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Abstract
Blood is a scarce and costly resource to society. There-
fore, it is important to understand the costs associated 
with blood, blood components, and blood transfusions. 
Previous studies have attempted to account for the cost 
of blood but, because of different objectives, perspec-
tives, and methodologies, they may have underestimat-
ed the true (direct and indirect) costs associated with 
transfusions. Recognizing these limitations, a panel 
of experts in blood banking and transfusion medicine 
gathered at the Cost of Blood Consensus Conference 
to identify a set of key elements associated with whole 
blood collection, transfusion processes, follow-up, and 
to establish a standard methodology in estimating 
costs. Activity-based costing (ABC), the proposed all-
inclusive reference methodology, is expected to pro-
duce standard and generalizable estimates of the cost 

of blood transfusion, and it should prove useful to pay-
ers, buyers, and society (all of whom bear the cost of 
blood). In this article, we argue that the ABC approach 
should be adopted in future cost-of-transfusion stud-
ies. In particular, we address the supply and demand 
dilemma associated with blood and blood components; 
evaluate the economic impact of transfusion-related 
adverse outcomes on overall blood utilization; discuss 
hemovigilance as it contributes not to the expense, but 
also the safety of transfusion; review previous cost-of-
transfusion studies; and summarize the ABC approach 
and its utility as a methodology for estimating transfu-
sion costs. 
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INTRODUCTION
Blood and its components are critical health care resourc-
es. Globally, around 92 million red blood cell (RBC) units 
are collected each year[1]. According to the 2009 US Na-
tional Blood Collection and Utilization Survey, approxi-
mately 15 million units of  whole blood and RBCs were 
transfused in the US in 2008, and this was not statistically 
different from 2006 despite a 15.8% decline in overall 
blood utilization[2]. If  current trends continue, then by 
2020 US transfusion demand is projected to exceed col-
lections[3]. Also, past research has long predicted a surplus 
of  blood transfusions vs RBC collections in the future of  
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the US blood supply[4-10], an ideal solution has not been 
found after decades of  intense effort. 

Even when sufficient blood is available, collecting 
and maintaining a supply free of  potentially infectious 
viruses and bacteria is extremely costly[11]. In a cost-
effectiveness analysis, Jackson et al[12] evaluated the effects 
of  implementing nucleic acid testing (NAT) and found 
that whole-blood donation NAT for human immunode-
ficiency virus and hepatitis C virus would cost between 
$155 million and $428 million per year in the US, with an 
additional $39 million to $140 million per year by adding 
hepatitis B virus NAT. 

With blood donor pools shrinking owing to an aging 
population and stringent donor qualifications[13,14]; with 
costs escalating due to new screening technologies to as-
sure a safe blood supply[15,16]; and with demand increasing 
from rising hematologic and oncologic diseases[17,18], peri-
operative procedures[19,20], and myelosuppressive thera-
pies[21,22], blood has become a costly and scarce resource. 
Additional factors that may contribute to the steadily 
increasing costs of  blood include: processing; collecting 
and administering blood and blood components; hospital 
liability insurance and overhead; recruiting and retaining 
blood donors; and shortages of  trained personnel[23]. 

In a 1991 study, Forbes et al[24] examined RBC transfu-
sion costs in a group of  randomly selected teaching hos-
pitals and estimated the mean cost of  transfusing one unit 
of  blood to be $155 (1991 US dollars). Lubarsky et al[25] 
found similar results and determined that the total cost to 
Duke University Medical Center of  a perioperative RBC 
transfusion was $151.20 (1991-1992 US dollars). Another 
study[26] calculated the cost of  RBC transfusion either 
preoperatively or in the operating room during hemodi-
lution. Direct cost of  purchasing and indirect costs of  
preparation resulted in an overall cost of  $107.26 (1994 
US dollars) for the first unit of  allogeneic packed RBC 
transfused. A second unit was slightly less costly ($100.89), 
because no type and screen was required and the same 
delivery set and filter could be used.

