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Abstract

Transfusion medicine resembles all of medicine in that expert opinion predominates

because hard data on clinical outcomes from randomized controlled trials and high

quality observational data are simply unavailable. Indeed, some of the first trials eval-

uating important outcomes are barely two decades old. Patient blood management

(PBM) depends on high quality data for assisting clinicians in making clinical deci-

sions. In this review, we focus on several red blood cell (RBC) transfusion practices

that new data suggest need reconsideration. The practices that may need revision

include transfusion for iron deficiency anaemia, except in life threatening situations,

toleration of anaemia as a largely benign condition and use of haemoglobin/

haematocrit as primary indications for RBC transfusion, as opposed to adjuncts to

clinical judgement. In addition, the long-standing notion that the minimum transfu-

sion should be two units needs to be abandoned due to the danger to patients and a

lack of clinical evidence of benefit. Finally, the difference in indications for leucore-

duction versus irradiation needs to be understood by all practitioners. PBM is one of

the strategies for managing anaemia and bleeding that holds great promise for

patients, and transfusion is only one facet of the bundle of practices.
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Highlights
• A number of myths about red blood cells encountered by the authors are discussed here.

This discussion is followed by evidence-based facts and expert opinion that disprove the

myths and support evidence-based practice.

• This manuscript will serve to educate medical students, advanced practice providers, physi-

cians in training and those in practice.

• Adequate patient blood management knowledge has also been linked to higher quality

patient care and its implementation can improve important clinical outcomes such as

decreased length of stay, a reduction in nosocomial infection and fewer intensive care unit

admissions.
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INTRODUCTION

Why is it important to address common misconceptions or ‘myths’?
Blood transfusion is one of the most common procedures performed

in the inpatient setting [1,2]. Although ordering a transfusion is a part

of routine practice for most physicians, the available literature has

shown that non-transfusion medicine physicians have poor to inter-

mediate transfusion medicine knowledge (TMK) [3–5].

Adequate physician TMK has also been linked to higher quality

patient care [3,6]. As the composition of hospital medicine providers

continues to evolve rapidly, attention is needed not only for physi-

cians but also for advance practice providers (APPs) [3,7]. The growing

involvement of APPs in the care of hospitalized patients raises the

importance of adequate TMK among APPs. In one survey, 90% of

APPs working in haematology and bone marrow transplant reported

discomfort in their ability to practice in their specialty and wanted

more training in transfusion medicine [3,8].

Unfortunately, medical education at both graduate and post-

graduate levels includes minimal transfusion medicine instruction, the

majority of which is in the form of passive lectures [3,9]. Therefore,

hospital medicine providers are likely to have developed transfusion

practices based on the limited knowledge taught in their training [3].

Transfusion decisions for acutely ill patients presenting with multiple

co-morbidities may become complex and require a more in-depth

understanding in order to minimize risks of transfusion and to identify,

treat and report reactions for the health and safety at both the indi-

vidual and population levels [3].

A study was conducted of 183 hospital medicine providers in the

United States (US) (including 155 attending hospitalists and 28 APPs)

who completed a 12-question online survey and 20 question exam [3].

The overall mean score was 52% (range 20%–85%) [3]. Forty-one per-

cent of participants reported less than 1 h of training in transfusion

medicine [3]. Five of the seven questions with the worst performance

(<25% correct) focused on transfusion reactions [3]. Almost all respon-

dents reported consenting a patient for blood transfusion and 60%

believed that TMK was very or extremely important in order to provide

appropriate care for patients [3]. More than 80% believed that having

additional transfusion medicine education would be at least moderately

helpful [3]. Although routinely consenting patients for transfusion, hos-

pital medicine providers may have insufficient TMK [3].

A recent letter to the editor [10] made the following

recommendations:

1. The best method to educate the physicians about patient blood

management (PBM) is to oblige them to participate during their

medical studies in courses focused on blood transfusion.

2. If this cannot be achieved, physicians should be educated. This

would start with the attending physicians, as residents and fellows

‘copy’ their mentor’s attitude, including their approach towards

blood transfusion.

3. Blood myths exist and influence diverse populations. Increasing

the level of general knowledge and education can reduce the influ-

ence of myths.

