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ABSTRACT

BACKGROUND

Aprotinin has recently been associated with adverse outcomes in patients undergo-
ing cardiac surgery. We reviewed our experience with this agent in patients under-
going cardiac surgery at Duke University Medical Center.

METHODS

We retrieved data on 10,275 consecutive patients undergoing surgical coronary re-
vascularization at Duke between January 1, 1996, and December 31, 2005. We fit
data to a logistic-regression model predicting each patient’s likelihood of receiving
aprotinin on the basis of preoperative characteristics and to models predicting
long-term survival (up to 10 years) and decline in renal function, as measured by
increases in serum creatinine levels.

RESULTS

A total of 1343 patients (13.2%) received aprotinin, 6776 patients (66.8%) received
aminocaproic acid, and 2029 patients (20.0%) received no antifibrinolytic therapy.
All patients underwent coronary-artery bypass grafting, and 1181 patients (11.5%)
underwent combined coronary-artery bypass grafting and valve surgery. In the risk-
adjusted model, survival was worse among patients treated with aprotinin, with a
main-effects hazard ratio for death of 1.32 (95% confidence interval [CI], 1.12 to 1.55)
for the comparison with patients receiving no antifibrinolytic therapy (P=0.003)
and 1.27 (95% CI, 1.10 to 1.46) for the comparison with patients receiving amino-
caproic acid (P=0.004). As compared with the use of aminocaproic acid or no anti-
fibrinolytic agent, aprotinin use was also associated with a larger risk-adjusted in-
crease in the serum creatinine level (P<0.001) but not with a greater risk-adjusted
incidence of dialysis (P=0.56).

CONCLUSIONS
Patients who received aprotinin had a higher mortality rate and larger increases in
serum creatinine levels than those who received aminocaproic acid or no antifibri-
nolytic agent.
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PROTININ (TRASYLOL, BAYER HEALTH-
Care) is an antifibrinolytic agent in wide-
spread use during cardiac surgery around
the world, particularly in high-risk patients. Apro-
tinin was approved by the Food and Drug Admin-
istration on December 29, 1993, for use during
cardiac surgery, to reduce the risk of blood trans-
fusion. The literature on aprotinin contains reports
of single studies ranging in size from 22 patients!
to 12,403 patients,? as well as several meta-analy-
ses and systematic reviews. Dozens of clinical
trials have been conducted with this agent since
the original report of efficacy of the high-dose
regimen was published,! yet, as pointed out in a
recent meta-analysis,® questions about the use of
aprotinin during cardiac surgery still remain.
This issue is an important one because pa-
tients undergoing cardiac surgery receive approxi-
mately one fifth of all the red-cell transfusions
in the United States,* and each unit transfused is
known to increase the risk of infection.> Recent
observational studies have raised questions over
the safety of aprotinin in both the short®” and
longer® terms. In addition, recent articles have
suggested that more studies are needed,® that no
more studies are needed,© that there is no excess
risk associated with this drug,'*'2 and even that
the dose should be increased.*® Accordingly, we
reviewed a large database at a single center in the
United States, looking for evidence of an eftfect of
antifibrinolytic therapy on survival and renal func-
tion after coronary-artery bypass grafting (CABG).

METHODS

STUDY POPULATION
Patients undergoing medical or surgical coronary
revascularization at Duke University Medical Cen-
ter (Durham, NC) also receive long-term follow-
up. We retrieved data from before, during, and
after surgery from our institution’s surgical data-
base for 10,275 consecutive patients who under-
went CABG, with or without an additional car-
diac surgical procedure, between January 1, 1996,
and December 31, 2005. For patients who under-
went more than one surgery during that period,
only data from the first surgery were included.
We obtained long-term follow-up data for
these patients from a separate institutional data-
base of survival information for patients who
have undergone revascularization surgery. Fol-

low-up was conducted by the Duke Clinical Re-
search Institute Follow-up Services Group, which
is responsible for collecting annual follow-up data
on death and nonfatal end points for the Duke
Databank for Cardiovascular Diseases. The an-
nual surveys collect data on general health, hos-
pitalizations, myocardial infarction, stroke, car-
diac procedures, and medication use. Patients are
surveyed 6 months after the index visit and yearly
thereafter, by means of a mailed, self-adminis-
tered questionnaire; nonresponders are surveyed
by telephone. The rate of response is 95% for
mortality data, and there is an annual search of
the National Death Index for patients who are lost
to follow-up (2%) or who have asked to be with-
drawn (3%). Information on death is collected
through next-of-kin interviews, reviews of hospi-
tal-discharge summaries and death certificates,
and the National Death Index, which provides
the cause of death according to the International
Classification of Diseases, 10th Revision, after consen-
sus among independent reviews is achieved by a
committee.

STUDY DESIGN AND CONDUCT
This was a retrospective, observational, cohort
study of prospectively collected data from consec-
utive patients who underwent CABG at Duke Uni-
versity Medical Center. The study protocol was
approved by the Duke University institutional re-
view board, and a waiver of the requirement of
written informed consent was obtained. Both the
primary and secondary end points (survival and
renal function, respectively) were specified in ad-
vance of data retrieval and analysis, as was the
propensity-score method.

STATISTICAL ANALYSIS
A total of 278 data fields were reviewed for use in
analyses. In order to account for differences be-
tween patients who received aprotinin and those
who did not, we fit the data to a logistic-regres-
sion model to estimate the probability that pa-
tients would receive aprotinin as part of their intra-
operative care.

