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Blood management: transfusion medicine comes of age
Blood transfusions happen in more than 10% of all 
hospital stays that include a procedure. The American 
Medical Association1 identifi ed overuse of fi ve medical 
treatments—blood transfusions, along with cardiac 
stents, ear tubes, antibiotics, and the induction of birth 
in pregnant women—and highlighted the danger of 
unnecessary transfusions. Although blood transfusions 
are believed to be lifesaving, this assumption has 
never been shown in a controlled clinical trial; blood 
transfusions have been described as “unavoidably, 
unsafe, and inherently dangerous” in the US Blood Shield 
laws.2 Thus, perceived benefi ts relative to the known 
risks of a blood transfusion are important elements 
in discussions with patients about informed consent, 
especially in management of anaemia with alternatives 
to blood transfusion.3

Transfusion-transmitted infections have been a 
worry, especially in the 1980s with the recognition of 
transfusion-associated HIV and the risk of trans mission of 
hepa titis C virus.4 Transmission of known viral agents has 
decreased and responses to emerging infectious diseases 
trans mitted by blood transfusion have been rapid (fi gure). 
Concomitantly, the 2011–12 annual report of transfusion 
fatalities by the US Food and Drug Administration Center 
for Biologics Evaluation and Research showed a decrease 
in all-cause deaths related to transfusion, with only 
30 deaths attributable to transfusion reported in the USA 
in 2011.5 Between 20x07 and 2011, transfusion-related 
acute lung injury caused the highest percentage (43%) 
of reported fatalities, followed by haemolytic transfusion 
reactions (23%) caused by non-ABO (13%) or ABO (10%) 
incompatibilities.

Increasing evidence suggests that patients have 
additional adverse clinical outcomes (ie, increased 
mor bid ity and mortality) associated with blood trans-
fusions.6 The panel lists risks that include not only known 
transmissible pathogens for infectious disease, trans-
fusion reactions, transfusion-related acute lung injury, 
errors in blood administration, and circulatory over-
load; but also potential, as yet undefi ned, risks such as 
immunomodulation (eg, perioperative infection or 
tumour progression), unknown risks (emerging patho-
gens such as new variant Creutzfeldt-Jakob disease and 
West Nile virus),4 and risks associated with duration 
of blood storage lesions in patients undergoing 

cardiac surgery.7 The  potential threat of xenotropic 
murine leukemia virus-related virus (XMRV), for example, 
required exten sive research to determine that its presence 
in the blood of patients with chronic fatigue syndrome 
could not be reproducibly confi rmed, and that blood 
donor screening is not warranted.8

These considerations have given rise to the specialty 
of blood management, supported by corresponding 
initiatives to “promote the app ropriate use of blood 
and blood components, with a goal of minimizing 
their use”. This movement has been motivated by the 
need to improve blood safety and patient outcomes, 
preserve the blood inventory, and constrain escalating 
costs.9 Patient blood management has been recognised 
by WHO as a means to “promote the availability of 
transfusion alternatives”.10 In 2010, blood management 
was cited as one of the ten key advances in transfusion 
medicine in the past 50 years.11

Awareness of risks, costs, and the eff ect on blood 
inventory has led providers to look at institution-based 

Figure: Risks of major transfusion-transmitted viruses related to interventions, and accelerating rate of 
emerging infectious diseases of concern to blood safety
Evolution of the risks of transmission by blood transfusion for HIV, hepatitis B virus, and hepatitis C virus. Major 
interventions to reduce risks are shown below the time line on the X axis. Emerging infectious disease threats in 
the past 20 years are shown above in the top right quadrant of the fi gure. HBsAg=hepatitis B surface antigen. 
Ab=antibody. NANB=non-A, non-B hepatitis. Ag=antigen. HCV=hepatitis C virus. NAT=nucleic acid testing.
HBV=hepatitis B virus. ICL=idiopathic CD4 T-lymphocytopenia. vCJD=variant Creutzfeldt-Jakob disease. 
PTLVs=primate T lymphotropic viruses. SFV=simian foamy virus. WNV=West Nile virus. SARS=severe acute 
respiratory syndrome. DENV=dengue virus. CHIKV=chikungunya virus. XMRV=xenotropic murine leukaemia 
virus-related virus. Reproduced with permission from reference 4.
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initiatives in patient blood management, such as the use 
of guidelines restricting use of transfusion to improve 
blood use.12 Patient blood management encompasses 
an evidence-based medical and surgical approach that 
is multidisciplinary (ie, including transfusion medi cine 
specialists, surgeons, anaesthesiologists, and critical 
care specialists) and multiprofessional (ie, including 
physicians, nurses, pump technologists, and pharmacists). 
In this approach, preventive strategies are emphasised 
to identify, assess, and manage anaemia in medical13 
and surgical14 patients, including use of pharmacological 
interventions15 and the avoidance of unnecessary 
diagnostic teting to minimise iatrogenic blood loss;16 
to optimise homoeostasis17 and use of point-of-care 
testing;18 and to establish clinical practice guidelines for 

blood transfusions. With recent development of quality–
performance indicators for patient blood management 
by health-care institutions and accreditation organ-
isations,3 the accompanying Clinical Series in The Lancet 
is appropriate and timely, and looks at the eff ect of 
patient blood management on three areas of transfusion 
medicine: blood utilisation, alternatives to blood, and 
inventory management of the blood supply.

Lawrence T Goodnough
Departments of Pathology and Medicine, Stanford University, 
Stanford, CA 94305, USA
ltgoodno@stanford.edu
I declare that I have no confl icts of interest. 
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Panel: Potential risks of blood transfusion
1 Infectious agents

• Transfusion-transmitted disease for which donors are tested*
• Hepatitis B virus (1970 [surface antigen]; 1986–87 [core antibody]; 

2009 [nucleic acid])
• HIV (1985 [antibody]; 1999 [nucleic acid])
• Hepatitis C virus (1986–87 [alanine aminotransferase]; 1990 [antibody]; 

1999 [nucleic acid]) 
• Human T-cell lymphotropic virus (1988 [antibody])
• West Nile virus (2003 [nucleic acid])
• Bacteria (in platelets only; 2004)
• Trypanosoma cruzi (2007 [antibody])
• Cytomegalovirus 
• Syphilis

• Transfusion-transmitted disease for which donors are not routinely tested
• Hepatitis A virus
• Parvovirus B19
• Dengue fever virus
• Malaria
• Babesia spp
• Plasmodium spp
• Leishmania spp
• Brucella spp
• New variant Creutzfeldt-Jakob disease prions
• Unknown pathogens

2 Transfusion reactions
3 Alloimmunisation
4 Medical errors (wrong blood to patient because of mislabelled specimen or patient 

misidentifi cation)
5 Transfusion-associated acute lung injury 
6 Transfusion-associated circulatory overload 
7 Iron overload
8 Immunomodulation
9 Storage lesions (age of blood)

*The target of the screening assay (antibody, microbial antigen, or microbial nucleic acid) and the year of assay implementation 
are shown in parentheses. Updated from reference 3.
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Blood: a precious resource
In The Lancet today is a Series of three reports on blood 
transfusion, which present the concepts, alternatives, and 
challenges. One notable challenge related to transfusion 
is its overuse, since there are many associated risks 
(eg, infection). The fi rst report in the Series points out 
that the identifi cation of non-A non-B hepatitis as one 
of the most common morbid complications of patients 
undergoing cardiac bypass, and the advent of HIV, changed 
the perception that donations from apparently healthy 
donors were safe. This backdrop of infection has driven 
the need to explore refi nements to blood transfusion 
and alternative interventions. One such refi nement was 
a reassessment of haemoglobin concentrations needed 
to prompt transfusion, based on the recognition that 
physiological compensatory mechanisms meant that 
moderate anaemia was associated with few symptoms. 

The second report in the Series explores alternatives to 
blood transfusion through more eff ective management 
of patients. More conservative approaches to blood 
transfusion have been shown to reduce hospital mortality 
and postoperative infections. A patient-centred approach 
is presented in the second report that attempts to 
minimise blood transfusion. However, in countries that 
can aff ord it, pressure on management strategies can be 
reduced by fi nding alternatives to traditional methods of 
transfusion, such as blood derived from stem-cell sources, 
which circumvents infectious and immunological risks.

Beyond infection, blood transfusion can present more 
direct risks. Transfusion-related acute lung injury (TRALI) 
is considered the most common cause of mortality and 
morbidity attributable to transfusion; between 2007 
and 2011 TRALI caused the greatest number of reported 
fatalities associated with this procedure in the USA 
(43%). However, deaths due to TRALI have been reduced 
by measures to decrease the procurement of plasma and 
platelets from female donors. For example, women who 
have been pregnant cannot donate apheresis platelets 
in Canada, and in the UK donors of fresh frozen plasma 
and platelets are either male or are negative for HLA 
antibodies. The third report in the Series expands on the 
principle of streaming donors. Beyond the streaming 
of donors purely on safety grounds, streaming on the 
basis of donor sex can also aff ect the storage quality 
of red blood cells. This process has implications for the 
management of blood and blood products. 

Management of blood in low-income and middle-
income countries is compounded by additional 
factors such as the availability of personnel, premises, 
transport, and power. These complications can make 
it diffi  cult to ensure the provision of safe and eff ective 
blood products. Owing to the diffi  culties in complying 
with generally accepted international standards, 
which include appropriate freezing and cold storage 
conditions, the ability to trace donors, and testing for 
viral infections, facilities in these countries must often 
discard enormous volumes of recovered plasma.

A proposed initiative, endorsed by the WHO 
Blood Regulators Network, to tackle issues of safety, 
availability, quality, and accessibility of blood products 
in low-income and middle-income countries, is the 
addition of whole blood and red blood cells to the WHO 
Model Lists of Essential Medicines (EML). This addition 
is important since governments often consult the EML 
to guide decisions on resource allocation and spending. 
So the anticipation is that adding blood to the EML 
will encourage relevant investment, which should also 
benefi t the development of voluntary unpaid donation 
by improving standards from donor to recipient. 

On June 14, the importance of blood transfusion will 
be once again highlighted on World Blood Donor Day. In 
part, the celebration is to “thank voluntary unpaid blood 
donors for their life-saving gifts of blood”. WHO’s goal 
is for all countries to obtain all their blood supplies from 
voluntary unpaid donors by 2020, since regular donations 
from this group is the only way to assure an adequate 
supply—this is only the case in 62 countries so far.

Overuse of transfusion can magnify associated 
risks, but in places where it is scarce the lack of this 
intervention only adds to these risks. Although 
high-income countries should show restraint and 
innovation in their application of blood transfusion, 
the recognition of blood as an essential medicine 
is commendable; the hope is that this will increase 
the quality and availability of blood products in low-
income and middle-income countries. One way to 
support these measures is to join the celebration of the 
altruism of voluntary unpaid donors, as described so 
eloquently in The Gift Relationship by Richard Titmuss, 
and encourage more donors in countries that are not yet 
self-suffi  cient for blood products.  The Lancet

For more on World Blood Donor 
Day see http://www.who.int/
campaigns/world-blood-donor-
day/2013/en/index.html

For more on access to blood 
products in low-income and 
middle-income countries see 
WHO Drug Info 2013; 27: 3–5 
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Blood Transfusion 1

Concepts of blood transfusion in adults
Lawrence T Goodnough, Jerrold H Levy, Michael F Murphy

Recent progress has been made in the identifi cation and implementation of best transfusion practices on the basis of 
evidence-based clinical trials, published clinical practice guidelines, and process improvements for blood use and 
clinical patient outcomes. However, substantial variability persists in transfusion outcomes for patients in some 
clinical settings—eg, patients undergoing cardiothoracic surgery. This variability could be the result of insuffi  cient 
understanding of published guidelines; diff erent recommendations of medical societies, including the specifi cation 
of a haemoglobin concentration threshold to use as a transfusion trigger; the value of haemoglobin as a surrogate 
indicator for transfusion benefi t, even though only changes in concentration and not absolute red cell mass of 
haemoglobin can be identifi ed; and disagreement about the validity of the level 1 evidence for clinical practice 
guidelines. Nevertheless, institutional experience and national databases suggest that a restrictive blood transfusion 
approach is being increasingly implemented as best practice.

Introduction
Every year, 24 million blood components are transfused 
in the USA and 3 million in the UK, and transfusions 
happen in more than 10% of all hospital stays that include 
a procedure.1 Of the 39 million hospital discharges in the 
USA, 5·8% (2·3 million) are associated with blood 
transfusion.2 Although blood transfusions are believed to 
be lifesaving, this hypothesis has never been proven in a 
prospective controlled clinical trial. Thus, the relative 
benefi t–risk ratio of a blood transfusion is an important 
bedside discussion for patients’ informed consent.3

The use of blood has been aff ected by inherent risks,4 
costs,5 and inventory constraints.6 The annual reports of 
transfusion fatalities by the Serious Hazards of Trans-
fusion (SHOT) scheme in the UK and the US Food 
and Drug Administration (FDA) Center for Biologics 
Evaluation and Research7 in the USA show that 
transfusion-related deaths seem to be falling.8 In 2011, 
69 fatalities among transfusion recipients were reported 
in the USA and eight in the UK, of which 30 (43%) in the 
USA and two (25%) in the UK were defi nitely attributed 
to transfusion. Since the establishment of the French 
haemovigilance network in 19949 and SHOT in the UK in 
1996, transfusion-related acute lung injury (TRALI) has 
been the most common cause of mortality and morbidity 
associated with transfusion. Between 2007 and 2011 in 
the USA, TRALI caused the highest number of reported 
fatalities (43%), followed by haemo lytic transfusion 
reactions (23%) attributable to non-ABO blood group 
(13%) or ABO (10%) incompatibilities.8 The number of 
deaths related to TRALI has decreased, atributable to 
initiatives reducing procurement of plasma and platelets 
from female donors. In view of the known risks and 
potential for unknown risks of blood in relation to the 
poorly quantifi able benefi t of blood transfusions, the 
safest blood transfusion is the one not given.10–12

Awareness of the risks, costs, and eff ect on blood inven-
tory has stimulated much interest in both institution-based 
and national Patient Blood Management initiatives— 

eg, the National Blood Transfusion Committee in England 
and AABB Patient Blood Management in the USA.3,13 
These initiatives have led to an increased focus on 
evidence-based transfusion practices, minimisation of 
blood loss, and optimisation of patient red blood cell mass, 
which can each lead to improved patient outcomes. 
However, the decision to transfuse a patient is not always 
straightforward. No well-defi ned clinical criteria are 
available to show the ideal moment to start transfusion 
treatment,14 and the haemoglobin concentration alone 
poorly shows acute changes in either red blood cell mass 
(defi ned as anaemia) or plasma volumes. No one numerical 
laboratory value can serve as an absolute indicator of the 
need for transfusion15 without the context of clinical or 
patient variables such as risk factors, comorbidities, vital 
signs, and the rate of anaemia onset (acute vs chronic).16

Lancet 2013; 381: 1845–54
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Search strategy and selection criteria

We assessed recent progress to provide a better understanding 
of best transfusion practices on the basis of evidence-based 
clinical trials, published clinical practice guidelines, and 
emerging pathways for improving blood use and clinical patient 
outcomes. We searched the Cochrane Library, Medline, and 
Embase for articles published between Jan 1, 2008, and 
Dec 31, 2012. We used the search terms “blood”, “red blood 
cells”, “plasma”, and “platelets” in combination with the terms 
“clinical practice”, “transfusion trigger”, or “guidelines and 
recommendations”. We largely selected publications in the past 
5 years, but did not exclude commonly referenced and highly 
regarded older publications. We also searched the reference lists 
of articles identifi ed by this search strategy and selected those 
we judged relevant. Review articles and book chapters are cited 
to provide readers with more details and more references than 
this article has room for. Our reference list was modifi ed on the 
basis of comments from peer reviewers. Further information on 
blood transfusions in specifi c clinical settings such as stem cell 
and organ transplantation are available from cited references.