4. Finally, the various aspects and causes of blood transfusion

overuse lead one to the conclusion that education is the key to

success.

The purpose of this manuscript is twofold. First, it will show a

number of myths in PBM that have been encountered by the authors

and then provide the evidence-based facts that disprove these myths

and support the correct practice for optimal patient care. Second, we

hope that this manuscript will serve to educate medical students,

APPs, physicians in training and those practicing. As stated above,

adequate TMK (and PBM knowledge) has also been linked to higher

quality patient care [3,6].

METHODS

A group of experienced and active practitioners of transfusion medi-

cine and PBM convened a working group to develop a list of com-

mon clinician opinions encountered in daily practice that have

dubious scientific evidence, henceforth, defined as ‘myths’, and

which also have potentially adverse clinical consequences when

actions are based on these notions. A focused literature review was

performed to address the background of each ‘myth’ and provide

evidence against it.

Iron deficiency should be treated with transfusion

Iron deficiency anaemia (IDA) is the most common nutritional disorder

worldwide. The diagnosis of IDA is confirmed by the presence of low

body iron stores and a haempglobin (Hb) level two standard devia-

tions below normal [11]. The primary treatment for IDA is oral or

intravenous iron, but in an emergency setting for patients who are

actively bleeding or unstable, red blood cell (RBC) transfusion may be

necessary. Choosing Wisely Canada guidelines state, ‘Don’t transfuse

RBCs for iron deficiency without haemodynamic instability’ [12]. The
consensus is that transfusions should not be considered first line ther-

apy in stable patients with an Hb ≥ 7.0 mg/dL. The question is

whether these patients can be managed more efficiently and effec-

tively than with RBC transfusion.

Current practice (myth)

Siddiqi et al. conducted an observational cohort study for a 6-year

period following release of Choosing Wisely Canada guidelines [13]. A

transfusion was considered outside of clinical guidelines if the

patient’s Hb was >7.0 mg/dL and if the patient had a heart rate <100

beats per minute and systolic blood pressure ≥100 mmHg [12]. The

primary outcome was that the proportion of patients with IDA receiv-

ing transfusion outside of clinical guidelines. The rate of total transfu-

sions in patients with IDA was 11.2%, and the rate of potentially

avoidable transfusions was 18.7% [13].
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Appropriateness of RBC transfusions ordered in the Emergency

Department (ED) for management of patients with IDA was studied

by Spradbrow et al. [14]. IDA was documented by an emergency phy-

sician in 61% of ED patients. Of these, 63% received RBC transfu-

sions: 53% were deemed appropriate, 16% were appropriate for the

indication, but received more than the required number of transfu-

sions and 32% were deemed inappropriate [14].

Grey et al. conducted an audit to monitor transfusion practices of

patients with confirmed severe iron deficiency. They found that RBC

transfusions were commonly administered to elderly patients with

severe IDA with Hb < 8.0 mg/dL and uncommon when the Hb was

>9.0 mg/dL; and 75% of the patients in the audit were transfused to

an Hb ≥ 10.0 mg/dL and 44% to an Hb ≥ 11.0 mg/dL, suggesting

excessive transfusion [15]. RBC transfusion is taken as a ‘quick fix’ of
haemoglobin, since it is relatively easy. There are non-evidence-based

concerns regarding intravenous iron supplementation in surgical

patients, such as increased risk of infection, iron overload or oxidative

stress, which has been refuted time and time again [16].

Conclusion (fact)

In IDA, the role of RBC transfusion is controversial. The Association

for the Advancement of Blood and Biotherapies (AABB) and other

organizations do recognize that RBC transfusion may be indicated if

the patient has haemodynamic instability due to anaemia as this helps

to alleviate severe morbidity associated with microvascular hypoxemia

until the time iron therapy becomes clinically effective [17]. The treat-

ment of pre-operative IDA will improve haemoglobin before surgery,

but good evidence exists that correcting anaemia by transfusing blood

is detrimental to the outcomes of surgery, by increased risk for post-

operative complications [18].

Historically, there has been a reluctance to use intravenous iron

formulations due to concerns of hypersensitivity reactions, such as

anaphylaxis. Newer preparations are far less likely to be associated

with such reactions [19]. It is preferable to use preparations that can

deliver a higher dose per infusion over the shortest time period

possible.

