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Background

Antifibrinolytic agents are commonly used during cardiac surgery to minimize 
bleeding and to reduce exposure to blood products. We sought to determine whether 
aprotinin was superior to either tranexamic acid or aminocaproic acid in decreasing 
massive postoperative bleeding and other clinically important consequences.

Methods

In this multicenter, blinded trial, we randomly assigned 2331 high-risk cardiac 
surgical patients to one of three groups: 781 received aprotinin, 770 received tran
examic acid, and 780 received aminocaproic acid. The primary outcome was mas-
sive postoperative bleeding. Secondary outcomes included death from any cause at 
30 days.

Results

The trial was terminated early because of a higher rate of death in patients receiving 
aprotinin. A total of 74 patients (9.5%) in the aprotinin group had massive bleeding, 
as compared with 93 (12.1%) in the tranexamic acid group and 94 (12.1%) in the 
aminocaproic acid group (relative risk in the aprotinin group for both comparisons, 
0.79; 95% confidence interval [CI], 0.59 to 1.05). At 30 days, the rate of death from 
any cause was 6.0% in the aprotinin group, as compared with 3.9% in the tranexam-
ic acid group (relative risk, 1.55; 95% CI, 0.99 to 2.42) and 4.0% in the aminocaproic 
acid group (relative risk, 1.52; 95% CI, 0.98 to 2.36). The relative risk of death in the 
aprotinin group, as compared with that in both groups receiving lysine analogues, 
was 1.53 (95% CI, 1.06 to 2.22).

Conclusions

Despite the possibility of a modest reduction in the risk of massive bleeding, the 
strong and consistent negative mortality trend associated with aprotinin, as com-
pared with the lysine analogues, precludes its use in high-risk cardiac surgery. 
(Current Controlled Trials number, ISRCTN15166455.)
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Every year an estimated 1 million to 
1.25 million patients worldwide undergo 
cardiac surgery, including high-risk proce-

dures such as repeat coronary-artery bypass graft-
ing (CABG), valve replacements, and combined 
procedures.1 High-risk procedures present an in-
creased risk of death, massive bleeding, renal fail-
ure, and thrombotic complications, as compared 
with first-time isolated CABG.2-4 Three antifibri-
nolytic agents have been used in cardiac surgery 
to minimize bleeding and reduce the need for 
transfusion: aprotinin, a naturally occurring ser-
ine protease inhibitor, and two lysine analogues, 
tranexamic acid and aminocaproic acid.5

In clinical trials, all three drugs have been 
shown to be effective in reducing the need for 
blood transfusion, as compared with placebo.5-8 
Similarly, meta-analyses of placebo-controlled tri-
als have suggested that aprotinin saves lives and 
decreases the risk of stroke and repeat surgery 
for massive bleeding.7,9,10

However, controversy regarding which drug 
should be used has resulted in a substantial vari
ation in practice.11,12 A recent Cochrane review 
of 20 head-to-head comparisons of randomized 
trials suggested that there are still too few data 
to definitively recommend one drug over anoth-
er.13 There are also substantial differences in cost 
among the study drugs. The direct pharmacy cost 
of aprotinin for a 4-hour cardiac procedure has 
been reported to be more than $1,400, as com-
pared with less than $4 for aminocaproic acid.14 
Also, concern regarding the safety of aprotinin 
has arisen from observational studies showing 
an association between aprotinin and increased 
rates of cardiovascular and cerebrovascular com-
plications, renal failure, and short- and long-
term mortality.15-18 A meta-analysis by Brown and 
colleagues suggested that concern related to the 
safety of aprotinin was not supported by evidence 
from previous randomized trials, with the possi-
ble exception of an increased risk of perioperative 
renal insufficiency.19

Given the limited comparative evidence related 
to the overall safety and the potential clinical 
superiority of one of the three agents over the 
others in reducing the risk of clinically impor-
tant massive bleeding, we conducted a random-
ized clinical trial to determine whether aprotinin 
was superior to tranexamic acid and aminoca-
proic acid in decreasing the risk of massive post-
operative bleeding in patients undergoing high-

risk cardiac surgery. We also sought to determine 
whether aprotinin was superior to the other two 
antifibrinolytic drugs in decreasing the risk of life-
threatening or fatal postoperative complications.

Me thods

Study Design

The Blood Conservation Using Antifibrinolytics 
in a Randomized Trial (BART) study was a multi
center, blinded, randomized, controlled study com
paring three antifibrinolytic agents commonly 
used in cardiac surgery. We enrolled patients un-
dergoing high-risk cardiac surgery, which was de-
fined as a surgical intervention with an average 
mortality of at least twice the norm for isolated 
primary CABG and a risk of repeat surgery exceed-
ing 5%.

The study was approved by the research ethics 
committee at each participating center and the 
central coordinating center. Written informed con
sent was obtained from all patients. The study 
was designed, conducted, and reported by the 
executive committee. None of the pharmaceuti-
cal companies making the study drugs contrib-
uted medications or financial support; none had 
any role in trial design or in data accrual, analy-
sis, or reporting.

