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inTroducTion

This article provides a comprehensive review of a method for

conducting FWB transfusions in austere environments.  We discuss

the FWB transfusion portion of the newly finalized Tactical Emer-

gency Medical Protocol (TMEP) for the administration of blood

and blood components, and explain the rationale behind this pro-

tocol.  The next TMEP training supplement will include the proto-

col for administering blood and blood components.  We also

present a training method that address’ the use of FWB transfusions

in austere environments, and provide guidelines for SOF medics

who may consider initiating a “walking blood bank”.

Background

Current guidelines and policies permit SOF medics to

transfuse lifesaving, FWB using identification (ID) cards or tags

to determine donors’ and recipients’ blood types.1,2  An unfortunate

risk in these methods of identification is an inaccuracy rate ranging

from 1.8 to 11%.3-5 Central Command (CENTCOM) Theater

Guidelines allow for the transfusion of Food and Drug Adminis-

tration (FDA) unlicensed (meaning untested) blood products col-

lected in- theater when they are used for lifesaving measures.6

The guidelines state that rapid on-site screening tests

should be utilized, to the maximum extent feasible, and also state

that in life or death situations, diagnostic screening cards can be

used to screen for potential donor and/or transfusion recipient

ABO/Rh.  We contend that the extent of on-site screening called

for is not feasible and largely unnecessary in the SOF population.

Medics need to be aware of at least one documented case of a pa-

tient contracting Hepatitis C Virus (HCV) from an unscreened

blood transfusion, as well as some units collected from unscreened

recipients that subsequently tested positive for HCV and human T-

cell lymphotropic virus (HTLV).7

The Joint Theater Trauma System (JTTS) offers guide-

lines for transfusing FWB, and state that ID cards and tags should

only be used as a last resort, and also highly encourage rapid viral

testing prior to transfusion.6 The authors of the TMEPs agree that

there should be a level of screening, testing, and documentation;

unfortunately, the JTTS recommendations are beyond what SOF

medics can reasonably accomplish while conducting operations in

the field or when planning a walking blood bank. 

The recently published TMEP for the Administration of

Blood and Blood Components directly addresses the disparity be-

tween what can be accomplished at a Military Treatment Facility

(MTF) and what SOF medics can accomplish while forward-de-

ployed.  The purpose of this TMEP is to enable SOF medics to bal-

ance the highest standard of care — always our goal — and the

expedient measures authorized during contingency operations and

emergencies where life is at stake.  Admittedly, this balance be-

comes a compromise between what is authorized, what is feasible,

and what is judicious.  We feel that the TMEP is in accordance with

(IAW) current theater policies and applicable guidelines, and assert

that the TMEP for the Administration of Blood and Blood Com-

ponents offers the highest standard of care possible, given the tools

currently available to SOF medics.7 We are seeking and welcome

feedback to modify this TMEP to increase the safety and effective-

ness of the outlined procedures.

A walking blood bank consists of using personnel on hand

as a resource for blood when the need arises instead of banking

blood and blood products until needed.  This technique is still used

in times of conflict and has been advocated for use domestically

during disasters and even terrorist attacks.8-12 The technique of a

walking blood bank is well-suited for SOF personnel who very

often find themselves in undeveloped theaters of operation or aus-

tere environments where medical support is sparse or nonexistent.

Fresh whole blood transfusions have rarely been used at or near

the point of injury, but have proven to be effective when employed

in the pre-hospital environment during military operations.13-15

hisTory

Type O whole blood was used in World War II (WWII),

Korea, and Viet Nam, with few cases of immediate hemolytic trans-

fusion reactions (IHTR).16,17,18 The standard of care during the Viet-

nam War was to administer low-titer Type O whole blood to all

patients who required a transfusion.  Over 230,000 blood transfu-

sions were performed in Viet Nam from 1967 to 1969.  During this

period, only one case of IHTR was reported from a transfusion with

Type O whole blood, from a high-titer unit that was mistakenly re-

leased from the hospital.  Fortunately, the patient had an uneventful

recovery.  In at least one location in Afghanistan, Type O FWB was
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successfully administered to patients who had received Type O

red blood cells (RBCs), and then needed FWB.8 This method

followed the rationale that administration of several units of Type

O PRBCs with AB plasma (without AB antibodies), effectively

changed the patient’s circulating blood type to Type O with no

AB antibodies. Therefore, little if any reaction was anticipated.