All reported P values are two-sided, and in all
comparisons, P values of less than 0.05 were con-
sidered to indicate statistical significance. Post
hoc pairwise comparisons between the study
groups were adjusted by means of the Tukey or
Bonferroni method, as described below.
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Propensity-Score Model
We identified 84 preoperative and procedural
variables as being potentially related to the use of
aprotinin. We tested these variables separately for
their association with the use of aprotinin, using
chi-square tests for categorical variables and rank-
sum tests for continuous variables. Of the 75 that
were significantly associated with the use of apro-
tinin, 24 were redundant, were present in less
than 1% of patients, or had missing values for
more than 10% of patients. The remaining 51 vari-
ables were included in a stepwise, logistic-regres-
sion variable-selection analysis, and the 30 for
which the association remained significant in this
analysis were retained in the final model. A com-
plete list of variables included at each stage is pro-
vided in the Supplementary Appendix (available
with the full text of this article at www.nejm.org).
This model was used to generate an aprotinin
propensity score for each patient: the estimated
probability of receiving aprotinin, based on the
patient’s preoperative characteristics. We then
used the propensity score in several ways to ac-
count for the differences among the three study
groups as we investigated the effect of antifibri-
nolytic therapy. In our primary analysis, we strati-
fied the data according to the decile of the pro-
pensity score, to balance differences and remove
any bias within the broad set of characteristics,
with the goal of making comparisons within
strata of homogeneous patients.'* In confirma-
tory follow-up analyses, we stratified the data
according to the quintile of the propensity score;
used the propensity score as a covariate in the
model rather than as a stratifying factor; and per-
formed matched-pairs analysis for a subgroup of
patients receiving aprotinin who were matched in
a one-to-one ratio, according to the propensity
score, to patients who did not receive aprotinin.*s

Survival Analysis

Our planned analysis of the effect of antifibrino-
lytic therapy on long-term survival included an
unadjusted Kaplan—Meier comparison and an ad-
justed Cox proportional-hazards survival analy-
sis. For descriptive purposes, we report simple 30-
day and 1-year survival rates for the three study
groups, which was compared using chi-square
tests. We calculated unadjusted Kaplan—Meier sur-
vival estimates for patients receiving aprotinin,
those receiving aminocaproic acid, and those re-

ceiving no antifibrinolytic therapy and compared
them using a log-rank test. For our primary test
of the effect of antifibrinolytic therapy on sur-
vival, we used a parsimonious Cox proportional-
hazards model that included values for the risk
associated with surgery from the European Sys-
tem for Cardiac Operative Risk Evaluation (the
EuroSCORE; www.euroscore.org), age at surgery,
year of surgery, and presence or absence of valve
surgery, stratified according to the propensity-
score decile. The interactions of the covariables
with the study group were also tested. This mod-
el generated an estimated survival function and
hazard ratios for death associated with the indi-
vidual variables. We confirmed the veracity of the
proportional-hazards assumption in the model
both by inspecting plots of the Martingale re-
siduals and by testing for an interaction between
a constructed time-dependent covariable and the
study group. We confirmed the robustness of the
treatment effect in a model that included 22 ad-
ditional preoperative covariables, selected from 48
potential covariables in a manner similar to that
used for building the propensity-score model.

Analysis of Renal Function

Information on renal function was derived from
analyses of blood samples obtained preoperative-
ly, on the patient’s arrival in the intensive care
unit, and early in the morning of each postopera-
tive day until hospital discharge, per institutional
protocol. The baseline, preoperative serum creati-
nine level was defined as the last level recorded
on the day before surgery. The peak in-hospital
postoperative serum creatinine level was defined
as the highest of the daily values. The peak frac-
tional change in the creatinine level was used as
the primary marker of renal-filtration impairment
and was defined as the difference between the
preoperative serum creatinine level and the peak
in-hospital postoperative level, represented as a
percentage of the preoperative level.

The effect of antifibrinolytic therapy on the
peak fractional change in the creatinine level was
evaluated in a multiple regression model that in-
cluded adjustment for the aprotinin propensity
score and for 17 additional, significant preopera-
tive covariables. The set of covariables was select-
ed by means of stepwise testing in a regression
model, as described above for the propensity
score. The interaction of age at surgery with
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study group was also tested. We adjusted for
pairwise comparisons between the study groups
using the Tukey method. To check the robust-
ness of the assumption of normality, the model
was also tested by ranking the peak fractional
change in the creatinine level. The effect of anti-
fibrinolytic therapy on the incidence of renal-
replacement therapy was tested with the use of
a logistic-regression model adjusted for the apro-
tinin propensity score, preoperative creatinine
level, age at surgery, duration of cardiopulmonary
bypass, and presence or absence of diabetes.

RESULTS

CHARACTERISTICS OF PATIENTS
In all, 10,275 patients underwent CABG during
the study period, 815 (7.9%) without cardiopul-
monary bypass. Combined CABG-valve surgery
was performed in 1181 patients (11.5%), and 642
(6.2%) underwent another, nonvalve operation in
addition to CABG. For 127 patients who did not
receive aprotinin, the study group (i.e., aminoca-
proic acid or no antifibrinolytic therapy) was not
known. Therefore, data for these patients were
used in the calculation of aprotinin propensity
scores but not in the comparisons of outcomes
among the three study groups.

A total of 1343 patients (13.2%) received apro-
tinin, 6776 patients received aminocaproic acid
(66.8%), and 2029 patients (20.0%) received no
antifibrinolytic therapy. Aprotinin was used in an
increasing number of patients during the study
period. Demographic and procedural data are
presented in Table 1.

APROTININ PROPENSITY SCORES
We were able to calculate the aprotinin propensity
score for 9734 patients. The c statistic for this
model was 0.884. Variables entered into the model
are listed in Table 1.

SURVIVAL ANALYSIS
Among the patients for whom survival status was
known 30 days after surgery, the overall mortal-
ity was 2.9% (290 of 10,125 patients died). In the
aprotinin group, 85 of the 1337 patients (6.4%)
died, as compared with 161 of the 6764 patients
(2.4%) receiving aminocaproic acid and 44 of the
2024 (2.2%) receiving no antifibrinolytic therapy.
Among the patients for whom survival status was

known 1 year after surgery, the overall mortality
was 7.6% (767 of 10,057 patients died). In the
aprotinin group, 205 of the 1297 patients (15.8%)
died, as compared with 431 of the 6748 patients
(6.4%) receiving aminocaproic acid and 131 of the
2012 patients (6.5%) receiving no antifibrinolytic
therapy. At each time point, the difference be-
tween the percentage for the aprotinin group and
that for each of the other two groups was sig-
nificant (Bonferroni-adjusted P<0.001 for both
comparisons), whereas the difference between
the percentages for the aminocaproic acid group
and the no-therapy group was not (Bonferroni-
adjusted P=0.59). The causes of death in each
group were similar, except that there were more
deaths related to cardiac surgery in the aprotinin
group (29.6%) than in the aminocaproic acid
group (9.9%) or the no-therapy group (19.1%)
(P<0.001) (see the Supplementary Appendix for all
causes of death according to treatment group).

