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Background and Objective: Patient blood management (PBM) programs have recently been defined 
as ‘a patient-centered, systemic, evidence-based approach to improve patient outcomes by managing and 
preserving a patient’s own blood, while promoting patient safety and empowerment’. Many benefits are 
associated with developing a PBM program. These include reducing donor exposure, ensuring a safe blood 
supply, and potential cost savings from utilizing alternative therapies. Once blood is collected, it must be 
processed and tested for immunohematologic and transfusion-transmitted disease markers. The collection, 
testing, processing, and manufacturing of blood components contribute to their increasing cost. In the 
United States (U.S.), the cost associated with manufacturing blood components is then transferred to the 
transfusion services that acquire the components. The transfusion service then performs additional testing 
on the blood/blood component. The component is then priced for the recipient, taking into account direct 
and indirect costs borne by the hospital. This review explores the economic impact of implementing a PBM 
program by examining the costs associated with transfusion of blood and blood components as well as costs 
of alternative therapies.
Methods: A literature search was performed to identify articles published until October 2023 on the 
economics of PBM. The PubMed, Embase, and Scopus searches were limited to articles published in English 
language with a focus of PBM in the U.S. Data were extracted from each study on the following variables: 
study design, study population, interventions, outcomes, and costs. Data were analyzed using a narrative 
synthesis approach. Results were summarized and presented in tabular and graphical format.
Key Content and Findings: PBM includes a variety of practices, including pre-operative anemia 
management, peri-operative blood conservation, and minimizing unnecessary transfusions. Depending on 
the activities initiated, cost-savings ranging from $50 per patient to nearly $3,000 per patient have been 
reported. 
Conclusions: Based on the review of the literature, the main conclusion is that implementing blood 
management strategies can lead to cost savings while improving patient outcomes. This review highlights 
the importance of considering the economic impact of blood management practices in clinical decision-
making and policymaking. The findings of this review may impact future research by encouraging further 
investigation into the cost-effectiveness of different blood management strategies, particularly in different 
patient populations and healthcare settings. 
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Introduction

Patient blood management (PBM) is a multidisciplinary 
approach to optimize the use of blood and blood products 
in clinical practice. The economic impact of implementing 
a PBM program has gained attention in recent years, as 
healthcare costs continue to rise and there is growing 
awareness of the need to reduce unnecessary transfusions. 
This review aims to explore the economics of PBM 
programs by examining the cost-effectiveness of PBM 
strategies, as well as the potential cost savings associated 
with reducing blood product utilization.

To provide a thorough understanding of the background 
and context of PBM programs, it is important to discuss 
their origins and evolution. The need for better PBM was 
recognized as the average age of the donor population 
increased and blood shortages became more common. At 
the same time, bloodless surgery programs were initiated 
to better serve patients who refused blood transfusion; thus 
the ability to provide medical care with fewer transfusions 
was demonstrated. PBM has emerged as an evidence-based 
approach to transfusion management that encompasses a 
range of interventions, including preoperative optimization, 
intraoperative blood conservation techniques, and 
postoperative anemia management. Studies have shown that 
the implementation of PBM strategies can improve patient 
outcomes, reduce the need for transfusions, and lower 
healthcare costs.

Franchini et al. published a systematic review in 
2019 aimed at evaluating the cost-effectiveness of PBM 
strategies (1). They included 13 studies that compared the 
cost associated and clinical outcomes of PBM strategies 
to standard care. It was found that PBM programs were 
generally cost-effective, with some interventions being 
more cost-effective than others. It was noted that there was 
a lack of high-quality studies and further research is needed. 
In addition, Bolcato et al. in 2020 discussed in a scoping 
review 60 studies that examined the benefit and costs of 
PBM interventions (2). They found that while there was a 
growing body of literature on the economics of PBM, there 
was a lack of standardized economic evaluation methods, 
making it difficult to compare studies and draw conclusions 
on beneficence.

Together, these two reviews highlight the need for 
further research on the economics of PBM programs. While 
there is some evidence to suggest that PBM interventions 
can be cost-effective, there is still a lack of high-quality 
studies and standardized methods for economic evaluation. 
We present this article in accordance with the Narrative 

Review reporting checklist (available at https://aob.
amegroups.com/article/view/10.21037/aob-22-35/rc).

Methods

Search strategies

A literature search was performed to identify articles on 
the economics of PBM (Table 1). The search was conducted 
in April 2022 and updated in October 2023 to include any 
relevant articles published since the initial search. The 
following electronic databases were searched: PubMed, 
Embase, and Scopus. The search strategy included the 
following keywords: “patient blood management”, “blood 
transfusion”, “cost”, “economic analysis”, and “United 
States”. The search was limited to articles published in 
English language.

Inclusion and exclusion criteria

Studies were included if they focused on the economics 
of PBM. Studies that focused on non-economic aspects of 
blood management were excluded. Additionally, studies 
that did not provide information on costs, or that were not 
published in English language, were excluded.

Data extraction

Data were extracted from each study on the following 
variables: study design, study population, interventions, 
outcomes, and costs. 

Data analysis

Data were analyzed using a narrative synthesis approach. 
Results were summarized and presented in tabular and 
graphical format.