http://crossmark.dyndns.org/dialog/?doi=10.1016/S0140-6736(13)60650-9&domain=pdf
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Red blood cell transfusions
Reasessment of the transfusion trigger
Moderate anaemia has few associated symptoms because 
of substantial compensatory mechanisms that preserve 
oxygen transport in the setting of a reduced concentration 
of haemoglobin. Important physiological compensatory 
mechanisms are increased blood fl ow caused by 
decreased blood viscosity, increased oxygen unloading to 
tissues because of increased concentration of red cell 
diphosphoglycerate, maintenance of blood volume 
attributable to increased plasma volume, and redistri-
bution of blood fl ow.16 Symptomatic manifestations arise 
only when the concentration of haemoglobin is less than 
two-thirds of normal (ie, <90–100 g/L) because basal 
cardiac output increases in patients with anaemia and is 
manifested clinically by fatigue, dyspnoea, and tachy-
cardia (fi gure 1, appendix).18 To treat these signs and 
symptoms, the historical practice was to correct moderate 
anaemia with red blood cell trans fusions or to transfuse 
blood prophylactically, as in one report that stated ”when 
the concentration of haemo globin is less than 8–10 g/dL, 
it is wise to give a blood transfusion before operation”.19

The recognition that transmission of non-A and non-B 
hepatitis was one of the most morbid complications for 
patients undergoing cardiac bypass surgery programmes, 
along with the advent of HIV transmission by blood 
transfusion11 led to the realisation that rather than react 
to the cardiovascular compensatory response to anaemia 
with blood transfusion treatment, a more appropriate 
response, in patients who were otherwise stable and not 
at risk for cardiovascular events, would be to treat 
patients with fl uids to expand intravascular volume 
and allow the compensatory cardiovascular response to 
preserve oxygen transport.20 In resting conditions, oxy-
gen consumption uses only 25% of the oxygen delivered 
to tissues. Additionally, studies show that no clinically 
signifi cant diff erence exists in oxygen delivery between 
haemoglobin concentrations ranging from 100–60 g/L, 
mainly because reduced blood viscosity helps to increase 
blood fl ow to tissues.18

This re-adjustment of the transfusion trigger from 
a haemoglobin concentration of 100 g/L to a lower 
threshold20 was accompanied by the realisation that in 

populations such as Jehovah’s Witness patients who 
decline blood transfusions because of religious beliefs, 
postoperative morbidity, and mortality are not recorded 
until the haemoglobin concentration is very low.21 Risk 
only increases for each gram decrement postoperatively 
when the haemoglobin concentration was less than 
70 g/L.22 This observation was based on the relation 
between oxygen consumption and oxygen delivery, in 
which data from Jehovah’s Witness patients suggest that 
the critical rate of haemodilution, defi ned as the point at 
which oxygen consumption (VO2) starts to decrease 
because insuffi  cient oxygen delivery (DO2) is achieved at 
a haemoglobin concentration of roughly 40 g/L.23

Postoperative mortality is signifi cantly increased in 
patients with cardiovascular disease compared with 
patients without cardiovascular disease (fi gure 1).17 
Therefore, the transfusion trigger should be diff erent for 
patients with cardiovascular disease and patients without 
cardiovascular disease. A post-hoc analysis of one study24 
was accompanied by an editorial observing that “survival 
tended to decrease for patients with pre-existing heart 
disease in the restrictive transfusion strategy group, 
suggesting that critically ill patients with heart and 
vascular disease may benefi t from higher Hb”.25 This 
assessment supported a previously published set of 
clinical practice guidelines that concluded “the presence 
of coronary artery disease likely constitutes an important 
factor in determining a patient’s tolerance to low Hb”.26 
Perioperative myocardial ischaemic episodes are related 
to haematocrit concentrations less than 28% in patients 
undergoing radical prostatectomy.27 A retrospective, 
observational analysis of Center for Medicare Services 
(CMS) data for 79 000 elderly patients (>65 years) 
hospitalised with acute myocardial infarction in the USA 
found that blood transfusion in patients whose ad mis-
sion haematocrit values were less than 33% were 
associated with substantially decreased mortality rates.28 
Therefore, a more aggressive use of blood transfusion in 
the man agement of anaemia in elderly patients might be 
warranted.29 Appreciation of the relative balance between 
benefi ts and risks of blood transfusion has led to several 
randomised controlled clinical trials to better defi ne a 
haemoglobin concentration as a transfusion trigger.

Clinical trials
Only a few randomised controlled trials have provided 
level 1 evidence for blood-transfusion practices. A sys-
tematic review of published work up to 2000 identifi ed ten 
trials.30 The investigators concluded that the evidence 
supported the use of restrictive transfusion triggers in 
patients without serious cardiac disease. One report31 
includes study of cardiac surgery at Texas Heart Institute, 
Houston, TX, USA; patients were randomly assigned by 
medical record number. Study patients received blood 
trans fusions postoperatively for haemoglobin concen-
trations lower than 80 g/L and were compared with a 
control group who had blood transfusions for less than 

See Online for appendix

Figure 1: Adjusted odds ratio for mortality by cardiovascular disease and 
preoperative haemoglobin
Reproduced from Carson and colleagues,17 by permission of Elsevier.
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90 g/L. This study found that a low threshold of 80 g/L did 
not adversely aff ect patient outcomes, and the per centage 
of patients transfused (64% vs 60%, respec tively) did not 
diff er between the cohorts. Additionally, no diff erence 
was seen between the postoperative concen trations of 
haemoglobin, partly because of the narrow targeted 
diff erence by study design, and because of off -protocol 
transfusions in 38% of the study group and 18% of the 
control group.

A 2011 Cochrane systematic review32 of prospective 
randomised trials compared high versus low haemo-
globin concentration thresholds of 19 trials including 
6264 pa tients. The investigators discovered that low 
haemoglobin thresholds were well tolerated, red blood 
cell transfusions were reduced by 34% (95% CI 24–45%) 
in patients randomly assigned to the low haemoglobin 
cohorts, and the number of red blood cell transfusions 
was reduced by 1·2 units (0·5–1·8) in the low haemo-
globin cohorts. Tables 1 and 2 show the largest and most 
infl uential level I studies of red blood cell33–36 and 
platelet37–40 treatment. For red blood cell treatment, four 
prospective randomised trials of patients in intensive 
care,33 patients undergoing cardio thoracic surgery,34 
patients undergoing repair of hip fracture,35 and patients 
with acute upper gastrointestinal haemor rhage36 have 
each studied whether such patients can tolerate a 
restrictive transfusion strategy with the threshold for 
red blood cell transfusion set at a haemoglobin 
concentration of 70 g/L or 80 g/L. These trials found 
clinical outcomes were similar to patients transfused to 
a haemoglobin concentration of more than 90–100 g/L. 

The Transfusion Requirements in Critical Care (TRICC) 
trial33 showed that patients in intensive care could 
tolerate a restrictive transfusion strategy (haemo globin 
concentration range 70–90 g/L, mean 82 g/L) and 
patients transfused more liberally (haemoglobin 
concentration range 100–120 g/L, mean 105 g/L), with 
no diff erences in 30-day mortality rates. In contrast, a 
retrospective study of 2393 patients41 con secutively 
admitted to the intensive care unit found that an ad-
mission haematocrit of less than 25%, in the absence of 
transfusion, was associated with long-term mortality. 
Therefore, haematocrit levels below which the trans-
fusion risk to benefi t imbalance reverses might exist.

The TRACS trial34 (NCT01021631) was a large study 
done at Heart Institute of the University of São Paulo, 
São Paulo, Brazil of patients randomly assigned to 
postoperatively receive either restrictive (haematocrit 
>24%) or liberal (haemato crit >30%) red blood cell 
transfusions. 30-day all-cause mortality was not diff erent 
between the two cohorts (10% in patients receiving 
restrictive transfusions vs 11% in patients receiving 
liberal restrictive trans fusions). The FOCUS trial 
(NCT00071032) found that elderly (mean >80 years of 
age) high-risk (cofactors for cardiovascular disease) 
patients who underwent repair of hip fracture surgery, 
tolerated a haemoglobin trigger without red blood cell 
transfusions postoperatively to as low as 80 g/L (or 
higher with transfusions, if symptomatic).35 In 2013, a 
prospective study36 done at Hospital de la Santa Creu i 
Sant Pau, Barcelona, Spain of patients with upper gastro-
intestinal bleeding showed that patients randomly 

Hb concentration 
threshold (g/L)

Patients 
transfused

Deviation from 
transfusion protocol

Mean Hb concentration at 
transfusion (g/L)

Participation of 
eligible patients

Intensive care33 70 vs 100 67% vs 99% 1·4% vs 4·3% 85 (SD 7)* vs 107 (SD 7)* 41%

Cardiothoracic surgery34 80 vs 100 47% vs 78% 1·6% vs 0·0% 91 (90–92) vs 105 (104–106) 75%

Repair of hip fracture35 80 vs 100 41% vs 97% 9·0% vs 5·6% 79 (SD 6) vs 92 (SD 5) 56%

Acute upper gastrointestinal bleeding36 70 vs 90 49% vs 86% 9·0% vs 3·0% 73 (SD 14) vs 80 (SD 15) 93%

Hb=haemoglobin. *Average daily Hb. †Diff erent grading systems were used for documenting bleeding.

Table 1: Key clinical trials of red blood cell transfusions

Comparisons Patients 
randomly 
assigned

Patients transfused off  
protocol

Median platelet count at 
transfusion (×10⁹/L) (range)

Patients with grade 2 or 
greater bleeding†

Trigger for prophylactic 
platelet transfusion37

Platelet count of 
10×10⁹/L vs 20×10⁹/L

135 vs 120 5·4% vs 2·0% 9 (1–89) vs 14 (0–64) 21·5% vs 20·0%

Platelet dose38 Low dose vs medium 
dose vs high dose

417 vs 423 vs 432 21·0% vs 8·0% vs 14·0% 9 (7–16) vs 9 (7–19) vs 9 (7–12) 71·0% vs 69·0% vs 70·0%

Prophylactic vs 
therapeutic transfusion39

Prophylactic vs 
therapeutic

197 vs 194 11·0% vs 22·0% ·· 19·0% vs 42·0%

Prophylactic vs 
therapeutic transfusion40

Prophylactic vs 
therapeutic

299 vs 301 23·0% vs 14·0% ·· 43·0% vs 50·0%

Hb=haemoglobin. *Average daily Hb. †Diff erent grading systems were used for documenting bleeding.

Table 2: Key clinical trials of platelet transfusions
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assigned to a restrictive (haemoglobin concentration 
<70 g/L versus a liberal (haemo globin concentration 
<90 g/L haemoglobin threshold for blood transfusions, 
had substantially improved outcomes, including mor-
tality at 45 days and rates of rebleeding.

An important limitation of prospectively randomised 
clinical trials is that patients who are both eligible and 
who agree to participate in the study might not be 
representative of all patients in these clinical settings. 
Only 41% of patients eligible for the TRICC trial33 and 
56% of patients eligible for the FOCUS trial35 were 
actually enrolled in the studies, which raised concerns 
about selection bias; did the treating physicians accurately 
predict which patients would survive the study, and not 
enrol the others, thereby ensuring that no diff erences in 
survival outcomes would be recorded be tween treatment 
groups? Another limit ation is the interpretation of the 
transfusion trigger in these studies. The mean pre-
transfusion haemoglobin concentration for patients in 

the restrictive red cell transfusion group of the TRACS 
trial was 91 g/L (table 1). However, some reviews and 
clinical practice guide lines (table 3) have interpreted this 
study to show that a haemoglobin concentration of 70 g/L 
is appropriate for use as the transfusion trigger in patients 
in coronary care. Similarly, the mean haemo globin 
concentration for patients in the restrictive group of the 
TRICC trial was 85 g/L; however, this study has been 
interpreted as showing that a haemo globin concentration 
of 70 g/L is appropriate for use as the transfusion trigger 
in patients in critical care.

Clinical practice guidelines
The number of published clinical practice guidelines 
for red blood cell (table 3),13,26,42–58 platelet (table 4),59–64 and 
plasma (table 5)26,60,64–68 blood transfusions show the 
increasing interest and im portance of appropriate blood 
utilisation by professional societies and health-care 
institutions. The guidelines generally acknowledge the 
necessity of considering patient covariables or other 
patient-specifi c criteria to make transfusion decisions. 
Published guide lines generally agree that transfusion is 
not benefi cial when the haemoglobin concentration is 
greater than 100 g/L, but might be benefi cial when the 
haemoglobin concentration is less than 60–70 g/L.45–47,50–56 
The selection of a discrete concentration of haemoglobin 
as a trigger for transfusion has been controversial. For 
example, the initial guidelines by the American Society 
of Anesthe siology (ASA) in 199644 identifi ed a haemo-
globin con centration of less than 60 g/L as a transfusion 
trigger for acute blood loss, whereas the updated 
2006 ASA guide lines41 noted that “although multiple 
trials have assessed transfusion thresholds on patient 
outcome, the literature is insuffi  cient to defi ne a 
transfusion trigger in surgical patients with substantial 
blood loss.”45

Three guidelines42,47,49 have specifi ed a haemoglobin 
threshold for patients who have acute bleeding only, 
whereas the concept of an empiric haemoglobin con-
centration as a transfusion trigger has been refuted by 
several published clinical practice guidelines.13,26,43,45,48,57 
Arbitrary laboratory values are inadequate to defi ne when 
red blood cell transfusions are appropriate, so each 
patient should be assessed individually, and management 
of anaemia should be patient specifi c.

Variability in red blood cell transfusion outcomes
The variability in transfusion outcomes in patients such 
as those undergoing cardiothoracic surgery has persisted 
since 1991, even after adjustment for patient-related 
factors such as diabetes and renal insuffi  ciency.69–71 The 
most recent analysis of the Society for Thoracic Surgeons 
(STS) and Society of Cardiac Anesthe siology (SCA) data-
base showed continued variation in blood transfusion 
outcomes for patients undergoing coronary artery bypass 
graft surgery (appendix),72 despite publication by the 
societies of clinical practice guidelines in 2007.51 Similar 

Recommendations

NIH Consensus Conference,42 1988 <70 g/L (acute)

American College of Physicians,43 1992 No number

American Society of Anesthesiologists,44 1996 <60 g/L (acute)

American Society of Anesthesiologists,45 2006 No number

Canadian Medical Association,26 1997 No number

Canadian Medical Association,46 1998 No number

College of American Pathologists,47 1998 60 g/L (acute)

British Committee for Standards in Haematology,48 2001 No number

British Committee for Standards in Haematology,49 2012 70 g/L*

Australasian Society of Blood Transfusion,50 2001 70 g/L

Society for Thoracic Surgeons, Society of Cardiovascular Anesthesiology,51 2007 70 g/L

Society for Thoracic Surgeons, Society of Cardiovascular Anesthesiology,52 2011 80 g/L*

American College of Critical Care Medicine, Society of Critical Care Medicine,53 2009 70 g/L

American College of Critical Care Medicine, Society of Critical Care Medicine,54 2009 70 g/L

Society for the Advancement of Blood Management,55 2011 80 g/L

National Blood Authority, Australia,13 2012 No number

AABB,56 2012 70–80 g/L or 80 g/L†

Kidney Disease: Improving Global Outcomes,57 2012 No number

National Cancer Center Network,58 2012 70 g/L

*For patients with acute blood loss. †For patients with symptoms of end-organ ischaemia.