Kaplan—Meier survival estimates, both unad-
justed and risk-adjusted, are presented in Figure 1.
In both analyses, the curves for the three groups
are significantly different (P<0.001). Survival data
were available for 9719 patients, approximately
972 per decile. The smallest number of deaths
within a propensity-score stratum was 157. In this
model, pairwise comparisons between the three
treatment groups (with Bonferroni adjustment)
showed a significantly higher hazard ratio for
death associated with aprotinin use than with
either no therapy (P<0.001) or aminocaproic acid
(P=0.001), but there was no significant differ-
ence between the hazard ratios among patients
receiving aminocaproic acid and those receiving
no therapy (P=0.50). There was an interaction be-
tween age and aprotinin use, such that the risk
associated with aprotinin therapy was greater at
younger ages. Thus, separate hazard ratios for
aprotinin and age were not meaningful in this
model.

In the main-effects model not including the
interaction term, the hazard ratio for death in
the aprotinin group as compared with the no-
therapy group was 1.32 (95% confidence interval
[CI], 1.12 to 1.55; P=0.003), and the hazard ratio
for the aprotinin group as compared with the
aminocaproic acid group was 1.27 (95% CI, 1.10
to 1.46; P=0.004) (Table 2). All three follow-up
survival analyses also showed a significantly high-
er hazard ratio for death in the aprotinin group.
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Table 1. Baseline Characteristics of the Patients.*

Aprotinin  Aminocaproic Acid No Therapy Odds Ratio for Aprotinin

Variable (N=1343) (N=6776) (N=2029) P Value (95% Cl)
Mean age at surgery — yr 66.6 64.4 63.9 <0.001 0.99 (0.98-1.00)
Angina — no. (%) 1024 (76.2) 5527 (81.6) 1745 (86.0)  <0.001 0.78 (0.63-0.95)
Aortic regurgitation — no. (%) <0.001 1.21 (1.04-1.40)

None 1274 (94.9) 6670 (98.4) 2001 (98.6)

Mild 29 (2.2) 45 (0.7) 15 (0.7)

Moderate 29 (2.2) 44 (0.6) 7 (0.3)

Severe 11 (0.8) 17 (0.3) 6 (0.3)
Cardiopulmonary bypass — no. (%) 1317 (98.1) 6730 (99.3) 1302 (64.2)  <0.001 3.31 (1.98-5.53)
Mean preoperative creatinine level — mg/d| 1.53 1.18 1.23 <0.001 1.14 (1.07-1.22)
Preoperative stroke — no. (%) 152 (11.3) 666 (9.8) 147 (7.2) <0.001 1.65 (1.31-2.08)
Family history of CAD — no. (%) 695 (51.7) 1037 (15.3) 712 (35.1)  <0.001 2.31 (1.90-2.82)
Hypertension — no. (%) 967 (72.0) 4623 (68.2) 1413 (69.6) 0.02 0.61 (0.51-0.74)
Hypercholesterolemia — no. (%) 847 (63.1) 3251 (48.0) 1179 (58.1)  <0.001 1.34 (1.14-1.59)
Internal thoracic artery used — no. (%) <0.001 1.24 (1.09-1.42)

Left artery 890 (66.3) 6083 (89.8) 1747 (86.1)

Right artery 7 (2.8) 7 (0.5) 21 (1.0)

Both 10 (0.7) 128 (1.9) 51 (2.5)

Neither 406 (30.2) 528 (7.8) 210 (10.3)
Preoperative nitroglycerin — no. (%) 99 (7.4) 937 (13.8) 188 (9.3) <0.001 0.69 (0.53-0.90)
Preoperative ACE inhibitor — no. (%) 536 (39.9) 913 (13.5) 590 (29.1)  <0.001 1.14 (0.94-1.38)
Preoperative antiplatelet therapy — no. (%) 130 (9.7) 196 (2.9) 146 (7.2) <0.001 1.04 (0.79-1.36)
Preoperative diuretic therapy — no. (%) 367 (27.3) 415 (6.1) 268 (13.2)  <0.001 1.25 (1.02-1.52)
Mitral-valve procedure — no. (%) <0.001 0.62 (0.47-0.82)

None 1144 (85.2) 6431 (94.9) 1954 (96.3)

Annuloplasty 135 (10.1) 252 (3.7) 52 (2.6)

Replacement 64 (4.8) 93 (1.4) 23 (1.1)
CABG and another procedure — no. (%) 266 (19.8) 269 (4.0) 105 (5.2) <0.001 2.86 (2.29-3.56)
Mean Parsonnet score 13.99 8.79 8.68 <0.001 1.09 (1.08-1.11)
Previous cardiovascular intervention — no. (%) 557 (41.5) 1079 (15.9) 467 (23.0)  <0.001 3.50 (2.97-4.12)
CPR before surgery — no. (%) 20 (1.5) 9(0.1) 14 (0.7) <0.001 2.24 (1.02-4.95)
Mean duration of cardiopulmonary bypass — min 165.1 117.7 80.8 <0.001 1.009 (1.007-1.011)
Chronic kidney disease — no. (%) 110 (8.2) 237 (3.5) 100 (4.9) <0.001 1.59 (1.11-2.28)
Preoperative use of salicylates — no. (%) 242 (18.9) 3921 (59.4) 729 (36.7)  <0.001 0.49 (0.40-0.61)
Former or current smoker — no. (%) 668 (49.7) 2901 (42.8) 1012 (49.9)  <0.001 0.93 (0.79-1.09)
Tricuspid-valve procedure — no. (%) 23 (1.7) 5(0.1) 3(0.1) <0.001 2.48 (0.91-6.74)
Urgency of procedure — no. (%) <0.001 1.91 (1.66-2.19)

Elective 367 (27.3) 4459 (65.8) 752 (37.1)