General unfamiliarity with these newer preparations, the histori-

cal concerns regarding anaphylactoid reactions and time delays are

likely barriers to the widespread use of these agents in the treatment

of IDA [20]. RBC transfusions carry the risk of haemolysis,

transfusion-associated circulatory overload (TACO), haemolysis and

alloimmunization, and transfusion-related acute lung injury (TRALI)

should be considered a less safe alternative to oral and intravenous

iron [17].

Guidelines for management of IDA are necessary to reduce the

knowledge-to-practice gap for IDA management and avoid inappro-

priate use of RBC transfusions. Anaemia in the geriatric population

may be multifactorial, with nutritional deficiencies, senescence and

chronic disease being the most common reason. Mild anaemia is rarely

symptomatic and should not be transfused [21]. Symptomatic anaemia

and severe anaemia where RBC transfusions may play a role, the

emphasis should be on restrictive transfusion strategies and adequate

dosing as compensatory mechanisms are overwhelmed [21]. Transfu-

sion of single red cell units followed by clinical assessment including

documented Hb increments should be done before ordering subse-

quent units to ensure that this valuable resource is appropriately and

ethically used [22].

Mild anaemia is not clinically significant

Current practice (myth)

Anaemia is one of the most common clinical conditions worldwide

and perhaps the single most common source of disability and poor

quality of life. Indeed, the most common cause of anaemia is iron defi-

ciency with anaemia being a part of late stage iron deficiency. There is

abundant evidence that iron deficiency and IDA are associated with

poor cognitive function in children as well as a cause of increased

morbidity and mortality [23]. Blood loss anaemia is also quite common

and associated with significantly increased risks of morbidity, mortal-

ity and hospital/ICU length of stay. Traditionally significant anaemia

has been treated with blood transfusions, which are entirely inappro-

priate except in rare life threatening acute emergencies.

Conclusions (fact)

It is now clear that PBM needs to include pre-operative anaemia

management programs and anaemia/iron deficiency screening pro-

grams for at-risk patients, such as women with abnormal menses

and children with nutritional problems. Such approaches have been

associated with improvements in quality of life, lessening of symp-

toms and a reduction in morbidity and mortality in various settings

[24–26].

If the patient does not need two units you should not
be transfusing

Current practice (myth)

Due to a lack of expertise and knowledge of transfusion practices in

the majority of patients, RBC transfusion practices are driven by

only laboratory-based Hb triggers. Some literature continues to sug-

gest RBC transfusion thresholds for critically ill, clinically stable

patients—Hb concentration <7 g/dL, for patients undergoing cardiac

surgery Hb < 7.5 g/dL, for patients with hip fractures and cardiovas-

cular disease or risk factors Hb < 8 g/dL and for haemodynamically

stable patients with acute gastrointestinal bleeding Hb 7–8 g/dL

[27]. It is a common myth among the treating physicians that we

need to keep the Hb at a level of 9 gm/dL. So, estimating that for a

target Hb level, they prefer to order two units of packed RBC

transfusion.
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Conclusion (fact)

Currently, transfusion practices have been moved to a more scientific

and evidence-based approach that is known as PBM. PBM has

emerged as an integral part of patient care. World Health Organiza-

tion (WHO) defined PBM as ‘PBM addresses the problems of anae-

mia, blood loss and coagulopathy. It is a patient centred, systematic,

evidence-based approach to improve patient outcomes by managing a

patient’s own blood through diagnosis and aetiology specific treat-

ment of anaemia and preserving the patient’s own blood by minimiz-

ing blood loss and bleeding, while promoting patient safety and

empowerment. It reduces the utilization of health care resources as

well as expenditures, transfusion dependency, and the risks and com-

plications of transfusion’ [23]. The primary role of RBC transfusion is

to provide adequate perfusion to the cells. The need for RBC transfu-

sion is based on individualized clinical factors not merely on laboratory

parameters such as Hb or haematocrit levels.

Keeping a focus on adverse incidents related to transfusion, it is

better to avoid unnecessary transfusion. Overenthusiastic transfu-

sions have been associated with increased ventilator days and pro-

longed ICU stays, and it has also been identified as an independent

risk factor for mortality in critically ill patients [28,29].

