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Background and Objectives. Various dosages of apro-
tinin have proven to be effective in reducing blood
loss and allogeneic transfusion requirements in car-
diopulmonary bypass surgery, despite the controver-
sy surrounding the precise hemostatic mechanisms
of this drug. The aim of our prospective, randomized,
double-blind study was to assess differences in blood
loss and transfusion requirements and the effect of
two dosages of aprotinin on hemostatic activation. 

Design and Methods. Patients undergoing coronary
artery bypass grafting received high-dose aprotinin
(n=28), pump-prime-only (PPO) aprotinin (n=28), or
placebo (n=28). 

Results. The high-dose and the PPO groups had a sig-
nificantly lower blood loss (985 mL [95%CI 845-
1,102] and 1,255 mL, [95% CI 1,025-1,406], respec-
tively) than the placebo group (1,416 mL, 95%CI
1,248-1,612]. Transfusion requirements were lower
in the aprotinin-treated groups than in the patients
receiving placebo (21 units and 15 units in the high
and low-dose groups vs 59 units in placebo group). As
far as concerns parameters of thrombin generation,
the aprotinin groups showed a significant reduction of
F1+2 prothrombin fragment but not of thrombin-
antithrombin complexes. There were higher levels of
natural anticoagulants, i.e. antithrombin, protein C
and protein S, in the high-dose aprotinin group. As
regards fibrinolysis parameters, D-dimer was lower in
the aprotinin groups, and the levels of α2-antiplas-
min and plasmin-α2-antiplasmin complexes were
raised. In summary, both dosages of aprotinin were
equally effective in reducing blood loss and transfu-
sion requirements. There was a lower activation of
coagulation and fibrinolysis in cardiopulmonary
bypass patients treated with aprotinin: the levels of
natural anticoagulants were less decreased in the
high-dose group. No differences in thrombotic com-
plications were observed between aprotinin groups.

Interpretation and Conclusions. Our study shows that
both dosages of aprotinin are safe and effective in
reducing transfusion requirements. Considering the
difference in cost of using a low-dose or high-dose

schedule, the former should be recommended for
patients undergoing cardiopulmonary bypass
surgery.
©2000, Ferrata Storti Foundation
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Given its proven efficacy in reducing the ten-
dency to bleed and allogeneic blood
requirements, high-dose aprotinin was

recently introduced as a standard treatment dur-
ing cardiac operations in adults and children
undergoing cardiopulmonary bypass (CPB)
surgery.1-3 Aprotinin was first described for clin-
ical use in cardiovascular operations in 1964.4

Most studies are based on the so-called Ham-
mersmith regimen,1 a high-dose aprotinin sched-
ule, the efficacy and safety of which has been
widely demonstrated.4-13 Aprotinin is a non-spe-
cific proteinase inhibitor from bovine lung,
belonging to the kunins superfamily.14 It inacti-
vates human serine proteinases such as trypsin,
plasmin, kallikrein, and activated protein C, in a
dose-dependent way, although the precise mech-
anism is under discussion.4,6,8,15 The fibrinolytic
components of the hemostatic system are acti-
vated during CPB surgery. There is an increase in
fibrinogen degradation products and plasmino-
gen activators with a concomitant decrease in
plasminogen and α2-antiplasmin in the patient's
plasma and a shortening of the clot lysis time.
However, it is still unclear whether this enhanced
fibrinolysis is a major contributor to post-surgi-
cal bleeding in a significant number of patients.4

Other authors have considered the role of
platelet dysfunction and the inflammatory medi-
ators of the complement system and the cytokine
network. Controversial results have been report-
ed concerning the possible protective mechanism
of action of aprotinin on platelets, although
some authors suggested that the hemostatic
effect of aprotinin is not mediated by protection
of platelet function.16-19 Nevertheless, the hemo-
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static mechanism of aprotinin seems to be relat-
ed to its inhibitory effect on the activation of the
clotting system, and on the inhibition of hyper-
fibrinolysis.3,5,8,15,18

Some authors have studied the possibility of
introducing other schedules with lower doses of
aprotinin, taking into account the economic
repercussions and the reduction of the potential
secondary adverse effects of aprotinin.2,9,10,20-22

Only few reports have published data on differ-
ent dosages of aprotinin and on the conse-
quences on blood requirements and hemostatic
activation during CPB surgery.3,7,9,21–24

The aim of this study was to determine the
effects of two dosage schedules of aprotinin in
order to evaluate the drug’s dose-related effica-
cy in terms of blood loss and transfusion
requirements, whilst clarifying its contribution
to the improvement of the acquired hemostatic
defect associated with CPB.

