Warm fresh whole blood transfusion for severe hemorrhage: U.S.
military and potential civilian applications

Philip C. Spinella, MD

Objective: The objective of this study was to review the history
and current literature regarding the benefits and risks of warm
fresh whole blood transfusion to include recent U.S. Army re-
search from Afghanistan and Iraq. We also discuss current indi-
cations for its use as well as potential civilian applications for
large-scale disasters.

Background: The use of warm fresh whole blood currently only
persists in emergency life-threatening scenarios when tested
stored blood components are not available. Recent combat oper-
ations in Afghanistan and Iraq have redirected attention on the
benefits and risks of warm fresh whole blood for life-threatening
injuries in casualties.

Main Results: Between March 2003 and July 2007, over 6000
units of warm fresh whole blood have been transfused in Afghan-
istan and Iraq by U.S. medical providers to patients with life-
threatening traumatic injuries with hemorrhage. Preliminary re-
sults in approximately 500 patients with massive transfusion
indicate that the amount of fresh warm whole blood transfused is
independently associated with improved 48-hr and 30-day sur-
vival and the amount of stored red blood cells is independently
associated with decreased 48-hr and 30-day survival for patients

with traumatic injuries that require massive transfusion. Risks of
warm fresh whole blood transfusion include the transmission of
infectious agents and the potential for microchimerism.

Conclusions: For patients with life-threatening hemorrhage at
risk for massive transfusion, if complete component therapy is
not available or not adequately correcting coagulopathy, the risk:
benefit ratio of warm fresh whole blood transfusion favors its use.
In addition, recent evidence suggests that there is potential for
warm fresh whole blood to be more efficacious than stored
component therapy that includes stored red blood cells in criti-
cally ill patients requiring massive transfusion. Efforts must con-
tinue to improve the safety of warm fresh whole blood transfusion
for patients when it is required in emergency situations. U.S.
civilian disaster agencies are preparing guidelines for its use in
massive casualty scenarios and prospective, randomized trials
are about to start to determine whether stored warm fresh (<24
hrs) whole blood improves outcomes compared with standard
stored component therapy. (Crit Care Med 2008; 36[Suppl.]:
$340-5345)

Kev Worns: whole blood; trauma; mortality; hemorrhage; co-
agulopathy; combat

he first warm whole blood
transfusion in a human oc-
curred in 1667 by Dr. Jean-
Baptiste Denis in France (1).
He directly transfused a cupful of blood
from the femoral artery of a lamb
through a silver tube inserted into a vein
of a man theorizing that the gentleness of
the lamb’s blood would cure his madden-
ing illness. Multiple transfusions were
performed because the transfusion of the
lamb’s blood improved his psychosis dra-
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matically. He developed symptoms of fe-
brile acute hemolysis with each transfu-
sion and died suddenly before his last
transfusion. Interestingly, this man in
retrospect may have had general paresis
neurosyphilis and his febrile reactions to
the transfusions may have actually im-
proved his condition, because high tem-
peratures are now known to kill 7repo-
nema organisms. On investigation, this
patient’s death was not related to the
transfusion of lamb’s blood, but actually
resulted from arsenic poisoning by his
wife. Because transfusion reactions con-
tinued to occur, the French and English
governments, as well as the Pope, banned
the practice of transfusion (1). The prac-
tice of transfusing humans did not occur
again until 1818 when Dr Blundell in
London began transfusing blood for hem-
orrhagic conditions from the artery of the
donor to the vein of the recipient through
injection kits. Over an 11-yr period, Blun-
dell transfused ten patients, five of whom
survived. Despite the discovery of blood
types by Karl Landsteiner in 1900 and the

subsequent development of crossmatch-
ing techniques by Dr Ottenberg in 1912,
the routine blood typing before transfu-
sion did not occur until the mid-1920s
(1). During this time, multiple methods
of transfusion to include direct anastomo-
sis of artery to vein in addition to the use of
metal devices were used. Direct anastomo-
sis was technically difficult and painful but
prevented the very common complication
of clotting, which occurred with metal de-
vices. It was not until the development of
citrate storage solutions by Dr. Richard
Lewisohn in 1914 that the process of col-
lecting blood and transfusing it to recipi-
ents became much easier and started to
increase in significant frequency (1).

