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The ongoing variability in blood transfusion practices in
cardiac surgery
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BACKGROUND: Although blood utilization has been
under considerable scrutiny for the past two decades,
particularly for surgery, studies comparing perioperative
blood transfusion practices between countries are rare,
and the evolution of international standards remains
unknown. Therefore, the objective of this evaluation
was to compare the perioperative transfusion of blood
components in cardiac surgery in multiple centers in
different countries.
STUDY DESIGN AND METHODS: Transfusion practice
was investigated prospectively in 70 centers among 16
countries. A total of 5065 randomly selected cardiac
surgery patients of the Multicenter Study of Periopera-
tive Ischemia Epidemiology II (EPI II) Study were evalu-
ated. Utilization of red blood cells (RBCs), fresh-frozen
plasma (FFP), and platelets (PLTs) was assessed
daily, before, during, and after surgery until hospital
discharge.
RESULTS: Intraoperative RBC transfusion varied from
9 to 100 percent among the 16 countries, and 25 to
87 percent postoperatively (percentage of transfused
patients). Similarly, frequency of transfusion of FFP
varied from 0 to 98 percent intraoperatively and 3 to
95 percent postoperatively, and PLT transfusion from 0
to 51 and 0 to 39 percent, respectively. Moreover, there
were not only marked differences in transfusion rates
between centers in different countries but also in inter-
institutional comparison of multiple centers within
countries.
CONCLUSION: In cardiac surgical patients, marked
variability in transfusion practice exists between centers
in various countries and suggests differences in periop-
erative practice patterns as well as possible inappropri-
ate use. International standardization of perioperative
practice patterns as well as transfusion regimes
appears necessary.

N
early 1 million coronary artery bypass graft
(CABG) surgeries are performed annually
throughout the world, consuming approxi-
mately 20 percent of all blood products

transfused,1-4 and costing more than $700 for all blood
components transfused per patient.5,6 Although coronary
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revascularization is regarded as a standardized surgical
procedure, several perioperative factors can vary between
centers and may potentially affect blood utilization as well
as morbid outcome.7-10 Also, excessive administration of
human blood components has been described, which
may reflect a lack of application of the evidence-based
indications for the transfusion of blood components11-13

and/or noncompliance with existing transfusion
guidelines.14-19 Variability in transfusion practice has led
to recommendations regarding standardization within
countries.2,3,14,15,20-22 Yet unknown, however, is the current
impact of these recommendations, especially throughout
the regions of the world where the increase in CABG pro-
cedures is greatest.

The EPI II database provides uniquely comprehen-
sive information about the management of more than
5000 heart surgery patients, including all relevant data on
medical history, demographics, and intra- and postopera-
tive variables, as well as transfusion practices worldwide.
Based on the hypothesis that there is continuing variabil-
ity in blood transfusion practices and thus some patients
receive transfusions inappropriately, the objective of this
study was to conduct an international comparison of
transfusion practice in the perioperative cardiac surgical
setting. For this purpose, the transfusion of different blood
products was evaluated and compared in an international
observational study.

MATERIALS AND METHODS

Study design: the MCSPI EPI II study
The Multicenter Study of Perioperative Ischemia Epide-
miology II (MCSPI EPI II Study) was prospective and lon-
gitudinal and included 5436 patients, admitted with
coronary artery disease that was refractory to medica-
tion, who were scheduled to undergo CABG surgery at
one of 72 medical institutions in 17 countries in North
America, South America, Europe, the Middle East, and
Asia. Enrollment began in November 1996 and ended in
June 2000; the database was locked on October 15, 2001.
Participation in the EPI II Study was voluntary. After
approval had been obtained from the institutional review
board at each institution and written informed consent
had been obtained from the patients, at least 100
patients were to be prospectively enrolled at each insti-
tution according to a standardized sampling scheme. To
be eligible for enrollment, the patient had to be at least
18 years old, scheduled to undergo CABG with the use of
coronary bypass, be able to complete the preoperative
interview, and could not be enrolled in another study or
clinical trial. Three centers were unable to provide data
for our study; thus, data from the 16 remaining countries
were available for analysis.

Clinical decisions were not controlled by study proto-
col, and all patients qualifying for enrollment were

entered. Of the 5436 patients enrolled in the EPI II Study,
371 were subsequently excluded due to patient with-
drawal (32); death before surgery (2); cancellation or
rescheduling of surgery (97); change in procedure (132);
inadvertent enrollment in another study (11); incomplete
data (86); or incomplete blood sampling, shipping, or
storage (11), leaving 5065 patients reported herein.

For each enrolled patient, approximately 7500 fields
of data were collected throughout the patient’s index hos-
pitalization (admission until discharge). Data included
demographic, historical, clinical, laboratory, electrocar-
diographic, specialized testing, resource utilization, and
adverse outcome. Treating physicians were blinded to all
research data. All data fields for each patient were queried
centrally for completeness and accuracy, with all changes
documented before database closure.

Measurement of outcomes
All blood products administered intra- and postopera-
tively, including all forms of perioperative autologous and
homologous blood usage (red blood cells [RBCs], whole
blood, fresh-frozen plasma [FFP], and platelets [PLTs])
were recorded with dosage and date of administration.
All patients with transfusions of either autologous or
homologous RBCs or whole blood were defined as having
had transfusion of RBCs.

Statistical analysis
Descriptive statistics were performed on all study vari-
ables for patients receiving any blood product. All data are
described as either mean � 1 standard deviation (SD) for
continuous variables or number and percentage (in
parentheses) for categorical variables, as indicated. Com-
parison between groups was performed with the two-
tailed chi-square test for categorical variables; for
continuous variables, a Kruskal-Wallis test was applied.
p Values of less than 0.05 were considered as statistically
significant. All statistical analyses were performed with
computer software (SAS Version 8.2, SAS Institute, Cary,
NC).