Study Population

From August 2002 to October 2007, we recruited 
patients who were at least 19 years of age from 19 
Canadian cardiac surgical units. All the patients 
were undergoing one of the following high-risk 
cardiac surgical procedures for which cardiopul-
monary bypass was required: repeat cardiac sur-
gery, isolated mitral-valve replacement, combined 
valve and CABG surgery, multiple valve replacement 
or repair, and surgery of the ascending aorta or 
aortic arch. Patients who required either urgent 
or elective procedures were considered eligible. We 
excluded patients who were undergoing lower-
risk operations, such as isolated primary CABG 
with or without cardiopulmonary bypass, isolated 
mitral-valve repair or aortic-valve replacement, and 
infrequent procedures such as heart transplanta-
tion, implantation of a left ventricular assist de-
vice, and surgery to repair congenital heart defects 
(see the Supplementary Appendix, available with 
the full text of this article at www.nejm.org). The 
screening, eligibility, and enrollment of patients 
are shown in Figure 1.
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Study Interventions

The research pharmacist at each center randomly 
assigned patients to receive one of the three anti-
fibrinolytic medications with the use of a voice-
activated automated centralized program to con-
firm eligibility, center status, and characteristics 
of patients. An independent biostatistician gener-
ated the randomization scheme, which consisted 
of a computer-generated random listing of study-
group assignments, stratified according to center 
and in variable permuted blocks of 6 and 9. Re-
searchers, patients, members of the clinical teams, 
and members of the data and safety monitoring 
committee were all unaware of study-group as-
signments.

The dosage strategy for each study medication 
was based on the maximum effective regimens 
used in previous randomized, controlled trials20‑23 
(Fig. 1 in the Supplementary Appendix). Specifi-
cally, for patients in the aprotinin group, a test 
dose of 40,000 kallikrein international units 
(KIU) of aprotinin was administered during a 
10-minute period after the insertion of a central 
venous line and induction of anesthesia. In the 
absence of an anaphylactic reaction, the remain-
der of the loading dose (1.96 million KIU) was 
given. Once the loading dose was completed, a 
maintenance infusion of 500,000 KIU per hour 
was initiated and maintained during surgery. An 
additional dose of 2 million KIU was added to the 
cardiopulmonary-bypass circuit.

For patients in the aminocaproic acid group, 
a test dose of 200 mg was administered during 
a 10-minute period after the insertion of a central 
venous line and induction of anesthesia. In the 
absence of anaphylaxis, the remainder of the 
loading dose (9800 mg) was given. Once the load-
ing dose was completed, a maintenance infusion 
of 2000 mg per hour was initiated and main-
tained during surgery. No additional medication 
was added to the bypass circuit.

For patients in the tranexamic acid group, a test 
dose of 5 ml of the drug, from a total dose of 
30 mg per kilogram of body weight that was 
mixed in 250 ml of normal saline, was admin-
istered during a 10-minute period after the inser-
tion of a central venous line and induction of 
anesthesia. The remainder of the loading dose 
(30 mg per kilogram) was given in the absence 
of signs of anaphylaxis. Once the loading dose 
was completed, a maintenance infusion of 16 mg 
per kilogram per hour was initiated and main-

tained during surgery. An additional 2 mg per 
kilogram was added to the bypass circuit.

All maintenance infusions were discontinued 
on closure of the midline sternotomy. Blinding 
maneuvers and cointerventions are detailed in the 
Supplementary Appendix.

Study Outcomes

Our primary study outcome, massive postopera-
tive bleeding, was a composite outcome of bleed-
ing from chest tubes that exceeded 1.5 liters 
during any 8-hour period or massive transfusion, 
which was defined as the administration of more 
than 10 units of red cells within 24 hours after 
surgery. As part of the primary outcome, we also 
included repeat surgery due to hemorrhage or car-
diac tamponade starting within the first 24 hours 
after protamine administration and death from 
hemorrhage during the 30-day study period.

Secondary outcomes included in-hospital death, 
death from any cause at 30 days, and life-threat-
ening or serious adverse clinical events. The diag-
nosis of myocardial infarction was based on the 
presence of new Q waves in two contiguous elec-
trocardiogram leads or confirmed graft occlu-
sion within the first 30 days after surgery. Stroke 
was defined as a focal neurologic deficit lasting 
more than 24 hours. Renal failure was defined as 
the need for at least one dialysis treatment, a dou-
bling of the baseline serum creatinine level, or a 
serum creatinine level of more than 150 μmol 
per liter (1.7 mg per deciliter). Respiratory failure 
was defined as the need for invasive mechanical 
ventilation for more than 48 hours. Cardiogenic 
shock was defined as the need for vasopressors 
and inotropic agents, a balloon pump, or a ven-
tricular-assist device for more than 48 hours.

Tertiary outcomes included the rate of death 
in the intensive care unit (ICU) and at hospital 
discharge, the use of red cells and other blood 
components, and the length of hospital stay. Pa-
tients who were not admitted to an ICU were 
assigned an ICU length of stay of 0. We defined 
the length of hospital stay as the discharge date 
minus the surgery date plus 1 day.

An independent adjudication committee, whose 
members were unaware of study-group assign-
ment, reviewed all deaths to assign a primary 
cause of death as well as to determine whether 
death was associated with hemorrhage, thrombo-
sis, or renal failure. Causes of death were grouped 
post hoc as cardiac or noncardiac. Cardiac causes 
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consisted of congestive heart failure, cardiogenic 
shock, myocardial infarction, and right ventricu-
lar failure. Noncardiac causes included hemor-
rhage, stroke, sepsis or multiorgan failure, and 
other or unknown causes.

