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Patient blood management — a new paradigm for transfusion
medicine?
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The saving of many lives in history has been duly credited to blood transfusions.
What is frequently overlooked is the fact that, in light of a wealth of evidence as
well as other management options, a therapy deemed suitable yesterday may no
longer be the first choice today. Use of blood has not been based upon scientific
evaluation of benefits, but mostly on anecdotal experience and a variety of factors
are challenging current practice. Blood is a precious resource with an ever limiting
supply due to the aging population. Costs have also continually increased due to
advances (and complexities) in collection, testing, processing and administration of
transfusion, which could make up 5% of the total health service budget. Risks of
transfusions remain a major concern, with advances in blood screening and pro-
cessing shifting the profile from infectious to non-infectious risks. Most worrying
though, is the accumulating literature demonstrating a strong (often dose-depen-
dent) association between transfusion and adverse outcomes. These include
increased length of stay, postoperative infection, morbidity and mortality. To this
end, a recent international consensus conference on transfusion outcomes (ICCTO)
concluded that there was little evidence to corroborate that blood would improve
patients’ outcomes in the vast majority of clinical scenarios in which transfusions
are currently routinely considered; more appropriate clinical management options
should be adopted and transfusion avoided wherever possible. On the other hand,
there are patients for whom the perceived benefits of transfusion are likely to out-
weigh the potential risks. Consensus guidelines for blood component therapy have
been developed to assist clinicians in identifying these patients and most of these
guidelines have long advocated more conservative ‘triggers’ for transfusion. How-
ever, significant variation in practice and inappropriate transfusions are still preva-
lent. The ‘blood must always be good philosophy’ continues to permeate clinical
practice. An alternative approach, however, is being adopted in an increasing num-
ber of centres. Experience in managing Jehovah’s Witness patients has shown that
complex care without transfusion is possible and results are comparable with, if not
better than those of transfused patients. These experiences and rising awareness of
downsides of transfusion helped create what has become known as ‘patient blood
management’. Principles of this approach include optimizing erythropoiesis, reduc-
ing surgical blood loss and harnessing the patient’s physiological tolerance of
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anaemia. Treatment is tailored to the individual patient, using a multidisciplinary
team approach and employing a combination of modalities. Results have demon-
strated reduction of transfusion, improved patient outcomes and patient satisfac-
tion. Significant healthcare cost savings have also followed. Despite the success of
patient blood management programmes and calls for practice change, the potential
and actual harm to patients caused through inappropriate transfusion is still not
sufficiently tangible for the public and many clinicians. This has to change. The
medical, ethical, legal and economic evidence cannot be ignored. Patient blood
management needs to be implemented as the standard of care for all patients.

Introduction

‘1 will prescribe regimens jfor the good of my patients
according to my ability and my judgment and will do
no harm or injustice to them’[1].

There is no doubt that the way many clinicians think about
and use blood transfusion is progressively changing. Blood
management, or as it is increasingly known, patient blood
management may be seen to be a trendy term; however,
many of the strategies commonly applied in blood manage-
ment such as anaemia therapy, surgical blood loss reduc-
tion and tolerance of anaemia are far from new.

The mounting wealth of medical, physiological, ethical,
legal and financial evidence necessitates a change in practice
to ensure best quality of care and outcome for patients.
Nonetheless, patient blood management challenges the way
many clinicians have been taught and is therefore still
difficult for some to embrace. This article will examine the
reasons that are driving this shift and describe the patient-
centred, multidisciplinary, multimodal, planned approach to
patient care, which is embodied in blood management.

Historical perspective

For centuries, the blood has been seen as the life force and
the carrier of mystical qualities. Primitive attempts at trans-
ferring blood between humans and animals were made and
recorded through history with often horrifying outcomes. It
was not until during the wars of last century that the mod-
ern practice of transfusion began to develop. Advances such
as the understanding of human blood groups, development
of anticoagulation to allow blood storage, techniques to
separate and process blood into components and testing to
detect contaminating infectious agents have all contributed
to modern day availability of blood and blood products.
Modern transfusion medicine was born out of the neces-
sity to revitalize severely bleeding patients in the context of
relatively limited resuscitation options available then, and
it undoubtedly saved many lives. Given its initial success,

transfusion support was considered to be an indispensable
tool in the development of many modern therapies such as
high dose chemotherapy, transplantation and complex sur-
geries. Focus was on ensuring the safety and quality of the
products used, with much less attention directed to address-
ing the clinical use of the product. Much of the use of blood
associated with such treatments has not been based upon
science, but on tradition and anecdotal experience. A vari-
ety of factors are, however, now changing our previous
paradigm, as we begin to question the clinical benefits of
blood transfusion.

