
Platelet storage and transfusions: new concerns associated with
an old therapy

Julie Sahler1, Katie Grimshaw1, Sherry L. Spinelli2, Majed A. Refaai2, Richard P.
Phipps1,2,3, and Neil Blumberg2

1Department of Microbiology and Immunology, University of Rochester
2Department of Pathology and Laboratory Medicine, University of Rochester
3Department of Environmental Medicine University of Rochester, 601 Elmwood Ave. Rochester,
NY 14642 USA

Abstract
Platelet transfusion has long been practiced with rudimentary knowledge about optimal storage
conditions and their implications for efficacy and, particularly, safety. Recent concerns about
complications such as inflammation, thrombosis and altered recipient immunity have been raised
about platelet transfusion. This review will discuss recent important findings that have raised these
issues about platelet transfusion associated morbidity, mortality and the possible role of platelet
storage in these associations.

Introduction
Platelets are responsive cells essential for maintenance of vascular integrity, participating in
hemostasis, thrombosis and host immune responses. With a lifespan of about 8–10 days,
platelets are continuously generated from bone marrow megakaryocytes which release
platelets into the bloodstream to maintain levels of 150,000–400,000 platelets per microliter
of blood. Thrombocytopenia, or low platelet count, can arise from multiple factors including
bone marrow disorders, anti-neoplastic chemotherapy or hematopoietic stem cell
transplantation, and is often prophylactically treated with platelet transfusion in the absence
of actual bleeding. Platelets are collected and stored by multiple means, including platelet
separation from individually donated whole blood units, or through apheresis procedures
(Table 1). Over 9 million platelet concentrate equivalents were transfused in the United
States in 1999 (about 2 million doses) [1]. Transfusion adverse reactions such as fever,
chills, rigors and more rarely, life-threatening acute lung injury, occur in up to 30% of
platelet transfusion recipients, which is significantly higher than red cell transfusions [2].
Some of the reasons for these differences have only recently become clear, and while
removal of leukocytes from stored platelets minimizes these reactions, they remain quite
common. In contrast, leukocyte reduction of red cell transfusions has made febrile reactions
to this therapy rare.
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Platelet Storage Issues
Platelet concentrates currently can be transfused up to five days after preparation, but there
is concern that platelet efficacy and safety may decline during storage, perhaps due to
platelet activation, which increases over time. Amongst the issues that may be involved in
this “storage lesion” are increases in platelet surface P-selectin [3] and platelet-derived
soluble mediators histamine [4], CD40 ligand (CD40L) [5], CCL5 (RANTES), CXCR4
(platelet factor 4), transforming growth factor-β and CXCL8 (IL-8) [3]. Besides enhancing
platelet activation, increased soluble CD40L levels have been associated with an increased
risk of allergic and febrile reactions in platelet transfusion recipients, as well as lung injury
[6,7]. Once platelets become activated to release these mediators, they may well be less
effective in hemostasis upon transfusion. In addition to changes in soluble mediators, the
entire platelet proteome has also been shown to change over time in storage, likely
contributing to their functional decline [8,9].

Platelet microparticles generated during storage may be an important contributor to adverse
reactions to transfusions. Microparticles are submicron vesicles formed during a membrane
ruffling process, and contain RNA, cytoplasmic and membrane proteins derived from the
parent cell. Roughly 80% of circulating microparticles in human blood are platelet-derived,
while the remaining percentages are mainly produced by endothelial cells, leukocytes or
erythrocytes. Platelet microparticles provide an anionic binding surface for coagulation
factors, such as tissue factor, with their characteristically exposed phosphatidyl serine, thus
assisting in the hemostatic process [10]. Microparticles can signal target cells via surface
receptor interaction or translocation of internal RNA, lipids and protein [11,12]. Besides
hemostasis and thrombosis, the communicative role of platelet microparticles has been
proposed in diabetes, inflammation, malignancy, infection, angiogenesis and immunity [13–
15]. Platelets have been shown to release microparticles during storage of whole blood,
accumulating through day 5 and remaining elevated through an additional 30 days of storage
[16]. Similar findings were reported for platelet concentrates [3,17]. Due to platelet
microparticle involvement in hemostasis and thrombosis, removal of these active small
vesicles from transfused platelets speculatively could decrease prothrombotic complications
of recipients. Therefore, studies addressing changes in levels and composition of platelet
microparticles in stored platelet concentrates, and their effects after transfusion would be of
great interest.