Design and Methods

Patients
A prospective, randomized, double blind study

was performed on 84 patients (75 males and 9
females) undergoing coronary artery bypass
grafting. All patients were advised of the proce-
dures and their associated risks in accordance
with institutional guidelines and gave informed
consent. In order to be eligible for the study, the
patient had to be older than 18 years. The fol-
lowing exclusion criteria for entry to the study
were used: history of previous cardiac operation,
possible exposure to aprotinin in the past, aller-
gy or clotting disorder, severe cardiac failure
(ejection fraction <30%), and impaired renal
function (serum creatinine level >2 mg/dL).
Demographic data are summarized in Table 1.

Aprotinin administration and cardiopulmonary
bypass technique

Aprotinin (Trasylol, Bayer aG, Leverkusen,
Germany) was administered in a saline solution
without additives or preservatives. The patients
were randomized into three groups depending
on the dose of aprotinin or placebo. Group H:
the high-dose group received a bolus of 2×106

KIU of aprotinin, 2×106 KIU of aprotinin in the
priming solution and a continuous infusion of
aprotinin (5×106 KIU hourly) during CPB
(n=28). Group L: the low-dose (pump-prime-
only) group received a bolus of saline, 2×106 KIU
aprotinin in the priming solution and a contin-
uous infusion of saline during CPB (n= 28).
Group P: the placebo group received a bolus of
saline. Saline was also added to the priming
solution and a continuous infusion of saline was
administered during CPB (n=28).

Anesthesia and CPB
Anesthetic, surgical and CPB procedures were

carried out according to the protocols of the
Hospital de Sant Pau (Barcelona, Spain) and
were similar in all three groups. Anesthesia was
induced with flunitrazepam (0.02 mg/kg body
weight) and fentanyl (10 to 20 µg/kg body
weight). Pancuronium bromide (0.1 mg/kg
body weight) was used for muscle relaxation.
Anesthesia was maintained with successive dos-
es of fentanyl. Isoflurane (0.5-1%) was added to
the ventilation system when needed. The CPB
device was primed with Ringer’s solution,
polygeline, and mannitol. Extracorporeal circu-
lation was performed at 28ºC with an output of
2.2 to 2.4 L/m2 per minute. The perfusion pres-
sure was maintained between 50 and 80 mmHg.
A cardioplegic solution containing mannitol
(8.9 g/L), dextrose (4.5 g/L), potassium (30
mmol/L), chloride (113 mmol/L), sodium (82
mmol/L), and bicarbonate (20 mmol/L) was
injected every 20 minutes into the aortic root.

Anticoagulation was achieved with heparin
(300 IU/kg body weight) injected into the right
atrium. Successive doses of heparin were given
during CPB. Given that aprotinin prolongs the
activated clotting time (Hemochron 401 device,
International Technidyne Corp., Edison, NJ,
USA), patients in whom the first activated clot-
ting time measurement exceeded 750 seconds
received heparin in similar doses to maintain the
activated clotting time between 750 and 950
seconds. The activated clotting time was main-
tained between 400 and 500 seconds in the
patients in whom the first activated clotting time
measurement was about 400 seconds. All
groups received heparin in similar dosages.
When surgical procedures were completed and
the CPB was discontinued, heparin neutraliza-
tion with protamine sulfate was achieved by
means of an infusion of 1.5 mg for each 100 IU
of the heparin administered.
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Table 1. Demographic data and data from CPB.

Characteristic Low-dose High-dose Placebo p value

Nº patients 28 28 28

Age (yr) 61 (40-75) 58 (38-78) 59 (41-76) NS

Sex (m/f) 24/4 27/1 24/4 NS

Duration of CPB
(min, mean ± SD) 117±34 103±30 116±36 NS



Blood sampling
Blood samples were taken immediately before

the operation (T1), at the end of CPB but before
protamine administration (T2), 10 minutes after
protamine administration (T3), 1 hour after pro-
tamine neutralization (T4) and 18-24 hours after
the operation (T5). Blood mixed with 0.129
mmol/L sodium citrate in a 10:1 proportion was
obtained for analysis. The samples were cen-
trifuged within 30 min at 3,600 rpm at 4ºC.
Aliquots of the plasma were snap-frozen and
stored at –40ºC until analysis.

Laboratory assessments
Hemoglobin and platelet counts in whole

blood were measured by routine analysis with a
Coulter counter (Coulter Electronics, Luton,
England). Other parameters measured were: D-
dimer (normal range: <500 µg/L; Asserachrom
D-dimer, Boehringer-Mannheim, Mannheim,
Germany), prothrombin fragment F1+2 (normal
range: 0.36-1.4 nmol/L; Enzygnost F1+2 micro,
Behring, Marburg, Germany). Plasma tissue fac-
tor was analyzed by ELISA (normal range: 63-
126 ng/L, Immubind Tissue Factor, American
Diagnostica, USA), and functional tissue factor
pathway inhibitor was assayed as described else-
where (normal range: 55-150%).25 Protein C
antigen (normal range: 70-130%; Asserachrom
(Protein C, Boehringer-Mannheim), total pro-
tein S antigen (normal range: 73-124%; Asser-
achrom total protein S, Boehringer-Mannheim,
Germany) plasmin- α2-antiplasmin complexes
(normal range: 80-470 mg/L; Enzygnost PAP
micro, Behring) were measured by ELISA. The
analyses of α2-antiplasmin antigen (normal
range: 80-110%) were performed by immunod-
iffusion. Antigenic measurements rather than
functional ones were employed to avoid labora-
tory artifacts given the presence of aprotinin in
the blood samples.

