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Overview 

• Current threats to U.S. population drive need for blood supply readiness
• Peer-to-Peer Large Scale Combat Operations (LSCO)
• Mass Casualty Incidents (MCI; terrorism, mass shootings, etc.)
• Nuclear Detonation (strategic nuclear weapons, terrorism)

• Current blood supply is inadequate; need options
• MCI history & modeling indicates inadequate supply
• Getting the most from stored products: “cold” storage, whole-blood derived 

platelets, dried products
• Walking blood bank (WBB) is the obvious and proven answer

• Build the Strategic Blood Reserve
• Build infrastructure for producing, stockpiling & using dried products
• Build emergency donor panels (EDPs); plan for WBB; implement NOW!



The threats are very real…



As are the vulnerabilities…
• Supply chain shocks
• Blood collection equipment production highly concentrated
• Recent blood bag sterility failures, manufacturing interruptions
• Vulnerability to weather/natural disasters/climate change

• Demand extremes
• Major peer-peer war
• During peak Vietnam, U.S. shipped up to 10,000 WB units per week (about 4-

5% of current total U.S. collection rate – DO WE HAVE THE MARGIN TO 
SUPPORT THAT?)
• Ukraine has suffered more severe military traumas in 2 years than U.S. military 

had in past 20! (Not counting civilians!)

Neel S. Medical Support of the U.S. Army in Vietnam. Dept. of the Army. 1991.



The blood donor crunch

• 3% of the U.S. population donates (1-2 times/yr)
• Between 6-7 million donors give about 12 million WB and 2.5 million 

aPLT units per year
• ¾ of donations are from repeat donors
• Only 1% of units rejected after collection for positive TTD markers (mostly 

first-time donors)

• 12% from minority donors (vs. 41% of U.S. population & growing)
• Loss of male and minority donors (and overall) during COVID
• BUT… 62% of U.S. population theoretically eligible (205 million)

America’s Blood Centers. Blood donation statistics and public messaging guide. January 2024.



MCIs: we’re not prepared…
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Abstract

Background: Mass casualty incidents (MCIs) create an immediate surge in

blood product demand. We hypothesize local inventories in major U.S. cities

would not meet this demand.
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generated by the imputed values. There was minimal dif-
ference in city-level readiness classification between all
three possible scenarios (initial estimate, best case, worst
case) both immediately (top row; Figure S4) and after

resupply (top row; Figure S5) while a target ratio of 2:1:1
shifted PLAS inventories from RISK to READY and PLT
inventories from DEFICIENT to RISK (bottom rows;
Figures S4 and S5).

FIGURE 1 Log values of blood inventory components before (A) and after (B) local resupply. Each dot represents totals for a given city
(6 levels) on a specific date (3 levels) and time of day (2 levels). CRYO, cryoprecipitate; PLAS, plasma; PLT, platelets; RBC, red blood cells

FIGURE 2 Log values of blood inventory components before (A) and after (B) local resupply, segmented by city. Each dot represents
totals for a given city (6 levels) on a specific date (3 levels) and time of day (2 levels). CRYO, cryoprecipitate; PLAS, plasma; PLT, platelets;
RBC, red blood cells
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• Mass casualty event modeling in 36 U.S. cities
• 1000-pound conventional blast, crowded area
• Target transfusion ratio of 1:1:1, sensitivity 

analysis using 2:1:1 (typical of recent MCIs)

We’re not ready to provide quality DCR in MCIs.

This analysis didn’t even consider prehospital 
blood transfusion…

We routinely accept high trauma mortality 
because of inadequate prehospital supply. We 
PLAN TO FAIL in MCIs.



2:1:1 was the ”standard” arm in PROPPR with double 
mortality (20% vs. 10%) due to not enough platelets



So, how are we going to be ready???

