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Transfusion Medicine
Troy R. Johnson, MD; Robert F. Kacprowicz, MD; Dan S. Mosely, MD
ABSTRACT

Far-forward blood transfusion is a controversial topic. Transfusion of stored packed red blood cells
(pRBCs) has come under increasing scrutiny in civilian trauma centers and may have fewer benefits than pre-
viously believed. The unnecessary transfusion of stored blood products has the potential to do significant harm,
particularly when the blood has been stored for the long periods typically seen in the combat theater. There-
fore, when transfusion is considered for an acutely injured patient, careful attention must be paid to the risks,
benefits, and indications for transfusion. Once transfusion therapy is chosen, the provider must carefully ad-
here to established guidelines and procedures to minimize potential harm to the patient.
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OBJECTIVES
1) Identify the known adverse outcomes with the use of blood products.
2) Define the indicators for blood product transfusion.
3) List the common transfusion reactions and how to treat them.
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INTRODUCTION
Throughout Operation Enduring Freedom and

Iraqi Freedom, blood products have been available on the
battlefield. Within the Special Operations environment,
there has been great debate as to where the administration
of these products could have the greatest benefit for our
casualties. Anecdotal reports indicate that blood prod-
ucts are being administered far-forward in anticipation
of shock, rather than as treatment when shock exists. Un-
fortunately, aside from the significant technical com-
plexities of administering blood products far forward,
there appear to be significant downsides to giving blood
products to our patients. This is particularly true when
blood products are given before they are absolutely nec-
essary. When hemorrhagic shock that is unresponsive to
fluid resuscitation exists, transfusion is clearly indicated.
Giving blood products prior to that point, however, may
actually be detrimental to our patients.

Many of the anecdotal benefits that exist with
normalizing a patient’s hemoglobin/hematocrit with
pRBCs have not shown benefit in the current literature.
As a result, many regional trauma centers have chosen
to institute restrictive blood product protocols to mini-
mize the many adverse effects. This shift to evidence-
based practice in the hospital environment initiated more
analysis of the cost-benefit relationship of the early uti-
lization of these products. No prospective trials of ad-
ministration of blood products in the far-forward setting
exist, but study of the available literature on transfusion
provides sensible conclusions for the use of blood prod-
ucts in the far-forward setting.

In view of the current practices of hypotensive
resuscitation and tactical combat casualty care, a well re-
searched, critical look at blood product placement and
usage in the far-forward Special Operations environment
is warranted. This article will review current literature on
the topics published in the English medical literature. We
will review the effects of blood storage and the current
theories that account for some of the observed adverse
effects. We will also discuss whole blood transfusion and
potential blood replacements. We will finish with a re-
view of suggested guidelines for administration, proce-
dure, and hazards of blood administration in the
far-forward environment.

EX VIVO BLOOD STORAGE
The effects of blood product storage greatly in-

fluence its value during transfusion. The modern blood
bank system has greatly extended the availability of
blood products to the population, but the storage tech-

niques have changed little since the 1940s. Storage of
RBCs causes a number of morphologic and biochemical
changes, which are only partially accounted for in the way
that we measure post-transfusion RBC viability. We cur-
rently evaluate the viability by the post-transfusion RBC
survival. This current standard is an arbitrary value of
greater than 70 percent RBC integrity at 24 hours. Origi-
nally, this was deemed to be the value that would most re-
flect the measured hemoglobin and hematocrit post
transfusion. Current authorities, however, would debate
that this was the only achievable percentage at the time.
There are no clinical outcome variables attached to this
number or followed after its institution. Thus, while using
this measurement improved the patient’s lab values, the
overall clinical benefit was never shown. Currently, RBCs
stored up to 42 days maintain their 24-hour post-transfu-
sion viability.1

The RBC is a
highly specialized cell
which can deliver oxy-
gen to and remove car-
bon dioxide from the
body. Its shape and de-
formability allow it to
traverse the capillaries
and microcirculation

without structural or functional disruption. During stor-
age, however, the RBCs are deprived of adenosine triphos-
phate (ATP), their energy source, and undergo many
morphologic changes. Cytoskeletal protein loss forces the
RBCs to lose their biconcave shape and thus limit usable
surface area for gas exchange. They also lose surface
sialic acid and membrane lipids. The loss of these mem-
brane components results in an increase in the aggregation
of the RBC and limits their deformability. Furthermore,
through the loss of cellular antioxidants, hemoglobin is
converted to methemoglobin which is incapable of bind-
ing oxygen. Finally, 2,3 diphophoglycerate (2,3 DPG) is
depleted by the storage medium and subsequently de-
creases the existing hemoglobin’s affinity for oxygen.
This results in a decrease of the stored RBCs’ ability to
exchange gas and deliver oxygen through the microcircu-
lation to the tissues.2-32

Packed RBCs represent only a portion of the
whole blood that is initially collected. Plasma and
platelets are removed in the processing prior to RBC stor-
age. Though many elements are removed from the whole
blood, the RBC component is far from pure. It contains
many cellular components and bioactive substances, some
of which are thought to contribute to many of the adverse
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effects seen in the transfusion of stored RBCs. The in-
creased presence of white blood cells in the RBC medium
contributes significantly to RBC destruction and the sub-
sequent leakage of potassium (K+) from the lysed cells.33