Statistical Analysis

We hypothesized that aprotinin would be superior 
to both tranexamic acid and aminocaproic acid, 
the two primary comparisons. We determined 
that we would need 990 patients per group, or a 
total of 2970 patients, who were undergoing high-
risk cardiac surgery to detect an absolute differ-
ence of 3 percentage points (from 6% to 3%) in 
the incidence of massive postoperative bleeding 
between patients receiving aprotinin and those 
receiving each of the other two antifibrinolytic 
agents, assuming a power of 80% with a two-
sided alpha value of less than 0.05 (i.e., an overall 
two-sided alpha error of less than 0.025 with the 
use of the Bonferroni correction) and a noncom-
pliance rate of 1%.

In addition to the final analysis, we performed 
two planned interim analyses of the primary 
clinical outcome and important safety outcomes 
when 33% and 66% of patients, respectively, were 
accrued. We conducted the three sequential analy
ses with the use of the O’Brien–Fleming spend-
ing function.24 The data and safety monitoring 
committee received the reports of the interim 
analyses as well as regular reports to assess seri-
ous adverse events. At its discretion, the commit-
tee could review study-group assignments.

All patients were followed for 6 months. In 
this study, we report on the first 30 days from 
the time of randomization. We conducted pri-
mary analyses according to the intention-to-treat 
principle. We assessed baseline characteristics of 
patients in the three study groups with the use 
of frequency distributions and univariable descrip
tive statistics, including measures of central ten-
dency and dispersion.

For our primary analyses, we conducted two 
pairwise comparisons of the proportion of pa-
tients with massive postoperative bleeding (apro-
tinin vs. tranexamic acid and aprotinin vs. amino-
caproic acid) with the use of the chi-square test. 
We calculated unadjusted relative risks with 95% 
confidence intervals for each comparison. As a 
means of correcting for two primary compari-
sons, we also compared overall massive bleeding 
and each of its components with the use of 97.5% 

confidence intervals. We used logistic-regression 
models to further elucidate the measure of effect 
while adjusting for potentially confounding vari-
ables, including operative procedure, age, sex, 
presence of coexisting illnesses, preoperative use 
of aspirin, and the risk score of the American 
Society of Anesthesiologists (ASA), which ranges 
from 1 (healthy and low risk) to 5 (moribund and 
high risk).

For the secondary outcomes of death and seri-
ous adverse events, we conducted pairwise chi-
square tests to ascertain the relation between 
aprotinin and tranexamic acid and between apro-
tinin and aminocaproic acid. For analyses with 
cell sizes of less than 5, we used Fisher’s exact 
test. As with the primary outcome analysis, we 
calculated unadjusted relative risks of death with 
95% confidence intervals for each of the two 
comparisons, as well as mortality estimates with 
the use of logistic-regression models to adjust for 
possibly confounding factors, including opera-
tive procedure, age, sex, presence of coexisting 
illnesses, preoperative use of aspirin, and the ASA 
risk score. We compared pairwise differences in 
the time to death between the study groups with 
the use of log-rank tests. A priori subgroup analy
ses for our primary outcome and for death in-
cluded the type of procedure, age, sex, presence of 
coexisting illnesses, aspirin use, baseline hemo
globin level, and the ASA risk score.

We conducted additional analyses to better 
understand the influence of cointerventions, com-
pliance, and loss to follow-up on the robustness 
of the intention-to-treat analysis. These studies 
included an analysis of primary and secondary 
outcomes in which only patients who completed 
the study per the protocol were included, an 
analysis in which we substituted death from mas-
sive hemorrhage with death from any cause at 30 
days for the primary outcome, and an analysis 
in which we assessed death from any cause at 30 
days among patients who did and did not meet 

Figure 1 (facing page). Enrollment and Outcomes.

In each of the three study groups, patients who were 
ineligible according to the study protocol because of 
changes in the surgical procedure or in the patient’s 
condition after randomization were included in the 
intention-to-treat analysis: 30 in the aprotinin group, 
25 in the tranexamic acid group, and 28 in the amino­
caproic acid group. CABG denotes coronary-artery by­
pass grafting, and INR international normalized ratio.
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Table 1. Demographic, Clinical, and Surgical Characteristics of the Patients.*

Characteristic
Aprotinin
(N = 781)

Tranexamic 
Acid

(N = 770)

Aminocaproic 
Acid

(N = 780)

Demographic

Age — yr 67.0±10.8 66.9±11.4   66.6±10.8

Male sex — no. (%) 543 (69.5) 562 (73.0) 569 (72.9)

Weight — kg 80.5±17.0 81.5±17.7   82.1±17.3

Height — cm 167.3±16.1 167.8±15.0 168.8±15.0

Clinical

Coexisting illness — no. (%)

Disabling stroke 12 (1.5) 17 (2.2) 24 (3.1)

Previous thrombembolism 31 (4.0) 31 (4.0) 31 (4.0)

Severe lung disease 57 (7.3) 40 (5.2) 45 (5.8)

