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BACKGROUND: Transfusions are common in hospitalized
patients but carry significant risk, with associated morbidity
and mortality that increases with each unit of blood
received. Clinical trials consistently support a conservative
over a liberal approach to transfusion. Yet there remains
wide variation in practice, and more than half of red cell
transfusions may be inappropriate. Adopting a more com-
prehensive approach to the bleeding, coagulopathic, or
anemic patient has the potential to improve patient care.

METHODS: We present a patient-centered blood manage-
ment (PBM) paradigm. The 4 guiding principles of effective
PBM that we present include anemia management, coagu-

lation optimization, blood conservation, and patient-
centered decision making.

RESULTS: PBM has the potential to decrease transfusion
rates, decrease practice variation, and improve patient
outcomes.

CONCLUSION: PBM’s value proposition is highly aligned
with that of hospital medicine. Hospitalists’ dual role as
front-line care providers and quality improvement leaders
make them the ideal candidates to develop, implement, and
practice PBM. Journal of Hospital Medicine 2014;9:60–65.
VC 2013 Society of Hospital Medicine

The transfusion of blood is the most frequently per-
formed procedure in US hospitals.1 Every year,
approximately 14 million units of packed red blood
cells are used,2 and 1 in 10 hospitalized patients is
transfused.3 In a recent large retrospective analysis,
the prevalence of anemia at hospital discharge was
12.8%.4 In some patients hospitalized with heart fail-
ure or pneumonia, the prevalence of anemia may
exceed 50%.5,6 Randomized controlled trials in multi-
ple patient populations show that a restrictive transfu-
sion strategy (using lower hemoglobin thresholds for
transfusion) is safe and may be associated with less
morbidity and mortality compared to a liberal transfu-
sion strategy.7–9 In a recent randomized clinical trial
of patients with acute upper gastrointestinal bleeding,
Villanueva and colleagues found a 4% increased risk
of mortality when a liberal rather than a restrictive
transfusion strategy was used.10

Transfusions are considered to be a “high risk” pro-
cedure, with morbidity and mortality increasing with
each unit of blood received.11 The costs associated
with transfusion are substantial, with a median cost of
$761 per unit (in 2010 dollars), which translates into
>$11 billion annually for red cells alone.12 Despite
this, health outcomes research shows that more than

half of red cell transfusions may be inappropriate.13

Furthermore, there is wide variation in practice that is
unexplained by patient characteristics.14,15 Given the
financial and human costs, the status quo of overuse
and practice variation is no longer acceptable.

The traditional focus of transfusion medicine, blood
banks, and blood utilization committees has been on
ensuring that we have an adequate supply of product
(ie, blood components) and safe and reliable methods
of administering the product. The work that has been
done to secure the supply of blood components and
the safety of transfusion is both necessary and lauda-
ble. More recently, attention has focused on the prom-
ise of a restrictive approach to transfusion.7–9 This
approach, in addition to easing the supply side, has
the potential to improve patient care by avoiding
transfusions in situations where the probability of
harm may exceed the probability of benefit. The
American Medical Association and the Joint Commis-
sion have recently identified blood transfusions as 1 of
5 overused medical procedures that pose a quality and
safety concern.16 The Society for Hospital Medicine
recognizes blood overutilization as a high priority
issue by urging avoidance of red blood cell transfu-
sions for arbitrary hemoglobin levels in their Choosing
Wisely campaign.17

A transformational next step is to move beyond the
decision of whether and when to transfuse blood com-
ponents and to focus on patient blood management.

WHAT IS PATIENT BLOOD MANAGEMENT?
Patient-centered blood management (PBM) aspires to
improve patient outcomes by actively managing the
patient’s own blood and hematopoietic system recog-
nizing that the transfusion of blood components is but
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1 of many therapeutic options. PBM is a multimodal,
multidisciplinary effort and is defined as “the timely
application of evidence-based medical and surgical
concepts designed to maintain hemoglobin concentra-
tion, optimize hemostasis, and minimize blood loss in
an effort to improve patient outcomes.”18 These prin-
ciples are shown in Figure 1. PBM strategies should
be implemented in surgical and nonsurgical settings in
virtually all stages of patient care.18,19 These strategies
fall into 4 general categories: anemia management,
coagulation optimization, blood conservation, and
patient-centered decision making (Table 1).

