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aprotinin. Cost analyses revealed that combined therapy and
tranexamic acid therapy were the least costly therapies. (Key
words: Aprotinin; cardiopulmonary bypass; cost; intraoperative autologous blood; combined therapy; tranexamic acid;
transfusion.)

EXCESSIVE bleeding requiring transfusion of blood components after cardiopulmonary bypass (CPB) is one of
the most common complications of cardiac surgery, and
it has important health and economic consequences.1,2
Prophylactic administration of aprotinin has been shown
to decrease blood loss and blood transfusion requirements in cardiac surgery patients.3–7 The proposed
mechanisms by which aprotinin decreases bleeding are
decreases in contact phase activation of coagulation,
“platelet sparing” through attenuation of plasmin-mediated glycoprotein Ib platelet receptor dysfunction, preservation of glycoprotein IIb/IIIa receptor populations,
and reduction in fibrinolysis.8 –12
Tranexamic acid has been found to be effective in
reducing bleeding and blood transfusions associated
with cardiac surgery, but there have been few comparisons between tranexamic acid and aprotinin.6 – 8,13–15
Further, aprotinin has both antifibrinolytic and plateletsparing effects, but there have been no prospective
blinded studies comparing aprotinin with the combined
therapy of tranexamic acid and a platelet-sparing maneuver. Withdrawal and careful storage of fresh autologous
whole blood before CPB with reinfusion after CPB has
been shown to be effective in reducing bleeding and
transfusion requirements in cardiac surgery patients; this
is thought to be a platelet-sparing maneuver.16,17 Other
studies have had mixed results.18 –26
In this prospective, randomized, double-blind study,
we determined the effectiveness of aprotinin, tranexamic acid, tranexamic acid, and intraoperative autologous blood collection (combined therapy) compared
with placebo for reduction of bleeding, transfusion requirements, and transfusion-related costs associated
with cardiac surgical procedures placing patients at high
risk for bleeding.
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Background: Aprotinin and tranexamic acid are routinely
used to reduce bleeding in cardiac surgery. There is a large
difference in agent price and perhaps in efficacy.
Methods: In a prospective, randomized, partially blinded
study, 168 cardiac surgery patients at high risk for bleeding
received either a full-dose aprotinin infusion, tranexamic acid
(10-mg/kg load, 1-mg 䡠 kgⴚ1 䡠 hⴚ1 infusion), tranexamic acid
with pre– cardiopulmonary bypass autologous whole-blood collection (12.5% blood volume) and reinfusion after cardiopulmonary bypass (combined therapy), or saline infusion (placebo
group).
Results: There were complete data in 160 patients. The aprotinin (n ⴝ 40) and combined therapy (n ⴝ 32) groups (data are
median [range]) had similar reductions in blood loss in the first
4 h in the intensive care unit (225 [40 –761] and 163 [25–760] ml,
respectively; P ⴝ 0.014), erythrocyte transfusion requirements
in the first 24 h in the intensive care unit (0 [0 –3] and 0 [0 –3] U,
respectively; P ⴝ 0.004), and durations of time from end of
cardiopulmonary bypass to discharge from the operating room
(92 [57–215] and 94 [37, 186] min, respectively; P ⴝ 0.01) compared with the placebo group (n ⴝ 43). Ten patients in the
combined therapy group (30.3%) required transfusion of the
autologous blood during cardiopulmonary bypass for anemia.
Conclusions: The combination therapy of tranexamic acid
and intraoperative autologous blood collection provided similar reduction in blood loss and transfusion requirements as
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Materials and Methods

Blinding Procedure
The anesthesiologist and surgeon were blinded to the
drug therapy; the blood draw or sham blood draw was
also performed in a blinded fashion. The drug and plaAnesthesiology, V 92, No 3, Mar 2000