Table 3: Medical society clinical practice guidelines for red blood cell transfusion

Recommendations

British Committee for Standards in Haematology,59 1992 10×10⁹/L*

College of American Pathologists,60 1994 5×10⁹/L*

Consensus Conference, Royal College of Physicians, Edinburgh,61 1998 10×10⁹/L*

American Society of Clinical Oncology,62 2001 10×10⁹/L*

British Committee for Standards in Haematology,63 2001 10×10⁹/L*

Italian Society of Transfusion Medicine and Imunohaematology,64 2009 10×10⁹/L*

*Consider raised threshold for patients with additional risk factors for bleeding.

Table 4: Medical society clinical practice guidelines for trigger for prophylactic platelet transfusions
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data are available from a recent audit of practice of blood 
transfusions in the UK (fi gure 2, appendix).

Quality indicators have been established for cardio-
thoracic surgery programmes in the USA,51 but blood 
transfusions are not included. A survey73 of anaesthetists 
from more than 1000 North American institutions 
discovered that although more than three-quarters of 
anaesthetists and two-thirds of surgeons had read the 
2007 STS/SCA guidelines51 on blood transfusion, 
only 20% reported an institutional discussion and 
14% reported an institutional monitoring group. The 
poor eff ect of guidelines in this setting has been 
attributed to insuffi  cient published level 1 evidence for 
the recommen dations, diffi  culties inherent to inter-
pretation of clinical trials73,74 (eg, low participation rate for 
eligible patients, treatment off -protocol, and so on), and 
the use of haemoglobin concentration as a surrogate 
indicator for impaired oxygen delivery and oxygen 
consumption.75 Other studies have also shown continued 
variability in transfusion outcomes for patients under-
going non-cardiac surgery.76,77

Blood use
Both the paediatric78 and adult hospital3 at Stanford 
University Medical Center, CA, USA, have reduced 
blood use by using the computerised physician order 
entry process for blood transfusions. The haemo -
globin concentration threshold for blood transfusions 
decreased after clinical eff ectiveness teams introduced 
physician education and clinical decision support in 
July, 2010, via best practices alerts and electronic 
physician order entry. Figure 2 shows a subsequent 
analysis of trends in blood use at Stanford University 

Medical Center. Overall blood com ponent transfusions 
increased from 2006 to 2009; how ever, after the best 
practices alerts were implemented in July, 2010, overall 
blood component transfusions de creased until 2012 
(fi gure 2A). This decreasing trend was even more 
pronounced after patient discharges were taken into 
account (fi gure 2B). This model of best practices alerts 
and electronic physician order entry can be used with 
peer-performance review initiatives in departments to 
satisfy accreditation requirements for institutional peer 
review of blood transfusions.

Traditional models of retrospective review for blood 
use have been ineff ective in the improvement of 
transfusion practices.15,79 The model of concurrent 
review at time of physician order entry can be extended 
to include retro spective analyses of outliers within de-
partments or clinical service lines, in which hospital-
based quality com mit tees use these data for physician 
peer-performance review. National data for the use of 
red blood cell units in the USA suggest an estimated 
decrease of 3% in both 2009 and 2010, suggesting that 
how physicians view blood transfusions is changing.3 
This trend is supported by data from the 2007 National 
Blood Collection and Utilization Survey,80 which show a 
progressive annual decrease in the number of patients 
and the percentage of hospitals that have cancelled 
elective surgical procedures because of blood inventory 
constraints. Similar data are available in England; the 
demand for red blood cell units steadily increased 
during the 1990s, successively decreased by 1·3%, 
5·9%, 4·4%, 3·5%, and 2·5% in the years from 2003–04 
to 2007–08 with an increase of 1·8% in 2008–09 and 
decreases of 0·1%, 1·4%, and 0·2% in the following 

Main indications

Consensus Conference, National Institutes of Health,65 
1984

Replacement of isolated factor defi ciencies, reversal of warfarin eff ect, massive blood transfusion, 
treatment of TTP, antithrombin III defi ciency, and immunodefi ciencies

British Committee for Standards in Haematology,66 1992 Replacement of isolated factor defi ciencies in which a specifi c or combined factor concentrate is 
unavailable, immediate reversal of warfarin eff ect, acute DIC, and TTP

College of American Pathologists,60 1994 History or clinical course of a coagulopathy (inherited or acquired) with active bleeding or before an 
invasive procedure, massive transfusion, reversal of warfarin eff ect, antithrombin III defi ciency, 
immunodefi ciencies (in rare instances), and TTP

Canadian Medical Association Expert Working Group,26 
1997

Several acquired coagulation factor defi ciencies—eg, vitamin K defi ciency, warfarin, liver disease in 
which active bleeding is present or before an invasive procedure, acute DIC, massive blood 
transfusion, TTP, replacement of single coagulation factor defi ciencies in which desmopressin or 
appropriate factor concentrates are unavailable

British Committee for Standards in Haematology,67 2004 Replacement of one inherited coagulation factor defi ciency in which a virus-safe fractionated 
product is unavailable, several coagulation factor defi ciencies (eg, DIC), TTP, reversal of warfarin 
eff ect, vitamin K defi ciency in the ICU, and massive transfusion

Italian Society of Transfusion Medicine and 
Imunohaematology,64 2009

Correction of congenital or acquired defi ciencies of clotting factors (for which there is not a specifi c 
concentrate) when the prothrombin time or a partial thromboplastin time is >1·5 (eg, liver 
disease), warfarin reversal, acute DIC, or massive transfusion, TTP, reconstitution of whole blood for 
exchange transfusions, and hereditary angioedema in which C1-esterase inhibitor is not available

AABB,68 2010* Massive transfusion in patients with trauma and warfarin-related intracranial haemorrhage

TTP=thrombotic thrombocytopenic purpura. DIC=disseminated intravascular coagulation. ICU=intensive care unit. *Only six questions relating to plasma use in specifi c 
scenarios were considered.

Table 5: Medical society clinical practice guidelines for plasma transfusion
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3 years, and a reduction of 2·9% in 2012–13 (Bowden M, 
NHS Blood and Transplant, personal communication). 
However, considerable variation remains between 
hospitals in the reduction of blood use, and national 
audits of blood components in the UK suggest that 
overall blood usage could be further reduced without 
patient safety being compromised.81

Treatment with platelets
Prophylactic platelet transfusions did not become 
standard practice for haematology, oncology, and stem-
cell transplant patients receiving intensive treatment 
until the 1970s. The use of platelets has become more 
common since then, and the number of platelet con-
centrates issued in England rose by 8·3% between April, 
2011 and March, 2012.82 However, although platelet trans-
fusions have improved the management of patients with 
severe thrombo cytopenia, three main areas of controversy 

remain:83 what is the optimum prophylactic platelet dose 
to prevent thrombocytopenic bleeding? Which threshold 
should be used to trigger the transfusion of prophylactic 
platelets? Are prophyl actic platelet transfusions better 
than therapeutic platelet transfusions for the prevention 
of thrombo cytopenic bleeding?

Randomised clinical trials have shed light on all three of 
these areas (table 237–40), and this new evidence, apart from 
the very recent data on prophylactic versus therapeutic 
platelet transfusion, has been included in a 2012 systematic 
review.83 The platelet count threshold for prophylactic 
transfusions in patients with haemato logical cancers has 
been reduced from 20×10⁹/L to 10×10⁹/L on the basis of 
trials such as the one done by Rebulla and colleagues,37 
which showed little or no increased bleeding but a 
substantial reduc tion in the use of platelet transfusions. 
In another trial, the dose of platelets had no eff ect on the 
incidence of bleeding.38 The question of the benefi t of 
prophylactic versus thera peutic platelet transfusions 
has also been studied.39,40 A recently published trial 
randomly assigned haematology patients receiving 
intensive chemo therapy or under going haemopoietic 
stem-cell transplantation to either a no-prophylaxis 
platelet transfusion strategy or standard prophylaxis with 
platelet transfusions.40 The incidence of bleeding was 
lower in the prophylaxis group than in the no-prophylaxis 
group (43% vs 50%; 90% CI 1·7–5·2 (table 2). Only 59% 
of patients received a platelet transfusion in the no-
prophylaxis group versus 89% in the prophylaxis group. 
The trial provides evidence for the benefi t of prophylactic 
platelet trans fusions in haematology patients in 
agreement with the results of a previous smaller trial 
from Germany.39 All these platelet transfusion trials 
recorded a high rate of bleeding, which varied according 
to the methods used to docu ment bleeding, showing the 
need for new treatment strategies to minimise bleeding 
in patients with haematological cancers.

National guidelines for platelet transfusions exist in 
many countries and provide advice on when to transfuse 
platelets to prevent spontaneous bleeding, before in vasive 
procedures, and when to treat active bleeding (table 459–64). 
The largest group of patients to receive platelet transfusions 
are haematology patients, who receive up to 67% of all 
platelet concentrates.84 A 2012 survey of platelet trans-
fusions in haematology patients in the UK identifi ed that 
34% of prophylactic platelet transfusions were transfused 
out side the guideline recommendations, and 10% of 
prophylactic transfusions were given as a double dose.85 
The reasons for this inappropriate use, despite the recent 
evidence of the appropriate threshold and dose of plate-
let transfusions, are unclear. Further work is needed to 
implement the fi ndings of high-quality evidence for good 
transfusion practice.

Treatment with plasma
National guidelines exist in many countries and are 
broadly similar in their recommendations for use of 

Figure 2: Trends in blood use at Stanford Hospital and Clinics, USA, 2006–12
(A) Total red blood cells, plasma, and platelets transfused. Best practices alert (BPA) initiative was initiated July, 
2010. Red blood cells, plasma, and platelets transfusions increased between 2006 and 2009, and decreased 
between 2010 and 2012. (B) Blood components transfused between 2008 and 2012, per 1000 patient discharges 
at Stanford Hospital and Clinics.
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plasma (table 526,60,64–68). Recommendations for plasma 
transfusion are: active bleeding before surgery or an 
invasive procedure in patients with acquired defi ciencies 
of one or more coagulation factors, as shown by abnor-
malities in the standard coagulation tests; immediate 
correction of vitamin K defi ciency or reversal of warfarin 
anticoagulant eff ect in patients with active bleeding; 
disseminated intravascular coagulation or consump tive 
coagulopathy with active bleeding; throm botic thrombo-
cytopenic purpura; and patients with a congenital 
coagulation factor defi ciency for which no alternative 
treatments are available or appropriate.

Systematic reviews show a paucity of evidence for the 
eff ectiveness of plasma; 80 randomised controlled trials 
of plasma were analysed in two systematic reviews86,87 
with no consistent evidence of benefi t for the 
prophylactic or therapeutic use of plasma in many 
clinical indications. Studies of plasma treatment have 
been very restricted: no control groups, only mildly 
abnormal coagulation test results, absence of or poorly 
defi ned clinical endpoints, and inadequate doses of 
plasma.86–88 Patients with mild prolonged international 
normalisation ratios (<1·7) are not at risk of bleeding 
and do not need plasma transfusion for minor 
procedures.89 However, plasma treatment or similar 
blood components are still widely used in clinical 
practice in several specialties. The use of these compo-
nents increased by 3·1% in England between April, 
2011, and March, 2012, and by 1·9% in 2012–13 
(Bowden M, NHS Blood and Transplant, personal 
communication). A 2011 UK survey of nearly 
5000 patients who had plasma transfusions recorded 
that 43% of transfusions were given as prophylaxis in 
the absence of documented bleeding for abnormal 
coagulation tests or before surgery or other invasive 
procedures.90 In 31% of prophylactic transfusions, the 
international normal isation ratio was 1·5 or less.90 
Changes in coagulation tests after plasma transfusions 
were generally very small.

Increasing evidence of adverse eff ects of plasma 
transfusion compounds raises concerns about the ineff ec-
tive ness of the procedure. A 2011 study91 identifi ed a high 
incidence (6%) of transfusion-associated circulatory over-
load in patients in intensive care; the main risk factors for 
cases of transfusion-associated circulatory overload com-
pared with controls were a more positive fl uid balance, 
higher volumes of plasma transfused, and a faster rate of 
transfusion. TRALI con tinues to be the most frequent 
cause of mortality and morbidity1 from blood transfusion, 
although the incidence of injury has decreased with the 
use of plasma from male donors or female donors with no 
history of pregnancy.92,93

Cryoprecipitate is given to increase the concentration of 
fi brinogen in patients with acquired hypofi brino genaemia 
or to increase the concentration in bleeding patients. The 
transfusion threshold for fi brinogen con cen tration is 
changing, as normal concentrations are increasingly seen 

as a target for treatment.94 In countries where cryo precipi-
tate is not available, fi brino gen con centrates are used.94

Patients with trauma
Haemorrhage is responsible for almost 50% of deaths 
occurring within 24 h of traumatic injury and for up to 80% 
of intraoperative trauma mortalities.95–97 Blood component 
support before and after control of massive haemorrhage 
is critical in these scenarios. Traditionally, resuscitation 
has been initiated with large volumes of crystalloid, 
accompanied by treatment with red blood cells.98 Plasma, 
platelets, and cryoprecipitate are then supplemented on 
the basis of laboratory values and at the discretion of the 
anaesthetic and surgical teams. The goal of this strategy is 
to treat coagulopathy after the patient is stabilised and the 
acute resuscitation is complete. However, fi ndings from 
studies suggest that even in cases where clinically apparent 
coagulopathy attributable to haemorrhage is addressed 
with early administration of plasma, the amount infused 
often falls substantially below the amount needed to 
address the complex coagulopathy related to dilution, con-
sumption, and fi brinolysis.99 Moreover, administra tion of 
large crystal loid volumes is independently associated with 
increased haemorrhage and decreased survival rates.100

An estimated 10% of military patients with trauma and 
3–5% of civilian patients with trauma receive massive 
transfusions (generally defi ned as >10 units of red blood 
cells given within 24 h of treatment initiation).101 This focus 
on the replenishment of red blood cells does not address a 
substantial subset of patients who would probably benefi t 
from additional blood component treatment over a shorter 
interval.102 Both Moore and colleagues102 and Holcomb and 
coworkers103 showed that patients receiving 10 units of red 
blood cells in the fi rst 6 h after injury had a higher rate of 
mortality than did those receiving the same quantity over 
24 h. Early identifi cation of this patient population and the 
adher ence to massive transfusion protocols that provide 
early management of associated coagulopathy have been 
associated with improved survival.99

Because of the need for rapid response, transfusion 
services have implemented blood-ordering protocols to 
quickly and effi  ciently provide suffi  cient amounts and 
types of blood products to patients with massive 
haemorrhage. Many criteria are available to help to assess 
the eff ectiveness of diff erent strategies used by trans-
fusion services. Inves tigation of the eff ectiveness of these 
protocols should include several parameters: clinical 
outcomes (survival, length of hospital stay, multisystem 
organ failure, infection rate, and so on), postresuscitation 
laboratory parameters (haemoglobin concentration, pro-
thrombin time, partial thromboplastin time, fi brino gen, 
and platelet count), and 24-h blood component and 
crystalloid use.

Observational studies of military and civilian trauma 
report the benefi t of transfusion of whole blood or whole 
blood equivalents in patients needing massive trans-
fusion with maintained transfusion ratios of 1:1:1 for 
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16 Goodnough  LT, Despotis GJ, Hogue CW Jr, Ferguson TB Jr. 
On the need for improved transfusion indicators in cardiac surgery. 
Ann Thorac Surg 1995; 60: 473–80.