Leukoreduction prior to storage has reduced, but not elim-
inated, this effect.34

Many of the remaining bioactive substances in
the medium also adversely affect the RBC performance
and limit the overall effectiveness of transfusion. These
substances include histamine, lipids, cyotokines, frag-
ments of cellular membranes, and human leukocyte class
I antigens.35-38 Some of these cytokines significantly con-
tribute to the non-hemolytic febrile transfusion reactions
seen in many patients. These reactions can be reduced,
but not eliminated, with pre-storage leukocyte depletion.39-
42 The soluble lipids present in the medium are thought to
contribute to increased platelet aggregation and host neu-
trophil activation.43-46 Since these substances are not prod-
ucts or byproducts of white blood cells, leukodepletion
does not reduce the incidence of side effects. In addition,
many of these bioactive substances are thought to exist in
levels high enough to produce systemic inflammatory re-
sponses. This inflammatory response is the current mech-
anism thought to produce much of the rise in morbidity
and mortality seen in the utilization of stored RBCs.47

CLINICALEFFECTS OF BLOOD LOSS

ANEMIA AND MORTALITY

A substantial difference exists between clinically
significant and diagnostic anemia. A healthy human is
amazingly tolerant to the anemic state. Physiologic com-
pensatory mechanisms, such as increased cardiac output
and oxygen extraction can more than compensate for non–
hemorrhagic shock levels of anemia. Normovolemic ane-
mia to levels of 3.5 to 5.0 g/dL of hemoglobin has been
shown to be adequate for organ perfusion.48,49 As men-
tioned above, the logic of correcting anemia with RBCs
has never been shown to improve oxygen availability or
overall clinical benefit.50-53 Evidence now exists of an
overall harmful effect when patients are transfused to the
previous standard of hemoglobin of 10g/dL.54 The caveat
to this, of course, is the adult with underlying cardiac dys-
function. Amyocardial basal oxygen extraction rate of 55
to 70% leaves little capacity for improvement.55 Thus, the
only existing compensatory mechanism is increasing the
coronary blood flow. This presents a particular problem
for patients with baseline coronary artery disease. Sev-
eral studies in the surgical literature show an increased
post-operative mortality in these patient populations sec-

ondary to anemia.56,57 One study, however, showed no dis-
cernible difference when stored RBCs were used to correct
an underlying anemia.58 This adds momentum to the rise
of cell saver technology and autotransfusions of the pa-
tient’s own blood during operative interventions. Thus,
there is currently a lack of evidence to support transfusions
in healthy anemic patients without evidence of organ dys-
function or hemorrhagic shock.

POPULATION BASED STUDIES OFADVERSE OUTCOMES

Two large population
based studies have reported
that transfusions alone are an
independent risk factor for
death.59,60 Three retrospective
and one prospective study in
critically ill intensive care unit
(ICU) patients show an in-

crease in morbidity and mortality associated with transfu-
sions alone.61-64 This culminated in the landmark Canadian
study showing the use of restrictive blood protocols in-
creased survival in an ICU setting.65

Adverse clinical outcomes with the use of blood
products include increased mortality, increased hospital
length of stay, multiple organ system failure, increased in-
fections, and impaired tissue oxygen utilization. Incidence
of these ill-effects correlates with the age of the stored
blood.66-73 A prospective cohort study of 513 trauma pa-
tients found that transfusion is an independent risk factor
for post-injury multiple organ failure. There is also an as-
sociation between the number of units transfused in these
patients and the number of complications.63 Another study
in trauma patients by Zallen et al. demonstrates that the
mean blood age, number of units greater than 14 days old,
and the number of units greater than 21 days old are also
independent risk factors for multiple organ failure.74 The
many studies of post-coronary artery bypass graft (CABG)
patients have shown similar effects to those as seen in the
Zallen et al. study.75-78

A correlation between infections and blood prod-
uct administration similarly exists. As described earlier,
transfusion with allogeneic blood products expose the pa-
tient to large amounts of cellular and antigenic com-
pounds, as well as bioactive substances that increase
proinflammatory and immunosuppressive responses.
TRIM, or transfusion related immunomodulation, is a the-
ory first described by Opelz et al. that may explain some
of the increased morbidity associated with transfusions.79

Transfusion of pRBCs appears to cause transient suppres-
sion of the immune system. Immunosuppression after
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of hepatitis C from screened civilian populations is esti-
mated to be 1 in 1.4 million, with the HIV transmission
risk estimated to be 1 in 1.6 million.94 While these risks
are probably lower when blood is taken from the
screened military population, the true risks are unknown.