Intraoperative Management
All patients received a moderate-dosage opioid-based
anesthetic technique, supplemented with benzodiazepines, muscle relaxants, and inhalational anesthetic
agents. CPB was conducted with a Univox membrane
oxygenator (Bentley, Irvine, CA) and a Sarns 9000 CPB
machine (Sarns, Ann Arbor, MI) at a flow of 2.4 l 䡠 min⫺1 䡠
m⫺2. The CPB circuit was primed with 1.5 l plasmalyte,
10 mEq sodium bicarbonate, and 12.5 g mannitol. Porcine heparin was administered to patients as follows: An
initial dose was given consisting of a bolus of 300 U/kg
and an oxygenator-priming dose of 10,000 U. Additional
heparin (5,000 U) was administered if the kaolin ACT
was less than 450 s or the heparin concentration was less
than 2.5 mg/kg. After discontinuation of CPB, the initial
protamine sulfate dose was 0.013 mg/U heparin administered. Heparin neutralization was regarded as adequate
if the postprotamine ACT value was within 10% of the
preheparin ACT value. Additional protamine (20 –50 mg)
was added at the discretion of the attending anesthesiologist if the ACT did not returned to this range. Intraoperative blood salvage and reinfusion of shed mediastinal blood was used in all cases.
Allogeneic erythrocytes were transfused when the he-
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Patients
After institutional review board approval and written
informed patient consent were obtained, 168 patients
scheduled for elective revision sternotomy for coronary
artery bypass grafting, or cardiac valve surgery, or a
combination of the two were enrolled. Patients were
excluded if they had histories of bleeding or a platelet
disorder, prothrombin time (PT) ⬎ 15.0 s, blood urea
nitrogen level greater than 100 mg/dl, or a recent history
of thrombolytic, warfarin, or heparin therapy. Patients
were excluded if they were taking ⱖ325 mg of aspirin a
day, had a bleeding time ⬎ 8.0 min, or had congenital
heart disease. Because one of the four study arms required a 12.5% blood volume isovolemic autologous
blood draw, patients were excluded if their weight was
less than 45 kg, or if they had a preoperative hemoglobin
level ⬍ 12.5 g/dl.
The participants were randomly assigned by a computer-generated random number sequence in a blinded fashion to receive one of four treatment regiments. The
aprotinin group received an aprotinin infusion: a test
dose of 1 ml (1.4 mg) followed by a loading dose of 200
ml (280 mg) over 20 –30 min, a continuous infusion of
50 ml/h (70 mg/h), and a “CPB circuit prime” of 200 ml
(280 mg).3 The placebo group received a normal saline
infusion. The tranexamic acid group received a tranexamic acid infusion (10-mg/kg load, and 1-mg 䡠 kg⫺1 䡠 h⫺1
infusion).13 The combined therapy group received a
tranexamic acid infusion (10-mg/kg load and 1-mg 䡠
kg⫺1 䡠 h⫺1 infusion) and intraoperative autologous blood
collection, an intentional presumptive platelet-sparing
maneuver. The drug and placebo infusions were started
30 min after central venous cannulation was completed,
and the infusions were continued 2 h into treatment in
the intensive care unit (ICU). In the intraoperative autologous blood collection, 12.5% of the patient’s calculated
whole-blood volume was withdrawn, before CPB and
within 10 min after central venous cannulation, by gravity through an internal jugular 8-French catheter into
blood collection bags containing citrate phosphate dextrose anticoagulant. The whole-blood units were kept at
room temperature in the operating room (OR) and reinfused after CPB and protamine administration.16

