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Abstract
Platelet transfusions are used in clinical practice to prevent and treat haemorrhage in thrombocytopenic

patients or patients with severe platelet dysfunction. In the UK, and abroad there has been a recent rise
in platelet component demand. The three largest patient groups that use platelet components are
patients with haematological malignancies (up to 67%), patients receiving cardiac surgery (up to 10%)
and patients receiving intensive care (up to 8%). This review has explored some of the factors that may
explain this recent trend within these three main groups. These factors include a rise in the general
population, an ageing population, an increase in the incidence and prevalence of haematological
malignancies, and changes in the management of patients with haematological malignancies. However,
the only data available that can be correlated directly with national component data are the size of the
total population. There is no evidence to support the premise that use of platelet components in
patients receiving cardiac surgery or intensive care treatment is rising over and above the general rise in
the population, but the data are sparse.

Introduction

Platelet transfusions are used in clinical practice to prevent and treat haemorrhage in thrombocytopenic

patients or patients with severe platelet dysfunction (BCSH 2003, Miller, et al 2007).

In the UK, over the last decade, there has been a considerable increase in the demand for platelet
components of approximately 24% between 2002 and 2012 (Bolton-Maggs, et al 2013, Taylor, et al
2009). This is not an isolated phenomenon, in the United States the number of platelet components
transfused has increased by 32% between 2004 and 2011 (Report of the US Department of Health and
Human Services 2011, Whitaker, et al 2008, Whitaker and Hinkins 2013, Whitaker and Sullivan 2007). A
similar pattern has been seen in Europe (Table 1) and Australia (Commonwealth of Australia 2008,

Commonwealth of Australia 2013).



Currently, the use of platelet transfusions in patients with haematological disorders accounts for a large
proportion (up to 67%) of all platelet components (PCs) issued (Cameron, et al 2007, Charlton, et al
2014, Greeno, et al 2007, Jones, et al 2013, Pendry and Davies 2011). The next two biggest groups of
patients who receive platelet components are cardiac surgery patients (7 to 10% of usage) (Cameron, et
al 2007, Charlton, et al 2014, Jones, et al 2013, Pendry and Davies 2011) and intensive care unit (ICU)
patients (5 to 9% of usage) (Cameron, et al 2007, Charlton, et al 2014, Pendry and Davies 2011). In
patients with haematological disorders the majority of platelet transfusions are given to prevent

bleeding, 84% were given prophylactically in a recent national audit (Estcourt, et a/ 2012).

This review will explore possible factors to explain this changing demand. These include:

e Increasing size of the general population

e Increasing age of the general population

e Changes to the proportion of platelet components that are given inappropriately

e Changes to platelet component specifications

e Changes to the incidence or prevalence of haematological disorders

e The introduction of more intensive treatment regimens for patients with haematological

malignancies

e Changes to the management of patients receiving cardiac surgery

e Changes to the number of patients receiving intensive care
Increase in the size of the general population
Although the population of the UK has increased, this does not account for the majority of the rise in
demand (Fig. 1A). Once the increasing population has been taken in to account demand has still
increased by 15.6% in the UK over the last decade, with 4.2 components per 1000 population being

issued in 2002, compared to 4.9 components per 1000 population in 2012. Multiple European countries



have also shown an increasing trend in platelet usage when adjusted for their total population (Table 1).
The only deviation from this trend was for the Netherlands which had the highest rate of platelet usage
in the 2001-2002 time period. This increasing trend has also been seen in Australia where demand has
increased by approximately 18% from 2003-2004 to 2012-2013 (Commonwealth of Australia 2008,
Commonwealth of Australia 2013). An increase in the size of the general population therefore only
explains part of the trend.

Increase in the age of the general population

The increasing trend in the demand for PCs cannot be adjusted for the age of the population because
the ages of PC recipients are unknown for the national data sets. The median age of patients receiving
platelet transfusions in the UK is approximately 60 years of age (Charlton, et al 2014, Estcourt, et al
2012; Wells, et al 2009). No other published multicentre audit has reported the age of PC recipients. The
population of the UK is ageing. Over the last decade (2002 to 2012) the total UK population has
increased by 7.3% (59.4 million to 63.7 million), however, the population aged 60 years of age or older
has increased by 17.4% (12.3 million to 14.5 million) (Office of National Statistics (ONS) 2013b). An
increase in the age of the population will therefore account for part of the trend in the UK, whether this
is true for the rest of the world is unknown.