History of Warm Fresh Whole
Blood Transfusion

With the development of storage solu-
tions by Peyton Rous in 1915 and 1916,
the ability to resuscitate combat casual-
ties with hemorrhagic lesions became
possible and was integrated into medical
practice at British and American hospi-
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tals in World War I (2). Stored whole
blood was primarily used in World War II
and heroic efforts were made at supplying
the troops with this lifesaving product.
Roughly 500,000 units of stored whole
blood were shipped to U.S. military hos-
pitals in a 13-month period spanning
1945 (2). Despite the massive shipment of
stored whole blood, it was not always
available when needed and direct trans-
fusions from one soldier to another was
still frequently needed with warm fresh
whole blood. This practice of primarily
transfusing stored product and only re-
sorting to the use of warm fresh whole
blood started in both world wars and per-
sists today in recent conflicts to include
those in Somalia, Kosovo, Afghanistan,
and Iraq (2-5).

A direct result of the necessity of re-
quiring large amounts of blood products
for combat casualties has led to the de-
velopment of whole blood fractionation
into individual components and storage
solutions increasing the shelf life of blood
components. Blood fractionation was de-
veloped to improve resource use of indi-
vidual components of whole blood needed
for combat casualties, and the storage
process of blood products was advanced
to allow for prolonged storage to ship
blood products to distant regions such as
Vietnam (1, 2). Interestingly, these devel-
opments that were inspired to improve
care for combat casualties may now have
more detrimental effects than the use of
warm fresh whole blood in this very same
population (6-9).

The Transition to Component
Therapy and Its Consequences
in Massive Transfusion

Whole blood fractionation into red
blood cells (RBCs), plasma, and platelets
was developed to more efficiently use the
individual components of blood. The ad-
vantage of the availability of individual
components is that it allows for replace-
ment of specific deficiencies or require-
ments and has the additional benefit
which improves resource utilization. The
availability of donors has always been a
concern and increased utilization of this
limited product is very beneficial. As the
fractionation processes developed be-
tween the 1940s to the 1980s, component
therapy increased and the use of stored
whole blood diminished. There are now
few current indications or routine use of
stored whole blood (5). Interestingly,
during this transition from whole blood
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to component therapy, very few studies
have attempted to compare the benefits
or risks between them in different popu-
lations, nor have the storage solutions
that have developed over time to improve
shelf life of RBCs been evaluated for clin-
ical benefits or risks to the recipient. In
fact, the criteria for approving storage
solutions that was determined in the
1940s still remains today. Current licens-
ing requirements for stored RBCs pri-
marily require that the RBC membrane
still be intact in 70% of cells 24 hrs after
transfusion (7). Storage solution require-
ments for licensing do not include any
direct measurements of the RBCs’ ability
to deliver oxygen to microvascular tissue
beds. In fact, the few studies of stored
RBCs that directly measure oxygen con-
sumption for subjects in oxygen debt or
shock or evaluate microvascular circula-
tion in both animals and humans indicate
that oxygen consumption and microvas-
cular flow remains the same or decreases
after RBC transfusion (7, 8, 10-15). In
addition, countless retrospective studies
indicate after adjusting for severity of in-
jury factors that the amount and storage
age of RBCs is independently associated
with increased morbidity and mortality
(9, 16-22). One large prospective, ran-
domized controlled trial also indicates
that increased stored RBC transfusions
are associated with increased in-hospital
mortality in critically ill patients (23).
The transition to component therapy
has improved the availability of multiple
blood components to patients who may
only require a specific product. As a re-
sult of blood being a limited resource,
this is very important and has driven the
transition away from whole blood prod-
ucts (4). For patients who only require
specific components, the transfusion of
individual products is the most logical
and appropriate method. There is a small
population of patients who require trans-
fusion because of massive hemorrhage of
whole blood. Approximately 3% to 8% of
trauma patients who require transfusion
at civilian and deployed military trauma
centers receive massive transfusions (24—
28). Many believe that replacing whole
blood to patients who are bleeding large
amounts of whole blood is the most ap-
propriate approach to addressing the
shock and coagulopathy that these pa-
tients rapidly develop (29-32). This con-
cept has been termed hemostatic resus-
citation and advocates for the use of
component products in a similar ratio to
whole blood for patients with massive