Drivers of change

Supply issues

Blood is a precious and scarce resource. Yearly increases in
demand have been noted since the 1980s due to an increase
in complex surgery and more aggressive treatment of hae-
matological and other malignancies. Although Blood Ser-
vices have extensive programmes to actively recruit new
donors, often the difference between numbers of donors
recruited and donors leaving due to deferment or illness
balances out.

Population modelling for most high human development
index (HDI) countries for the next decades shows an
increasing percentage of the population aged over 65 years.
Historic and projected data in Western Australia, for exam-
ple, show that this age segment will increase by 146% from
1997 to 2026. At the same time, the population aged
64 years or less, which includes the age range eligible to
donate blood, will only increase by 38% [2]. This is an
important observation because studies show that signifi-
cantly more blood is used for patients in the older age groups
[3]. Therefore, we have a fast growing ‘blood using but non-
donating’ segment compared with a slow growing donor
base. Supply pressures are therefore only likely to increase.

In addition to large-scale imbalances between supply
and demand, blood supply is often an issue at a local level.
Given the strict requirements for blood procurement,
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storage and transportation and its limited shelf life, supply-
ing enough blood under extraordinary circumstances can
pose additional challenges. Blood shortage in US hospitals
during winter storms is not unheard of, and natural disas-
ters, catastrophic events and conflicts can easily overload
and break the delicate supply chain. Therefore, even creat-
ing a wide margin between supply and demand at a
national level cannot ensure that local and temporal short-
ages would not happen.

True cost of blood transfusion

Blood is also a costly resource. Improvements in the collec-
tion, testing and processing of blood have come at a pro-
gressively increasing cost. The nominal cost of a unit of red
cells varies between countries. For instance, in the United
States, it is somewhere between US$230 and $265 [4], £140
in the UK [5] and around A$330 in Australia. Platelets are
more expensive and fractionated products often more so.

However, in addition to the acquisition costs are the
costs involved administering transfusions to patients.
Crémieux et al. showed that product and product prepara-
tion costs accounted for approximately 50% of the total
cost of a RBC transfusion while overheads comprised
19-19%, purchased materials 18-0%, and direct labour 11-9%
[6]. An earlier study by Cantor ef a/. came to similar con-
clusions [7]. Process cost analysis shows how many steps
are involved in ‘delivering’ a blood transfusion to a patient
and each of these is a cost to the health system [8]. A recent
study, shortly to be published, mapped the encounters
involved in providing and administering red cell transfu-
sions to patients in two teaching hospitals in Australia.
Costs of potential adverse outcomes were not included.
From this analysis, the cost of transfusion of a single unit
of red cells, including acquisition costs, was AUS$700 [A
Hofmann; E Wood; unpublished data]. Another multi-cen-
tre study analyzed process cost in the surgical setting and
showed even higher cost per RBC unit transfused [9]. All
transfusion related costs, including short term adverse
effects and suspected mid- and long-term adverse effects,
might equal up to 5% of the total public healthcare budget
of some HDI countries. In our increasingly strained health
economies, minimizing unnecessary transfusion will result
in significant health savings.

Risk profile of transfusion

Infectious risks
It is often quoted that ‘blood is safer than it has ever been’.
Certainly from the perspective of transfusion-transmitted
infections, this appears to be correct.

From the late 1980s onwards, a series of measures have
been implemented that have largely eliminated the risks of
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transmitting hepatitis and HIV/AIDS through transfusion.
Recent risk estimates per unit in the Australian donor popu-
lation have been calculated to be approximately one in
5-4 million for HIV, one in 2-7 million for HCV and one in
739 000 for HBV [10] with similar rates quoted for many
other developed countries. Risk of bacterial contamination
has also been reduced with the implementation of improved
sterility measures at time of blood collection and screening
for bacterial contamination which is now undertaken in
many countries. Transfusion-associated sepsis is, however,
still one of the most common causes of death from transfu-
sion-transmitted infections: current risk of bacterial sepsis
is about one in 75 000 for platelets and one in 500 000 for
red cell transfusion [10].