17 Eff ect of anaemia and cardiovascular disease on surgical mortality 
and morbidity. . Lancet 1996; 348: 1055–60.

18 Finch CA,  Lenfant C. Oxygen transport in man. N Engl J Med 1972; 
286: 407–15.

19 Adams RC, Lundy JS. Anesthesia in cases of poor surgical risk: 
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20 Madjdpour  C, Spahn DR, Weiskopf RB. Anemia and perioperative 
red blood cell transfusion: a matter of tolerance. Crit Care Med 2006; 
34 (suppl 5): 102–08.

21 Spence RK,  Costabile JP, Young GS, et al. Is hemoglobin level alone 
a reliable predictor of outcome in the severely anemic surgical 
patient? Am Surg 1992; 58: 92–95.

22 Carson JL,  Noveck H, Berlin JA, Gould SA. Mortality and morbidity 
in patients with very low postoperative Hb levels who decline blood 
transfusion. Transfusion 2002; 42: 812–18.

23 van Woerke ns EC, Trouwborst A, van Lanschot JJ. Profound 
hemodilution: what is the critical level of hemodilution at which 
oxygen delivery-dependent oxygen consumption starts in an 
anesthetized human? Anesth Analg 1992; 75: 818–21.

24 Hebert PC,  Yetisir E, Martin C, et al. Is a low transfusion threshold 
safe in critically ill patients with cardiovascular diseases? 
Crit Care Med 2001; 29: 227–34.
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evidence-based critical care medicine. Crit Care Med 2001; 29: 139–40.

26 Expert Wor king Group. Guidelines for red blood cell and plasma 
transfusion for adults and children. Can Med Assoc J 1997; 
156 (suppl 11): 1–24.

units of red blood cells, plasma, and platelets.104,105 How-
ever, other studies have reported increased morbidity 
such as multi organ system failure associated with 
transfusion of plasma products;106 there seem to be 
distinct roles for both trauma and for blood transfusion in 
induction of immune modulation after injury.105 The use 
of such formulaic ratios or point-of-care-testing or both 
are the subject of intense interest to address transfusion 
medi cine support of patients with massive haemorrhage 
and coagulopathic bleeding.107

Conclusions
Blood transfusions carry risks, and are expensive, and 
blood supply is scarce. As a result, blood use and trans-
fusion outcomes are under renewed scrutiny by health-
care institutions, regulatory agencies, and accreditation 
organisations.3,12,108 Additionally, profes sional societies are 
well positioned to incorporate blood transfusion out-
comes as quality indicators in their own guidelines and 
recommenda tions.109 Physicians and hospital depart-
ments of quality and cost-eff ectiveness should introduce 
patient blood management initiatives to improve patient 
safety and clinical outcomes. Despite recent progress 
made on the basis of high-quality clinical trials, many 
uncertainties remain in the identifi cation and imple-
mentation of best transfusion practices. The presumed 
benefi ts of blood transfusion are being challenged by the 
fi ndings of recent trials, which show that restrictive 
transfusion practices are equivalent or better than liberal 
transfusion practices. Additional data are needed to 
establish the optimum use of red cell, platelet, and 
plasma transfusions in diff erent clinical settings—eg, 
trauma and cardiac surgery. Evidence of an association 
between decreased use of blood and non-transfusion-
based strategies (eg, anti fi brinolytic drugs such as 
tranexamic acid) is increasing, and further trials are 
needed to show the eff ectiveness of these strategies in 
more clinical situations. Finally, more research is needed 
to overcome clinicians’ resistance to change and to fi nd 
out how best to translate the fi ndings of these clinical 
trials into clinical practice.
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Alternatives to blood transfusion
Donat R Spahn, Lawrence T Goodnough

The use of alternatives to allogeneic blood continues to rest on the principles that blood transfusions have inherent 
risks, associated costs, and aff ect the blood inventory available for health-care delivery. Increasing evidence exists of a 
fall in the use of blood because of associated costs and adverse outcomes, and suggests that the challenge for the use 
of alternatives to blood components will similarly be driven by costs and patient outcomes. Additionally, the risk–
benefi t profi les of alternatives to blood transfusion such as autologous blood procurement, erythropoiesis-stimulating 
agents, and haemostatic agents are under investigation. Nevertheless, the inherent risks of blood, along with the 
continued rise in blood costs are likely to favour the continued development and use of alternatives to blood transfusion. 
We summarise the current roles of alternatives to blood in the management of medical and surgical anaemias.

Introduction
Although the safety of blood has improved substantially 
since the 1980s, when HIV was discovered to be blood 
transmissible,1 blood transfusion is an independent risk 
factor for adverse patient outcomes.2 Blood transfusions 
have been associated with increased mortality,3 increased 
length of hospital stay related to infections and sepsis,4 and 
multi-organ system dys function.5 A recent meta-analysis6 
of 19 prospective, randomised trials comparing restrictive 
versus liberal transfusions in more than 6000 patients 
found that adherence to restrictive blood transfusion 
decreased hospital mortality and post operative infections. 
Erythro cyte damage related to duration of blood storage7 
might partly account for these observed adverse patient 
outcomes. Canine models suggest that old blood has a 
propensity to haemolyse in vivo, releasing vasoconstrictive 
cell-free haemoglobin;8 and post trans fusion, patients have 
decreased deform ability of the erythrocyte membrane 
related to duration of blood storage.7 Finally, potential 
known and unknown risks such as transmission of blood-
borne pathogens are still concerns;9 therefore, blood 
transfusions need to be restricted. 

The detection, assessment, and treatment of pre opera-
tive anaemia are important in the planning of strategies to 
minimise allogeneic blood transfusions.10 Anaemia is the 
most important risk factor for transfusion,10 and 30% of 
surgical patients present pre operatively with anaemia.3 
Addition ally, preoperative anaemia (haemo globin of 
100–120 g/L in women and 100–130 g/L in men) has been 
independently associated with increased mortality and 
morbidity in patients undergoing non-cardiac surgery.3 
The successful management of pre operative anaemia 
decreases blood transfusions in patients undergoing 
orthopaedic11 and cardiac surgery.12 The use of algorithm-
guided treatment of patients with trauma,13 and in patients 
undergoing orthopaedic11,14 and cardiac surgery15,16 has 
been associated with decreased transfusion needs and 
improved patient outcomes such as complications, length 
of hospital stay, and mortality. 

Strategies to decrease perioperative blood losses are 
also important, including meticulous surgical technique, 

use of autologous blood salvage, acute normovolaemic 
haemodilution, and avoid ance of coagulopathy and hypo-
thermia.17 In addition to blood and patient safety issues, 
cost needs to be considered: in the USA, when all the 
activities involved in blood transfusion are considered, 
the estimated price of transfusion of one blood unit is 
between US$700–$1200.18 These costs vary among coun-
tries. The admin istration costs associated with blood 
trans fusion are estimated to be three to fi ve times higher 
than the purchase costs. We summarise strategies that 
enable patients to minimise or avoid blood transfusions 
in the management of surgical and medical anaemias.

Surgical patients
Preoperative management
Preoperative planning is essential to reduce or avoid 
perioperative allogeneic transfusion. A thorough patient 
history is the best method to discover clinically impor-
tant disorders in haemostasis—eg, bleeding related to 
previous surgical and dental procedures, epistaxis, menor-
rhagia, excessive bleeding with major trauma, and easy 
bruising or joint or muscle swelling after minor trauma. 
Figure 1 shows the principles of patient blood management 
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Search strategy and selection criteria

We assessed recent progress to provide a better understanding of best transfusion 
practices on the basis of evidence-based clinical trials, published clinical practice guidelines, 
and emerging pathways for improving blood use and clinical patient outcomes. We 
searched the Cochrane Library, Medline, and Embase for articles published between Jan 1, 
2008, and Dec 31, 2012. We used the search terms “blood alternatives”, “pharmacologic 
alternatives to blood”, “erythropoiesis-stimulating agents”, “recombinant clotting factors”; 
“haemostasis agents”, and “antifi brinolytic agents”. We largely selected publications in the 
past 5 years, but did not exclude commonly referenced and highly regarded older 
publications. We also searched the reference lists of articles identifi ed by this search 
strategy and selected those we judged relevant. Review articles and book chapters are cited 
to provide readers with more details and more references than this article has room for. 
Our reference list was modifi ed on the basis of comments from peer reviewers. Further 
information on blood transfusions in specifi c clinical settings such as stem cell and organ 
transplantation are available from cited references.
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and the use of alternatives to blood. For most non-cardiac 
surgery procedures, intra-operative tests of the coagulation 
system are not necessary except in the event of unexpected 
and substantial bleeding. The most important predictor of 
need for blood transfusion during surgery is the patient’s 
baseline red blood cell volume. Figure 2 shows how 
preadmission testing should take place as far in advance 
as possible (eg, 30 days) of elective surgery to allow time 
for ade quate identifi cation, assess ment, and management 
of anaemia.10,20 The most fre quent, treatable cause of 
anaemia is iron defi ciency.21 The assessment of anaemia 
should also consider unexpected diagnoses, including 
chronic kidney disease or occult malignant disease. This 
approach needs close collabor ation among the patients’ 
primary care physicians, sur geons, anaes thesiologists, 
and the medical director of the institution’s pre-admission 
testing programme, so that investigation of the elective 
surgical patient takes place far enough in advance (up to 
30 days) to allow management of unexpected anaemia.

Pharmacological alternatives to blood components are 
important in patient blood management in the surgical 
setting (fi gure 2) and in patients with medical anaemias 
such as anaemia associated with chronic infl ammatory 
disease, chemotherapy-induced anaemias in patients with 
cancer, and anaemia associated with end-stage chronic 
kidney disease. The use of erythropoiesis-stimu lating 
agents was fi rst approved to increase the con centration of 
haemoglobin in patients with chronic kidney disease.22 
Erythropoiesis-stimulating agents were then approved for 

use in patients undergoing elective surgery on the basis 
of prospective randomised trials that showed reduced 
allogeneic blood transfusions in patients undergoing 
orthopaedic surgery. Management of anaemia with 
erythro poiesis-stimulating agents or iron in patients 
under going orthopaedic10,11 or cardiac12,23 surgery is recom-
mended as a blood-conservation strategy. However, the 
safety of erythropoiesis-stimulating agents in surgical 
settings has been reasessed after a post-approval study24 
showed that patients scheduled for elective spine surgery 
who received preoperative erythropoiesis-stimulating 
agents had higher rates of thrombosis (assessed with 
Doppler evaluation) than patients who received placebo. 

The role and the safety of erythropoiesis-stimulating 
agents in the management of preoperative patients with 
anaemia who are undergoing cardiovascular surgery are 
unresolved issues. Two European trials25,26 with 76 and 
320 patients showed no diff erences in mortality, thrombotic 
events, or serious adverse events between patients given 
erythro poiesis-stimulating agents and patients given 
placebo; a sub stantial reduction in blood transfusions was 
evident. A US study27 also concluded that erythropoietic 
stimulation was well tolerated despite some late deaths in 
patients given erythropoietic stimulating agent. How-
ever, data from this study led the US Food and Drug 
Administration to restrict the use of erythropoiesis-
stimulating agents in the USA in the elective surgical 
setting to non-vascular, non-cardiac patients undergoing 
major elective surgery. Similarly, approval for perisurgical 

Figure 1: Patient blood management
These recommendations apply in the perisurgical period enable treating physicians to have the time and methods to provide patient-centred and 
evidence-based patient blood management to minimise allogeneic blood transfusions. Modifi ed from Goodnough and Shander,19 by permission of the 
American Society of Anesthesiologists.
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• Blood-sparing surgical techniques
• Anaesthetic blood-conservation strategies
• Acute normovolaemic haemodilution 
• Cell salvage and reinfusion
• Pharmacological and haemostatic agents
• Avoid coagulopathy

• Time surgery with optimisation of red blood 
cell mass

• Optimise cardiac output
• Optimise ventilation and oxygenation
• Evidence-based transfusion strategies 

• Manage nutritional or correctable anaemia 
(eg, avoid folate deficiency, iron-restricted 
erythropoiesis) 

• Treatment with erythropoiesis-stimulating agents 
if appropriate

• Be aware of drug interactions that can cause 
anaemia (eg, ACE inhibitor) 

• Monitor and manage bleeding
• Maintain normothermia (unless hypothermia 

indicated)
• Autologous blood salvage
• Minimise iatrogenic blood loss
• Management of haemostasis and anticoagulation 
• Awareness of adverse effects of medications 

(eg, acquired vitamin K deficiency)

• Maximise oxygen delivery
• Minimise oxygen consumption
• Avoid and treat infections promptly
• Evidence-based transfusion strategies

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




Series

www.thelancet.com   Vol 381   May 25, 2013 1857

use of erythropoiesis-stimulating agents in the European 
Union has been restricted to elective orthopaedic surgical 
patients. Erythro poiesis-stimulating agents remain a 
valuable means for patients with special requirements, 
such as Jehovah’s Witness patients, for whom blood 
transfusion is not an option.28 However, until additional 
safety data are available, the off -label use of erythropoiesis-
stimulating agents in patients undergoing cardiac or 
vascular surgery cannot be supported.

Since the 1980s, preoperative autologous donation has 
been a common practice in elective surgical settings 
such as total joint replacement. In 1992, more than 6% of 
the blood transfused in the USA was autologous.29 
Subsequent improvements in blood safety have been 
accompanied by a decreased interest in preoperative 
autol ogous donation.30 Nevertheless, preoperative autolo-
gous donation remains a potential strategy for patients 
undergoing elective surgery because of its conservation 
of allogeneic blood inventory, its value in patients with 
red blood cell alloantibodies, and the potential to limit 
exposure to emerging blood pathogens. The most recent 
example of an emerging blood pathogen is the West Nile 
virus, in which the Centers for Disease Control and 
Prevention recommended deferral of elective surgery or 
use of preoperative autologous donation pending imple-
mentation of a screening test for the pathogen. However, 

preoperative autologous donation is not recommended 
in procedures that are unlikely to need transfusion (eg, 
vaginal hysterectomy, transurethral resection of the 
prostate, and rhinoplasty)—ie, the less than 10% of cases, 
for which cross-matched blood would not be ordered.

The increased costs associated with preoperative autol-
ogous donation, the reduced risk of infection associated 
with allogeneic blood transfusions, and advances in 
surgical techniques to reduce blood loss have made 
preoperative autologous donation poorly cost eff ective. 
In a controlled trial of non-anaemic patients who pre-
donated two autologous blood units before total hip 
replacement surgery, none of the patients, including the 
control cohort, received allogeneic blood; however, two-
thirds of the patients in the preoperative autologous 
donation cohort received their autologous blood, for 
an additional cost of $758 per patient.31 Preoperative 
autologous donation might be appropriate for substantial 
procedures (eg, total hip revision or scoliosis repair) and 
for patients with serologic alloantibodies to blood.30

Management of blood loss anaemia
Perioperative autologous blood procurement
Acute normovolaemic haemodilution is the removal of 
whole blood from a patient while the circulating blood 
volume is restored with an acellular fl uid shortly before 

Figure 2: Algorithm for the detection, assessment, and management of preoperative anaemia
SF=serum ferritin. TSAT=transferrin saturation. Modifi ed from Goodnough and colleagues,10 by permission of Oxford Journals.