indicaTions

In a randomized, double-blind, controlled trial, the use

of FWB was compared to reconstituted blood.  Fresh whole

blood administration was associated with a significantly lengthier

stay in the intensive care unit, greater perioperative fluid over-

load, and a trend toward an increased duration of mechanical

ventilation, so FWB may not be the most prudent choice if other

means are available.19

When you are considering whether or not to initiate a

FWB transfusion, the severity of the casualty and the time until

evacuation to surgical care should be your chief concerns.  The

TMEPs cite the indications recommended by the Committee on

Tactical Combat Casualty Care (CoTCCC) almost verbatim, but

other indications should be considered and could augment the

CoTCCC recommendations.  In addition to the recommendations

of the CoTCCC, we also recommend initiating a FWB transfusion

whenever a Massive Transfusion (MT) is clinically indicated,

based on any one these significant risk factors: 20-24

1.  Heart rate greater than 105 beats per minute (BPM).

2.  Systolic Blood Pressure (SBP) less than 110mm Hg

3.  Severe blast injury or penetrating mechanism of injury (MOI) 

4.  Shock index (SI) >0.9. SI is calculated as follows: SI=HR/SBP.

5.  If ultrasound is available, a positive FAST exam is usually a 

reliable indicator.

Other reliable risk factors for an MT have been identi-

fied, such as:

a. pH<7.25 (acidosis)

b. Hct<32.0% (hematocrit)

c. Hgb≤11 g/dL (hemoglobin)

d. INR>1.5 (international normalized ratio)

*(These measurements are not generally 

available to the SOF medic.)

candidaTes, screening and Typing

Arguably, the most important factor when considering

transfusing FWB is prescreening.  The best way to determine the

correct type and safety of a donated unit of blood is the health sta-

tus of the donor during collection. Thus, the first step in transfus-

ing FWB is selecting a suitable donor.  Optimally, donors should

be screened IAW the current American Association of Blood

Banks (AABB) guidelines.  The safest donor is the donor most re-

cently screened at an AABB-accredited facility, and found suitable

to donate.  The donor should be ABO-identical to the recipient to

mitigate reactions resulting from incompatible antibodies found

in the plasma of FWB.

An antigen is any substance that causes your body to cre-

ate an antibody against it.  An antibody is a protein produced by

the body’s immune system when it detects a potentially harmful

substance (antigen).  Fresh whole blood contains both antigens

found on the surface of RBCs and antibodies found in the plasma.

As seen in figures 1

and 2, when FWB is adminis-

tered with ABO-compatible

RBCs, you may actually be

transfusing incompatible

plasma, unless it is ABO-iden-

tical whole blood.  The wide-

spread belief that O-negative (O NEG) is the “universal donor”

for blood is incorrect: O NEG may be the universal donor for

packed red blood cells (PRBCs), but it is NOT for FWB.  When

you are transfusing FWB, you are giving RBCs and plasma.  The

compatibility of plasma is just the opposite of RBCs.  When you

are giving FWB with compatible RBCs and their accompanying

surface antigens, you are possibly giving plasma with incompati-

ble antibodies. 

Unlike other antigens, the body doesn’t require a first ex-

posure to the A and B antigens to become sensitized and then

begin forming A and B antibodies.25 For individuals who do not

have the corresponding antigens, the A and B antibodies begin

forming at birth, and are at full strength after about 30 days.  This

is due to the fact that that there are sugars that are identical to the

surface antigens found on the RBCs of the A, B, and AB blood

types. Humans are normally exposed to these sugars in foods or

microorganisms, which causes the necessary immune response to

produce the A and B antibodies.  This is not the case with the Rh

antigen, to which a person must be exposed to in order to produce

the Rh antibodies. 

Pregnant females and previous transfusion recipients

should be avoided as donors if possible, because they may have

been exposed to the Rh antigen from a fetus or the blood they re-

ceived during a transfusion.  A previously pregnant donor, or one

who has received a blood transfusion in the past should, however,

be considered for donation in austere environments.  The concern

is the possibility of the presence of incompatible antibodies, so

these donors should not be entirely ruled out for two reasons: 

First, the possible benefit of this lifesaving procedure

outweighs the minimal risk that the prospective donor may have

received Rh-positive blood that produced antibodies in their Rh-

negative blood. 