cebo therapies were devised so that each of them appeared to be an aprotinin infusion: test dose, load, infusion, and CPB circuit-prime dose. Because aprotinin
combined with heparin can cause a greater prolongation
of the celite activated clotting time (ACT), the kaolinbased ACT and heparin concentrations (Hepcon HMS,
Medtronic HemoTec, Englewood, CO) guided heparin
therapy. Aprotinin does not affect the kaolin-based ACT.
All patients had either a sham blood draw (aprotinin,
tranexamic acid infusion, and placebo groups) or the
normovolemic autologous whole-blood withdrawal
(combined therapy group) performed under a blind. The
anesthesia care team was replaced by an investigator
anesthesiologist during the normovolemic autologous
whole-blood withdrawal or the sham blood draw. The
aprotinin, tranexamic acid infusion, and placebo groups
for which the sham blood draw was performed had the
blood collection bags filled with albumin by a person
under the blind. Both the autologous whole blood and
the albumin in the blood collection bags were stored in
a covered container at room temperature in the OR. All
patients had a blinded infusion of either the autologous
whole-blood or the albumin via the 8-French catheter
after protamine administration. An opaque sleeve was
placed over the entire collection bag and tubing.
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Clinical Outcomes
The primary efficacy outcome was the number of allogeneic blood transfusions in the OR and in the first
24 h in the ICU. Other measures of efficacy were the
volume of intraoperative and ICU blood loss over the
first 24 h, and duration of time between the end of CPB
and OR discharge. Thromboelastography and measurement of PT, aPTT, platelet count, and mean platelet
volume were performed before heparin administration,
10 min after reversal of heparin with protamine, 90 min
after reversal of heparin with protamine, and 24 h after
reversal of heparin with protamine. The bleeding time
was performed before the patients entered the OR and
90 min after reversal of heparin with protamine.
Statistical Analysis
Based upon data from a previous study,27 a priori
power analysis determined we could detect (␣ ⫽ 0.05
and 80% power) a change on the geometric scale from
8.6 units of blood components transfused to 4.7 units
with 45 patients in each group. This analysis assumed
that the mean and SD of the blood components transfused on the natural log scale were 2.15 and 1.13, respectively. The Kruskal-Wallis test was used to test for
Anesthesiology, V 92, No 3, Mar 2000

differences among the for groups. Statistical significance
was defined as P ⱕ 0.05. The rank-sum test was then
used to assess pairwise differences for any variables with
significant differences among the groups. Using a Bonferroni P-value adjustment for multiple comparisons, significance of the pairwise comparisons was defined as
P ⱕ 0.008. The laboratory data measured preoperatively,
10 min after protamine neutralization of heparin, 90 min
after protamine neutralization of heparin, and 24 h after
protamine neutralization of heparin were examined using a repeated-measures analysis of variance.

Results
Eight patients were excluded from analysis, two patients died within 24 h of surgery of causes unrelated to
bleeding or transfusion (both in the placebo group), and
six patients had surgical reexploration of their mediastinum for bleeding and a surgical source of bleeding found
(five patients in the aprotinin group, one patient in the
combined therapy group). Ten patients in the combined
therapy group (30.3%) required transfusion of the platelet-sparing blood during the CPB period for treatment of
anemia secondary to dilution. Patient enrollment in this
group was terminated prematurely secondary to the high
rate of early autologous blood reinfusion (before completion of CPB). This was done without prior knowledge
of the study outcome.
There were 160 patients remaining in the study, 43
patients in the placebo group, 45 patients in the tranexamic acid group, 32 patients in the combined therapy
group, and 40 patients in the aprotinin group. There
were no differences between the groups in demographic
or surgical variables (CPB duration, cross-clamp duration, and heparin concentrations) (table 1). There was a
significant reduction (P ⫽ 0.01) in the median (range)
duration from end of CPB to OR discharge for the aprotinin group (92 [57–215] min) and the combined therapy group (94 [37–186] min) compared with the placebo group (114 [78 –176] min).
The combination of tranexamic acid with intraoperative autologous blood collection (combined therapy
group) resulted in similar reduction in the median (interquartile range) transfusion requirements of erythrocytes in the ICU (0 [0 – 0] U) and aprotinin groups (0
[0 – 0] U) compared with the placebo group (0 [0 –2] U)
(P ⫽ 0.004; table 2). None of the patients had preoperatively donated autologous blood available. The median
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moglobin concentration was ⬍ 8 g/dl after discontinuation of CPB and ⬍ 7 g/dl during CPB. Allogeneic erythrocyte transfusions were allowed in patients who were
rapidly bleeding or if there were signs of ischemia.
Transfusion of allogeneic fresh-frozen plasma, platelets,
or cryoprecipitate was based on clinical evidence of
bleeding and supporting laboratory studies (thromboelastography, platelet count, PT, activated partial
thromboplastin time [aPTT], and fibrinogen level). The
general criteria for “coagulation blood product” transfusion at our institution are (1) transfusion of platelets with
evidence of platelet dysfunction or thrombocytopenia (a
platelet count less than 50 ⫻ 109/l) in a bleeding patient,
(2) transfusion of fresh-frozen plasma with evidence of
coagulation-factor deficiencies (PT or aPTT ⬎ 1.5 times
upper limits of normal), and (3) transfusion of cryoprecipitate for suspected clotting-factor deficiency (elevated
bleeding time or fibrinogen level ⬍ 100 mg/dl).
If the patient’s hemoglobin concentration was less
than 7 g/dl during CPB, the primary investigator was
contacted, and it was determined whether the patient
had intraoperative autologous blood available (combined therapy group). If intraoperative autologous blood
was available, this was given to the patient rather than
allogeneic erythrocyte units.
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Table 1. Demographic and Surgical Variables
Variable