Inappropriate use of platelet components

Levels of inappropriate use may vary between countries and over time. An increase in inappropriate use
could have been a potential explanation for the rise in demand if it had only been seen in one country
and that country had recently changed the way it trained its physicians. However, it is unlikely that

there has been a sudden rise in inappropriate prescribing of blood components around the world.

The two large national UK platelet transfusion audits both showed a significant amount of inappropriate
usage (Estcourt, et al 2012, Qureshi, et al 2007). However, the audit in 2010 did not demonstrate that
prescribing practice was significantly worse than the preceding audit in 2007. Although the two audits
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did differ in their audit criteria and participants (the first audit included all patient groups whereas the
second audit only included haematology patients), 43% of platelet transfusions were outside the audit
standard in 2007 (Qureshi, et al 2007), whereas only 28% of all platelet transfusions were outside the
audit standard in 2010 (Estcourt, et al 2012). There is therefore no evidence that there has been arise in
inappropriate prescribing of blood components in the UK, however due to differences between the two
audits we cannot say whether inappropriate usage has decreased.

Changes to product specification

There is insufficient evidence available to comment on whether changes to platelet component
specifications have had an effect on platelet component demand. Platelet component specifications
vary significantly from country to country. Variations include: the proportion of patients receiving
apheresis platelets .(van der Poel, et al 2011a, van der Poel, et al 2011b, van der Poel, et al 2011c, van
der Poel, et al 2011d); the proportion who suspend platelets in platelet additive solutions or plasma
(Pietersz, et al 2012); and the platelet dose within each platelet component (Pietersz, et al 2012). When
we consider changes to components that may affect the number of platelet components used. The age
of platelet components does not appear to affect the transfusion interval (MacLennan, et a/ 2013). It is
unknown whether apheresis components affect the platelet transfusion interval (Heddle, et al 2008).
Pathogen reduced platelet components may increase the number of platelet transfusions given per
patient (Butler, et a/ 2013).Doubling the platelet component dose increases the platelet transfusion
interval (Slichter, et al 2010). However increasing the dose from 2.2 x 10**/m?to 4.4 x 10'}/m? did not
increase the number of platelet transfusions given (Slichter, et al 2010). The effect of smaller variations
in platelet component dose are unknown.

Increased incidence and prevalence of haematological malignancies

Haematological malignancies constituted 8% of all new cancers in the UK (2007-09) (ONS 2012) and 9%

of all new cancers in the US (CDC 2008; CDC 2012) and their incidence is increasing in both the UK (Fig.



2) and other countries throughout the world (Chihara, et a/ 2014, National Cancer Institute 2013a,
National Cancer Institute 2013b, National Cancer Institute 2013c, National Cancer Institute 2013d). Not
only are the numbers of new cases increasing, but, also, the survival of patients who have previously
been diagnosed with a haematological malignancy is also increasing (Fig. 3). This means that the overall
prevalence of patients with haematological disorders who may require platelet transfusions is rising and
this trend is continuing to rise. Patients who survive their initial treatment may require further
treatment due to relapse of their haematological malignancy, for example, over 50% of patients who
receive an autologous HSCT for multiple myeloma relapse and require further treatment (Fernandez de
Larrera, et al 2014). The increased burden of haematological malignancies within the population could

explain part of the increase in demand.

There is insufficient epidemiological data to confidently state that the incidence of myelodysplastic
syndromes (MDS) is rising (Ma 2012). A German study has shown no obvious trend in the age-
standardised incidence of MDS from 1996 to 2006, and the age-standardised point prevalence remained
stable throughout the study at 7 per 100,000 (Neukirchen, et al 2011). However, the incidence of MDS
rises markedly with age. According to a US study the age-specific incidence at 60 to 65 is 5.4 per 100,000
per year, at 70 to 74 it is 16.6 per 100,000 per year, and by the age of 80 it is 36.2 per 100,000 per year
(Ma, et al 2007). It is therefore likely that the incidence is rising in countries with an ageing population
(Ma, et al 2007, Neukirchen, et al 2011). The UK is an example of a country with an ageing population, in
2002 the population 70 years of age, or older was 6.8 million, by 2012 it was 7.5 million, however by

2046 this figure is expected to double to 15 million (Office of National Statistics (ONS) 2013c).

In the UK national audit in 2010 the groups that used the largest number of platelet components were
patients with acute myeloid leukaemia (29%), lymphoma (19%) and MDS (13%) (Estcourt, et al 2012).