• MUST get better at recruiting donors!
• INNOVATE!
• Get more out of existing products – e.g., longer shelf life to expand access
• Get ”new” products into “circulation” 😉

• BUILD the strategic reserve: the WBB!
• >200M potential donors
• Recent precedents: military AND London Olympics planning AND Norway!
• Pilot projects to identify challenges (e.g., rural areas/low blood availability)
• Goals:

1. Ability to provide blood now in high risk areas
2. Ability to surge blood supply by 10% within one week (extra 20-25K WB units/week)



Getting more out of existing products
• Platelets: put them in the refrigerator!
• 14-day shelf life (CHIPS testing out to 21 days) vs. 5-7 days at RT
• No need for expensive bacterial testing per FDA guidance
• Use for active bleeding when “conventional” (room temp) platelets not 

available or use inconvenient

• Also: need to stop throwing PLT away: make WB-derived PLT



Getting more out of existing products
• Whole Blood: cancel the leukoreduction!

• Platelet-sparing LR only available in one kit 
using CPD; designed for component 
preparation 
• LR thus limits to 21-day shelf life, waste of 

component bags
• Collection in CPDA-1 yields 35-day shelf life, 

greater access for patients
• No benefit to trauma patients from LR: no 

reduction in mortality, infection, febrile 
episodes, LOS, ALI/organ dysfunction… not 
even reduced microchimerism

• Eliminating LR would reduce kit and labor costs
Nathens et al. Shock. 2006.
Phelan et al. J Surg Res. 2007.
Watkins et al. CCM. 2008.
Bloch et al. Transfus Med Rev. 2013.



Dried plasma you say? A “new” product!

• Not available yet in the U.S. but hopefully coming soon… 
• Not ”new” exactly: used throughout WWII & Korea
• Current/near term products (will) conform to modern regulatory standards

• Europe: lyophilized single donor plasma, lyophilized pooled S/D plasma (all 
centralized production)
• U.S. development efforts funded by DoD, HHS/BARDA

• Lyophilized single donor plasma (centralized production, single manufacturer)
• Spray-dried single donor plasma (de-centralized production in U.S. blood centers)
• Blood centers may have opportunities to supply plasma for lyophilization or 

acquire system to spray-dry plasma in-house
• Dried plasma can be stockpiled



U.S. geography suggests dried plasma as bridge to 
whole blood (U.S. military practice in WWII, Korea)

Maybe also dried platelets? Cryo-preserved platelets?



New (dried) products will help but WBB is vital

• Fresh WB outperforms components
• Large scale donor panels are feasible (London Olympics)
• Norwegian experience: vital blood supply to remote, underserved 

populations



WBB delivers safe & efficacious resuscitation



London Olympics 2012: massive EDP
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SUMMARY

The Olympics is one of the largest sporting events in the world.
Major events may be complicated by disruption of normal activ-
ity and major incidents. Health care and transfusion planners
should be prepared for both. Previously, transfusion contingency
planning has focused on seasonal blood shortages and pandemic
influenzas. This article is the first published account of transfu-
sion contingency planning for a major event. We describe the
issues encountered and the lessons identified during transfusion
planning for the London 2012 Olympics.
Planning was started 18 months in advance and was led by a
project team reporting to the Executive. Planning was based on
three periods of Gamestime. The requirements were planned
with key stakeholders using normal processes enhanced by
service developments. Demand planning was based on litera-
ture review together with computer modelling. The aim was
blood-stock sufficiency complimented by a high readiness donor
panel to minimise waste. Plans were widely communicated and
table-top exercised.
Full transfusion services were maintained during both Games
with all demands met. The new service improvements and high
readiness donors worked well. Emergency command and con-
trol have been upgraded. Red cell concentrate (RCC) stock aged
but wastage was not significantly increased. The key to success
was: early planning, stakeholder engagement, service develop-
ments, integration of transfusion service planning within the
wider health care community and conduct within an assurance
framework.

Key words: blood modelling, blood provision, major event
health care planning, transfusion contingency planning.