TA (n ⫽ 45)

Combined (n ⫽ 32)

Aprotinin (n ⫽ 40)

171
117.8–186

175
115–190

173
157–191

170
155–188

79.6
55.7–136

86.2
44.8–138

85.9
58.5–118

78.3
52.9–121.2

63
29–83

71
43–83

67.5
42–91

70.5
45–86

1.99
1.59–2.76

2.04
1.19–2.69

2.06
1.69–2.48

1.95
1.53–2.4

107
47–207

106
40–352

109
48–210

116
33–236

69
17–156

66
21–173

57
26–128

67
17–183

114
78–176

104
48–212

92
57–215

94
37–186

26.5
13–212

45.5
18–280

30
17–183

45.5
17–141

13
4–159

15
4–161

14
4–134

17
2–48

35
81.4

31
68.9

28
87.5

28
70.0

10
23.3

11
24.4

13
40.6

16
40.0

P Value

0.329

0.187

0.116

0.270

0.734

0.816

0.010*

0.389

0.338

0.167

0.178

TA ⫽ tranexamic acid; Combined ⫽ combined therapy; BSA ⫽ body surface area; X-clamp ⫽ cross clamp; CPB ⫽ cardiopulmonary bypass; OR ⫽ operating
room; ICU ⫽ intensive care unit.
* P ⬍ 0.05, Kruskal-Wallis test for difference.

amount of blood loss in the OR after protamine administration was 75 ml for the aprotinin group, 88 ml for the
combined group, 150 ml for the tranexamic acid group,
and 125 ml for the placebo group (P ⫽ 0.52). The
placebo group had greater median (range) blood loss in
the first 4 h in the ICU (320 [80 –1,550] ml) than the
tranexamic acid group (195 [30 –1,190] ml), the combined therapy group (225 [40 –761] ml), and the aprotinin group (163 [25–760] ml) (P ⫽ 0.014). The placebo
group also had greater amounts of bleeding in the first
12 h in the ICU than the aprotinin group and greater
amounts of bleeding in the first 24 h in the ICU than the
tranexamic acid and aprotinin groups (fig. 1). Three
patients had surgical reexploration of their mediastinum
for bleeding in which no surgical source was found, one
Anesthesiology, V 92, No 3, Mar 2000

in the placebo group, one in the combined therapy
group, and one in the aprotinin group.
There also were no significant differences found in
hemoglobin concentration, hematocrit level, mean platelet volume, PT, international normalization ratio, aPTT,
bleeding time, thromboelastography variables (reaction
time ⫹ bikoatugulerung time, ␣-angle, maximum amplitude, and maximum amplitude ⫹ 30),28 or heparin concentration among groups at different time points. The
combined therapy group had a lower median platelet
count at 10 min after protamine neutralization of heparin
before the reinfusion of the autologous blood. The platelet count was the same as the other groups at the other time
intervals. The median thromboelastography R in all groups
were in the normal range at all times, but the placebo
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Height (cm)
Median
Range
Weight (kg)
Median
Range
Age (yrs)
Median
Range
BSA (m2)
Median
Range
CPB time (min)
Median
Range
X-clamp time (min)
Median
Range
Post CPB–out of OR time (min)
Median
Range
ICU time (h)
Median
Range
ICU intubation duration (h)
Median
Range
Male
No.
%
Revision sternotomy
No.
%