Urgent 813 (60.5) 2162 (31.9) 1179 (58.1)

Emergency 158 (11.8) 154 (2.3) 91 (4.5)

Emergency salvage 5 (0.4) 1(0.01) 6 (0.3)
Valve surgery — no. (%) 367 (27.3) 656 (9.7) 144 (7.1) <0.001 0.65 (0.45-0.951)
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Table 1. (Continued.)
Aprotinin  Aminocaproic Acid No Therapy Odds Ratio for Aprotinin

Variable (N=1343) (N=6776) (N=2029) P Value (95% ClI)
Aortic stenosis — no. (%) 143 (10.6) 255 (3.8) 54 (2.7) <0.001 0.78 (0.52-1.15)
Mean aprotinin propensity score 0.400 0.081 0.099 <0.001
Median year of surgery 2003 1999 2002 <0.001
Mean EuroSCORE( 10.10 6.66 7.43 <0.001
Any red cells transfused — no. (%) 967 (72.0) 1430 (21.1) 679 (33.5) <0.001
Diabetes (any type) — no. (%) 449 (33.4) 2258 (33.3) 660 (32.5) 0.78
Female sex— no. (%) 411 (30.6) 2120 (31.3) 667 (32.9) 0.30
Mean weight — kg 84.2 83.8 84.6 0.19
Mean ejection fraction — % 46.8 51.9 53.4 <0.001
Race or ethnic group — no. (%)9 0.005

White 1123 (83.6) 5845 (86.3) 1687 (83.1)

Black 207 (15.4) 884 (13.0) 325 (16.0)

Hispanic 4(0.3) 20 (0.3) 10 (0.5)

Asian 9 (0.7) 27 (0.4) 7 (0.3)

Data for preoperative creatinine level were available for only 10,086 of the 10,148 study patients (1330 in the aprotinin group, 6746 in the
aminocaproic acid group, and 2010 in the no-therapy group); for duration of cardiopulmonary bypass, 10,136 patients (1340 in the aprotinin
group, 6770 in the aminocaproic acid group, and 2026 in the no-therapy group); for preoperative use of salicylates, 9865 patients (1280 in
the aprotinin group, 6600 in the aminocaproic acid group, and 1985 in the no-therapy group); for urgency of procedure, 10,147 patients
(1343 in the aprotinin group, 6776 in the aminocaproic acid group, and 2028 in the no-therapy group); for aprotinin propensity score, 9734
patients (1226 in the aprotinin group, 6553 in the aminocaproic acid group, and 1955 in the no-therapy group); for weight, 9564 patients
(1188 in the aprotinin group, 6458 in the aminocaproic acid group, and 1918 in the no-therapy group); and for ejection fraction, 9597 pa-
tients (1273 in the aprotinin group, 6483 in the aminocaproic acid group, and 1841 in the no-therapy group). P values were calculated for
the comparison of all three groups with the use of the chi-square test or the Wilcoxon test. Odds ratios are from the logistic-regression model
that was used to generate the aprotinin propensity score. To convert values for creatinine to micromoles per liter, multiply by 88.4. ACE
denotes angiotensin-converting enzyme, CABG coronary-artery bypass grafting, CAD coronary artery disease, and CPR cardiopulmonary
resuscitation.
" The Parsonnet score, as defined by Parsonnet et a
in-hospital death after cardiac surgery.
i Chronic kidney disease was defined as a preoperative serum creatinine level of more than 3 mg per deciliter (265 pmol per liter) or a condition
requiring renal dialysis or renal transplantation.
§ Values for the European System for Cardiac Operative Risk Evaluation (EuroSCORE) can range from 0% to 100%, with higher scores indicating
an increased risk of in-hospital death after cardiac surgery.

I.,*¢ can range from 0% to 100%, with higher scores indicating an increased risk of

9§ Race or ethnic group was self-reported.

The results were similar among the follow-up
analyses, even after data from patients who had
undergone off-pump CABG were removed.

RENAL-FUNCTION ANALYSIS
Unadjusted and adjusted (predicted) percent in-
creases in the serum creatinine level and the in-
cidence of dialysis in each of the three groups are
shown in Figure 2. For the creatinine outcome,
the final covariable model included values for 19
predictors from 9456 patients. Although the Par-
sonnet score was significant in this model, neither
the EuroSCORE nor the date of surgery was. A sig-
nificantly greater increase in creatinine was as-
sociated with the use of aprotinin than with the

N ENGL J MED 358;8 WWW.NEJM.ORG

use of aminocaproic acid or no therapy, particular-
ly for older patients; there was a significant inter-
action between aprotinin use and age (P<0.001).
There was no significant difference in the per-
cent increase in serum creatinine level between
patients receiving aminocaproic acid and those
receiving no antifibrinolytic therapy, regardless of
age. Table 3 presents detailed results of the main-
effects model without the interaction term to al-
low direct interpretation of the treatment effects.
The effect of the requirement of blood transfu-
sion was tested in a follow-up model but was not
significant. Although there were significant dif-
ferences in the unadjusted incidences of dialysis
among the three study groups (Fig. 2), the adjust-
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acid
Aprotinin 1340 1331 1092 762 526 371 246 132 80 43 19
Figure 1. Kaplan—-Meier Survival Estimates, According to Treatment Group.
Both the unadjusted estimates (Panel A) and the adjusted estimates (Panel B)
are shown. P values, calculated with the use of the log-rank test for the unad-
justed estimates and the Cox proportional-hazard method for the adjusted
estimates, are reported for the comparison among the three groups.

790

ed incidences of dialysis were not significantly
different (odds ratio for aprotinin vs. aminoca-
proic acid, 1.32; 95% CI, 0.77 to 2.27).

DISCUSSION

There is debate about the use of antifibrinolytic
therapy to reduce bleeding during cardiac sur-
gery, particularly in complex cases such as repeat
sternotomy. The discussion over which drug to
use continues. In a prospective cohort of 10,275
patients undergoing cardiac surgery at a single

N ENGL ) MED 358,8 WWW.NEJM.ORG

center, we report an association between apro-
tinin therapy and increased short-term and long-
term mortality, as well as an increased degree of
acute kidney injury.