hemorrhage (26, 33, 34). Even with this
approach it has been noted that trying to
reconstitute whole blood from compo-
nents that have been placed in anticoag-
ulant and preservative solutions would
provide a significantly anemic, thrombo-
cytopenic, and coagulopathic product
compared with a whole blood product
(35). If a unit of whole blood was recon-
stituted with one unit of RBCs (hemato-
crit of 55%), platelets (5.5 X 10'° plate-
lets), and frozen plasma (80%
coagulation factor activity), it would be-
come 660 mL of cold fluid with a hemat-
ocrit of 29%, 88,000 platelets per micro-
liter, and 65% coagulation factor activity.
In contrast, a 500-mL unit of fresh whole
blood in 70 mL of citrate phosphate dex-
trose anticoagulant solution has a hemat-
ocrit of 33% to 43%, 130,000 to 350,000
platelets per microliter, and 86% activity
of clotting factors (35). Additionally, un-
like the use of stored blood products,
warm fresh whole blood is not cold and
maintains significant platelet and coagu-
lation factor function for up to 72 hrs
(36). As a result, it appears illogical and
potentially irrational to resuscitate pa-
tients requiring massive transfusion with
a strategy that at best provides an ane-
mic, thrombocytopenic, coagulopathic,
and cold product to a patient population
that is at increased risk of mortality with
hypothermia, acidosis, anemia, and co-
agulopathy.

Current U.S. Military Indications
and Practice of Warm Fresh
Whole Blood Transfusion

Blood component availability is differ-
ent at each level of military treatment
facilities with RBCs only available at for-
ward surgical facilities and RBCs, plasma,
and cryoprecipitate available at all com-
bat support hospitals. Just recently, in
2005, apheresis platelets were made avail-
able to some but not all of the combat
support hospitals in Iraq and Afghanistan
by pheresis of platelets from donors at
these military hospitals. Because each
blood component is not available at most
U.S. military hospitals, and at times the
existing supply of a product may get ex-
hausted in periods of increased combat
activity, the requirement of warm fresh
whole blood is often required.

Current standard military indications
for warm fresh whole blood transfusions
are for patients with life-threatening in-
juries that require any blood component
that is not immediately available (37). In
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addition, U.S. Army military massive
transfusion clinical practice guidelines
also suggest the transfusion of warm
fresh whole blood for patients who con-
tinue to have significant bleeding with
life-threatening injuries after receiving
stored RBCs, plasma, and platelets in a
1:1:1 ratio. Between March 2003 and July
2007, over 6000 units of warm fresh
whole blood have been transfused in Af-
ghanistan and Iraq according to the
Armed Services Blood Program Organi-
zation (Table 1). All patients transfused
warm fresh whole blood received a mean
of 5.8 units with the maximum amount
transfused to one patient of 48 units (Ta-
ble 1). Approximately 4% of blood prod-
ucts transfused in both Afghanistan and
Iraq have been warm fresh whole blood
with 45% of recipients being non-U.S.
patients (Tables 1 and 2). The amount of
warm fresh whole blood being transfused
in both Afghanistan and Iraq has in gen-
eral been increasing each year from 2001
to 2007 (Fig. 1). In a review from one
combat support hospital, patients who
are transfused warm fresh whole blood
are coagulopathic, acidemic, hypother-
mic, anemic, and in shock (38). In addi-
tion, warm fresh whole blood donated by
U.S. military personnel at one combat
support hospital was transfused in similar
proportions and amounts to U.S., Iraqi,
and enemy combatant patients (38).
Current efforts by the U.S. Army Insti-
tute of Surgical Research have focused on
developing methods to identify those
with severe injuries who are at risk for
massive transfusion. The purpose is to
rapidly identify those at risk of developing
the coagulopathy of trauma and to imme-
diately apply hemostatic resuscitation
strategies on identification of this risk
rather than to wait for coagulopathy and
massive transfusion to occur. This is the
damage control philosophy of “staying
out of trouble instead of getting out of
trouble” or being proactive instead of re-
active. Recent research in both military
and civilian patients in both primarily
penetrating and blunt trauma popula-
tions indicates that the risk of massive
transfusion can be predicted with approx-
imately 80% accuracy (27, 39-41). Some
models can accurately predict massive
transfusion within 10 mins of admission
(27, 40, 41), which is important because
the majority of preventable trauma
deaths are from hemorrhage (42, 43) and
most deaths occur within 6 to 12 hrs
from admission (44—46). The rapid treat-
ment of the coagulopathy of trauma he-
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Table 1. Description of total number of units and average amount per patient transfused of each blood

