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James Blundell

Gravity Transfusion
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World War I

World War I

World War II
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World War II

Modern Era

Modern Era
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Civilian & military blood programs became 

centered on component therapy

Outline

1. Brief History of Whole Blood Transfusion

2. Re-emergence of Whole Blood

3. Establishing “Universal” Whole Blood

4. Implementation of Whole Blood Transfusion

1/30/2023 15

6800-7200 miles
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OEF, OIF & Beyond

OEF, OIF & Beyond

OEF, OIF & Beyond
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OEF, OIF & Beyond

Fresh vs. Cold Stored Whole Blood

Improving access to whole blood requires stockpiling

Cold storage of donated whole blood at 4o degrees C

Whole Blood Components

Single donor source Multiple donor sources

“Walking blood bank” 

or

Prepared in advance

Prepared in advance

Warm or refrigerated
Multiple storage 

requirements

Provides platelets Short platelet lifespan
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On Paper: A Superior Resuscitation

Whole Blood Blood Component (1:1:1)

Hematocrit (%) 33-44 29

Platelet Count (k/mm3) 150-350 88

Coagulation Factor (%) 80-90 65

Volume (ml) 450-600 650

Shelf Life 21-35 d
RBC 21-42 days

Cryo/FFP 12 months
Thawed plasma/PLT 5 days

Civilian Adoption of  Military Trauma Advances

Advances in civilian trauma care are derived from military conflict:

– Triage

– Tactical Combat Casualty Care (TCCC)

– Massive Transfusion Protocols

– Damage Control Surgery

Could whole blood serve a role in civilian trauma care?
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Civilian Resistance to Whole Blood
ABO Compatibility & Hemolysis

Typical emergency release/universal blood units:

O Donor Plasma Safety?

→ Low Anti-A, Anti-B Antibody Titers

Type O Donor
Whole Blood

Universal Blood 
Components

Red Cells O Donor O Donor

Plasma O Donor AB Donor*
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Civilian Resistance to Whole Blood

Leukoreduction

Many blood centers provide near-universal leukoreduction

Reduces immune-mediated side effects, disease transmission

How to leuko-reduce whole blood?

→ Platelet-sparing leukoreduction filters

Civilian Resistance to Whole Blood

Shelf Life

Expiration

Red Cells 40+ days

Plasma 12 months

Cryoprecipitate 12 months

Platelets 5 days

Whole Blood 21 – 35 days
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Whole Blood Re-Enters Civilian Medicine

Whole Blood Re-Enters Civilian Medicine

Validation of  Civilian Whole Blood
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Validation of  Civilian Whole Blood

A “Universal” Resuscitation…

Low Titer O Negative Whole Blood “LTO-WB”

Type O →→→ Universal ABO compatibility

Rhesus Negative →→→ No alloimmunization

Low Titer    →→→ Minimized anti-A/B antibodies 

LTO-WB…Not Sustainable

Type O Negative = Not sustainable

– Narrow donor pools

– Competition with other O Neg products

Type O Positive = Risk of alloimmunization

– Females of child-bearing age

– Pediatric patients
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The Switch to LTO+WB

LTOWB Units Anti A/B Titers Expiration Eligible Patients

UPMC
Pre-hospital 0
In-hospital 4

<1:50 21 d
Males > 18 years
Females > 50 years

Mayo Clinic
Pre-hospital 0
In-hospital 2

<1:200 14 d
Males > 18 years
Females > 55 years

UT San Antonio
Pre-hospital 2
In-hospital 4+

<1:256 35 d
Males > 10 years
Females > 50 years

UT Houston
Pre-hospital 2
In-hospital 4+

<1:256 21 d
All Males 
Females > 50 years

Validating LTO+WB vs. LTO-WB 
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The Switch to LTO+WB…

The New “Universal”?

• Performance in prehospital resuscitation

• Shelf life & coagulation performance

• Logistics compared to component MTP

• Safety across all trauma patients

Advancing Access to Whole Blood
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Whole Blood Component p

Patients 220 146

ISS 27 19 <0.05

Arrival SBP 92 102 0.028

Lactate 4.4 3.4 0.051

Pre-hospital Whole Blood 
- Survival OR 2.18 (p<0.05)

- Reduction in transfusion 58% (p<0.05)

Prehospital Whole Blood

Age of  Whole Blood Matters
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Whole Blood Logistics

Popular rapid infuser used 

for hemorrhage 

resuscitation

NOT for the administration 

of platelets

Baseline Filter Belmont70 Belmont100 Filter+Pressure

Platelet Cnt. 168 134 97* 94* 130

A-angle 72 74 71 71 74

MA 63 65 58 59 65

ETP 803 781 1203* 1228* 813

Peak 56.5 53.6 96.1* 119* 60.8

ttPeak 18.5 18.7 13.4* 11.7* 18.1

(*p<0.05)

Whole Blood Logistics

Is Whole Blood for All Trauma Patients?

Many centers will not administer LTO+WB to female patients < 50 years

Hemolytic Disease of the Fetus & Newborn
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LTO+WB for Young, Rh- Patients?
➢ 80% of the general population is Rh+

➢Over 30 months, 124 MTPs were performed

➢26 (21%) female patients

➢18 of 26 (15% of study population) were of child-bearing age

➢16 of 18 underwent type & screen

➢1 of 16 women was Rh-

➢ In the setting of severe trauma & induced immunosuppression, 
anti-D conversion is likely 3-30%

➢Therefore risk of alloimmunization is 0.012 to 0.12 
patients/year
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Ultimately, is Whole Blood Better?
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Reduction in 24-Hour Blood Use
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Improved 30-day Survival
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Outline

1. Brief History of Whole Blood Transfusion

2. Re-emergence of Whole Blood

3. Establishing “Universal” Whole Blood

4. Implementation of Whole Blood Transfusion

Future Considerations

Can Whole Blood serve as the 

civilian trauma resuscitation of choice?

→ Is WB feasible for other healthcare systems?

→ What other modalities are competing with WB?
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Future Considerations

Whole Blood Feasibility

→ Cost compared to components?

→ Sustainability across US healthcare systems?

– Critical access, rural locations

– Prehospital access to whole blood 

Future Considerations

Will whole blood find applications outside trauma?

→ Non-traumatic hemorrhagic shock

→GI bleeding

→Obstetric hemorrhage

→ Elective surgical bleeding

How are we doing it?
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How are we doing it?
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How are we doing it?

1/30/2023 56

How are we doing it?

→ Trauma 1 Protocol is an easy starting point…3 units

→ Establish provider comfort with use and institutional safety 

data in a well-known population (adult male trauma 

patients)

→ Once established, discuss expansion of inclusion criteria 

and other patient populations/service lines
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Conclusions
→ Whole blood is an old therapy with new interest

→ LTOWB has demonstrated improved blood 
utilization, earlier access to balanced transfusion 
and improved patient outcomes

→ Universality will require overcoming age/gender 
barriers and establishing feasibility across 
systems

Questions?

@cameronmccoy

cmccoy5@kumc.edu
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