The appropriate use of these tools as part of an
evidence-based, multidisciplinary, patient-focused pro-
gram has the potential to reduce transfusions and
improve patient outcomes.18–20 The value of PBM pro-
grams as tools for improved outcomes has been endorsed
by many regulatory and professional organizations
including the American Association of Blood Banks,21

the Joint Commission,22 and the US Department of
Health and Human Services.23 There are currently 92
self-identified PBM Programs in the United States.18

Internationally, initiatives are underway to bring about
change and implement PBM. In 2008, the Western Aus-
tralia Department of Health implemented a comprehen-
sive health-system–wide PBM program. As a result of
this program, despite increasing activity, red blood cell
utilization to the entire state progressively decreased
from 70,103 units in 2008 to 65,742 units in 2011.24

Although transfusion rates are an easy end point to
measure, PBM’s ultimate aim is to improve patient
outcomes, not simply lower transfusion rates. To
date, randomized clinical trials have not been per-
formed comparing patient populations managed with
PBM principles to a control arm. However, in large
joint arthroplasty, a PBM approach was associated
with decreased length of stay, decreased readmission,
in addition to a decreased transfusion rate compared
to historical controls.25 Similar findings have been
described in other patient populations when compar-
ing Jehovah’s Witnesses patients to non-Jehovah’s
Witnesses patients.26

ANEMIA MANAGEMENT
Anemia has been identified as an independent predictor
of morbidity, including increased postoperative infec-
tion, length of stay, and mortality.27 The presence of
anemia is also a risk factor for blood transfusion.22

However, transfusion has not been proven to decrease
the morbidity and mortality associated with anemia.
Anemia is a highly prevalent finding in both medical
and surgical patients.3 Its prevalence increases after the
age 50 years, to over 20% in the elderly (�85 years).28

Patients should be screened and evaluated for anemia
throughout their course of care.20 An audit of more
than 9000 patients undergoing elective orthopedic sur-
gery found that more than one-third of patients were
considered to be anemic (hemoglobin <13 g/dL) during
preadmission testing.29 Despite the association with
negative outcomes, preexisting anemia is often ignored
and remains untreated.30

FIG. 1. Four guiding principles of patient blood management. Reproduced

with permission from the Society for the Advancement of Blood

Management.

TABLE 1. Patient Blood Management Strategies

Patient Blood Management Strategies

Managing anemia Optimizing coagulation
Create methods for early and ongoing detection of anemia Evaluate both quantitative and qualitative measures to assess true coagulation status
Employ timely evidence-based pharmaceutical and nutritional intervention to support erythropoiesis Employ goal-directed therapy to correct coagulation abnormalities
Determine causes and contributing factors of anemia Accurately assess true cause of bleeding dysfunction
Apply evidence-based rationale for use of red cells Apply evidence-based rationale for use of plasma
Enhance physiologic tolerance of anemia by minimizing oxygen consumption

Interdisciplinary blood conservation modalities Patient-centered decision making
Adopt precise and meticulous surgical technique using all available methods of hemostasis Listen to patient needs, desires, and concerns
Rapidly diagnose and promptly arrest blood loss in all situations Explore treatment possibilities, provide patient with current information about all PBM interventions
Employ appropriate intraoperative blood conservation modalities in an evidence-based fashion Inform patients of risks, benefits, and alternatives of treatment choices
Use available intra- and postoperative autologous blood conservation modalities Integrate patient values and autonomy in decision making, decide together on a course of action, and tailor a plan of

care that incorporates patient choice
Use methods to measure and assess hemoglobin loss Document and communicate patient preferences
Control diagnostic blood loss

NOTE: Abbreviations: PBM, patient blood management.
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PBM includes the identification of patients at risk
of anemia and development of a treatment plan. The
detection, evaluation, and correction of preoperative
anemia should be undertaken 3 to 4 weeks before
elective surgery, so treatment can be initiated prior to
surgery with appropriate therapy.31 Management of
anemia consists of treating the underlying cause and
use of hematinic agents to rapidly restore hemoglobin
levels to normal.20 Anemia therapy, which often
includes iron supplementation and erythropoietic-
stimulating drugs, increases red blood cell mass, thus
reducing or eliminating the need for allogenic blood.32

An overview of the management of preoperative ane-
mia can be found in Figure 2.

Available evidence suggests that in many clinical sit-
uations, transfusion of red blood cells for modest ane-
mia does not improve outcomes and may cause
harm.7–10 Although using transfusion trigger hemoglo-
bin levels of 7 to 8 g/dL appears to be preferable to
using triggers of 9 to 10 g/dL, we have no high-
quality evidence to suggest what, if any, the optimal
trigger should be. Furthermore, although the tradi-
tional rationale for red cell transfusion is to improve
tissue oxygen delivery, some evidence suggests that tis-
sue oxygen delivery is maintained even at hemoglobin
levels as low as 5 g/dL.33 Available evidence suggests
that for nonhemorrhaging patients, routinely transfus-
ing at a hemoglobin level of greater than 7 to 8 g/dL
should be avoided. Whether a hemoglobin of 8, 7, 6,
or 5 g/dL should serve as a trigger for transfusion is
unclear. Our recommendation is to focus less on the
number and more on the patient with regard to
assessing symptoms and treatment preferences.