Secondary risks include transfusion reaction,
particularly when type-compatible, uncrossmatched
blood is used in the emergency setting. Again, the true
risk is unknown, but data from the use of whole blood in
massive transfusion suggest the risk to be approximately
9%.95

At this point the use of whole blood in the far-
forward setting should be considered experimental at
best. The benefits of whole blood are attractive, partic-
ularly in theater when component pRBCs are often old
and in limited supply, but the rate of transfusion reaction,
the possibility of infectious disease, and the lack of
proven benefit in controlled trials suggest whole blood
use should be limited to the hospital/Level III setting
where it can be used in a controlled fashion and studied
prospectively. Using whole blood transfusion when he-
morrhagic shock has not yet occurred is clearly not yet
indicated and could be harmful.

BLOOD SUBSTITUTES
The promise of blood substitutes has kept

Medics, doctors, and stock investors salivating for the
last two decades. Blood substitutes would appear to be
the ideal solution to many of the problems of both stored
RBCs and transfused whole blood. The ideal blood sub-
stitute would eliminate the possibilities of allergic reac-
tions, transmission of infectious disease, and would
provide for long storage. All of these qualities would
make blood substitutes ideal for use on the battlefield and
in austere conditions. The focus of most recent research
and development has been in the area of hemoglobin
based oxygen carriers or HBOCs. In theory, HBOCs pro-
vide all of the desired qualities for a suitable blood re-
placement. Unfortunately, none have so far proven to be
safe for use in humans.

Numerous attempts have been made to synthe-
size a solution that would allow delivery of oxygen to is-
chemic tissues. Recent history is littered with
prospective solutions to the complex problem of oxygen
delivery. Most of the recent attempts, however, have nar-
rowed to a select few compounds that are based on he-
moglobin molecules. Ideally, recombinant human DNA
would be used to manufacture hemoglobin. Unfortu-
nately, this has proven to be prohibitively expensive.
Clinical trials are ongoing to evaluate the use of blood

RBC transfusion was initially found to be beneficial in re-
cipients of cadaveric kidney transplants, but was also later
found to be associated with increased rates of post-opera-
tive infections. Immunosuppression may therefore play a
significant role in the increased rate of infection in patients
who have received transfusion.80-83 A prospective cohort
study of trauma patients demonstrated that transfusions of
RBCs stored greater than 14 days and 21 days are inde-
pendent risk factors for post injury infection. The risk in-
creased 13% for each unit that was greater than 14 days
old.84 Although this effect would not be seen on the bat-
tlefield, it is certainly cause for concern.

Finally, there is doubt as to whether the adminis-
tration of red blood cells significantly increases the oxy-
gen consumption capabilities of the body. Studies looking
into the oxygen utilization pre- and post-transfusion show
mixed results. Multiple studies clearly demonstrate that
administration of older blood products decreases the oxy-
gen consumption capabilities of the body.85-90 Thus, the
clinical benefit from blood more than 14 days old seems
limited, and the potential for multiple adverse events ac-
tually increases.

WHOLE BLOOD TRANSFUSION

The use of fresh whole blood for transfusion has
largely ceased in the civilian sector, but continues to be
utilized in the management of combat trauma in theater.
Because of the lack of use in civilian medicine, however,
a lack of outcome data exists to support or refute the use
of whole blood transfusion. The majority of recent liter-
ature focuses on the utility of whole blood to augment
component therapy in austere locations. Recent reports
suggest whole blood has a role in the resuscitation of pa-
tients requiring massive transfusion (>10 units pRBCs)
and others have used whole blood successfully when
transfusion services and component therapy were ex-
hausted or unavailable.91-93

In theory, the use of whole blood overcomes the
limitations inherent in blood component therapy used in
theater. When taken from a prescreened, walking donor
pool, whole blood may provide significant benefit due to
its lack of storage and avoidance of the aforementioned
loss of efficacy in component therapy subjected to long
storage times. Furthermore, the use of whole blood anec-
dotally provides rapid reversal of coagulopathy, an attrac-
tive feature particularly in combat when the patients are
often hypothermic and have a resulting coagulopathy.93

Limitations to the use of whole blood are prima-
rily related to the transmission of infectious disease, no-
tably hepatitis C and HIV.91 Current risk of transmission
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substitutes, but recent data have been somewhat discour-
aging. The recent disclosure of increased mortality in pa-
tients treated with the blood substitute Polyheme® in a
large prospective trial comparing the blood substitute to
standard treatment has dampened enthusiasm for blood
substitutes and made it unlikely they will be available for
use in the operational setting for the foreseeable future.96

TRANSFUSION INDICATORS AND PROCEDURE
Guidelines for the use of blood products in Spe-

cial Operations exist.97 These guidelines provide an easy
framework for determining if blood products should be
given. We suggest that stored, pRBCs should only be
given under very isolated and precise circumstances. If
the established protocols are not followed, the potential
for doing great harm is high.