Despite all the improvements, infectious agents are
expected to keep their edge, as evident by the newly emerg-
ing threats, not known and previously not tested for. Recent
experience with West Nile Virus, Severe Acute Respiratory
Syndrome (SARS) virus, Chagas disease and variant Creutz-
feldt Jakob disease shows the ever changing profile of
potential infectious risk from transfusion. This will be an
ongoing challenge, with exacerbating costs and complexi-
ties.

Non-infectious risks

Infectious risks of blood tend to be scary and gather much
media attention, but thanks to continuous screening and
testing efforts, their risk can be considered negligible.
Unfortunately, transfusions are associated with a host of
much more common non-infectious risks, many of which
are poorly defined and hard to remove. Some of these risks
include transfusion-related acute lung injury (TRALI),
immunomodulation, allergic and febrile reactions.

As a result, despite dramatic improvements in reducing
risk of infections, non-infectious risks have remained little
changed. In the combined FY2005, FY2006 and FY2007
reports to the Food and Drug Administration (FDA) of fatal-
ities following transfusion, TRALI and haemolytic transfu-
sion reaction were the leading causes of death. Similar data
are also found in other haemovigilance schemes. Data from
the UK Serious Hazards of Transfusion (SHOT) reporting
scheme for the years 1996 to 2007 have indicated that
‘incorrect blood component transfused’ continues to be the
most significant transfusion risk [11]. While some of the
non-infectious risks stem from human and systems error
and should be amenable to corrective and preventive mea-
sures, some are related to the very nature of blood products
and the only way to avoid them may ultimately lie in
avoiding blood transfusions altogether.

In addition to these recognized non-infectious risks of
transfusion, a growing wealth of evidence links transfusion
with numerous general adverse outcomes (see Table 1).
Reports of increased incidence of postoperative infection
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Table 1 Reported adverse outcomes associated with transfusion and
populations affected.

Adverse outcomes reported to be associated with RBC transfusion

Infection Cardiac arrest
Septicaemia Renal failure
Transfusion-related acute lung Stroke

injury (TRALI)
Multisystem organ failure (MOF) Thromboembolism
Systemic inflammatory response
syndrome (SIRS)

Acute respiratory distress

Diminished postoperative
functional recovery
Bleeding requiring re-operation

syndrome (ARDS)
Prolonged mechanical ventilation Increased admission to ICU
Vasospasm Increased ICU length of stay

Low-output heart failure
Atrial fibrillation
Myocardial infarction

Increased hospital length of stay
Increased hospital readmission
Increased mortality

Patient populations in whom adverse outcomes associated

with RBC transfusion have been reported
ICU patients

Paediatric patients

Trauma patients

Burn patients

Transplantation surgery
Colorectal surgery
Gastric surgery

Biliary surgery

Combat casualties Splenectomy
Acute coronary syndrome patients

Oncology patients

General surgery
Vascular surgery
Population based studies
Obstetrics

Cardiac surgery

Orthopaedic surgery
Thoracic aneurysm surgery
Lung surgery
Neurosurgery
Hepatic surgery
Pancreatic surgery

Head and neck surgery
Mastectomy and reconstruction
Oesophageal surgery

[12-16], increased ICU and hospital length of stay
[14,17-19], increased rates of acute respiratory distress
syndrome and multi-organ failure in ICU and trauma
patients [13,20,21] and increased morbidity and mortality
[18,22-30] are now common in the medical literature. Pos-
sibility of red cell transfusion affecting tumour growth and
cancer progression or recurrence has also been suggested
[31,32].

The increased mortality is not only short term but has
been reported up to 10 years after transfusion in cardiac
surgery patients [18,33-35]. In addition, data have sug-
gested a dose-response relationship with risk increasing
proportionally to the number of units transfused
[14,15,18,25,36-40]. Storage age of the transfused blood is
another factor playing a role here, with studies indicating
higher mortality rates in patients receiving older blood, par-
ticularly when volume of transfused blood is larger [41,42].