product
Total Total Average
Units Patients Units Low High
Warm fresh whole blood (U) 6,001 1,035 5.8 1 487
Red blood cell (U) 85,429 14,706 5.8 1 1437
Apheresis platelet (U) 3,723 1,540 2.4 1 294
Fresh frozen plasma (U) 41,666 6,469 6.4 1 98¢
Cryoprecipitate (U) 11,465 1,034 11.1 1 114°
“?denotes transfused to non-U.S. Patient.
Table 2. Distribution of each blood product transfused to U.S. and non-U.S. casualties
Total U.S. Only Non-U.S. U.S. Only Non-U.S.
Number patients transfused 15,796 3,949 11,847 25.0% 75.0%
Warm fresh whole blood (U) 6,001 3,255 2,746 54.2% 45.8%
Red blood cells (U) 85,429 23,725 61,704 27.8% 72.2%
Apheresis platelet (U) 3,723 1,366 2,357 36.7% 63.3%
Fresh frozen plasma (U) 41,666 12,699 28,967 30.5% 69.5%
Cryoprecipitate (U) 11,465 4,478 6,987 39.1% 60.9%
Warm Fresh Whole Blood Transfusions
350 1
300 4
250 - 2003
200 - 7 E2004
2005
150 7
| 2006
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Figure 1. Number of units of warm fresh whole blood transfused per month in Iraq between March

2003 and July 2007.

mostatic resuscitation strategies in pa-
tients requiring massive transfusion has
been associated with improved survival
(19, 24, 47).

Current practice guidelines supported
by U.S. military medical leaders is to
transfuse stored blood components, if
available, in a 1:1:1 ratio similar to whole
blood for casualties with severe hemor-
rhagic lesions who are identified as at
high risk for massive transfusion. If any
of the components are not available, then
warm fresh whole blood is to be used to
supplement the unavailable component
products; alternatively, if the 1:1:1 strat-
egy of transfusing stored components is
failing, the use of warm fresh whole blood
is also supported. A detailed algorithm of
one the U.S. Army’s combat support hos-
pitals massive transfusion program that

used warm fresh whole blood has been
described by Repine et al (5).

Before the decision is made to trans-
fuse warm fresh whole blood, there needs
to be coordination to develop a volunteer
donor pool, screening for eligibility to
donate, methods to improve the safety of
transfusing warm fresh whole blood, and
policies that ensure the safety of whole
blood donors. Currently, the practice of
coordinating warm fresh whole blood col-
lection differs slightly from one medical
facility to the next as a result of differ-
ences in the size of the donor pool and
preferences of the medical providers at
each facility. In general, the donor pool
consists of hospital and other military
personnel who are local to the hospital.
Hospitals that anticipate a large need for
warm fresh whole blood develop volun-
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teer donor lists by blood type and pre-
screen them for eligibility by question-
naire to streamline the collection process
when needed. This questionnaire is re-
viewed again just before the donor’s
blood is collected to determine whether
there have been any changes. If eligible,
the donor is screened for anemia with the
copper sulfate test and is crossmatched to
the recipient. If all tests permit, 400- to
500-mL of the donors’ warm fresh whole
blood is collected into a CPDA bag (Teru-
flex Blood Bag System, Tokyo, Japan) and
then transfused immediately to the casu-
alty. Under optimal conditions of donor
availability and adequate laboratory tech-
nician staffing, this entire process from
the initiation of a whole blood drive to
transfusion of the first unit takes approx-
imately 20 to 30 mins. These units are
transfused warm without leukoreduction
or irradiation. To decrease the risk of
infectious agent transmission, some hos-
pitals with high-volume warm whole
blood needs have prescreened their po-
tential donor pool by sending specimens
back to the United States for formal in-
fectious disease screening of all routinely
tested transfusion-transmitted diseases.
This will not prevent transmission of
agents that have been acquired after the
donor has been tested, but will still de-
crease this risk. In addition, infectious
disease transmission risk is decreased in
military donors since all personnel are
screened for human immunodeficiency
virus (HIV) within 2 yrs before deploy-
ment, and recently, all new military re-
cruits are immunized against hepatitis
B. All healthcare providers are immu-
nized for hepatitis B. Current discus-
sions are underway regarding the ben-
efit of screening all military personnel
for hepatitis C before deployment. All
donors who screen positive for transfu-
sion-transmitted diseases are identified
and formally evaluated. In addition, all
recipients of warm fresh whole blood by
policy are to be screened periodically
for transfusion-transmitted diseases.
The ability to perform crossmatching in
remote locations may not be available
and warm fresh whole blood is trans-
fused based on blood types recorded on
personal identification tags as a method
of last resort.