The quadrennial Olympic and Paralympic Games are the largest
and second largest sporting events in the world and the 2012
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Games in London was the largest logistical exercise the UK has
prepared for in peacetime (TIoCE, 2012; Budgett, 2013; IPC,
2013). During the 3 months over which the games took place
10·8 million ticket holders attended the games, with 20 million
spectator journeys made across London alone (GLA, 2012). This
mass movement of a population, sudden influx of international
visitors and required transformation of local infrastructure
presents a challenge to the transfusion service to maintain
normal operations (Meehan et al., 1998; Tsouros & Efstathiou,
2004).

Added to this increased operational level, a greater popu-
lation density and raised threat of terrorist activity leads to a
heightened risk of disaster (Meehan et al., 1998; Arnold, 2002;
Tsouros & Efstathiou, 2004; Office UFaC, 2011; Home Office U,
2012). This had the potential to create an acute surge in blood
demand overwhelming an already pressurised system (Kurup
et al., 2002). Large-scale events such as the Olympics are known
to present a rare opportunity for widespread international expo-
sure of extremist political agendas through both violent and
disruptive means (Brismar & Bergenwald, 1982; Meehan et al.,
1998; Tsouros & Efstathiou, 2004). The terrorist attacks in Lon-
don on the 7 July 2005 occurred the day after the games were
awarded to the city, and past events at the games of Munich, Los
Angeles and Atlanta, as well as, the recent bombings during the
Boston marathon in 2013 are several other such examples (Hiatt
& Larmon, 1988; Meehan et al., 1998; Frykberg, 2003; Tsouros
& Efstathiou, 2004; Aylwin et al., 2006; Boyle & Haggerty, 2012;
Kellermann & Peleg, 2013).

Despite the regularity of events such as the Olympics and
the increasing size of this sporting spectacle, transfusion ser-
vice contingency planning is poorly reported in the literature.
This is in contrast to the attention afforded to other blood pro-
vision emergencies such as pandemic influenza and seasonal
blood shortages (Zimrin & Hess, 2007; Burger & Offergeld,
2010; Kamp et al., 2010; Kuruppu, 2010). The sustained pressure
placed on the blood service in the months leading up to, and dur-
ing planned major events, as well as the potential for further dis-
ruption and potential surge in demand following a mass casualty
event (MCE) warrants greater attention. This article describes

© 2014 The Authors First published online 18 April 2014
Transfusion Medicine © 2014 British Blood Transfusion Society doi: 10.1111/tme.12116

• Plan for extra 10,000 WBE on-hand for games
• 13,000 donors on standby for MCI
• Call-in by SMS on day one: 4,000 appointments



Norway: delivering for vulnerable populations
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Abstract

Background: Civilian and military guidelines recommend early balanced

transfusion to patients with life-threatening bleeding to improve survival. To

provide the best care to patients with hemorrhagic shock in regions with

reduced access to evacuation, blood preparedness must be ensured also on a

municipal health care level. The primary aim of the Norwegian Blood Pre-

paredness project is to enable rural hospitals, prehospital ambulance services,

and municipal health care services to start early balanced blood transfusions

for patients with life-threatening bleeding regardless of etiology.

Study Design and Methods: The project is designed based on three princi-

ples: (1) Early balanced transfusion should be provided for patients with life-

threatening bleeding, (2) Management of an emergency requires a planned

and rehearsed day-to-day system for blood preparedness, and (3) A

decentralized system is needed to ensure local self-sufficiency in an emer-

gency. We developed a system for education and training in blood-based resus-

citation with a focus on the municipal health care service.

Results: In this publication, we describe the implementation of emergency

whole blood collections from a preplanned civilian walking blood bank in the

municipal health care service. This includes donor selection, whole blood col-

lection, emergency transfusion and quality assessment of practice.