Transfusion should only be considered if the pa-
tient is in Class III or IV shock, as manifested by signs and
symptoms consistent with blood loss greater than 1500cc.
In the case of bleeding controlled with a tourniquet or he-
mostatic dressing, the appropriate indicator is persistent
hypotension and tachycardia despite resuscitation with
500cc of Hextend®/Hespan® or two liters of normal saline
(NS). If bleeding cannot be controlled (thorax, abdomen),
transfusion should be considered when evidence of end-
organ dysfunction exists and hypotensive resuscitation
with Hextend/Hespan or NS fails to correct the end-organ
dysfunction. Indicators of impaired end-organ perfusion
include altered mental status/confusion in the absence of
head injury, weak or absent radial pulse or pulse-oximetry
readings of less than 90% with a good waveform and no
chest injury. Transfusing in anticipation of these condi-
tions may ultimately be harmful due to the many factors
detailed in this review.98

Once transfusion has been selected, proper pro-
cedure must be followed to minimize the possibility of
harm. Before beginning transfusion, ensure the patient
has suitable intravenous (IV) access with an 18G catheter,
as an absolute minimum. Once IV access is secured, ob-
tain baseline vital signs and inspect the blood products.
The responsible provider must ensure that the unit selected
for transfusion is of type “O” only, is not expired, and does
not appear to have any contaminants or air present. After
the unit is inspected, Y-type blood tubing must be used for
transfusion. The unit of blood is spiked with the line and
a bag of NS MUST be used in conjunction with the unit of
pRBCs. Prime the infusion set with NS and attach to the
IV catheter. Once the infusion set is in place, administer

the pRBCs by gravity flow for the first five minutes.
Once it has been determined that no reactions have oc-
curred, the blood should be given as rapidly as possible
with a pressure bag at a pressure of 250 to 300mmHg. If
any evidence of a transfusion reaction occurs, stop the
infusion immediately and keep the unit with the patient
for further evaluation once definitive care is reached.98

TRANSFUSION REACTIONS

Once transfusion has been initiated, it is of crit-
ical importance to monitor the patient very closely for
the occurrence of a transfusion reaction. The most seri-
ous complication of transfusion therapy is a hemolytic
reaction which can result in serious, if not fatal, compli-
cations. If ABO-incompatible blood is given, the recip-
ient’s ensuing immune reaction will result in immediate
destruction of the donor RBCs and a systemic immune
response leading to worsening hypotension, renal failure,
respiratory compromise, and/or disseminated intravas-
cular coagulation.99

Symptoms of hemolytic transfusion reactions in-
clude fever, dyspnea, low back pain, worsening tachy-
cardia, and hypotension. If symptoms of a hemolytic
reaction occur, it is of critical importance to immediately
stop the transfusion, monitor the patient’s vital signs, and
provide immediate resuscitation with normal saline. Air-
way control may be necessary and urine output should
be monitored closely to maintain a rate of at least
100cc/hour.99

In the far-forward setting it may be difficult to
differentiate less serious transfusion reactions such as a
febrile reaction due to persistent leukocytes in the donor
blood or a minor allergic reaction. In such cases, symp-
toms will be similar to a hemolytic reaction but less se-
vere. Febrile reactions typically occur in a somewhat
delayed fashion with fever, chills, and headache, but do
not result in hypotension. Allergic reactions present with
hives, chills, fever, flushing, or respiratory distress, and
can become severe. Regardless of the suspected cause,
the treatment in the operational environment is the same.
The first priority should be to stop the transfusion and
then manage the effects. Simple febrile reactions can be
treated with acetaminophen. Diphenhydramine (Be-
nadryl®) may be useful if an allergic reaction is sus-
pected. If the reaction progresses, it is essential to
provide supportive care and treat for anaphylaxis with
epinephrine. Once the patient’s condition is stabilized, be
sure to keep the unit of blood with the patient for further
evaluation and testing, once definitive care is reached.98,99
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DISCUSSION

There is little debate as to the effectiveness of
blood transfusion in hemorrhagic shock patients. There
seems to be a trend; however, in our combat environment
to anticipate hemorrhagic shock, particularly when CA-
SEVAC or MEDEVAC transport is involved. Giving
blood products in the anticipation of hemorrhagic shock
or for the correction of anemia in previously healthy and
compensated trauma patients is clearly unwarranted and
likely harmful to the patient. Couple this with the fact
that since almost all of our blood products in theater are
over 14 days old, the risk of harmful effects is even
greater. While the use of whole blood is promising, its
use has not yet been proven to be beneficial and also has
significant associated risk. Like any medical interven-
tion, giving blood products has advantages and disad-
vantages. Knowledge of the indications and precautions
is essential in order to minimize adverse events and ef-
fects. Blood administration in the far-forward environ-
ment is technically difficult and predisposed to incorrect
technique. This, in conjunction with the above men-
tioned multiple adverse effects on the patient when blood
is given inappropriately or to early, produces a cost-ben-
efit ratio which simply does not justify the use of cur-
rently available blood products in anticipation of
hemorrhagic shock.

Clear guidance exists in both the Advanced
Trauma Life Support (ATLS) manual and current litera-
ture as to when stored RBCs are indicated in trauma pa-
tients. This article is not intended to dissuade anyone
from using stored RBCs in these settings. The intention
is to ensure that all providers are aware of the adverse af-
fects of giving stored RBCs and the direct correlation to
negative outcomes seen when they are given to patients
inappropriately. It is critically important to only admin-
ister blood products when clearly indicated and to follow
correct procedures when choosing to administer blood in
the far-forward setting. It is not only by the enemy’s
hands that our compatriots die. First, do no harm.