Blood component overview 

Whole blood is collected from donors and processed 
through various means to create individual blood 
components for use, such as: red blood cells (RBCs), plasma, 
platelets, and cryoprecipitate (3). Separating whole blood 
into multiple components allows more than one patient 
to benefit from a single donated unit, makes it possible for 
patients to get only the component required for adequate 
treatment, and allows for compatible, but not type-specific, 
products to be given. 

https://aob.amegroups.com/article/view/10.21037/aob-22-35/rc
https://aob.amegroups.com/article/view/10.21037/aob-22-35/rc
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RBCs can be prepared by removing approximately 
80% of plasma from a unit of whole blood or by collecting 
through an apheresis donation (3). They are indicated when 
increasing the blood’s oxygen carrying capacity is necessary 
to maintain normal tissue oxygenation (4). These include 
situations of uncompensated anemia such as acute blood 
loss because of trauma or surgery, and chronic anemia 
due to blood disorders or slow, prolonged bleeding. RBCs 
can be washed, leukoreduced, or irradiated depending on 
patient need.

Few studies have been done, either in the U.S. or 
elsewhere, that discuss the costs of blood transfusion. The 
first point of discussion needs to be what should be included 
when attempting to do such a cost accounting. In 2003, 
members of the Society for the Advancement of Blood 
Management convened a consensus conference where 
they discussed everything that goes into providing a blood 
transfusion (5). Their publication provides an excellent 
framework to begin that discussion. 

Direct costs of blood components involve blood 
collection containers and labels, sample tubes used to 
collect donor blood for various tests, and the reagents and 
supplies needed to perform the testing. Indirect costs of 
collection include the costs to recruit donors (including 
providing incentives) and to provide an environment where 
the blood can be collected, including information systems, 
donor chairs, environmental controls, and materials such as 
stickers, printer paper, and refreshments for donors. There 
are costs incurred for transporting blood from where it is 
collected to where it is tested, processed and stored, and 
later, to the location where it will be transfused. Indirect 
costs of testing similarly include environmental controls and 
information system costs, but also costs for maintenance of 

testing equipment and storage devices. Other direct costs, 
depending on the type of component produced might 
include leukocyte reduction filters and pathogen-reduction 
technology (6). After the blood is tested, the units are 
labelled and stored, which again incurs direct costs (e.g., 
labels) and indirect costs (storage and information systems). 
Beyond these costs already listed, the most expensive 
aspect of the blood collection process is the cost of paying 
trained staff to do the front-line work and comply with all 
regulatory expectations. Examples of direct and indirect 
costs are provided in Table 2. To calculate the overall cost 
for a unit of blood, the direct costs are added together, and 
an amount is calculated for each indirect cost, which is then 
added to the direct costs. As an example, if a blood center 
spends $10,000/month on personnel wages and benefits 
plus $3,000/month on supplies (e.g., testing reagents and 
donor refreshments) plus $1,000/month on utilities and 
equipment maintenance plus an average of $1,000/month 
for depreciation of its assets, it would have $15,000/month 
in indirect costs. If it collects 100 apheresis packed red cell 
units in that month (and nothing else), the indirect cost for 
each unit would be $150. Direct costs for each unit might 
be $40 for the blood bag and $2 for the label. The blood 
center’s total cost for each unit would then be $192. 

Blood collection centers calculate these costs and use 
them to determine the charge of each type of component 
they produce. When discussing reimbursement for these 
components, it is important to bear in mind that these 
prices reflect the direct and indirect costs of everything 
necessary to produce each component, not the cost of 
the component itself. Based on data published from the 
2019 National Blood Collection and Utilization Survey 
(NBCUS), the median and mean costs of units purchased 

Table 1 The search strategy summary

Items Specification

Date of search April 2022 and updated in October 2023, no end date specified in search. Studies and data were chosen by 
relevance and where applicable, most recent study was used

Databases and other 
sources searched

PubMed, Embase, and Scopus

Search terms used “patient blood management”, “blood transfusion”, “cost”, “economic analysis”, and “United States”

Timeframe Publications before October 2023

Inclusion and exclusion 
criteria 

Studies were included if they focused on the economics of patient blood management. Studies that focused 
on non-economic aspects of blood management were excluded. Additionally, studies that did not provide 
information on costs, or that were not published in English language, were excluded

Selection process Selection was conducted independently by each author. Results were shared amongst the group
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from blood suppliers are listed in Table 3 (7). 
The charge set by the blood center, in turn, is the 

starting direct cost for the transfusion services that purchase 
the units. The transfusion service must do additional testing 
and provide additional transport and storage, with more 
indirect costs for environmental controls, information 
systems, equipment maintenance, and professional staff to 
do the testing, manage the inventory, and meet regulatory 

expectations. Stokes et al. did a cost analysis at two hospitals 
in the United Kingdom (UK) and reported that the 
laboratory costs for providing transfusions were ~$28 (US 
dollars) per unit transfused (in 2015 dollars), with little 
variability depending on the different types of components 
or the number of units issued (8). 

In contrast to what Stokes et al. reported, the cost of 
pre-transfusion testing can vary markedly depending on 

Table 2 Examples of direct and indirect costs in various settings

Location Direct costs Indirect costs

Blood center (donor-related) Collection containers Donor recruitment

Labels Donor chairs

Specimen tubes Information systems

Testing reagents Refreshments 

Testing supplies Testing instruments

Blood center (component 
processing)

Labels Storage device maintenance

Leukoreduction filters Information systems

Pathogen-reduction equipment Environmental controls

Transport boxes Personnel 

Hospital (transfusion service) Charge from blood supplier for each unit Storage device maintenance

Testing reagents and supplies Information systems

Transfer bags Environmental controls

Aliquot syringes Personnel

Hospital (blood administration) Intravenous catheters IV pump and blood warmer maintenance

Infusion sets Information systems

Compatible intravenous fluids Environmental controls

Medications (if needed to avoid transfusion reactions) Personnel

IV, intravenous. 

