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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 in-hospital occur within 6 hours 

– Median time to death is between 1 to 3 hours after admission

• 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
Blessing TO, Injury 2016

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. 



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



Functional Fixation........................



Bleeding Patient Life is on the Clock

“Time is Life”



Damage Control Resuscitation



Damage Control Resuscitation



After 800 MTP events, mortality due to hemorrhagic shock 
remains high and unchanged despite several in-hospital 

hemorrhage control advancements; 
is it time to move the pendulum ?

Shock Dec 2021



We hypothesized that mortality over time would be 
decreased in later years, which would have utilized 

many of these advancements



METHODS
• Retrospective review of all MTP patients 

treated at UMC Level I trauma center from 
2008 – 2019 

• Interventions by year of implementation:
MTP 1:1 ratio (2009)
Liquid plasma (2010) 
TXA (2012)
Tourniquets (2013) 
REBOA/TEG (2017) 
ED satellite blood station (2018) 
Whole blood transfusion (2019)



Results: MTP mortality rates/year

Mortality Rate Per 
Intervention:
unchanged 

38.3% to 56.6% 
(P = 0.26)

Average Mortality Rate:
390/824
(47.3%) 



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

other organ
• Term emphasizes the interaction between 

blood cells, plasma, endothelium 
– Promote a balanced approach to resuscitation 

• Unbalanced resuscitation 

– Exacerbates dysfunction of another biologic 
systems 



Trauma Induced Blood Failure
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Trauma Induced Blood Failure: 
Frequent at Admission

16
Rodriguez EG. Jam Coll Surg. 2017   Patregnani J. Ped Crit Care Med.2012 
Brohi. J Trauma. 2003   Muszynski J. Shock. 2014
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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

• Hemostatic resuscitation needed for
– Shock
– Endothelial, Hemostatic, Immune Dysfunction

• Resuscitation strategy is either 
– RBCs, plasma, platelets 
– Low titer Whole Blood 

• Prehospital and in-hospital scenarios
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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



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 
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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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Cold FWB Blood (1:1:1) P value

24 hr blood loss (ml/kg) 44.8 (±6) 74.2 (±9) 0.03

24 hr blood loss (ml/kg)   
< 2 yrs

51.7 (±7.4) 96.2 (±11) 0.001

PTT (30 min) 39.7(±3.4) 43.3 (±1.8) 0.06

Fibrinogen (mg/dl) 195 (±5.6) 184 (±4.8) 0.07

PLT aggregation
(30 min)

most reduced        0.02
ADP, epinephrine, 
collagen



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
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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



Conclusions
• Whole blood based resuscitation optimal for Trauma 

Induced Blood Failure
• Low Titer Whole blood optimal compared to blood 

components in 1:1:1 ratio
– Logistics, Efficacy, Safety 

• Prehospital benefit might be higher than in-hospital 

benefits
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Is it time to adopt 
Circulation CAB 
first approach in 

patients with 
hemorrage?



Penetrating Trauma Case Scenario







Penetrating Trauma Case 
Scenario:

First Poll Question:

Based on patient’s vitals the best thing 
EMS can do is:

• Press on the gas ! scoop and run

• Stay and play 

• Scoop and Control 





Second Poll Question:

With impending cardiac arrest, priority 
number one will be:

• Airway with Intubation 

• Breathing with chest tube

• Circulation

• Nothing…..we need to rush him to the 
hospital!

Penetrating Trauma Case 
Scenario:



Third Poll Question:

In the presence of hemorrhagic hypovolemic 
shock, the best fluid to give by EMS is:

• Crystalloids

• 3% Saline

• Albumin

• No fluids

• PRBC / Whole Blood

• FFP

Penetrating Trauma Case 
Scenario:





Fourth Poll Question:

Based on this case scenario, has your 
current point of view changed regarding 
ABC vs CAB?

• No!!!!!!!

• Yes

Penetrating Trauma Case 
Scenario:



NOEMS ARC
In 10/2021 NOEMS started prehospital 
Advanced Resuscitative Care (ARC) 

bundle for our urban ground EMS system 
with prioritization of a circulation first 

 approach in trauma patients with 
hemorrhagic shock



Injury Phase
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EMS arrival
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Bundle triggers:
SBP ≤ 70 mmHg 

or 
SBP ≤ 90 mmHg & HR > 110 at EMS arrival on-scene

Pre-hospital ARC Bundle 



Pre-hospital ARC bundle

• 2u pRBCs via rapid infuser (non-warmed), 2g 
CaCl, 2g TXA

• Bundle triggers:

– SBP ≤ 70 mmHg 

or 

– SBP ≤ 90 mmHg & HR > 110 at EMS arrival on-scene

315 administrations

Up to date



FASTER REFILL IN AN URBAN EMS SYSTEM SAVES LIVES: A PROSPECTIVE PRELIMINARY 
EVALUATION OF A PREHOSPITAL ADVANCED RESUSCITATIVE CARE BUNDLE 

Broome JM, Nordham K, Tatum D, Piehl M, De Maio V, Nichols E, Dransfield T, Rayburn D, Marino M, Smith A, Taghavi S, 
Harris C, Lacy E, Avegno J, Duchesne J

JTACS Jan 2024



Southern Surgical 2023 JACS Jan 2024



Western Trauma Association 2024: Winner Scalea Award Competition

Every Minute Matters: Extending the Continuum of Care Through Early 
Prehospital Blood Administration

Duchesne J, McLafferty BJ, Broome JM, et al. Every minute matters: 
Improving outcomes for penetrating trauma through prehospital 
advanced resuscitative care. J Trauma Acute Care Surg. May 1, 2024.

Author twitter handles:

@Tulane_Surgery; 
@JakeBroome; @MarkPiehl

PHB  =  2u PRBC’s   +   2g TXA  +  2g Ca

Time to blood
PHB vs Usual Care

Odds In-Hospital 
Mortality

OR for Each 
Minute of Delay

+ + =
Lives
Saved

Odds Ratio 
(95% CI)

1.11 
(1.04-1.19)

PHB

Controls 

8 mins

26 mins

Every 1 Minute Delay = 11% 
increased mortality



SAAP – 800ml/min (10 ml/kg/min)

Hemorrhage-Induced (Traumatic) Cardiac Arrest  

SAAP with Oxygenated Blood
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