Haemoglobin <120 g/L for females
Haemoglobin <130 g/L for males
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gastroenterologist to
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Iron therapy
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substantial surgical blood loss. Blood units are reinfused 
in the reverse order of collection because the fi rst unit 
collected and the last unit transfused have the highest 
concentration of red blood cells, coagulation factors, and 
platelets. The benefi t of acute normovolaemic haemo-
dilution is the reduction of blood loss when whole blood is 
shed perioperatively at lower haematocrit values achieved 
with acute normovolaemic haemodilution. Because blood 
collected by acute normovolaemic haemodilution is stored 
at room temperature in the operating room and is 
returned to the patient within 8 h of collection, platelets 
and coagulation factors remain functional. Additionally, 
unit testing is not essential. Acute normovolemic haemo-
dilution is cheaper but equivalent to preoperative 
autologous donation in selected clinical settings (eg, 
patients with a high preoperative haemoglobin concen-
tration undergoing a surgical procedure with a high 
expected blood loss such as a revision hip replacement), 
for reduction of allogeneic blood transfusions.29 Other 
outcomes including anaesthesia and surgery times, intra-
operative haemo dynamic values, and length of hospital 
stay were also similar for preoperative autologous dona-
tion and acute normovolaemic haemodilution. Low-
volume acute normovolaemic haemodilution did not 
reduce allogeneic blood for patients undergoing cardiac 
value replacement surgery.32 Except for patients under-
going open heart coronary artery bypass surgery and 
Jehovah’s Witnesses, there is no presently defi ned role for 
acute normo volaemic haemo dilution.

As with preoperative autologous donation and acute 
normovolaemic haemodilution, the safety and effi  cacy 
of autologous blood salvage has undergone scrutiny. A 
controlled study in patients undergoing cardiothoracic 
surgery showed little effi  cacy when transfusion require-
ments and clinical outcomes were followed.33 Collection 
of the equivalent of one blood unit is possible for less 
expensive methods with unwashed blood, but at least 
two blood units need to be recovered with a cell-saver 
instrument with washed blood in order to achieve cost-
eff ectiveness. Therefore, this technology is useful in 
cost savings and blood-inventory con servation for 
patients with substantial blood loss.34,35 However, the 
above cost calcu lations only took into account the 
product cost and not the costs related to administration 
of blood.17 If full costs of blood adminis tration are 
considered, autologous blood procurement becomes 
more cost eff ective.18

Cardiac surgery
In cardiac surgery, perioperative assays for platelet count, 
haemoglobin concentration, and coagulation abnor-
malities are obtained, and treatment should be guided by 
results. Point-of-care devices to monitor coagulation, 
coupled with treatment algorithms for pharmacological 
and transfusion treatment, have roles in liver trans plan-
tation, cardiac,15,16 and trauma13 surgery. In a pros pective 
randomised study in patients undergoing aortic surgery 

with clinically relevant coagulopathic bleed ing after 
cardiopulmonary bypass, the adminis tration of fi b rino-
gen guided by thrombelastometry decreased overall 
trans  fusion needs from 13 to 2 units of allogeneic blood 
products (p<0·001) and increased the percentage of 
patients who avoided all allogeneic blood products from 
0–45% (p<0·001).16

For patients with qualitative platelet function abnor-
malities, desmopressin promotes platelet aggre gation 
through the release of von Willebrand factor from the 
endothelium and was initially approved for the treatment 
of von Willebrand disease. Meta-analyses of clinical trials 
in patients without von Willebrand disease undergoing 
surgery have shown a trend in reducing the need for 
allogeneic blood transfusions36 with only a small reduction 
in blood trans fusions37 with desmopressin treatment. In 
particular, patients with impaired platelet function38 or 
those on platelet inhibitors39 might benefi t from treat-
ment with desmopressin. The drug also improves platelet 
function in the presence of hypothermia and acidosis.40 
Initial concerns regarding increased throm botic com pli-
cations were not confi rmed in more recent meta-
analyses.37 The routine use of desmopressin as a 
prophyl actic agent is still debated in cardiac surgeries, 
and is not presently recommended.23

Point-of-care testing-based transfusion algorithms 
show promise in the identifi cation of real-time coagu-
lopathies that can be given targeted treatment.41 A retro-
spective cohort study done at University Hospital Essen, 
Germany, reviewed 3865 patients undergoing cardiac 
surgery and the inci dence of intraoperative allogeneic 
blood trans fusion before and after imple mentation of 
point-of-care testing assays including activated clotting 
time, thrombo elast ometry, and whole-blood impedance 
aggregometry (also called multiple electrode aggre-
gometry). Algorithm imple mentation after point-of-care 
testing allowed for the transfusion of plasma, platelets, 
fi brinogen concentrate, and prothrombin complex 
concen    trate only after abnor mal point-of-care testing 
values were obtained. Findings showed a signifi cant 
decrease in blood and plasma trans fusions, a signifi cant 
increase in platelet, fi brinogen concen trate, and pro-
thrombin complex concen trate admin  is  tration, and 
reduction by 50% of rates of re-operation for bleeding and 
for thrombotic complications.

Antifi brinolytic agents have been used to reduce blood 
loss in patients undergoing complex open heart pro-
cedures. Antifi brinolytics inhibit the physiological fi brino-
lytic pathway, which is responsible for limiting and 
dissolving clots. Aminocaproic acid reduces blood loss and 
blood transfusions in patients undergoing cardiac sur-
gery.42 Aprotinin was removed from the market in 2007, 
but a re-investgation of the Blood Conservation Using 
Antifi brinolytics in a Randomized Trial (BART) study43 and 
other data have led to a reversal of this decision and plans 
exist for the reintroduction of aprotinin in Canada and the 
European Union for patients undergoing car diac surgery.44 
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A Cochrane review concluded that anti fi brinolytics provide 
worthwhile reductions in blood loss and allogeneic blood 
transfusions; and that although aprotinin seems to be 
slightly more eff ective, the lysine analogues seem to have 
no serious adverse events.45 A meta-analysis of studies 
including more than 10 000 patients has shown that the 
lysine analogue tranexamic acid reduces the need for 
trans fusion in patients undergoing surgery.46 In a clinical 
trial (CRASH 2) of 20 000 patients with trauma,47 early 
administration of 1 g tranexamic acid before an 8-h infusion 
of another gram resulted in a decrease in mortality and 
thrombotic complications, if treatment was started within 
the fi rst 3 h after trauma.

Fibrinogen has a central role in the formation of 
the platelet plug.48 Recent recommendations call for a 
minimum fi brinogen concentration of 1·5–2·0 g/L in 
surgical patients49,50 and for a fi brinogen concentration of 
more than 2·0 g/L in postpartum bleeding.51 Treatment 
with fi brinogen concentrates is more eff ective than 
conven tional treatment with plasma in the repletion of 
fi brinogen concentrations in patients with haemor-
rhage.52 In a prospective randomised study in patients 
under going coronary artery bypass surgery 2 g of 
fi brinogen decreased blood loss and the decrease in 
haemoglobin post operatively.53 Finally, in a prospective 
randomised study in patients undergoing aortic surgery 
with clinically relevant coagulopathic bleeding after 
cardio pul monary bypass, administration of fi brinogen 
guided by thromb elastometry decreased overall trans-
fusion needs from 13 to 2 units of allogeneic blood 
products (p<0·001).16 Although reports have been 
published on the use of fi brinogen concentrate as a 
haemostatic agent, evidence for the usefulness of this 
treatment is not yet conclusive in all surgery specialties.

Trauma
Patients with blunt or penetrating trauma and massive 
haemorrhage need complex resuscitation to address 
dilutional and consumptive coagulopathies that are often 
accompanied by hypothermia and acidosis.54 Point-of-care 
testing has enabled analysis of these coagulation abnor-
malities in the setting of major trauma. Rugeri and 
colleagues55 did a prospective observational study in which 
90 patients with trauma underwent standard coagulation 
assays along with thrombelastometry. Their data showed 
the ability of point-of-care testing technology to rapidly 
detect in-vivo coagulopathic changes in these patients.

Rapid thrombelastography was shown to be better than 
conventional coagulation tests in the prediction of 
transfusion needs in nearly 2000 trauma patients.50 A 
meta-analysis concluded that point-of-care testing had a 
substantial eff ect on the amount of bleeding in massively 
transfused patients, but did not show improve ment in 
morbidity or mortality.56 More studies are needed to 
further investigate the role of point-of-care testing in the 
diagnosis and treatment of coagulopathy in patients with 
trauma. Further studies are also needed to assess the 

appropriateness and optimisation of early goal-directed 
treatment in patients with coagulopathic trauma, and to 
fi nd out if component-specifi c treatment could improve 
present transfusion proto cols, reduce transfusion-asso-
ciated complications, and improve coagulopathy-related 
morbidity and mortality.

Prothrombin complex concentrates are increasingly 
used off -label in trauma and surgical settings associated 
with coagulopathy.49 Targeted treatment with pro thrombin 
complex concentrates with rotation thrombelastometry-
based algorithms has shown signifi cant reductions in 
transfused blood components.57 Nevertheless, the role of 
prothrombin complex concentrates in perioperative-
related bleeding remains uncertain.58 To avoid thrombotic 
complications, care should be taken to avoid excessive 
treatment via accurate monitoring of patients’ coagu-
lation status.

Inherited and acquired coagulopathies
A history of bleeding episodes or physical signs of bleeding 
mandate a full bleeding workup and consultation with a 
haematologist to assess platelet numbers and function and 
the presence of inherited or acquired coagulation factor 
defi ciencies. The patient’s medication profi le can reveal 
inhibitory drugs, such as aspirin or aspirin-containing 
compounds, non-steroidal anti-infl ammatory drugs, war-
farin, chronic steroid use, platelet inhibitors, oral anti-
thrombin or Xa anticoagulants, or low molecular weight 
heparin. The history might also reveal acquired coagulation 
disorders associated with parenchymal liver disease, renal 
failure, or myeloproliferative syndromes.

Prothrombin complex concentrates, one-factor concen-
trates, and recombinant coagulation factors are approved 
for use in patients with inherited coagulation factor 
defi ciencies. Some of these products have been approved 
as haemostatic agents in patients with acquired coagu-
lopathies, such as the management of acute reversal of 
warfarin coagulopathy , alongside vitamin K treatment.59 
Prothrombin complex concentrates that contain all four 
(II, IX, X, and VII) of the vitamin K-dependent clotting 
factors are approved internationally, including the USA. 
Three-factor prothrombin complex concentrates are 
approved only for the replacement of factor IX; therefore,  
the use of these three-factor prothrombin complex 
concentrates for reversal of warfarin is controversial.59

The safety of prothrombin complex concentrates 
compared with plasma is a subject of debate.59 In the 
setting of emergency reversal of warfarin coagulopathy, a 
review of eight clinical studies60 identifi ed a thrombo-
embolic event rate of 0·9% associated with treatment with 
prothrombin complex concentrates. These throm botic 
events arose during emergency reversal of anti coagulation 
in patients with a high thrombosis risk attributable to 
underlying disease. Guidelines from several medical 
societies on the use of prothrombin complex concentrates 
for acute warfarin reversal have been published59 and have 
recommended that prothrombin complex concentrates be 
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given as an alternative to fresh frozen plasma. The most 
recently updated guide lines from the American College of 
Chest Physicians61 recommend treatment with pro-
thrombin complex con centrates instead of plasma for 
acute reversal of warfarin coagulopathy. The uncertain 
role of pro thrombin complex concentrates in comparison 
with treatment with plasma for acute warfarin reversal is 
partly attributable to the variability in the contents 
and amount of clotting factors in these preparations;59 
regulatory approval status for diff erent countries; scarcity 
among hospital formu laries, particu larly in small com-
munity hospitals; and potential risks of thrombogenicity 
in patients with an underlying disease who have a high 
thrombotic potential.

Recombinant activated factor VII complexes directly 
with tissue factor released from the subendothelium at 
sites of vascular disruption. Recombinant activated 
factor VII also binds to activated platelets, which con-
centrates factor X activation to sites of tissue injury. 
Approved indications of recombinant activated factor VII 
are treatment of bleeding episodes (or prevention of 
bleeding from invasive procedures) in patients with 
congenital haemophilia A or haemophilia B who have 
inhibitors to factors VIII or IX; patients with congenital 
factor VII defi ciency; and in patients with acquired 
haemophilia. Additionally, in the European Union, recom-
binant acti vated factor VII is approved for patients with 
inherited qualitative platelet defects. How ever, these 
approved indications accounted for only 3121 (4·2%) of 
73 747 cases reported to use recombinant activated factor 
VII in the USA from 2000–08.62 A system atic literature 
review found little evidence of effi  cacy for fi ve off -label 
clinical settings (intracranial haemorrhage, cardiac sur-
gery, trauma, liver trans plantation, and pros tatec tomy), 
with no mortality reduc tion associated with use of 
recombinant activated factor VII in these settings.63

The safety profi le of recombinant activated factor VII 
suggests an increased risk of thrombotic arterial events 
that might be under-reported by treating physicians. Levi 
and colleagues64 analysed 35 randomised trials with 
4468 patients including patients with haemophilia with 
inhibitors to factors VIII or IX, and off -label settings such 
as trauma, liver transplantation, and patients with gastro-
intestinal bleeding caused by cirrhosis. Investigators 
found that 11·1% of patients had thromboembolic events. 
Rates of venous thromboembolic events were similar for 
patients who received recombinant activated factor VII 
(5·3%) compared with patients given placebo (5·7%); 
however, arterial events were signifi cantly higher (5·5% vs 
3·2%, p<0·003) in patients older than 75 years of age who 
were receiving recombinant activated factor VII than in 
patients given placebo.

New alternatives in development
Factor XIII is activated by thrombin and crosslinks soluble 
fi brin monomers into insoluble fi brin strands. Additionally, 
activated factor XIII protects the developing clot from 

fi brinolysis and has important roles in wound healing.65 
Low concentrations of factor XIII (<60% in neurosurgery 
and <70% in cardiac surgery) are asso ciated with post-
operative haemorrhage, and replace ment treatment has 
been shown to reduce post operative bleeding.66,67 Factor 
XIII also decreased transfusion needs in patients at high 
risk of intra operative bleed ing.68 Therefore, the peri-
operative monitoring and targeted replacement of factor 
XIII concentrations is a promising approach to decrease 
transfusion needs and postoperative bleeding. Factor XIII 
has been recom mended as a haemostatic agent to stabilise 
clots in patients bleeding after cardiac surgery, when other 
treatments have not yielded satisfactory results.23 The 
source of factor XIII varies according to local availability: 
factor XIII concen trate, cryoprecipitate, or plasma. Human 
recom binant factor XIII is approved and has been 
successfully used in the treatment of congenital factor XIII 
defi ciency,69 but is not yet approved for patients with 
acquired factor XIII defi ciency.65 More data are needed to 
justify the routine use of human recom binant factor XIII 
as a haemostatic agent.

The use of topical haemostatics continues to evolve and 
enter clinical practice at a rapid rate.70 Although reports 
exist of antibody formation against bovine coagulation 
factors with cross-reactivity to human coagulation factors 
resulting in coagulopathy, this has not been seen with 
products containing (recombinant) human thrombin.71 
These agents can be especially useful when access to the 
bleeding site is diffi  cult.72 A controlled study in patients 
undergoing cardiac surgery has shown that use of topical 
haemostatics can result in less blood loss and fewer 
transfusions.73

Medical anaemias
Anaemia of chronic disease
The Circular of Information for the Use of Human Blood 
and Blood Components identifi es four haematinics that 
should be given instead of a blood transfusion, when 
appropriate: iron, folate, vitamin B12, and erythropoietin.22 
With molecular biology, our understanding of the patho-
physiology of anaemia of chronic disease has improved 
substantially. While sequestration of iron has long been 
known to be central to the pathogenesis of the anaemia 
of chronic disease, it is now known that the regulation of 
iron homoeostasis is through hepcidin, as the central 
regulator of gastrointestinal iron absorption, iron storage 
in macrophages, and resultant plasma iron concen-
tration.74 Iron sequestration mediated by hepcidin is a 
common cause of iron-restricted erythro poiesis in 
patients with infl ammation. Hepcidin acts to sequester 
iron by inhibiting the exit of storage iron from hepatocytes 
and macrophages into plasma, and also absorption of 
dietary iron from duodenal enterocytes. Hepcidin binds 
and degrades the iron exporter ferroportin, and thereby 
reduces the iron available for erythropoiesis.