Despite uncontrolled methodology of most of these stud-
ies, observation of similar results across several indepen-
dent studies (with various degrees of matching between
transfused and not-transfused cohorts) supports that these
risks are real and clinically significant. Adverse events and

unfavourable outcomes occurring in association with
transfusion add a significant further health and financial
burden [8,14,18,30,43].

Transfusion efficacy: when should we transfuse?

Historically, the trigger for red cell transfusion has been a
haemoglobin of 100 g/1 (10 g/1) or haematocrit of 30%
[44]. However, this number was more of a convention and it
was not based upon any human or animal oxygen supply-
demand research. Studies have shown that the haemoglobin
level at which compensatory mechanisms are exhausted
and metabolism switches from aerobic to anaerobic is much
lower at approximately 30-45 g/1 [45]. This also correlates
with the level at which patients experience an increased
mortality [46,47]. Moreover, factors other than haemoglo-
bin levels are also likely to affect this critical threshold, and
relying on a single blood parameter may not be accurate
enough to distinguish individual patients’ oxygenation
status [48]. Nonetheless, most transfusions are given
preventatively so that such critical levels are not reached.

Unfortunately, very few studies are available to give
direction on when to transfuse. The single largest prospec-
tive randomized trial, the TRICC study, involved more than
800 intensive care patients in 25 centres across Canada
[49]. Patients were randomly assigned to receive transfu-
sion at either the standard < 100 g/1 (liberal group) or
< 70 g/1 (restrictive group) haemoglobin level. The haemo-
globin level was maintained between 100 and 120 g/1 in
the liberal group and 70-90 g/1 in the restrictive group.

The overall 30-day mortality was not significantly dif-
ferent between the restrictive and the liberal groups (18:7%
vs. 23-3% respectively; P = 0-11). However, the mortality
rate in patients who were younger (< 55 years) or less sick
(APACHE 1I scores < 20) was significantly lower in the
restrictive group compared with liberal transfusion group
(57% vs. 13-0%; P = 0-02 and 8:7% vs. 16-1%; P = 0-03
respectively). This difference was not seen though in
patients with acute myocardial infarction and unstable
angina (20'5 vs. 22:9; P = 0-69). There were lower rates of
pulmonary oedema (5:3% vs. 10-7%, P < 0-01), acute respi-
ratory distress syndrome (7-7% vs. 11-4%, P = 0-06), myo-
cardial infarction (0-7% vs. 2-9%, P = 0-02) and in-hospital
mortality (22:2% vs. 28:1%, P = 0-05) in the restrictive vs.
liberal transfusion groups respectively. Subgroup analysis
of patients with cardiovascular disease, critically ill trauma
patients and patients with head injury has been subse-
quently published and no benefit from a liberal transfusion
strategy in any of these subgroups has been reported
[50-52].

In a similar study conducted in critically ill children
(TRIPICU) [53], 637 stable critically ill paediatric patients
were randomized to a liberal (haemoglobin threshold of
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95 g/1) or restrictive (70 g/1) transfusion strategy. The inci-
dence of new or progressive multiple-organ dysfunction
syndrome, mortality rates, other outcomes and adverse
events were similar in the liberal and restrictive transfusion
groups, indicating that in this population, a haemoglobin
threshold of 70 g/1 for transfusion is safe and does not
increase adverse outcomes.

Two randomized controlled trials (RCT) comparing lib-
eral vs. restrictive transfusion thresholds have been con-
ducted in premature neonates. A study in a single centre of
100 premature infants [54] found that a restrictive transfu-
sion policy was generally well tolerated with no difference
in most clinical outcomes although there did appear to be a
relationship between a lower transfusion threshold and
increased brain injury. However, in a larger multi-centre
study [55] of 451 premature infants, this was not con-
firmed. This study found no difference in outcomes
between a liberal and a restrictive transfusion threshold.

Carson performed a meta-analysis of 10 RCTs comparing
liberal to restrictive transfusion [56]. No benefit from lib-
eral transfusion was found. To the contrary, restrictive
transfusion was found to be associated with less blood
usage, a marginally significant reduction in cardiac events
(24% lower; RR 0-76; 95% CI 0-57-1-0; P = 0:048) and a
non-significant reduction in mortality (20% lower; RR
0-80; 95% CI 0-63-1-02; P = 0-07). However, it was noted
that most studies involved only small sample size and the
results were dominated by the large numbers of patients
from the TRICC study.

