TRANSFUSION PRACTICE
Activity-based costs of blood transfusions in surgical patients at
four hospitals
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BACKGROUND: Blood utilization has long been suspected to consume more health care resources than
previously reported. Incomplete accounting for blood
costs has the potential to misdirect programmatic decision making by health care systems. Determining the
cost of supplying patients with blood transfusions
requires an in-depth examination of the complex array
of activities surrounding the decision to transfuse.
STUDY DESIGN AND METHODS: To accurately determine the cost of blood in a surgical population from a
health system perspective, an activity-based costing
(ABC) model was constructed. Tasks and resource consumption (materials, labor, third-party services, capital)
related to blood administration were identified prospectively at two US and two European hospitals. Process
frequency (i.e., usage) data were captured retrospectively from each hospital and used to populate the ABC
model.
RESULTS: All major process steps, staff, and consumables to provide red blood cell (RBC) transfusions to
surgical patients, including usage frequencies, and
direct and indirect overhead costs contributed to perRBC-unit costs between $522 and $1183 (mean,
$761 ⫾ $294). These exceed previously reported estimates and were 3.2- to 4.8-fold higher than blood
product acquisition costs. Annual expenditures on blood
and transfusion-related activities, limited to surgical
patients, ranged from $1.62 to $6.03 million per hospital
and were largely related to the transfusion rate.
CONCLUSION: Applicable to various hospital practices,
the ABC model confirms that blood costs have been
underestimated and that they are geographically variable and identifies opportunities for cost containment.
Studies to determine whether more stringent control of
blood utilization improves health care utilization and
quality, and further reduces costs, are warranted.

T

he Cost of Blood Consensus Conference
(COBCON), initiated by investigators and convened in 2003, set out to devise a comprehensive, standardized, and generalizable method to
estimate the cost of blood that would be useful for payers,
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various health care system configurations, and society as a
whole.1 Whereas previous attempts over the past three
decades to assign a dollar amount to a unit of blood have
been informative, methods have generally been limited in
scope and detail,2-12 leaving questions about their generalizability and applicability.
Hospital providers as well as the public health sector
work with limited resources, and funds allocated for transfusions divert funding from competing clinical strategies.
In some institutions use of hemostatic agents or factor
concentrates to avoid ongoing blood loss or use of erythropoietic agents (with or without iron supplementation)
to optimize perioperative red blood cell (RBC) mass is
rejected because of cost, while funding for transfusions
continues without question. An Austrian benchmark
study has shown that there is a substitutive relationship
between perioperative blood management modalities and
transfusion utilization, that is, the calculated amount of
perioperative blood loss and nontreatment of preoperatively existing anemia contributed to approximately 65%
of all transfusions in elective surgery.13 Particularly if
health care system administrators operate under the misperception that blood transfusions are relatively inexpensive, clinical alternatives or other essential services may be
overlooked that could affect the quality of care. Therefore,
decision making and resource allocation in health care
systems would be better informed if the actual cost of
blood plus all transfusion-related activities were known.
Data from four systematic studies2-5 estimated the
cost per unit of transfused RBCs from $332 to $717
adjusted for inflation to 2008.14 Suspecting that these
figures substantially underestimate actual blood costs,15
and recognizing the implications of blood cost underaccounting, the COBCON participants set out to standardize
a method and to provide more granular descriptions of
processes and cost elements that improve upon prior estimates.1 Correcting obvious inefficiencies in health care
delivery is more relevant and urgent than ever. Given
current global economics, accurate cost data are necessary to develop forward-looking solutions toward health
care cost-containment.
Recognizing the complex steps leading up to and after
a blood transfusion, COBCON previously reported all the
process-flow elements and interdependencies contributing to the cost per unit of blood.1 The next iteration performed by COBCON was to develop an activity-based
costing (ABC) model to comprehensively account for the
cost of blood.15 In contrast to methods used in previous
studies,2-12 the ABC model precisely maps all technical,
administrative, and clinical processes occurring sequentially and in parallel. Each process step involves diverse
personnel, capital, and consumable resources that are
then multiplied by their usage frequencies. The ABC model
has since been converted into a software tool, delivering as
output a dollar amount for the cost per RBC unit, and the
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cost per patient transfused. Tasks, resource consumption,
and usage factors to populate the model were collected in
the real-world surgical setting at four different hospitals,
two in the United States and two in Europe. The ABC
model describes in detail their blood usage trends and
transfusion costs.

MATERIALS AND METHODS
Project overview: objectives and limitations
The objective of this project was to analyze the total cost of
blood, accounting for all of the processes involved in
administering an RBC transfusion in the surgical setting.
The process begins with the arrival of the surgical patient
to the physician’s office or hospital for assessment, that is,
when a transfusion might be anticipated, and continues
through the consent procedure, the actual ordering and
logistic processing of RBC units, all necessary laboratory
services, and finally, the administration of the transfusion.
Follow-up of acute transfusion-related reactions was
included in the ABC model, although treatment of
long-term complications and rehabilitation associated
with a transfusion-transmissible disease, litigation, and
reimbursement/indemnification for adverse events were
omitted, because these events are rare or were beyond our
scope. The impact of transfusions on hospital length of
stay was also not evaluated. Data on transfusion-related
activities and costs were collected only in the surgical
setting to avoid the variability introduced by the transfusion decision, which can be highly specific to medical
conditions. No attempt was made during collection of
usage data to distinguish between different types of
surgery. The data therefore represent a mean over all
inpatient surgeries. Four hospitals, Englewood Hospital
Medical Center (EHMC; Englewood, NJ), Rhode Island
Hospital (RIH; Providence, RI), Centre Hospitalier Universitaire Vaudois (CHUV; Lausanne, Switzerland), and
General Hospital Linz (AKH; Linz, Austria), served as data
collection sites. As a criterion for participation, contractual arrangements were made with each hospital to supply
financial data relevant to its transfusion-related activities.