Blood loss measurements and transfusion
requirements

Intra-operative blood loss was estimated by
weighing the gauze sponges and measuring the
contents of the reservoir of the suction device.
The fluid used for rinsing was subtracted from
this amount. The volume of blood loss drained
from the chest tubes was measured intra-opera-
tively and cumulative blood loss at 6, 12 and 24
hours after CPB. The transfusion criteria were as
follows: red blood cells were administered when
the hemoglobin concentration was less than 80
g/L (70 g/L in the CPB period) or when the
patient was in shock because of hemorrhage.
Fresh frozen plasma was given if microvascular
bleeding was present and the prothrombin ratio
exceeded 1.5 or the fibrinogen level was less
than 1 g/L. Platelet concentrates were given in

cases of microvascular bleeding and when the
platelet count was less than 50×109/L.

Statistical analysis
The results are expressed as means and stan-

dard deviations, or as 95% confidence intervals
(CI). Percentages are expressed with their CI. All
relevant differences were shown as the CI of
these differences. A p value of less than 0.05 was
considered statistically significant. Age, sex, and
duration of operation and extracorporeal circu-
lation were compared between groups by one-
way analysis of variance. Primary efficacy analy-
sis was performed on the total blood loss dur-
ing the first 24 hours after the operation by an
analysis of variance with two factors (treatment
and CPB duration). An analysis of variance for
repeated measures with one factor (treatment)
was carried out to analyze the blood profiles at
different times, and CPB duration was used as
a covariable. Polynomial contrasts were applied
within different trends of each treatment. Bon-
ferroni’s correction was applied for multiple
comparisons. Multiple regression analysis was
performed to evaluate the relationship between
overall blood loss and some clinical and biologi-
cal variables. Differences between percentages
of patients receiving transfusions were estimat-
ed with the χ2 method. In patients receiving
transfusions, differences in the number of blood
units were assessed by analysis of variance with
CPB duration as a covariable. A logistic regres-
sion model was used to estimate the odds ratio
of undergoing transfusion in each treatment
group. Age, sex, CPB duration, pre-operative
hemoglobin concentration, and pre-operative
platelet count were included as adjustment vari-
ables. The improvement in –2 log likelihood was
evaluated to establish the goodness-of-fit of the
model. The evolution of biological parameters
throughout the CPB period was assessed by
analysis of variances for repeated measures
(treatment as the factor and duration of CPB as
the covariable). Polynomial contrasts were
applied to evaluate profiles between treatments.
If no influence of the analyzed factors was
observed, a simple analysis of variance for
repeated measures was used. D-dimer, PAP, and
prothrombin fragment values were analyzed
with the use of logarithmic transformation.

Results
Eighty-four patients were randomized. No sig-

nificant differences were noted in age, sex, and
CPB time between the three groups. Intra-oper-
ative blood loss in females was greater than in
males (p<0.001). The duration of CPB influ-
enced intra-operative blood loss in all groups
(p<0.001). Data are summarized in Table 2.
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There were no significant differences in intra-
operative blood loss between the three groups.
The volume of post-operative blood loss was sig-
nificantly lower in the high and low-dose apro-
tinin groups than in the placebo group (p<0.05
and p<0.005 respectively). No statistical differ-
ences were found in post-operative blood loss
between the low and high-dose groups. The
total blood loss (intra-operative plus 24 hour-
post-operative loss) was significantly less in the
low (1,255 mL; 95% CI: 1,025-1,406) and high-
dose (985 mL; 95% CI: 845-1,101) groups com-
pared with in the placebo group (1,416 mL, 95%
CI: 1,248-1,612). There was a linear correlation
between overall blood loss and levels of D-dimer
in the placebo group, but this correlation did
not exist in the low-dose (regression coefficient
0.07, 95% CI: 0.01-0.51) or high-dose group
(regression coefficient 0.2, 95% CI: 0.03-0.96).
D-dimer did not change significantly during CPB
in the aprotinin group, and hence, no correla-
tion with blood loss was found. In the placebo
group, higher levels of D-dimer correlated with
greater blood loss.

Transfusion requirements
Eighty-nine per cent of the patients in the low-

dose and high-dose groups did not receive blood
components; 61% of the patients in the placebo
group did. Data are summarized in Table 2. There
were no significant differences between the low
and the high-dose groups. The reduction in the
number of packed red cells given after the oper-
ation was statistically different in the high-dose
group from that in the placebo group (p<0.02).
The transfusion requirements were lower in the
low-dose group compared with in the placebo
group. Although the differences were not signifi-
cant 6 and 12 hours after the operation (p=0.06),
by 18-24 hours, the low dose group received few-
er blood products (p<0.05).

