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Why we must “TRANSFUSE”
Cecile Aubron, Guillaume Carteaux and D James Cooper
To reduce mortality of patients admitted to intensive care
units, rather than seeking a new, clever and perhaps
expensive medication, we may be better off trying to tackle
a common and well known clinical procedure whose safety
has recently been questioned. Red blood cell (RBC) transfuCare such
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a variety of factors, attention has increasingly focused on
the possible adverse effect of transfusing RBCs that have
been stored for a prolonged time.3,4 However, it is not
known whether fresher RBCs are better than older ones,
and a large randomised controlled trial (RCT) is needed to
provide level 1 evidence to guide clinical practice.

Why blood transfusion is an important issue in
intensive care medicine
Anaemia is very common among critically ill patients, and up
to 90% become anaemic by the third day of their ICU stay.5
Moreover, severe anaemia is associated with poor outcomes
and is typically treated with RBC transfusion.6 The RBC
transfusion rate in ICUs varies between 20% and 40%,5,7,8
with a mean of 2.0 to 4.8 RBC units transfused per patient,7,8
despite a decrease in transfusion since the introduction of the
latest clinical guidelines.8 In Australia, a mean of around
140 000 RBC units are delivered by the Australian Red Cross
Blood Service to critically ill patients every year.9,10
RBC transfusion is aimed at restoring haemoglobin concentration to levels sufficient to maintain adequate oxygen
delivery to vital organs, but it is clear that it is also associated
with an increased risk of nosocomial infection, transfusionrelated acute lung injury, sepsis, multiple organ failure,
increased duration of mechanical ventilation, increased
length of stay in ICU and hospital, and increased mortality.1,2,7,11 Moreover, a restrictive transfusion threshold is also
associated with decreased hospital mortality (28.1% v
22.2%; P = 0.05).1

Fresh or old red blood cells — does it matter?
Current transfusion practice calls for the delivery of the
oldest available RBCs in most Australian centres to avoid
wastage. However, storage of RBCs for longer periods
could play a role in the occurrence of harmful effects. Over
a 42-day storage period, metabolic, biochemical and molec-

ular changes occur. These include depletion of ATP and 2,3diphosphoglycerate, membrane phospholipid vesiculation
and protein oxidation and lipid peroxidation of RBC membranes.12,13 Over time, RBC shape changes, followed by
increased osmotic fragility and loss of deformability.12
Decreased membrane flexibility may compromise microcirculatory flow and leads to increased interactions between
red cells and endothelial cells, with activation of inflammation. Critically ill patients may be especially susceptible to
potentially deleterious effects of RBC storage because they
frequently have disease states that lead to impaired microcirculatory blood flow. Therefore, the transfusion of fresher
blood may decrease mortality compared to standard care
among ICU patients.
Over the past two decades, clinical studies conducted
among trauma patients, ICU patients and patients undergoing cardiac surgery have supported the hypothesis that transfusing older red cells may be injurious, and showed a negative
impact of prolonged RBC storage on clinical outcome or
tissue oxygenation parameters. However, these studies have
not been sufficiently powered to confirm any clinical impact
of the duration of RBC storage, and consequently have not
changed transfusion practice. Accordingly, a systematic
review3 and a meta-analysis4 have been inconclusive.
Nevertheless, in the past few years, four large studies have
reported that transfusing older compared to fresher blood
increases patient mortality and morbidity. First, in 2008, Koch
and colleagues reported increased time of mechanical ventilation (9.7% v 5.6%; P < 0.001), incidence of sepsis (4% v
2.8%; P= 0.01) and mortality in 6002 cardiothoracic patients
transfused with older RBCs.11 Transfusion of older RBCs was
also independently associated with an increased risk-adjusted
rate of a composite of serious adverse events (25.9% v 22.4%;
P = 0.001).11 In 2010, a Canadian prospective observational
study of 4933 acute care cardiovascular patients reported an
adjusted relative risk for death of 1.48 (95% CI, 1.07–2.05) for
patients in the highest quartile of maximum age of blood
compared with those in the lowest quartile.14 Also in 2010,
two prospective paediatric ICU studies, of 455 and 296
patients, respectively, reported an independent association
between duration of blood storage and morbidity and mortality.15,16 Despite limitations, these recent large studies suggest
that transfusion of fresher blood may be better — leaving
clinicians concerned but uncertain regarding current transfusion practice in ICU. Moreover, our preliminary data in Australia and New Zealand, including a prospective observational
study, found a clear relationship between the age of RBC and
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mortality of 757 ICU patients (Australian and New Zealand
Intensive Care Research Centre, Department of Epidemiology
and Preventive Medicine, Monash University, Melbourne, VIC,
and the Australian and New Zealand Intensive Care Society
Clinical Trials Group, unpublished data).
To definitively resolve this issue, we now plan to conduct
a large, pivotal RCT in Australia and New Zealand to
determine whether, compared with standard care, transfusion of the freshest available RBCs decreases mortality rates
among ICU patients. Our study design will not include an
arbitrary cut-off age for defining fresher RBCs, as others
have proposed, but instead will compare the “freshest
available” RBCs with standard care. This pragmatic design
aims to make the intervention realistic and feasible, as well
as to allow it to be easily and widely implemented in case of
any proven benefit among ICU patients.
If transfusion of freshest available RBCs to critically ill
patients leads to decreased patient mortality, current transfusion practices, particularly including expiry dates for RBCs,
would need to be re-evaluated. Perhaps, and even more
importantly, if we found no difference between the two
treatment arms, an expensive and wasteful nationwide
practice change would be avoided.
This study question is of major importance to ICU
clinicians, transfusion specialists and the Australian Red
Cross Blood Service. Changes to blood transfusion practice
to supply fresher blood to critically ill patients would be
challenging, but are conceivable. There is also a real risk
that without our study, in response to perceived public
concerns, scientifically unjustified practice and policy
changes may occur with major and expensive consequences
to the supply of blood in Australia.
This concern is strengthened by our Australian experience
in the past with universal leukodepletion. Leukodepletion
was introduced in 2010 to align Australia with an international standard of practice. However, a double-blind phase
3 RCT demonstrating a clinically important benefit has
never been undertaken. Now there is a recurrent cost to
government of almost $40 million annually, which is of
unproven clinical benefit and value.17 Furthermore, as most
transfusions are now leukodepleted, it is no longer possible
for an RCT of leukodepletion to be undertaken in Australia
at all. It would be unfortunate if this experience were
repeated with the transfusion of older red cells. Further, it
would be equally unfortunate if patients were disadvantaged by continued transfusion of older RBCs simply
because of insufficient high-quality evidence.
These observations make the proposed “TRANSFUSE”
(Standard Issue Transfusion versus Fresher Red Blood Cell
Use in Intensive Care) randomised trial of the greatest
priority. If appropriate funding is obtained in the 2011
funding rounds, in 2012 the Australian and New Zealand
intensive care community is committed to “TRANSFUSE”.
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