Cost model
The process-flow model constructed by the COBCON participants (experts in transfusion medicine from blood
collection facilities, government agencies, academia,
hospitals, and clinical practice; listed in Appendix S1,
available as supporting information in the online version
of this paper) has been previously described.1 The first
iteration of the COBCON model expanded upon items
previously outlined by the Lewin Group16 and included
cost elements and interdependences associated with
collecting, processing, and transfusing blood; donor
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recruitment; and follow-up of transfusion sequelae from a
societal perspective.1 The subset of processes included in
the present ABC model takes into account the cost of
acquiring, delivering, administering, and monitoring RBC
transfusions from a hospital perspective. Most importantly, the ABC model17 incorporates the frequencies of
each process step occurring before, during, and after the
actual transfusion is administered.

Data collection and process validation
All diagnostic, therapeutic, technical, laboratory, logistic,
administrative, informational, educational, and quality
activities associated with an RBC transfusion ordered for
surgical patients (excluding pediatrics and transfusions
administered in the emergency room) were observed and
documented by trained study staff. For the purpose of
this model, the term RBC unit refers primarily to allogeneic RBC units; however, autologous RBCs and whole
blood units (together, these represent just 4.2% of all units
transfused) were also accounted for. Costs associated with
leukoreduction of all allogeneic RBC units were included
as applicable. In Switzerland and Austria, the use of leukoreduced RBCs is mandatory.
To map all processes, discreet paths were followed: 1)
that of a patient who was the potential recipient of the RBC
transfusion and 2) that of a unit of blood beginning when
the product was ordered from the local blood service and
ending when the empty or unused outdated bag was discarded. The steps in each path and the personnel requirements were established by a consensus reached by the
COBCON group. The patient path involved staff from
surgical, medical, phlebotomy, clerical, nursing, transport, laboratory, and transfusion services and activities
throughout all major clerical and medical pre-, intra-, and
posttransfusion-related processes. The blood unit path
involved the hospital’s blood bank and related clerical,
transport, laboratory, and quality control personnel and
activities. The type of personnel performing activity steps,
their experience level and salary grade, materials and
third-party services consumed, and the frequency and
activity time of equipment used per step were recorded.
Each major process was broken into discreet serial
and parallel activity steps, mapped with time-in-motion
methods using a stopwatch when applicable, and counted
to determine the frequencies of occurrence within each
activity step. Time-in-motion studies were performed in
duplicate (at a minimum) and the times were averaged. In
most cases, the variability was on the order of seconds,
with some expected variation from the work speed of the
practitioner. Differences between day and evening shifts
were not considered. Major processes included minor
subactivities whose time to complete and frequencies of
occurrence were accounted for. Every process was laid out
in the form of a flow chart and one or more experienced

staff member within each of the four hospitals was consulted before finalization and sign off on the flow charts.
After performing the time-in-motion studies, each of these
staff members reviewed the data for appropriateness.
The validity of the time-in-motion studies for several of
the main processes was tested by comparing the mean
number of processes performed per staff members wherever possible (e.g., phlebotomists were asked how many
procedures could be carried out per full working day), thus
deriving the time spent per activity. Except for processes in
the hospital blood banks, an estimated total of 20% was
added to the process-captured times to account for the
following: standby time during normal work hours and
night shifts and non–patient-related labor time for continuous education, general administrative or clerical work,
work-flow interruptions, waiting, breaks, and so forth. The
amount of standby and non–patient-related labor time in
the EHMC and RIH blood banks was calculated by deducting the cost of all major blood bank processes (e.g.,
product logistics, donor and patient blood–related tests)
from the total RBC-related cost of the hospital blood bank,
derived from the hospital’s own 2006 blood bank cost
center data, and adjusted to 2008 cost rates. As per
common practice in Europe, at CHUV and AKH, all blood
bank activities were outsourced to independent commercial entities and easily identified as third-party services
invoiced to and paid for by these hospitals.
Actual local hospital costs were retrieved for the
various materials, labor, service, and capital elements to
compute costs for each major process (pc1, pc2, . . . pcn)
using the ABC software (see below). Usage factors (un),
defined as the frequency of each major process occurring
in 1 year, were derived from the hospitals’ information,
laboratory, and blood banking systems. Financial data
from each hospital were used to cross-verify transfusion
and usage data. Direct overhead costs (e.g., pathologist;
blood bank, laboratory, and nursing staff; training and
education; license fees for software) were either estimated
or added directly from the hospitals’ finance departments.
Indirect (overhead) costs such as administrative and
general expenditures, depreciation on buildings and fixed
assets, employee benefits, operations of plant, laundry,
housekeeping, nursing administration, central services/
supplies, and others were added as a percentage of the
process costs (administration and general expenditures
included financial administration, telecommunications,
information technology, executive offices, purchasing,
human resources development, and others). The percentage of indirect costs relative to process costs was derived
from each hospital’s overall ratio between indirect costs
(non–patient-related costs) and direct or operational
(patient-related) costs. The necessary cost information
was obtained from the accounting/financial departments
of EHMC, CHUV, and AKH. The costs at RIH were estimated based on EHMC data.
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ABC software and output
The complexity of the process and subprocess steps,
occurring sequentially and in parallel, required development and utilization of custom ABC software. The software modules were developed by the Medical Society for
Blood Management (Laxenburg, Austria) in collaboration
with IDS-Scheer AG (Saarbrücken, Germany) and based
on ARIS Business Architect Version 7.2 and ARIS Business
Optimizer Version 7.2, both standard software packages
from IDS-Scheer AG. Steps taken to populate the modules
in accordance with elements of the ABC cost analysis are
described in Table 1. Data collected using these steps
provided input for broadly applicable and practical
cost-calculating equations (Fig. 1) that were used to

compute individual process costs and total cost per RBC
unit transfused in the surgical setting. The mean total
process cost per unit of RBCs was obtained by dividing the
total process cost at each institution by the number of
RBCs transfused per year per site. Costs are presented as
US dollars ($USD). The mean exchange rate for the prior
year (May 2008 to May 2009) was used to convert to $USD
from Swiss Francs ($1 = SFr 1.12) and Euros ($1 = €0.72).
Costs captured before 2008 were adjusted for 2008 $USD
using Medical Care Service Price Indices from the US
Bureau of Labor Statistics for the two US hospitals and
using the Swiss Federal Health Insurance Index (CHUV)
and actual cost rates from Human Resource Department
(AKH). Small differences in calculated figures may have
been introduced by rounding.