Conclusion: We conclude that implementation of a Whole Blood based emer-

gency transfusion program is feasible on all health care levels and that a

preplanned civilian walking blood bank should be considered in locations

were prolonged transport-times may reduce access to blood transfusion for

patients with life threatening bleeding.
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Establishing a system for the use of a preplanned
WBB requires several processes. These include recruit-
ment of emergency donors, training of personnel, esta-
blishing a supply chain for disposables, establishing a
local system for management of the WBB and finally,
establishing a system for revision and monitoring of the
program.

3.1 | Establishing an emergency
donor pool

A local recruitment campaign is performed for each study
site. Information about the project and invitation to
become emergency donors are given through newspa-
pers, local TV and radio, advertising videos directed
towards the specific community, posters, personal com-
munication, information in social media and information
on the municipality's website. During study visits, we also
hold information booths for additional recruitment of
blood donors. Potential emergency donors contact the
local project coordinator either in person or by
responding in to a local project email address. These ini-
tiatives are met with interest from the local inhabitants,
and have served well in the recruitment of donors.
Recruitment of emergency WBB donors among health
care workers and participants in our training program
(ambulance workers, nurses, physicians and others) has
been successful. Similar, recruitment efforts directed
towards firefighters and/or police are recommended. The
number of donors needed in the emergency donor pool
depends upon the population size and the frequency of
events. In the pilot project, we aim to include as many
donors as possible and use this information to predict
potential numbers of WBB donors and identify factors
with impact on the number of inclusions.

In our advertising campaign, we ask for healthy vol-
unteer donors that are willing to give blood on short
notice. We specifically ask for donors with ABO-type O,
and the local project coordinator perform ABO-type
quick test for potential blood donors that do not know
their blood type. For potential donors with ABO-type O,
blood samples are preferably taken and sent to the
Mother Blood Bank for analyses before study team visits.

During visits, the study team interview and perform fol-
low up testing of the blood donors that have been rec-
ruited by the local project coordinator. Based on our
current inclusion criteria, we have a low percentage of
low titer donors. An evaluation and comparison of titer
methods with other Norwegian Blood Banks are cur-
rently performed.

Since rural communities in need of emergency WBBs
are located long distances from hospitals, mainly donors
with no previous experience of blood donation join our
program. We educate the emergency donors in donation
routines and donor selection criteria, so that the safety of
donors and patients are maintained. Information is given
during interviews and as written information material.
Every 6 months follow up Transfusion transmittable dis-
ease (TTD) (HIV, hepatitis B and hepatitis C) testing and
a face-to-face interview with trained blood bank person-
nel are performed. Only donors with negative tests and
approved interview within the past 6 months are
accepted as emergency donors. The emergency blood
donors recruited understand and comply with the rou-
tine. However, since the interviews are performed by pro-
ject co-workers or blood bank staff from the Mother
Blood Bank, challenges have been identified related to
organizing the face-to-face interviews. To avoid resource-
demanding travels for blood bank staff, a system for digi-
tal blood donor interviews are under development. A
comparison between the WBB and the hospital based
whole blood program is presented in Table 2.

3.2 | Walking blood Bank whole blood
donation procedures

A detailed step-by-step description of the WBB donation
process with pictures are included in the Appendix S1.

The WB collection/storage bag contain integral access
ports for connection of infusion sets to enable immediate
transfusion. Prepacked donation and transfusion kits
should be provided and maintained regularly to ensure
that all equipment are at hand and are easily accessed.
Blood bags are labeled to ensure traceability and given a
unique donation identification number that can be traced
back to the donor. For quality control of whole blood

TABLE 1 An overview of the Norwegian blood preparedness project

Rural hospital with hospital-
based blood bank Prehospital health care services Municipal health care

Emergency blood
transfusion program

Stored blood. Emergency collection
of fresh whole blood from regular
blood donors if needed.

Stored LTOWB provided by civilian
blood bank.

Dried plasma.