The rise of Hb level following transfusion is not just a mere

mathematical calculation anymore, that is, one unit raises the Hb

level by 1.0 g/dL [30,31], whereas the rise in Hb level following

transfusion is more dependent on characteristics of the patient such

as height, weight, and body mass index as well as the underlying clin-

ical condition [32]. So, transfusion of RBC should be judicious and

evidence-based, and transfusion of one unit RBC may be sufficient.

Retrospective observational studies done by Berger et al. and

Bowman et al. mentions that transfusing malignant haematology and

bone marrow transplant patients with single RBC units is safe and

efficacious [33,34]. A recent clinical trial conducted on women with

haemodynamically stable postpartum anaemia concluded that a

single-unit transfusion protocol avoided a second unit of packed

RBC in >80% of women without significant impact on morbidity

[35]. The real evidence behind the one-unit orders is the fact that all

the randomized clinical trials (RCTs) testing transfusion triggers

employed a one-unit transfusion strategy and they showed no bene-

fit to giving extra blood—more than is needed [36]. In reality it is

necessary to reassess the patient, after one-unit red cell transfusion

regarding the clinical condition of the patient. If there remains clini-

cal need in terms of perfusion status and clinical condition, the

patient should be scheduled for transfusion of another unit. So, in

most cases of chronic anaemias and haemodynamically stable

patients, transfusion of 1-unit red cell may be sufficient enough to

meet this need and two units of RBC transfusion can be avoided cal-

culating the risks associated [36]. While not widely used outside of

paediatric patients, a recent study showed that patient’s body

weight differentially impacts the change in Hb after RBC transfusion.

The authors suggested incorporating body weight into the clinical

decision-making process when transfusing blood in adult surgical

patients [37].

Transfusions of RBC should Be based on an Hb
concentration of 7 g/dL

Current practice (myth)

A plasma Hb concentration of 7 g/dL has become a common ‘trig-
ger’ for a blood transfusion, and the pervasiveness of this practice in

diverse clinical scenarios can only be explained by it attaining mythi-

cal status. Figure 1 shows a histogram of the pre-transfusion Hb

value for all transfusions of RBCs in one large multiple hospital medi-

cal system. The sharp peak centred at an Hb of 7 g/dL clearly illus-

trates that this laboratory assay value is the main driver of the

clinical decision to transfuse in this system. If transfusions were

based on individualized clinical factors, there would not be such a

sharp peak at a laboratory value. A recent multi-national survey of

ICU practice [38] provides additional evidence of the existence of

the ‘myth of 7 g/dL’ in that it is widely used for actively bleeding

patients in ICU, despite the complexity and variability of patient con-

ditions there.

Getting to the origin of the myth is difficult. For many years,

the practice was to use an Hb of 10 g/dL as a trigger, and this has

been attributed [39] to a 1942 paper by Adams and Lundy. The

text of that paper actually states ‘When concentration of Hb is

less than 8 to 10 grams per 100 cubic centimetres of whole blood,

it is wise to give a blood transfusion before operation’ [40]. The

favouring of 10 as the value instead of 8 was likely re-enforced

by the physiology studies of Case et al. [41] that demonstrated

interference with cardiac function at haematocrit levels less than

30%. The fourth edition of Mollison’s transfusion medicine text-

book, the pre-eminent transfusion therapy textbook of its day

advised ‘Therefore, before surgery is undertaken the Hb should

be raised above this level, even if only trivial haemorrhage is

expected’ [42].
The shift of the myth of 10–7 g/dL is easier to understand, as the

numbers of clinical trials comparing the use of these two triggers are

numerous and more contemporary. They all show either the non-

inferiority or possibly superiority of the restrictive transfusion strategy

of 7 g/dL as a trigger. We even have an overview of systematic

reviews of meta-analysis of these trials, which fully explains the situa-

tion [43].