Table 3 The median and mean costs of components purchased from blood suppliers based on the 2019 NBCUS

Component Median price ($) Mean price ($) IQR ($)

Leukoreduced RBC 208 215 198–215

Leukoreduced apheresis platelets 516 520 491–543

Pathogen-reduced apheresis platelets 617 610 570–659

Fresh frozen plasma 50 53 43–59

Plasma frozen within 24 hours 50 53 43–58

Cryoprecipitated AHF 51 55 42–62

NBCUS, National Blood Collection and Utilization Survey; IQR, interquartile range; RBC, red blood cell; AHF, antihemophilic factor. 
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patient-specific factors, such as pre-existing antibodies and 
drug therapy. Antibodies need to be identified and units of 
blood compatible with those antibodies need to be found. 
Mazonson et al. found that the average cost per patient 
varied based on patient diagnosis, with obstetric patients 
having an average pre-transfusion testing cost of $69 and 
patients with warm autoantibodies having an average cost 
of $505 per transfusion event (9). Their data was collected 
between 2009 and 2011 so the associated costs would be 
expected to be higher today when adjusted for inflation (10).  
Hofmann et al. observed that 42.2% of inpatients had 
type and screen testing done (33.1% of medical inpatients 
versus 64.3% of surgical inpatients), even though only 6.3% 
of inpatients received any type of blood component (11). 
Cost accounting for all of those type and screen tests that 
were not associated with transfusions (35.9% of tests in 
Hofmann’s study) are not part of the calculation for the 
overall cost of transfusion. If they were, the indirect costs 
would be higher. The transfusion service laboratory that 
receives the unit of packed red cells from the blood center 
for $192 might add on another $58 for their direct and 
indirect costs for a total so far of $250.

Once a unit of blood is ready to be transfused, there are 
direct costs for intravenous (IV) catheters, infusion sets and 
filters, and saline or other compatible fluid to prime the 
infusion set. The patient might require pre-medication to 
avoid a transfusion reaction. Indirect costs again include 

environmental controls, information systems, equipment 
maintenance (e.g., IV pumps and blood warmers), and 
nursing staff time to administer the transfusion, monitor 
the patient for a potential reaction, and meet regulatory 
expectations (12). Other indirect costs that might be added 
would be the cost of printing instructions for outpatients 
who receive transfusions or the cost of transfusion reaction 
investigations. In the study by Stokes et al., the per-unit 
nursing costs for providing transfusions were higher for the 
initial transfusion ($25.64) than for subsequent transfusions 
($4.58) using 2015 dollars (8). Stokes et al., therefore, 
found that the cost of transfusion was $53 in addition to the 
acquisition cost of the component transfused. Most studies 
looking at the cost of transfusion have primarily looked at 
RBC transfusions (13-17). For the hypothetical transfusion 
listed above, these administrative direct and indirect costs 
might add another $35 to the $250 already described, for 
a total transfusion cost of $285. A summary of the mean 
costs reported for RBC transfusions from various countries 
is presented in Table 4. Variability in the costs listed might 
be due to factors such as whether or not RBC units are 
typically leukoreduced, the mean wages for staff who 
participate in transfusion activities, and differences in costs 
for meeting regulatory expectations (e.g., cost of testing or 
additional documentation requirements). Figure 1 outlines 
the flow of blood discussed in this section from collection to 
transfusion.

Table 4 Cost of transfusion of RBCs

Author, reference Location Total cost of RBC transfusions†

Shander et al. (10) EHMC, United States $1,183.32 (€1,088.65)

RIH, United States $726.05 (€667.97)

CHUV, Switzerland $611.44 (€562.52)

AKH, Austria $522.45 (€480.65)

Toner et al. (12) United States $343.63 (€316.14)

Abraham & Sun (13) Western Europe €877.69 ($954.01) for 2 RBC units

Fragoulakis et al. (14) Greece €165.49 ($179.88)

Kleinerüschkamp et al. (15) Germany €147.43 ($160.25)

Mafirakureva et al. (16) Zimbabwe $130.94 (€120.46)

Rigal et al. (17) France €339.67 ($369.21)

Values are those originally reported, not adjusted for inflation. †, first number is the value reported in the original article. The number in 
parenthesis is based on an exchange rate of $1.00=€0.92. RBCs, red blood cells; EHMC, Englewood Hospital Medical Center; RIH, Rhode 
Island Hospital; CHUV, Centre Hospitalier Universitaire Vaudois; AKH, General Hospital Linz. 
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Reimbursement for transfusions

In the US, reimbursement for blood and transfusion 
services can vary depending on whether the reimbursement 
comes from the federal government [Centers for Medicare/
Medicaid Services (CMS)] or private insurers. Many private 
insurers use the same general payment schedule as CMS 
and variations to that are beyond the scope of this article so 
only CMS reimbursement will be discussed. 