The differences in the unadjusted rates of the
outcomes between patients receiving aprotinin
and those receiving aminocaproic acid or no
therapy were striking at 30 days, 1 year, and be-
yond. These differences in mortality remained
significant after risk adjustment (Fig. 1), which
raises the question: Does the use of aprotinin
increase short-term and long-term mortality after
cardiac surgery? This question should be viewed
in the context of the potential benefit from apro-
tinin (which is the indication for the drug): re-
duced blood transfusion. However, sicker patients
undergoing more complex operations are more
likely to need blood transfusions, and are thus
more likely to be given aprotinin, than are pa-
tients undergoing less complex surgeries. Thus,
as recently suggested by Furnary et al.,’” the need
for transfusion is an important issue. In our pa-
tients, aprotinin therapy did not appear to reduce
the need for transfusion, even when year of sur-
gery, type of surgery, and aprotinin propensity
score were included in the multivariate analysis.
Although this may simply represent residual con-
founding, it may also mean that the potential
risks associated with aprotinin use are not out-
weighed by the potential benefits.

The use of aprotinin increased substantially
through the late 1990s and early 2000s until the
reports of Mangano et al.° and Karkouti et al.”
were published in 2006. These were followed by
much discussion and debate, and subsequently,
several other reports on the safety of aprotinin
appeared in the literature.’**217 Qur institution
collects follow-up data on all patients undergo-
ing coronary revascularization, and our database
thus contains information from an unselected
cohort of patients with prospectively collected
data from a period (1996 through 2005) before
the studies by Mangano et al. and Karkouti et al.,
which raised the issue of the safety of aprotinin,
were reported.

In our patients, aprotinin was associated with
a larger increase in the serum creatinine level
than was either aminocaproic acid or no antifi-
brinolytic therapy. This result was found in both
the analysis of data from the whole cohort and
the matched-pair analysis (see the Supplementary
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Appendix), and it is consistent with the findings
of Mangano et al. and Karkouti et al. but not
with that of Furnary et al., despite the inclusion
of blood-transfusion data in our model (see the
Supplementary Appendix).

We did find a higher incidence of dialysis
among patients treated with aprotinin than among
those in the other two groups, but this difference
disappeared when the multivariable regression
model was applied. This finding is consistent
with the results reported by Furnary et al. and
Karkouti et al. but not those reported by Man-
gano et al. We believe these differences are due
to the fact that we modeled a continuous variable
(the relative increase in serum creatinine) rather
than a dichotomous outcome (the presence or
absence of renal failure). The differences may be
explained by aprotinin causing a mild decline
in renal function that was not severe enough to
affect the dialysis rate. An alternative explana-
tion is that our study was insufficiently powered
to find a difference in an event with such a low
incidence. The odds ratio for dialysis in the apro-
tinin group as compared with the aminocaproic
acid group (1.32; 95% CI, 0.77 to 2.27) is consis-
tent with that reported in other studies.'”

Strengths of our study include the real-world,
unselected nature of the patient population, the
prospective and unbiased method of data collec-
tion, and the fact that the patients were treated
at a single center. Furthermore, our data are sup-
ported by the recent suspension of enrollment!®
in a prospective randomized clinical trial assess-
ing the use of aprotinin, aminocaproic acid, or
tranexamic acid during high-risk cardiac sur-
gery,’ although the results of that study have not
yet been formally reported. Our finding of a
consistently significant treatment effect across
deciles of the aprotinin propensity score is fur-
ther supported by evidence from the multivariate
model including the propensity score as a covari-
able and from the matched-pair analysis.

Limitations of our study include the retrospec-
tive nature of the analysis, the uncertainty about
whether propensity methods can fully account
for differences between groups of patients, and
the increasing use of aprotinin over time. We did
address the change in the pattern of aprotinin
use by including the year of surgery in every
model, although this is unlikely to fully account
for the pattern. We did not attempt to control for

Table 2. Hazard Ratios for Death from the Main-Effects Multivariable Cox
Proportional-Hazards Model with No Interaction Term.*
Variable P Value Hazard Ratio (95%
Study groupT 0.002 —
Aprotinin vs. no therapy 0.003 1.32 (1.12-1.55)
Aprotinin vs. aminocaproic acid 0.004 1.27 (1.10-1.46)
Aminocaproic acid vs. no therapy 0.51 1.04 (0.92-1.17)
Age at surgery (per year) <0.001 1.027 (1.02-1.03)
Year of surgery (per year) <0.001 0.95 (0.93-0.97)
Additive EuroSCORE (per unit) <0.001 1.11 (1.09-1.13)
Valve surgery vs. no valve surgery <0.001 1.50 (1.35-1.67)

q)

3

shown to allow for direct interpretation of the hazard ratios (see the Supp
mentary Appendix for a full description of the model with the interaction ter
EuroSCORE denotes the value for the European System for Cardiac Opera
Risk Evaluation.

—

aprotinin group and the aminocaproic acid group were not terms in the mo
but were tested as combinations of model parameters. The group that did

Results from the model without the interaction term for age with aprotinin are

le-
m).
tive

The comparison among the three groups and the comparison between the

del
not

receive therapy was the reference group, except for the comparison between
the aprotinin group and the aminocaproic acid group, for which the hazard
ratio was obtained by making the aminocaproic acid group the reference group.
The P values for the three pairwise comparisons of study groups were calcu-

lated with the use of the Bonferroni adjustment for multiple comparisons.

the practices of individual surgeons, which may be
an important confounder for transfusion. There
were significant differences between the patients
who received aprotinin and those who did not.
Although we included the EuroSCORE in our risk-
adjustment model, the EuroSCORE system is de-
signed to predict short-term mortality and is
unvalidated in the longer term. Lastly, the fact
that we were able to successfully fit the data into
a propensity-score model indicates that the study
groups were not exactly the same. The most im-
portant, and unanswered, question therefore is:
What are the unobserved differences among the
groups (residual confounding), and are these dif-
ferences sufficient to explain the differences in
survival and renal function?

