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A standardized multidisciplinary approach reduces
the use of allogeneic blood products in patients
undergoing cardiac surgery
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ARDIAC surgery still remains one of the
major consumers of allogeneic blood
products.1–3 Infectious risks of transfusion,
but also cost and resource efficiency con-

siderations have triggered continuing efforts to reduce
blood transfusion. Despite different national consen-
sus guidelines, several American and European multi-
center studies demonstrated a substantial variability in
perioperative transfusion practice.4–8 Even in a select-
ed patient population at low risk for transfusion ther-
apy, the percentage of patients transfused and the
median number of units transfused per patient varied
considerably between institutions.6 The SANGUIS
study evaluated blood product use in 43 teaching hos-
pitals from ten European countries, and found that
transfusion rates depend more on physicians than on
type of procedure, patient population or hospital.7
Similar results have been found in a more recent study
involving teaching and non-teaching hospitals.8

Reviewing the appropriateness of red cell transfusion,
based on a variety of criteria. Hébert et al. 9 estimated
that the proportion of unnecessary transfusions ranges
from 4 to 66%. Reasons for the large variability in
transfusion practice remain elusive, but clinicians’
practice and attitude may be entrenched and slow to
change.10 The avoidance of unnecessary blood trans-
fusion can be achieved by adopting a standardized
blood conservation strategy, which will consequently
reduce allogeneic blood use. The present study tested
this hypothesis in patients undergoing non-emergent
cardiac surgery.

MMaatteerriiaallss  aanndd  mmeetthhooddss
A multidisciplinary approach to blood conservation
has been progressively developed by the department
of cardiac anesthesia in our institution since
September 1997. This strategy involves a standardized
blood conservation program and allogeneic blood
transfusion policy in the pre-, the intra- and the post-
operative period. 

Preoperative period
On admission, serum iron concentration was obtained
in all patients, and oral iron therapy (ferrogluconate
695 mg·day–1) administered whenever iron concentra-
tion was found to be below the normal range (65–175

µg·dL–1). Aspirin derivatives were continued until the
day before surgery. In patients requiring preoperative
anticoagulation, a continuous heparin infusion was
administered up to the start of surgery. 

Intraoperative period
Intentional normovolemic hemodilution was per-
formed in all patients with a prebypass hematocrit
greater than 33%. The amount of blood collected was
calculated in order to reach a hematocrit of 20% on car-
diopulmonary bypass (CPB). Use of aprotinin
(Trasylol, Bayer SA, Brussels, Belgium) was restricted to
the following indications: a low red blood cell volume
(below 1500 mL), complex operations (coronary artery
grafting and valve replacement, aortic reconstruction),
and low preoperative platelet count (<125,000·mm3).
The Hammersmith regimen was used in all cases (2 mil-
lion KIU as a bolus dose, followed by a continuous
infusion of 500,000 KIU·hr–1 until the end of the oper-
ation, and 2 million KIU in the CPB prime). No other
antifibrinolytic was administered. A cell saver device
(Cell Saver 5, Haemonetics CO, Braintree, MA, USA)
was used for redo operations and aortic reconstructions.
Initial anticoagulation consisted of 400 IU·kg–1

heparin. Additional doses were administered through-
out CPB to maintain the activated clotting time always
above 750 sec (ACT II monitor, Medtronic BV,
Kerkrade, The Netherlands). 

The heart-lung machine was primed with one litre of
3.5% urea-linked gelatin (Haemaccel® , Hoechst SA,
Brussels, Belgium). Ultra-filtration was used in the
presence of a high CPB volume. Packed red blood cells
(PRBC) were added to the pump when the hematocrit
was below 20%, in the presence of a low CPB volume.
All bypass procedures were performed under moderate
hypothermia (30–32°C), and the heart was arrested
with cold crystalloid cardioplegic solution. 