A couple  of  concepts  common to a l l  forms of 
reimbursement are that there must be documentation in 
the patient’s medical record to indicate what services (i.e., 

testing) and materials (i.e., units of blood) were provided 
and those services and materials must be considered 
medically necessary. Although it is acceptable to bill for 
services provided even when a transfusion does not occur 
(e.g., billing for type and screen testing), units of blood 
that were ordered, but not transfused cannot be billed to 
the patient. Similarly, if a patient needs special processing 
for their blood (e.g., antigen typing because they have red 
cell antibodies), the cost of that additional service (antigen 
testing) can be added to the patient’s bill. However, if a unit 
that had special antigen typing done is given to a patient 

Donor recruitment: 
personnel, equipment, environment, quality
activities, advertising, incentive programs

Donor collection: 
personnel, equipment, collection containers, labels, sample tubes, stickers, 
donation environment (DHQ, donor chairs, refreshments), quality activities 
(issues related to the donor history questionnaires or positive test results)

Component processing and storage at blood center: 
personnel, equipment, reagents and supplies for testing 

(sample tubes, labels, pipettes), supplies for labeling, 
environment, quality activities (deviations)

Transport to processing area

Inventory management at transfusion service: 
personnel, equipment, storage devices (refrigerators, 

freezers, plasma thawers, platelet incubators), environment, 
temperature monitoring, quality activities (deviations)

Transport to transfusion service

Pre-transfusion testing and component preparation: 
personnel, equipment, reagents, and supplies for testing 

(sample tubes, labels, pipettes), supplies for labeling, 
environment, quality activities (deviations)

Transfusion: 
personnel, equipment, IV tubing and filters, IV pumps,  

pre-transfusion medications, quality activities (deviations), 
environment

Transport to clinical area

Post-transfusion follow-up (Transfusion reaction investigations, lookbacks, deviations):
personnel, equipment, environment, quality activities (deviations)

E
quipm

ent: purchasing, validation, m
aintenance

P
ersonnel: recruiting &

 hiring, training, salary &
 benefits

Q
uality activities: docum

ent review
, follow

-up of issues, com
petency assessm

ent

E
nvironm

ent: heating/cooling, inform
ation system

s, telephones, office supplies, furniture

Transportation: transport containers, packing m
aterials, courier personnel, vehicle m

aintenance

Figure 1 Flow of blood diagram. DHQ, donor history questionnaire; IV, intravenous. 
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who had no documented need for such typing, the cost of 
that additional typing cannot be billed to the patient (18).

Facil it ies use Health Care Common Procedure 
Coding system (HCPCS) codes and Current Procedural 
Terminology (CPT) codes for the outpatient setting. 
Specifically, HCPCS p-codes cover the blood components. 
The most commonly billed HCPCS p-code for blood is 
P9016, which is for leukoreduced RBC. Note that a p-code 
may be used every time a component is transfused. For 
a patient who receives two units of leukoreduced RBCs 
during an outpatient visit, the billing documentation should 
include two P9016 codes (or P9016 × 2), one for each 
unit. CPT codes are similar to ICD-10-PCS codes in that 
they are used for procedures, but are specifically for the 
outpatient setting instead of the inpatient setting. For a 
patient who receives a leukoreduced RBC unit during an 
outpatient visit, in addition to the p-code used for the actual 
unit of blood, the patient’s bill should include CPT code 
36430 for the act of transfusing the blood (19,20). 

Each year, CMS updates the list of codes that it uses as 
well as the amount it plans to pay for each code, which is 
published as the Hospital Outpatient Prospective Payment 
system (OPPS) final rule. For the patient who receives a 
unit of leukoreduced RBC, the 2022 Calendar Year OPPS 
lists reimbursement of $192.39 for the P9016 code and 
$405.37 for the 36430 code, or a total of $597.76 (19,20). As 
noted in Table 4, this amount would cover the acquisition cost 
for a unit of leukoreduced RBCs, but, as shown in Table 4,  
it might not adequately reimburse for the total cost of 
administering the transfusion. 

Reimbursement for any hospital stay is predetermined 
based on a diagnosis related group (DRG). Based on 
previous amounts requested for reimbursement for a specific 
diagnostic category, CMS determines how much it is willing 
to pay. Similar to the OPPS, CMS publishes an annual 
report of how much it will pay in the Hospital Inpatient 
Prospective Payment System (IPPS) Final Rule. A study 
published by Jefferies et al. in 2001 presented an assessment 
of the relative cost of transfusion based on DRG done 
for 1995 admissions showed that transfusion accounted 
for as much as 12.7% of the DRG cost (DRG 473, acute 
leukemia without major operating room procedure) (21). 
Understandably, many DRGs have no associated transfusion 
costs, if those patients do not typically receive transfusions. 
No other studies specifically addressing this topic have been 
published. Since that study was done, the concepts of PBM 
have impacted transfusion trends, but there continues to be 
not much literature regarding their economic impacts.

Modalities of PBM

PBM exis ts  in  many ways  and through di f ferent 
subspecialties in the hospital. Typically, the PBM program 
exists through a multidisciplinary committee in the 
hospital. It is there where different disciplines throughout 
the hospital (pathology, laboratory staff, nursing staff, 
physicians from different subspecialties) come together to 
discuss transfusion practice throughout the facility(ies). 
Guidelines and recommendations are discussed here as well 
as expected behaviors. Through facilities accredited by the 
Association for the Advancement of Blood and Biotherapies 
(AABB) or other professional associations, the medical 
director of the transfusion service has executive say over the 
transfusion policies in the facility (22). 