RESULTS

Demographic and surgical data
Demographic and surgical data are provided in Table 1. Of
the 5065 patients participating in the MCSPI EPI II Study,
4302 (84.9%) had isolated CABG surgery, 507 (10.0%)
CABG plus valve, and 256 (5.1%) CABG plus other proce-
dures (e.g., myectomy, carotid, other vascular, or thoracic
surgeries). Overall, 4113 (81.2%) patients underwent elec-
tive procedures; 891 (17.6%) were urgent and 61 (1.2%)
were emergent.

TRANSFUSION PRACTICE IN CARDIAC SURGERY

Volume 48, July 2008 TRANSFUSION 1285



Overall variability of transfusion practice
The comparison of perioperative transfusion practice
showed an inconsistent pattern between the 16 countries
for all blood products (Tables 2-5). A significant variability
was observed both in the frequency of use and in the
mean amount of RBCs, FFP, and PLTs transfused per
patient, intraoperatively as well as postoperatively. The
percentage per country of patients who received RBC
transfusion ranged from 9 to 100 percent intraoperatively
and from 25 to 87 percent postoperatively. Similarly, the
frequency of FFP transfusion varied from 0 to 98 percent
intraoperatively and from 3 to 95 percent postoperatively.
PLT transfusion ranged from 0 to 51 percent intraopera-
tively and from 0 to 39 percent postoperatively. Con-
versely, 33 percent of patients did not receive RBC
transfusion either intra- or postoperatively, 78 percent
received no FFP, and 83 percent received no PLTs
(Table 2).

Transfusion practice for RBCs
Overall, 66.7 percent (3380) of the study patients received
homologous and/or autologous RBC transfusion either
intra- and/or postoperatively, with a mean of 4.0 units per
transfused patient (for frequency and amount of RBC
transfusion per country see Tables 2-5). Intraoperatively,
41.3 percent of all patients received RBCs; 100 percent of
the patients in the one study center in Thailand received
RBCs, but only 8.7 percent in the two study centers in
France, which had the lowest transfusion rate per country
(Fig. 1A). In all transfused patients, a mean of 2.4 units of
RBCs were administered intraoperatively, with a substan-
tial range between 1.3 units for the one center in Poland
and a mean of 3.1 units for the nine study sites in
Germany (Fig. 1A). Postoperatively, 54.0 percent of all
patients received RBCs, with the highest transfusion rate
in the one study center in Thailand (87.3%) and the lowest
in the one study center in Italy (24.7%; Fig. 2A). A mean of
3.0 units of RBCs were transfused postoperatively, with
the largest mean number in the two study sites in France
(4.2 units) and the smallest in the one center in Thailand
(1.9 units; Fig. 2A). A total of 9.5 percent of the transfused
patients were given autologous RBC perioperatively.

Transfusion practice for FFP
Overall, 22.4 percent (1137) of all patients received
homologous and/or autologous FFP either intra- and/or
postoperatively, with a mean of 4.9 units per transfused
patient (Tables 2-5). Intraoperatively, 10.9 percent of all
patients received FFP transfusion; in the one study center
in Mexico almost all patients received FFP (98.3%), but no
FFP was transfused intraoperatively in the two centers
in France (Fig. 1B). A mean of 3.1 units of FFP were
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administered intraoperatively; the largest amount was
given in the one study site in Italy (4.7 units) and the
lowest in the two study centers in France (0 units)
(Fig. 1B). Postoperatively, 17.0 percent of all patients
received FFP, with the highest transfusion rate in the one
center in Mexico (94.9%) and the lowest rate in the one
study site in Thailand (2.7%; Fig. 2B). A mean of 4.5 units
of FFP were transfused postoperatively, the largest mean
number in the nine study centers in Germany (6.9 units)
and the smallest in the one study site in Poland (1.7 units;
Fig. 2B). A total of 2.4 percent of the transfused patients
were given autologous FFP perioperatively.

Transfusion practice for PLTs
Overall, 16.7 percent (847) of patients received homolo-
gous and/or autologous PLT transfusion either intra-
and/or postoperatively, with a mean of 6.9 units per trans-
fused patient (Tables 2-5). Intraoperatively, 9.2 percent of
all patients received PLT transfusion; the largest rate of
PLT transfusion was in the one study center in Romania
(50.5%), while no patients in the centers in Colombia,
Hungary, Italy, and Poland received PLTs (Fig. 1C). A mean
of 6.3 units of PLTs were transfused intraoperatively; the
largest amount was given in the one study center in Israel
(8.0 units; Fig. 1C). Postoperatively, 10.3 percent of the
patients received PLTs, with the highest frequency in the
one site in Mexico (39.0%), and the lowest in the one
center in Colombia, where no PLTs were transfused post-
operatively (Fig. 2C). A mean of 5.8 units of PLT were
transfused postoperatively; the largest number was in the
one study site in Hungary (9.0 units) and the smallest
(0 units) in the one study site in Colombia (Fig. 2C).
Overall, 0.2 percent of the patients received autologous
PLTs.