All patients were rewarmed to a bladder tempera-
ture >36°C before separation from CPB. At the end of
the procedure, reversal of heparin with protamine sul-
fate was titrated using the heparinase-activated clot-
ting time (High Range Heparinase test cartridges,
Medtronic BV, Kerkrade, The Netherlands). Blood
from the bypass circuit was returned to all patients
upon completion of the operation, after having
retransfused the blood collected during normov-
olemic hemodilution.

Intraoperative blood loss was evaluated by measur-
ing the volume of blood collected in the suction reser-
voirs and by calculating the weight change of the
surgical sponges and drapes. This evaluation was per-
formed twice, before and after the bypass procedure.

C



Postoperative period
On arrival in the intensive care unit (ICU), patients were
covered with a convection-air warming blanket. Before
the standardized approach was developed, PRBC trans-
fusion was guided only by the hemoglobin concentra-
tion, the threshold varying from one physician to
another. After institution of the standardized approach,
PRBC transfusion was guided by clinical judgement tak-
ing into account, not only the hemoglobin concentra-
tion, but also the physical status of the patient (age,
estimated blood volume, cardiovascular and respiratory
functions), and the extent of postoperative bleeding.
Platelets and fresh frozen plasma were transfused in the
presence of abnormal clinical bleeding, using the algo-
rithm developed by Despotis et al.,11 based on the
platelet count, and prothrombin and partial thrombo-
plastin times. On the ward, PRBC transfusion was also
guided by clinical judgement when patients had a hemo-
globin concentration between 70 and 100 g·L–1.12

Patients with a hemoglobin concentration above 100
g·L–1 were never transfused, while patients with a hemo-
globin concentration below 70 g·L–1 were usually trans-
fused. Oral iron therapy was instituted when hemoglobin
concentration was below 90 g·L–1.

Postoperative blood loss was evaluated by measur-
ing the mediastinal chest tube drainage up to with-
drawal of the drains.

Data collection and analysis
This study was approved by, and carried out, according
to the instructions of our institutional Ethics
Committee. All patients undergoing non-emergent car-
diac surgery from September 1, 1997 to August 31,
1999 were included. Procedures consisted of coronary
artery bypass graft surgery, single or multiple valve
replacement, and complex aortic reconstruction. The
effects of our standardized blood sparing strategy were
evaluated with regard to allogeneic blood product
exposure, and in-hospital postoperative morbidity and
mortality. Data obtained in the first group included
patients operated between September 1, 1997 and
August 31, 1998 (Group pre: n=321), when the trans-
fusion strategy was progressively discussed and devel-
oped. These data were compared to those obtained in a
second group of patients operated between September
1 ,1998 and August 31, 1999 (Group post: n=315)
when the transfusion strategy was applied uniformly. 

Data were analyzed using analysis of variance,
unpaired Student’s t test, and �2 test where applicable.
To examine whether drug, devices or a more restrictive
approach to transfusions had an effect on the use of
blood products, a multivariate logistic regression analy-
sis with backward elimination (P <0.05) was performed.

A P value <0.05 was considered significant. Data
are expressed as mean ± standard deviation.

RReessuullttss
Demographic characteristics (Table I)
No significant differences were observed between
groups with regard to age, sex, body mass index, and
preoperative left ventricular ejection fraction.
Preoperative risk assessed by a simplified clinical risk
scoring system13 was similar in both groups. Incidence
of preoperative aspirin treatment was significantly
higher in Group post.