Benefits and Risks of Warm
Fresh Whole Blood

Whole blood is preferred by some pro-
viders because it provides replacement of

Crit Care Med 2008 Vol. 36, No. 7 (Suppl.)

each blood component in the same ratio
that it is lost in patients with severe hem-
orrhage. Warm fresh whole blood has the
additional advantage of not being affected
by the storage process, which decreases
the function of each of the components
(14, 15, 48, 49). Critically ill patients in
hemorrhagic shock should potentially re-
ceive increased benefit of treating both
coagulopathy and shock with fully func-
tional plasma, platelets, and RBCs com-
pared with stored components.

Because warm fresh whole blood has
only been used in emergency circum-
stances in both military and some civilian
trauma centers, very little research has
been published regarding its efficacy.
Most published data have been on stored
fresh whole blood, which has been de-
fined as whole blood stored for less than
24 or 48 hrs. Transfusion of whole blood
stored for less than 48 hrs has been rec-
ommended for first-line therapy in hem-
orrhagic shock by several authors (50—
52). Stored whole blood is associated with
decreased donor exposures, optimal re-
suscitation, and improved hemostasis
compared with component therapy (20,
50, 53). Lavee et al. reported that one
unit of stored fresh whole blood had the
equivalent hemostatic effect of eight to
ten platelet units (49). Unlike warm fresh
whole blood, stored whole blood has det-
rimental effects such as decreased func-
tion of labile coagulation factors V and
VIII within 12 to 18 hrs of storage at 4°C.
In addition, platelet function is decreased
within 5 hrs of storage at 4°C (48). Con-
versely, a recent report indicates that
warm whole blood can be stored at room
temperature and maintains its coagula-
tion function for up to 72 hrs without the
risk of bacterial growth (36).

Recent retrospective study results pre-
sented at the 2007 U.S. Military Combat
Casualty Care conference (J. G. Perkins,
unpublished data) indicate that in over
500 patients requiring massive transfu-
sion, on multivariate regression analysis,
the amounts of warm fresh whole blood
and apheresis platelets were both inde-
pendently associated with improved
48-hr and 30-day survival. In this same
analysis, the amount of stored RBCs
transfused was independently associated
with decreased survival. This is the first
data set to indicate that the use of warm
fresh whole blood may improve survival
in any population. Although the use of
apheresis platelets was also associated
with improved survival, the results that
stored RBCs (mean storage age of 33

days) were independently associated with
decreased survival suggests that preferen-
tial use of warm fresh whole blood in-
stead of pure components (particularly
when the stored RBCs are of advanced
storage age) may improve outcomes. It is
very difficult to analyze these data, be-
cause all patients who receive warm fresh
whole blood have also received RBCs,
plasma, and some apheresis platelets be-
cause it may take time for warm fresh
whole blood to be collected and tested
before transfusion. Only a prospective,
randomized trial will be able to ade-
quately answer this question. Currently, a
large trauma center in the United States
is about to start a prospective, random-
ized, controlled trial of warm fresh (<24
hrs) whole blood compared with compo-
nent therapy for patients with severe
traumatic injuries.