Chronic renal dysfunction 41 (5.2) 58 (7.5) 43 (5.5)

Severe liver disease 1 (0.1) 3 (0.4) 1 (0.1)

Diabetes mellitus 185 (23.7) 180 (23.4) 194 (24.9)

Cancer 79 (10.1) 106 (13.8) 86 (11.0)

Other illness 357 (45.7) 334 (43.4) 329 (42.2)

Previous myocardial infarction — no. (%) 212 (27.1) 228 (29.6) 219 (28.1)

Angina — no./total no. (%)

Any history 394/781 (50.4) 405/769 (52.7) 396/778 (50.9)

Canadian Cardiovascular Society class†

III 167 (48.0) 150 (44.4) 168 (49.1)

IV 56 (16.1) 63 (18.6) 44 (12.9)

Congestive heart failure — no. (%)

Any history 313 (40.1) 313 (40.6) 287 (36.8)

New York Heart Association class‡

III 149 (55.4) 152 (57.6) 155 (59.8)

IV 31 (11.5) 32 (12.1) 22 (8.5)

Poor left ventricular function§ 67 (8.6) 87 (11.3) 76 (9.7)

Surgical  

Type of surgery — no./total no. (%)

Elective 631/781 (80.8) 618/770 (80.3) 633/779 (81.3)

Urgent 150 (19.2) 151 (19.6) 145 (18.6)

Emergency 0 1 (0.1) 1 (0.1)

Type of procedure — no. (%)

Repeat CABG 76 (9.7) 94 (12.2) 89 (11.4)

CABG plus other procedure 438 (56.1) 427 (55.5) 417 (53.5)

Other procedure 267 (34.2) 249 (32.3) 274 (35.1)

Duration of surgery — hr 4.2±1.6 4.2±1.6 4.4±1.7

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at ASSOC TRIAL LAWYERS on May 14, 2008 . 



Aprotinin versus Lysine Analogues in High-Risk Heart Surgery

n engl j med 358;22  www.nejm.org  may 29, 2008 2325

Table 1. (Continued.)

Characteristic
Aprotinin
(N = 781)

Tranexamic 
Acid

(N = 770)

Aminocaproic 
Acid

(N = 780)

Total cross-clamp time — hr 1.7±0.7 1.7±0.8 1.8±0.8

Preoperative hemoglobin — no./total no. (%)

<11.0 g/dl 57/780 (7.3) 49/763 (6.4) 48/776 (6.2)

11.0–14.0 g/dl 385 (49.4) 404 (52.9) 380 (49.0)

>14.0 g/dl 338 (43.3) 310 (40.6) 348 (44.8)

Preoperative drug therapy

Cardiac therapy — no. (%)

Digoxin or digitalis 91 (11.7) 79 (10.3) 83 (10.6)

ACE inhibitor 369 (47.2) 355 (46.1) 368 (47.2)

Nitrates 199 (25.5) 205 (26.6) 188 (24.1)

Beta-blocker 397 (50.8) 430 (55.8) 419 (53.7)

Calcium-channel blocker 221 (28.3) 199 (25.8) 211 (27.1)

Diuretic 359 (46.0) 334 (43.4) 316 (40.5)

Other antiarrhythmic agent 78 (10.0) 69 (9.0) 70 (9.0)

Anticoagulant — no. (%)

Heparin — U/day

≤10,000 29 (3.7) 19 (2.5) 17 (2.2)

>10,000 84 (10.8) 71 (9.2) 68 (8.7)

Low-molecular-weight 32 (4.1) 44 (5.7) 45 (5.8)

Warfarin 101 (12.9) 96 (12.5) 95 (12.2)

Other anticoagulant 4 (0.5) 6 (0.8) 6 (0.8)

Antiplatelet agent — no./total no. (%)

Low-dose aspirin

None 397/770 (51.6) 409/763 (53.6) 399/773 (51.6)

≤325 mg/day 352/770 (45.7) 345/763 (45.2) 357/773 (46.2)

>325 mg/day 20/770 (2.6) 7/763 (0.9) 16/773 (2.1)

Glycoprotein IIa/IIIb receptor inhibitor 3 (0.4) 6 (0.8) 11 (1.4)

Other agent 36 (4.6) 40 (5.2) 26 (3.3)

Thrombolytic agent — no. (%)

Tissue plasminogen activator 0 1 (0.1) 0

Streptokinase 0 2 (0.3) 0

Other agent 0 1 (0.1) 1 (0.1)

*	Plus–minus values are means ±SD. ACE denotes angiotensin-converting enzyme, and CABG coronary-artery bypass grafting.
†	The percentages of patients in this category were calculated by using the number of patients with a history of angina and congestive heart 

failure as the denominator: 348 in the aprotinin group, 338 in the tranexamic acid group, and 342 in the aminocaproic acid group.
‡	The percentages of patients in this category were calculated by using the number of patients with New York Heart Association class III or IV 

as the denominator: 269 in the aprotinin group, 264 in the tranexamic acid group, and 259 in the aminocaproic acid group.
§	Poor left ventricular function was defined as a left ventricular ejection fraction of less than 30%.
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our primary outcome of massive bleeding. We 
report uncorrected P values or 95% confidence 
intervals.