Second, the effects from receiving incompatible antibod-

ies are not usually as detrimental as the effects from receiving in-

compatible antigens. 

Figure 1: RBC Compatibility 

diagram 

(Wikipedia, GNU licensed)

Figure 2: Plasma Compatibility 

diagram 

(Wikipedia, GNU licensed)
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A reaction caused by incompatible antigens is considered

a “major reaction”, while those from incompatible antibodies usu-

ally cause a “minor reaction”.26-28 As little as 30ml of blood con-

taining incompatible RBCs can be fatal.29 An infusion of

incompatible plasma can also be fatal, but despite this danger, there

are many cases of a patient receiving several units of incompatible

plasma with only minimal, non-fatal side-effects.16 Regardless of

this, the aim is to have no reaction at all.  A reaction from incom-

patible antibodies, however, is usually less severe than a reaction

caused by receiving incompatible antigens.30

Under optimal conditions, it is safest to screen donors via

questionnaire just prior to donation, but it is not always possible.  If

you consider establishing a “walking blood bank,” then you should

have the screening questionnaires on file well before the FWB may

be needed.  This preparation will shorten the FWB collection time

during emergency situations. 

A blood typing card (Eldoncard®) is suggested in the JTTS

guidelines as confirmation of the donor’s and recipient’s blood type

prior to transfusion.  We suggest that identification with an Eldon-

card® be completed well in advance of operations, and that the lam-

inated card be carried in Soldiers’ individual first aid kit (IFAK) as

an integral part of planning for a “walking blood bank”.  The El-

doncard® has shown to have a 99.7% accuracy, which is higher than

the accuracy percentage of ID cards and tags (89-98.2%).31 All

members of a SOF unit that are potential donors or recipients should

have laboratory confirmation of blood type done and placed in their

individual treatment records.  One SOF unit reviewed a significant

portion of their treatment records, and consistently found blood typ-

ing errors; however, the reviewers did not find any conflicting lab-

oratory reports, and attributed the typing errors to patient reporting

and not to laboratory or documentation errors.32

Joint Theater Trauma System guidelines also call for blood

samples to be taken during collection.2   As with many conventional

military medical guidelines and practice recommendations, this is

not suitable for SOF medics, for several reasons.  First, the type and

amount of blood tubes required for collection and analysis changes

often, and sometimes without notice.  Second, the samples taken in

the field are difficult to label and handle appropriately, and there-

fore, should not be considered reliable.  We suggest that the recom-

mended blood sampling and testing be done retrospectively instead.

Whole Blood crossmaTch

Accurate ABO-Rh typing reduces the risks of transfusion

reactions to 0.2%.  Crossmatching lowers the risk to 0.05%.33 This

is only a reduction of 0.0015%, or 15 reactions out of 10,000 trans-

fusions.  The whole blood crossmatch is not a full crossmatch pro-

cedure, which involves mixing washed donor RBCs with recipient

plasma and vice versa to look for a “major” and then “minor” reac-

tion, respectively.  The whole blood crossmatch only looks for the

“major reaction” involving the antigen on the donor RBCs and the

antibodies in the recipient’s plasma reacting.  No statistics exist re-

garding the increased safety resulting from the use of a whole blood

crossmatch.  It can be argued that the crossmatching procedure may

not be feasible or worthwhile for SOF medics, but it is the standard

of care, and the equipment and skills required are within the scope

of training for SOF medics, so it is included in the TMEP.34

The crossmatching procedure consists of taking four drops

of the recipient’s plasma that has been separated from a FWB sam-

ple, and combining it with one drop of the donor’s FWB.  This is

known as the “tile test,” because the recommended procedure is to

use a glazed white tile in order to have a smooth surface with a con-

trasting background.35 The same effect can be accomplished by per-

forming the test on a smooth piece of glass placed against a bright

white background (figures 3 and 4).  If the donor RBCs are incom-

patible then the antibodies in the plasma will react with the incom-

patible antigens on the surface of the RBCs and cause clumping of

the RBCs and antigens as well as destruction of the RBCs.  This

clumping is known as agglutination (figure 5) and can cause fatal

Disseminated Intravascular Coagulation (DIC).  If any agglutination

is observed, the transfusion should not be conducted. 

Figure 3: Whole blood

Crossmatch procedure being

conducted by adding one

drop of whole blood to four

drops of the recipient’s

plasma. (Author’s collection)

Figure 4: Compatible reaction.