The increase of activated platelets during storage could be due to conditions that differ from
their activation-regulated in vivo environment, along with influences of in vitro platelet
apoptosis [18,19] or other forms of cell death and senescence. Senescent platelets normally
are cleared from circulation by the spleen and liver [20], but senescent platelets in a stored
concentrate remain present and may alter activation states of residual platelets through the
release of soluble mediators and cell to cell interactions. Platelet aggregates of great size are
most likely filtered from the unit before transfusion, but soluble prothrombotic or
proinflammatory mediators are able to pass through filters and be transfused along with the
platelets.

ABO Compatibility and Platelet Transfusions
It has been demonstrated that ABO blood group antigens are present on the platelet surface,
possibly on glycoproteins IIa, IIIa and Ib, and IIb [21, 22]. Refractoriness, or the inability to
increase platelet counts post-transfusion, is a common complication that may be largely
prevented by removal of leukocytes prior to transfusion and transfusing only ABO identical
platelets to the recipient [23]. Recently, a large and elaborate observational study compared
the absolute and corrected (normalized with body mass and number of transfused platelets)
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platelet count increments of platelet transfusion recipients from ABO compatible (mostly
identical) or incompatible donors. The study demonstrated that ABO compatible
transfusions resulted in a significantly higher corrected platelet count within 24 hours post
transfusion [24]. The increased platelet count of the ABO compatible group was modest, but
the difference may have been underestimated, as only one time point was measured and the
pooled transfused platelet concentrates were not necessarily uniform. Previous smaller
randomized trials and observational studies have confirmed that ABO identical platelets,
particularly when given repeatedly, yield much improved count increments, reduced
transfusion refractoriness and conceivably reduced bleeding compared with use of ABO
unselected platelet transfusions [25]. Unfortunately, this practice has not been considered in
many transfusion centers due to logistic reasons such as cost and inventory. Improving
clinical practice of platelet transfusion would greatly benefit patients and resource
utilization.

Human Leukocyte Antigen (HLA)-A,B Compatibility and Platelet
Transfusions

HLA-A,B (Class I Major Histocompatability Complex) proteins are exposed on the platelet
surface as in many other cells. These proteins are highly polymorphic among humans,
making exact matches difficult. The major cause of refractoriness to platelet transfusions is
antibodies to HLA induced by previous pregnancies or non-leukocytereduced transfusions.
In general, the white cells in transfused blood are substantially more immunogenic than the
platelets, thus it is known that leukoreduction filtrated transfusions yield refractoriness rates
of <10% as compared with 50% in repetitively transfused patients receiving non-
leukoreduced transfusions. In our center, transfusing only ABO identical, leukoreduced
transfusions, refractoriness rates are <2% (unpublished data).

HLA’s influence on platelet transfusions has been under investigation for over half a
century. Finding HLA matches is an elaborate process which increases time and cost of
transfusion. However, matching, selective mismatching or serologic crossmatching are
beneficial for patients who develop refractoriness despite other precautionary measures. Due
to the great variation of HLA determinants, new and more efficient methods of screening
compatible donor units are under investigation, and will be helpful to decrease time and cost
of providing platelets to HLA alloimmunized refractory patients. Antibody Specificity
Prediction or selective mismatching is one method which determines the recipient’s HLA-
specific antibodies followed by selection of a donor whose platelets lack corresponding
reactive antigens [26]. Another method involves an algorithm called HLAMatcher, which
analyzes recipient DNA to identify HLA surface epitopes that may be recognized by
antibodies, therefore ruling out a repertoire of antibodies present in that patient. Similar
screening of platelet donors or concentrates would then be performed, thus eliminating
donors with antigens to recipient crossreactive antibodies. This method more quickly assists
in pairing of acceptable mismatches and expands the compatible transfusion options from a
limited storage pool [27].