R esult s

Study Population

Of the 5401 patients who underwent screening, 
555 did not meet the eligibility criteria. In addi-
tion, 2220 patients or their surgeon or anesthesi-
ologist did not provide consent. Of the 2626 pa-
tients for whom consent was obtained, 158 did 
not undergo randomization (Fig. 1).

Of the 2331 patients who were included in the 
intention-to-treat analysis, 781 were in the apro-
tinin group, 770 were in the tranexamic acid 
group, and 780 were in the aminocaproic acid 
group. Three patients who were discharged from 
the hospital before 30 days (two in the aprotinin 
group and one in the tranexamic acid group) 
withdrew consent, so we did not know their sur-
vival status at 30 days. We did not have any out-
come data, except for mortality status, for one 
patient in the aprotinin group. Sixteen patients 
received a study drug that differed from their as-
signed drug. Unblinding occurred for 12 patients 
in the aprotinin group, 11 in the tranexamic 
acid group, and 9 in the aminocaproic acid group. 
The study groups were similar at baseline with 
respect to all important clinical and demographic 
characteristics (Table 1).

The study was terminated on October 16, 2007, 
on the recommendation of the independent data 
and safety monitoring committee. The commit-
tee advised termination because of a strong trend 
toward higher mortality in the aprotinin group 
than in the other two groups on the basis of in-
terim data for 2163 patients (see the Supplemen-
tary Appendix).

Massive Bleeding

A total of 261 of 2330 patients (11.2%) met our 
definition for massive bleeding. Among patients 
in the aprotinin group, 74 (9.5%) had massive 
bleeding, as compared with 93 (12.1%) in the 
tranexamic acid group and 94 (12.1%) in the ami-
nocaproic acid group (relative risk of aprotinin in 
both comparisons, 0.79; 95% confidence interval 
[CI], 0.59 to 1.05) (Table 2, and Table 1 in the 
Supplementary Appendix). The use of 97.5% con-
fidence intervals increased the upper boundary 
of the interval from 1.05 to 1.09 (Table 2 in the 
Supplementary Appendix). Adjustment for the ef-
fect of important clinical factors did not alter the 
magnitude of the effect comparing aprotinin with 
tranexamic acid (adjusted odds ratio, 0.78; 95% 
CI, 0.56 to 1.08) and aminocaproic acid (adjusted 
odds ratio, 0.80; 95% CI, 0.58 to 1.11).

The relative risk of massive bleeding among 
patients receiving aprotinin, as compared with 
both groups receiving lysine analogues combined, 
was 0.79 (95% CI, 0.61 to 1.01). The rates of the 
various components of the composite outcome 
are listed in Table 2. Multivariable analysis with 
adjustment for the effect of many variables did 
not modify crude estimates. Rates of massive 
bleeding in various major subgroups are present
ed in Table 3.

Death and Other Adverse Outcomes

A total of 108 of 2331 patients (4.6%) died within 
30 days after study randomization. The 30-day 
rate of death from any cause was 6.0% in the 
aprotinin group, as compared with 3.9% in the 
tranexamic acid group (relative risk, 1.55; 95% CI, 
0.99 to 2.42) and 4.0% in the aminocaproic acid 
group (relative risk, 1.52; 95% CI, 0.98 to 2.36) 
(Table 3, and Table 3 in the Supplementary Ap-
pendix). The survival experience is illustrated in 

Table 2. The Components of Massive Postoperative Bleeding in the Patients.*

Components
Aprotinin
(N = 780)

Tranexamic Acid
(N = 770)

Aminocaproic Acid
(N = 780)

Aprotinin vs. 
Tranexamic Acid

Aprotinin vs. 
Aminocaproic Acid

number of events (percent) relative risk (95% confidence interval)

Bleeding from chest tubes 41 (5.3) 58 (7.5) 65 (8.3) 0.70 (0.47–1.03) 0.63 (0.43–0.92)

Massive transfusion 16 (2.1) 17 (2.2) 22 (2.8) 0.93 (0.47–1.83) 0.73 (0.38–1.37)

Death due to hemorrhage 11 (1.4) 8 (1.0) 4 (0.5) 1.36 (0.55–3.36) 2.75 (0.88–8.60)

Reoperation for bleeding 43 (5.5) 62 (8.1) 64 (8.2) 0.68 (0.47–1.00) 0.67 (0.46–0.98)

Any massive bleeding 74 (9.5) 93 (12.1) 94 (12.1) 0.79 (0.59–1.05) 0.79 (0.59–1.05)

*	Patients could have more than one component.
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Figure 2. The relative risk of death of patients 
receiving aprotinin, as compared with the com-
bined rate of 3.9% in the two groups receiving 
lysine analogues, was 1.53 (95% CI, 1.06 to 2.22) 
(see the Supplementary Appendix).

Of 2328 patients who were included in the 
analysis for the cause of death, 25 deaths (3.2%) 
were attributed to a cardiac cause in the apro-
tinin group, as compared with 10 (1.3%) in the 
tranexamic acid group (relative risk, 2.47; 95% CI, 
1.19 to 5.10) and 13 (1.7%) in the aminocaproic 
acid group (relative risk, 1.93; 95% CI, 0.99 to 
3.74) (Table 4). Aprotinin was associated with an 

increased risk of death from a cardiac cause (rela-
tive risk, 2.19; 95% CI, 1.25 to 3.84) when both 
lysine-analogue groups were combined. Deaths 
attributed to other causes were similar in the 
three study groups. All rates of adverse events, 
including stroke, myocardial infarction, and renal 
failure and dysfunction, and rates of organ failure 
were also similar in the three groups (Table 5).