Yet, despite rising costs of  blood, cost estimation 
methods have varied from study to study[27]. This is due 
to the lack of  a uniform methodology to completely 
describe and correctly allocate all the contributing cost 
elements, “beginning with blood collection, continuing 
through pretransfusion preparation and transfusion ad-
ministration, and lasting throughout follow-up[28]”. With-
out a harmonizing tool, we are likely to underestimate the 
true (direct and indirect) cost of  blood utilization. Rec-
ognizing these limitations, a panel of  experts from blood 
collection facilities, government agencies, academia, hos-
pitals, and practitioners in transfusion medicine gathered 
at the Cost of  Blood Consensus Conference (COBCON) 
to identify a set of  key elements associated with whole 
blood collection, transfusion processes, follow-up, and to 
establish a standard methodology in estimating costs[23]. 
Activity-based costing (ABC), the proposed all-inclusive 
reference methodology, is expected to produce standard 
and generalizable estimates of  the cost of  blood trans-

fusion and it should prove useful to payers, buyers, and 
society (all of  whom bear the cost of  blood)[23].

In this article, we argue that the ABC approach should 
be adopted in future cost-of-transfusion studies. In par-
ticular, we address the supply and demand dilemma asso-
ciated with blood and blood components. We also evalu-
ate the economic impact of  transfusion-related adverse 
outcomes on overall blood utilization. Hemovigilance is 
discussed as it contributes not only to the expense but 
also the safety of  transfusion. We then review previous 
cost-of-transfusion studies. We conclude by summarizing 
the ABC approach and its utility as a methodology for 
estimating transfusion costs. 

SUPPLY AND DEMAND DILEMMA
By 2020, the US population is projected to increase by 
approximately 10%; however, the major donor popula-
tion (aged 16-64 years) will increase by only 5.2%, while 
those 65 years and older will increase 36.2% from 40.2 
million to 54.8 million[3]. The 65 years and older age 
group will shift from 13.0% to 16.1% of  the total popu-
lation, resulting in a 3.1% increase[3]. Given that this par-
ticular group of  seniors uses the majority of  the blood 
supply, the US will be facing a major challenge in meeting 
the transfusion needs of  the nation. 

Early work performed in a well-defined population in 
Olmsted County, Minnesota, from 1989 through 1992, 
showed that 53.3% of  RBC units were transfused into 
patients older than 65 years[29]. More importantly, the 
probability of  receiving a transfusion of  RBCs in any 
year rises by 20-fold within the 40-65 years old age group. 
Rogers et al[30] reported similar findings of  blood use in a 
nationally representative sample of  the older US popula-
tion: 31% of  Americans older than 65 years received at 
least one transfusion within a 10-year period and 5.8% 
experienced repeated transfusion-related visits to hospi-
tals or health care providers within 30 d. Furthermore, 
older Americans who lived in the South were most likely 
to receive a transfusion (34%), independent of  demo-
graphic and health-related factors, whereas those who 
lived in the West were the least likely (26%). 

Similar results have been observed in other countries. 
For example, in Finland, RBC consumption markedly 
increased with increasing age among recipients, begin-
ning at around 50 years of  age, and 70- to 80-year-olds 
have an eight-fold higher RBC consumption than 20- to 
40-year-olds[31]. In the German federal state Mecklen-
burg-Pomerania with a population of  1 707 266 inhabit-
ants, researchers were able to track the vast majority of  
hospital transfusion and blood bank donation records for 
a 1-year period[32]. The patient group 65 years and older is 
predicted to grow by 26.4%, whereas the potential blood 
donor group aged 18 to 68 years may decline by 16.1% 
in this region. Assuming no changes in donation patterns 
and medical indications for blood use, these opposing 
forces are projected to result in a 47% (56 000 RBC 
units) shortfall in the blood supply by 2020. Comparable 
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trends have been observed in Northern England[33], 
Western Australia[34], and Denmark and Sweden[35]. Un-
less offset by increased donations or reduced blood use, 
or an alternative source, blood shortages are likely in the 
foreseeable future and may revolutionize health care to 
an increasingly aging population. 