The only RCTs to compare transfusion with no transfu-
sion were conducted in Africa with a total of 230 clinically
stable children with severe malarial anaemia (haemoglobin
levels between 40 g/1-57 g/1) [57,58]. A meta-analysis [59]
of the two trials found there was a non-significant trend
towards fewer deaths in the transfused group compared
with the non-transfused patients (1/118 vs. 3/112; RR
0-41; 95% CI 0-06-2-70; P = 0-4); however, there were sig-
nificantly more severe adverse events in transfused group
compared with the non-transfused (RR 8:60; 95% CI 1-11-
66°43; P = 0:04).

Transfusion guidelines

The ‘evidence-based’ recommendations for adoption of a
conservative haemoglobin threshold have been incorpo-
rated into many of the currently available consensus trans-
fusion guidelines. In fact, 10 years prior to publication of
the TRICC study, the US National Heart, Lung and Blood
Institute, National Institutes of Health and FDA Consensus
Conference on Peri-operative Red Cell Transfusion [60]
concluded that there was a remarkable lack of evidence to
guide decisions about transfusion, but available evidence
suggested a haemoglobin level of 70 g/1 may be acceptable
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in some patients. It nevertheless cautioned that decisions
should not be based on a single haemoglobin value.

Published guidelines recommend a transfusion trigger
around a haemoglobin level of 60 to 70 g/1 [61-65] for
most stable patients. Haemoglobin values > 70 g/l may be
appropriate if there is evidence of ischaemia, ongoing blood
loss and/or other risk factors [65,66]. Current guidelines
unanimously maintain that transfusion in patients with
haemoglobin levels > 100 g/1 is almost never indicated.
Another common theme in guidelines is the emphasis on
inadequacy of making transfusion decisions based on an
arbitrary haemoglobin value. Decisions should be guided
by patient factors including signs and symptoms of
hypoxia, ongoing blood loss and risks of anaemia vs. risks
of transfusion for individual patients. In addition, the
importance of transfusing a single unit at a time followed
by assessment of response and further need is outlined
[65,67].

Practice variations

Despite consensus guidelines, there remains a wide varia-
tion in transfusion practice, with transfusion rates for simi-
lar procedures varying from hospital to hospital and from
clinician to clinician. An Austrian benchmark study found
that for similar orthopaedic surgery patients in 18 hospitals,
rates of transfusion ranged from 12 to 87% [68]. A study of
cardiac surgery patients in 12 Australasian teaching hospi-
tals found red cell transfusion rates ranging from 17 to
79% [69]. These are similar to the findings of others [70-
74].

It appears that practice guidelines are not being applied
and that transfusion is dictated by either institutional-
based protocols or clinician preferences. Opportunity exists
to reduce transfusion exposure by simply adopting current
best practice guidelines.

Other factors to consider when making transfusion
decisions

Patients’ outcomes

It is clear that there is a paucity of evidenced based data to
guide when to transfuse. At the same time, there are an
increasingly large number of data-based analyses related to
transfusion outcomes. A logical approach to make transfu-
sion decisions is to weigh risks vs. benefits of transfusion in
improving a patient’s outcome and decide accordingly. The
majority of the studies on outcomes of transfusion are not
randomized controlled trials and their individual results
need to be interpreted with caution. However, the value of
large observational studies has recently been acknowledged
as an important tool in establishing evidence and identify-
ing safety issues [76,77].
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Based on recent work by epidemiologists, Spiess [44] has
pointed out that when multivariate analysis shows a two-
fold or greater increase in an adverse outcome it is most
likely a causal relationship rather than simply an associa-
tion. Confounders generally have less effect than a twofold
or greater response.

How then can clinicians analyze the current and expand-
ing transfusion literature and make appropriate conclusions
to guide their practice? The International Consensus Con-
ference on Transfusion Outcomes (ICCTO) held in April
2009 [78] was convened to assist with this issue. The con-
ference brought together a broad range of experts and was
overseen by the FDA, the American and Australian Red
Cross, the Joint Commission on Healthcare and other stake-
holders.