Transfusion Outcomes

Overall, 1439 of 2330 patients (61.8%) received at 
least 1 unit of red cells: 419 of 780 (53.7%) in the 
aprotinin group, 506 of 770 (65.7%) in the tran

Table 3. Massive Bleeding and 30-Day Mortality in Major Subgroups of Patients.*

Major Subgroup Massive Bleeding 30-Day Mortality

Aprotinin vs. 
Tranexamic Acid

Aprotinin vs. 
Aminocaproic Acid

Aprotinin vs. 
Tranexamic Acid

Aprotinin vs. 
Aminocaproic Acid

relative risk (95% CI)

All patients 0.79 (0.59–1.05) 0.80 (0.60–1.07) 1.55 (0.99–2.42) 1.52 (0.98–2.36)

Sex

Male 0.85 (0.61–1.19) 0.86 (0.62–1.21) 1.71 (0.95–3.10) 1.34 (0.78–2.31)

Female 0.63 (0.35–1.12) 0.61 (0.35–1.09) 1.27 (0.64–2.51) 1.87 (0.87–4.05)

Age 

<65 0.82 (0.50–1.35) 0.77 (0.47–1.24)   3.42 (1.14–10.26) 1.80 (0.77–4.24)

65 to <75 0.81 (0.51–1.29) 0.86 (0.54–1.37) 1.72 (0.81–3.65) 2.27 (1.00–5.14)

75 to <80 0.77 (0.41–1.44) 0.81 (0.42–1.56) 1.53 (0.56–4.19) 0.83 (0.35–1.97)

≥80 0.56 (0.18–1.77) 0.51 (0.16–1.60) 0.67 (0.26–1.74) 1.22 (0.39–3.78)

Type of procedure

Repeat CABG 1.03 (0.33–3.25) 0.73 (0.25–2.14) 2.51 (0.78–8.01) 2.37 (0.74–7.57)

CABG plus ≥1 procedure 0.78 (0.53–1.13) 0.84 (0.57–1.23) 1.55 (0.86–2.81) 1.29 (0.73–2.26)

Other 0.74 (0.45–1.20) 0.72 (0.45–1.16) 1.24 (0.53–2.90) 1.76 (0.70–4.40)

Baseline use of aspirin 

None 0.95 (0.61–1.48) 0.93 (0.59–1.44) 1.72 (0.92–3.22) 3.16 (1.44–6.91)

Any 0.68 (0.46–0.99) 0.71 (0.48–1.03) 1.39 (0.73–2.64) 0.96 (0.55–1.69)

Coexisting illness

None 1.25 (0.74–2.12) 0.88 (0.55–1.41)   4.40 (1.28–15.15) 2.42 (0.94–6.20)

Any 0.64 (0.45–0.91) 0.73 (0.51–1.06) 1.24 (0.76–2.03) 1.30 (0.78–2.15)

Baseline hemoglobin (g/dl)

<11.0 0.98 (0.38–2.51) 1.12 (0.42–3.01) 2.15 (0.72–6.42) 2.11 (0.70–6.29)

11.0 to 14.0 0.68 (0.46–1.02) 0.75 (0.50–1.14) 1.10 (0.61–1.97) 0.99 (0.56–1.76)

>14.0 0.95 (0.59–1.53) 0.78 (0.50–1.21) 2.76 (1.01–7.50) 3.10 (1.14–8.43)

Baseline ASA score†

<4 0.74 (0.48–1.15) 0.76 (0.49–1.18) 2.18 (0.95–5.04) 1.58 (0.75–3.36)

≥4 0.87 (0.59–1.30) 0.87 (0.59–1.29) 1.34 (0.78–2.32) 1.61 (0.90–2.87)

*	ASA denotes American Society of Anesthesiologists, and CABG coronary-artery bypass grafting.
†	The ASA score ranges from 1 to 5, with higher numbers indicating greater risk.
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examic acid group, and 514 of 780 (65.9%) in the 
aminocaproic acid group (Table 4 in the Supple-
mentary Appendix). In the aprotinin group, the 
relative risk of any red-cell transfusion was 0.82 
(95% CI, 0.75 to 0.89) as compared with the 
tranexamic acid group and 0.81 (95% CI, 0.75 to 
0.88) as compared with the aminocaproic acid 
group. In the aprotinin group, the risk of expo-
sure to other blood products (except platelets) 
was similar to that in the tranexamic acid group 
and lower than in the aminocaproic acid group.

Length of Stay

The median length of stay in the ICU in the apro-
tinin group was 1.2 days (interquartile range, 0.9 
to 3.0), as compared with 1.5 days (interquartile 
range, 0.9 to 3.0) in the tranexamic acid group 
(P = 0.16) and 1.8 days (interquartile range, 0.9 to 
3.0) in the aminocaproic acid group (P = 0.02). The 
median length of the hospital stay in the apro-
tinin group was 8.0 days (interquartile range, 7.0 
to 12.0), as compared with 8.5 days (interquartile 
range, 7.0 to 12.0) in the tranexamic acid group 
(P = 0.22) and 8.0 days (interquartile range, 7.0 to 
12.0) in the aminocaproic acid group (P = 0.17).