(No agglutination.) 

(Author’s collection)

Figure 5: Incompatible reaction.

(Agglutination) (Author’s collection)
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equipmenT

As seen in figures 6 thru 8, transfusion-specific equip-

ment carried by SOF medics consists of only a blood collection

bag, filtered administration set, and a blood typing card (Eldon-

card®).  To protect the anticoagulant, the blood collection bag

should be maintained in the foil-protective cover until use.  A

blood collection bag designed for single-use containing either Cit-

rate Phosphate Dextrose (CPD) or CPD Adenine (CPDA-1) must

be used.  The blood collection bag can be the Terumo® type with

a mark that indicates when the bag is full, or the collected amount

can be measured by alternate means as described in the TMEP.

The filtered administration set can be the Y-type or a straight set,

but must filter to at least 170 microns. 

The straight set may be less complicated to use, because

there is no need to prime another portion of the line with saline,

as with a Y-type set.  The straight set must be removed from the

normal saline (NS) priming bag and then inserted into the unit of

collected FWB, and this step can increase the risk of contamina-

tion.  The prospect of carrying a few more light items to allow for

FWB transfusions is a more attractive option for SOF medics than

other methods that are currently available.  A single SOF unit has

had a protocol for the use of freshly thawed Fresh Frozen Plasma

(FFP) for more than five years, but has yet to use it in the field

due to the increased logistical constraints as it is only good for 24

hours at room temperature or five days refrigerated. 

Tranexamic acid (TXA) and/or Fibrinogen could be of

potential benefit to the SOF medic for hemostatic resuscitation,

but temperature storage ranges are narrower than the environments

in which a SOF medic would normally find themself, and thus

r8quire special handling.36-36 The potential use of TXA or Fibrino-

gen for hemostatic resuscitation is beyond the scope of this article

and protocol.

procedure

Once a suitable donor has been located and properly

identified, immediate collection should begin.  In any tactical sit-

uation, the safety of the donor is important.  The operational ef-

fectiveness of donors is not of concern, as donating a unit of FWB

has not been shown to negatively affect the physical performance

of a donor.39 Once the donor is selected, initiate the collection

IAW the TMEP.

Training meThod

The Special Operations Combat Medical Skills Sustain-

ment Course (SOCMSSC) has trained medics in the use of FWB

transfusions since 2004, by collecting a unit of blood from one

volunteer donor and reinfusing the blood back into the same donor

once per class as a demonstration.40 This accounts for about 125

classes to date.  As a precaution against possible clot formations,

the donor is given 81mg of aspirin a few hours prior to collection.

To date there have been no serious reactions.  The most common

complication was an inability to use the collected blood because

the bag was not full enough (approximately 15% incidence). The

incidence of this over the last two years has dropped to approxi-

mately 5% or less, after implementing control measures to ensure

the vacuum of the blood bag collection unit was not lost and the

constriction band was left in place throughout the collection.  A

single case of suspected mild citrate toxicity was reported, pre-

sumably from an area of high citrate concentration within the

blood that resulted from incomplete mixing.  It is thought that this

area of high citrate concentration was infused into the patient from

an incompletely mixed bag that was rolled in order to reinfuse the

entire contents of the blood collection bag back into the patient. 

reacTions

There are several reactions that may result from a FWB

transfusion and the most common are covered in the TMEP.  The

recommended treatments for transfusion reactions might be be-

yond the capability of the normal equipment and drugs carried by

Figure 6: Blood typing cards. (Author’s collection)

Figure 7: Blood collection equipment. (Author’s collection)

Figure 8: Blood administration equipment. (Author’s collection)
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the SOF medic.  Despite this limitation, transfusion reaction inter-

ventions and equipment use are covered in the Army Special Forces

medic qualification course and the Special Operations Independent

Duty Corpsman Course.  The drugs and equipment are also con-

tained in the Army Special Forces medic’s tactical medical set and

tactical laboratory set. 