Conclusion (fact)

A trigger of 10 g/dL was never supported by expert practitioners

of transfusion even when numerous physicians with less expertise

were working under this myth assumption. A review article of the

indications for transfusion appearing in JAMA in 1956 advised

‘Anemia should be treated with red blood cell transfusion only

after diagnostic procedures have excluded specific therapy or

when anemia is so severe as to necessitate emergency treatment’
as well as ‘The frequency of transfusion of red blood cells in

patients with marrow failure should be determined by the

4 GAMMON ET AL.
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symptoms of the patient. The desired Hb level may vary from 6 to

11 gm per 100 cc in different persons’ [44]. Other sections of the

1967 edition of Mollison included advice that patients with recent

haemorrhage ‘whose haemoglobin is as low as 7–8 g/100 ml

should be transfused’ as well as ‘In patients with very severe

anaemia transfusion may easily overload the circulation and precip-

itate cardiac failure. Thus, whenever it is probable that anaemia

will respond to some other form of treatment transfusion should

be avoided’. Also, ‘To tide a patient over a short period of very

severe anaemia inhalation of 100 percent oxygen can make an

important contribution’ is advised along with an explanation

that plasma content of oxygen can be increased to make an Hb of

3 g/dL effectively 4.5 g/dL [42].

If the myth of 10 g/dL was never true, proving that 7 g/dL is

‘non-inferior’ does not make this notion true. As the JAMA authors

point out by noting ‘different persons’, the transfusion decision is

being made about one patient at a time. Randomized trials can be off-

target to the circumstances of a particular patient. The Jehovah

Witness population provides an example that most patients can toler-

ate haemoglobin levels significantly lower than 7.0 g/dL [45] and be

supported by temporary oxygen supplementation, iron infusion

and/or erythropoietin instead of transfusion. Clinical decision support

may be perpetuating the myth by emphasizing a particular transfusion

threshold rather than providing diagnostic algorithms to determine

causes of anaemia and suggesting appropriate treatments based on

diagnosis and symptoms. Monitors of a PBM program should not sim-

ply track pre-transfusion Hb levels and see Figure 1 as evidence of

success, but perhaps should focus on the anaemia diagnosis and the

use of iron when appropriate.

The only goal of transfusion of RBCs is to improve the
delivery of oxygen to tissues

Current practice (myth)

Regarding off-target interpretation of results of randomized con-

trolled trials, a straightforward example is the use of the Villanueva

et al.’s [46] paper to support using a threshold of 7 g/dL for the broad

category of bleeding ICU patients. This trial explicitly states the para-

digm underlying the study as ‘The goal of red-cell transfusions is to

improve the delivery of oxygen to tissues’. As a result, the trial was

designed to evaluate patients with an anatomic cause of bleeding and

the ability of patients to tolerate an acutely progressive anaemia until

a procedure could treat the site of bleeding. Greater than 97% of

patients were not thrombocytopenic and required no platelet transfu-

sions. Yet, this study is cited to support a restrictive threshold for

bleeding ICU patients even if thrombocytopenic and without a readily

correctable cause of bleeding. A common clinical plan seen in patient

charts is ‘transfuse for Hb < 7, platelets < 50’, rather than have their

bleeding potentially stopped earlier with only a few RBCs and many

fewer platelets.

Conclusion (fact)

Multiple studies have definitively demonstrated that RBCs interact

with platelets and play a role in haemostasis. A comprehensive review

has been published [47]. Major mechanistic hypotheses include RBCs

physically pushing platelets closer to the endothelium under flow

F I GU R E 1 Histogram of the pre-transfusion Haemoglobin (Hb) value for all transfusions of red blood cells in one large multiple hospital
medical system. The sharp peak centred at Hb of 7.0 g/dL clearly illustrates that this laboratory assay value is the main driver of the clinical
decision to transfuse in this system, as opposed to clinical assessment based on other factors.
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conditions, interaction of nitric oxide metabolism pathways and aden-

osine diphosphate augmentation of platelet function. The bleeding

time has an inverse linear relationship to the haematocrit [48]. It is

also becoming clear that RBCs participate in immunity by interacting

with immune receptors in the spleen [49]. Better RCTs of RBC trans-

fusions and patient outcomes need to also take into account platelet

function and immunity.

Leucoreduction versus irradiation are the same

Current practice (myth)

Leucoreduction (LR) is the reduction of white blood cell (WBC) con-

centration in blood components, namely, RBC and platelets derived

from the component preparation of whole blood or apheresis. There

are many methods of LR, but, currently, this process may be per-

formed using selective LR filters, which enable less than 1 � 106 or

5 � 106 residual WBC to be obtained in a RBC or 5 � 105 WBC in a

whole blood derived platelet unit [50,51].