TABLE 1. Steps to calculate RBC cost using ABC method
Step
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.

Description
Identify each main process of the transfusion chain
Identify the frequency or usage factor of each main process along the transfusion chain (e.g., administering and monitoring
transfusion in the hospital unit)
Identify all activity steps behind each main process along the transfusion chain
Identify the usage factor of each activity step relative to the main process
Capture the time required for each activity step
Identify the costs of all resources consumed in each activity step
Populate database with all information captured
Apply formula (Fig. 1A) to determine the process cost per each RBC unit transfused
Transfer the database electronically into ARIS Business Optimizer and compute the process cost of transfusion by
• Labor cost
• Material cost
• Third-party cost
• Capital cost
Add all transfusion-related direct overhead costs (e.g., blood bank accreditation fees, undergraduate and postgraduate education)
Add all hospital indirect overhead costs (derived from percentage of the hospital’s nonmedical vs. medical costs)
Apply formula for total cost per RBC unit transfused (Fig. 1B).

(A) Mean process cost per RBC unit

(B) Total cost per RBC unit transfused

transfused

pcut =

u1pc1+u2pc2+.......+unpcn
x

tcut = pcut +

(cdo +cio )
x

Where:

Where:

pcut = mean process cost per RBC unit

tcut = mean total cost per RBC unit transfused

transfused

pcut = mean process cost per RBC unit transfused

un = usage factor of process n

cdo = transfusion-related direct overhead cost

pcn = process cost of main process n

cio = transfusion-related indirect overhead cost

x = total number of RBC units transfused

x = total number of RBC units transfused

Fig. 1. ABC equations. The usage factor of process n (un) is defined as the frequency of process n observed during 1 calendar year.
The process cost of process n (pcn) is a composite of labor cost, material cost, third-party cost, and cost for equipment utilization
including capital cost used for one throughput of process n.
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TABLE 2. Characteristics of participating hospitals
Characteristic
Location
Description of hospital
Licensed beds
Inpatients/year
Inpatient surgeries/year
Computerized cell analyzer used in blood bank
Blood banking outsourced
Autologous blood collection program

EHMC
Englewood, NJ
Acute care community
teaching
525
18,545
4,876
No
No
No

RIH
Providence, RI
University teaching
719
33,177
11,233
Yes
No
Yes

CHUV
Lausanne, Switzerland
University-associated
acute care
884
32,016
10,377
Yes
Yes
No

AKH
Linz, Austria
Tertiary care
and teaching
986
53,744
17,709
Yes
Yes
No

TABLE 3. Surgical patient and RBC transfusion statistics*
Variable
Surgical patients
Typed and screened
Crossmatched
Transfused
Percentage of surgeries in which patients were transfused
Patients typed and screened/patients transfused
RBC units
Total RBC units transfused in surgical patients†
Mean number of RBC units per transfused surgical patient
Crossmatched units/units transfused
Allogeneic (%) leukoreduced RBCs

Wasted/discarded units
Additional services§

EHMC

RIH

CHUV

AKH

2413
1189
451
9.2
5.4

7003
5009
2237
19.9
3.1

4470
2673
1374
13.2
3.3

6218
3623
1498
8.4
4.2

1368
3.03
2.9
30%
leukoreduced;
2% leukopoor
27
54

8306‡
3.71
2.3
100%
leukoreduced

5833
4.25
2.3
>99%
leukoreduced by
in-line filtration
74
239

6107
4.08
2.9
>99%
leukoreduced by
in-line filtration
98
1370

180
71

* Transfusions administered to pediatric surgical patients and those administered in an emergency room are excluded. Obstetric and gynecologic surgeries also excluded from CHUV site.
† Includes mostly allogeneic RBCs and a small number of irradiated and whole blood units (EHMC, CHUV, and AKH).
‡ Includes 895 autologous RBC units and no whole blood.
§ Where applicable, includes irradiating, washing, warming, and testing RBC units for cytomegalovirus.

RESULTS
Characteristics of participating hospitals
Data collection and process validation took place at two
hospitals in the United States and two in Europe, whose
hospital characteristics are detailed in Table 2. Participating hospitals varied in size, the number of surgical procedures performed, and the technical standards used in the
blood banks; thus, the cost data collected reflect different
scenarios and are broadly applicable.
Transfusion-related statistics in the surgical setting at
participating hospitals as well as blood product wastage
and other services are listed in Table 3. At the four hospitals combined, 21,614 RBC units were transfused in surgical patients in the year that data were collected (2007), of
which 95.8% were allogeneic RBCs. Given the number of
inpatient surgical procedures at the respective institutions, and assuming the simplest case that one patient
underwent one surgical procedure, transfusions were
administered in 12.6% of cases overall. On average, each
surgical patient who was transfused received 3.03
(EMHC), 3.71 (RIH), 4.25 (CHUV), and 4.08 (AKH) units of
RBCs.

Of the 20,104 surgical inpatients who had their blood
typed and screened in preparation for a transfusion, 27.9%
received a transfusion. Nontransfused surgical patients
therefore contribute substantially to the overall cost of
blood by consuming resources associated with pretransfusion processes, blood testing, and informed consent.
The ratio of surgical patients with transfusion-related
blood tests to the number of surgical patients transfused
was 3.6 but varied by hospital. Fewer than 20% of surgical
patients with transfusion-related blood tests at EHMC
received a transfusion compared to 32, 31, and 24% at
RIH, CHUV, and AKH, respectively. The ratios of surgical
patients whose blood was crossmatched to the number of
surgical patients transfused were similar among the four
hospitals, as were the ratios of crossmatched to transfused
units. Of the four hospitals, only RIH has an active autologous RBC collection program. Accordingly, more RBC
units were wasted (2.1%) at RIH than at the other hospitals.