Though the transfusion service medical director has 
the final say, it is best practice to meet with stakeholder 
physicians to discuss needs and wants to increase compliance 
and decrease costs associated with unnecessary transfusions. 
It is important to have this physician representation at 
PBM/transfusion practice committee meetings. Their 
participation ensures that physicians have input in the 
decisions being made by the transfusion service medical 
director, which should increase compliance throughout 
ordering providers. It also ensures they are aware of all 
changes that are being made, which include those being 
made to transfusion thresholds and feedback they would 
receive for orders that may not meet criteria. In addition to 
service behaviors, participation allows physicians to learn 
during meetings about transfusion practice in general and 
ask questions pertaining to transfusion 

Evidence-based transfusion thresholds can be developed 
through the PBM program or transfusion practice 
committee. These thresholds are a guideline for providers 
for best practices regarding transfusion of blood and 
blood products. Developing these guidelines can prevent 
unnecessary transfusions in the hospital or limit transfusions 
to prevent multiple donor exposures. An example of 
this is providing minimal hemoglobin requirements for 
transfusion. Of note, it is important that although these 
guidelines represent best practice, they do not constitute 
a standard of care. Not every patient who meets these 
guidelines will require a transfusion. These circumstances 
are best discussed peer-to-peer with the ordering physician 
and transfusion service medical director. 

Ordering behaviors, blood purchasing, blood utilization, 
and waste can and should all be monitored by the PBM 
program (23). These audits can show trends and deficits 
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that can be addressed, leading to a better standard of care 
for patients. Ordering practices can be narrowed down to 
the physician and provider level to see if certain individuals 
need education on guidelines. Monitoring wastage in the 
transfusion service can help with modifying ordering of 
supplies, which includes consumables and testing supplies 
as well as blood components. This presents cost savings 
to the hospital since the hospital pays the blood center for 
components but may not be reimbursed if the components 
are wasted due to expiration or improper handling. 

Since the advent of blood transfusions there have 
been known associated risks. More risks associated with 
transfusion have been identified throughout the years with 
newer technology being available to study in-vivo effects. 
Though these risks have been identified, risks such as 
infectious disease transmission have significantly decreased 
with more sensitive and specific screening assays and pre-
donation questionnaires. Overall risks include transfusion-
transmitted infectious disease (more are being discovered 
and can be associated with specific regions) as well as 
transfusion reactions (e.g., hemolytic transfusion reactions, 
non-hemolytic febrile transfusion reactions, transfusion 
related acute lung injury). The increase in discovered 
transmitted infectious diseases has led to more testing of 
blood components, as well as the discovery of immunologic 
complications associated with certain transfusions such as 
antibodies to human leukocyte antigens. This has led to an 
increase in costs for blood components, which includes an 
increase in delivery costs and payment of medical services. 
Recent studies have even shown a correlation between blood 
component transfusion and morbidity and mortality (24,25). 
With the inherent risks associated with the transfusion of 
blood components, it is important to reduce the number of 
transfusions when alternative therapies are available. 

Certain interventions can help change the behavior 
of physicians regarding transfusing blood. These 
interventions, although simple, can be very effective when 
applied to physicians and in a multidisciplinary committee. 
Interventions include audits with feedback, audits with 
approval or disapproval of ordering practices, transfusion 
forms with transfusion criteria posted, as well as provider 
education (26). Systemic reviews of these interventions 
showed that these behaviors led to either a decrease in 
components transfused (i.e., one unit rather than two), or a 
decrease of overall blood component utilization. 

In addition to simple interventions on the side of the 
transfusion service, new laboratory and hospital information 
systems can help aid in the modification of physician 

behavior in real-time. These systems work by providing 
recent laboratory values during blood component ordering 
as well as warnings when orders do not meet criteria set 
forth by the transfusion service. Ikoma et al., has shown 
that these live warnings in the computerized physician 
order entry (CPOE) system alone help change transfusion 
behavior with physicians. Through the use of live alerts 
when ordering, the authors were able to reduce multi-unit 
transfusions by 8.6% and increase guidance-indicated red 
cell transfusion by 10.6% (27). The live alerts provide real-
time clinical support to the ordering physician to help either 
support or reject their decision to transfuse based off best 
practice guidelines set forth by their transfusion practice 
committee. 

Preoperative optimization of hemoglobin

Blood loss during surgical procedures is an expected event. 
For very invasive procedures, there is a higher risk of blood 
loss, and the quantity of blood loss is generally greater 
than small procedures (e.g., cardiovascular surgeries and 
certain orthopedic procedures). Anemia, or a decrease in 
RBCs and/or hemoglobin concentration, is found in about 
5% of the general population. This number increases with 
certain disease states and conditions (e.g., colorectal cancer 
patients ~46% and elderly orthopedic patients ~75%), 
which contributes to the population who are more likely 
to have highly invasive procedures (28). Identifying anemia 
preoperatively allows the surgeon to identify the origin of 
the patient’s anemia, as well as optimize the patient prior to 
surgery to improve post-surgical outcome. 

Preoperative anemia contributes to post-operative 
anemia, which can result in a patient becoming transfusion 
dependent. Blood transfusions have associated risks, 
which include transfusion-transmitted disease, ischemic 
complications, and death. Patients who are sicker are more 
at-risk for preoperative anemia, post-operative anemia, 
and transfusion. These patients are also most at risk for 
transfusion-related complications. Although studies have 
shown a link with post-operative transfusion and mortality, 
a restrictive transfusion approach did not show a significant 
difference in outcome when compared to a liberal approach 
to post-operative transfusion (28,29). Even with a restrictive 
approach to transfusions, there continued to be an increased 
risk for complications in patients who required transfusion. 

Discovering anemia early is the key to optimizing the 
patient. There is little to be done if anemia is discovered 
in the patient 4–7 days prior to their procedure. To be able 
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to investigate and initiate treatment, it is most beneficial 
if anemia is discovered at least 3 to 4 weeks prior to their 
procedure (28,29). Following the discovery of anemia in 
presurgical patients, investigational studies should be done 
to identify the source of anemia. Nutritional deficiencies 
should be corrected if identified (e.g., B12 or iron 
deficiency). Erythropoietic stimulating agents (ESAs) may 
be utilized to optimize anemia prior to their procedure. 