TRANSFUSION-RELATED ADVERSE 
OUTCOMES 
A safe and secure blood supply is a prerequisite for the 
delivery of  modern health care, but it is provided at a 
cost of  £500 million per year to the UK National Health 
Service[36]. This cost, which has doubled over the past 
10 years, may further increase as additional precautions 
are implemented to prevent the risk of  transmission of  
infectious agents[36]. Concerns have been expressed as to 
whether such large expense for small increments in safety 
are justified[37], and past research[38-43] has investigated the 
impact of  adverse outcomes on transfusion costs. For in-
stance, using cost-utility analysis, autologous transfusion 
would be considered an expensive strategy if  there were 
no increased risk of  bacterial infection with allogeneic 
transfusion (relative risk of  1.0)[39]. In contrast, autolo-
gous transfusion would result in improved outcomes at 
a reasonable cost, if  the relative risk of  bacterial infec-
tion after allogeneic transfusion exceeds 1.1. And if  the 
relative risk exceeds 2.4, autologous transfusion would 
prevail over allogeneic transfusion, leading to both lower 
costs and better outcomes. 

While blood transfusion has been shown to be inde-
pendently associated with adverse outcomes, such as in-
creased morbidity and mortality, postoperative infections, 
lung injury, and length of  hospital stay[44-47], it is difficult 
to point to transfusion as the cause of  the problem. He-
modynamic instability and other effects of  acute blood 
loss (along with associated patient comorbidities) may 
contribute to the occurrence of  adverse outcomes. How-
ever, it is difficult to establish the relative contribution of  
every possible condition and their interactions. 

For example, one study[48] examined patients who 
received either “newer blood” (blood stored for 14 d or 
less) (n = 2872) or “older blood” (blood stored for more 
than 14 d) (n = 3130) during cardiac surgery. Transfusion 
of  red cells stored for more than 2 wk was associated with 
a significantly increased risk of  postoperative complica-
tions and reduced short-term and long-term survival, 
suggesting that RBC age may be the cause of  adverse out-
comes, and not transfusion itself. Glance et al[49] derived a 
different conclusion, when investigating the association 
of  transfusion and mortality and morbidity in 10 100 
patients who underwent general, vascular, or orthopedic 
surgery. Intraoperative blood transfusion was associated 
with a higher risk of  death in surgical patients with severe 
anemia [odds ratio (OR), 1.29]. Also, the negative impact 
on outcome was substantial: transfusions of  one or two 
units of  RBCs resulted in more pulmonary complications 
(OR, 1.76), sepsis (OR, 1.43), thromboembolic events 

(OR, 1.77), and wound complications (OR, 1.87). 
According to the past literature, there are many ad-

verse outcomes to transfusion that may occur, and hy-
potheses about what causes adverse outcomes in transfu-
sion also vary. But, more importantly, if  there is a causal 
relationship between transfusion and adverse outcomes, 
then these unintended consequences will translate into 
additional health care costs and may prove to be one 
of  the most costly contributors to health care expendi-
tures[50]. 

IMPROVING SAFETY THROUGH 
HEMOVIGILANCE
Hemovigilance has become an integral part of  the safety 
concept in blood transfusion. Its purpose is to assure 
surveillance of  blood transfusion activities, collect data 
on sequelae of  blood transfusion, inform health policy, 
improve transfusion standards, assist in the formulation 
of  guidelines in the field, and increase the safety and 
quality of  the entire transfusion process[51,52]. Although 
increasing attention is being paid to hemovigilance world-
wide[53-57], there are significant differences from country 
to country in terms of  definition, organizational schemes, 
state of  development, and implementation[51,52]. 

For example, in response to past failures in the safety 
of  its blood supply, France has established a national 
system with two separate parallel institutional avenues: 
that of  the regulator (Agence Française de Sécurité Sani-
taire des Produits de Santé) and that of  the operator 
(Etablissement Français du Sang)[52]. Both have central-
ized head offices and regional agencies. Notification of  
side effects is mandatory and covers any and all events 
that reporters may believe to be potentially associated[52]. 
Because the system involves many players, the French 
model is considered very complex and perhaps expen-
sive[52]. In contrast, the UK scheme is centralized in the 
Serious Hazards of  Transfusion office at a national lev-
el[52]. Notification of  side effects is on a voluntary basis 
and only covers serious reactions[52]. Unlike the French 
model, the UK system is run by professionals in the field, 
and thus likely to be more cost-efficient[52]. 