Adverse events
Adverse events in the high-dose group con-

sisted of one case of hypertension, one complete
atrio-ventricular block, two cerebrovascular
accidents and one case of myocardial infarction.
All of theses resolved within 24 hours, and none
of them seemed to be related to the aprotinin
use. In the low-dose group (pump-prime-only
dose), one case of myocardial infarction was
recorded. Finally, two cases of myocardial
infarction were diagnosed in the placebo group.

Biological parameters
Parameters related to thrombin generation

The results are summarized in Table 3. Plasma
tissue factor (TF) levels decreased during the
operation, but ten minutes after protamine neu-
tralization the levels were similar to the pre-oper-
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Table 2. Blood loss and transfusions requirements.

Low-dose High-dose Placebo

Blood loss (mL)
Intra-operative 626 (523-793) 498 (416-580) 644 (532-756)
6 hr post-operative 332 (249-414)* 222  (171-272)° 422 (249-414)
12 hr post-operative 445 (340-550)* 310  (248-373)° 571 (454-686)
24 hr post-operative 629 (504-755)* 487 (391-583)° 772 (647-896)
Total blood loss 1255 (1025-1406)* 985  (846-1101)°1416 (1248-1612)

Post-operative need of packed red cell units (% patients)

0 Units 89% 89% 61%
2 Units 7% 11% 32%
4 Units 4% 0 7%
Total units 21 U 15U 59U

Blood loss values given as mean and 95% CI. *p<0.005 placebo group ver-
sus low dose group; °p<0.0005 placebo group versus high dose group.

Table 3. Biological parameters related to thrombin genera-
tion.

Low dose High dose Placebo
(n=28) (n=28) (n=28)

Prothrombin fragment (nmol/L)
T1 1.6 (1.4-1.9) 1.9 (1.5-2.2) 2.0 (1.5-2.6)
T2 7.1 (4.7-9.6)° 5.1 (3.6-6.7)* 12.0 (6.1-17.9)
T3 6.5 (4.4-8.6)° 5.0 (3.3-6.7)* 13.5 (5.5-21.5)
T4 6.9 (5.1-8.7)° 6.7 (4.9-8.4)* 11.2 (5.6-16.8)
T5 1.8 (1.4-2.2) 2.3 (1.7-2.9) 1.9 (1.6-2.4)

Total protein S (%)
T1 94.0 (84.3-103.7) 99.2 (91.1-107.2) 94.4 (87.7-101.2)
T2 60.0 (52.3-67.3) 72.4 (62.3-82.5) 58.6 (52.3-64.9)
T3 62.0 (54.5-68.6) 69.4 (61.1-77.7) 59.6 (53.0-66.1)
T4 66.2 (58.6-73.8) 75.4 (65.8-84.9)* 60.5 (50.6-70.4)
T5 63.5 (55.9-71.1)° 72.0 (60.7-83.3)* 50.7 (45.9-55.4)

Protein C antigen (%)
T1 95.9 (87.9-103.9) 98.2 (89.1-107.4) 94.1 (87.5-100.6)
T2 52.1 (51.9-60.1)# 59.4 (54.2-64.7)* 51.9 (46.7-57.1)
T3 56.0 (51.9-60.0) 62.6 (56.8-68.4)* 52.1 (46.5-57.7)
T4 58.5 (54.0-63.1)# 67.4 (61.5-73.4a 54.7 (49.4-59.9)
T5 57.3 (52.8-61.7)# 66.6 (60.0-73.2)* 51.9 (47.4-56.5)

Tissue factor pathway inhibitor (%)
T1 164.3 (124.9-203.6) 136.5 (106.2-166.9) 152.6 (107.3-197.9)
T2 292.1 (190.6-393.6) 275.5 (205.5-345.6) 251.6 (199.3-303.9)
T3 139.3 (93.5-185.1) 134.7 (108.3-161.2) 196 (137.7-201.4)
T4 137.8 (99.6-176.0) 151.2 (116.9-185.4) 142.5 (115.4-169.5)
T5 93.5 (63.4-123.5) 101.6 (81.7-121.6) 89.8 (61.7-117.8)

Tissue factor (ng/L)
T1 90.3 (52.7-127.9) 110.9 (86.0-135.8) 116.9 (92.1-141.8)
T2 42.7 (26.2-59.2) 67.8 (44.7-90.9) 61.8 (45.1-78.6)
T3 44.7 (26.4-63.0) 74.5 (49.8-99.3) 65.9 (50.2-81.6)
T4 49.0 (27.6-70.4) 77.3 (57.9-96.6) 72.8 (55.6-90.1)
T5 74.9 (62.2-87.6) 74.9 (62.2-87.6) 73.5 (54.4-92.6)