In addition to the primary and secondary end
points (which were specified in advance of data
gathering and analysis), we also tested many as-
pects of the association between aprotinin use
and outcome, with adjustment for multiple com-
parisons among groups but not for different tests
of the outcome data. We recognize that our data
do not permit a rigorous hypothesis test; rather,
we wished to examine and present separately
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Table 3. Results from the Multivariable Regression Model for Percent
Increase in Serum Creatinine Level.*
Beta Regression

Variable P Value Coefficient (95% CI)
Study groupT <0.001 —

Aprotinin vs. no therapy <0.001 10.03 (5.50 to 14.56)

Aprotinin vs. aminocaproic acid <0.001 —

Aminocaproic acid vs. no therapy 0.99 0.06 (-3.13 to 3.25)
Duration of cardiopulmonary bypass <0.001 0.15 (0.12 t0 0.17)

(per min)

Parsonnet score (per unit) <0.001 0.45 (0.22 to 0.68)
Cardiopulmonary bypass (yes vs. no) <0.001  -17.55 (-23.01 to -12.09)
Preoperative creatinine level (per mg/dl)  <0.001 -6.21 (-7.54 to -4.89)
Weight (per kg) <0.001 0.24 (0.17 to 0.30)
White race vs. other <0.001 -5.63 (-8.72 to -2.54)
Urgency of procedure (per level) 0.03 2.40 (0.29 to 4.52)
Chronic kidney disease (yes vs. no) <0.001 11.97 (5.55 to 18.39)
Diabetes (any type) (yes vs. no) 0.007 3.29 (0.91to0 5.67)
Aortic regurgitation (yes vs. no) 0.02 -3.15 (-5.87 to -0.44)
Preoperative nitroglycerin (yes vs. no) 0.007 4.40 (1.21 to 7.60)
Preoperative inotrope (yes vs. no) 0.02 13.23 (1.80 to 24.66)
Hypertension (yes vs. no) 0.01 3.18 (0.69 to 5.67)
Age at surgery (per year) 0.006 0.19 (0.05 to 0.33)
Female sex vs. male sex 0.05 2.52 (0.05 to 4.99)
Aprotinin propensity score (per unit) 0.42 3.66 (-5.26 to 12.59)

* Results from the model without the interaction term for age with aprotinin are
shown to allow for direct interpretation of the hazard ratios (see the Supple-
mentary Appendix for a full description of the model with the interaction term).
The beta coefficients show the amount of change expected in the percent in-
crease in creatinine per unit increase in each variable.

1 The comparison among the three groups and the comparison between the
aprotinin group and the aminocaproic acid group were not terms in the model
but were tested as combinations of model parameters. The group that did not
receive therapy was the reference group. The P values for the three pairwise
comparisons of study groups were calculated with the use of the Bonferroni
adjustment for multiple comparisons.
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many aspects of the data to accumulate the evi-
dence in a straightforward manner.

In summary, we present evidence of an asso-
ciation between aprotinin use and reduced sur-
vival at 30 days, 1 year, and beyond and an as-
sociation between aprotinin use and a decline in
renal function. These findings persisted even
after we had attempted to account for the factors
that increased the likelihood of receiving apro-
tinin, first by including the propensity score in
each model and then by matching patients ac-
cording to the probability that they would receive
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Figure 2. Renal Outcomes, According to Study Group.
The means are shown for the increase in serum creati-
nine levels (Panel A) and the incidence of dialysis (Pan-
el B). P values are reported for the comparison among
the three groups. I bars denote 95% Cls.

aprotinin (see the Supplementary Appendix). It is
unclear whether these associations with adverse
outcome are due to aprotinin use, to a degree of
residual confounding between the patients who
received it and those who did not, or to a com-
bination of these two possibilities.
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The Effect of Aprotinin on Outcome after CABG Surgery

Supplementary material

1. Propensity matched pairs analysis.

Our initial analysis, which uses the entire cohort of patients, employs statistical
adjustment to account for patient characteristic differences between the aprotinin, EACA
and no antifibrinolytic therapy groups. The interpretation of the variable of interest (i.e.,
aprotinin use) in the final model depends on our ability to successfully account for these
group differences. Another approach to account for group differences, which does not
rely on statistical adjustment, is to create a matched dataset. One-to-one matching is a
way to balance the two groups with respect to factors that are known to be associated
with aprotinin use; that is, matching constrains the non-aprotinin group to be similar to
the aprotinin group.

Using the propensity score, we employed an iterative computer algorithm to
match each patient who received aprotinin to the patient most similar in propensity score
who did not receive aprotinin. Maximum difference allowed between pairs was 0.02,
where the scale ranged from 0 to 1.00. As each match was identified, the pair was
removed from the pool such that no aprotinin or control patient was included more than
once. Survival and renal endpoints were examined in the resulting matched-pair dataset
with statistical methods which take advantage of the pairing, including McNemar's test,
generalized estimating equations for clustered logistic regression (for dialysis), and
repeated-measures regression (for creatinine change). Models developed in the full
cohort were applied to the matched pairs. In the Cox proportional hazards survival

analysis, propensity score was accounted for as a covariable in the model, and



correlation of the paired data was accounted for using a robust sandwich covariance
matrix estimate.
2. Survival analysis - matched pairs

The matching of aprotinin patients to non-aprotinin controls based on propensity
score resulted in 996 pairs of aprotinin patients each matched with a separate control
patient within the limit of 0.02; the last 230 were excluded from paired analyses due to
no appropriate control patient. Patient characteristics in the matched groups are shown
in the table below.