Hepcidin production is regulated under normal 
conditions by iron stores and erythropoietic activity. 
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Increased plasma and storage iron stimulate hepcidin 
production, which in turn inhibits dietary iron absorp-
tion. Conversely, iron defi ciency and increased erythro-
poietic activity (eg, myelodysplastic syndromes or 
haemo lytic anaemias) suppress hepcidin to very low 
concentrations, which allows increased absorption of 
dietary iron and release of iron storage and increased 
haemoglobin synthesis.75 The mechanisms by which 
erythropoiesis aff ects hepcidin production are not well 
understood, but both direct and indirect eff ects of 
anaemia and erythro poiesis might play a part. Candidate 
mediators include soluble factors released by erythroid 
precursors, and decreased circulating or stored iron.76 
Hypoxia can change hepcidin production directly 
through hypoxia-inducible factor or indirectly via 
increased erythropoietin production and erythropoiesis.77 
Hepcidin concentrations are high in several infl ammatory 
diseases including rheumatological diseases, infl am-
matory bowel disease, infections, critical illness, and 
malig nant diseases.75 Increased hepcidin concentrations 
cause the retention of iron in macrophages and entero-
cytes, leading to hypo ferraemia, iron-restricted erythro-
poiesis, and decreased responsiveness to treatment with 
erythropoiesis-stimu lating agents. The development and 
commercial avail ability of an accurate and repro ducible 
immunoassay for human hepcidin has improved our 
understanding of the pathogenic role of hepcidin in a 
range of iron disorders, and in the future, might be 
useful in the identifi cation of patients with iron-restricted 
erythropoiesis who are intolerant or un responsive to oral 
iron, and for whom treatment with IV iron might be 
needed to correct the anaemia.78,79

Several clinical trials were undertaken in an attempt to 
show im proved clinical outcomes in patients given 
erythropoiesis-stimu lating agents for anaemia associated 
with infl am mation, such as chronic kidney disease or 
cancer (table).24,43,80–91 Aggressive management of anaemia 
in the cohorts given erythropoiesis-stimulating agents 
was associated with increased morbidity (thrombosis or 
cardiovascular events) and increased mortality. Literature 
reviews and meta-analyses of trials of erythropoiesis-
stimulating agents for both approved and off -label 
oncology settings have ana lysed survival and other safety 
outcomes.92 The mechan isms behind the association 
between increased morbidity and mortality outcomes 
and erythropoiesis-stimulating agents are unclear. One 
hypothesis is that erythropoiesis-stimulating agents 
stimulate disease progression or throm bosis or both by 
activation of erythropoietin receptors present on tumour 
cells or associated vascular endothelium.93 However, 
other investigators have found no evidence that erythro-
poietin receptors are functionally expressed on tumours94 
or are present on non-haemopoietic cells.95

On the basis of this evidence, use of erythropoiesis-
stimulating agents in chronic kidney disease and cancer 
has been aff ected by updates in guidelines96,97 and revised 
labels that show safety concerns98 for target haemoglobin 

concentrations. In these patients, treatment with erythro-
poiesis-stimu lating agents should only be initiated when 
concen trations of haemoglobin are less than 100 g/L or in 
patients with symptomatic anaemia. In this setting, a 
low dose of erythropoiesis-stimulating agent is given to 
produce red cell responses suffi  cient for patients to avoid 
allogeneic blood transfusions. In clinical practice, the 
increased risks of death and thromboembolic events 
should be balanced against the benefi ts of reduced 
exposure to blood transfusions with long-term treatment 
with erythropoiesis-stimulating agents, and needs to take 
into account each patient’s clinical cir cumstances and 
preferences.99 Strategies to extend the labelled indications 
for erythropoiesis-stimulating agents into other patient 
populations such as in congestive heart failure have 
been unsuccessful; in a recent study, treat ment with 
erythropoiesis-stimulating agents did not improve clinical 
outcomes in patients with systolic heart failure and mild 
to moderate anaemia.100

Iron-restricted erythropoiesis
The most common cause of inappropriate blood trans-
fusion on medical services is the transfusion of patients 
for iron-defi ciency anaemia. Absolute defi ciency of 
storage iron is the most common cause of iron-restricted 
erythro poiesis, especially in young children, pregnant 
women, premenopausal women, and elderly people.101 
11% of men and 10·2% of women aged 65 years and 

Target control 
(haemoglobin g/L)

Reference, year Clinical outcomes

Surgery

SPINE <130 Stowell, 200923 Increased thrombosis

Chronic kidney disease

Dialysis vs predialysis ≥130 vs 100 Besarab, 199880 Decreased OS

CHOIR 135 vs 113 Singh, 200681 Decreased OS

CREATE 130–150 vs 105–115 Drueke, 200682 Decreased OS

TREAT 130 vs 90 Pfeff er, 200683 Decreased OS

Oncology

Chemotherapy

Lymphoma ≥140–150 (F,M) Hedenus, 200384 Decreased OS

Breast (BEST) >140 Leyland-Jones, 200585 Decreased OS

Breast (PREPARE) ≥130 Untch, 201186 Increased thrombosis

Radiotherapy

Head and neck (ENHANCE) ≥140–150 (F,M) Henke, 200387 Decreased OS

Head and neck 
(DAHANCA)

>155 Overgaard, 200788 Decreased disease-free 
survival

Chemotherapy and radiotherapy

(Gynecologic Oncology) >140 Thomas, 200889 Decreased OS

No or palliative treatment

Non-small cell lung ≥140 Wright, 200790 Decreased OS

Non-myeloid cancer ≥130 Smith, 200891 Decreased OS

OS=overall survival. F=female. M=male. Reproduced from Goodnough and Shander,44 by permission of the 
International Anesthesia Research Society.

Table: Post-approval clinical trials of erythropoiesis-stimulating agents
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older are anaemic, with an overall rate of more than 20% 
at age 85 years and older. Of older people with anaemia, 
a third are nutritionally defi cient, with absolute iron 
defi ciency being the most common aetiology of these.102 
Ageing is a pro-infl ammatory state, in which iron 
absorption in the elderly might be impaired because of a 
hepcidin-mediated eff ect.

Blood loss (eg, in females with menses, gastrointestinal 
lesions, or community blood donors) is the main cause 
of iron defi ciency and is important, not only because of 
its prevalence, but because proper diagnosis and manage-
ment of the bleeding lesion is important.103 Therapeutic 
management, after any pathological cause of blood loss 
has been considered, is focused mainly on repletion of 
iron stores. Most patients with iron defi ciencies respond 
well to oral iron treatment, but intravenous iron might be 
necessary when hepcidin-mediated mechanisms inhibit 
oral iron absorption in the presence of infl ammation.21

Iron-restricted erythropoiesis can happen with absolute 
iron defi ciency, functional iron defi ciency, or, as described 
above, under anaemia of chronic disease and iron seques-
tration.21 Most individuals with an absolute iron defi ciency 
without infl ammation respond well to oral iron treatment, 
but intravenous iron might be neces sary in patients with 
infl ammation-mediated hepcidin eff ects.20 Functional 
iron defi ciency can arise in patients with substantial 
erythropoietin-mediated erythro poiesis or upon treatment 
with erythropoiesis-stimulating agents, seen by a reduc-
tion in transferrin saturation in patients with cancer and 
in patients with chronic kidney disease undergoing 
dialysis treatment. Functional iron defi ciency can be 
ameliorated with IV iron treatment.21 An algorithm 
approach for the assessment and manage ment of anaemia 
based on initial assessment of iron status has been 
recommended by a consortium of European societies for 
patients scheduled for elective surgery (fi gure 2).10

IV iron has been recommended for the management of 
anaemia in patients with chronic kidney disease who 
are unresponsive to erythropoiesis-stimulating agents.97 
Studies in patients with cancer with chemotherapy-
induced anaemia who are given erythro poiesis-stimulating 
agents found signifi cant improve ments in haemoglobin 
concentrations and hematopoietic responses in patients 
given IV iron compared with those receiving oral iron or 
no iron.104 The low but defi ned risks of IV iron, along with 
current labelled indications that restrict use in patients 
with end-stage renal disease for various preparations, 
have ensured that the role of IV iron outside the setting of 
renal dialysis patients remains in evolution.

Conclusions
Since the recognition that non-A, non-B hepatitis, and 
HIV were transmissible by blood transfusion, the benefi t/
risk profi le and use of alternatives to blood have been 
driven by risks related to blood transfusion. The role of the 
alternatives to blood need to be better defi ned by patient-
centred treatment plans based on anticipated perioperative 

blood loss and likelihood of blood trans fusion The 
presence of preoperative anaemia, the type of surgical 
procedure, the likelihood of coagulopathy, and patient 
comorbidities will further aff ect the need for blood 
transfusion or its alternatives. The successful use of point-
of-care testing suggests that more targeted treatment can 
improve patient outcomes such as multi-organ system 
failure associated with trauma and blood transfusions.105 
In this context, randomised prospective trials are needed. 
The success of the CRASH 2 study47 that used early anti-
fi brinolytic treatment in patients with trauma, suggests 
that more targeted treatments to address associated 
coagulopathies such as prothrombin concentrates (II, VII, 
IX, and X), fi brinogen concentrates, recombinant factor 
VIIa, or recombinant XIII might be of value in specifi c 
patient settings. Potential future areas of research include 
point-of-care testing coupled with therapeutic algorithms. 
Quality indicators measuring patient outcomes (ie, 
hospital stay and mortality) need to be used so that the 
alternatives to blood transfusion can be more eff ectively 
assessed and incorporated into clinical practice.
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Challenges in the management of the blood supply
Lorna M Williamson, Dana V Devine

Although blood suppliers are seeing short-term reductions in blood demand as a result of initiatives in patient blood 
management, modelling suggests that during the next 5–10 years, blood availability in developed countries will need 
to increase again to meet the demands of ageing populations. Increasing of the blood supply raises many challenges; 
new approaches to recruitment and retainment of future generations of blood donors will be needed, and care will be 
necessary to avoid taking too much blood from these donors. Integrated approaches in blood stock management 
between transfusion services and hospitals will be important to minimise wastage—eg, by use of supply chain 
solutions from industry. Cross-disciplinary systems for patient blood management need to be developed to lessen the 
need for transfusion—eg, by early identifi cation and reversal of anaemia with haematinics or by reversal of the 
underlying cause. Personalised medicine could be applied to match donors to patients, not only with extended blood 
typing, but also by using genetically determined storage characteristics of blood components. Growing of red cells or 
platelets in large quantities from stem cells is a possibility in the future, but challenges of cost, scaling up, and 
reproducibility remain to be solved.

The challenge of matching supply with demand
Eff orts in blood transfusion over the past 20 years have 
focused on improving viral safety and on randomised 
trials to establish when transfusion provides clear patient 
benefi ts. Although these eff orts must be maintained, 
there is now also a need to develop plans to ensure that 
the blood supply is adequate to provide for ageing 
populations. In this review we aim to outline the issues 
facing blood suppliers in high-income countries, and we 
will discuss possible present and future solutions. A full 
discussion of the challenges facing developing countries 
is beyond the scope of this paper.

Health-care systems will be managing the so-called 
grey tsunami of ageing populations for decades to come. 
As a result of medical progress during the past decade, 
major surgery can be done without donor transfusion—
eg, primary joint replacement and coronary-artery bypass 
grafting. However, ageing populations lead to increases 
in complex surgical procedures for which transfusions 
are still necessary, such as recurrent joint replacements 
and combined coronary artery and valve procedures. 
Success of cancer treatment in older patients and an 
unavoidable increase in violent trauma in young people 

together has an estimated increase of more than 10% in 
the demand for blood over the next decade (MacLennan S, 
National Health Service Blood and Transplant, personal 
communication). Another challenge is the diffi  culty in 
recruiting and retaining the next generation of blood 
donors. All high-income countries have to compensate 
for a steady decrease in regular donors with increased 
marketing. Issues such as iron defi ciency in regular 
donors have caused regulators to question whether blood 
services are doing enough to balance donor health with 
the needs of patients. Finally, even if we can achieve a 
balance between blood supply and demand, we still have 
the challenge of transfusion complications in regular 
patients. In patients who are dependent on lifelong 
transfusions for thalassaemia or sickle-cell anaemia, 
alloimmunisation and iron overload are well recognised, 
but these are also increasing in older patients with 
acquired anaemia, such as myelodysplastic syndromes.

Therefore, all involved in vein-to-vein delivery of the 
blood supply need to work together to ensure that blood 
donation does not compromise donor wellbeing, is used 
only when clinically indicated, and that wastage and blood 
going beyond its expiration date in the supply chain is 
minimised. However, there is an expectation that blood 
will always be there when really needed; running out is 
not an acceptable option in countries with developed 
health-care systems, including during periods of extreme 
weather, infl uenza epidemics, and volcanic ash, in 
addition to normal fl uctuations in demand. For tunately, 
there are new developments in management systems for 
blood supply, blood component manu facturing, and 
donor and patient blood grouping, which can contribute 
to a streamlined supply chain from donor to patient. 
Additionally, some countries are now estab lishing 
initiatives for patient blood management, which cross 
health-care boundaries and aim to produce patient-care 
pathways that minimise the use of blood transfusions. 
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where the work of specifi c investigators was sought, the 
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editorial review of the manuscript at the recommendation of 
the referees.
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These are discussed in detail in a separate report in this 
Series. Preparation for and response to acts of terrorism 
merits separate exploration, and is not discussed further 
in this report.

How can we secure the donors of the future?
Donor recruitment and retention in the digital age
Market research experts defi ne the diff erent generations 
found in the blood donor population, from the World 
War 2 generation, through baby boomers, to the so-called 
generations X, Y, and Z,1,2 and now the so-called digital 
natives 3 whose smartphones are ubiquitous. Expectations 
of each of these groups diff er substantially at all stages of 
contact with a blood service. Not only does the content of 
advertising have to vary, but also the method by which 
donors and blood services interact.4,5 Donor recruitment 
has developed from volunteers delivering recruitment 
leafl ets by hand, to postal contact, and now to email and 
text messaging. Now Facebook, Twitter, Spotify, and 
interactive websites are the social norms that blood 
services must use to enlist and retain young donors. An 
interactive website for donors with discussion boards, 
online appointment booking, and news sections could 
increase donor loyalty. With further development, this 
approach could also allow donors to complete health-
check questionnaires online at home, avoiding a wasted 
journey if they are ineligible to donate.6

Donor venues might also need to be reconsidered. The 
present model in many countries is to reach out to rural 
communities, meaning blood-collection teams have to 
travel long distances, and this does not always result in 
many donors. Although this approach is seen as socially 
desirable, it might be diffi  cult to continue to justify the 
costs. Clearly donors should not be asked to make long 
journeys to give blood, but blood services need to 
examine whether blood collection eff orts can continue to 
be spread thinly, or should be concentrated in areas 
where more people are likely to donate. Another factor to 
be considered is the donation venue. Blood collection in 
village halls and local schools is possible, but limits what 
can be done to improve the donor experience. Fixed 
donor sites potentially off er more digital-age facilities, 
such as free WiFi and iPod docks at each bed.