Over the three month audit period, patients with acute myeloid leukaemia received a mean of 10.1



platelet transfusions per patient, patients with myelodysplasia received a mean of 9.5 platelet
transfusions per patient, whereas lymphoma patients received a mean of 6.7 platelet transfusions per
patient (previously unpublished data). Therefore any increase in the prevalence of these disorders are
likely to have the greatest impact on platelet component demand.

Management of haematological disorders

The improved survival rates referred to previously are due to the introduction of intensive
chemotherapy treatments and the use of haemopoietic stem cell transplantation (HSCT) (Burnett, et a/

2011, Fielding, et al 2007, Milligan, et al 2006, Patel, et al 2009).

Haematological malignancies and their treatment lead to prolonged periods of severe
thrombocytopenia (< 50 x 10%/1), (De la Serna, et al 2008, Heddle, et al 2009, Rysler, et al 2010,
Stanworth, et a/ 2013a, Wandt, et al 2012), during this thrombocytopenic period patients are at risk of
severe and life-threatening haemorrhage (Slichter, et al 2010, Stanworth, et al 2013a). The majority of
platelet transfusions given during this period are to prevent rather than treat bleeding when the platelet
count falls below a threshold of 10x10%/L, unless there are other risk factors for bleeding (BCSH 2003,
Estcourt, et al 2012). Therefore any increase in the number of patients receiving intensive

chemotherapy or an HSCT will increase demand on the number of platelet components required.

In Europe, there has been a dramatic increase in the number of HSCT (Figure 4) (Passweg, et al 2012)
(Passweg, et al 2013). Since 1990, the number of HSCT has risen from 4,200 to over 30,000 annually
(Passweg, et al 2012).The most obvious recent trend has been the increase in allogeneic HSCT with a
37% rise from 2005 to 2010 (Passweg, et al 2012). In 2011, 14,549 allogeneic stem cell transplants were
performed in Europe, 48% were for patients with acute leukaemia and 13% were for patients with MDS
(Passweg, et al 2013). This reflects an additional 9% rise in the number of allogeneic HSCT compared to

2010. One of the trends noted within the most recent European Group for Bone Marrow



Transplantation (EBMT) survey has been the increasing use of allogeneic HSCT to treat MDS (Passweg, et
al 2013). This dramatic rise in the use of HSCT combined with an increasing incidence and prevalence of
haematological malignancies, including MDS, is likely to be one of the major reasons behind the recent
increase in demand for platelet components. The development of reduced intensity conditioning (RIC)
regimens for allogeneic HSCT has been one of the major drivers for this rise in allogeneic HSCT. Although
RIC HSCT requires less transfusion support than myeloablative HSCT it still require similar levels of
transfusion support to patients receiving consolidation chemotherapy for acute leukaemia (unpublished
data from TOPPS study) (Stanworth, et al 2013). In fact, a recent study showed that 14% of all platelet
components issued were given to patients receiving a stem cell transplant (Charlton, et al 2014).
Changes to the management of patients receiving cardiac surgery

There is significant variability between and within countries in blood component use in patients
receiving cardiac surgery (Allard, et al 2013; Snyder-Ramos, et al 2008). However, the introduction of
near patient testing (rotational thromboelastometry) may lead to reductions in platelet component use
(Anderson, et al 2006). Also, due to recent concern that, in cardiac surgery, platelet transfusions are
associated with serious adverse events, it is unlikely that their use has risen dramatically (Bilgin, et al
2011, Spiess, et al 2004). Using the estimates from the EASTR study (data from 2001 to 2002) (Wells, et
al 2009), approximately 10.5% of all platelet components were given to cardiac patients (6702 recipients
receiving a mean of 2.1 platelet components). More recent estimates for the proportion of platelet
components given to cardiac surgery patients are relatively similar (7 to 10% of usage). These estimates
mean that when the overall increase in platelet use is taken in to account the total number of platelet
components given to cardiac patients could have decreased by up to 13%, or increased by 20% over the
last decade (Cameron, et al 2007, Charlton, et al 2014, Jones, et al 2013, Pendry and Davies 2011).
Therefore although the management of cardiac surgery patients has changed recently, with an increase

in the number of cardiac stenting procedures and the trend to use dual anti-platelet therapy for 12



months after acute coronary syndrome. These changes in management do not appear to have had a

major impact on the total number of platelet components given to cardiac surgery patients.