T1, before operation; T2, before protamine; T3, 10 min after protamine; T4, 1
hour after protamine and T5, 18-24 hours after CPB. °p<0.05 between low-
dose and placebo group. #p<0.05 between low and high-dose groups.
*p<0.005 between high-dose and placebo group.



ative ones. Tissue factor pathway inhibitor
(TFPI) levels increased during CPB in all groups
but after 24 hours the levels returned to those
recorded pre-operatively. As for F1+2 prothrom-
bin fragment (F1+2) levels, a marked increase was
observed after CPB. In the placebo group, F1+2

levels were significantly higher than in the groups
treated with low and high-dose aprotinin
(p<0.05 and p<0.005, respectively). No statisti-
cal differences were observed between the low
and high-dose groups. The total protein S anti-
gen (PS) and protein C (PC) antigen levels
decreased during CPB in all groups and rose
slightly from the time of protamine neutraliza-
tion to 24 hours after CPB. The PS levels in the
high and low-dose aprotinin groups were signif-
icantly higher one hour after protamine and 24
hours after CPB than those in the placebo group
(p<0.005 and p<0.05, respectively). No differ-
ences were observed between the low and high-
dose groups. In the high-dose group, PC levels
were significantly less reduced than in the low-
dose and placebo groups. This difference per-
sisted at 24 hours (p<0.05 and p<0.005, respec-
tively). In summary, the extent of coagulation
activation was smaller in the groups treated with
aprotinin, although a slightly more reduced con-
sumption of natural anticoagulants was
observed in the high-dose group.

Plasminogen activation and plasmin activity
parameters

The results are summarized in Table 4. The
course of D-dimer levels in the placebo group
differed significantly from that in the low and
high-dose groups (p<0.05 and p<0.005, respec-
tively). D-dimer levels increased sharply during
and after CPB in the placebo group whereas the
increment was very low in the high and low-dose
aprotinin groups. Only during CPB were there
statistical differences between the low and high-
dose groups (p<0.05), the D-dimer levels being
higher in the low-dose group. The α2-antiplas-
min antigen levels decreased in all the groups.
The decrease was less marked in the high-dose
group. Although the levels in the low-dose group
were slightly higher than those in the placebo
group, the differences were significant only after
CPB. The plasmin-α2-antiplasmin complexes
increased during CPB in all the groups. The lev-
els were lower in the low-dose group than in the
other groups. Briefly, a more intense suppres-
sion of fibrinolysis activation was observed in
the high-dose group. Nevertheless, in the low-
dose group the levels of the plasmin-α2-antiplas-
min complexes were lower: this could be attrib-
uted to a combined effect of low plasmin gen-
eration and lower levels of α2-antiplasmin.

Discussion
A number of studies have demonstrated the

clinical effectiveness of a high dose of aprotinin
in improving hemostasis in patients undergoing
cardiopulmonary bypass surgery, and conse-
quently in reducing bleeding.1-3,8-10,15 Neverthe-
less, only few authors have reported the effica-
cy of lower doses of aprotinin, including mini-
mal,20 half26 or pump-prime-only dosages.17,20 In
all these studies, a reduction in blood loss and
transfusion requirements was observed. Seven
prospective, randomized, double-blind studies
comparing different aprotinin dosage schedules
in adults have been published3,7,9,21-24 and 2 in
children.2,3 Only four of them compared a
pump-prime-only dose of aprotinin with other
dosages.7,9,21,22 In terms of efficacy, the results
obtained in theses studies demonstrated that a
high, low or pump-prime-only dose of aprotinin
reduces blood loss and the need for transfu-
sions. Only Levy et al. did not find a superior effi-
cacy of pump-prime-only doses compared with
placebo in patients undergoing repeated proce-
dures.9 In our prospective, double-blind ran-
domized study, aprotinin at high or low-doses
was more effective than placebo. Our findings
are consistent with those of other authors.7,21,22

Low-dose and high-dose aprotinin reduced
bleeding and the need for allogeneic blood
units: this effect was more marked when the
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Table 4. Biological parameters related to plasmin activity.

Low-dose High-dose Placebo
(n=28) (n=28) (n=28)

D-dimer (µg/L)
T1 425 (343-506) 561 (400-723) 600 (454-745)
T2 619 (474-765)°# 433 (323-543)* 1836 (1347-2326)
T3 1059 (266-1853)° 500 (369-631)* 1798 (1335-2262)
T4 660 (508-812)° 540 (396-684)* 2192 (827-3556)
T5 515 (420-609)° 582 (463-702)* 884 (731-1037)

Plasmin- α2-antiplasmin complexes (mg/L)
T1 460 (401-520) 446 (391-501) 475 (424-526)
T2 540 (438-642)°# 931 (588-1275) 1194 (780-1608)
T3 996 (437-1556)° 1113 (741-1486) 1323 (923-1722)
T4 712 (598-826)°# 958 (648-1267) 1021 (862-1181)
T5 154 (96-212)# 227 (185-269) 158 (114-203)