Interinstitutional variability of transfusion practice
Besides the international variability in transfusion prac-
tice, there was also a marked variation in perioperative
transfusion practice within and between each of the four
nations with the highest number of patients enrolled (see
box plots in Figs. 3 and 4). These widespread differences
were observed for all blood products transfused in the
United States, Germany, the United Kingdom, and Canada
(data shown for intraoperative and postoperative period).
Corresponding variability in perioperative transfusion
rates was observed among the different centers in the
United States, Germany, the United Kingdom, and Canada
(Figs. 5 and 6). For all blood products, regional differences
in transfusion practice were apparent. In some centers
none of the patients received any blood product intraop-
eratively, whereas in the postoperative period nearly all
patients were transfused.
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Transfusion practice by types of surgery and
priority of surgery
Intraoperatively, patients with valve and combined proce-
dures received all blood products significantly more often
and in greater amounts than patients with isolated CABG
surgery (Table 6). Although there was a tendency for all
blood products to be administered more frequently intra-
operatively in urgent and emergent surgeries, these differ-
ences did not reach significant levels, except for RBCs
(p = 0.04; Table 7).

DISCUSSION

Our study comprehensively demonstrates among mul-
tiple centers in different countries that there exists con-

siderable and disturbing variability in perioperative
transfusion practices for RBCs, FFP, and PLTs in patients
undergoing the procedure of cardiac surgery. This enor-
mous range may be attributed partially to a subjectively
based instead of an evidence-based practice and may
indicate unnecessary transfusion. Variation in periopera-
tive transfusion practice patterns, however, may also be
influenced by differences in patient population among the
study centers, including comorbidities as well as other
patient-related factors such as age, body size,7 or preop-
erative anemia.10,23,24 Moreover, preoperative medication
with anti-PLT agents and anticoagulants as well as preop-
erative transfusion of blood products may impact intra-
and postoperative transfusion needs.25,26 Additionally,
there are several surgical, procedure-related factors, that

TABLE 3. Perioperative transfusion practice (frequency and amount) by country and transfusion product (first
eight countries)*

Blood component US G UK CA IND F H T

Intraoperative transfusion
RBCs 712 (44.8) 504 (51.6) 151 (21.2) 98 (18.5) 151 (75.9) 13 (8.7) 21 (19.1) 110 (100)

Homo 659 (41.5) 494 (50.6) 143 (20.1) 87 (16.4) 83 (41.7) 12 (8.1) 20 (18.2) 110 (100)
Auto 65 (4.1) 11 (1.1) 8 (1.1) 11 (2.1) 71 (35.7) 1 (0.7) 1 (0.9) 6 (5.5)

RBC units 2.8 � 2.0 3.1 � 2.4 1.7 � 0.9 1.9 � 1.2 1.4 � 0.7 2.3 � 0.8 2.0 � 0.6 2.7 � 0.9
Homo 2.8 � 2.0 3.1 � 2.4 1.7 � 0.9 1.9 � 1.2 1.7 � 0.7 2.3 � 0.8 2.1 � 0.6 2.7 � 1.0
Auto 2.1 � 1.2 1.9 � 1.1 1.6 � 1.1 1.5 � 0.7 1.0 � 0.1 2.0 1.0 1.2 � 0.4

FFP 192 (12.1) 141 (14.4) 19 (2.7) 12 (2.3) 33 (16.6) 0 1 (0.9) 8 (7.3)
Homo 190 (12.0) 140 (14.3) 19 (2.7) 11 (2.1) 33 (16.6) 0 0 8 (7.3)
Auto 2 (0.1) 1 (0.1) 0 1 (0.2) 0 0 1 (0.9) 0

FFP units 3.6 � 3.4 3.6 � 2.2 1.8 � 0.4 2.8 � 1.1 2.0 � 0.6 0 1.0 3.0 � 1.1
Homo 3.6 � 3.3 3.6 � 2.2 1.8 � 0.4 2.6 � 1.1 2.0 � 0.6 0 0 3.0 � 1.1
Auto 8.5 � 9.2 3.0 0 0 0 0 1.0 0

PLTs 258 (16.2) 58 (5.9) 12 (1.7) 7 (1.3) 28 (14.1) 2 (1.3) 0 15 (13.6)
Homo 252 (15.8) 58 (5.9) 12 (1.7) 7 (1.3) 28 (14.1) 2 (1.3) 0 15 (13.6)
Auto 6 (0.4) 0 0 0 0 0 0 0

PLT units 7.9 � 7.3 4.7 � 2.4 1.6 � 2.1 5.0 � 2.4 2.2 � 1.0 2.0 � 1.4 0 5.4 � 3.4
Homo 7.8 � 7.3 4.7 � 2.4 1.6 � 2.1 5.0 � 2.4 2.2 � 1.0 2.0 � 1.4 0 5.4 � 3.4
Auto 8.2 � 2.9 0 0 0 0 0 0 0

Postoperative transfusion†
RBCs 836 (52.6) 541 (55.5) 352 (49.5) 198 (37.2) 163 (81.9) 70 (47.0) 59 (53.6) 96 (87.3)

Homo 809 (50.9) 533 (54.7) 313 (44.0) 186 (35.0) 163 (81.9) 68 (45.6) 52 (47.3) 96 (87.3)
Auto 36 (2.3) 8 (0.8) 39 (5.5) 15 (2.8) 1 (0.5) 2 (1.3) 8 (7.3) 0

RBC units 3.0 � 3.1 4.1 � 6.4 2.3 � 2.1 2.4 � 2.0 2.4 � 1.3 4.2 � 5.4 2.7 � 2.0 1.9 � 1.4
Homo 3.0 � 3.1 4.2 � 6.5 2.4 � 2.2 2.4 � 2.0 2.4 � 1.3 4.2 � 5.5 2.7 � 2.1 1.9 � 1.4
Auto 1.8 � 1.6 1.3 � 0.5 1.9 � 1.2 2.0 � 1.5 1.0 2.0 � 0 2.6 � 0.5 0