Dan S. Mosely, MD is a 1996 medical graduate
of USUHS. He is board certified in Emergency Medi-
cine and is currently the Command Surgeon of Systems
Performance Office. He has multiple deployments in
support of the Global War on Terrorism.

Robert F. Kacprowicz, MD is a 1996 medical
graduate from Northwestern University. He has deployed
in support of OIF and OEF, he is the former Medical Di-
rector of the Pararescue and Combat Rescue Officer
School, and the current program director for the SanAn-
tonio Uniformed Services Health Education Consortium
Residency in Emergency Medicine.

Troy Johnson, MD is a 1995 medical graduate
of USUHS. He is board certified in Emergency Medi-
cine and has multiple deployments in support of the
Global War on Terrorism. He is currently the Deputy
Commander for Clinical Services at Fort Drum, NY.

REFERENCES
1. AABB Technical Manual. (1999). Thirteenth Edition. Bethesda,

American Association of Blood Banks.
2. Knight JVRP, Martin L,Anstall H. (1992). Lipid peroxidation in

stored red cells. Transfusion; 32:354–357.
3. Racek J, Herynkova R, Holecek V, et al. (1997). Influence of an-

tioxidants on the quality of stored blood. Vox Sang; 72:16–19.
4. Knight JA, Searles DA. (1994). The effects of various antioxi-

dants on lipid peroxidation in stored whole blood. Ann Clin Lab
Sci; 24:294–301.

5. Wolfe LC. (1989). Oxidative injuries to the red cell membrane
during conventional blood preservation. SeminHemat; 26:307–
312.

6. Deepa Devi KV, Manoj KV, Arun P, et al.(1998). Increased lipid
peroxidation of erythrocytes in blood stored in polyvinyl chlo-
ride blood storage bags plasticized with di-(2-ethyl hexyl) ph-
thalate and effect of antioxidants. Vox Sang;75:198–204.

7. Knight JA, Searles DA, Clayton FC. (1996). The effect of des-
ferrioxamine on stored erythrocytes: Lipid peroxidation, dep-
formability and morphology. Ann Clin Lab Sci;26:283–290.

8. Knight JA, Searles DA, Blaylock RC. (1993). Lipid peroxida-
tion compared in stored whole blood with various nutrient-anti-
coagulant solutions. Ann Clin Lab Sci 1993;23:178–183.



Journal of Special Operations Medicine Volume 7, Edition 3 / Summer 0728

9. Valeri CR, Hirsch NM. (1969). Restoration in vivo of erythro-
cyte adenosine triphosphate, 2, 3-diphosphoglycerate, potassium
ion, and sodium ion concentrations following the transfusion of
acid-citrate-dextrose-stored human red blood cells. J Lab Clin
Med; 73:722–733.

10. Valtis DJ, KennedyAC. (1954). Defective gas-transport function
of stored red blood cells. Lancet;1:119–125.

11. Hogman CFR MH.(1999). Storage parameters affecting red
blood cell survival and function after transfusion. Trans Med
Rev; 13:275–296.

12. Nakao M, Nakao T, Yamazoes S. (1960).Adenosine triphosphate
and maintenance of shape of human red cells. Nature; 187:945–
946.

13. Fitzgerald RD, Martin C, Dietz G, et al. (1997). Transfusing red
blood cells stored in citrate phosphate dextrose adenine-1 for 28
days fails to improve tissue oxygenation in rats. Crit Care Med;
25:726–732.

14. van Bommel J, de Korte D, LindA, et al. (2001). The effect of the
transfusion of stored RBCs on intestinal microvascular oxy-
genation in the rat. Transfusion; 41:1515–1523.

15. d’Almeida MS, Gray D, Martin C, et al. (2001). Effect of pro-
phylactic transfusion of stored RBCs on oxygen reserve in re-
sponse to acute isovolemic hemorrhage in a rodent model. Trans-
fusion; 41:950.

16. Wranne B, Nordgren L, Woodson RD. (1974). Increased blood
oxygen affinity and physical work capacity in man. Scand J Clin
Lab Invest; 33:347–352.

17. Woodson RD, Wranne B, Detter JC. (1973). Effect of increased
blood oxygen affinity on work performance of rats. J Clin Invest;
52:2717–2724.

18. Rand PW, Norton JM, Barker ND. (1973). Responses to graded
hypoxia at high and low 2, 3-diphosphoglycerate concentra-
tions. J Appl Physiol; 34:827–832.

19. Arturson G, Westman M. (1975). Survival of rats subjected to
acute anemia at different levels of erythrocyte 2, 3-diphospho-
glycerate. Scand J Clin Lab Invest; 35:745–751.

20. Valeri CR, Rorth M, Zaroulis CG. (1975). Physiologic effects of
transfusing red blood cells with high or low affinity for oxygen
to passively hyperventilated, anemic baboons: Systemic and
cerebral oxygen extraction. Ann Surg; 181:106–113.

21. Hovav T, Yedgar S, Manny N, et al. (1999).Alteration of red cell
aggregability and shape during blood storage. Transfusion;
39:277–281.