Transfused Platelets Contribute to Inflammation and Organ Injury
In addition to their major roles in hemostasis, platelets can function as innate immune cells
that respond to, and release inflammatory mediators. Platelet α-granules contain numerous
potent immunologic mediators including prostaglandin E2, RANTES, platelet factor-4,
transforming growth factor-β and IL-8, which can be released upon platelet activation.
Cytokines such as IL-1β are translated from platelet mRNA and released during activation.
Additionally, activated platelets abundantly express P-selectin and CD40L on their surface,
and upon cleavage, soluble CD40L can be released from the platelet surface. Platelet
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mediators can attract white blood cells and activate endothelial cells to enhance
differentiation, humoral immunity and inflammation, or form plateletleukocyte complexes to
assist in transendothelial migration [28,29]. Platelet microparticles released from activated
platelets have high levels of surface P-selectin and contain other inflammatory mediators
which function in transcellular communication, both at the site of platelet activation and at
sites distal to their release. For example, platelet microparticles have been shown to deposit
RANTES on activated endothelium, thus attracting monocytes and contributing to
atherosclerotic lesions [30]. Excessive platelet activation can also contribute to
inflammatory conditions such as migraines, rheumatoid arthritis, psoriasis, inflammatory
pulmonary disease, inflammatory bowel disease and even malignancies [31].

Platelets are known to progressively activate over time in storage for transfusion and
proinflammatory mediators are released into the supernatant of the stored unit [5]. These
mediators may also interact with other cells within the stored product, and can cause an
inflammatory reaction upon transfusion. For example, membrane-bound and soluble forms
of CD40L significantly increase in platelet concentrates over storage time, and concentrate
supernatant has been found to stimulate CD40 expressing cells in vitro. Specifically, platelet
CD40L signaling stimulated fibroblast production of prostaglandin E2 and IL-6 and
activated CD40 expressing polymorphonuclear leukocytes and induced damage to
endothelial cells [5,6]. These cytokines likely contribute to the development of inflammatory
reactions such as transfusion-related acute lung injury (TRALI), which is the leading
reported cause of transfusion-related death [32]. This lung injury occurs within 6 hours of
transfusion, and is initiated when transfused plasma mediators such as antibodies or
bioactive lipids influence recipient vascular endothelium and leukocytes causing
sequestration of neutrophils in lung capillary beds. Activation of neutrophils causes
pulmonary inflammation and edema in animal models that lead to characteristic TRALI
findings including hypoxemia, tachypnea, cyanosis, dyspnea and fever [32].

The most common reaction to platelet transfusion is a febrile nonhemolytic transfusion
reaction, occurring between 5–30% of platelet transfusion patients. More often, transfusion
of the supernatant plasma portion of platelet concentrates rather than the cellular portion,
causes adverse reactions such as rigors or fever. Plasma concentration of IL-1β and IL-6
levels increase with storage time and correlate with these reactions [33].

Platelet Transfusions are associated with Thrombosis
Platelets are essential for hemostasis, preventing serious or even fatal blood loss after blood
vessel injury. However, pathologic platelet activation can lead to thrombosis, contributing to
common conditions such as acute coronary syndrome, ischemic stroke, transient ischemic
attack and deep vein thrombosis. During platelet activation, many prothrombotic soluble
mediators, such as adenosine diphosphate, thromboxane A2, serotonin and epinephrine are
released in order to recruit and activate more platelets [34]. In the context of platelet
transfusions, activation status of both donor and recipient platelets likely influence each
other and may lead to thrombotic complications for platelet recipients. While the evidence
that platelet transfusion is pro-thrombotic is epidemiologic, it is a truism in hematology that
any therapy that is pro-hemostatic has thrombosis as one of its major risks. Thus it would be
surprising if platelet transfusion did not contribute to thrombosis in some recipients, but this
concept is a relatively new one in the half century history of platelet transfusion research.

A recent retrospective study assessed platelet transfusions given to 15,237 hospitalized
cancer patients across 60 medical centers between 1995 and 2003. Risks of death, as well as
venous and arterial thromboembolism were significantly increased in platelet transfusion
recipients compared to patients who did not receive transfusions [35]. Similarly, survival of
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liver transplant patients decreased with increasing numbers of transfused platelet units in a
dose-dependent manner [36]. While these are observational epidemiologic associations, the
effects are large, mechanistically reasonable, and thus unlikely to be entirely explained by
confounding factors. Additional adverse events such as infection, increased vasopressor and
respiratory medication use, stroke and death were also associated with platelet transfusion in
coronary artery bypass graft surgery patients [37]. These studies are important to generate
further hypotheses about previously unappreciated risks associated with platelet
transfusions, but much more investigation will be needed to determine causality and
underlying mechanisms mediating these associations with adverse clinical outcomes after
platelet transfusions.

