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Abstract: Platelet (PLT) transfusions are used for both treatment of bleeding and preventing
bleeding in patients with thrombocytopenia and/or functionally abnormal PLTs. To ensure
the efficacy of transfused PLTs, they must be stored at room temperature. Due to this storage
requirement, PLTs have a short shelf life compared with other blood components of up to 5-7
days to minimize the risk of bacterial contamination. This short shelf life can lead to PLT short-
ages at times of increased demand or reduced supply and also higher wastage due to expiry.
Increasing the PLT storage duration has the potential to improve PLT availability at times of
altered demand or supply. However, in addition to the risk of bacterial contamination, functional
and biochemical changes occur in PLTs and their storage medium during storage that may lead
to PLT activation, changes in efficacy, and adverse events. This narrative review analyzes the
issues around PLT inventory management and potential risks of stored PLTs. Although in vitro
studies show accumulation of reactive biomarkers in PLT units, the clinical significance of these
changes remains uncertain and there is currently no evidence for an association between PLT
storage duration and adverse events. Furthermore, PLTs processed and stored for up to 7 days
in defined conditions could be as safe as fresh PLTs. Large prospective studies are warranted
to better evaluate the safety of PLTs with extended storage and to define the best practice of
optimizing PLT inventory management while maintaining PLT transfusion safety.

Keywords: platelet storage, storage lesion, PLT inventory management, transfusion adverse

events

Introduction
Platelet (PLT) transfusions are routinely used for the treatment of bleeding in patients
with thrombocytopenia or functionally abnormal PLTs (therapeutic transfusion) and
to minimize the risk of bleeding in patients with thrombocytopenia (prophylactic
transfusion)."* PLT transfusion has been associated with adverse events that can be
categorized as follows: 1) adverse events immediately related and/or clearly attribut-
able to PLT transfusion (ie, febrile nonhemolytic transfusion reaction, allergic reac-
tions, transfusion-associated sepsis, transfusion-related acute lung injury (TRALI),
alloimmunization, and posttransfusion purpura) and 2) adverse events reported to be
associated with PLT transfusion, although causation and mechanisms have not been
established (ie, sepsis and organ failure).*¢ For the second group of adverse events,
proposed mechanisms include accumulation of pro-inflammatory substances’® and
transfusion-related immune modulation.’

Both recipient and PLT component characteristics may play a key role in adverse
events following PLT transfusion. Storage of blood components is associated with
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biochemical and structural changes which may be deleteri-
ous for recipients,'” as well as an increasing risk of bacterial
contamination. It is important to understand the changes that
occur in PLTs during storage and the implications of these
changes for PLT efficacy and safety because 1) the short
shelf life of PLTs poses significant challenges to PLT inven-
tory management, especially in smaller hospitals or remote
regions where it is difficult to maintain PLT inventories to
support clinical services and at times of increased demand;
2) there is an evidence that the demand for PLTs is increasing
worldwide;'!"' 3) changes in PLT screening and introduction of
pathogen reduction technologies (PRTs) over recent decades
may have altered the risk of bacterial contamination over stor-
age duration; and 4) potential associations between duration
of PLT storage and adverse events secondary to the accu-
mulation of bioreactive substances have been reported.®!>!3

This narrative review first explores issues around PLT
inventory management; second, it describes PLT production
process and PLT storage lesion; and finally summarizes the
potential risks associated with transfusion of PLT's stored for
different durations.

Impact of PLT storage duration on

inventory management

The short shelflife of liquid PLTs poses challenges to blood
and health services with regard to inventory management,
with a balance required to ensure that PLTs are available when
and where needed while, at the same time, minimizing PLT
wastage. There is therefore a necessary trade-off between
shortage and wastage. Over 20% of PLTs may be wasted due
to outdating. This varies both within and between countries,
and also varies over the course of a year.!* In Europe, the
reported proportion of PLTs that are discarded due to expiry
varies from 1% to 20%,'® and outdating has been reported up
to 21% in Australia.'® Due to the short shelf life, PLT avail-
ability may be limited in small or remote hospitals, where
low rates of demand do not justify the associated wastage
with maintaining an inventory of PLTs. In addition, ensuring
PLT availability in the event of infectious outbreaks or other
threats to the blood supply is particularly challenging due to
the short shelf life.!”