OPTIMIZING COAGULATION
Prior to surgery, patients should be screened for bleed-
ing disorders by taking a structured bleeding history

and performing coagulation testing if areas of concern
arise. The first-line coagulation tests commonly used
are activated partial thromboplastin time and pro-
thrombin time.34 Testing may also be considered in
patients with conditions potentially associated with
hemorrhage such as liver disease, sepsis, diffuse intra-
vascular coagulation, preeclampsia, cholestasis, and
poor nutritional states.35

Point-of-care (POC) testing for rapid testing of hemo-
static function can provide fast and accurate identifica-
tion of coagulation abnormalities. Platelet function has
been assessed using impedance or turbidimetric aggreg-
ometry testing of whole-blood samples. Viscoelastic
tests using thromboelastometry and thromboelastogra-
phy measure time and dynamics of clot formation and
stability of clots over time.36 POC coagulation testing
has shown positive outcomes in surgery, critical care,
organ transplantation, and trauma patients.36 In surgi-
cal and organ transplant patients, POC testing has been
shown to lower perioperative blood losses and decrease
the use of allogenic transfusions.

Protocols are needed for discontinuing drugs that
may affect coagulation or increase bleeding such as
warfarin, aspirin, clopidogrel, herbal supplements,32

low molecular weight heparins, selective factor Xa
inhibitors, and direct thrombin inhibitors.36 Interruption
of oral anticoagulant therapy provides gradual reduc-
tion of the coagulation effects of warfarin but provides
more rapid reduction from agents such as dabigatran.37

Warfarin-treated patients in emergency situations, such
as excessive bleeding, emergent surgery, or international
normalized ratio (INR) >10 require rapid anticoagula-
tion reversal that cannot be achieved by drug discontin-
uation alone. Vitamin K (phytonadione) therapy can be
used in these situations and may be given intravenously
or orally; however, the intramuscular and subcutaneous
routes are not recommended.37

Fresh frozen plasma (FFP) provides fast, partial
reversal of coagulopathy by replacement of factors II,
VII, IX, and X; however, volume overload may make
it difficult to administer an adequate FFP dose. In
patients with very high INRs, replacement of hemo-
static levels of these factors cannot be achieved with
tolerable doses of FFP.37 Prothrombin complex concen-
trates (PCC) are an alternative to FFP for reversal of
warfarin and other oral anticoagulants.37 Both 3-factor
PCC and 4-factor PCC products are available, all con-
taining factors II, IX, and X with variable amounts of
FVII.37 The 4 factor products provide larger amounts
of factor VII compared to the 3 factor products.37 In
studies comparing PCCs to FFP, PCCs showed superior
efficacy in decreasing time to INR correction, with a
lower risk of thrombotic adverse events.37

Although some aspects of optimizing coagulation
are well within the domain of hospital medicine,
others require collaboration with hematology. As with
all aspects of patient blood management, the optimal
approach is often multidisciplinary and multimodal.

FIG. 2. Management of preoperative anemia. Adapted from Goodnough

et al.29 Abbreviations: GI, gastrointestinal; TSAT, transferrin saturation.
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INTERDISCIPLINARY BLOOD CONSERVATION
MODALITIES
The minimization of intraoperative bleeding is one of
the cornerstones of effective PBM. Perioperative blood
loss is an important factor in increasing postoperative
morbidity and mortality.19 Blood loss during surgery
increases patient exposure to blood transfusions and
their associated risks.27 In postoperative patients,
blood transfusion has been shown to be an independ-
ent risk factor for respiratory complications, infection,
and intensive care unit (ICU) admissions. Patients
receiving more than 2 U of blood had twice the risk
of complications and ICU admissions.39

The management of surgical bleeding requires mul-
tiple techniques, including excellent surgical tech-
nique, the use of minimally invasive surgery,
reinfusion of shed blood, and the use of topical hemo-
static agents. Meticulous surgical technique is the cor-
nerstone of intraoperative blood conservation.32

During surgery, various techniques can be used to
help decrease allogeneic blood exposure. These
include techniques such as intraoperative blood recov-
ery and acute normovolemic hemodilution.40 Energy-
based technologies, such as electrosurgery, harmonic
scalpels, argon beam coagulation, and radiofrequency
technology have also been used to aid in hemostasis.41

Interventions such as pharmacologic agents and topi-
cal hemostatic/sealant agents can also be utilized to
minimize intraoperative blood loss. Not surprisingly,
operative blood loss has been associated with an
increased risk of death.42 Blood loss and allogeneic
blood transfusion can be greatly reduced with the uti-
lization of an appropriate combination of therapies.