Sensitivity Analyses

The censoring of data from 16 patients who did 
not follow the treatment protocol did not appre-

ciably change any of the measures of effect. For 
the primary outcome, when we substituted death 
from any cause at 30 days for death from hemor-
rhage, the relative risk associated with aprotinin 
increased to 0.93 (95% CI, 0.72 to 1.20) as com-
pared with tranexamic acid and to 0.87 (95% CI, 
0.68 to 1.11) as compared with aminocaproic acid. 
In the comparison between aprotinin and tran
examic acid, the relative risk of death from any 
cause at 30 days was 1.57 (95% CI, 0.88 to 2.81) 
among patients who had the primary outcome of 
massive bleeding and 1.85 (95% CI, 0.98 to 3.50) 
among those who did not have this primary out-
come (P = 0.91 by the Breslow–Day test for homo-
geneity of strata). In the comparison between 
aprotinin and aminocaproic acid, the relative risk 
of death from any cause at 30 days was 2.82 (95% 
CI, 1.37 to 5.83) among those who had the pri-
mary outcome of massive bleeding and 1.20 (95% 
CI, 0.69 to 2.08) among those who did not have 
this primary outcome (P = 0.04 by the Breslow–
Day test for homogeneity of strata).

Discussion

Among patients undergoing high-risk cardiac sur-
gery, we documented an increase of 2 percentage 
points in the rate of death (from approximately 
4% to 6%) among patients receiving aprotinin, as 
compared with those receiving either tranexamic 
acid or aminocaproic acid. The observed increase 
in mortality translates into a number needed to 
harm of 50 patients. When we compared the 
combined mortality rates in the lysine-analogue 
groups with the rate in the aprotinin group, we 
noted a significant absolute increase of 2.1%, or a 
relative increase of 54%, in the number of deaths 
in the aprotinin group.

We conducted a number of additional analy-
ses to better understand how aprotinin may have 
caused excess deaths. Of the 108 patients who 
died, the proportion who were believed to have 
died of cardiogenic shock, right ventricular fail-
ure, congestive heart failure, or myocardial in-
farction was higher in the aprotinin group than 
in the other two groups. Among the adjudicated 
deaths, the use of aprotinin was associated with 
a significant doubling of the risk of death from 
cardiac causes, as compared with the use of tran
examic acid or aminocaproic acid. Although all 
the deaths were clinically adjudicated in our trial, 
without detailed autopsies and coronary angio-
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Figure 2. Kaplan–Meier Curves Showing Probability of Survival at 30 Days.

Among the 2328 patients who were included in the analysis of death at 30 
days, patients in the aprotinin group had a reduced rate of survival as com­
pared with those in the tranexamic acid group (P = 0.05) and the aminoca­
proic acid group (P = 0.06).
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Table 4. Adjudicated Primary Cause of 108 Deaths.

Primary Cause of Death
Overall

(N = 2328)*
Aprotinin
(N = 779)

Tranexamic Acid
(N = 769)

Aminocaproic Acid
(N = 780)

Aprotinin vs. 
Tranexamic Acid

Aprotinin vs. 
Aminocaproic Acid

no. of events (%) relative risk (95%CI)
Cardiac cause of death

Any 48 (2.1) 25 (3.2) 10 (1.3) 13 (1.7) 2.47 (1.19–5.10) 1.93 (0.99–3.74)

Congestive heart failure 5 (0.2) 1 (0.1) 2 (0.3) 2 (0.3) 0.49 (0.04–5.43) 0.50 (0.05–5.51)

Cardiogenic shock 19 (0.8) 9 (1.2) 3 (0.4) 7 (0.9) 2.96 (0.80–10.90) 1.29 (0.48–3.44)

Myocardial infarction 14 (0.6) 8 (1.0) 3 (0.4) 3 (0.4) 2.63 (0.70–9.89) 2.67 (0.71–10.03)

Right ventricular failure 10 (0.4) 7 (0.9) 2 (0.3) 1 (0.1) 3.46 (0.72–16.58) 7.01 (0.86–56.83)

Noncardiac cause of death

Any 60 (2.6) 22 (2.8) 20 (2.6) 18 (2.3) 1.09 (0.60–1.97) 1.22 (0.66–2.26)

Hemorrhage 20 (0.9) 8 (1.0) 8 (1.0) 4 (0.5) 0.99 (0.37–2.62) 2.00 (0.61–6.62)

Stroke 10 (0.4) 1 (0.1) 4 (0.5) 5 (0.6) 0.25 (0.03–2.21) 0.20 (0.02–1.71)

Sepsis or multiorgan failure 17 (0.7) 6 (0.8) 5 (0.7) 6 (0.8) 1.18 (0.36–3.87) 1.00 (0.32–3.09)

Other or unknown 13 (0.6) 7 (0.9) 3 (0.4) 3 (0.4) 2.30 (0.60–8.87) 2.34 (0.61–9.00)

*	Of the 2331 patients in the intention-to-treat analysis, 3 were not evaluated for cause of death because they withdrew consent and were dis­
charged from the hospital before 30 days (2 in the aprotinin group and 1 in the tranexamic acid group).