Adding to the challenges for blood services in managing
PLT inventory is the increasing demand for PLTs that has
been observed internationally. There has been an increase in
the demand for PLTs, with a reported increase of 15%—16%
in the United Kingdom over the past decade after taking into
account changes in population.!! This equates to a raise from
4.2 to 4.9 components per 1,000 inhabitants being issued in

2002 compared with 2012. Similar changes have also been
shown for other European countries.!! Possible causes for
this rising demand include an increasing and aging popula-
tion, increased prevalence of hematological malignancies,
and changes in management of hematological malignancies,
resulting in requirement for greater PLT support.!!

Increasing PLT production may not address all issues
regarding PLT availability, particularly access in remote and
regional areas, and may lead to more wastage and higher
cost. Furthermore, PLT wastage raises ethical issues, for both
donors and recipients. Other strategies that are being con-
sidered to improve PLT availability include increasing PLT
storage duration from 5 to 6 or 7 days, which has already been
adopted during periods of shortage by some countries'®!* and
alternatives to liquid-stored PLTs.?

Extending PLT shelf life may have the benefit of improv-
ing supply while also reducing wastage. To illustrate this,
the level of wastage was reported to increase in the US
following the U.S. Food and Drug Administration’s deci-
sion to shorten the shelf life from 7 to 5 days in 1986.%! A
study of a single hospital’s experience reported a significant
decrease in wastage during a 6-month period when the shelf
life of PLTs was increased again from 5 to 7 days.?? Several
papers in the field of Operations Research have attempted to
predict the impact on wastage by extending the shelf life.?
Haijema et al set a combined stochastic dynamic program-
ming and simulation model to develop an ordering strategy
to decrease wastage and shortages.” The authors found that if
the shelf life was extended, there would be a further decrease
in wastage.”> When applying this model to a Dutch blood
bank, de Kort et al found a substantial decrease in wastage
and shortage rates.'

Alternatives to liquid-stored PLTs being explored may
address the problem of supplying PLTs in smaller and remote
health services that cannot justify maintaining PLT inven-
tories due to low demand and high wastage. Cryopreserved
PLTs have been used in the military setting, where provi-
sion of PLTs is challenging and maintaining an inventory of
liquid-stored PLTs is not feasible.?* Initially developed by the
US Navy in the 1970s, the cryopreservation method has been
modified over time, and more recently used by the Dutch
military in Bosnia and Afghanistan.?* While cryopreserved
PLTs may be advantageous in remote civilian health services,
there are few studies evaluating efficacy and safety of cryo-
preserved PLTs outside the military setting. One controlled
clinical trial of 73 cardiac surgery patients randomized to
cryopreserved or liquid-stored PLTs has been undertaken.
This trial showed no difference in adverse effects with less
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blood loss in the group that received cryopreserved PLTs.?
Although encouraging, further studies powered for safety
outcomes are required, such as the clinical trial in cardiac
surgery underway in Australia (Australian New Zealand
Clinical Trials Registry ACTRN12612001261808). The use
of lyophilized PLTs may also be an alternative to liquid-
stored PLTs in bleeding patients; however, issues related to
efficacy, safety, and antigenicity persist, and further clini-
cal studies are required before this can be introduced into
practice.?

While there are alternatives to liquid-stored PLTs being
investigated and used in some settings, the remainder of
this review will focus on the processing and storage lesion
of liquid PLTs.

PLT processing and storage

PLT can be prepared from a single donor by apheresis or from
whole blood using the buffy-coat or PLT-rich plasma meth-
ods. Four to six whole blood PLT concentrates are pooled to
create an adult therapeutic PLT dose, while a therapeutic dose
of PLT apheresis comes from a single donor. PLTs require
specific and careful methods in their processing to maintain
efficacy and to ensure safety. PLTs must be stored at room
temperature with constant agitation, as cool temperature
affects their efficacy. However, a storage temperature at 22°C
promotes bacterial growth and increases the risk of bacterial
contamination.

Besides these specific requirements for PLT storage, there
is a high variability in PLT processing internationally, includ-
ing production methods, type of additive solution, use and
type of pathogen inactivation method, and storage duration.?