Product acquisition costs and usage
Mean blood product acquisition costs for each of the four
hospitals are shown in Fig. 2. These costs include wasted
Volume 50, April 2010

TRANSFUSION 757

SHANDER ET AL.
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$800

$726.05
$611.44

$600

$522.45

$400
$248.18

$203.47

$200

$193.70

$153.72

$0

EHMC

RIH

CHUV

AKH

Fig. 2. Mean acquisition costs ( ) and total ABC model costs
( ) per unit of blood. Mean per-unit acquisition costs included
units that were wasted and additional services provided (e.g.,
irradiation, washing, cytomegalovirus testing) as described in
the text. European currencies converted from the 1-year mean
beginning May 2008 (CHUV conversion of $1 = SFr 1.12; AKH
conversion of $1 = € 0.72).

blood products and additional services such as irradiating, washing, and warming RBC units.
At EHMC, the mean acquisition cost per unit of RBCs
was $248, ranging between $230 and $265, depending on
whether the unit was/was not leukoreduced. With 1368
units transfused in 2007, EHMC’s overall product acquisition cost was $339,509, comprising 21% of EHMC’s bloodrelated expenditures for surgical patients.
The mean cost of each unit of RBC supplied at RIH
was $203 (range, $197 to $208). The acquisition cost of
autologous blood at RIH, used less frequently than in-linefiltered leukoreduced RBCs, was $10 more per unit, presumably because of extra handling and storage costs. RIH
transfused 8306 RBC units in surgical inpatients in 2007,
with overall product acquisition costs of $1.69 million, or
28% of its expenditures related to blood transfusions.
The mean acquisition cost per RBC unit at CHUV was
$194, ranging from $190 for in-line-filtered leukoreduced
RBCs to $225 for autologous blood. Total acquisition costs
at CHUV for 5833 units transfused were $1,129,854, or
32% of CHUV’s blood-related expenditures for surgical
patients.
The lowest blood product acquisition costs were
recorded at AKH. In-line-filtered leukoreduced RBCs cost
$150 per unit. Autologous blood at AKH was less costly
than a standard unit at $135. The mean cost per unit was
$154, yielding a total acquisition cost for the 6107 units
transfused of $938,796. This amounted to 29% of bloodrelated expenditures for surgical patients at AKH.

Transfusion-related processes, usage factors,
and costs
Major process steps, their corresponding usage factors,
and costs associated with allogeneic RBC transfusions in
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the surgical setting are summarized in Table 4. Details of
specific subprocesses, their usage factors, and costs can
be viewed in Tables S1 through S8 (available as supporting
information in the online version of this paper). The flow
diagram that illustrates the sequential and parallel steps
and usage factors associated with the overall process
(Level 1) of administering transfusions to surgical patients
may be found in Appendix S2 (available as supporting
information in the online version of this paper). This
overall process begins when the surgical patient arrives at
the physician’s office or hospital and a supply of RBCs is
requested from the blood bank and ends after all
transfusion-related follow-up has been completed. A
second flow diagram to illustrate steps and usage factors
associated with one representative major process (Level 2;
administering and monitoring a transfusion on the hospital ward) is provided in Appendix S3 (available as supporting information in the online version of this paper).
Beginning at the time a transfusion decision has been
made and the blood has been ordered from the blood
bank, this process ends when the transfusion has been
completed.
Main processes were generally similar among
the hospitals, with some minor exceptions. CHUV
and AKH had their blood bank services outsourced to
independent blood banks and therefore accrued no
costs associated with blood bank supply management. These costs were assimilated into the hospital
acquisition costs for RBCs. CHUV employees carried out
some courier services between the blood collection
center and the independent blood bank. In perspective,
blood bank supply management costs comprise less than
1% of the total blood-related costs accrued at the other
hospitals.
Issuing transfusion-specific consent forms is a practice unique to the United States and contributed 1.2% to
2.5% to the overall blood transfusion–related costs
incurred at EHMC and RIH; neither CHUV nor AKH has
process steps nor costs associated with transfusionspecific consent forms.
After blood product acquisition cost and costs attributed to indirect overhead (discussed below), the top
three major process steps were patient testing, administering and monitoring transfusions, and pretransfusion
processes, collectively accounting for 24% to 36% of hospitals’ spending on transfusion-related activities. The relative contribution of these three cost elements differed
among the hospitals. For example, at EHMC, costs of
administering and monitoring transfusions (7%) were less
than for pretransfusion processes (12%) and patient blood
testing (12%). At AKH, patient blood testing costs were
highest (17%) followed by administering and monitoring
transfusions (12%) and pretransfusion processes (7%).
RIH and CHUV both had higher costs for administering
and monitoring transfusions (11 and 14%, respectively)

Subprocesses for each in-hospital process listed above are detailed in Tables S1 through S8 (available as supporting information in the online version of this paper).