On February 8, 2003, the European Blood Directive 
2002/98/EC (“Directive of  the European Parliament of  
the Council setting standards of  quality and safety for the 
collection, testing, processing, storage and distribution 
of  human blood and blood components and amending 
Directive 2002/83/EC”)[58] came into force, and since 
then has mandated minimum hemovigilance activities to 
be implemented in the member states of  the European 
Union. Although the objective of  hemovigilance is clear 
and precise, the cost implications are rather less obvious. 
Presently, no detailed cost studies demonstrating the eco-
nomic impact of  each individual system are available[52]. 
Future studies are needed to investigate the costs and 
effectiveness of  hemovigilance, determine the economic 
impact on blood transfusion, and compare the value of  
the system across countries. 
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ESTIMATES FROM COST-OF-
TRANSFUSION STUDIES 
Managing the costs of  transfusion requires that we com-
pletely understand and accurately quantify the economics 
of  component parts of  the transfusion chain. Hofmann 
et al[59] pointed out that there are at least five different 
problem areas that should be considered when undertak-
ing cost-effectiveness analyses to compare transfusion 
medicine with competing modalities: (1) determining 
the true cost of  allogeneic blood transfusion and other 
strategies; (2) determining the true cost of  allogeneic 
blood products; (3) the impact of  population dynamics 
on donor blood supply, demand for blood components 
and marginal cost of  these products; (4) limited evidence 
for effectiveness of  transfusion and competing strategies; 
and (5) missing impact of  existing cost-effectiveness on 
health economic transfusion policies. Given these chal-
lenges, it is not surprising that cost evaluations of  trans-
fusion have varied in scope, methodology, and outcomes. 

Economic evaluation in health care generally classi-
fies costs as direct, indirect, and intangible[60]. Direct costs 
include resources associated with the provision of  an 
intervention or treatment for an illness. Because direct 
costs can often be easily identified and calculated, this 
cost component has been included in many cost studies. 
Indirect costs refer to productivity loss incurred by an 
illness, and are important in cost-of-illness studies given 
their substantial impact. Although some studies also in-
clude intangible costs of  pain and sufferings by patients 
because of  a disease, this category of  costs (usually in the 
form of  quality of  life measures) is often omitted because 
of  the difficulty in accurately quantifying it in monetary 
terms. Several studies in the US[24,61,62] have estimated the 
cost of  blood transfusion with variations in methodology 
and have derived different results. Adjusted for 2011 US 
dollars, the cost estimates of  a two-unit RBC transfusion 
by Cantor et al[61] ($841.61 to $845.82) were higher than 
those by Forbes et al[24] ($515.63), but lower than those by 
Crémieux et al[62] ($1303.68 for adults and $1578.87 for 
pediatric cancer patients). 

Cost studies outside of  the US have been limited. 
To better understand the cost consequences of  blood 
transfusion in other parts of  the world, we conducted 
a systematic review of  the literature to estimate the 
population-weighted cost associated with a two-unit RBC 
transfusion in Europe[27]. The weighted average cost of  
transfusion, expressed in 2011 Euros, was €877.69 (or 
USD $1225 at the then prevailing exchange rate). The 
methodological variation between studies may have influ-
enced the magnitude and precision of  our cost estimate, 
potentially underestimating the true (direct and indirect) 
cost of  transfusion. We learned that differences in cost 
perspectives, cost categories, cost per unit of  RBC, study 
designs, and study settings can have a substantial impact 
on the cost estimates, making comparisons across stud-
ies and countries difficult. We also believe that if  the true 
cost of  blood transfusion can be estimated with accuracy, 

then cost-effectiveness analyses in transfusion medicine 
can be used more extensively; for instance, to compare al-
logeneic vs autologous transfusion, or transfusion vs other 
methods of  anemia management. 

In recognition of  these limitations, a panel of  experts 
from blood collection facilities, government agencies, 
academia, hospitals, and practitioners in transfusion 
medicine gathered at the COBCON to identify the vari-
ous elements that contribute to the cost of  collecting and 
transfusion RBCs and other single-donor blood compo-
nents, and to establish a standard methodology for the 
US in estimating costs of  transfusion[23]. 