Placebo (n ⫽ 43)
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Table 2. Allogeneic Blood Transfusions in the Operating Room and Intensive Care Unit
TA
(n ⫽ 45)

Combined
(n ⫽ 32)

Aprotinin
(n ⫽ 40)

Time group
P value

0 (0, 1)
67

0 (0, 2)
58

0 (0, 0)
84

0 (0, 1)
60

0.21

0 (0, 0)
79

0 (0, 0)
84

0 (0, 0)
94

0 (0, 0)
85

0.21

0 (0, 0)
79

0 (0, 0)
87

0 (0, 0)
91

0 (0, 0)
88

0.51

0 (0, 0)
98

0 (0, 0)
98

0 (0, 0)
100

0 (0, 0)
100

0.65

0 (0, 4)
56

0 (0, 2)
51

0 (0, 0)
81

0 (0, 1)
60

0.08

0 (0, 2)
52

0 (0, 1)
67

0 (0, 0)
81

0 (0, 0)
85

0.004*

0 (0, 6)
71

0 (0, 0)
82

0 (0, 0)
84

0 (0, 0)
85

0.41

0 (0, 0)
76

0 (0, 0)
80

0 (0, 0)
88

0 (0, 0)
87

0.37

0 (0, 0)
98

0 (0, 0)
93

0 (0, 0)
97

0 (0, 0)
100

0.37

0 (0, 8)
52

0 (0, 2)
64

0 (0, 1)
72

0 (0, 2)
69

0.17

Values in parentheses are interquartile ranges.
OR ⫽ operating room; PRBC ⫽ packed red blood cells; FFP ⫽ fresh-frozen plasma; Cryo ⫽ cryoprecipitate; ICU ⫽ intensive care unit.
* P ⬍ 0.05, Kruskal-Wallis test for differences.

group and combined therapy groups had a marginally
longer R at 24 h after protamine neutralization of heparin.

Discussion
The combination therapy of tranexamic acid and intraoperative autologous blood collection (combined therapy group) provided a reduction in blood loss and
packed erythrocyte ICU transfusion requirements similar
to that provided by aprotinin. Excessive bleeding requiring transfusion of blood components after CPB is one of
the most common complications of cardiac surgery.1
This increases morbidity and mortality rates secondary to
surgical reexploration for bleeding and transfusion complications.29,30 Bleeding also increases hospital costs.2
Aprotinin has been shown to be very effective in reducing bleeding and transfusion requirements associated
Anesthesiology, V 92, No 3, Mar 2000

with cardiac surgery with CPB.3,4 Aprotinin has antifibrinolytic and platelet-sparing effects.3,8 –12 Because
aprotinin is an expensive drug ($500 –1,000 per patient),
and it may sensitize patients, which can result in allergic
reactions on reexposure,31 interest in cheaper lysineanalog antifibrinolytic drugs (tranexamic acid and -aminocaproic acid) has increased.6 – 8,14,15,32–34 There have
been few studies directly comparing aprotinin with tranexamic acid treatment for reduction of bleeding and
transfusion requirements.6 – 8,14,15 Many of these studies
are limited by small sample size, lack of blinding, and
lack of revision cardiac procedures. Patients undergoing
revision cardiac procedures make up the patient population for which aprotinin is primarily indicated. In this
investigation of revision sternotomy or combination cardiac surgery patients, we found aprotinin, combined
therapy, and tranexamic acid to be effective in reducing
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PRBC in OR
Median (25%, 75%)
% not transfused
Platelet in OR
Median (25%, 75%)
% not transfused
FFP in OR
Median (25%, 75%)
% not transfused
Cryo in OR
Median (25%, 75%)
% not transfused
Total in OR
Median (25%, 75%)
% not transfused
PRBC in ICU
Median (25%, 75%)
% not transfused
Platelets in ICU
Median (25%, 75%)
% not transfused
FFP in ICU
Median (25%, 75%)
% not transfused
Cryo in ICU
Median (25%, 75%)
% not transfused
Total in ICU
Median (25%, 75%)
% not transfused