FFP 237 (14.9) 249 (25.5) 106 (14.9) 52 (9.8) 50 (25.1) 8 (5.4) 24 (21.8) 3 (2.7)
Homo 234 (14.7) 246 (25.2) 98 (13.8) 48 (9.0) 50 (25.1) 8 (5.4) 19 (17.3) 3 (2.7)
Auto 3 (0.2) 3 (0.3) 8 (1.1) 4 (0.8) 0 0 5 (4.5) 0

FFP units 3.8 � 3.5 6.9 � 11.6 2.9 � 2.0 3.6 � 3.1 3.0 � 1.8 5.6 � 8.1 3.7 � 1.6 2.0 � 1.0
Homo 3.8 � 3.5 7.0 � 11.7 2.9 � 2.1 3.8 � 3.2 3.0 � 1.8 5.6 � 8.1 3.9 � 1.8 2.0 � 1.0
Auto 2.7 � 0.6 5.0 � 4.4 2.3 � 0.7 1.8 � 0.5 0 0 3.0 � 0 0

PLTs 242 (15.2) 79 (8.1) 55 (7.7) 36 (6.8) 45 (22.6) 4 (2.7) 2 (1.8) 4 (3.6)
Homo 237 (14.9) 79 (8.1) 54 (7.6) 33 (6.2) 45 (22.6) 4 (2.7) 2 (1.8) 4 (3.6)
Auto 5 (0.3) 0 1 (0.1) 3 (0.6) 0 0 0 0

PLT units 6.4 � 5.9 8.0 � 10.2 2.4 � 2.2 7.3 � 3.7 2.4 � 1.5 7.5 � 5.4 9.0 � 1.4 4.3 � 2.2
Homo 6.4 � 5.9 8.0 � 10.2 2.4 � 2.2 7.3 � 3.8 2.4 � 1.5 7.5 � 5.4 9.0 � 1.4 4.3 � 2.2
Auto 3.6 � 2.6 0 1.0 6.3 � 2.3 0 0 0 0

* All data are described as either mean � 1 SD or number (%). Number of units is given per transfused patients only.
† Postoperative is from ICU admission to ICU discharge. US = United States; G = Germany; UK = United Kingdom; CA = Canada;

IND = India; F = France; H = Hungary; T = Thailand; CO = Colombia; R = Romania; A = Austria; N = Netherlands; I = Italy; IS = Israel;
M = Mexico; P = Poland (order of countries by decreasing number of patients enrolled in the study). Auto = autologous;
Homo = homologous; RBCs = RBCs and/or whole blood. p Value: significant difference between countries. Note that total of homologous
and autologous blood products is not always identical with total number of blood product because of overlaps. There are significant differ-
ences between the countries in RBC, FFP, and PLT use intra- and postoperatively (p < 0.0001).
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is, cardiopulmonary bypass duration, urgency and type of
surgery or redo surgery, and most importantly, intra- and
postoperative blood loss, that trigger perioperative blood
transfusion.27 The extent of blood loss depends for the
most part on surgical skill. The use of cell-saver devices
and other blood conservation strategies, however, as well
as the use of antifibrinolytics are also relevant fac-
tors.23,25,26,28 Low priming volumes of the extracorporeal
circulation and restrictive fluid management can prevent
extensive hemodilution, which may be a cause for trans-
fusion of blood products.27 The transfusion thresholds,
that is, the specific cutoff points of laboratory values that
indicate the necessity for the transfusion of blood prod-
ucts to the treating physician, are crucial and may vary

between centers as well as between individual surgeons
and anesthesiologists.8,9,21,29

Specifically, the transfusion of RBCs to prevent or
correct organ ischemia has been the subject of numerous
publications and discussions.13,30-32 It had been believed
that a uniform “transfusion trigger” such as an absolute
hemoglobin (Hb) value of 10 g per dL or a hematocrit
(Hct) level of 30 percent provided an appropriate basis for
determining the need for perioperative RBC transfusion.18

Other transfusion guidelines suggested that in healthy
young patients, RBC transfusion is rarely indicated when
the Hb concentration is greater than 10 g per dL and
almost always indicated when it is less than 6 g per dL.33

Transfusion for intermediate Hb concentrations

TABLE 4. Perioperative transfusion practice (frequency and amount) by country and transfusion product
(last eight countries)*

Blood component CO R A N I IS M P

Intraoperative transfusion
RBCs 29 (27.4) 55 (54.5) 60 (60.0) 38 (38.4) 26 (26.8) 40 (42.6) 57 (96.6) 26 (89.9)

Homo 24 (22.6) 55 (54.5) 56 (56.0) 34 (34.3) 25 (25.8) 38 (40.4) 56 (94.9) 10 (34.5)
Auto 5 (4.7) 0 5 (5.0) 4 (4.0) 1 (1.0) 2 (2.1) 1 (1.7) 22 (75.9)

RBC units 1.6 � 0.6 2.5 � 1.3 2.3 � 1.5 1.8 � 1.4 2.4 � 1.0 1.8 � 1.4 2.3 � 1.1 1.3 � 0.5
Homo 1.6 � 0.6 2.5 � 1.3 2.4 � 1.6 1.9 � 1.4 2.4 � 1.0 1.8 � 1.4 2.3 � 1.1 1.1 � 0.3
Auto 1.4 � 0.5 0 1.6 � 0.5 1.3 � 0.5 4.0 1.5 � 0.7 2.0 1.0 � 0.2

FFP 7 (6.6) 42 (41.6) 4 (4.0) 3 (3.0) 3 (3.1) 5 (5.3) 58 (98.3) 23 (79.3)
Homo 7 (6.6) 42 (41.6) 2 (2.0) 3 (3.0) 3 (3.1) 5 (5.3) 58 (98.3) 4 (13.8)
Auto 0 0 2 (2.0) 0 0 0 0 19 (65.5)