22. Todd JC, Mollitt DL. (1994). Sepsis-induced alterations in the
erythrocyte membrane. Am Surg; 60:954–957.

23. Betticher DC, Keller H, Maly FE, et al. (1992). The effect of en-
dotoxin and tumour necrosis factor on erythrocyte and leucocyte
deformability in vitro. Br J Haematol; 83:130–137.

24. Powell RJ, Machiedo GW, Rush BFJ, et al. (1991). Oxygen free
radicals: Effect on red cell deformability in sepsis. Crit Care
Med; 19:732–735.

25. Davidson LW, Mollitt DL. (1990). The effect of endotoxin on
red blood cell deformability and whole blood viscosity. Curr
Surg; 47:341–342.

26. Piagnerelli M, Zouaoui Boudjeltia K, Brohee D, et al. ( 2003).
Alterations of red blood cell shape and sialic acid membrane
content in septic shock. Crit Care Med; In Press.

27. Claster S, Chiu DT, Quintanilha A, et al. (1984). Neutrophils-
mediate lipid peroxidation in human red cells. Blood; 64:1079–
1084.

28. Davies KJ, Goldberg AL. (1987). Oxygen radicals stimulate in
tracellular proteolysis and lipid peroxidation by independent
mechanisms in erythrocytes. J Biol Chem; 262:8220–8226.

29. Powell RJ, Machiedo GW, Rush BFJ, et al. (1989). Effect of al-
phatocopherol on red cell deformability and survival in sepsis.
Curr Surg; 46:380–383.

30. Sollberger T, Walter R, Brand B, et al. (2002). Influence of
prestorage leucocyte depletion and storage time on rheologic
properties of erythrocyte concentrates. Vox Sang; 82:191–197.

31. Heaton WA, Holme S, Smith Kea. (1994). Effects of 3–5 log10
pre-storage leucocyte depletion on red cell storage and metab-
olism. Br J Haematol; 87:363–368.

32. Ho J, Milkovic S, Gray L, et al. (2001). Transfusion of stored
red blood cells (RBC) occlude the rat microvasculature in-vivo.
Abstr. Blood; 98:544a.

33. Hogman CFR MH. (1999). Storage parameters affecting red
blood cell survival and function after transfusion. Trans Med
Rev;13:275-296.

34. Greenwalt TJ, Zehner Sostok C, Dumaswala UJ.(1990). Stud-
ies in red blood cell preservation: I. Effect of the other formed
elements. Vox Sang; 58:85–89.

35. Smith KJ, Sierra ER, Nelson EJ.(1993). Histamine, IL-1B, and
IL-8 increase in packed RBCs stored for 42 days but not in
RBCs leukodepleted pre-storage. Abstr. Transfusion; 33[s]:53S.

36. Silliman CC, Clay KL, Thurman GW, et al. (1994). Partial char-
acterization of lipids that develop during the routine storage of
blood and prime the neutrophil NADPH oxidase. J Lab Clin
Med; 124:684–694.

37. Muylle L, Joose M, Wouters E, et al. (1993). Increased tumour
necrosis factor a (TNFa), interleukin 1, and interleukin 6 (KL-
6) levels in the plasma of stored platelet concentrates: Rela-
tionship between TNF a and IL-6 levels and febrile transfusion
reactions. Transfusion; 33:195–199.

38. Ghio M, Contini P, Mazzei C, et al. (2001). In vitro immuno-
suppressive activity of soluble HLA class I and Fas ligand mol-
ecules: Do they play a role in autologous blood transfusion?
Transfusion; 41:988–996.

39. Stack G, Baril L, Napychank P, et al. (1995). Cytokine genera-
tion in stored, white cell-reduced, and bacterially contaminated
units of red cells. Transfusion; 35:199–203.

40. Federowicz I, Barrett BB, Andersen JW, et al. (1996). Charac-
terization of reactions after transfusion of cellular blood com-
ponents that are white cell reduced before storage. Transfusion;
36:21–28.

41. Shanwell A, Kristiansson M, Remberger M, et al. (1997). Gen-
eration of cytokines in red cell concentrates during storage is
prevented by prestorage white cell reduction. Transfusion;
37:678–684.

42. Kristiansson M, Soop M, Shanwell A, et al. (1996). Prestorage
versus bedside white blood cell filtration of red blood cell con-
centrates: Effects on the content of cytokines and soluble tu-
mour necrosis factor receptors . J Trauma; 40:379–383.

43. Silliman CC, Clay KL, Thurman GW, et al. (1994). Partial char-
acterization of lipids that develop during the routine storage of
blood and prime the neutrophil NADPH oxidase. J Lab Clin
Med; 124:684–694.

44. Fransen E, Maessen J, Dentener M, et al. (1999). Impact of
blood transfusions on inflammatory mediator release in patients
undergoing cardiac surgery. Chest; 116:1233–1239.

45. Silliman CC, Voelkel NF, Allard JD, et al. (1998). Plasma and
lipids from stored packed red blood cells cause acute lung in
jury in an animal model. J Clin Invest; 101:1458–1467.