For those reasons, the standard treatments are outlined to

allow the medic to strive for the highest standard of care.  The au-

thors of the TMEP reasoned that the SOF medic may very well find

themselves in an austere environment with robust medical capabil-

ities from organic or indigenous assets, but without rapid medical

evacuation (MEDEVAC) capabilities.  Within this environment, it

may be necessary to manage these reactions and perform several

FWB transfusions.  Fresh whole blood transfusions have been suc-

cessfully conducted in the African continent.13, 15 The idea of re-

suscitating a patient while awaiting MEDEVAC in the middle of

Africa should hasten any healthcare provider to consider a FWB

transfusion as a very viable if not essential treatment measure.

canine consideraTions

Despite statements to the contrary, canines do have natu-

rally occurring antibodies to the antigens that are found on their

RBCs.41 These naturally occurring antibodies can cause IHTR.

Canines have an entirely different set of blood type antigens and

cannot be typed using human blood typing supplies, but the afore-

mentioned whole blood crossmatch procedure can be performed in

the same manner.  Optimally, canines should be typed and cross-

matched prior to transfusion; however, for expediency, the normal

standard of care is to allow them to receive a whole blood transfu-

sion from any potential donor provided that neither the donor nor

the recipient has ever received a blood transfusion. 

Due to canines’ smaller size, no more than 250ml of blood

should be collected from a single donor.  A regular collection bag

containing 63ml of CPD or CPDA-1 is used.  Although this creates

a high level of citrate in the donated unit, it should not be a cause

for concern unless the blood is given faster than 500ml within five

minutes or the recipient has compromised liver circulation where

the citrate is otherwise easily metabolized.  Human blood products

cannot be used in canines.42

Walking Blood Bank

As stated earlier, prescreening is paramount for

blood donation safety.  In order to effectively plan for a

walking blood bank, the SOF medic should plan well prior

to deployment.  Prescreening should be the cornerstone of

this planning.  The American Red Cross tests a unit of

blood donated in the United States for the following:

1. ABO and Rh Types

2. Antibody titers

3. Hepatitis B virus (HBV)

4. Hepatitis C virus (HCV)

5. HTLV-I/II

6. Human Immunodeficiency Viruses 1 and 2 (HIV-1/2)

7. Syphilis

8. West Nile Virus (WNV)

9. Chagas’ Disease

As stated earlier, all SOF personnel who may be

considered for donation as part of a walking blood bank should be

tested to determine their ABO Rh type and they should carry a lam-

inated Eldoncard® in their IFAK, but what about antibody titers?

The most commonly antibodies encountered are from a prior trans-

fusion or pregnancy.  To reiterate, these potential donors should be

identified through questioning and only used as a last resort.  The

concern for a high titer could also be decreased as long as ABO-

identical blood is transfused.  The decision to test potential donors

for high titers is probably as much a commander’s decision as a

decision of medical personnel.  The potential need for a FWB trans-

fusion should be weighed against the added time and expense of

testing individuals for high titers.

SOF personnel are routinely vaccinated against Hepatitis

B Virus (HBV), but what about Hepatitis C Virus (HCV)?  There

is no vaccine for HCV, and SOF personnel are not tested for HCV.

The occurrence of HCV found in units of donated blood by military

personnel was the highest among all of the blood-borne diseases.

As you will recall, the aforementioned single transmission of a

blood-borne disease during transfusion was from HCV.9  Therefore,

it is prudent to test all personnel for HCV who may be considered

as donors for a walking blood bank.  Although there has not been

a documented case of HTLV transmission from unscreened donors,

the incidence of HTLV positive donors among deployed and non-

deployed donor is similar to that of HCV positive donors (0.6-

0.12% versus 0.6-0.7%).

Therefore, it is probably prudent to test prospective

donors for HTLV.  SOF personnel are normally tested for Human

Immunodeficiency Viruses 1 and 2 (HIV-1/2) every 1-2 years and

120 days prior to deployment.43-45 This is probably sufficient to

ensure a safe donation, but as with all these recommendations,

should not preclude retrospective testing IAW current policies or

with rapid screening tests at the time of donation.  SOF personnel

are tested for syphilis during physicals and are presumed negative

if they are not symptomatic.  While syphilis is a serious infection,

it is curable, unlike the majority of blood-borne diseases tested, and

should be identified with retrospective testing.  The incidence of

both West Nile Virus and Chagas’ disease in the United States is

so low that it is probably not beneficial to prescreen potential SOF

donors.46, 47

Fresh Whole Blood Transfusions in the Austere Environment
7

Figure 9: Special Forces medic prepares to reinfuse recently collected

Warm Fresh Whole Blood collected during a field training exercise.

(Author’s collection)
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