FFP units 2.3 � 1.0 2.6 � 1.6 2.5 � 2.4 2.3 � 1.5 4.7 � 1.2 2.0 � 0.0 2.7 � 1.1 1.0 � 0.0
Homo 2.3 � 1.0 2.6 � 1.6 2.5 � 2.1 2.3 � 1.5 4.7 � 1.2 2.0 � 0.0 2.7 � 1.1 1.0 � 0.0
Auto 0 0 5.0 0 0 0 0 1.0 � 0.0

PLTs 0 51 (50.5) 5 (5.0) 2 (2.0) 0 2 (2.1) 27 (45.8) 0
Homo 0 51 (50.5) 5 (5.0) 2 (2.0) 0 2 (2.1) 27 (45.8) 0
Auto 0 0 0 0 0 0 0 0

PLT units 0 4.5 � 1.5 1.4 � 0.5 1.0 � 0.0 0 8.0 � 2.8 6.3 � 4.6 0
Homo 0 4.5 � 1.5 1.4 � 0.5 1.0 � 0.0 0 8.0 � 2.8 6.5 � 4.5 0
Auto 0 0 0 0 0 0 0 0

Postoperative transfusion†
RBCs 72 (67.9) 49 (48.5) 75 (75.0) 66 (66.7) 24 (24.7) 62 (66.0) 50 (84.7) 24 (77.4)

Homo 67 (63.2) 49 (48.5) 72 (72.0) 62 (62.6) 23 (23.7) 62 (66.0) 50 (84.7) 23 (74.2)
Auto 5 (4.7) 0 3 (3.0) 5 (5.1) 1 (1.0) 0 0 2 (6.5)

RBC units 2.2 � 1.2 3.8 � 4.2 3.1 � 4.0 2.6 � 3.5 2.9 � 2.2 2.4 � 1.6 3.1 � 3.1 2.9 � 2.3
Homo 2.2 � 1.2 3.8 � 4.2 3.2 � 4.1 2.6 � 3.6 3.0 � 2.2 2.4 � 1.6 3.1 � 3.1 2.9 � 2.3
Auto 1.8 � 0.4 0 2.0 � 0 2.2 � 1.6 1.0 0 0 1.0 � 0.0

FFP 11 (10.4) 18 (17.8) 7 (7.0) 4 (4.0) 8 (8.2) 18 (19.1) 56 (94.9) 9 (29.0)
Homo 10 (9.4) 18 (17.8) 4 (4.0) 4 (4.0) 8 (8.2) 18 (19.1) 56 (94.9) 9 (29.0)
Auto 1 (0.9) 0 3 (3.0) 0 0 0 0 0

FFP units 3.0 � 1.8 5.4 � 6.1 4.7 � 2.8 1.8 � 1.0 3.9 � 3.1 2.5 � 1.6 3.6 � 2.3 1.7 � 0.9
Homo 3.2 � 1.8 5.4 � 6.1 6.5 � 2.4 1.8 � 1.0 3.9 � 3.1 2.5 � 1.6 3.6 � 2.3 1.7 � 0.9
Auto 1.0 0 2.3 � 0.6 0 0 0 0 0

PLTs 0 6 (5.9) 6 (6.0) 4 (4.0) 5 (5.2) 9 (9.6) 23 (39.0) 2 (6.5)
Homo 0 6 (5.9) 6 (6.0) 3 (3.0) 5 (5.2) 9 (9.6) 23 (39.0) 2 (6.5)
Auto 0 0 0 1 (1.0) 0 0 0 0

PLT units 0 3.3 � 2.1 2.0 � 1.3 2.0 � 2.0 7.0 � 1.2 5.3 � 1.7 6.5 � 4.5 1.0 � 0.0
Homo 0 3.3 � 2.1 2.0 � 1.3 2.3 � 2.3 7.0 � 1.2 5.3 � 1.7 6.5 � 4.5 1.0 � 0.0
Auto 0 0 0 1.0 0 0 0 0

* All data are described as either mean � 1 SD or number (%). Number of units is given per transfused patients only.
† Postoperative is from ICU admission to ICU discharge. US = United States; G = Germany; UK = United Kingdom; CA = Canada;

IND = India; F = France; H = Hungary; T = Thailand; CO = Colombia; R = Romania; A = Austria; N = Netherlands; I = Italy; IS = Israel;
M = Mexico; P = Poland (order of countries by decreasing number of patients enrolled in the study). Auto = autologous;
Homo = homologous; RBCs = RBCs and/or whole blood. p Value: significant difference between countries. Note that total of homologous
and autologous blood products is not always identical with total number of blood product because of overlaps. There are significant differ-
ences between the countries in RBC, FFP, and PLT use intra- and postoperatively (p < 0.0001).
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(6-10 g/dL) is only recommended when evidence of
ischemia is present. Therefore, in coronary surgery, main-
tenance of Hb levels in the upper range may be warranted
by the patient’s individual status and the operative course.
Several studies sought to identify predictors, especially in
cardiac surgery, for perioperative RBC transfusion, such as
anemia (preoperative Hb < 12 g/dL), emergency proce-
dures, reoperation, complex surgery (valve replacement,
on-pump procedures), age, female sex, low body
mass index, prior anti-PLT therapy, excessive fluid
administration, or chronic obstructive pulmonary
disease.10,11,24,26,28,31,32,34-37 In our study, however, the fre-
quency of RBC transfusion varied more than 12-fold intra-
operatively and 4-fold postoperatively among the 16
reporting countries. Although there may have been differ-
ences in the patients’ risk profiles, the course of cardiac
surgery, and bleeding rates, the extreme international
inconsistency in transfusion practice strongly suggests
that the wide range in RBC transfusion is due, at least
partially, to institutional-based protocols and, thus, could
reflect a lack of compliance with the established
guidelines.7,8