Using the validated Rand/UCLA appropriateness meth-
odology [78], the conference aimed to identify the charac-
teristics of patients with selected medical, surgical and
traumatic conditions for whom allogeneic red blood cell
transfusions would have a positive impact on health out-
comes and survival. The Rand/UCLA appropriateness
methodology has its origins in the reality that, although
randomized clinical trials are regarded as the gold stan-
dard for evidence-based medicine, they may not be avail-
able or don't provide adequate for the
management of specific clinical scenarios or patients. The
methodology does not ‘force’ consensus, but allows for
degrees of uncertainty. The results of this conference
should be available in the near future. However, the major
outcome of the meeting was broad consensus that there is
uncertainty about allogeneic red cell transfusions’ improv-
ing clinical outcomes in the majority of stable anaemic
peri-operative patients. The real concern is that most peri-
operative transfusions in haemodynamically stable
patients are not appropriate and may be exposing patients
to risk without evidence for benefit in terms of improving
clinical outcomes. It is hoped that the conclusions from
this conference will open the way for larger multi-centre
clinical trials in which transfusion can be compared with

evidence

non-transfusion management.

Patients’ viewpoints and ethical issues
An often forgotten consideration in the decision to trans-
fuse is the patient’s viewpoint. Every patient has the right
to know the nature of the treatment being recommended,
its risks and benefits in their particular situation and what
possible alternatives are available. This is the principle of
informed consent. Patients, however, still appear to be
poorly informed regarding transfusion choices and many
clinicians and institutions are not routinely and systemati-
cally attempting to improve this situation [79].

A study in Western Australia in 1998 found that 96% of
patients would avoid a transfusion if possible though only

4% were aware that alternatives to transfusion were avail-
able [80]. Similar results have been shown in US, Europe
and Canada [81-83].

The medical community also expresses a preference to
avoid allogeneic transfusion. All professionals surveyed in
the UK [83] would prefer their own blood to donated blood
and anaesthetists would prefer a blood substitute to receiv-
ing a transfusion.

Why then are clinicians continuing to prescribe blood
while they would prefer to avoid transfusion themselves? It
is essential that patients are adequately informed and par-
ticipate in the decision regarding their management. The
legal ramifications of a patient suffering an adverse out-
come where a transfusion was not warranted, or could have
been avoided, is all too obvious [84].

It is also frequently forgotten that there is an ethical
responsibility to blood donors who voluntarily give their
blood and time in trust. Blood Services and clinicians need
to provide stewardship of this expensive and valuable
resource by ensuring that it is used appropriately and for
those in greatest need.

A new way of practicing: patient blood
management

Background

No one who objectively examines the evidence can disagree
that we owe it to our patients to reduce transfusion expo-
sure as far as possible. How can this be achieved? Much has
been learnt to help us through the experience of caring for
Jehovah’s Witness patients who, although refusing blood
for religious reasons, actively seek non-blood medical
management.

In 1979, Jehovah’s Witnesses formed Hospital Liaison
Committees in an attempt to establish a more co-operative
approach between Witness patients and medical institu-
tions and to help inform hospital staff of valid alternatives
to transfusion [85]. Although many clinicians had difficulty
with the concept of ‘bloodless’ or ‘transfusion-free’ medi-
cine, there were some clinicians who took up the challenge
to manage these patients.

One of the pioneers was cardiac surgeon Denton Cooley
[86-88]. Others followed and treatment of complex proce-
dures including cardiac, orthopaedic and cancer surgery
was progressively able to be performed as experience
increased. Publication of results not only showed that
patients were surviving complex procedures without the
use of transfusion, but that their outcomes were as good as,
if not better than, similar patients who received blood
transfusion [89-99].

With news of treatment success, other Witness patients
as well as other patients who preferred to avoid allogeneic
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blood for any reasons, were attracted to the care of these
clinicians and the foundations for the early ‘bloodless
programmes’ was laid [80,100,101]. The clinical outcomes
in these patients should have been a stimulus to the
medical community to question the general use of blood
transfusion in most surgical procedures. However, it was
not until the recognition in the 1980s that HIV/AIDS
could be transmitted by transfusion that general concern
regarding the benefits and use of transfusion began to
really be expressed.