PLT storage media have changed over time, improving
PLT transfusion safety. Initially, PLTs were only stored in
plasma. However, the introduction of PLT additive solution
has reduced the volume of plasma transfused and incidence
of adverse reactions related to plasma transfusion, as well as
enabled longer storage duration.?*

Bacterial screening, usually performed in the first 30
hours after PLT preparation, has been largely implemented
to prevent transfusion-associated sepsis due to administration
of a bacterially contaminated PLT unit.’! Bacterial screening
does not alter PLT characteristics; however, it has a low sensi-
tivity, especially when the bacterial load is low. To offset this
limitation, a second testing for bacterial contamination just
prior to PLT issue has been proposed but remains rarely used.
PRTs were introduced two decades ago and are increasingly
being used by transfusion services.*! PRTs include inactiva-
tion by amotosalen or riboflavin (vitamin B,) that is added

into the PLT unit, in association with ultraviolet irradiation.
PRTs inactivate not only pathogens, including bacteria, some
viruses, and protozoa, but also residual leukocytes.

Altogether, improvements in PLT storage methods and
strategies to reduce risk of bacterial contamination have
offered the possibility of extending PLT storage duration
to 7 days.”?%3 More prolonged storage durations have also
been investigated.*® Nonetheless, questions around stored
PLT safety and quality persist.

Several factors that influence PLT quality have been
identified, including PLT storage medium characteristics,
PLT bag (size and plastic material), PLT concentration,
storage temperature, donor characteristics, and storage
duration.?*3 During storage, PLTs undergo biochemical,
morphological, and functional changes, which are referred
to as the storage lesion.***” These changes occur despite
optimization of storage conditions and the addition of key
components, including glucose, calcium, bicarbonate, and
magnesium® and they result in decreased PLT viability and
increased PLT activation.

At room temperature, PLT metabolism remains active,
requiring optimal oxygen and glucose concentrations. A
shortage in either of these substrates leads to anaerobic
metabolism, with lactate production and decrease in pH,
which contributes to the PLT storage lesion and impacts
PLT viability.’” Therefore, any factors that may decrease
oxygen will lead to anaerobic metabolism and acidifica-
tion of the storage medium. The absence of agitation, high
PLT concentration in the bag, a container bag too thick to
allow gas exchange with the atmosphere, or too small or not
enough gas-permeable surface area will result in a decrease
in oxygen and PLT storage lesion. Additional parameters
have been identified that may lead to PLT structural and
functional changes, including ultraviolet light used for PRTs,
temperature <20°C, and hyperbaric state.>*® For instance,
PRTs impact on PLT metabolism and viability**° and could
therefore challenge the safety of stored PRT-treated PLTs.

In addition to PLT viability and efficacy issues, PLT
activation occurs during the storage period. From the sec-
ond day of storage, PLTs express activation biomarkers that
could interact with mononuclear cells or endothelial cells,
enhancing inflammatory responses in PLT recipients.'?
Again, characteristics of the storage medium do impact on
PLT activation.*

However, correlation between storage lesion and in vivo
recovery is inconsistent.* Similarly, the clinical impact of
the PLT storage lesion in terms of safety has not been well
assessed and remains unknown.
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Exploring safety of stored PLTs
Prior to extending PLT storage duration in order to improve
PLT availability, it is crucial to anticipate and evaluate the
risks, safety, and benefits of such a change, because unjusti-
fied changes may have deleterious consequences in recipients.
On the other hand, limiting PLT storage duration may lead to
unnecessary PLT wastage and an increase in PLT shortages.
Studies published two and three decades ago have sug-
gested that prolonged PLT storage duration could have
adverse clinical effects.*>* However, methods in PLT
manufacturing, preparation, and storage have changed over
the last 20 years, challenging the generalizability of these
study findings.

Transfusion-associated sepsis due
to administration of bacterially

contaminated PLTs

Despite systematic screening for bacterial contamination and
implementation of PRTs in some countries, bacterial infec-
tion remains the leading infectious risk of PLT transfusion.
In France, ~2.2 of every 100,000 PLT units lead to clinical
bacterial infections with a fatality rate of 1:200,000.7463!
Between 127 and 1,885 per million units are contaminated
based on culture results in the US.* The incidence of septic
transfusion reactions secondary to PLT administration is
likely to be underestimated due to lack of sensitivity and
specificity of the diagnostic criteria used and reliance mainly
on passive surveillance.*’ Improving prevention, diagnosis,
and reporting of transfusion-associated sepsis should be
a priority to ensure PLT safety, especially if considering
changes to PLT storage duration.