α2-antiplasmin (%)
T1 97.4 (92.9-101.9) 98.3 (92.9-103.6) 94.1 (88.9-99.5)
T2 48.3 (43.9-52.7)# 56.8 (52.7-60.8)* 46.1 (42.4-49.9)
T3 51.8 (47.1-56.5) 58.1 (53.9-62.3)* 46.8 (42.5-51.1)
T4 56.7 (51.7-61.7)°# 64.5 (60.2-68.7)* 49.1 (44.4-53.8)
T5 75.2 (70.0-80.39) 79.2 (72.9-85.5)* 68.6 (62.5-74.6)

T1, before operation; T2, before protamine; T3, 10 min after protamine; T4, 1
hour after protamine and T5, 18-24 hours after CPB. °p<0.05 between low-
dose and placebo group. #p<0.05 between low and high-dose groups.
*p<0.005 between high-dose and placebo group.



higher dose was employed (21 units versus 15
units respectively), but did not reach statistical
significance. Both doses, therefore, seem to have
a similar effect in reducing transfusion require-
ments. The question of the safety of aprotinin,
in relation to its dose, also arouses controversy.
Lemmer et al. reported an increased risk of car-
diovascular complications. Based on Royston's
hypothesis, these authors argued that high-dose
aprotinin inhibited both coagulation and fibri-
nolysis, but that at lower doses it inhibited only
fibrinolysis without effectively inhibiting coagu-
lation. This could result in a hypercoagulable
state, which could give rise to thrombotic com-
plications.7 In our study, we found no differ-
ences in adverse effects between the groups,
which is consistent with the findings of other
authors.9,21,22

In the literature, only two trials in adult
patients have tried to shed light on the mecha-
nisms of different aprotinin dosages by measur-
ing biological parameters related to coagulation
and fibrinolysis.6,22

Dietrich et al. concluded that high doses were
significantly more effective than lower doses,
(although a pump-prime-only dose was not
included in that study) in attenuating fibrinoly-
sis.6 Speekenbrink et al. also reported complete
fibrinolysis inhibition as a result of high doses
and only partial attenuation following a pump-
prime-only dose although thrombin generation
was lower in both groups.22 In our study, the
effects of a low-dose (pump-prime-only) and a
high-dose of aprotinin on hemostatic activation
during cardiopulmonary bypass surgery did not
differ significantly. However, the natural
inhibitor system was more preserved in the high-
dose group. These data suggest that the extent
of coagulation activation is lower when apro-
tinin is used, especially in the case of higher dos-
es. Thus, these findings are in agreement with
the view that aprotinin, at high doses, acts as
an anticoagulant and an antifibrinolytic, but at
low-doses, the inhibition of coagulation may be
less that that of fibrinolysis. Despite these bio-
logical findings, in practice, thrombotic events
did not differ between groups. The size of our
sample was too small for side effects to be
assessed and indeed the study was not designed
for that purpose; therefore, it is not possible to
rule out a higher rate of thrombotic complica-
tions in any group.

It has been suggested that tissue factor is over-
expressed in monocytes during extracorporeal
circulation.27,28 We measured plasma tissue fac-
tor but we did not observe differences during
cardiopulmonary bypass. There was a decrease
in all groups, that could have been related to
hemodilution. Blood-borne tissue factor is now

considered to play a key role in thrombus pro-
gression.27 Aprotinin has structural similarities
with tissue factor pathway inhibitor (TFPI), and
a possible TFPI-like effect of aprotinin is likely.4

We measured functional TFPI levels but no dif-
ferences between the groups were observed.
TFPI levels increased during the extracorporeal
circulation in the heparinization period. Heparin
is negatively charged and leads to a release of
TFPI from the endothelium-bound pool. This
inhibitor has been recently cloned and has a
strong homology to basic protease inhibitors of
the Kunitz-type such as aprotinin. It has been
postulated that aprotinin, in combination with
the well-known effect of heparin during CPB,
may boost the effect of TFPI as well as inhibit its
degradation.4 Other authors have studied its
mechanisms, which seem to be related to a pro-
tective effect of fibrin-rich thrombi already gen-
erated without influencing platelet-rich throm-
bus formation.29,30 Our findings do not exclude
a possible TFPI-like effect of aprotinin given that
the increase in TFPI due to heparin may mask
the TFPI-like effect of aprotinin. A direct inhibi-
tion of coagulation activation triggered by tissue
factor due to aprotinin warrants further investi-
gation. 

As for fibrinolysis system measurements,
changes in parameters related to plasminogen
activation and plasmin activity demonstrate an
inhibitory effect of aprotinin on enhanced hyper-
fibrinolysis induced by cardiopulmonary bypass.
This reflects an attenuation of fibrinolysis with a
smaller production of plasmin-generated fibrin
degradation products, and a lower consump-
tion of plasminogen and α2-antiplasmin.
Although the levels of plasminogen and α2-
antiplasmin did not differ statistically in the low
and high dose groups, plasmin- α2-antiplasmin
complexes were lower in the low-dose group.
Plasmin inhibition and the protection of hemo-
static plugs could constitute important mecha-
nisms, reducing bleeding in patients undergoing
cardiopulmonary bypass surgery.