Decreasing the Risks and Morbidity of Platelet Transfusions
Decreasing storage time before transfusion correlates to somewhat better outcomes, in terms
of platelet count increments but the clinical significance of this benefit is unknown.
Reducing platelet storage time limits would be a simple improvement in theory, however, it
would likely dramatically reduce available transfusions and is not yet practical nor indicated
by clinical outcome studies.

Leukocyte reduction and ultraviolet-B radiation are both known to reduce HLA antibody
formation and recipient refractoriness [23]. Photochemical treatment can be used to abrogate
the infectivity and immunogenicity of viruses, bacteria, and contaminating white blood cells
from a platelet transfusion. While the advantage of eliminating pathogens is obvious, these
treatments also raise levels of some soluble inflammatory cytokines above untreated units
over time [3]. Cytokine levels of untreated platelet storage units also increase over time and
contribute to the previously discussed adverse recipient reactions [3,5]. Leukocyte reduction
at the time of collection, rather than immediately pre-transfusion, was significantly better for
prevention of mediator accumulation [33]. These observations highlight the impact of
contaminating white blood cells, which is another area in need of further investigation.

Our group is currently investigating the addition of anti-platelet small molecules to platelet
units to reversibly attenuate platelet activation during storage, with the potential for reducing
the number of activated platelets, microparticles and soluble proinflammatory mediators in
stored concentrates. Stored supernatant plasma in platelet concentrates, and not the cells, is
the major contributor to adverse reactions of platelet transfusion recipients, which indicates
involvement of soluble factors [33,38]. Saline washing of platelet concentrates before
transfusion is one attractive and simple way to significantly reduce soluble mediators and
adverse reactions after transfusion, possibly including cardiac failure and acute lung injury
[39]. In a small pilot randomized trial, patients with acute leukemia receiving washed
platelet transfusions experienced a trend toward improved survival compared to patients
receiving unwashed platelets, and significantly so for patients under 50 years old [40].

Conclusion
During storage for transfusion, platelets experience decreased efficacy/viability, while levels
of prothrombotic and proinflammatory soluble mediators and microparticles increase. This
trend over time could be due to activation and platelet death within the unit. Figure 1 shows
schematically and speculatively how the balance of hemostatic potential of platelets versus
inflammatory mediators worsens over storage time, again suggesting improved storage
conditions or modifications of storage media need to be investigated. Washing stored
platelets before transfusion has been proposed to reduce harmful side effects but remains
controversial. Anti-platelet and other function-preserving small molecule additions to stored
platelets are currently under investigation as possible means to prevent platelet deterioration
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during storage. Main themes that we consider particularly fruitful for future platelet
transfusion research include: 1) the use of therapeutic platelet transfusion only in bleeding
patients rather than prophylactic administration, 2) a better understanding of the platelet
storage lesion, including loss of hemostatic function and increases in undesirable soluble
mediators or platelet microparticles over storage time, and 3) optimized treatment of
concentrates during storage, including small molecule platelet activation inhibitors and/or
washing protocols that preserve platelet function while maximizing removal of harmful
mediators.
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Figure 1.
A schematic of platelet storage. Hemostatic potential decreases while soluble mediators and
microparticles increase during storage. Upon transfusion, donor platelets may need to
become activated for sufficient hemostatic effect. However as a stored platelet concentrate
ages, the hemostatic potential of the platelets has been shown to decrease in number and
function (blue line). Adverse effects occurring in the recipient after transfusion are probably
more likely to occur after prolonged storage of platelet concentrates. Recent investigations
suggest that adverse events after platelet transfusion may well be associated with increased
accumulation of microparticles and soluble inflammatory and thrombotic mediators during
platelet storage (red line).
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Table 1

Suggested improvements for various types of donation and storage.

Type of PlateletAcquisition When used Adverse Events Possible Areas for Improvement

Single Donor Pheresis Platelets

Thrombocytopenia

• Loss of platelet hemostatic
properties over storage time

• increase of soluble
prothrombotic and
inflammatory mediators over
storage time

• ABO incombatibilites

• HLA incompatibilities

• Washing

• Leukoreduction

• Platelet activity
suppression therapy

• Decrease storage time

Whole Blood Pooled Platelets

• Non-identical blood type
pooling

• Increased risk of bacterial
contamination
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