Similarly, in our study, the perioperative transfusion
practice for FFP was highly variable. Intraoperatively, the
frequency of use of FFP varied from 0 to 98 percent and
postoperatively from 3 to 95 percent among the 16
nations. Most guidelines, however, conclude that the
administration of FFP is only indicated for urgent reversal
of warfarin therapy, correction of coagulation factor defi-
ciencies, or control of microvascular bleeding when the

TABLE 5. Total perioperative transfusion practice
(frequency and amount) by transfusion product*

Blood
component

Intraoperative
transfusion (total)

Postoperative
transfusion† (total)

RBCs 2091 (41.3) 2737 (54.0)
Homo 1906 (37.7) 2628 (51.9)
Auto 214 (4.2) 125 (2.5)

RBC units 2.4 � 1.9 3.0 � 3.9
Homo 2.5 � 2.0 3.0 � 3.9
Auto 1.5 � 0.9 1.9 � 1.3

FFP 551 (10.9) 860 (17.0)
Homo 525 (10.4) 833 (16.5)
Auto 26 (0.5) 27 (0.5)

FFP units 3.1 � 2.5 4.5 � 6.9
Homo 3.2 � 2.5 4.6 � 7.0
Auto 2.0 � 2.9 2.6 � 1.6

PLTs 467 (9.2) 522 (10.3)
Homo 461 (9.1) 512 (10.1)
Auto 6.0 (0.1) 10 (0.2)

PLT units 6.3 � 6.0 5.8 � 6.2
Homo 6.3 � 6.0 5.8 � 6.3
Auto 8.2 � 2.9 3.9 � 2.8

* All data are described as either mean � 1 SD or number (%).
Number of units is given per transfused patients only.

† Postoperative is from ICU admission to ICU discharge.
US = United States; G = Germany; UK = United Kingdom;
CA = Canada; IND = India; F = France; H = Hungary;
T = Thailand; CO = Colombia; R = Romania; A = Austria;
N = Netherlands; I = Italy; IS = Israel; M = Mexico; P = Poland
(order of countries by decreasing number of patients enrolled
in the study). Auto = autologous; Homo = homologous;
RBCs = RBCs and/or whole blood. p Value: significant differ-
ence between countries. Note that total of homologous and
autologous blood products is not always identical with total
number of blood product because of overlaps. There are sig-
nificant differences between the countries in RBC, FFP, and
PLT use intra- and postoperatively (p < 0.0001).

TABLE 6. Intraoperative transfusion practice: types of surgery*

Variable
CABG only
(n = 4302)

CABG with valve
(n = 507)

CABG and combined
procedures (n = 256)

Total
(n = 5065)

p Values
for units

p Values for
frequencies

RBCs 2.3 � 1.6 (38.3) 3.2 � 2.3 (57.4) 3.3 � 2.4 (60.5) 2.5 � 1.9 (41.3) <0.0001 <0.0001
FFP 2.8 � 2.0 (8.7) 3.6 � 2.9 (22.5) 3.8 � 3.6 (24.6) 3.1 � 2.5 (10.9) 0.0007 <0.0001
PLTs 5.5 � 4.8 (7.1) 7.3 � 6.2 (21.1) 8.4 � 9.8 (20.7) 6.3 � 6.0 (9.2) 0.0002 <0.0001

* All data are described as either mean � 1 SD or frequency of the given blood product (%). Number of units is given per transfused
patients only. The first p values refer to the differences in number of units; the second to the differences in the frequencies. RBCs = RBCs
and/or whole blood.

TABLE 7. Intraoperative transfusion practice: priority of surgery*

Variable Elective (n = 4113) Urgent (n = 891) Emergent (n = 61) Total (n = 5065)
p Values
for units

p Values for
frequencies

RBCs 2.3 � 1.6 (41.6%) 3.2 � 2.3 (38.8%) 3.3 � 2.4 (54.1%) 2.5 � 1.9 (41.3%) 0.7796 0.0424
FFP 3.1 � 2.5 (11.0%) 3.4 � 2.6 (9.9%) 2.6 � 1.5 (14.8%) 3.1 � 2.5 (10.9%) 0.1853 0.3828
PLTs 6.4 � 6.2 (9.3%) 5.9 � 5.3 (8.4%) 4.5 � 3.5 (13.1%) 6.3 � 6.0 (9.2%) 0.3007 0.4040

* All data are described as either mean � 1 SD or frequency of the given blood product (%). Number of units is given per transfused
patients only. The first p values refer to the differences in number of units, and the second to the differences in the frequencies.
RBCs = RBCs and/or whole blood.
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prothrombin and/or partial thromboplastin times are
more than 1.5 times normal.38 Although some studies have
identified factors that potentially trigger transfusion of FFP
during CABG surgery31,32,39 such as extracorporeal circula-
tion with resultant consumption of coagulation factors,
previous heart surgery, decreased ejection fraction, sex,
and high dose of transfused RBCs, an overuse of FFP has
been repeatedly reported.37,40,41 Therefore, the wide range
of frequency and volume of FFP transfusion observed in
our study probably indicate a lack of application of the
established guidelines. We assume that in study centers in
some countries (e.g., Mexico, Poland, and Romania), FFP

might have been used for augmentation
of plasma volume or albumin concen-
tration, while the low frequency of FFP
transfusion in study centers in other
countries (e.g., Colombia) could reflect
limited availability of the product.