Over the last two decades, we have seen transition of
practice away from the ‘blood is always good’ philosophy to
focus on managing the patient’s problem and not defaulting
to transfusion as the only treatment avenue. This new treat-
ment focus requires a combination of approaches and
involves all disciplines of the patient’s care: medical, surgi-
cal, anaesthetic, nursing, pharmacy and health support.

The approach is now more commonly known as ‘blood
management’ or ‘patient blood management’ (PBM) rather
than ‘bloodless’ or ‘transfusion-free’ medicine as it is rec-
ognized that a transfusion may still be a necessary part of
patient care.

Evidence of success

Across the world PBM has been adopted by an increasing
number of individual departments, hospitals and whole
health networks such as recently adopted in Western
Australia [84]. Reports of the success of these programmes

are now also populating the medical literature and they are
likely to propagate the interest in these programmes.

In Canada, in 2000, the Ontario government supported a
three year provincial PBM focusing on elective knee sur-
gery, aortic aneurysm repair and elective coronary artery
bypass surgery [102,103]. Results have shown reduction in
blood use (14 to 24%) together with reduction in length of
stay and postoperative infection. Significant financial sav-
ings were also identified.

In USA, there are now reportedly more than 200 individ-
ual programmes with numbers progressively increasing.
Published results mirror those seen in Canada. At Engle-
wood Hospital and Medical Center in New Jersey, there was
a 42% reduction in blood use over the first 4 years of their
programme [104,105]. Their RBC transfusion rate in
coronary artery bypass graft (CABG) surgery is 8% with a
30-mortality rate of 0% [106]. A comparison of their trans-
fusion utilization data with other US transfusion statistics
is shown in Figs 1 and 2. Other centres report similar
trends, with lower costs both in terms of actual blood costs,
plus savings due in particular to reduction in length of stay
and incidence of complications [107-111].

Results from programmes in Austria, France, Spain and
the Netherlands have all been published [68,112-114]. In
addition, blood management programmes to address the
needs of more complex patients such as liver transplant
recipients and stem cell transplantation of haematological
malignancy have been adopted with successful results
[115,116]. Most recently, the government of Western
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Fig. 1 Unstratified cardiac surgery transfusion statistics for EHMC compared with published transfusion statistics in US multi-centre studies.

CABG = coronary artery bypass surgery; all cardiac surgery = CABG, valve and combined procedures. Data compiled from New Jersey Department of Health,

Stover 1998 and Syder-Ramos 2008.
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Fig. 2 State of New Jersey Department of Health reported expected com-
pared with actual mortality rates for cardiac surgery for the State of New
Jersey and Englewood Hospital and Medical Center (EHMC). (*Englewood is
reported to have the oldest average age in the US and thus the higher
expected mortality rate).

Australia has recognized the significant benefits of patient
blood management and has supported its implementation
between 2008 and 2012 throughout the whole WA Health
service [84].

What is involved?

A PBM programme aims to identify patients at risk of trans-
fusion and provide a management plan aimed at reducing
or eliminating the need for transfusion [117-119].
In surgical patients, the main factors which are recog-
nized to increase the risk of transfusion are [68]:
(1) preoperative anaemia or low red cell mass
(2) volume of surgical blood loss
(3) failure to adopt a more conservative haemoglobin
threshold for transfusion.
Strategies to address these are referred to as the three pil-
lars of blood conservation/management [68,120].

(1) Preoperative anaemia
Peri-operative anaemia and anaemia in hospitalized
patients in general is common. The reported prevalence of
anaemia in patients presenting for elective surgery varies
between 5 and 75% depending on the patient population
being screened, underlying pathology and definition of
anaemia [121]. In addition, iron and other haematinic defi-
ciencies without anaemia are frequent, particularly among
the elderly population, and may compromise patients’ abil-
ity to recover haemoglobin following surgery [122,123].
Anaemia is associated with increased morbidity, hospital
length of stay, and mortality [124] and a significant predic-
tor of transfusion usage [68,125]. Transfusion to treat anae-
mia, however, has been demonstrated to be an independent
and additive risk factor for adverse outcomes [37,126,127].

Experts have identified anaemia detection, evaluation and
appropriate management as a specific intervention oppor-
tunity to reduce transfusion and improve patient outcomes
[128]. Anaemia should be viewed as a significant clinical
condition, not simply an abnormal laboratory value, and
unexplained anaemia warrants immediate attention and
proper management prior to surgery in elective cases
[128,129].