46. Silliman CC, Paterson AJ, Dickey WO, et al. (1997). The asso-
ciation of biologically active lipids with the develop transfu-
sion-related acute lung injury: A retrospective study. Transfu-
sion; 37:719–726.



CME
Transfusion Medicine 29

47. Ho J, Sibbald W, Chin-Yee I. (2003). Effects of storage on effi-
cacy of red cell transfusion: When is it not safe? Crit Care Med;
31:459–465.

48. Viele MK, Weiskopf RB. (1994). What can we learn about the
need for transfusion from patients who refuse blood? The ex-
perience with Jehovah’s Witnesses. Transfusion; 34:396–401.

49. Weiskopf RB, Viele MK, Feiner J, et al. (1998). Human cardio-
vascular and metabolic response to acute, severe isovolemic
anemia. JAMA; 279:217–221.

50. Hebert PC, Schweitzer I, Calder L, et al. (1997). Review of the
clinical practice literature on allogeneic red blood cell transfu-
sion. CMAJ; 156(S9–S26):S9–S26.

51. Marik PE, Sibbald WJ. (1993). Effect of stored-blood transfu-
sion on oxygen delivery in patients with sepsis . JAMA;
269:3024–3029.

52. Vincent JL, Baron JF, Reinhart K, et al. (2002). Anemia and
blood transfusion in critically ill patients . JAMA; 288:1499–
1507.

53. Malone DL, Dunne J, Tracy JK, et al. (2003). Blood transfusion,
independent of shock severity, is associated with worse out
come in trauma. J Trauma; 54:898–907.

54. Hebert PC, Wells G, Blajchman MA, et al. (1999). A multicen-
ter, randomized, controlled clinical trial of transfusion require
ments in critical care. N Engl J Med; 340:409–417.

55. Crosby E. (2002). Re-evaluating the transfusion trigger: How
low is safe? Am J Ther; 9:411–416.

56. Carson JL, Duff A, Poses RM, et al. (1996). Effect of anaemia
and cardiovascular disease on surgical mortality and morbid-
ity. Lancet; 348:1055–1060.

57. Carson JL, Noveck H, Berlin JA, et al. (2002). Mortality and
morbidity in patients with very low postoperative Hb levels
who decline blood transfusion. Transfusion; 42:812–818.

58. Carson JL, Duff A, Berlin JA, et al. (1998). Perioperative blood
transfusion and postoperative mortality . JAMA; 279:199–205.

59. Vamvakas EC, Taswell HF. (1994). Long-term survival after
blood transfusion. Transfusion; 34:471–477.

60. Whyte GS. (1988). The transfused population of Canterbury,
New Zealand, and its mortality. Vox Sang; 54:65–70.

61. Purdy FR, Tweeddale MG, Merrick PM. (1997). Association of
mortality with age of blood transfused in septic ICU patients.
Can J Anaesth; 44:1256–1261.

62. Maetani S, Nishikawa T, Tobe T, et al. (1986). Role of blood
transfusion in organ system failure following major abdominal
surgery. Ann Surg;03:275–281.

63. Moore FA, Moore EE, Sauaia A. ( 1997). Blood transfusion: An
independent risk factor for postinjury multiple organ failure.
Arch Surg; 132:620–625.

64. Hebert PC, Schweitzer I, Calder L, et al. (1997). Review of the
clinical practice literature on allogeneic red blood cell transfu-
sion. CMAJ; 156(S9–S26):S9–S26.

65. Hebert PC, Wells G, Blajchman MA, et al. (1999). A multicen-
ter, randomized, controlled clinical trial of transfusion require-
ments in critical care. N Engl J Med; 340:409–417.

66. Vamvakas EC, Carven JH. (2000). Length of storage of trans-
fused red cells and postoperative morbidity in patients under
going coronary artery bypass graft surgery. Transfusion;
40:101–109.

67. Martin CM, Sibbald WJ, Lu X, Hebert P, et al. (1994). Age of
transfused red blood cells is associated with ICU length of stay.
Abstr. Clin Invest Med; 17(Suppl 4):B21.

68. Zallen G, Offner PJ, Moore EE, et al. (1999). Age of transfused
blood is an independent risk factor for postinjury multiple
organ failure. Am J Surg; 178:570–572.

69. Leal-Noval SR, Jara-Lopez I, Garcia-Garmendia JL, et al.
(2003). Influence of erythrocyte concentrate storage time on
postsurgical morbidity in cardiac surgery patients. Anesthesi-
ology; 98:815–822.

70. Vamvakas EC, Carven JH. (2002). Allogeneic blood transfusion
and postoperative duration of mechanical ventilation: Effects
of red cell supernatant, platelet supernatant, plasma components
and total transfused fluid. Vox Sang; 82:141–149.

71. Silliman CC, Clay KL, Thurman GW, et al. (1994). Partial char-
acterization of lipids that develop during the routine storage of
blood and prime the neutrophil NADPH oxidase. J Lab Clin
Med; 124:684–694.

72. Fransen E, Maessen J, Dentener M, et al. (1999). Impact of
blood transfusions on inflammatory mediator release in patients
undergoing cardiac surgery. Chest ;116:1233–1239.