Over the past 30 years, it has been demonstrated that LR can

reduce some adverse reactions due to blood component transfu-

sion such as febrile non-haemolytic transfusion reactions, immuni-

zation against human leucocyte antigens and human platelet

antigens, which may cause refractoriness to platelet transfusion

and transmission of cytomegalovirus [53,54]. Furthermore, it is also

claimed that LR also improves the clinical outcome of reducing

post-operative surgical site infections or mortality in patients

undergoing cardiac surgery and infection-related complications in

trauma patients [52–54].

On the other hand, irradiated blood components are cellular

blood components that have been exposed to irradiation to inacti-

vate lymphocytes to stop their proliferation [55]. Irradiating blood

components prevents the donor WBCs replicating and mounting

an immune response against a vulnerable patient and recipient

with the potential to cause transfusion-associated-graft-versus-

host disease (TA-GvHD). Usually immunocompromised patients,

foetus and premature neonates and patients who received haema-

topoietic stem cell transplant (HSCT) are prone to develop

TA-GvHD. Evidence of TA-GvHD may include rash, fever,

elevated liver enzymes, pancytopenia, diarrhoea, bone marrow

aplasia or hypocellularity and hepatomegaly. It usually presents

within 1–6 weeks after transfusion, with the median time from

transfusion to first symptom being 11 days. Overall survival rate is

reported to be 8.4% [56]. Patients receiving transfusions from a

first-degree relative (e.g., parent, child or sibling) or second-degree

relative (e.g., grandparent, grandchild, uncle, aunt, nephew, niece

or half sibling), foetus and premature neonates or HSCT recipients

and granulocyte transfusions should always be irradiated.

The AABB Standards for Blood Banks and Transfusion Services,

33rd edition, recommends a dose of 25 Gy to the central area of

the component with no portion receiving <15 Gy but sets no

upper limit [51,56].

Conclusion (fact)

LR cannot prevent TA-GvHD as it contains a significant amount of

residual lymphocytes. TA-GvHD continues to be reported with 66 out

of the 348 (18.9%) cases who received nonirradiated LR components

between 2000 and 2013 [56]. The British Society for Haematology

recommendations note that the evidence is insufficient to recommend

LR alone to prevent TA-GvHD in susceptible patients. So, irradiation

and LR can never be used interchangeably.

Conclusions—The perpetuation of misconceptions and
the ongoing need to address them

PBM has been recently recognized by WHO as an area for urgent

intervention in current patient care practices [23]. The rationale is that

prevention and appropriate treatment of anaemia and bleeding can

lead to better outcomes. Transfusion plays a role in the care of anae-

mic and bleeding patients, but in general, expert opinion has tradition-

ally been on the side of what we would now consider undue reliance

of aggressive transfusion of RBCs and other components. Research in

the last two decades has documented that it is unnecessary to trans-

fuse most haemodynamically stable patients with anaemia, particularly

those with IDA, for which safer and more precise treatments are avail-

able. Anaemia causes significant morbidity and mortality and avoiding

transfusions is only part of the approach. Preserving the patient’s own

red cells is an important strategy. Early data suggest that the use of

PBM may improve clinical outcomes such as length of stay, quality of

life and even mortality [23]. And because RBC transfusions have seri-

ous complications including TRALI, infection, congestive heart failure

and thrombosis, the minimum dose needed to achieve the desired

clinical goals is more appropriate than arbitrary numbers of RBCs such

as ‘a minimum of two’.
Randomized trials of transfusion thresholds have been widely

misinterpreted as suggesting that the Hb or haematocrit alone (usually

7/21) is a necessary transfusion threshold. Indeed, transfusion

remains a clinical decision and laboratory values should be an adjunct.

Haemodynamically stable, largely asymptomatic non-bleeding patients

may not always need red cell transfusions unless they are unable to

respond to normal erythropoietic stimuli, either endogenous or thera-

peutic. While RBC transfusions may have benefits beyond oxygen

transport, high quality trials are needed to assess the risks and bene-

fits of RBC transfusions in improving haemostasis. Finally, while LR

and irradiation are important safety modalities and have some overlap

in benefit, they have distinctly different indications and mechanisms

of action.
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