Table 5. Major Secondary Outcomes.

Adverse Event Aprotinin Tranexamic Acid Aminocaproic Acid
Aprotinin vs. 

Tranexamic Acid
Aprotinin vs. 

Aminocaproic Acid

no. of 
patients

events  
(%)

no. of 
patients

events  
(%)

no. of 
patients

events  
(%) relative risk (95% CI)

Stroke 759 22 (2.9) 753 28 (3.7) 768 22 (2.9) 0.78 (0.45–1.35) 1.01 (0.57–1.81)

Myocardial infarction 717 33 (4.6) 727 28 (3.9) 735 20 (2.7) 1.19 (0.73–1.95) 1.69 (0.98–2.92)

Deep-vein thrombosis or pul­
monary embolism

712 9 (1.3) 718 8 (1.1) 729 7 (1.0) 1.00 (0.99–1.01) 1.00 (0.97–1.01)

Respiratory failure 771 96 (12.5) 769 100 (13.0) 776 98 (12.6) 0.96 (0.74–1.24) 0.99 (0.76–1.28)

Cardiac shock 772 112 (14.5) 769 112 (14.6) 778 119 (15.3) 1.00 (0.78–1.27) 0.95 (0.75–1.20)

Renal failure

Preexisting condition

Any 770 129 (16.8) 766 137 (17.9) 774 132 (17.1) 0.94 (0.75–1.17) 0.98 (0.79–1.23)

Doubling of baseline 
creatinine level

772 49 (6.3) 766 34 (4.4) 773 38 (4.9) 1.43 (0.93–2.19) 1.29 (0.86–1.95)

Postoperative creatinine 
level >150 μmol/liter

772 119 (15.4) 767 125 (16.3) 775 124 (16.0) 0.95 (0.75–1.19) 0.96 (0.76–1.21)

Postoperative dialysis 773 24 (3.1) 769 24 (3.1) 778 21 (2.7) 0.99 (0.57–1.74) 1.15 (0.65–2.05)

New condition

Any 770 102 (13.2) 766 97 (12.7) 774 100 (12.9) 1.05 (0.81–1.36) 1.03 (0.79–1.33)

Doubling of baseline 
creatinine level

772 47 (6.1) 766 31 (4.0) 773 35 (4.5) 1.50 (0.97–2.34) 1.34 (0.88–2.06)

Postoperative creatinine 
level >150 μmol/liter

772 92 (11.9) 767 86 (11.2) 775 93 (12.0) 1.06 (0.81–1.40) 0.99 (0.76–1.30)

Postoperative dialysis 773 16 (2.1) 769 19 (2.5) 778 11 (1.4) 0.84 (0.43–1.62) 1.46 (0.68–3.13)
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grams in all patients we had no means of con-
firming the primary cause of death.

The complications repeatedly mentioned as 
a concern in observational studies of aprotinin 
were renal injury and renal failure.15,17 In our 
study, the use of aprotinin did not significantly 
increase the risk of renal failure or the need for 
postoperative renal replacement despite an in-
crease in the proportion of patients who had a 
doubling of serum creatinine levels. Given the 
low rates in all three study groups, it is possible 
that we missed a small increase in the risk of 
renal dialysis associated with aprotinin. In ad-
dition, the adjudication of death did not iden-
tify renal failure as contributing to or causing 
death associated with aprotinin use. A meta-
analysis by Brown and colleagues showed a 
nonsignificant relative risk of renal failure with 
high-dose aprotinin.19 As in our study, the au-
thors noted a significant increase in the relative 
risk of doubling the postoperative serum creati-
nine levels.

Although aprotinin is potentially more effec-
tive than other active agents in controlling hemo-
stasis, we noted only a possible trend suggesting 
that it decreased massive bleeding, our primary 
outcome. However, a cautious interpretation of 
this trend is warranted. When we corrected for 
multiple comparisons, the upper bounds of the 
97.5% confidence intervals included as much as 
a 9% decrease in massive bleeding with the use 

of either tranexamic acid or aminocaproic acid. 
Also, only repeat surgeries and important blood 
losses through chest tubes, one of the main indi-
cations for surgery, were potentially improved by 
the use of aprotinin. The two other components 
of the primary outcome were not improved. Final
ly, aprotinin did not appear to prevent massive 
bleeding or save the life of patients who had 
massive bleeding.

A limitation of our trial was that we included 
patients who were undergoing high-risk cardiac 
surgery rather than the approved indication for 
aprotinin. Therefore, our inferences are primar-
ily limited to high-risk patients. However, the re-
sults of subgroup analyses suggest that the adverse 
effects on mortality associated with aprotinin 
may also have been present among healthier 
patients, those under the age of 65 years, and 
those without coexisting illnesses at the time of 
surgery.

In summary, despite the possibility of a modest 
reduction in the risk of massive bleeding, the 
strong and consistent negative mortality trend 
associated with aprotinin as compared with ly-
sine analogues precludes its use in patients under
going high-risk cardiac surgery.
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