Evidence-based donor selection
Donor selection guidelines are there to protect both 
donors and patients from acute and long-term harm.7 
Although good epidemiological work has underpinned 
donor selection related to infection transmission,8 there 
is scarce evidence for other exclusion criteria.9 This 
absence of proper exclusion criteria for donors has 
resulted in highly risk-averse guidance, which has 
become a challenge. One good example is the upper age 
limit for donors, which in the UK was age 66 years. This 
upper age limit was extended to 70 years, but in an era 
where 100-year-olds run marathons,10 even this appeared 
somewhat arbitrary. Therefore, in the past 10 years, after 

a careful review of all the evidence, both Canada and the 
UK abolished the upper age limit for blood donation 
altogether, joining the USA among other countries. 
Further monitoring has not found any increase in serious 
adverse events in these older and highly motivated 
donors.11,12 The UK have started accepting donors who are 
treated with oral hypoglycaemic drugs (although patients 
on insulin treatment are not accepted, unlike in some 
other countries),13,14 and extended this to patients on 
acceptable antihypertensive drugs. Similarly, both the US 
Food and Drug Administration (FDA) and the UK now 
accept asymptomatic donors with genetic haemo-
chromatosis with the permission of their treating 
physician, provided the spirit of altruism is retained, the 
donor meets all other background selection criteria, and 
there is a back-up phlebotomy service for times when the 
donation cannot be taken for clinical use. Such donors 
are highly motivated and can provide a useful addition to 
the blood supply. A culture that continually updates 
guidance based on new evidence is now typical, and one 
that will resonate with the present generation of donors 
who are more questioning. One such review of guidelines 
resulted in the UK Department of Health Advisory 
Committee on the Safety of Blood, Tissues and Organs 
recommending changing the lifetime ban from blood 
donation of men who have had sex with men to a 
12-month deferral from last sexual contact.15 This 
amendment in the guidelines was implemented in 
England, Scotland, and Wales in November, 2011, so far 
without problems. Australia has had a similar experience 
in changing the deferral period in men who have had sex 
with men, and other countries are also seeking revisions 
to their guidelines.16

Maintaining donor health and wellbeing
Until recently, there has been little high-quality research 
done on the complications of blood donation, such as 
fainting. These complications are common in young 
donors; the high faint rate seen in donors aged 16 years 
in the USA has deterred the UK from lowering the 
present age limit to younger than 17 years.17 Both Canada 
and the UK have recently implemented a new criterion 
for donor acceptance based on estimated blood volume 
for fi rst-time donors aged 17–23 years, a strategy that has 
been eff ective for some US blood operators.18 Other inter-
ventions such as drinking cold water before donation 
and applied muscle tension during donation have also 
been eff ective.18 Rarely, potentially serious delayed faints 
can happen after the donor has left the session; their 
specifi c cause and prevention is unclear.

Long-term consequences of donation are of concern in 
many countries, notably the incidence of so-called 
haemo globin fails and non-anaemic iron defi ciency in 
blood donors. All donors have their haemoglobin 
concentrations measured before each donation, and 
many donors drop below the acceptance thresholds on a 
regular basis. Even three donations in one year can 
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completely use up the body’s iron stores, especially in 
young premenopausal women with borderline iron 
intake. Countries vary in the acceptable haemoglobin 
thresholds. In Europe, the minimum thresholds were 
increased nearly 10 years ago from 120 g/L to 125 g/L in 
women and 130 g/L to 135 g/L for men, but this change 
was not based on systematic evidence. In both Canada 
and the USA, a universal haemoglobin threshold exists 
of 125 g/L for both men and women. Studies in the USA 
have shown an unexpectedly high proportion of donors 
with non-anaemia iron defi ciency,19 and in 2011, the FDA 
held a workshop to explore increasing this threshold. 
Another factor that varies greatly between countries is 
the frequency of donation, varying from 8 to 16 weeks for 
men, and from 10 to 16 weeks for women (table 1).

Approaches to prevent donor iron defi ciency (panel 1) 
include the development of algorithms based on red-cell 
indices to predict the safest interval between donations,20 
including small trials of iron replacement21 and a new 

randomised trial on the donation intervals in 50 000 donors 
in England (INTERVAL, ISRCTN24760606). This trial 
also aims to gather new information about the mental 
and physical consequences of non-anaemic iron 
defi ciency, and to explore genetic factors determining 
susceptibility to iron defi ciency. Changing the haemo-
globin threshold or personalising the interval between 
donations are better than medicating healthy people in 
order for them to donate blood.

Matching the donor base to patient need
A further issue in both donor and stock management is 
ensuring that there is always suffi  cient blood to meet the 
specifi c blood-type requirements of chronic transfusion 
recipients. All transfusions are matched for blood group 
(ABO) and rhesus factor D (RhD)-antigen classifi cation, 
but the risk of alloimmunisation to the so-called minor 
blood group antigens, of which there are now known to 
be more than 300, increases with each transfusion, thus 
increasing the complexity of fi nding compatible blood. 
When genetic typing of donors and patients becomes 
available, it will be possible to fi nd single nucleotide 
polymorphisms and other genetic variants; however, their 
clinical signifi cance will have to be clearly understood 
because provision of compatible blood could be slowed 
down by trying to match for variants that are not clinic-
ally relevant. Blood services that have well characterised 
donor panels can deal with most patients who regularly 
receive blood transfusions. However, owing to diff erences 
in blood group distribution across races, and the mis-
match seen in most countries between the ethnic mix of 
the donor and patient populations, it can be diffi  cult to 
provide adequate supplies of group B red cells, especially 
if the patient also has many red-cell alloantibodies. This 
problem could lead to a default position of the use of 
blood group O RhD-negative blood for such patients, 
which is clinically safe, but puts great strain on the supply 
(only 7% of the UK population are O RhD negative). 
Additionally, minor blood group antigens such as Ss and 
U are distributed diff erently across races, so recruitment 
strategies are needed that engage with minority ethnic 
communities, patient groups, and their families. Clinical 
practice in patients with sickle-cell anaemia is extending 
the use of regular transfusions to prevent stroke.22 
Improving donor–patient matching to include minor 
blood groups has substantially reduced alloantibody 
production in patients with sickle-cell anaemia.23 Now, the 
use of new DNA-based typing tech nologies for blood 
grouping,24 coupled with sophis ticated donor manage-
ment strategies, have the potential to improve blood 
provision for these groups.

Further challenges in matching the donor base to 
recipients arise with the increasing use of massive 
transfusion protocols for trauma patients. Because it is 
not always possible to crossmatch the recipient, and time 
is critical, these patients typically receive O RhD-negative 
red cells and AB plasma. This practice challenges the 

Men Women

Austria 8 10

Belgium (Flanders) 12 12

Canada 8 8

Denmark 12 12

England 12 16

Estonia 10 12

Finland 8 12

France 8 12

Germany 8 12

Ireland 10 10

Netherlands 10 16

Scotland 16 16

Slovenia 12 16

Spain 12 16

USA 8 8

Wales 12 16

Reproduced from the 2010 European Blood Alliance Survey. Data available from 
author on request.

Table 1: Donation intervals (weeks) in countries with national guidelines 
for blood donation

Panel 1: Strategies to minimise the risk of iron defi ciency 
in donors

• Check haemoglobin concentration at each blood 
donation with conservative thresholds

• Use conservative inter-donation intervals
• Use algorithms based on blood indices to establish 

personalised inter-donation interval
• Use genetic and lifestyle factors to establish personalised 

inter-donation interval
• Give dietary advice on iron intake
• Give donors iron supplements
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availability of both components for many blood providers, 
especially with the use of male plasma for transfusion in 
order to reduce the risk of transfusion-related acute lung 
injury (TRALI).

The restriction of which donors can be used for 
manufacture of particular components of blood is 
sometimes needed for safety reasons. For example, the 
USA, Canada, and the UK have mandated that fresh 
frozen plasma be manufactured only from male donors, 
to minimise the risk of TRALI caused by donor HLA 
antibodies. However, plasma from female donors is still 
acceptable for fractionation into plasma products, such 
as immunoglobulin, and the red cells from women are 
essential to the blood supply. TRALI can also be caused 
by the plasma in platelet concentrates, but it is not 
feasible to source 100% of apheresis platelets from men. 
Therefore, another strategy has to be used, such as 
testing the donors for HLA antibodies; however, this 
process adds to cost, complexity, and the loss of up to 
15% of donors (MacLennan S, National Health Service 
Blood and Transplant, personal communication).

Eff ect of manufacturing and storage limitation 
on blood supply management
In blood systems in high-income countries, transfusion 
is usually of specifi c components (eg, red cells, platelets, 
fresh frozen plasma) rather than whole blood, although 
there is renewed interest in the possibility that whole 
blood might be of benefi t to specifi c patient groups.25 
Each donation is tested for bloodborne pathogens. The 
testing and manipulation of donations form the core 
processes in component manufacture. The collection 
and preparation of transfusion products, either by 
whole blood donation or apheresis procedures, gen-
erates products that have limited shelf lives, defi ned by 
the ability of storage protocols and containers to main-
tain the quality of the functional elements (table 2). 
Therefore, the resulting supply chain is highly varied, 
with potentially dozens of diff erent product lines, 
combining donor’s ABO and RhD groups and cyto-
megalovirus (CMV) status, the type of component, and 
additional manipulations such as irradiation, patho gen 
reduction, or washing. Management of the supply chain 
against this backdrop is challenging, especially when 
the unstable nature of cellular blood components is 
added to the mix.

The management of the supply of ready-to-use 
transfusion products has developed to minimise product 
wastage, with most blood systems using a “fi rst in, fi rst 
out” management system.26 The main deviation from 
this practice, other than individualised products such as 
HLA-matched platelets, is the use of fresh red blood cells 
for neonatal transfusion because of concerns about the 
accumulation of potassium in the product supernatant 
during the storage period. Whether transfusion of older 
red blood cells is the cause of hyperkalaemia-associated 
cardiac events or simply associated with them has yet to 

be determined.27 For some time, management of the 
blood supply to accommodate these patients has been a 
standard practice for most blood operators. Of greater 
concern is the increasing evidence that suggests that for 
some adult patients, clinical outcomes could be aff ected 
by the age of transfusion products. This concern also 
exists for paediatric transfusion,28 but the only random-
ised clinical trial of the age of blood in neonates has 
shown no eff ect of the age of blood.29 Little level 1 
evidence exists to support this result, and retrospective 
studies have contradictory fi ndings; however, within the 
next 2 years, several continuing clinical studies com-
paring fresh blood and older blood should be completed, 
such as the randomised controlled trial TRANSFUSE 
(NCT01638416), RECESS (NCT00991341), and the ABLE 
(ISRCTN44878718) trial of the resuscitation of critically ill 
patients. If these studies show that the shelf life of blood 
should be reduced, the level of wastage should be 
monitored because modelling studies suggest that, 
although lowering the expiration date for red blood cells 
is important, there is a point at which blood shortages 
will be inevitable.30

Products that have been manipulated after production 
typically have further restrictions on their allowable 
storage period, which need extra eff ort to ensure that 
products do not go to waste. Examples include irradiated 
red blood cells, volume-reduced products, and any 
product for which there is concern about sterility.

Research eff orts into blood components, driven to 
some extent by research and development investment 
by the military, have begun to improve the situation. 
The development of synthetic additive solutions for the 
suspension of platelets or red cells might minimise 
transfusion reactions without the need to wash off  the 
plasma. New storage systems promise extended storage 
life of red blood cells with good maintenance of product 
quality31 and changes to the storage conditions for 
platelets or plasma (ie, frozen or lyophilised)32 could 
similarly reduce the expiration rates and utilisation 
management of these components. Developments in 
processing technology have substantially improved the 

Allowable storage period Factors aff ecting storage

Red blood cell concentrate 5–49 days depending on each 
country’s regulations for adults 
and paediatric recipient

Composition of storage container, 
presence of additive solution, 
post-production manipulation 
such as γ-irradiation, intent of 
use—eg, exchange transfusion

Platelet concentrate 3–7 days Some countries allow additional 
days of storage up to day 7 if 
the product has been tested 
for bacteria or had 
pathogen-reduction technology

Fresh frozen plasma 1 year (frozen)
24 h to 7 days (thawed)

Freezer temperature
Liquid vs frozen state

Cryoprecipitate 1 year (frozen)
4–6 h (thawed)

Method of manufacture
Liquid vs frozen state

Table 2: Storage time for transfusion products
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consistency and reliability of components; however, 
the biological variation among blood donors means 
that manufacturing practices alone cannot optimise 
product quality.

Without specifi c attention to optimising production 
techniques, blood components are highly enriched but 
are not free of other blood elements. For example, 
without careful separation techniques or the use of 
leukoreduction fi lters, white blood cells might be present 
in any component, or platelets might be present in 
plasma or products of red blood cells. Some think that 
the contaminating platelets present in plasma products 
are a source of the tumour necrosis factor CD40L, which 
could cause adverse events in recipients;33 however, other 
studies do not support a role for CD40L in transfusion 
reactions or TRALI.34

Pathogen reduction is an additional development that 
might have an eff ect on blood supply management 
because it is more fully implemented. Techniques 
typically include use of a chemical that binds to nucleic 
acids, coupled with a photoactivation step, and in some 
cases, removal of the chemical at the end of the process. 
Some regulatory authorities allow extended storage of 
platelets if they are pathogen reduced, because of the 
reduced risk of bacterial growth during storage, poten-
tially off setting some of the additional costs by a 
reduction in the discard rate.35 However, these tech-
nologies cause changes in the platelet product. A recent 
meta-analysis of trials concluded that a common theme 
was reduced rises in platelet count after transfusion, 
although this did not result in increased bleeding.36 
If large-scale imple mentation was associated with 
increased demand for platelet transfusions to compen-
sate, this would increase costs, and potentially restrict 
the overall benefi t of the technology.

Management of the blood supply stock
A nation’s blood supply is distributed between the 
organisations that prepare blood components and the 
institutions that use them. In some cases, these might be 
one and the same. Ideally, both the producers and the 
users should have inventory-management systems that 
minimise wastage of blood products and provide 
immediate line of sight to the status of full blood supply. 
However, in some jurisdictions, producers and users do 
not have shared management systems to assess the blood 
supply. Although information technology solutions to do 
this exist, there are substantial hurdles, fi nancial and 
otherwise, to their implementation. Interesting examples 
exist of integrated supply-chain management, especially 
where a blood operator is both the producer and the 
operator of the local transfusion service to patients.37,38 
Although present practices have developed empirically, 
blood supply systems are beginning to apply operational 
research to improve product ordering and inventory 
management.39,40 This type of management system 
suggests an increasing appreciation of the alignment of 

many activities within a blood system to those of the 
traditional manufacturing sector, and recognition of the 
role that industrial engineering has in improving practices 
in the manufacturing sector.41 The scientifi c literature on 
blood inventory management has recently been reviewed 
in detail.42

An important factor in the management of blood stocks 
is accurate prediction of the demand. This type of 
management can be restricted by insuffi  cient information 
given to blood providers when a hospital changes its 
service provision. This can simply result in diff erent 
distribution of the same number of donations in the 
system. However, changes to medical practice, such as 
approval of new chemotherapy or stem-cell transplant 
regimens, are more likely to aff ect demand for blood 
supply. Collection of blood that will not be used is 
expensive and wasteful, but undercollection of blood 
leads to shortages and surgery cancellations. Forecasting 
of blood demand tends to be based on historical patterns 
of use. Although this approach is generally viable, it 
sometimes leads to failure to see the consequences of 
changes in other areas of medical practice that will also 
aff ect the blood supply. An example is the rapid uptake of 
massive transfusion protocols from the military, which 
caught many hospital transfusion specialists and blood 
operators unaware.43 The proposed early so-called formula 
replacement with high ratios of fresh frozen plasma and 
platelets to red cells, with the development of shock packs 
with many components readily available for incoming 
trauma victims. This approach has led to challenges with 
adequate collection of group O RhD-negative red cells 
and group AB fresh frozen plasma for some countries, 
although in the UK only 5% of blood group O RhD-
negative units are issued as emergency.44 To minimise 
wastage of fresh frozen plasma in emergency situations, 
in 2004, the UK allowed the extension of the post-thaw 
shelf life from 4 h to 24 h.7 Other strategies to improve the 
accessibility of products for trauma treatment include 
prescreening of platelets for high titre anti-A or anti-B 
antibodies; ABO incompatible platelets with low titres 
can safely be used in trauma packs.