Hospital-acquired anemia is a common complica-
tion affecting almost two-thirds of patients admitted
to the hospital. Although anemia of chronic disease is
the leading cause of hospital-acquired anemia,
phlebotomy-induced blood loss is an important con-
tributing factor.43 In critical care patients, phlebotomy
volume is an independent predictor of transfusion
requirements. On average, these patients undergo 4 to
5 blood draws per day.44 Healthcare professionals can
help decrease the development of hospital-acquired
anemia by employing strategies aimed at decreasing
phlebotomy blood loss.32 Losses in the range of 41 to
65 mL of blood per day have been reported in the
medical literature and are associated with develop-
ment of anemia.45 Phlebotomy blood loss can be
reduced by strategies that include eliminating arterial
line blood discard, using small volume (ie, pediatric
size) blood collection tubes, and ordering laboratory
tests only when clinically justified.45

PATIENT-CENTERED DECISION MAKING
Patient-centered medicine is the practice of taking into
account patients’ individual preferences, objectives,
and values.46 Physicians are responsible for providing
patients with complete and understandable informa-

tion regarding treatment, and potential benefits and
risks of available treatment options. Patients, in turn,
must communicate their preferences and feelings with
regard to their treatment.47 A recent observational
study by Weiner confirmed that employing theses
practices is associated with improved health
outcomes.48

An individualized approach to PBM helps ensure
the “right fit” for each individual patient by informing
them of risks, benefits, and alternatives of treatment
choices and listening to their needs, desires, and con-
cerns. Patients may have specific religious or cultural
factors that may need to be considered. Some patients,
such as Jehovah’s Witnesses, decline blood products
and may refuse agents derived from human or animal
plasma. Some patients from other cultural or religious
backgrounds may refuse agents that have factors
derived from a specific animal.

Informed consent for transfusions is often obtained
via a printed form offered without discussion with the
patient by clerical or nursing staff. Obtaining a
patient’s signature to comply with Joint Commission
and CMS mandates is too often the goal of this pro-
cess. True informed consent requires that patients
understand treatments and are informed of both the
possible benefits and risks of the proposed treatment.
Patients should also be informed of available treat-
ment alternatives.27 The benefit of transfusions are
sometimes overstated, whereas the risks, such as
transfusion-related acute lung injury and transfusion-
associated circulatory overload, are often over-
looked.49 A comprehensive informed consent process,
including a frank and open discussion between physi-
cian and patient, is a vital component of patient-
centered decision making.

THE HOSPITALIST’S ROLE IN PBM
Hospitalists often have the responsibility for prescrib-
ing and obtaining consent for the administration of
blood components. Therefore, understanding the com-
plexities that surround PBM and the transfusion pro-
cess, including the potential for harm vs the potential
for benefit, as well as the economic impact of transfu-
sions, are essential for providing effective patient
care.

Although hospitalists are not primarily based in the
operating room, they are uniquely positioned to cham-
pion the value of PBM throughout their institution.
Many hospitalists play a vital role in preoperative
anemia detection and management via clinical and
administrative roles in preadmission testing. In addi-
tion, hospitalists can serve as the connectors that
bring anesthesiologists, surgeons, and others to the
table to explore ways to decrease the widespread inci-
dence of hospital-acquired anemia. Improving periop-
erative blood conservation, optimizing coagulation,
and managing anemia all require a multidisciplinary
approach.
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Hospitalists can play a major role in affecting grad-
ual changes in organizational culture. Whether it is
helping a subspecialist become comfortable with not
reflexively transfusing at a “threshold” hemoglobin,
or working with pharmacists and nurses to increase
their comfort level with intravenous iron and vitamin
K, a sustained effort with ongoing communication
and education is required to change practice. Recog-
nizing and engaging existing institutional stakeholders
and existent efforts related to blood management (eg,
transfusion committees, blood banks, blood utilization
committees) is also essential to successful implementa-
tion of patient blood-management principles. Hospi-
talists are often the ones who combine the credibility
and the connections to the disparate stakeholders to
drive the necessary culture change forward.

It is the dual role as both front-line care provider
and champion for quality improvement that uniquely
positions hospitalists to lead implementation of PBM
strategies. Improving quality and safety while decreas-
ing costs, and centering decision making on the
patient, are goals of effective PBM that are intimately
aligned with the goals of hospital medicine. By devel-
oping, implementing, and practicing PBM, hospitalists
have the opportunity to yet again lead the way in
improving patient care within their organizations.
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