Old blood, new blood or better stored blood?
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Blood transfusion has controversial origins
shrouded in legend. In ancient times blood was
considered "vital lymph" - "sanguis vita vitae" - and
was probably used as apotion or atonic, and already
the possibility of transferring it from one body to
another for therapeutic or rejuvenating purposes had
been taken into considerationt. However, it was only
in 1628, the year in which the circulation of blood
was scientifically first demonstrated, that transfusing
blood became a concrete possihility. The subsequent
"experimental" period, a mixture of successes and
failures, extended from 1628 to the end of the XVII
century and was followed by the so-called
"therapeutic" period from the mid 1800s to the
present®. After the anatomic demonstration of blood
circulation, nearly 300 years passed before Karl
Landsteiner discovered blood groups, the
pharmacologist Luigi Sabbatani discovered the
anticoagulant properties of sodium citratet, and, in
1915, thefirst red blood cell (RBC) storage solution
(amixture of citrate and glucose) was developed for
storing rabbit RBC for use in a heterophile
agglutination test for syphilis?.

Another revolution in transfusion therapy madeit
possible to use containers for blood storage!34,
athough even as far back asthe XVII century blood
had been stored after adding rectified spirit of wine
to it and sealing its container hermetically®.

The subsequent history of RBC storage solution
development has been one of slow and gradual
progress®. RBC are still the most widely transfused
blood component throughout theworld and their story
is closely linked with the history of transfusion
medi cine and the changesin the collection and storage
of blood®’. At present, the most widely used protocol
for the storage of RBC (for up to 42 days) is the
collection of blood into anticoagulant solutions

(typicaly citrate-dextrose-phosphate). The red cell
concentrates are stored at 4 + 2° C in a dlightly
hypertonic additive solution, generally SAGM
(sodium, adenine, glucose, mannitol, 376 Osm/L) or
asimilar solution®. Despite this, adefinitive protocol
that reconcileslong-term storage on the one hand and
safety and efficacy of the transfusion therapy on the
other is still the subject of intense debate and
discussion®.

Throughout the history of medicine, the beneficial
outcomes of allogeneic blood transfusion have been
coupled with awide range of adverse reactions®°. A
recent study in animal models seemed to show that
the transfusion of fresh blood isless harmful than the
transfusion of stored blood in the context of
progressing malignanciest and amurine RBC storage
and transfusion model suggested that the transfusion
of older stored RBC produces harmful effects
mediated by the pro-inflammatory response associated
with increased levels of tissue and circulating iron
and with its pro-oxidant effects!?.

Several retrospective studies have reported an
increased rate of morbidity and mortality associated
with the transfusion of "older" RBC. This increase
has not been definitively proven by either recent in-
depth analyses of the data from these studies”*3 or by
randomized prospective studies. Thelast added study
to the sheer volume of publications, a cohort study
on 404,959 transfusion epi sodes conducted using the
Scandinavian Donations and Transfusions database,
showed a dlight excess of mortality in recipients of
the oldest RBC, but the risk pattern was more
consistent with weak confounding than with an effect
of themomentary exposureto stored RBC*. Although
it remainsto be determined whether increased storage
time causes a poorer outcome in the recipient, the
storagelesions accumulating over 42 daysareunlikely



to be beneficia to recipients. Notwithstanding this,
four large randomised clinical trials are now planned
or under way inthreedifferent populations of patients.
The Age of Blood Evaluation (ABLE) study,
supported by the Canadian Institutes of Health
Research (CIHR), is randomising about 2500
intensive care unit patients to receive, if transfused,
either lessthan 8-day old RBC or standard-issue RBC
(2-42 days)®®. In an analogous study, the Age of Red
Blood Cedllsin Premature Infants (ARIPI), also funded
by the CIHR, 450 premature infants (=1250 g) will
be randomised to receive aliquots of either less than
8-day old RBC or standard-issue RBC (2-42 days) 6.
The Red Cell Storage Duration and Outcomes in
Cardiac Surgery israndomising 2800 cardiac surgery
patients who are 18 years or older to receive, if
transfused, RBC that are either less than 14 or more
than 20 days old'’. Finally, the National Heart, Lung
and Blood Institute Transfusion Medicine and
Haemostasis Network Red Cell Storage Duration
Study (RECESS) plans to randomise approximately
1800 cardiac surgery patientstoreceive, if transfused,
RBC unitsthat have been stored for 10 daysor lessor
units that have been stored for 21 days or more. In
addition, several other research teamswill use animal
models and physiological studiesto learn more about
storagelesion and what changes RBC undergo during
storage, as well as whether these changes affect the
blood vessels and tissues once the RBC have been
transfused?®.