In summary, we found a dose-dependent
attenuation of the deleterious effect of CPB on
hemostatic activation by aprotinin. The admin-
istration of high or low-doses of aprotinin led to
lower coagulation activation, a less marked
decrease in natural inhibitors, and had an
inhibitory effect on the enhanced fibrinolysis
after CPB. Higher doses of aprotinin showed a
dose-related higher activity in hemostatic acti-
vation after CPB, acting as an anticoagulant and
an antifibrinolytic agent: we did not observed
fewer thrombotic complications in this group. In
our study, these differences did not significant-
ly affect the need for allogeneic blood products.
Both doses were effective in reducing transfu-
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sion requirements and no important adverse
effects were observed. Taking into account the
economic benefit and simplicity of the low-dose
aprotinin schedule, the pump-prime-only sched-
ule may be acceptably effective in reducing
blood loss in patients undergoing cardiopul-
monary bypass surgery.

Contributions and Acknowledgments
AS designed the study, was responsible for the data

management, and prepared the manuscript. JM also
designed the study and supervised the study. AO was
responsible for data analysis. JM collected all biological
data. HL collaborated in patient care and collecting
data. JS supervised the manuscript. JF revised the man-
uscript and gave final approval for its submission. The
order in which the names appear is based on the frac-
tion of the total work performed. We are indebted to
George von Knorring for his assistance in the prepara-
tion of the manuscript.

Disclosures
Conflict of interest: none.
Redundant publications: no substantial overlapping

with previous papers.

Manuscript processing
Manuscript received June 20, 2000; accepted Octo-

ber 23, 2000.

References

1. Royston D,  Bidstrup BP, Taylor KM, Sapsford RN.
Effect of aprotinin on need for blood transfusion after
repeat open heart surgery. Lancet 1987; 2:1289-91.

2. Boldt J, Knothe C, Zickmann B, Wege N, Dapper F,
Hempelman G. Comparison of two aprotinin dosage
regimens in pediatric patients having cardiac opera-
tions. J Thorac Cardiovasc Surg 1993; 105:705-11.

3.  Dietrich W,  Missinger H, Spannagl M, et al. Hemo-
static activation during cardiopulmonary bypass with
different aprotinin dosages in pediatric patients hav-
ing cardiac operations. J Thorac Cardiovasc Surg
1993; 105:712-20.

4. Walenga JM, Koza M, Hoppensteadt D, Sullivan H,
Montoya A, Pifarré R. Fibrinolysis and the antifibri-
nolytic activity of aprotinin in cardiac surgery. In:
Pifarré R. Blood conservation with aprotinin. Philadel-
phia: Hanley and Belfus, 1995. p. 185-97.

5. Casal JJ, Zuazu-Jausoro I, Mateo J, et al. Aprotinin ver-
sus desmopressin for patients undergoing operations
with cardiopulmonary bypass. J Thorac Cardiovasc
Surg 1995; 110:1107-17.

6. Dietrich W, Schipf K, Spannagl M, Jochum M, Braun
SL, Meisner H. Influence of high- and low-dose apro-
tinin on activation of hemostasis in open heart oper-
ations. Ann Thorac Surg 1998; 65:70-8.

7. Lemmer JH, Dilling EW, Morton JR, et al. Aprotinin for
primary coronary artery bypass grafting: a multicenter
trial of three dose regimens. Ann Thorac Surg 1996;
62:1659-67.

8. Lu H, Soria C, Commin PL, et al. Hemostasis in
patients undergoing extracorporeal circulation: the
effect of aprotinin (Trasylol®). Thromb Haemost
1991; 66:633-7.

9. Levy JH, Pifarre R, Schaff HV, et al. A multicenter, dou-
ble-blind, placebo-controlled trial of aprotinin for
reducing blood loss and the requirement for donor-
blood transfusion in patients undergoing repeat coro-
nary artery bypass grafting. Circulation 1995; 92:
2236-44.

10. Bidstrup BP, Underwood SR, Sapsford RN, Streets
EM. Effect of aprotinin (Trasylol®) on aorta-coronary
bypass graft patency. J Thorac Cardiovasc Surg 1993;
105:147-53.

11. Mateo J, Souto JC, Zuazu-Jausoro I, Fontcuberta J,
Rutllán M. Laboratory assessment of fibrinolytic func-
tion as affected by aprotinin during cardiopulmonary
bypass. In: Blood conservation with aprotinin. Pifarré
R, eds Philadelphia: Hanley and Belfus 1995; 337-48.

12. Peters DC, Noble S. Aprotinin. An update of its phar-
macology and therapeutic use in open heart surgery
and coronary artery bypass surgery. Drugs 1999; 57:1-
21.