Most guidelines agree that the use
of PLT is only required if the PLT count
is less than 50 ¥ 109 per L or in the
case of clinically significant PLT dys-
function.38,42 The frequency of PLT
transfusion in our cohort varied intra-
operatively from 0 to 51 percent by
country, and postoperatively from 0 to
39 percent. Similar regional differences
in PLT transfusion algorithms have
been reported previously.43 These
observations might be due to various
transfusion triggers such as a preopera-
tive low PLT count23 or prior use of PLT
aggregation inhibitors. Although the
use of extracorporeal circulation may
additionally consume PLTs, it has been
stated that numerous PLT transfusions
are not necessarily therapeutic in the
presence of excessive bleeding, but
rather prophylactic to prevent bleeding
events.29,39 It has been reported that
PLT transfusion is associated with
infections, vasopressor and respiratory
medication use, stroke, and death in
patients undergoing CABG surgery.44

Thus, the increased risk for serious
adverse events after PLT transfusion
underlines the importance of the
correct use of this blood product, fol-
lowing published guidelines.

We also observed that all transfu-
sion components were administered
more frequently and in greater amounts
to patients with valve and/or combined
procedures than in isolated CABG
surgery, findings consistent with Mosk-

owitz and colleagues,12 who reported that the type of
surgery is a primary determinant for use of RBCs. Regard-
ing urgency for surgery, only a few studies have suggested
an association.12,28 In the current investigation, no signifi-
cant differences were observed in the perioperative
administration of blood products in elective, urgent, or
emergent surgery (except for RBCs), although there was a
tendency for emergent patients to receive more blood
products. The latter observation may be explained by
factors such as reintervention due to hemorrhage,
complex procedures, or the patient’s risk profile. Impor-
tantly, an analysis of the EuroSCOREs of the countries with
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the highest and lowest frequencies of use or amounts of
each type of blood product transfused failed to demon-
strate a correlation between EuroSCOREs and maximum
versus minimum frequency of use or amount of blood
product administered (data not shown).

Overall, the results of our study indicate that marked
variations in perioperative practice patterns exist, both
regionally and internationally. Thus, it appears that trans-
fusion guidelines are not uniformly applied and that infor-
mal institutional-specific standards, local conditions (e.g.,
availability of blood products, national medical stan-
dards), and individual physicians continue to drive trans-
fusion practice.2,3,7,8,15,18,19,30,37 Unfortunately, despite

critical commentary regarding blood
transfusion32,45,46 as well as continuing
education efforts by medical societies,
the marked variability in transfusion
practice has not changed during the past
decades. One decade ago, our study
group emphasized the problem in US
centers, observing a median transfusion
rate in the United States of 50 percent for
RBCs, 6 percent for FFP, and 9 percent
for PLTs in low-risk CABG patients,3

while in our current study (including
low- and high-risk patients) 70 percent
of the patients received RBCs, 22 percent
FFP, and 16 percent PLTs (Table 2).
Similar data were reported by the
Sanguis study of patients undergoing
CABG surgery, performed in 43 hospitals
in 10 European countries; in these coun-
tries, the perioperative transfusion rate
was 88 percent for RBCs, 39 percent for
FFP, and 8 percent for PLTs.20

The excessive use of blood com-
ponents not only results in unnecessar-
ily increased costs5,6,47 but also exposes
patients to enhanced perioperative
risks due to transmission of infec-
tious diseases, volume overload,
transfusion-related acute reactions,
immunomodulation, pneumonia, and
transfusion-related acute lung
injury.6,33,48-55 In recent studies, associa-
tions between the number of RBCs
transfused and longer intensive care
unit (ICU) and hospital stay, as well as
increased mortality, have been
described.55,56 A study by Vincent and
coworkers57 further confirmed that ICU
and overall mortality rates were higher
in critically ill patients who had received
RBC transfusion. Similarly, Spiess and
colleagues58 reported that high Hct

values (�34%) on ICU entry are associated with an
increased rate of myocardial infarction. Moreover, there is
a dose–response relationship between the amount of FFP
or PLT administered and exposure to transfusion-related
morbid risks,31,32,37,53,59,60 as well as increased subsequent
mortality.41

A limitation of this study was that no specific labora-
tory tests were evaluated in regard to transfusion, for
example, the prothrombin, partial thromboplastin time,
or Hb level, which made it impossible to directly compare
the transfusion of each individual with the guidelines.
Thus, the indications for the transfusion of the respective
blood product could not be evaluated in individual
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patients. Additionally, a number of factors that influence
perioperative blood transfusion, that is, preoperative
medication with anti-PLT agents and anticoagulants,
previous transfusion, intraoperative blood loss, the use of
antifibrinolytics and intraoperative fluid management, or
specific blood conservation strategies were not specifi-
cally evaluated.61 Since the aim of this observational
study was a description of transfusion practice in cardiac
surgery, a specific multivariate analysis was not per-
formed to further determine the impact of a specific
center and/or country on transfusion practice. Further-
more, the number of study centers was different among
the participating countries with a resultant disparity in
numbers of patients per country (Table 1). Almost
75 percent of the participating countries had only one
or two study centers. Thus, it is not clear if these study
sites were representative of the transfusion practice in
the respective country. Additionally, there were differ-
ences in demographic data, some of which may have
been relevant for transfusion practice. Parameters such
as preoperative Hct levels, however, were within the
normal range and demonstrated no clinically relevant
differences.

