 2009 

Fox, E.E. Shock 2017. 2.  
Holcomb, J.B., Jama, 2015. 3.  
Sauaia, A. Journal of Trauma and Acute Care Surgery, 1995.  
Demetriades, D.  J Am Coll Surg, 2004.  



Why focus on prehospital ?  

• Where vast majority of deaths occur 

– Preventable deaths 

– Military and Civilian  

• Hemorrhagic deaths occur fast  
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Shackelford, et al. 
JTS 2016. 

Must start RDCR early ! 



Preventable Deaths from 
Hemorrhage After Trauma 

• 148,000 US civilian traumatic deaths  

• 30,000 potentially preventable trauma 
deaths due to hemorrhage per year in the US 

– 25,000 of these deaths occur in prehospital phase 
of resuscitation  

 

National Academy Sciences Report: National Trauma System, 2016 
Spinella PC, Cap AP, Current opinion in Hematology. 2017 
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NEJM.2018;379(4):315-326. 
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Median (IQR) time from arrival to MTP activation was 9 (3-20) min 
Median (IQR) time from MTP activation to delivery of blood products was 8 (5-11) min 



Options for  
Trauma Induced Blood Failure 

• If agree hemostatic resuscitation is needed 

– Shock 

– Endothelial, Hemostatic, Immune Dysfunction 

• Resuscitation strategy is either  

– Whole Blood  

– RBCs, plasma, platelets  

• Prehospital and in hospital scenarios 
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Types of Whole Blood 

• Warm and Fresh 

– Room temp (22C) 

– Transfused within 8 hours 

– Most military data 

• Cold and Stored  

– 2-6 C 

– Stored for 14-35 days 

– Civilian data  
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Types of Whole Blood 

• ABO specific 

– Military data with warm fresh whole blood 

• Group O Whole Blood 

– Low titer (Anti A and B < 256) 

– Civilian data with cold whole blood  

25 
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Risk/Benefit Assessment  
LTOWB compared to blood components 

Advantages of LTOWB Risks of LTOWB 

More potent product  
   Higher Hb, plasma, platelets per volume 

Incompatible plasma/immune complexes?  
   Theoretical risk. 

Cold platelets – improved hemostasis  
(RCT data) 

Waste?  
   Reduced/eliminated if used in   
   non trauma massive bleeding 

Increased storage duration of platelet 
product 

Less risk of ABO incompatible transfusion 
reactions than ABO compatible components 

Less bacterial contamination risk 

Logistical advantages 
   Quicker transfusion of balanced product 
   One product vs four products 
 



2013 Jan;53 Suppl 1:137S-149S. 



vs 

Component Therapy: 680 mL 

RBC unit + PLT unit + FFP unit + Cryo unit 

Red blood cell concentration: 29% 

Platelets: 80,000 

Coagulation factors: 65% 

Whole Blood: 500 mL 

A single WB unit 

Red blood cell concentration: 38-50% 

Platelets: 150,000-400,000  

Coagulation factor concentration: 100% 

Volume and Concentrations Between  
Component Therapy vs. Warm Whole Blood 



Standard Amounts of  

Anti-coagulants and Additives in  

Reconstituted Whole Blood vs Whole Blood 

Component Therapy per Unit: 

6 x RBC (AS-5)    6 x 120 ml = 720ml 

6 x FFP                6 x 50 ml  = 300ml 

1 x aPLT              1 x 35 ml  =   35ml 

            Total =1055ml 

 

Whole Blood per Unit:  

     6 x 63ml = 378ml 

 

There is 3 times the volume of anticoagulant and additives 

with reconstituted whole blood from components 

compared to whole blood 

Total= 378ml 

 

 

Spinella PC, J Trauma. 2009;66:S69-76 
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ABO compatible - 1:80,000 risk of fatal hemolytic reaction  
 
Incompatible plasma – 1: 120,000 risk of mild to moderate reaction 



• 5.15  Selection of Compatible Blood and Blood Components for Transfusion 

– 5.15.1 Recipients shall receive  

• ABO group-compatible Red Blood Cell components  

• ABO group-specific Whole Blood 

• Low titer group O Whole Blood (for non group O or for recipients 
whose ABO group is unknown) 



Survey – LTOWB In-hospital 

• 22 US Hospitals & 2 countries 

35 Yazer M. Transfusion. 2018 

Brooke Army Medical Center, San Antonio, TX 

Cincinnati University, Cincinnati, OH  

Cooper University, Camden, NJ 

Emory University, Atlanta, GA 

Medical College of Wisconsin, Milwaukee, WI 

Haukeland University Hospital, Bergen, Norway 

Intermountain Medical Center, Salt Lake City, Utah 

Johns Hopkins University, Baltimore, MD 

Magen David Adom in Israel, Israel 

Mayo Clinic, Rochester, MN 

Ohio State University, Columbus, OH 

Penn Presbyterian Med Center, Philadelphia, PA 

St. Louis University hospital, St. Louis, MO 

University California Los Angeles, Los Angeles, CA 

University of Oregon, Portland, OR 

University of Phoenix, Phoenix, AZ 

University of Pittsburgh, Pittsburgh, PA  

University of Pittsburgh, Susquehanna, PA 

University of Texas, Houston, TX 

University of Texas, San Antonio, TX 

University of Washington St Louis, St Louis, MO 

Wake Forest University, NC 



LTOWB Use 

• Max # of units 

– No limit at 25% of hospitals  

– Mean of 4 (range 2-8) at 75% 

• Who can get it? 

– Trauma only, 75% of hospitals 

– Any patient with massive bleeding, 25% 

– Children w Trauma, 21% 

 

36 
Yazer M. Transfusion. 2018 



LTOWB Use 

• What D type of the LTOWB supplied to females? 

– D- if she is of reproductive age, D+ if she is not, 33% 

– D+ LTOWB is only provided to females older than 
reproductive age (defined locally), 25%  

– D- only regardless of her age, 21% 

– D+ only regardless of her age, 8% 

– LTOWB is not provided to females of any age, 13% 
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LTOWB Use 
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• Maximum storage duration, LTOWB 
– 21 days, 42% 

– 14 days, 42% 

– 10 days, 8% 

– 35 days, 4% 

– Other, 4% 

• Do you produce an RBC unit upon 
expiration?  
– Yes, 38% 



LTOWB Use 

• Max titer of A and B antibodies 

< 200, 54% 

< 50, 17% 

< 256, 13% 

< 100, 8% 

<128, 4% 

Other, 4% 
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LTOWB Use 

• Is the LTOWB leukocyte reduced 

– Yes, 58% 

– No, 42% 
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Unpublished Data 

• Effect of leukoreduction treatment on 
hemostatic measures in whole blood 
stored at 4C for 21 days 

– 8 samples in each study group  

41 



LR with PLT sparing filter 
vs No LR 

– No differences for 21 days 

• PLT count 

• Platelet activating factors  

• Thrombin generation 

– Differences  

• Fibrinogen and platelet function 
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Conclusions 

• Whole blood based resuscitation optimal for 

Trauma Induced Blood Failure 

• Whole blood optimal compared to blood 

components in 1:1:1 ratio 

– Logistics, Efficacy, Safety  

• Prehospital benefit higher than in-hospital use  

43 



THOR-STORE 

rdcr.org/shop 
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Blood is for bleeding  
Saltwater is for cooking pasta! 
-Spinella 2017 