Identifying iron deficiency anemia (IDA) is an important 
aspect of PBM as it can lead to decreased need for blood 
transfusions and associated costs. Iron is essential for the 
production of hemoglobin, the protein in RBCs that carries 
oxygen throughout the body. When iron levels are low, 
the body cannot produce enough hemoglobin, leading to 
anemia (30).

IDA is a common cause of anemia, and its prevalence is 
high in surgical and critically ill patients. Early identification 
and treatment of IDA is important to optimize hemoglobin 
levels before surgery or other medical procedures, and to 
reduce the risk of transfusion (30).

Iron replacement therapy is the primary treatment for 
IDA. Oral iron supplements are often used as first-line 
therapy, but may not be effective in patients with severe 
anemia or those who are unable to tolerate oral iron due 
to gastrointestinal side effects. In these cases, IV iron may 
be used. IV iron therapy has been shown to be safe and 
effective in correcting IDA in surgical and critically ill 
patients, with minimal adverse effects (30).

Several IV iron formulations are available, including 
iron sucrose, ferric carboxymaltose (FCM), iron dextran, 
and ferumoxytol. Dosing and administration may vary 
depending on the formulation used and the severity of 
anemia. It is important to note that IV iron therapy should 
be used judiciously, as excessive dosing can lead to iron 
overload and associated complications (30).

One study by Bisbe et al. evaluated the cost-effectiveness 
of IV FCM compared to standard care for the treatment 
of IDA in patients undergoing major surgery. The authors 
found that FCM was cost-effective, with a projected cost 
savings of €111 per patient (31).

A 2015 study by Rodgers et al. found that the use of iron 
sucrose to treat anemia in an outpatient setting yielded 
substantial savings for the hospital system. They reported 
$37,656 in cost savings within the study when the associated 
costs and reimbursement rates of iron sucrose treatments 
were compared to those of transfusion (32).

Identifying and treating IDA is an important component 
of PBM and can lead to decreased need for blood 

transfusions and associated costs. IV iron therapy is a safe 
and effective treatment option for patients with severe 
anemia or those who are unable to tolerate oral iron and 
may be cost-effective compared to standard care (32).

Presurgical testing of patients should be done as early as 
three to four weeks in non-emergent/urgent circumstances 
(28,29). If the patient is anemic, these results should be 
shared with the patient’s primary care provider to allow 
for adequate treatment and optimization of the patient 
for surgery. It is up to the surgeon to decide whether to 
proceed with the procedure or to delay the procedure until 
the anemia is corrected to an acceptable level. Correcting 
the patient’s preoperative anemia can facilitate a better post-
operative outcome and lower costs.

Intraoperative salvage 

Intraoperative RBC salvage is a technique that is used 
to recycle shed blood during certain surgeries and 
procedures. Shed blood is collected from the patient and is 
anticoagulated. The blood is sent to a reservoir where it is 
washed and then can be transfused back to the patient (33). 
This is a form of autologous blood transfusion, where the 
patient receives their own blood. This minimizes allogeneic 
transfusion and mitigates the risks associated with donor 
blood. Although it reduces the risks associated with 
allogeneic blood, there are associated risks with autologous 
cell salvage as well as contraindications. 

Cell salvage is recommended when approximately 
20% of the patient’s blood will be shed throughout the 
procedure. This can only be done during certain procedures 
due to contraindications such as procedures where there 
is contamination with stool, urine, fat, amniotic fluid, or 
bone chips (33). Cell salvage is typically performed for 
cardiac, orthopedic, neuro-, and vascular surgeries, and 
liver transplantations. Despite the contraindication of 
contamination with amniotic fluid, a study published by 
Liu et al., showed that autologous cell salvage is safe and 
effective during obstetrical hemorrhage, specifically during 
cesarean sections (34). They showed that contamination 
from amniotic fluid or fetal components did not pose a risk 
to the patient. 

A major concern regarding intraoperative cell salvage is 
bacterial contamination. For this reason, operations where 
there is contamination, such as stool, are a contraindication 
for use. The concern is that bacteria from the salvaged 
blood would be transfused causing septicemia and other 
postoperative complications. During cardiac surgery 
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and liver transplantations, approximately 30% and 9%, 
respectively, of blood salvaged contained bacteria (35,36). 
Though the fear of postoperative septicemia and infection 
exists, there is no data in literature that support this. Both 
skin flora contamination as well as fecal flora contamination 
in salvaged blood have not caused an increase in infection 
after intraoperative cell salvage (37).

Contraindications such as malignancy, sickle cell disease, 
and thalassemia are still under investigation (33). These 
conditions have theoretical complications such as red cell 
alteration and reduced oxygen-carrying capacity for sickled 
cells and decreased cell survival in thalassemia patients. 
Although these complications are postulated, there are 
documented cases of these patients receiving intraoperative 
cell salvage without major complication. The concern with 
malignancy is that cancer cells could be infused back into 
the patient and lead to metastatic disease. There are no 
reports, to date, to support this (37).

Cell salvage is a safe alternative to allogeneic blood 
transfusion that also has cost saving benefits. The initial 
purchase of cell salvaging machines requires an upfront 
cost, but they are inexpensive to operate and maintain. 
Quality control for the machines is also inexpensive to the 
operating facility and generally requires testing such as 
hematocrit, total protein, potassium and albumin levels on 
a facility defined number of collected products monthly. 
This technique can save the facility money on transfusion 
related expenses (i.e., pre-transfusion testing, blood product 
acquisition, blood product testing, and blood product 
delivery to the patient). It has been shown that returning 
one or more units to the patient leads to economic value. In 
addition to the economic value, salvaged blood lacks storage 
lesion effects seen in stored blood. Therefore, the RBCs 
may be of higher quality, comparatively (37).