Intraoperative data (Table II, Figure 1)
A higher number of patients underwent acute normov-
olemic hemodilution in Group post (Figure 1). The
amount of blood collected per patient was also signifi-
cantly higher (1300 ± 573 mL in Group post vs 1089 ±
414 mL in Group pre; P <0.01). Aprotinin was admin-
istered with the same frequency in both groups. The
cell saver was used more frequently in Group post. On
the contrary, ultra-filtration was performed more fre-
quently in Group pre. Type of surgery and operative
priority had a similar distribution in both groups. Seven
percent of the patients in the study group and 9% in the
control group underwent redo-operations. Duration of
CPB and aortic cross clamping were similar in both
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TABLE I Demographic data

Group pre Group post P
n=321 n=315

Age (y) 64 ± 11 65 ± 12 0.47
Sex: male/female (%) 65/35 69/31 0.35
BMI (kg·m–²) 27.8 ± 4.8 27.7 ± 4.6 0.89
Preoperative clinical risk score * 3.7 ± 2.9 3.4 ± 2.6 0.26
LVEF (%) 58 ± 15 60 ± 15 0.24
AMI <6 weeks (%) 11 9 0.39
Unstable angina (%) 25 20 0.12
Hypertension (%) 47 52 0.15
Diabetes (%) 16 21 0.28
Renal insufficiency (%) 3 5 0.21
Preoperative treatment

ß blockers (%) 63 65 0.67
ACE inhibitors (%) 32 32 0.99
Diuretics (%) 21 24 0.29
Aspirin (%) 72 77 <0.01
Heparin (%) 26 27 0.10

BMI=body mass index; LVEF=left ventricular ejection fraction;
AMI=acute preoperative myocardial infarction.
*From reference #13: Tuman KJ, McCarthy RJ, March RJ, Najafi
H, Ivankovich AD. Morbidity and duration of ICU stay after car-
diac surgery. A model for preoperative risk assessment. Chest
1992; 102: 36–44.



groups. Perioperative blood losses were not different
between groups.

Postoperative data (Table III)
In Group post, patients’ temperature on arrival in the
ICU was higher, and immediate and first day postop-
erative blood losses significantly lower than in Group
pre. In-hospital mortality and length of stay were sim-
ilar in both groups. Postoperative complications were
not different between groups.

Allogeneic transfusions (Table IV, Figures 2 and 3)
One hundred sixty-one units of PRBC were transfused
in 57 patients in Group post, whereas 340 units were

transfused in 108 patients in Group pre (P <0.001).
Figure 2 displays the distribution of the units of PRBC
transfused among patients in both groups. The
decrease in blood exposure in the study group was
essentially related to the lower frequency of transfu-
sion on postoperative day one, in the ICU and on
postoperative days two through seven on the ward
(Table IV). Hemoglobin concentration preoperatively
and postoperatively at days one, two, five and at dis-
charge did not differ among groups (Figure 3).
However, the number of patients with a hemoglobin
concentration below 90 g·L–1 at discharge was signifi-
cantly higher in Group post (19.7 vs 13.7% in Group
pre: P <0.05). 

Fifty-four units of fresh frozen plasma were trans-
fused in 15 patients in Group post, whereas 145 units
were transfused in 28 patients Group pre (P=0.011).
This reduction was essentially related to the lower fre-
quency of transfusion on postoperative day one, in the
ICU (Table IV). Platelet transfusion rate was low and
not different between groups. 

The multivariate logistic regression analysis
revealed that the number of reoperations, the preop-
erative hemoglobin concentration, the temperature at
arrival in the ICU, and the use of preoperative hemod-
ilution and cell saver device were significantly different
between the two groups. After adjustment for these
different factors, red blood cell transfusion remained
significantly lower in Group post than in Group pre
(adjusted odds ratio 0.261; 95% confidence intervals
0.158–0.431, P< 0.0001).
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TABLE II Intraoperative data

Group pre Group post P
n=321 n=315

Type of surgery 0.12
CABG (%) 69 76
Valvular (%) 10 9
Complex (%) 21 15
Operative priority 0.80
Urgent (%) 7 6
Elective (%) 93 94
Redo operations 9 7 0.28
Duration of CPB (min) 111 ± 32 113 ± 34 0.43
Aortic clamp (min) 86 ± 24 88 ± 26 0.53
Blood loss (mL) 332 ± 264 314 ± 214 0.34

CABG=coronary artery bypass grafting; CPB=cardiopulmonary
bypass.