Anaemia management with iron (enteral or parenteral),
haematinics and with or without erythropoiesis-stimulating
agents (ESAs) has been achieved in a wide range of clinical
settings. Anaemia management is an important part of
PBM and has been shown to result in the reduction or
avoidance of transfusion [105,107,110,130].

2. Surgical blood loss

Peri-operative blood loss can be reduced by employing

a variety of strategies dependent upon the nature of the

procedure and patient factors including [100,131,132]:

e meticulous surgical technique and use of technical aids
such as harmonic scalpel or argon beam coagulation

e cell salvage and re-transfusion of surgical blood loss

e anaesthetic considerations such as type of anaesthetic
agent and technique, maintenance of normothermia and
judicious use of fluid replacement

e use of pharmacologic agents such as antifibrinolytics.

3. Tolerance of anaemia

Adoption of a lower haemoglobin-based trigger for trans-
fusion as recommended in consensus guidelines is the third
important strategy to reduce unnecessary transfusion expo-
sure. As previously noted, several lines of evidence indicate
that restrictive transfusion strategies are safe for the vast
majority of patients.

Similar principles can be applied to medical patients.
Tools and guidelines to assist clinicians in implementing
blood management strategies are now available in the med-
ical literature, websites and texts [133-139], for example,
the 2007 Clinical Practice Guidelines for Peri-operative
Blood Transfusion and Blood Conservation developed by
the Society of Thoracic Surgeons and the Society of Cardio-
vascular Anesthesiologists [64]. In Australia and New
Zealand, revision of the Guidelines for Clinical Use of Blood
Components [65] is underway. The new guidelines will pro-
vide a PBM approach to care across the whole spectrum of
medical, surgical, obstetric and paediatric/neonatal set-
tings, with the first two guidelines, peri-operative patient
blood management and patient blood management in criti-
cal bleeding and massive blood loss, anticipated to be
released in the first half of 2010.

The most successful adoption of blood management
practices has occurred where there is a team approach with
strong commitment by all management and staff to reduce

© 2009 The Authors.

Journal compilation © 2009 International Society of Blood Transfusion, ISBT Science Series (2009) 4, 423-435



Patient blood management 431

transfusion exposure. It involves a co-ordinated, multidis-
ciplinary and multimodality approach, with management
tailored to the individual patient’s needs. Data collection
and monitoring to evaluate progress, ongoing education
and communication to patients and staff and readiness to
adopt new evidence-based methods or techniques are also
essential [100,117].

This article has focused on the patient population at risk
of receiving 1-3 units of red cells, the largest group at risk.
Those patients with haemorrhagic disorders or critical
anaemia were not addressed. In these patients, despite the
fact that transfusions can improve short-term survival, it
remains a potential risk factor for adverse outcomes. The
principles of PBM still apply but the issues are different.
Transfusion may be indicated while all efforts to contain
bleeding are made. The quality and quantity of the transfu-
sion is more important than emphasizing avoidance of
transfusion. Having kept the patient alive in order for the
underlying cause to be treated, PBM has a role in tolerating
anaemia, restoring haemoglobin as quickly as possible and
minimizing further blood loss. In these patients, it is unli-
kely that level I evidence from RCTs will ever be available
and the focus will remain on the clinical approach to care
and the quality and quantity of blood products they
receive.

The future

There is a growing interest in PBM: more programmes are
being established, it is on the agenda of major medical
meetings, numerous publications are present in the medical
literature and professional societies dedicated to furthering
PBM have been founded throughout the world. These all
foster an exchange of ideas and information and further
promote the adoption and expansion of blood manage-
ment.

However, the ‘silent transfusion epidemic’ [140-142], as
it has been called, still continues. Apart from the HIV and
HBV ‘blood scandals’, the potential and actual harm to
patients caused through inappropriate transfusions is not
sufficiently tangible for the public and clinicians [127,143].

This has to change. Transfusion is a transplant and
should never be a trivial decision. PBM is possible today
and needs to be implemented in our hospitals. The medical,
physiological, ethical, legal and economic evidence cannot
be ignored. PBM is plainly good medical practice and more
importantly, good medical common sense.
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