Transfusion-related adverse events

The available data suggest that PLT storage duration does not
impact on the occurrence of transfusion-related adverse events
(TRAE) .>* In a large post hoc analysis of the platelet dose
randomized controlled trial that analyzed 5,034 prophylactic
transfusions to 1,102 hematologically stable patients,>** PLT
storage duration (0-2, 3, and 4 days compared to 5 days) was
not associated with TRAE based on the Common Toxicity
Criteria for Adverse Events (version 3) definition, whether
considered all together or individually (fever, allergic/hyper-
sensitivity, and any grade 2 or higher TRAE).>* This study
had a large sample size and robust statistical analysis; however,
exclusion of patients receiving consecutive PLT units may
have resulted in selection bias. A recent study found that PLT

storage duration of riboflavin-based PRT-treated PLT did not
have an impact on TRAE occurrence when comparing PLTs
stored for 6—7 days with PLT stored for <5 days.*

Transfusion-related acute lung injury

PLT transfusion, as transfusion of any blood component, can
cause TRALI. However, the potential role of PLT storage
duration in TRALI pathogenesis after PLT administration
remains unknown. In an in vivo transfusion model, Vlaar et
al showed that transfusion of aged PLTs induces lung inflam-
mation in healthy rats and is responsible for pulmonary and
systemic coagulopathy in pretreated rats with lipopolysac-
charide.® The soluble cluster of differentiation 40 ligands
that get accumulated over the storage period can activate
leukocytes and could be involved in TRALI occurrence in
predisposed patients.!* These findings suggest that older PLTs
would increase the risk of developing TRALI. However, to
our knowledge, no clinical studies have addressed this issue.

Sepsis, organ failure and mortality
Based on the “second hit model,” it is hypothesized that criti-
cally ill patients who already have a coexisting inflammatory
state could be more susceptible to adverse effects of stored
PLTs.* It is anticipated that an association between PLT stor-
age duration and poor outcome would be easier to identify in
this population than in stable patients who are also exposed to
a lower volume of blood component administration. However,
determining whether stored PLTs are as safe as fresh PLTs is
difficult due to the numerous and different factors that influ-
ence potential study endpoints such as mortality, morbidity,
and sepsis. Population, severity of underlying illness, other
comorbidities, and other interventions all have an impact
on these clinically centered outcomes. In addition, the large
sample sizes required to reduce the feasibility of such studies.
Only two studies have investigated transfusion safety
of PLTs stored up to 5 days, both in critically ill patient
populations.*®! Although none of them have reported an
association between PLT storage duration and mortality, one
study reported an association between administration of older
PLTs and an increased risk of sepsis in 381 trauma patients
(adjusted odds ratio for sepsis: 2.4, 95% confidence interval
1.4-4.7, P=0.02).>! Nonetheless, this was a single center,
retrospective study with no clear criteria for defining sepsis,
and the findings need to be confirmed in additional studies.
There is currently not enough evidence to support an
association between adverse events and PLT storage dura-
tion when PLTs are stored for up to 5 days and studies that
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have investigated the efficacy of PLT stored for up to 7 days
were underpowered to analyze any association between PLT
storage duration and recipient outcomes, including morbidity
and mortality,>>3%192!

Future research

Assuming that extension of PLT storage duration would
improve PLT availability and decrease PLT wastage, pro-
spective research is required to confirm that PLTs stored for
longer durations are as safe and effective as fresher PLTs,
particularly in vulnerable patient populations.

Conclusion

Ensuring PLT availability while minimizing wastage is
challenging, particularly at times of increased demand or
in small and remote health services and non-civilian set-
tings. Due to the increasing demand for PLTs observed
internationally, and the high wastage rates, improving
PLT inventory management should be a priority for blood
services and health care systems. Alternatives to liquid-
stored PLTs are being evaluated, although currently there
is insufficient data for routine use. Prolonged PLT storage
duration (up to 5—7 days) is associated with accumulation
of bioreactive substances and some studies suggest that
these bioreactive substances could lead to inflammation
activation in predisposed recipients. Nonetheless, clinical
consequences of prolonged PLT storage duration have not
been demonstrated. Changes in manufacturing processes
of liquid-stored PLTs, bacterial contamination screening,
and use of PRTs may mitigate some of the risks of stored
PLTs. Larger prospective studies are warranted to confirm
the benefit and safety of routinely implementing prolonged
PLT storage duration.
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