FIGURE 1 Blood conservation program in the two groups of
patients. Open bars: Group pre; crossed bars: Group post. *P
<0.05; **P <0.01 vs Group pre.

TABLE III Postoperative data

Group pre Group post P
n=321 n=315

ICU temperature (°C) 35.3 ± 0.7 35.9 ± 0.6 <0.01
Blood loss on arrival in ICU <0.01
<100 mL 50 64
100–300 mL 43 33
>300 mL 7 3
Reoperation for hemorrhage (%) 3.1 2.5 0.66
Blood loss of postop day one (mL) 621 ± 457 532 ± 369 <0.01
In hospital death (%) 4.7 3.8 0.59
ICU L.O.S. (days) 2.6 ± 4.2 2.7 ± 3.6 0.97
Hospital L.O.S. (days) 10.6 ± 8.4 10.3 ± 6.2 0.64
AMI (CKMB >100 IU·mL–1) (%) 7.8 9.2 0.52
Respiratory problems (%) 14.3 12.1 0.41
Wound infections (%) 2.5 3.2 0.61
Neurologic deficit (%) 1.9 1.6 0.34
Hemodialysis (%) 4.4 3.2 0.46

ICU=intensive care unit; L.O.S.=length of stay; AMI=acute
myocardial infarction.



DDiissccuussssiioonn
The application of a standardized multidisciplinary
blood conservation strategy markedly decreased allo-
geneic blood exposure in patients undergoing non-
emergent cardiac surgery. This effect was essentially
related to a reduction in allogeneic blood product use
in the ICU and on the ward. This result was obtained
without any increase in early postoperative morbidity or
mortality. The developed strategy involved first, a rigor-
ous blood conservation program aimed at decreasing
perioperative blood loss and second, a standardized
blood transfusion practice shared by anesthesiologists,
ICU physicians and cardiac surgeons.

The blood conservation program
This program, directed toward minimizing bleeding
in the intraoperative period, resulted in significant
changes in our practice. The capacity of acute normo-
volemic hemodilution to reduce perioperative allo-
geneic transfusion remains controversial.14 However,
several studies tend to demonstrate its efficacy after
cardiac surgery.14–16 This technique constituted a
major component of our intraoperative blood conser-
vation program. Both the number of patients and the
volume of blood collected were increased. 

The efficacy of intraoperative cell salvage techniques
and ultra-filtration remain controversial in cardiac
surgery.17,18 Therefore, their use was restricted to very
specific situations associated with expected high blood
losses or a high priming volume. Although the cell saver
was used more frequently and ultra-filtration less so,
these techniques were employed in only 20% of the
patients. Lowering the CPB prime volume as an addi-
tional component of an integrated blood conservation
strategy has been shown to reduce the use of allogene-
ic blood products.19 In all our patients, a low CPB
prime volume (with a maximum of 1000 mL) was used. 

The efficacy of aprotinin to minimize exposure to
allogeneic blood in cardiac surgery has been widely
demonstrated.20,21 However, this drug is associated with
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TABLE IV Allogenic transfusions (% patients transfused)

Intraop Postop day 1 Postop days 2–7 Total

Packed red blood cells
Group pre 5.6 18 23 33
Group post 3.2 9** 13** 18***

Fresh frozen plasma
Group pre 0.3 7.8 1.9 8.7
Group post 0.6 3.5* 0.6 4.8*

Platelets
Group pre 0.9 1.6 0.6 2.5
Group post 1.3 2.5 0.6 3.5

*P <0.05; **P <0.01; ***P <0.001 vs group pre.

FIGURE 2 Total allogeneic blood exposure in the two popula-
tions. Open bars: Group pre; crossed bars: Group post. **P
<0.01, ***P <0.001 vs Group pre.