Patient characteristics

Matched Pairs
Variable Control Aprot P Value
n 996 996
Age at surgery 66.6 66.4 0.71
Angina 81.6 81.1 0.77
Aortic Regurgitation 0.68
None 96.18 95.68
Mild 1.71 1.81
Moderate 1.61 1.81
Severe 0.5 0.7
CPB* Used 97.9 97.9 1.00
Preoperative creatinine 1.3 1.4 0.06
Preoperative CVA* 11.5 11.7 0.89
Family History of CAD* 51.4 50.7 0.75
Hypertension 75.2 74.6 0.79
Hypercholesterolemia 65.2 64.9 0.89
IMA* Used 77.1 77.8 0.71
Left IMA* 75 72.79
Right IMA* 0.5 3.21
Both IMAs* 0.7 0.8
No IMA* 23.8 23.19
Preoperative NTG* 7.8 8.5 0.57
Preoperative ACEI* 39.2 40.7 0.49
Preoperative antiplatelet 9.8 9.3 0.70
Preoperative diuretic 25.6 24.2 0.48
Mitral valve procedure 15.2 15.7 0.84
None 88.15 87.95
Annuloplasty 8.43 8.33
Replacement 3.41 3.71
CABG* + other procedure 15.4 15.6 0.90
Parsonnet score 13.1 13.1 0.95
Prior CV* intervention 40 38.8 0.57
CPR* at surgery 0.7 1 0.47



Time on CPB* (mins) 150 151.4 0.63
CKD* 6 7.3 0.25
Preoperative salicylates 223 23.3 0.57
Smoking history 50.7 51.8 0.63
Tricuspid valve procedure 0.6 1 0.32
Urgency of procedure 0.55

Elective 29.22 31.83

Urgent 62.95 85.84

Emergent 7.43 9.04

Emergent-Salvage 0.4 0.3
Valve surgery 22.7 22.6 0.96
Aortic stenosis 9.1 8.8 0.81
Aprotinin propensity score 0.31 0.31 0.42
Year of surgery (median) 2002 2003 <0.001
Euroscore 9.71 9.67 0.77
Any RBC's* given 51.6 68.4 <0.001
Diabetes (any type) 41 34.6 0.002
Female sex 35 29.8 0.014
Weight (kg) 84.8 83.7 0.14
Ejection fraction (%) 48.6 47.9 0.67
Ethnicity 0.22

White 84.44 84.34

African American 14.66 14.76

Hispanic 0.6 0.1

Asian 0.3 0.8

* CPB indicates cardiopulmonary bypass, CVA indicates cerebrovascular accident, CAD
indicates coronary artery disease, IMA indicates internal mammary artery, NTG indicates
nitroglycerin, ACEI indicates Angiotensin converting enzyme inhibitor, CABG indicates
coronary artery bypass graft, CV indicates cardiovascular, CPR indicates
cardiopulmonary resuscitation, CKD indicates chronic kidney disease defined as any of:
preoperative serum creatinine > 3mg/dl, renal dialysis or renal transplant, RBC indicates
red blood cell.

Numbers represent percentages for categorical variables and mean values for
continuous variables except where otherwise specified.

Of 30 variables compared, the only significant preoperative differences between
the matched pairs were gender, incidence of diabetes and date of surgery. Unadjusted

mortality rates between the aprotinin and non-aprotinin groups were similar: simple 30-



day mortality was 4.74% in the aprotinin patients, compared to 4.24% in the non-
aprotinin matched controls. One-year mortality was 13.1% in the aprotinin patients and
11.5% in the non-aprotinin matches. The paired McNemar’s tests showed no significant
difference in raw mortality (30-day P=0.58, 1-year P=0.36). However, when the survival
model accounting for covariables was applied to this matched pair subset, the main
effect of aprotinin was significant with no age interaction (P=0.002, hazard ratio=1.33,
95% CI 1.11 -1.58). The model adjusted for propensity score, Euroscore, age, date of
surgery, and valve procedure. The EACA effect was not significant (P=0.47).

In the separate matching on date of surgery, 1,138 aprotinin patients were
matched, with the greatest difference in paired dates being 93 days. With surgery date
matched, however, there were significant differences in propensity score, age, and
Euroscore (as in the full sample). Again in this subsample, the adjusted survival model
showed a significant and consistent effect of aprotinin (P <0.001, hazard ratio 1.66, 95%
Cl11.30 - 2.11).

3. Renal function analysis - matched pairs

In the matched-pairs subset, drug effects on creatinine percent-change were
tested with a repeated-measures model adjusting for significant covariables from the
whole-cohort analysis and accounting for the matching. There was a significant effect of
antifibrinolytic treatment (P<0.001), and adjusted pairwise comparisons showed
significantly higher increases in the aprotinin cases (mean, 95%CI 48.5, 44.1 - 52.9)
when compared with either no-therapy controls (36.4, 27.8 - 45.0, Bonferroni adjusted
P=0.04) or EACA controls (33.3,28.0 - 38.7, Bonferroni adjusted P<0.001). For post-
operative dialysis, no effect of aprotinin was seen in the matched-pairs analyses either
with the unadjusted McNemar's test (P=0.85) or in an adjusted logistic regression

accounting for matching (P=0.84).



4. Survival model with creatinine change and blood transfusion included

Variable DF* Coefficient Chi- P Value Hazard 95% CI* for HR
estimate Square ratio
Antifibrinolytic treatment 2 16.77 <0.001 -
.I.
Aprotinin vs None* 1 1.48 13.27 <0.001~ -
EACA vs aprotinin t 1 10.96 0.003% -
EACA vs None 1 0.14 4.96 0.08% 1.15 1.02-1.30
Aprotinin propensity 1 0.12 0.64 0.42 1.13 0.84 -1.52
score
Age* 1 0.03 150.36 <0.001 -
Year of surgery 1 -0.04 11.02 <0.001 0.97 0.94 - 0.99
Euroscore (Additive) 1 0.12 242.66 <0.001 1.13 1.11-1.15
RBC's" given 1 0.01 0.01 0.93 1.01 0.89-1.14
Valve surgery 1 0.38 28.85 <0.001 1.46 1.27 -1.67
50% increase in serum 1 0.16 281.15 <0.001 1.17 1.15-1.20
creatinine
Age x aprotinin 1 -0.02 8.76 0.003 -
interaction*

* DF indicates degrees of freedom, Cl indicates confidence intervals, RBC’s indicates

red blood cells.* Significant interaction makes direct interpretation of parameters for

these terms invalid. A P value adjusted by Bonferroni for pairwise comparisons T Term

not in model: Effect tested by model estimation

5. Causes of death

Cause of Death

Congestive Heart Failure
Definite Myocardial Infarction
During Cardiac Catheterization
During or Post Cardiac Surgery
Noncardiac Medical
Noncardiac Related to Procedure
Other Cardiac Cause
Post-Resuscitation