Changes to the number of patients receiving intensive care

The I1SOC study, (Stanworth, et al 2013b) a multicentre observational UK study showed that 9% of ICU
patients required a platelet transfusion. A Canadian study, conducted between 1999 and 2007, showed
a fall in the number of ICU episodes but a slight rise in the number of ICU bed-days (Garland, et al 2013).
ICU bed-days comprised 2.3% of all hospital bed-days over the entire study with no increasing trend
(Garland, et al 2013). Also, the Scottish Intensive Care Society Audit Group (SICSAG) has reported ICU
admissions over the period of 2003 to 2012 (Scottish Intensive Care Society Audit Group 2013). There
has been no significant increase in admissions (2.5% adjusted to the rise in the Scottish population,
(Office of National Statistics (ONS) 2013a) 6.6% unadjusted) to stand-alone ICUs that reported their
figures for the entire period and did not change their status between stand-alone and combined ICU and
high dependency units during this period. There has also been no change in the mean duration of
admissions (Scottish Intensive Care Society Audit Group 2013). Obviously we cannot assess changes in
severity of illness and dependency using this data, but it is unlikely that such differences would have a
significant impact on overall platelet component demand. A large proportion of all ICU admissions are in
men aged 60 to 79 years of age (The Health and Social Care Information Centre 2013), therefore
although no trend in increasing use is present at the moment this may become relevant in the future as
the population continues to age (Office of National Statistics (ONS) 2013b).

So why hasn’t demand for red blood cell components (RBC) also risen?

RBC component demand has fallen (Fig 1B), yet we are seeing a dramatic increase in the demand for

platelet components. Patients with haematological disorders require both red cell transfusion and



platelet components when they are receiving intensive chemotherapy for an HSCT. There are two main
reasons why an increase in the number of patients with haematological disorders and an increase in the

intensity of their treatment are having a much smaller effect on the demand for RBC components.

Firstly, only 18% of red cell components are given to patients with haematological disorders, therefore
any change in use in this patient group is going to have a much smaller effect on overall usage than it
does on platelet components (Tinegate, et al 2013). Any increase will be overwhelmed by the dramatic

decrease in red cell usage in surgical patients (Tinegate, et al 2013).

Secondly, the number of platelet components given to each patient per course of intensive
chemotherapy or HSCT is much higher than the number of red cell transfusions they receive. For
example, in the largest randomised controlled trial (RCT) of prophylactic platelet transfusions, (Slichter,
et al 2010) patients received on average less than one red cell transfusion per course of treatment,
whereas, they received a median of between 3 and 5 platelet transfusions per course of treatment. Also,
fewer patients receive an RBC transfusion during their treatment. In an RCT that compared a
prophylactic versus therapeutic platelet transfusion strategy, (Stanworth, et al 2013a) in the
prophylactic arm, 89% of patients received at least one platelet transfusion, whereas only 67% received

at least one red cell transfusion.

Why have we only seen a rise in the use of platelet component use since 2008 in the
UK?

This may be because of two superimposed factors. Firstly, the proportion of platelet components used
in many other patient groups has decreased. Using the estimates from the EASTR study (data from 2001
to 2002) (Wells, et al 2009), approximately 37.7% of all platelet components were given to haematology
patients (10539 recipients receiving a mean of 4.8 platelet components). More recent estimates for the
number of platelet components given to haematology patients are much higher (up to 67%) of all
platelet components (PCs) issued (Cameron, et al 2007, Charlton, et al 2014, Greeno, et al 2007, Jones,
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et al 2013, Pendry and Davies 2011). This could mean that as platelet usage decreased in other patient
groups the influence of any specific factors affecting haematology patients could have had a much
greater effect on platelet component usage. Due to differences in the way data has been categorised
the groups that have seen the most significant fall in platelet component demand cannot be accurately

identified.

Summary

The most likely reasons for the increase in platelet component demand in combination are:

1) Anincrease in the general population in the UK. The UK population has risen by 7.3% over the
last decade.

2) An ageing population. The UK population aged over 60 years of age has increased by 17.4%
(12.3 million to 14.5 million) from 2002 to 2012.

3) Anincrease in the incidence and prevalence of haematological malignancies. The incidence of
non-Hodgkin lymphoma has increased by approximately 12% in the last decade and the
incidence of myeloma has increased by between 7 and 14%. Overall survival for all
haematological malignancies has improved.

4) A significant change in the management of patients with haematological malignancies, with a

dramatic rise in the use of allogeneic HSCT.

The only data available that can be correlated directly with national component data are the size of the
total population. All the other factors mentioned are plausible but we have no conclusive evidence to
prove the validity of these hypotheses. There are many pieces of information that are not available that
would provide a more accurate picture of why platelet demand has changed (Table 2). Hopefully, this

data will be available in the future with increased use of electronic records.
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We are unlikely to be able to change any of the factors mentioned above, and therefore have to
consider ways of preserving the national blood supply so that any further expected increase in demand
can be accommodated. This includes methods to reduce inappropriate use, and also considering

whether we are currently using prophylactic platelet transfusions in the most effective way.