75
$167
520
$1,469
$1,404
$5,150

1,644

260

30,228
87
$375,462
$77,328
14,907
89
$504,849
$75,871
22,522
105
$634,917
$68,250
1,368
22

In-hospital processes
Hospital blood bank supply management for RBCs
Pretransfusion processes
Patient blood testing processes
Specific transfusion consent form
Issuing and delivering components from blood
bank to transfusion sites
Administering and monitoring transfusions
Managing acute transfusion reactions and
hemovigilance
Posttransfusion logistics

$107,481
$14,300

Number of
processes
0
44,902
39,726
0
3,987
AKH
Hospital cost
per process step
$0.00
$222,883
$531,267
$0.00
$17,280
CHUV
Hospital cost
Number of
per process step
processes
$9,740
1,220
$106,447
13,499
$479,439
45,480
$0.00
0
$37,899
3,051
Number of
processes
17,171
58,648
40,698
12,462
7,735
RIH
Hospital cost
per process step
$24,386
$283,355
$495,052
$150,614
$45,792
EHMC
Hospital cost per
Number of
process step
processes
$10,692
4,427
$191,318
26,467
$191,795
12,527
$18,621
13,860
$5,594
1,779

TABLE 4. Major processes related to allogeneic RBC transfusions identified in the surgical setting of four hospitals with costs in US dollars and
usage factors
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than on patient blood testing (8 and 13%, respectively) or
pretransfusion processes (5 and 3%, respectively).
Managing acute transfusion reactions and hemovigilance were found to contribute minor costs, but relatively
more is spent in Europe on these activities than at US
hospitals (approx. 2% vs. 1%). Blood bank supply management, issuing and delivering components from the blood
bank to the transfusion site, and posttransfusion logistics
comprise less than 1.5% of institutional blood-related
costs.

Direct and indirect overhead costs
Direct overhead costs include such elements as the blood
bank staff (manager, laboratory technician, secretary);
related overhead costs for the blood bank, laboratory,
and nursing staff; costs attributable to a pathologist (part
time); and costs to cover staff time at transfusion committee rounds. The direct overhead costs contributed only a
very small percentage to the overall blood-related costs at
the two European sites because their blood bank services
are outsourced. Direct costs contribute approximately 3
and 5% at RIH and EHMC, respectively.
The elements contributing to indirect overhead, as
described under Materials and Methods, are necessary to
support the complex transfusion process. The percentage
of indirect costs relative to the overall process cost was
derived from the ratio of non–patient-related to patientrelated costs at each hospital. Indirect costs consistently
contributed the highest proportion of expenditures
related to blood at all institutions, ranging from 32% to
33% in Europe to 40% to 41% in the United States.