A brief list of the elements of the so-called "red
blood cell storage lesions’ includes®; morphological
changes, slowed metabolism with a decrease in the
concentration of adenosine triphosphate (ATP),
acidosis with a decrease in the concentration of 2,3-
diphosphoglycerate (2,3-DPG), a decrease in nitric
oxide binding with haemoglobin, loss of function
(usually transient) of cation pumps and consequent
loss of intracellular potassium and accumulation of
sodium within the cytoplasm, oxidative damagewith
changes to the structure of band 3 and lipid
peroxidation, apoptotic changes with racemisation of
membrane phospholipids and loss of parts of the
membrane through vesiculation. Some of these
changes occur within the first few hours of storage,
for example, the decrease in pH or the increases in
potassium and |lactate; others, however, take days or
weeks. Proteomic data of stored RBC have reveaed

that storage of these cells is associated with a
rearrangement of RBC membranes and an exchange
of biologically active proteins between RBC and the
storage media and that different storage conditions,
such as leucodepl etion or an anaerobic environment,
have an impact on RBC biology. However, these
experiments are only the starting point for more
extensive proteomic research inthisfield, which will
undoubtedly help in defining the optimal storage
conditions for RBC and, it is to be hoped, add
important information to the current controversial
discussion on the impact of storage age of RBC on
adverse outcomes®™.

Although randomised controlled trialswill provide
the strongest clinical evidence of whether RBC storage
duration does or does not affect morbidity and
mortality, they arelogistically difficult and expensive
to conduct, and their results will not be known for
several years. Inthisscenario of suggestive evidence
of variousadverse consequencesin which many actors
competefor theroleof protagonist inthe storagelesion
arenaand inconclusiveness seemsto prevail, Yoshidas
group suggested an anaerobic storage protocol that
tackles the problem at its source?’. They proposed
storing blood directly in an atmosphere of inert gas at
ap02 < 4%, using a method that they patented, and
suggested that such storage may decrease the RBC
storagelesion by protecting against oxidative damage
to lipids and proteins. The biological impact of this
protocol has been tested with respect to the classical
standards (haemolysis and RBC survival at 24 hours
post-transfusion) with positiveresults; slowing inthe
decrease of 2,3-DPG and ATP was aso observed.
After the in vivo 24-hour recovery phase | trial, the
next stepsinclude alarger phasell clinical study that
will examine the correlations between the extent and
nature of oxidative damage and the 24-hour in vivo
recovery of stored RBC?. In addition to validating
the improved RBC quality parameters shown in the
phasel trial, Yoshida's group plansto use a prototype
anaerobic disposable system with very little or no
impact on existing blood banking operations and
minimal additional cost to production [Yoshida T,
personal communication, XXX I|X National Congress
of the Italian Society of Transfusion Medicine and
Immunohaematology (SIMTI), 10 June 2010, Milan,
Italy].

The need for a longer storage period for RBC



which meets standard acceptability criteria is
debatable given that only a small proportion of
collected units become outdated in most blood
collection systems. Furthermore, the majority of these
are group AB units and would probably become
outdated even with adoubling of storage time given
that they can only be transfused to AB recipients. On
the other hand, the anaerobic storage approach might
reduce the impact of storage on red cells and perhaps
prevent a clinically important storage lesion.
Furthermore, if the allowabl e maximum storagetime
wereto beincreased by this method, but the approved
limit (from regulatory bodies) remained the same, red
cell units would be transfused at arelatively earlier
time of their "biological storage clock” and perhaps
transfer less of the storage lesion's impact to the
recipient.

In conclusion, thereisno consensusintheliterature
on possible adverse effects of "older" blood. Most
retrospective studies have one or more flawsin their
design and/or analyses introducing bias that results
in an overestimation of the association between
untoward effects and the age of the blood®2. A
systematic and rational approach, also including
proteomic studies, will undoubtedly lead to a better
understanding of RBC storage lesions and their
clinical effects. While we are waiting for the results
of therandomised clinical trialson theclinical effects
of aged blood, which may provide convincing
evidence and consequently influence policy decisions,
the anaerobic storage approach has the potential to
enhance the quality of RBC storage and transfusion
therapy and will help usto improve and optimise the
care of patientsin the near future.
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