Fresh LTOWB collected from
preplanned walking blood bank.

Dried plasma.

Abbreviation: LTOWB, low titer group O whole blood.

APELSETH ET AL. S25

 15372995, 2022, S1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/trf.16968 by Test, W

iley O
nline Library on [13/06/2024]. See the Term

s and Conditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable Creative Com

m
ons License

The recipe: 
• EDP/WBB for FWB
• Stored LTOWB
• Dried plasma



Norway has the 
plan…
No need to re-
invent the wheel!

units collected in the walking blood bank, the hemoglo-
bin values of the donor and the weight of the whole
blood units are recorded. Validation of whole blood units
was performed before start of project by the hospital
blood banks. Airtight blood containers and temperature
monitors are provided if needed for transport of blood.

The blood donors are monitored for adverse donor
reactions during and for a minimum of 15 min after
donation. The blood donors are reminded to make con-
tact if donation reactions occur or they should get sick
the days following donation. The blood samples taken
are sent to the Mother Blood Bank for analysis together
with copies of interview and donation forms. The Mother
Blood Bank will follow up the results of blood samples
taken and document the donation electronically in the

Blood Bank Donor Registry. Any adverse reaction will be
documented and reported to the Mother Blood Bank
which follow up with relevant investigations and report
the event to the national Hemovigilance system.

3.3 | Considerations on activation of the
walking blood bank and follow up of
emergency transfusions

Medical history or mechanism of injury that indicates
ongoing bleeding should be the main trigger for activa-
tion of the WBB as bleeding is a time critical medical sit-
uation requiring early intervention. The time it takes for
the donors to get to the collection site is the main factor

TABLE 2 Comparison between the walking blood bank and the hospital based whole blood program in the Norwegian blood
preparedness pilot project

Preplanned walking blood Bank Hospital based blood Bank

Blood donor

Donor status Emergency whole blood donor Regular whole blood donor

Blood typea Low titer O
High titer O considered if needed.

Low titer O
ABO-type like considered if
needed.

Donor genderb Both male and female Both male and female

Transfusion transmittable disease
testingc

At inclusion, every 6 months, and at donation (sample
taken at donation but results not available before
emergency transfusion of whole blood, posttransfusion
testing)

At inclusion and at donation.

Interview At inclusion, every 6 months, and at donation.
Before an emergency donation a screening interview are
performed.

At inclusion and at donation.

Documentation of donation Screening interview form and standard interview form filled
out and signed by donor and interviewer.

Donation documented by use of donation form at WBB
collection site.

Postdonation registration performed electronically by
Mother Blood Bank.

Interview form filled out by donor
and signed by donor and
interviewer.

Interview and donation
documented electronically at
donation.

Whole blood unit

Volume 450 ml 450 mL

Anti-coagulantd CPDA-1 CPD

Processing of whole blood unit
after collection

No further processing Leukoreduced with a platelet-
sparing filter

Storage No storage 21 days without agitation

Storage temperature Not applicable 2–6 °C

Transfusion transmittable disease
(TTD) testingc

Posttransfusion (Only donors with negative TTD tests
within the past 6 months are accepted for donation)

Before transfusion

aLow titer defined as <256 for IgM and IgG anti-A and anti-B.
bAdditional testing of female donors: anti-HLA, anti-HNA and anti-HPA.
cHIV, hepatitis B and hepatitis C.
dCPDA-1, citrate–phosphate-dextrose-adenine-1; CPD, citrate–phosphate-dextrose.

S26 APELSETH ET AL.
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WBB investments needed

• Donor recruitment
• EDP activation protocols
• Collection/transfusion kits
• WBB blood storage capability for rural/emergency environments
• Improved POC blood grouping, TTI rapid tests
• Telehealth support
• Pre-positioned stocks, drone resupply



Pilot WBB project here?

Area is 2.47x Texas
Population: 733,391



Questions?
andrewpcap@gmail.com