Total estimated cost of blood
Using the ABC model to account for acquisition costs, all
process steps, and all direct and indirect overhead costs,
the total cost per RBC unit was $760.82 ⫾ $293.74
(mean ⫾ SD). As reflected in the SD, these costs vary
widely among the participating hospitals. EHMC had the
highest mean cost per unit of RBCs transfused at $1183.32,
followed by RIH at $726.05, CHUV at $611.44, and AKH at
$522.45. Figure 2 displays the ABC model estimate of the
cost per unit of blood transfused at the four participating
hospitals compared to the mean corresponding acquisition costs per unit. The ABC model estimate of total perunit costs are between 3.2- and 4.8-fold that of product
acquisition costs, even when product wastage and additional services are included in the acquisition cost.
The total cost of transfusions for surgical patients
ranged from $1.61 to $6.03 million in 2007 (Fig. 3). All fractional cost components accounted for by the ABC model
are shown, including blood product acquisition, all major
process steps, and direct and overhead costs. Among the
four hospitals, RIH had the largest total expenditures on
Volume 50, April 2010
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Fig. 3. Total costs of blood transfusions showing all contributing cost elements at two US and two European hospitals in 2007. Costs
at CHUV (SFr) and AKH (€) converted to $USD using 1-year currency conversion average (May 2008-May 2009). Percentages of each
contributing element shown next to $USD amount.
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Our study confirms that, beyond
acquisition costs, the attributable cost
Annual Surgical Transfusion Costs (in $1000s)
per unit of blood has been underestimated and that costs vary across instiFig. 4. Relationship of transfusion rates and surgical volumes versus total annual
tutions and countries. The costs per unit
transfusion costs. ( ) Transfusion rates versus total annual transfusion costs in surat the four institutions exceeded those
gical patients at the four hospitals (symbols left to right are EHMC, AKH, CHUV, and
reported from even the most rigorous
RIH). The solid trend line indicates a strong correlation (R2 = 0.93) between transfuof previous studies, whose estimates
sion rates and total annual transfusion costs. (䊊) Surgical volumes versus total
ranged between $332 and $7172-5 when
annual transfusion costs in surgical patients at the same institutions. Broken trend
adjusted for 2008 dollars.14 In one of the
line for this relationship shows little correlation (R2 = 0.12) between the number of
most often cited of these studies5 matesurgeries performed and total annual transfusion costs.
rials plus fixed and variable labor costs
contributed approximately 18% to the
total costs of blood transfusion in cancer patients.
blood and related costs, followed by CHUV, AKH, and
However, including all process steps and direct overhead,
EHMC. Total transfusion costs were highly correlated with
materials and labor appear to contribute much more to
transfusion rate (R2 = 0.93) but not with the volume of surtotal transfusion-related costs.
geries performed (R2 = 0.12; Fig. 4).
Indirect overhead (including equipment, utilities,
nonprofessional personnel, and property) was estimated
DISCUSSION
by Cremieux and colleagues5 to contribute 46% to the cost
of blood. We found that indirect overhead varied by instiABC represents the most detailed and rigorous method
tution, ranging from 32% to 41% of total expenditures, but
utilized to date to account for the cost of blood transfuin all cases contributed a higher proportion to total costs
sions. At project initiation, the COBCON group agreed
than blood product acquisition.
upon the complex array of interrelated steps involved in
Total blood expenditures and utilization varied 2.3providing blood transfusions to patients1 and endorsed
fold across institutions. Total annual expenditures on
this project to evaluate total transfusion costs. ABC softblood-related activities for surgical patients at RIH were
ware modules were developed to capture blood-related
fourfold that of EHMC and twofold higher at European
costs from a hospital perspective and then populated with
hospitals. These differences are not explained entirely by
data collected from four hospitals. The resulting output
hospital size, number of beds, or surgical volume. Total
from the ABC model yields, for the first time, a dollar
annual blood costs are largely driven by transfusion rate,
amount for the cost per unit of blood that reflects the
which includes such factors as the proportion of surgical
complexities of real-world blood utilization. From these
patients transfused and number of RBC units per patient
data, mean transfusion costs per surgical patient and total
transfused. Reducing either or both factors has the potenexpenditures on blood costs by institution are revealed.
tial to reduce costs dramatically.
Importantly, contributions to total costs originating from
Patients who do not receive transfusions also
various processes, direct and indirect overhead, and
consume resources related to blood and contribute subproduct acquisition are available for systematic review.
stantially to hospital expenditures. Higher mean costs per
These results provide important insights into the
unit arise in part from testing and preparing surgical
actual costs of transfusions to hospitals. Product acquisipatients for transfusions. Whether the cost of preparing
tion costs contribute only 21% to 32% to transfusion20000
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patients for transfusion but not actually transfusing them
is more appropriately applied to the blood conservation
program than to the cost of transfusions can be debated;
these may be joint costs that should be evenly distributed
between transfusion and blood conservation efforts.
Regardless of how these costs are allocated, were these
practices to be streamlined, total hospital costs could be
reduced, allowing reallocation of resources to other essential services.
We have illustrated the complexities involved in
blood transfusions, beginning when the decision to
perform surgery is made through posttransfusion administration and monitoring for a short time period thereafter.3,5 Although our approach is comprehensive, several
limitations deserve mention.
First, we included all steps that impact a hospital, yet
our analysis did not include cost elements related to
donor recruitment and blood collection.1 The number of
nondonating individuals (>65 years of age) relative to the
donating population (18-65 years of age) is constantly
growing and could create supply shortages and further
escalate acquisition costs.
Second, we did not address whether reducing the use
of blood transfusions can improve patient outcomes and
reduce costs further. Nevertheless, data are beginning to
emerge that hospitals with stringent blood management
programs receive high-quality “report cards” for outcomes
associated with cardiac surgery.18-20 Brevig and colleagues21 recently reported that standard quality improvement methods, in conjunction with multidisciplinary
cooperation and education, achieved a hospitalwide
culture shift that dramatically lowered perioperative
blood utilization in cardiac surgery without compromising patient outcomes.
Third, our study captured only those processes
related to managing acute transfusion-related adverse
events. Events with long-term consequences are among
the costliest contributors to health care expenditures22-30
and the most difficult to quantify.23,24,31-35 Because such
events occur with a very low probability,24,33,35-40 they were
not practical to include here. The uncertainties associated with calculating probabilities of illness, projecting
future outcomes, and discounting can lead to highly
complex pharmacoeconomic analyses that were not
attempted here.41 Impact on quality of life, liability, and
indemnification processes also can increase blood
transfusion–related costs, and such factors have yet to be
incorporated into quantitative cost analyses.42,43 Had any
of these been included, our cost estimates would have
been higher still. The question as to whether reducing
transfusions and transfusion-related risks translates into
cost savings is of considerable interest and clearly warrants further study.
The costs reported herein did not differentiate costs
by type of surgeries performed and excluded those
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costs incurred by nonsurgical patients. At these four
institutions, between 12,000 and 36,000 medical
inpatients per year would be additional potential
recipients of RBC transfusions and related services.
Although most processes and overhead are likely to be
similar between surgical and medical patients, activities
related to obtaining informed consent or crossmatching
could differ relative to the number of transfusion episodes and units transfused. How these factors would
raise or lower transfusion costs per unit cannot be
predicted from this study. Nevertheless, a conservative estimate of including medical patients in this
accounting system would predict at least a twofold
increase per institution per year based on transfusion
volume alone.
The purpose of developing a comprehensive model
to determine the cost of blood is severalfold. First, it
facilitates future research seeking to determine the costeffectiveness of interventions for improving blood safety
and optimizing blood utilization. Second, the model may
be adapted to institutions wanting to increase institutional efficiency and reduce costs at each point of care.
Comparing the costs of transfusions between centers
that use internal versus outsourced blood banking services not only reflects current economic realities but also
could trigger an evaluation of which approach is most
cost-effective. Perhaps most importantly, these data raise
awareness about the economic realities of blood and
about its impact on individuals, institutions, and society
and hopefully will encourage practitioners to think critically about blood usage patterns. In view of the ABC
results and the fact that, in the United States alone, more
than 14.5 million units of RBCs and whole blood are
transfused annually,44 total RBC transfusion-related costs
exceed $10 billion. Future studies using ABC methods
will need to determine how many additional dollars are
spent for platelets, fresh-frozen plasma, and cryoprecipitate transfusions. Randomized controlled studies and/or
the application of Bradford Hill criteria45 to establish causation from association might help determine if and to
what extent transfusion-related events translate into
additional hospital and intensive care unit stay days
and whether other financial burdens are attributable to
transfusions.
In conclusion, arriving at dollar figures for the perunit cost of blood was a complex and lengthy undertaking, but these efforts may help to change the way the
economics of blood transfusions are perceived. The ABC
model of transfusion cost is robust and generally applicable and provides the most informed estimate of blood
costs to date. Our detailed ABC-driven descriptions of
cost elements provide a road map for institutional
administrators worldwide to evaluate hospital processes
and the impetus to initiate programs to reduce and optimize blood usage. Future applications of ABC method
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will facilitate decision making about the costeffectiveness of interventions to replace blood usage,
providing an appropriate benchmark for comparing
costs relative to clinical benefit.