Pre-operative/rapid anemia clinics

Pre-operative or rapid anemia clinics are a key component 
of PBM programs as they allow for early identification and 
management of preoperative anemia, which is a major risk 
factor for transfusion. Several studies have examined the 
cost-effectiveness of pre-operative anemia clinics, with most 
finding that they are cost-effective compared to standard 
care.

One study by Wan et al. evaluated the cost-effectiveness 
of a pre-operative anemia clinic in orthopedic surgery 
patients. The clinic included preoperative testing and iron 
therapy for patients with anemia. The authors found that 

the clinic was cost-effective, with a projected cost savings of 
254 EUR (284.43 USD) per patient (38). 

Another study by Muñoz et al. evaluated the cost-
effectiveness of a rapid anemia clinic in colorectal surgery 
patients. The clinic included preoperative testing and iron 
therapy for patients with anemia. The authors found that 
the clinic was cost-effective, with a projected cost savings of 
€272 per patient (39).

Multi-modal large-scale PBM programs that include 
a combination of pre-operative anemia management, 
intraoperative blood conservation techniques, and 
postoperative anemia management have also been shown to 
be cost-effective. One study by So-Osman et al. evaluated 
the cost-effectiveness of a PBM program in hip and knee 
arthroplasty patients. The program included preoperative 
anemia management, intraoperative cell salvage, and 
postoperative anemia management. The authors found that 
the program was cost-effective, with a projected cost savings 
of €231 per patient (40).

It is important to note that the costs of implementing 
PBM programs may vary depending on the patient 
population and healthcare setting. However, these studies 
demonstrate that PBM programs, including pre-operative 
or rapid anemia clinics, can be cost-effective and result in 
significant cost savings.

Cost analyses 

Cost analyses are an important aspect of evaluating the 
economics of PBM programs, as they can provide insight 
into the potential cost savings associated with implementing 
PBM strategies. Several studies have examined the costs 
and cost-effectiveness of various PBM modalities, including 
preoperative optimization, intraoperative blood conservation 
techniques, and postoperative anemia management.

One study by Ternström et al. elvuated the cost-
effectiveness of a PBM program, which included preoperative 
anemia management and restrictuve transfusion thresholds. 
The authors found that with the reduction in transfusion, 
approximately $218,930 (€161,623) were saved in the cost of 
blood product over the period of 1 year (41).

Another study by Ferraris et al. examined the cost savings 
associated with implementing a blood conservation program 
in cardiac surgery patients. The program included measures 
such as minimizing phlebotomy, using cell salvage, and 
implementing a transfusion trigger of hemoglobin <7 g/dL.  
The authors found that the program resulted in a 21% 
reduction in transfusions and a cost savings of $2,932 per 
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patient (42).
A systematic review by Shander et al. examined the cost-

effectiveness of various PBM interventions. The authors 
found that interventions such as preoperative anemia 
management, intraoperative blood conservation techniques, 
and the use of erythropoiesis-stimulating agents were cost-
effective, with a projected cost savings of up to $1,367 per 
patient (43).

These studies demonstrate the potential cost savings 
associated with implementing PBM programs. However, 
it is important to note that the cost-effectiveness of PBM 
interventions may vary depending on the patient population 
and healthcare setting. Further research is needed to 
fully evaluate the economic impact of PBM programs 
and identify the most cost-effective strategies for various 
populations and settings. The modalities listed above can 
be used to help modify transfusion behavior to a more 
restrictive approach. Mitigating unnecessary transfusions 
can prevent associated cost, providing cost-savings to both 
the transfusion service and the patient. 

Alternative therapies

Tranexamic acid (TXA) is a lysine analog that blocks the 
conversion of plasminogen to plasmin (44). This reduces 
the ability of plasminogen to bind fibrin, inhibiting 
fibrinolysis, and allowing fibrin clots to remain stable 
to sustain hemostasis. TXA is used topically, orally, and 
intravenously. Its use is recommended for patients with 
underlying disorders that cause hyperfibrinolysis and has 
been widely studied and recommended for improving 
outcomes and treating acute hemorrhage caused by 
trauma and postpartum bleeding, as demonstrated in the 
CRASH-22, MATTERS3, and WOMAN4 studies (45-47). 
TXA is widely used during surgeries that carry significant 
bleeding risk (48). Studies have demonstrated its efficacy in 
reducing blood loss, minimizing the need for transfusion, 
and improving outcomes whether it is used topically, orally, 
or intravenously during surgery (48-50).

An analysis by the United Kingdom National Clinical 
Guideline Centre found TXA to be equivalent or superior 
to all other interventions for reducing perioperative blood 
loss (50). In surgical patients that had a moderate to high 
risk of bleeding, they found that TXA was the most cost-
effective option when compared to a placebo or usual care.

One study found that the use of TXA in total hip 
arthroplasty produced a direct cost savings of €47 ($50.55 

USD) per patient (50), while also reducing potential 
downstream costs such as transfusion reactions, transfusion-
transmitted infections, and prolonged hospital stays.