Probable Myocardial Infarction
Sudden

To be determined

Trauma

Unknown

Unobserved

Vascular Cause

AntiFibrinolytic Treatment
APROT EACA
N Tmt % N Tmt %
13 3.4 36 1.9
15 4 31 1.6
1 0.3 0 0
79 20.8 136 7
80 21.1 652 33.6
1 0.3 4 0.2
58 15.3 444 22.9
2 0.5 12 0.6
0 0 5 0.3
9 2.4 54 2.8
92 24.3 347 17.9
4 1.1 38 2
2 0.5 5 0.3
5 1.3 52 2.7
18 4.7 126 6.5

NONE
N Tmt
%
7 1.8
8 2
1 0.3
44 11.2
115 29.3
5 1.3
73 18.6
7 1.8
1 0.3
10 2.6
83 21.2
7 1.8
1 0.3
9 2.3
21 54

All

N

56
54

259
847
10
575
21

73
522
49

66
165

%

2.1

0.1
9.5
31.2
0.4
21.2
0.8
0.2
2.7
19.2
1.8
0.3
2.4
6.1



6. Propensity score variable selection
104 variables were identified from the database as potentially useful preoperative or
procedure-descriptive  variables. 20 of these were dropped because of
duplicatesl/illogicals/bad data. 10 were dropped after data inspection (incomplete or
unuseful information). 84 (Col A) were tested separately for association with aprotinin
use, of which 73 had P<0.1 with aprotinin (2 deemed too clinically important to discard)
(Col. B). After further data inspection, 24 either contributed to jointly missing >5% or
were used in constructing composite variables or had good duplicate/surrogate
alternatives. 51 (Col. C) were tested jointly in a logistic stepwise variable selection

process, and 30 (Col. D) were jointly significant and thus selected for the final logistic

model.
Column A B C D
# Variables 84 75 51 30
Variable Label P<.1 Chk N Joint Test FINAL
Age at Surgery Y Y Y Y

Angina present

Aortic Regurg Grade
Cardiopulmonary Bypass Used
Last Creatinine Before Surgery
Preop CVA

Family History of CAD
Hypertension

Hycholesterolemia

Which Internal Mammary Artery Used
PreOp Inotropic Drugs

PreOp: IV Nitroglycerin

ACE Inhibitors within 24H PREOP
Anti Platelet within 24H PREOP
Diurectics within 24H PREOP
Mitral Valve Procedure

# IMA Distal Anastamoses

Other Cardiac Surgery

Parsonnet Additive Risk Score
Prior Cardiovascular Intervention
PreOp: Cardiac Arrest w/ CPR at Op
Minutes on CPBypass

Preop Renal Dz

PreOp: Salicylates

e I I I I I I e I I I I I I
e I I I I I I e I I I I I I
I I I I I I I I I I I I I I I I I e I
I I I I e I I I I I A A A I e .




Cigarette Smoking History
Tricuspid Valve Procedure
Urgency of Procedure

Valve Surgery

Aortic Valve Stenosis
Caucasian Race

Aortic Valve Procedure
Preop Arrhythmia
Cannulation

Congestive Heart Failure
Chronic Lung Disease
Cerebrovascular Disease
Diabetes, with Sequelae
Ejection Fraction (%)
Endocarditis in last 6 months
Immunosuppressive Therapy
Digitalis within 24H PREOP
Mitral Regurg Grade

# Diseased Vessels >50%
NYHA Class for CHF

Prior MI

Peripheral Vascular Disease
Steroids within 24H PREOP
Date of Surgery

Preop TIA

Mitral Valve Stenosis
Diabetes (any type)

Aortic Occlusion Type

ASA Class 'E'

ASA Class Number

Can Cardiovasc System Angina Class
Creatinine Day1 Preop
Creatinine Day2 Preop
Creatinine Day3 Preop
Hannan Risk

Most Recent Preop MI Date
Left Main Dz Max % Stenosis
LVA Repair

Atrial Septal Defect Repair
Ventral Septal Defect Repair
Prior Cardiac Operations on Bypass

Prior Cardiac Operations Not on
Bypass
Aprotinin Given at Prev Surg

Prior CABG

Prior non-CABG Cardiac Surgery
Prior PTCA

Prior Non Surgical Stent Placement
Prior Valve procedure

ANGINA 0:Stable 1:UNStable
Transmural Myocardial
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Revascularization
Cross-clamp time Y Y
Beta Blocker Preop ~~
HeartPort ~~
Height (cm) ~~
Anti Coagulant within 24H PREOP ~~
Aspirin within 24H PREOP ~~
Pulmonary Valve Procedure ~~
Rheumatologic Disease ~~
FEMALE sex ~~
Weight (kg) ~~

7. Patients censored and died by treatment type

APROT EACA NONE

K-M K-M K-M
# at # # Survival # at # # Survival # at # # Survival

YEAR | Risk Deaths Censored Est. Risk Deaths Censored Est. Risk Deaths Censored Est.
0 1340 6 3 0.9955 6766 9 2 0.9987 2026 1 2 0.9995
1 1331 199 40 0.8459 6755 422 16 0.9363 2023 130 12 0.9352
2 1092 54 276  0.7927 6317 179 163 0.9091 1881 54 109 0.907
3 762 47 189 0.7311 5975 194 247 0.8786 1718 62 153 0.8717
4 526 29 126 0.6816 5534 232 348 0.8397 1503 45 224  0.8421
5 371 16 109 0.6428 4954 211 430 0.8012 1234 37 305 0.8098
6 246 14 100 0.5885 4313 185 400 0.7639 892 28 333 0.7713
7 132 6 46  0.5502 3728 205 562 0.7161 531 15 241 0.7375
8 80 1 36 0.5387 2961 139 657 0.6747 275 12 109 0.6915
9 43 5 19 0.4469 2165 107 771 0.6273 154 4 51 0.6676
10 19 2 12 0.3575 1287 48 641 0.5875 99 3 40 0.6342
11 598 10 549  0.5215 56 1 49 0.5765

All 379 956 1941 4786 392 1628