REFERENCES
1. Shander A. The cost of blood: multidisciplinary consensus
conference for a standard methodology. Transfus Med Rev
2005;19:66-78.
2. Forbes JM, Anderson MD, Anderson GF, Bleecker GC,

ACKNOWLEDGMENTS

Rossi EC, Moss GS. Blood transfusion costs: a multicenter

The authors recognize the efforts of the following individuals for
their logistic and technical support of this project: from Englewood Hospital and Medical Center, Narong Arjarasumpun, Primo
Cruz, Matthew Gluck, Ed Jaxel, and Evelyn Taino; from Rhode
Island Hospital, Claudia Cardarelli, Peter D’Agostino, Nancy

study. Transfusion 1991;31:318-23.
3. Cantor SB, Hudson DV Jr, Lichtiger B, Rubenstein EB.
Costs of blood transfusion: a process-flow analysis. J Clin
Oncol 1998;16:2364-70.
4. Etchason J, Petz L, Keeler E, Calhoun L, Kleinman S, Snider

Obenhauf, Joseph Sweeney, and Kevin Wright; from University

C, Fink A, Brook R. The cost effectiveness of preoperative

Hospital, Lausanne, Jocelyne Conne; and from University Hospital, Zurich, Erwin Schatz. The authors also thank Kathryn J. Luc-

autologous blood donations. N Engl J Med 1995;332:719-

chesi, PhD, RPh, of DesignWrite, LLC, for providing editorial and

outpatient blood transfusion in cancer patients. J Clin

writing assistance.

Oncol 2000;18:2755-61.
6. Mohandas K, Aledort L. Transfusion requirements, risks,
and costs for patients with malignancy. Transfusion 1995;

CONFLICT OF INTEREST
The authors declare that they have no conflicts of interest relevant to this paper except as noted:
•
•

Dr Shander is a consultant for Centocor Ortho Biotech.
Dr Hofmann receives grant support from the Federal Austrian Ministry of Health and the Western Australian Department of Health. He has also received honoraria or travel
support for consulting or lecturing from Amgen GmbH,
Australian

Red

Cross

Blood

Service,

CSL

Behring

GmbH, Fresenius Kabi GmbH, Haemonetics GmbH,
Janssen-Cilag GmbH, Novo Nordisk A/S, and United
Biosource Corporation.
•

24.
5. Cremieux PY, Barrett B, Anderson K, Slavin MB. Cost of

35:427-30.
7. Goodnough LT, Soegiarso RW, Birkmeyer JD, Welch HG.
Economic impact of inappropriate blood transfusions in
coronary artery bypass graft surgery. Am J Med 1993;94:
509-14.
8. Jackson BR, Umlas J, AuBuchon JP. The cost-effectiveness
of postoperative recovery of RBCs in preventing
transfusion-associated virus transmission after joint
arthroplasty. Transfusion 2000;40:1063-6.
9. Fergusson D, Hebert PC, Barrington KJ, Shapiro SH. Effectiveness of WBC reduction in neonates: what is the evidence of benefit? Transfusion 2002;42:159-65.

Dr Spahn’s academic department receives grant support
from the University of Zurich, the Research Award Center

10. Wayne AS, Schoenike SE, Pegelow CH. Financial analysis
of chronic transfusion for stroke prevention in sickle cell

for Zurich Integrative Human Physiology, the Swiss
National Science Foundation, the Swiss Foundation for

disease. Blood 2000;96:2369-72.
11. Grimm AM, Flaharty KK, Hopkins LE, Mauskopf J, Besarab
A, Vlasses PH. Economics of epoetin therapy. Clin Pharm
1989;8:807-10.
12. Sheingold SH, Churchill DN, Muirhead N, Laupacis A.
Recombinant human erythropoietin: factors to consider
in cost-benefit analysis. Am J Kidney Dis 1991;17:8692.
13. Gombotz H, Rehak PH, Shander A, Hofmann A. Blood use
in elective surgery: the Austrian benchmark study. Transfusion 2007;47:1468-80.
14. United States Department of Labor, Bureau of Labor Statistics. Consumer price index inflation calculator. [cited 2009
Jun 19]. Available from: URL: http://www.bls.gov/data/
inflation_calculator.htm
15. Shander A, Hofmann A, Gombotz H, Theusinger OM,
Spahn DR. Estimating the cost of blood: past, present, and
future directions. Best Pract Res Clin Anaesthesiol 2007;21:
271-89.
16. Goodman C, Chan S, Collins P, Haught R, Chen YJ. Ensuring blood safety and availability in the US: technological

Anesthesia Research, the European Society of Anaesthesiology, the Swiss Society of Anesthesiology and Reanimation, the Gebert Ruef Foundation, the Swiss Life
Foundation, the Olga Mayenfisch Foundation, Abbott AG,
B. Braun AG, UBS AG, and Stiftung für Staublungenforschung. Dr Spahn chairs the Advanced Bleeding Care (ABC)
Faculty and is a member of the ABC Trauma Faculty, both
of which are managed by Thomson Physicians World
GmbH and sponsored by an unrestricted educational grant
from NovoNordisk A/S. In the past 5 years, Dr Spahn has
received honoraria or travel support for consulting or
lecturing from Abbott AG, Alliance Pharmaceutical,
AstraZeneca AG, Bayer (Schweiz) AG, B. Braun Melsungen
AG, BoehringerIngelheim (Schweiz) GmbH, CSL Behring
GmbH, Fresenius SE, Galenica AG, Vifor SA, GlaxoSmithKline GmbH, Janssen-Cilag AG, Novo Nordisk
A/S, Octapharma AG, Organon AG, Pfäffikon/SZ,
Oxygen Biotherapeutics, and Roche Pharma (Schweiz)
AG.