A cost-benefit analysis of TXA and blood transfusion for 
elective lumbar spine surgeries demonstrated there was a 
significant net cost savings of $328.69 (USD) per patient in 
long-length constructs when TXA was used (45). This study 
included both direct acquisition costs of packed red blood 
cells for their facility ($200) as well as indirect costs (type 
and screen, crossmatch, cold storage, and transportation), 
all of which bring the cost to approximately $800 per unit. 
Though statistically insignificant, there was still a net cost 
savings of $49.58 in the short-length constructs group.

Given the many ways TXA can be utilized, it is difficult 
to determine its economic value in every possible scenario, 
as cost and efficacy are dependent on dose and modality, but 
there is plenty of data to support it as a cost-effective option 
for reducing the need for transfusion.

Iron is an essential dietary mineral and necessary for 
hemoglobin production. Iron deficiency can be caused by 
an inadequate iron intake or functional defects that block 
the release of stored iron from cells (51). Regardless of the 
pathology, a lack of available iron over time can cause IDA. 
Both oral iron supplements and IV iron are used to treat 
IDA, though oral iron requires a greater amount of time to 
see benefits and is dependent on patient compliance that 
may be negatively impacted by side effects. IV iron has a 
more immediate benefit and is generally well tolerated. 
IV iron supplements are formulated as iron carbohydrate 
complexes. In the body, cells separate iron from its attached 
carbohydrate, and it is brought to the liver, spleen, and 
bone marrow by transferrin (52). There are many IV iron 
formulations; a commonly used one is FCM. FCM has been 
shown to reduce the need for allogeneic blood transfusion 
perioperatively and may provide a prolonged beneficial 
effect on hemoglobin level in patients with IDA (51). 

ESAs are recombinant erythropoietin drugs that 
stimulate the bone marrow to make RBCs (53). They 
are used for the treatment of anemia that is caused by 
chronic kidney disease, chemotherapy, and the human 
immunodeficiency virus treatment drug zidovudine (54). 
They are also being used to promote independence or a 
lesser dependence of RBC transfusion in patients with 
myelodysplastic syndrome (55). Clinical trials on ESAs have 
demonstrated that risks associated with full correction of 
anemia outweigh the benefits, so it may be better used for 
partial correction in order to mitigate this risk (56). 
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Associated costs

Alternative therapies that can be taken orally (e.g., iron) 
are most cost-effective because they require no additional 
materials, labor, or clinical space. Unfortunately, they 
have a more limited clinical utility and depend on patient 
compliance. Costs associated with therapies that must 
be given intravenously include drug cost, nursing time, 
clinic space, administrator time, and disposable materials 
needed for the preparation and infusion of the therapy (50). 

Disposable materials needed may include cannulas, needles, 
syringes, dressings, IV sets and sodium chloride solution. 
Exact needs depend on the therapy, route of delivery, and 
specific formulations used. All alternative therapies covered 
are stored at room temperature, except for ESAs, which 
require refrigeration. 

When compared to the transfusion of blood and blood 
products, these alternative therapies do carry a lesser 
cost. This is partially due to the cost associated with the 
acquisition, manufacturing, distribution, and testing 
associated with blood and blood products. In addition to the 
lower cost, these therapies have considerably less risk. Blood 
and blood products come from donors and have inherent 
risks associated such as immunological complications and 
infectious disease contamination. 

Common clinical practice vs. alternative 

In a study from John Hopkins in 2016, it was shown that a 
decrease in transfusion orders (23.9% to 17.1%, P<0.001) 
and utilization (12%, P<0.035) showed a marked decrease 
in cost (56). The decrease in transfusions and utilization 
were achieved mainly by the implementation of evidence-
based transfusion guidelines, clinical decision support 
in the CPOE, and audits providing peer comparison for 
guideline compliance. The acquisition cost avoidance was 
$181,887/year and $582,039–$873,058/year for activity-
based cost (57). The majority of this, approximately 93%, 
was attributed to a decrease in red cell transfusions alone. 
With new data emerging in transfusion medicine with 
regard to transfusion dosing, single unit transfusions are 
becoming more of the standard of practice in the U.S. 
The old mentality for dosing RBCs was that, if you are 
going to give one unit, you might as well give two. This 
led to an increase in blood utilization and an increase to 
donor exposure in patients where a single unit may have 
sufficed. In addition, decreasing the amount of blood 
transfused has the potential for substantial cost savings. 

Warner et al. showed that implementing a single-unit 
default for electronic ordering led to a decrease in RBC 
units transfused (58). They saw a 13.9% decrease in 
transfusion (32,528 to 27,497, P<0.0001) through the 2-year 
observational study, which lead to a reduction in transfusion 
related costs of about $4 million.

Lastly, cost savings can be seen with proper inventory 
management and wastage prevention strategies. The 
acquisition and required testing of blood and blood 
products cost hundreds of dollars, which is charged to the 
patient. When these products are wasted, the hospital or 
transfusion service are not reimbursed for the associated 
costs. Implementing simple techniques, including increased 
education, improved component transport apparatus, and 
print and digital messaging to staff, can decrease wastage. 
Collins et al. showed that even a small decrease in wastage 
(RBC 0.67–0.56%, P<0.001; platelets 3.71–2.81%, P<0.001; 
plasma 1.14–1.40%, P<0.001) presented a cost decrease of 
$131,520, which excludes any cost of interventions (23). 

Conclusions

The cost of transfusion, which includes manufacturing, 
acquisition, and distribution, carries a large price tag in 
the U.S. When compared to alternative therapies, there is 
potential for cost savings for both the transfusion service 
and the patient. In addition to the costs savings, patients 
may have better surgical outcomes when using alternative 
therapies. 
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