In conclusion, this study demonstrated that a marked
variability in the perioperative use of RBCs, FFP, and PLTs
persists on a national as well as international basis, result-
ing from varying practice patterns that probably reflect
misuse and/or overuse of these blood products in cardiac
surgical patients. Owing to their cost, the limited availabil-
ity, and the potentially harmful effects of the perioperative
administration of blood products, their appropriate utili-
zation, based on established transfusion guidelines, is
essential. Continued reevaluation of local perioperative
practice patterns, including transfusion algorithms,
seems necessary. Importantly, increasing appropriate
institutional regulation of blood usage and standardized
multidisciplinary transfusion strategies would markedly
reduce inappropriate exposure of cardiac surgical patients
to blood products.

APPENDIX 1

The Ischemia Research and Education Foundation (IREF)
is an independent nonprofit foundation, formed in 1987,
which develops clinical investigators via observational
studies and clinical trials addressing ischemic injury of the
heart, brain, kidney, and gastrointestinal tract. IREF pro-
vided all funding for execution of the study, collection of
the data, and analysis and publication of the findings. The
Multicenter Study of Perioperative Ischemia (MCSPI)
Research Group, formed in 1988, is an association of 160
international medical centers located in 23 countries,
organized through, and supported by grants from, IREF.
The following institutions and persons coordinated the
MCSPI EPI II study

Study Chairman—D. Mangano; Senior Editors—J. Levin,
L. Saidman; Study Design and Analysis Center:
Ischemia Research and Education Foundation—
P. Barash, C. Dietzel, A. Herskowitz, Y. Miao; Editorial/
Administrative Group—D. Beatty, I. Lei, B. Xavier.

The following institutions and persons participated in the
McSPI EPI II Study.
Centers and investigators:
United States: University of Chicago, Weiss Memorial

Hospital—S. Aronson; Beth Israel Hospital—
M. Comunale; Massachusetts General—M. D’Ambra;
University of Rochester—M. Eaton; Baystate Medical
Center—R. Engelman; Baylor College of Medicine—
J. Fitch; Duke Medical Center—K. Grichnik;
UTHSCSA-Audie Murphy VA, UTHSCSA-University
Hospital—C.B. Hantler; St. Luke’s Roosevelt
Hospital—Z. Hillel; New York University Medical
Center—M. Kanchuger, J. Ostrowski; Stanford Uni-
versity Medical Center—C.M. Mangano; Yale Univer-
sity School of Medicine—J. Mathew, M. Fontes,
P. Barash; University of Wisconsin—M. McSweeney,
R. Wolman; University of Arkansas for Medical
Sciences—C.A. Napolitano; Discovery Alliance, Inc.—
L.A. Nesbitt; VA Medical Center, Milwaukee—
N. Nijhawan; Texas Heart Institute, Mercy Medical
Center—N. Nussmeier; University of Texas Medical
School, Houston—E.G. Pivalizza; University of
Arizona—S. Polson; Emory University Hospital—
J. Ramsay; Kaiser Foundation Hospital—G. Roach;
Thomas Jefferson University Hospital, MCP Hahne-
mann University Hospital—N. Schwann; VAMC
Houston—S. Shenaq; Maimonides Medical Center—
K. Shevde; Mt. Sinai Medical Center—L. Shore-
Lesserson, D. Bronheim; University of Michigan—
J. Wahr; University of Washington—B. Spiess; VA
Medical Center, S.F.—A. Wallace

Austria: University of Graz—H. Metzler
Canada: University of British Columbia—D. Ansley,

J.P. O’Connor; The Toronto Hospital—D. Cheng; Laval
Hospital, Quebec—D. Côte; Health Sciences Center-
University of Manitoba—P. Duke; University of
Ottawa Heart Institute—J.Y. Dupuis, M. Hynes; Uni-
versity of Alberta Hospital—B. Finegan; Montreal
Heart Institute—R. Martineau, P. Couture; St. Micha-
el’s Hospital, University of Toronto—D. Mazer

Colombia: Fundacion Clinico Shaio—J. C. Villalba,
M.E. Colmenares

France: CHRU Le Bocage—C. Girard; Hospital Pasteur—
C. Isetta

Germany: Universität Würzburg—C.A. Greim, N. Roewer;
Universität Bonn—A. Hoeft; University of Halle—
R. Loeb, J. Radke; Westfalische Wilhelms-Universität
Munster—T. Mollhoff; Universität Heidelberg—
J. Motsch, E. Martin; Ludwig-Maximillians
Universität—E. Ott; Universität Krankenhaus
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Eppendorf—J. Scholz, P.Tonner; Georg-August
Universität Göttingen—H. Sonntag; Ludwig-
Maximillians Universität—P. Ueberfuhr

Hungary: Orszagos Kardiologiai Intezet—A. Szekely
India: Escorts Heart Institute—R. Juneja; Apollo

Hospital—G. Mani
Israel: Hadassah University Hospital—B. Drenger,

Y. Gozal, E. Elami
Italy: San Raffaele Hospital, Universita de Milano—

C. Tommasino
Mexico: Instituto Nacional de Cardiologia—P. Luna
The Netherlands: University Hospital Maastricht—

P. Roekaerts, S. DeLange
Poland: Institute of Cardiology—R. Pfitzner
Romania: Institute of Cardiology—D. Filipescu
Thailand: Siriraj Hospital—U. Prakanrattana
United Kingdom: Glenfield Hospital—D.J.R. Duthie;

St. Thomas’ Hospital—R.O. Feneck; The Cardiotho-
racic Center, Liverpool—M.A. Fox; South Cleveland
Hospital—J.D. Park; Southampton General
Hospital—D. Smith; Manchester Royal Infirmary—
A. Vohra; Papworth Hospital—A. Vuylsteke, R.D.
Latimer
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