Volume 50, April 2010

TRANSFUSION 763

SHANDER ET AL.

advances, costs, and challenges to payment—final report.
Transfusion 2003;43:3S-46S.
17. Asadi MJ, Baltz WA. Activity-based costing for clinical
paths. An example to improve clinical cost & efficiency.
J Soc Health Syst 1996;5:1-7.
18. Shander A, Moskowitz D, Rijhwani TS. The safety and efficacy of “bloodless” cardiac surgery. Semin Cardiothorac
Vasc Anesth 2005;9:53-63.
19. Shander A, Rijhwani TS. Clinical outcomes in cardiac
surgery: conventional surgery versus bloodless surgery.
Anesth Clin North Am 2005;23:327-45.
20. New Jersey Department of Health and Senior Services,
Health Care Quality Assessment Office of the Commissioner. Cardiac surgery in New Jersey 2006. Report 1401.
Trenton, NJ: Department of Health and Senior Services;
2009.

transfusion (SHOT) initiative: analysis of the first two
annual reports. BMJ 1999;319:16-9.
32. Perrotta PL, Snyder EL. Non-infectious complications of
transfusion therapy. Blood Rev 2001;15:69-83.
33. Klein HG. Allogeneic transfusion risks in the surgical
patient. Am J Surg 1995;170 Suppl 6A:21S-6S.
34. Dodd RY. Adverse consequences of blood transfusion:
quantitative risk estimates. In: Nance ST, editor. Blood
supply: risks, perceptions and prospects for the future. 1st
ed. Bethesda (MD): American Association of Blood Banks;
1994. p. 1-24.
35. Kopko PM, Marshall CS, MacKenzie MR, Holland PV, Popovsky MA. Transfusion-related acute lung injury: report
of a clinical look-back investigation. JAMA 2002;287:196871.
36. Schreiber GB, Busch MP, Kleinman SH, Korelitz JJ. The risk

21. Brevig J, McDonald J, Zelinka ES, Gallagher T, Jin R, Grunkemeier GL. Blood transfusion reduction in cardiac surgery:
multidisciplinary approach at a community hospital. Ann
Thorac Surg 2009;87:532-9.
22. Blumberg N. Allogeneic transfusion and infection: economic and clinical implications. Semin Hematol 1997;34:
34-40.
23. Sazama K, DeChristopher PJ, Dodd R, Harrison CR,
Shulman IA, Cooper ES, Labotka RJ, Oberman HA, Zahn
CM, Greenburg AG, Stehling L, Lauenstein KJ, Price TH,
Williams LK. Practice parameter for the recognition, management, and prevention of adverse consequences of
blood transfusion. Arch Pathol Lab Med 2000;124:61-70.
24. Goodnough LT, Brecher ME, Kanter MH, AuBuchon JP.
Transfusion medicine. First of two parts: blood transfusion.
N Engl J Med 1999;340:438-47.

of transfusion-transmitted viral infections. The Retrovirus
Epidemiology Donor Study. N Engl J Med 1996;334:168590.
37. Sazama K. Reports of 355 transfusion-associated deaths:
1976 through 1985. Transfusion 1990;30:583-90.
38. Sazama K. Bacteria in blood for transfusion: a review. Arch
Pathol Lab Med 1994;118:350-65.
39. Papia G, McLellan BA, El Helou P, Louie M, Rachlis A,
Szalai JP, Simor AE. Infection in hospitalized trauma
patients: incidence, risk factors, and complications.
J Trauma 1999;47:923-7.
40. Vrielink H, Reesink HW. Transfusion-transmissible infections. Curr Opin Hematol 1998;5:396-405.
41. Van Hulst M, De Wolf JT, Staginnus U, Ruitenberg EJ,
Postma MJ. Pharmaco-economics of blood transfusion
safety: review of the available evidence. Vox Sang 2002;83:

25. McCarthy BD, Wong JB, Munoz A, Sonnenberg FA. Who
should be screened for HIV infection? A cost-effectiveness
analysis. Arch Intern Med 1993;153:1107-16.

146-55.
42. Denton TA, Diamond GA, Matloff JM, Gray RJ. Anemia
therapy: individual benefit and societal cost. Semin Oncol

26. Hellinger FJ. The lifetime cost of treating a person with
HIV. JAMA 1993;270:474-8.

1994;21:29-35.
43. Barnett A, Cremieux PY, Fendrick AM, George M, Slavin

27. Sonnenberg FA, Gregory P, Yomtovian R, Russell LB,
Tierney W, Kosmin M, Carson JL. The cost-effectiveness of
autologous transfusion revisited: implications of an
increased risk of bacterial infection with allogeneic transfusion. Transfusion 1999;39:808-17.
28. Wong JB, Koff RS, Tine F, Pauker SG. Cost-effectiveness of
interferon-a2b treatment for hepatitis B e antigen-positive
chronic hepatitis B. Ann Intern Med 1995;122:664-75.
29. Carson JL, Altman DG, Duff A, Noveck H, Weinstein MP,
Sonnenberg FA, Hudson JI, Provenzano G. Risk of bacterial
infection associated with allogeneic blood transfusion
among patients undergoing hip fracture repair. Transfusion 1999;39:694-700.
30. Dickie H, Vedio A, Dundas R, Treacher DF, Leach RM.
Relationship between TISS and ICU cost. Intensive Care
Med 1998;24:1009-17.
31. Williamson LM, Lowe S, Love EM, Cohen H, Soldan K,
McClelland DB, Skacel P, Barbara JA. Serious hazards of

MB. Anemia-related costs for cancer patients. J Manag
Care Med 2002;6:20-8.
44. United States Department of Health & Human Services.
2007 National Blood Collection and Utilization Survey
Report. [cited 2009 Jun 19]. Available from: URL: http://
www.hhs.gov/ophs/bloodsafety/2007nbcus_survey.pdf
45. Hill AB. The environment and disease: association or causation? Proc R Soc Med 1965;58:295-300.

764 TRANSFUSION

Volume 50, April 2010

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:
APPENDIX S1. Alphabetical list of COBCON participants
APPENDIX S2. Activity-based costing: process flow
diagram (LEVEL 1: Surgical patients—allogeneic blood
transfusion)
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APPENDIX S3. Activity-based costing: process flow
diagram (LEVEL 2: Surgical patients—administering &
monitoring transfusion on ward)
TABLE S1. Hospital blood bank supply management for
RBCs
TABLE S2. Pre-transfusion processes
TABLE S3. Patient blood testing processes

TABLE S4. Specific transfusion consent form
TABLE S5. Issuing and delivering components from
blood bank to transfusion sites
TABLE S6. Administering and monitoring transfusions
TABLE S7. Managing acute transfusion reactions and
hemovigilance
TABLE S8. Post-transfusion logistics
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