Placebo
(n ⫽ 43)

679
BLOOD CONSERVATION AND CARDIAC SURGICAL PROCEDURES

blood loss in the ICU. Our results are consistent with
previous comparisons between aprotinin and tranexamic acid.6 – 8,14,15
No studies have compared combined tranexamic acid
and autologous fresh whole-blood collection as a presumptive platelet-sparing maneuver with aprotinin therapy in a blinded prospective fashion. We found that
aprotinin and combined therapy had similar reductions
of packed erythrocyte transfusion requirements in the
ICU and duration of time from end of CPB to leaving the
OR. The combined therapy was designed to be a “poor
man’s” aprotinin, combining antifibrinolysis with autologous whole blood as a presumptive platelet-sparing
maneuver. The autologous blood collection was designed to maximally preserve the platelets that were
removed, stored, and reinfused. A large 8-French catheter was used along with gravity drainage to reduce shear
effects on the platelets during withdrawal of blood before CPB and reinfusion after CPB. The blood was stored
at room temperature in a standard blood collection bag
containing citrate phosphate dextrose anticoagulant.
Previous studies using intraoperative autologous blood
withdrawal as a platelet-sparing maneuver have had
mixed results.18 –26 The technique used for the autologous blood collection and reinfusion is very important.
One study found the use of autologous blood as a plateAnesthesiology, V 92, No 3, Mar 2000