The best quality data for forecasting of blood demand is 
found in a system of vein-to-vein monitoring of blood 
use, such as that implemented in Oxford, UK.45 In the 
absence of such a system, there are substantial challenges 
in combined assessment of hospital transfusion records, 
sales records between the blood supplier and the hospital, 
and the supplier’s own inventory-management system. 
In view of the importance of appropriate blood inventory 
management, some countries (including the UK) have 
established formal national blood-stock management 
schemes, which feed back wastage data to hospitals and 
allow them to compare themselves with other manage-
ment systems.46

Eff ective management of blood inventories needs to be 
done in a holistic manner by both the blood product 
provider and the hospital blood transfusion service. The 



Series

www.thelancet.com   Vol 381   May 25, 2013 1871

role of the transfusion service cannot be underappreciated. 
Decisions made by individual hospital blood banks 
ultimately aff ect the entire system’s ability to meet 
demand, so considering the whole picture is important 
to the successful balance between adequate supply and 
minimum wastage. Within a single institution, this focus 
consists of having appropriately experienced personnel 
making decisions about ordering with the blood bank, a 
line of sight on all blood inventory in the hospital 
including other locations such as the emergency ward, 
and standard protocols to minimise so-called just-in-case 
ordering behaviour. Like blood providers, the hospital 
blood bank should manage stocks with strategies to avoid 
blood passing its expiration date or the unnecessary use 
of specialised products, such as CMV-negative blood.47 
Strategies such as issuing the oldest units fi rst and 
implementing restocking practices of frequent small 
orders, rather than receiving a large stock of blood 
products all of a similar age are important. Imple-
mentation of electronic crossmatching has become more 
common and is an important way to reduce unnecessary 
wastage of blood.48 This electronic system involves 
establishing the patient’s ABO and RhD group by con-
ventional blood typing, and screening the patient’s 
plasma for antibodies. When blood is needed, a computer 
check allows the selection of suitable donations within 
the present supply without the need for physical cross-
matching of donor and patient’s blood.

Hospitals and blood providers could also work together 
to manage inventory through the use of return or reissue 
programmes that are designed to minimise expiration of 
blood products. Such programmes can be helped by the 
use of information technology solutions, such as radio-
frequency identifi cation technology.49 Platelet concentrate 
products are a particular challenge for inventory manage-
ment because they have a short shelf life, varying from 
3 to 7 days depending on local regulatory standards. An 
adequate dose of platelets for an adult patient can be 
obtained either from one donor via an automated 
apheresis procedure, when the red cells are returned to 
the donor, or by combining buff y coats from four to six 
whole blood donations, then separating the platelets by 
centrifugation. There is no diff erence in the functionality 
of these products in preventing or treating bleeding, and 
blood services vary in the ratio of apheresis–whole blood 
platelets they produce. However, because of the small 
risk of transfusion transmission of variant Creutzfeldt-
Jakob disease, the UK Advisory Committee on the Safety 
of Blood, Tissues and Organs has recommended that 
80% of platelet doses are sourced from apheresis to 
minimise donor exposure.

The time needed to produce a platelet concentrate 
product and obtain all the donor test results generally 
means that platelets are not released for use until at least 
2 days after production. The very short shelf life of plasma 
concentrates means that a high proportion of platelets 
expire before use, either at the blood supplier or in the 

hospital blood bank. Typical combined blood service and 
hospital expiration rates of plasma concentrate in 
countries with a 5-day shelf life can reach 25%. The short 
shelf life also creates inventory challenges during holiday 
periods. Strategies to minimise such wastage include 
bacterial screening of platelets combined with extension 
of the shelf life, and accepting that leucocyte-reduced red 
cells and platelets are CMV-safe, thus removing the need 
for a separate CMV-negative stock. In 2011, the UK 
Department of Health Advisory Committee on the Safety 
of Blood, Tissues and Organs published a position paper 
stating that leucocyte-depleted red cells and platelets were 
adequate to protect most patients at risk of transfusion-
transmitted CMV, except for pregnant women and 
neonates, in whom monitoring and treatment is chal-
lenging.50 A further challenge to platelet inventory is 
bacterial screening, which is not normally done until 24 h 
after donation. Therefore, the retention of a 5-day shelf 
life will narrow the window of availability for tested 
platelet products and might increase the challenges of 
platelet inventory management. In England, bacterial 
screening has allowed the extension of the shelf life to 
7 days, resulting in a reduction of expired product in 
blood centres from 9% to 7% (MacLennan S, National 
Health Service Blood and Transplant, personal com muni-
cation). Additional platelet inven tory can be obtained by 
optimising the preparation of platelet concen trates from 
whole blood donations, or ensuring that apheresis donors 
have starting platelet counts that ensure the collection of 
multiple products from a single procedure. On the other 
hand, new focus is being applied to platelet dosing as well 
as the need for prophylactic platelet transfusion in some 
patient groups.51–53 Results of some of these studies 
suggest that we might be trans fusing platelets more than 
is clinically necessary.

Management of the patient
Progress in the past decade
Since 1998, there have been three health service pro-
gramme circulars in the UK to defi ne a series of actions 
to optimise blood usage and delivery without errors to 
patients. Much has been achieved in the past 15 years by 
the combined eff orts of hospital-based transfusion 
leaders and the UK blood services. Overall, blood use fell 
by nearly 16% between 2001 and 2007, and international 
benchmarking in 2008 put both the UK and Canada at 
the lower end of blood use worldwide (about 32–36 per 
1000 population per year), compared with 48 per 
1000 population in the USA.54 Recent eff orts to address 
the optimisation of blood use in the USA combined with 
the economic downturn have led to a substantial decrease 
in red cell use in the country. Despite this change, there 
is still much to do to ensure that every transfusion is 
necessary and appro priate. The notable reduction in red 
cell use has stalled in the UK, and national comparative 
audits continue to show red cell transfusion being used 
outside guidelines in as many as 15–20% of patients 
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(20–30% for platelet concen trate).55,56 The overall fall in 
blood use was achieved by a 40% reduction in peri-
operative trans fusions, but use in medicine, obstetrics, 
and gynaecology in the same time period did not 
change.57 Therefore, a refresh of the UK approach is 
therefore needed.

The concept of patient blood management
Optimum management of the patient at risk of 
transfusion needs a broader systems approach to the 
issue than is presently applied. This approach to patient 
management has led to the concept of patient blood 
management (panel 2), which has three key rules: 
optimisation of the blood volume and red cell mass 
without transfusion with the use of haematinics or 
substances that expand blood volume when appropriate; 
minimisation of blood loss with surgical technique and 
antifi brinolytics when needed; and optimisation of 
tolerance of anaemia. In the USA, the application of pro-
grammes for patient blood manage ment is beginning to 
have a substantial eff ect on blood demand. A seminar on 
patient blood management, co-sponsored by the Chief 
Medical Offi  cer’s National Blood Transfusion Committee 
and NHS Blood and Transplant, was held in London in 
June, 2012, and several strategies were agreed on.61

What resources are needed for patient blood 
management?
Experience in Australia and the USA confi rms that for 
patient blood management to be successful, there has to 
be acceptance and input from senior leaders across the 
health-care system; this is because changes might be 
needed across the whole patient pathway, including in 
primary care. Within hospitals, resources are needed for 
24-h availability of cell salvage and upper gastrointestinal 
endoscopy (for management of acute haemorrhage); 
and for dedicated nursing, medical, and administrative 
time for blood management. Production and delivery of 

evidence-based guidelines is also important. These 
guidelines have to be targeted to the right staff  group 
because most transfusions are prescribed by junior 
doctors. For example, a national comparative audit of 
platelet usage showed a tendency for many patients to be 
prescribed two adult doses as routine.62 A targeted poster 
campaign for junior doctors is reversing this trend. 
Changing care pathways to optimise transfusion use will 
probably work best if the pathway is being reviewed for 
other purposes, so opportunities should be sought to 
join existing pathway improvement pro grammes, per-
haps incorporating standard method ology for clinical 
practice improvement.

Information technology challenges in patient blood 
management
Information technology is one of the most challenging 
aspects of the whole initiative. Ideally, there would be an 
association between hospital management and laboratory 
systems to link information on diagnoses and pro cedures 
in patients to blood usage. However, this approach will 
only happen if electronic linkage exists between the 
hospital patient infor mation system and the transfusion 
laboratory computer, so that information on patient 
diagnoses and blood usage can be linked. Electronic order 
systems could also capture diagnostic information 
through a menu-driven order form, and be a method for 
delivering best practice guidance, perhaps through a 
smartphone app.

Blood transfusion in patients with medical disorders
Management of anaemia in patients with chronic renal 
failure has been transformed by the use of recombinant 
erythropoietin and other erythropoiesis-stimulating drugs. 
However, recent trials have shown safety issues with 
these medications, such as an increase in stroke or 
cancer.63,64 Data from the USA over the past 5 years show 
a reduction in the prescription of erythropoiesis-
stimulating drugs for patients with chronic renal failure, 
but an increase in the use of intravenous iron and blood 
transfusions for this patient group.65,66 These data might 
suggest both relative cost and safety concerns regarding 
erythropoiesis-stimulating drugs, but this shift has not 
been negatively associated with eff ect on blood stocks. A 
further treatment that might provide benefi t is tranexamic 
acid.67 The international CRASH-2 randomised controlled 
trial68 in patients with trauma showed a clear reduction in 
mortality in the group treated with tranexamic acid, and a 
systematic review67 of its use in surgery showed a 40% 
reduction in both mortality and transfusions.

Gastrointestinal haemorrhage has also become the 
focus of new research to establish the appropriate trans-
fusion threshold for best patient outcomes. A recent 
randomised trial from Spain69 showed improved survival 
in 421 of the 444 patients in the restrictive transfusion 
group (95%; threshold of 70 g/L) compared with those 
transfused at a threshold of 90 g/L (91%; hazard ratio 0·55, 

Panel 2: Practice points for patient blood management58–60

Although the evidence base is not complete on how to 
reduce blood transfusion, some general points can be made:
• Patient blood management should be built into the 

care pathway for each major operation or acute 
medical diagnosis

• Preoperative patients should have their haemoglobin 
concentration measured as early as possible, so that 
correction and investigation of iron defi ciency can 
proceed in parallel

• Cell salvage should be available 24 h a day, as should 
endoscopy for investigation and potentially treatment of 
upper gastrointestinal haemorrhage

• A postoperative transfusion trigger should be defi ned; 
trials of liberal vs restrictive transfusions show no eff ect 
with a lower threshold
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CI 0·33–0·92). Both rebleeding and adverse events were 
reduced in the restrictive group, with a striking diff erence 
in transfusion rate (15% compared with 51%). A pilot trial 
of optimum use of blood transfusion in upper gastro-
intestional haemor rhage (TRIGGER, ISRCTN 85757829) 
is also underway in the UK.

What further research is needed?
Panel 3 suggests performance indicators that could be 
used to assess patient blood management programmes. 
These programmes have to be underpinned by high 
quality research, including behavioural studies of pre-
scribing habits. For example, the role of near-patient 
monitoring of coagulation in reducing fresh frozen 
plasma and platelet prescription is not yet fully defi ned, 
nor is the use of pragmatic preoperative intravenous 
iron, of which a UK trial (PREVENTT, NCT01692418) 
will begin shortly.

Future directions
As increasing attention is paid to patient blood manage-
ment and the need for clear indications for component 
transfusion, use of fresh frozen plasma could decrease 
notably because it is usually given to patients without 
adequate indication.70 Even for patients who need plasma 
protein treatment, it is likely to be provided by more 
refi ned mixtures such as prothrombin complex con-
centrates, fi brinogen concentrates, and recombinant 
coagulation factors such as recombinant factor VIIa. In 
countries where these newer products are being used, 
some of the older products such as cryoprecipitate are 
hardly used anymore. Imple mentation of newer plasma 
products could come with substantial increases in cost, 
which might restrict their use in some jurisdictions.

In the past, all donors who were healthy enough to 
donate and presented no obvious risk to the recipient 
were able to give blood. Our practice has been to view all 
donors as providing similar starting material for the 
production of blood components. However, donor-
specifi c characteristics have a substantial eff ect on the 
quality of components during the allowable storage 
period. In the future, management of the blood supply 
will probably involve much more sophisticated manage-
ment of donors than presently. Although we do not 
know how this approach will aff ect blood-supply 
management practices, studies in progress in the UK 
(PROmPT, ISRTCN56366401) should clearly establish 
the association between donor charac teristics and the 
outcome of a platelet transfusion. Recent studies have 
identifi ed similarly predictive markers in healthy 
participants in radiolabelled platelet survival and 
recovery studies.71 Recent work has suggested that 
donor-specifi c factors including sex have an eff ect on 
the storage quality of red blood cells.72 Manufacturers of 
blood products already stream donors to specifi c kinds 
of donations as a strategy to minimise the risk of TRALI. 
For example, women with history of pregnancy cannot 

donate apheresis platelets in Canada and in the UK, 
fresh frozen plasma and platelet donors are either male 
or those who are negative for HLA antibodies. In the 
future it might be possible for donors to be characterised 
by their suitability for component storage, with products 
labelled for expiration accordingly. This approach would 
truly stretch our thinking around blood-supply manage-
ment. As we accumulate additional information on our 
donor population, we could envision an inter section 
between enhanced donor management and the methods 
being developed in the application of personalised 
medicine. Applied correctly, this approach should lead 
to high-quality products that have a reduced rate of 
adverse transfusion events, reduced wastage, and 
improved overall cost-eff ectiveness. This approach 
would need more sophisticated inventory manage ment 
with infor mation technology than is presently available.

The future is also going to bring new products to the 
blood transfusion service. The ability to produce a 
transfusion product in the laboratory from diff erent 
stem-cell sources has been successfully shown73,74 and 
such material has been safely given to recipients.75 Large-
scale production will need solutions to challeng ing 
scientifi c and bioengineering problems such as blood 
expansion, renewal, and full red-cell maturation. Like-
wise, issues of consistency in quality and clinical assess-
ment need to be solved. Although production costs 
remain prohibitive, these will reduce over time. To begin 
with, a restricted application of the technology could 
readily be envisioned for patients for whom compatible 
blood cannot be found. Expansion of production to meet 
the needs of wider patient groups could really change the 
nature of our blood supply chain in the coming decades.

In summary, blood systems exist to ensure that 
suffi  cient quality blood products are available when 
needed. Blood services manage products that are heavily 
infl uenced by both the availability and biological charac-
teristics of blood donors. Strategies on how to best use 
blood products, and the development of processes to 
improve the quality of blood products will make blood 
transfusion a safer and more eff ective treatment.

Panel 3: What performance indicators should be used in patient blood 
management programmes?

It is best to choose so-called hard measures such as:
• Percentage of patients who have documented consent for transfusion, including 

discussion of other options
• Percentage of transfusion episodes with an appropriate pretransfusion parameter—

eg, haemoglobin concentrations, and the reason for transfusion recorded in the notes
• Percentage of preoperative patients who have had anaemia screening and the results 

acted upon at least 14 days before surgery
• Percentage of junior doctors who have attended a transfusion education session in 

the past year
• Percentage of transfusion episodes with completed documentation for the order and 

patient observations
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