73. Chin-Yee I, Keeney M, Krueger L, et al. (1998). Supernatant
from stored red cells activates neutrophils . Transfus Med;
8:49–56.

74. Zallen G, Offner PJ, Moore EE, et al. (1999). Age of transfused
blood is an independent risk factor for postinjury multiple
organ failure. Am J Surg; 178:570–572.

75. Vamvakas EC, Carven JH. (2002). Allogeneic blood transfusion
and postoperative duration of mechanical ventilation: Effects
of red cell supernatant, platelet supernatant, plasma components
and total transfused fluid. Vox Sang; 82:141–149.

76. Silliman CC, Clay KL, Thurman GW, et al. (1994). Partial char-
acterization of lipids that develop during the routine storage of
blood and prime the neutrophil NADPH oxidase. J Lab Clin
Med; 124:684–694.

77. Fransen E, Maessen J, Dentener M, et al. (1999). Impact of
blood transfusions on inflammatory mediator release in patients
undergoing cardiac surgery. Chest; 116:1233–1239.

78. Chin-Yee I, Keeney M, Krueger L, et al. (1998). Supernatant
from stored red cells activates neutrophils . Transfus Med;
8:49–56.

79. Opelz G, Sengar DPMMR, Terasaki PI. (1973). Effect of blood
transfusions on subsequent kidney transplants. Transplant Proc;
5:253–259.

80. Blajchman MA. (2002). Immunomodulation and blood trans-
fusion. Am J Ther; 9:389–395.

81. Carson JL, Altman DJ, Duff A, et al. (1999). Risk of bacterial
infection associated with allogeneic blood transfusion among
patients undergoing hip fracture repair. Transfusion; 39:694–
700.

82. Chang H, Hall GA, Geerts WH, et al. (2000). Allogeneic red
blood cell transfusion is an independent risk factor for the de-
velopment of postoperative bacterial infection. Vox Sang;
78:13–18.

83. Vamvakas EC, Carven JH. (1999). Transfusion and postoper-
ative pneumonia in coronary artery bypass graft surgery: Ef-
fect of the length of storage of transfused red cells. Transfu-
sion; 39:701–710.

84. Offner PJ, Moore EE, Biffl WL, et al. (2002). Increased rate of
infection associated with transfusion of old blood after severe
injury. Arch Surg;137:711–717.

85. Hebert PC, Schweitzer I, Calder L, et al. (1997). Review of the
clinical practice literature on allogeneic red blood cell transfu-
sion. CMAJ; 156(S9–S26):S9–S26.

86. Marik PE, Sibbald WJ. (1993). Effect of stored-blood transfu-
sion on oxygen delivery in patients with sepsis. JAMA;
69:3024–3029.

87. Ronco JJ, Montaner JS, Fenwick JC, et al. (1990). Pathologic
dependence of oxygen consumption on oxygen delivery in



Journal of Special Operations Medicine Volume 7, Edition 3 / Summer 0730

acute respiratory failure secondary to AIDS-related Pneumo-
cystis carinii pneumonia. Chest; 98:1463–1466.

88. Silverman HJ, Tuma P. (1992). Gastric tonometry in patients
with sepsis: Effects of dobutamine infusions and packed red
blood cell transfusions. Chest; 102:184–188.

89. Dietrich KA, Conrad SAHCA, Levy GL, et al. (1990). Cardio-
vascular and metabolic response to red blood cell transfusion
in critically ill volume-resuscitated nonsurgical patients. Crit
Care Med ;18:940–944.

90. Walsh TS, McArdle F, MacIver C, et al. (2001). Age of stored
red cells does not influence indices of oxygenation after trans-
fusion to critically ill patients: Randomized controlled trial. Eur
Soc Intensive Care Med ;27:S247.

91. Repine TB, Perkins JG, Kauvar DS, et al. (2006). The use of
fresh whole blood in massive transfusion. J Trauma; 60(6):S59-
S69.

92. Sebesta JS. (2006). Special lessons learned from Iraq. Surg Clin
N Am; 86:711-726.

93. Mabry RL, Holcomb JB, Baker AM, et al. (2000). United States
Army Rangers in Somalia: An analysis of combat casualties on
an Urban Battlefield. J Trauma; 49(3):515-529..

94. Dodd RY. (2004). Current safety of the blood supply in the
United States. Int J Hematol; 80:301-305.

95. Sawyer PR, Harrison CR. (1990). Massive transfusion in adults.
Vox Sang; 58:199-203.

96. Japsen B. Northfield Blood Test Turns Up Negative. Chicago
Tribune. May 24, 2007.

97. Casevac Care. In: Prehospital Trauma Life Support:
Military Verson (2007). 6th ed. NAEMT. St Louis,
MO:Mosby; 540-545.

98 AFSOC Blood Products Guidelines Lecture. Accessed July 7,
2007. Available at: https://kx.afms.mil/kxweb/dotmil/file/
web/ctb_029733.pdf.

99. Gorgas DL. Transfusion Therapy: Blood and Blood Products.
in Roberts JR and Hedges JR (eds). Clinical Procedures in
Emergency Medicine, 4th ed. Philadelphia: Saunders; 2004.