13. Schumann F. Developmental aspects of aprotinin. In:
Blood conservation with aprotinin. Pifarré R. Philadel-
phia: Hanley and Belfus 1995. p. 151-63.

14. Salveses G, Pizzo SV. Proteinase inhibitors: α-macro-
globulins, serpins and kunins. In: RW Colman, Hirsh
J, Marder VJ, Salzman EW, eds. Hemostasis and
Thrombosis: Basic principles and clinical practice.
Third edition, Lippincott Company, Philadelphia,
1994.

15. Orchard MA, Goodchild CS, Prentice RM, Davies JA,
Benoit SE. Aprotinin reduces cardiopulmonary
bypass-induced blood loss and inhibits fibrinolysis
without influencing platelets. Br J Haematol 1993; 85:
533-41.

16. Primack C, Walenga JM, Koza MJ, Shankey TV, Pifar-
ré R. Aprotinin modulation of platelet activation in
patients undergoing cardiopulmonary bypass opera-
tions. Ann Thorac Surg 1996; 61:1188-93.

17. Ashraf S, Tian Y, Cowman D, et al. Low-dose aprotinin
modifies hemostasis but not proinflammatory cyto-
kine release. Ann  Thorac Surg 1997; 63:68-73.

18. Wahba A, Black G, Koksch M, et al. Aprotinin has no
effect on platelet activation and adhesion during car-
diopulmonary bypass. Thromb Haemost 1996; 75:
844-8.

19. Santamaría A, Mateo J, Muñiz-Díaz E, et al. Platelet
function during cardiopulmonary bypass not changed
by two different doses of aprotinin. Haematologica
2000; 85:381-5.

20. Hayashida N, Isomura T, Sato T, Maramuya H,
Kosuga K, Aoyagi S. Effects of minimal-dose aprotinin
on coronary artery bypass grafting. J Thorac Cardio-
vasc Surg 1997; 114:261-9.

21. Havel M, Grabenwöger F, Scheider J, Laufer G, Wol-
leneck G, et al. Aprotinin does not decrease early graft
patency after coronary artery bypass grafting despite
reducing postoperative bleeding and use of donated
blood. J Thorac Cardiovasc Surg 1994; 107:807-10.

22. Speekenbrink RG, Wildervuur CR, Sturk A, Eijsman L.
Low-dose and high-dose aprotinin improve hemosta-
sis in coronary operations. J Thorac Cardiovasc Surg
1996; 112:523-30.

23. Ray MJ, Neville A, Marsh NA. Aprotinin reduces blood
loss after cardiopulmonary bypass by direct inhibition
of plasmin. Thromb Haemost 1997; 78:1021-6.

1283

Haematologica vol. 85(12):December 2000

Aprotinin and hemostasis in cardiopulmonary bypass surgery

Potential implications for clinical practice

♦ Low doses and high doses of aprotinin seem to
have similar effects in reducing transfusion
requirements, and either may be used in clinical
practice.



1284

Haematologica vol. 85(12):December 2000

24. D’Ambra MN, Akins CW, Blackstone E, et al. Apro-
tinin in primary valve replacement and reconstruction:
a multicenter, double-blind, placebo-controlled trial.
J Thorac Cardiovasc Surg 1996; 112:1081-9.

25. Sandset PM, Larsen ML, Abild Gaard U, Lindhal KA,
Odegaard OR. Chromogenic substrate assay of extrin-
sic pathway inhibitor: levels of the normal population
and relation to cholesterol. Blood Coagul Fibrinol
1991; 2:425-433.

26. Liu B, Tengborn L, Larson G, et al. Half-dose aprotinin
preserves hemostatic function in patients undergoing
bypass operations. Ann Thorac Surg 1995; 59:1534-
40.

27. Kappelmayer J, Bernabei A, Edmunds LH Jr, Edington
TS, Colamn RW. Tissue factor is expressed on mono-
cytes during simulated extracorporeal circulation. Circ

Res 1993; 72:1075-81.
28. Ernofsson M, Thelin S, Siegbahn A. Monocyte tissue

factor expression, cell activation, and thrombin for-
mation during cardiopulmonary bypass: a clinical
study. J Thorac Cardiovasc Surg 1997; 113:576-84.

29. Asada Y, Hara S, Tsuneyoshi A, et al. Fibrin-rich and
platelet-rich thrombus formation on neointima:
recombinant tissue factor pathway inhibitor prevents
fibrin formation and neointimal development follow-
ing repeated balloon injury of rabbit aorta. Thromb
Haemost 1998; 80:506-11.

30. Rapp JH, Pan XM, Ghermay A, Gazetas P, Brady SE,
Reilly LM. A blinded trial of local recombinant tissue
factor pathway inhibitor versus either local or systemic
heparin in a vein bypass model. J Vasc Surg 1997; 25:
726-9.

A. Santamaría et al.