let-sparing maneuver to be effective, and we used a very
similar low-shear technique.16
Pressure to reduce healthcare costs and public concern over the risks of blood transfusion35 have generated
considerable interest in determining the cost-effectiveness of different therapies to reduce bleeding after CPB.
Very few cost– benefit studies of aprotinin compared
with the lysine-analog antifibrinolytics for prevention of
bleeding after CPB have been performed.33,36,37 We performed a cost-comparison model analysis to evaluate the
relative bleeding and transfusion-related costs associated
with the therapies in question. Costs to the hospital in
constant 1997 dollars, in contrast to charges to patients,
were evaluated. The institutional costs of aprotinin and
tranexamic acid along with the pharmacist costs and
mixing costs were used. Personnel already trained and
available to perform the intraoperative blood collection
were used in this study, and the cost of the salary and
benefits for the technician performing the intraoperative
blood collection was used. The cost of the anesthesiologist’s time for placing the 8-French catheter was also
determined. No attempt was made to determine the cost
of possible complications from the 8-French catheter.
The disposable costs for the intraoperative blood collection were determined. The institutional costs for erythrocytes, platelets, fresh-frozen plasma, and cryoprecipi-
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Fig. 1. Chest-tube (mediastinal) blood
loss in the intensive care unit from intensive care unit entry until 4, 12, and 24 h
after cardiac surgery. TA, tranexamic
acid; Combined, combined therapy. *P <
0.05 by the rank-sum test for a difference
between these groups and the control
group.
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with the combined therapy limits the utility of this approach. The limitation to the combined therapy is that it
can only be used in patients with high preoperative
hemoglobin levels, because the intraoperative blood collection before CPB lowers the patient’s hemoglobin concentration. This reduction in hemoglobin concentration
increases the need for transfusion of the autologous
blood or erythrocytes during CPB for anemia. We found
that if our patients’ hemoglobin levels were greater than
13.6 g/dl, they did not need early reinfusion of their
autologous blood unless there was surgical bleeding before CPB. Patients with high hemoglobin levels before
cardiac surgery are relatively rare. Another problem with
the combined therapy group is that the volume of autologous blood removed was a rather modest 12.5% of
whole-blood volume. This would contain a rather small
percentage of the patients’ platelets. This is the greatest
volume we felt we could safely take from the patient,
and it did result in a significant reduction in packed
erythrocyte transfusions and ICU bleeding. Finally, the
unmasking of the combined therapy group causes significant problems with the blinding of this study. The
personnel monitoring the blood loss and making transfusion decisions in the ICU were still blinded as to group
identities, but there clearly was a loss of blinding for
these patients in the OR. Another limitation of our study
is that we excluded patients with known coagulopathies, patients on preoperative anticoagulant medications, and uremic patients. This limits the broad applicability of our study. Our study did not employ a doseresponse design. The dose of tranexamic acid used in
our study was based on a dose-response study performed
by Horrow et al.13 Other studies have used up to 10
times the dose of tranexamic acid than we used in our
study.32 A half-dose of aprotinin has been shown to be
effective in reducing bleeding and transfusion requirements and could be more cost-effective. Finally, our
cost-comparison model analysis only incorporated the
cost associated with the drugs and maneuvers used in
the study, along with the costs associated with those
variables that were different among the groups. This
analysis is limited and not a true cost– benefit analysis.
Though aprotinin is an effective drug for reducing
bleeding and prevention of blood transfusions, tranexamic acid and especially tranexamic acid combined with
a presumptive platelet-sparing maneuver, such as intraoperative autologous whole-blood collection, were essentially equally efficacious and much less costly therapies. Our study was powered to detect a difference in
the total number of different allogeneic blood compo-
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tate included the cost of procurement and indirect costs
as well as the cost of transfusion tubing, filters, and
blood-warming coils; a previously reported cost of $3.45
for each donor exposure was also added to account for
the hospital cost of infectious complications.38 Our institutional costs for blood transfusions are consistent
with those previously published.39 The duration of OR
time from the end of CPB until OR discharge was incorporated in the analysis. The cost of OR time for cardiac
surgery was estimated and included the salaries and
benefits of the OR nurses, certified surgical technicians,
and support personnel, the cost of medical supplies, and
the costs of OR equipment and space use (i.e., light,
heat, electricity). The cost of OR time for cardiac surgery
was found to be several times higher than the previously
reported $4.70 per minute for laparoscopic cholecystectomy.40 There were statistically significant differences in
overall median bleeding-related costs between the
groups. Aprotinin group had the highest median (range)
bleeding-related costs of $3,210 ($2,586 –5,893). The
placebo group had a median cost of $2,537.00 ($1,507–
6,005). The tranexamic acid group had median cost of
$2,168.00 ($1,318 –5,049). The lowest median bleedingrelated costs were $1,916.00 [$1,170 – 4,388] in the
combined therapy group. The combined therapy was
less costly than aprotinin and achieved a comparable
benefit. Our cost-comparison model results are very similar to those previously published comparing aprotinin
with ⑀-aminocaproic acid in revision cardiac procedure
patients.33
There are potential problems with this study. The
combined therapy group was discontinued prematurely
for clinical reasons. When this study was begun, we did
not know whether the intraoperative fresh autologous
blood would be effective in reducing transfusion requirements. We therefore decided that for those patients in
whom the hemoglobin level was lower than 7 g/dl during CPB, we would determine if there were intraoperative autologous blood units available to reinfuse into the
patient, thus preventing an allogeneic erythrocyte transfusion. We noted a high rate of early reinfusion of the
autologous blood during CPB (30.3%) in the combined
therapy group. Because reinfusion during CPB of this
fresh intraoperative autologous blood theoretically negated the platelet-sparing effect of this blood in those
patients, we discontinued this group prematurely. This
was done without knowledge of the blood loss or transfusion results of the study groups. Therefore, the combined therapy group was underpowered. Further, the
high rate of early autologous blood reinfusion (30.3%)
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