At the moment we use a standard platelet count threshold of 10x10°/L, however some patients are at a
higher risk of bleeding than others. We therefore need further research to help us to stratify patients in
to those who are at a low or high risk of severe bleeding. A UK-wide case-control study is currently open
to study risk factors for intracranial haemorrhage in patients with haematological malignancies
(Estcourt, et al 2014). Understanding patient risk factors in other settings e.g. cardiac surgery and

intensive care is also very important but has been studied far less.

We also need to consider whether some patients may receive less benefit from a prophylactic platelet
transfusion than others (Stanworth, et al 2014). Alternative haemostatic agents e.g. antifibrinolytics
could also be considered. There is insufficient evidence for their use at the moment in patients with
haematological malignancies (Wardrop, et al 2013). However, in a large systematic review
antifibrinolytics have been shown to be effective at reducing blood loss and bleeding in surgical patients
(Henry, et al 2011). The review did not include platelet component use as one of its outcomes. However,
it is likely that if blood loss and RBC component use were reduced by antifibrinolytics then platelet
component use is also likely to have reduced. Therefore the use of antifibrinolytics in cardiac surgery

patients may reduce platelet component use.
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Table 1 Change in platelet use per 1000 population from period 2001-2002 to 2007-2008* for seven

European countries.

Country Total number of Mean number of platelet Change in

platelet components demand

components used per 1000 population
2008 2001-2002 2007-2008

Austria 36,300 3.14 3.98 +27%
Belgium 65,030 4.61 6.14 +33%
Czech 30,349 2.20 2.58 +17%
Republic
Germany 472,346 3.27 5.76 +72%
Netherlands 50,784 6.42 3.08 -51%
Sweden 38,941 3.67 4.18 +14%
Switzerland 27,669 2.23 3.31 +49%

*Data derived from the European Committee on Blood Transfusion Reports.(van der Poel, et a/ 20113,
van der Poel, et al 2011b, van der Poel, et al 2011c, van der Poel, et al 2011d) Data for all countries
(excluding UK) within the reports that issued at least 300,000 units of red blood cell components per
year in 2008 and had complete data for both time periods.
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Table 2

Additional data that would enable more accurate modelling of current and future platelet component
demand at a national level

o Age of platelet component recipients
e Underlying diagnosis/ patient group of platelet component recipients
e Type of platelet component issued
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Figure 1: Platelet (A) and red blood cell (RBC) component (B) demand for the UK for the period 2001 to
2012, adjusted to the UK population (per 1000 population). Data from SHOT Annual Reports and
Office of National Statistics (Bolton-Maggs, et al 2012, Office of National Statistics (ONS) 20133,
Taylor, et al 2008, Taylor, et al 2009).

Figure 2: Percentage Change in European Age-Standardised Three Year Average Incidence Rates, in (A)
Males and (B) Females, UK, 1999-2001 and 2008-2010 for the major types of haematological
malignancies and all cancers *excluding non-melanoma skin cancer (Cancer Research UK 2013).

Figure 3: (A) Ten year relative survival (%), adults (15-99 years), for patients diagnosed with haematological
malignancies and all cancers, England and Wales: survival trends for 1971-2007. Data for patients diagnosed
between 1971-1991 actual survival data, and data for patients diagnosed in 2007 hybrid survival data
(predicted) (Coleman, et al 2004, Rachet, et al 2009). (B) Five year relative survival (%), for patient
diagnosed with haematological malignancies, United States: survival trends for 1975 to 2010. Data
from SEER9 Incidence & US Mortality 1975-2010, all races, both sexes, all rates are age adjusted
(National Cancer Institute 2013a, National Cancer Institute 2013b, National Cancer Institute 2013c,
National Cancer Institute 2013d).

Figure 4: Number of Haemopoietic stem cell transplants (HSCT) performed in Europe from 2001 to
2011 according to the annual European Bone Marrow Transplantation (EBMT) Activity Surveys
(Baldomero, et al 2011, Gratwohl, et al 2008, Gratwohl, et al 2006, Gratwohl, et al 2002, Gratwohl, et
al 2005, Gratwohl, et al 2011, Gratwohl, et al 2009, Gratwohl, et al 2004, Passweg, et al 2013,
Passweg, et al 2012).
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