FIGURE 3 Pre- and postoperative hemoglobin concentrations in
the two groups of patients. Open squares, dotted line: Group pre;
Closed stars, solid line: Group post. *P <0.05, **P <0.01 vs previ-
ous measurement. Pre op: preoperative; POD: postoperative day.



several side effects that should be taken into account.22,23

Aprotinin was administered in about 50% of patients,
using the Hammersmith regimen as it appears to be the
most effective and also the safer one.24,25

Hypothermia has been shown to significantly
increase postoperative blood loss, probably by impair-
ing platelet function and reducing clotting factor func-
tion.26 Rewarming after bypass was more vigorous in
Group post patients who had a higher core temperature
on arrival in the ICU. Interestingly, these patients
exhibited lower postoperative blood losses than those in
Group pre. Postoperative blood loss at day one was also
significantly lower in Group post patients.

In the present study, aspirin was continued until the
day of surgery, as it can reduce the incidence of
myocardial infarction in coronary artery disease
patients and improve graft patency.27 This strategy
represents a difference with other reports where
aspirin was discontinued because of a possible increase
in hemorrhagic risk.15,28 It should be noted, however,
that several studies using strict transfusion criteria have
demonstrated that preoperative aspirin does not
increase allogeneic transfusion in elective primary or
reoperative coronary artery surgery.29,30

Standardized transfusion practice
There is increasing evidence that postoperative blood
transfusion should be guided by clinical indications
and not only by specific hematocrit or hemoglobin
values.1,4,31–33 In the present study, the use of clinical
judgement as the main transfusion trigger resulted in
a 50% decrease in allogeneic blood utilisation. The
number of transfused patients decreased significantly,
whereas mean postoperative hemoglobin concentra-
tions were similar in both groups. Several factors may
have contributed to this observation. Immediate post-
operative blood loss was significantly lower in the
study group. However, the observed reduction cannot
by itself fully explain the marked decrease in allogene-
ic blood transfusion. The use of a more aggressive
intentional preoperative hemodilution strategy might
also have resulted in a decreased net red blood cell
mass loss (not measured in our study). Another possi-
ble explanation may be related to the reduced life span
of transfused red blood cells, which are old when com-
pared to the patient’s circulating red cells.34,35

Whatever the exact reasons, our results emphasize the
concept that a perioperative transfusion protocol can-
not be based solely on hemoglobin concentrations.
The reduction in allogeneic blood transfusion was
mainly related to a decreased transfusion rate during
the postoperative period on the ICU and on the ward.
This observation stresses the importance of involving

ICU physicians and surgeons in any perioperative
blood transfusion strategy. 

Transfusion of fresh frozen plasma was significantly
reduced in our study, especially in the early postoper-
ative period. These results are in accordance with pre-
vious studies demonstrating that hemostatic blood
product requirement is significantly reduced by the
use of a transfusion algorithm based on coagulation
testing.11,36

Finally, the marked reduction in allogeneic blood
transfusion did not seem to be associated with any
increase in postoperative morbidity or mortality, as
already observed in other studies.1,15,33

The lack of randomization represents a limitation
of our study. For obvious clinical reasons, patients
were not randomly assigned to one of the two groups.
Therefore time-dependent factors such as surgical
technique or patient populations might have influ-
enced the results. However, in both groups, patients
were operated by the same surgeons, using the same
techniques and the time period was relatively short.
Based on available patient data, both groups  appeared
similar. A multivariate logistic regression analysis with
backward elimination was performed to define the
variables that were significantly different between the
two groups. After adjustment for theses variables, red
blood cell transfusion still remained significantly lower
in Group post. 

In conclusion, a standardized multidisciplinary
approach to blood conservation in cardiac surgery
decreases bleeding and transfusion requirements in a safe
and cost-effective manner. In view of these results, it
seems reasonable to suggest that the true efficacy of any
novel blood conservation technique can only be evaluat-
ed when an institutional multidisciplinary approach to
blood transfusion has been achieved already.
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