The risks of warm fresh whole blood
transfusions compared with those of RBC
transfusions have been recently reviewed
(6). Transfusion reactions and transfu-
sion-related acute lung injury occurred at
similar rates. There was an increased risk
of the transmission of hepatitis C for
those who received warm fresh whole
blood. In this review that evaluated over
2000 units of warm fresh whole blood
transfused between 2003 and 2005, no
patients contracted HIV. The risk of
transmitting infectious agents with the
use of warm fresh whole blood is in-
creased despite efforts to decrease this
risk by using rapid infectious disease test-
ing kits for HIV and hepatitis B and C
(Biokit, Biorapid, Barcelona, Spain). Ac-
cording to the Armed Services Blood Pro-
gram Office as of September 2006, both
hepatitis C- and B-positive units have
been transfused to patients either result-
ing from lack of screening with the rapid
tests or as a result of false-negative re-
sults from these rapid tests. Contrary to
the sensitivity and specificity quoted by
the manufacturer (98% to 99% for each
test), an independent analysis by
0’Connell at the U.S. Army Walter Reed
Institute of Research indicates that the
hepatitis B and C rapid testing kits had
sensitivity and specificity of <30% for
each. According the Armed Services
Blood Program Office in over 2000 warm
fresh whole blood transfusions, between
March 2003 and September 2006, in
which the rapid tests were used, they
missed identifying one donor with hepa-
titis C and another with hepatitis B. In
the past year, rapid testing kits for HIV
have been replaced with the oraquick ad-
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vance test (Orasure, Bethlehem, PA),
which is U.S. Food and Drug Administra-
tion-approved to screen blood samples for
HIV, and the biorapid kits for hepatitis B
and C and HIV are no longer used.

An additional potential risk to recipi-
ents of warm fresh whole blood is the
development of microchimerism. Previ-
ous studies in trauma patients indicate
that microchimerism occurs at increased
rates in trauma patients receiving
younger products (54, 55). The transfu-
sion of warm fresh whole blood may in-
crease this risk, although this has not
been confirmed. In addition, the long-
term consequences of microchimerism in
trauma patients have not been clearly de-
fined.

Risks to donors in a warm fresh whole
blood program in combat include ane-
mia, which increases the risk of de-
creased donor performance. Despite cop-
per sulfate test screening for anemia
(<12.5 mg/dL), 14% of donors were ane-
mic (<12.5 mg/dL) according to com-
plete blood count results measured dur-
ing the collection process (56). Methods
to improve screening for anemia in do-
nors who are required to return to com-
bat are needed to minimize the risk of
injury to donors. In addition, the consis-
tent supplementation with iron to whole
blood donor pools would also decrease
the risk of anemia in donors.

The choice of whether to use warm
fresh whole blood is simple when at-
tempting to resuscitate a patient who is
severely injured and requires blood com-
ponent product replacement that is not
available or when the use of standard
components is not adequately correcting
the coagulopathy in patients with life-
threatening injuries. The risk of death
in these patients is very high, approxi-
mately 30% to 50% with adequate or stan-
dard treatment. Many of these patients
would die without its use. Therefore, the
infectious and potential microchimerism
risks must be taken to resuscitate these
patients. Every effort must also be made to
minimize these risks. The potential to
screen all deploying military personnel for
transfusion-transmitted diseases to deter-
mine whether they are eligible to donate
and the increased access to plasma and
platelets at smaller combat support hospi-
tals are current strategies that are being
considered to minimize the need to use
warm fresh whole blood.

Military operations are not the only
circumstance that warm fresh whole
blood transfusion programs are neces-
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sary. Both Israel and Australia have con-
tingency programs available for the use of
fresh whole blood (52) (Uri Martinowitz,
personal communication, 2005). In addi-
tion, U.S. emergency medical planners
have acknowledged that although there
has never been a disaster that has re-
quired a large amount of blood products
before, they understand that the face of
terrorism is constantly changing and
there are feasible scenarios that would
quickly exhaust the blood component
supply of most major cities. As a result,
government agencies are now working
together to develop a cohesive plan to use
warm fresh whole blood donated from
prescreened donors as a last resort if
stored components are exhausted in a
mass casualty event. Hopefully, these
plans will never need to be used. How-
ever, if they are, the ability to collect
blood from prescreened donor pools and
then rapidly transfuse it will save many
lives. The transfusion of warm fresh
whole blood is a simple process that can
be executed effectively and safely with
proper planning and education. Contin-
ued efforts to develop accurate rapid
screening tests for transfusion-transmit-
ted diseases are very important for both
emergency screening of warm fresh
whole blood and for use of routine blood
products in Third World countries.
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