ABC APPROACH
The ABC approach was the final product of  this meet-
ing, representing the first step to improve upon blood 
cost accounting methods. The ABC approach involves a 
total of  six steps[23,63]. The initial step is to identify a cost 
object, also known as a demand for a service. Then the 
process needs to be outlined by breaking it down into 
all activities and sub-activities that must be performed 
to deliver this service. Outputs, or cost drivers, are to be 
defined for each activity. Resources needed to produce all 
the defined outputs are then listed, and they can be either 
fixed or variable. Subsequently, it is necessary to identify 
resource inputs (e.g., labor hours, supplies), which are 
required to perform the activities. Capacity constraints, 
such as staffing hours, inventory limitations, and equip-
ment can be built into this part of  the model. Lastly, cost 
data are needed to calculate the final cost. 

To obtain the total cost per unit transfused from a 
societal perspective, add up all the costs from the follow-
ing: (1) total donor cost (average cost incurred per donor 
× number of  donations); (2) total production cost (aver-
age cost per unit produced × units produced); (3) total 
hospital transfusion preparation cost (average cost per 
unit prepared for transfusion × units prepared); (4) total 
hospital cost of  administering transfusion (average cost 
of  administering per unit transfused × units transfused); 
(5) total cost of  treating adverse events (average cost 
per adverse transfusion event × events); (6) total cost of  
transfusion-transmitted illness (average cost per trans-
fusion-transmitted case of  illness × cases); (7) total cost 
of  litigation (average cost of  litigation per case x cases 
litigated); (8) total cost of  lost productivity (average cost 
of  lost productivity per day × hospital and rehabilitation 
stay days); and (9) total cost of  hemovigilance (average 
cost per hemovigilance case × cases); and then divide the 
sum by the total number of  units transfused[28]. 

Although the COBCON[23] has made significant 
progress in outlining a conceptual model and listing 
both the direct and indirect cost elements, there is much 
more work required to complete all the steps of  this 
framework. Upon completion of  these steps, data can be 
entered and the model can be tested for general applica-
bility. In addition, the ABC model will clarify the steps in 
the process, so that the results are more comprehensive 
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and generalizable. However, individual researchers will 
need to choose the most relevant parts of  the model: 
those that help locate necessary values need to populate 
the model. Initially, users will invest more time and re-
sources, but this approach will lead to a unique end prod-
uct that can be customized to fit specific circumstances. 
This methodology will redefine how to use transfusions 
to better evaluate alternatives to transfusions. It will also 
assist decision-makers in how to allocate funds more 
equitably, so that blood resources are used to optimal 
effectiveness. In the long term, this strategy will help to 
drastically alleviate shortages in global blood supplies. 

CONCLUSION 
Blood is a scarce and costly resource to society. It is not 
an infinite resource to be allocated irrationally, used lib-
erally, or wasted without considering the consequences. 
However, determining the cost of  blood is a challenging 
undertaking that requires us to account for all relevant 
cost blood components, from its acquisition, to trans-
fusion, and then through follow-up. In our systematic 
review, we estimated that the cost of  a two-unit RBC 
transfusion was €877.69 in 2011 Euros (equivalent to 
USD $1,225). This estimate closely approximates the 
true cost of  blood transfusion, because it is comparable 
to the European estimates provided by Shander et al[28] 
that utilized the ABC approach. However, further studies 
should be implemented to properly examine the cost of  
blood components and blood transfusion. Certainly, it is 
difficult, to fully evaluate and provide accurate estimates 
of  the economic burden of  hemovigilance. There are a 
number of  reasons for this lack of  precision: complica-
tions from adverse outcomes; administrative errors; and 
not assessing patient experiences as intangible costs. 
Nonetheless, to the best of  our knowledge, modeling of  
costs using the ABC approach will optimize blood us-
age, reduce variability, and minimize waste while enabling 
more studies and more comparison globally. Therefore, 
we advocate the use of  the ABC approach as an effective 
methodology to lower overall transfusion costs until bet-
ter and more effective methods are developed. 
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