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PROTININ, A DRUG EFFECTIVE IN
limiting blood loss in patients
undergoing surgery, was first
pproved in the United States
in 1993 for use in high-risk patients
needing coronary artery surgery. In 1998,
its use was broadened to include any pa-
tient undergoing coronary artery sur-
gery using cardiopulmonary bypass.'
More than 4 million patients world-
wide have received aprotinin since 1985,
principally during cardiac surgery, with
annual use increasing to 600 000 pa-
tients (2005) throughout the world, in-
cluding 246 000 uses in the United States
in the past year.?
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Context Acute safety concerns have been raised recently regarding certain hemorrhage-
sparing medications commonly used in cardiac surgery. However, no comprehensive
data exist regarding their associations with long-term mortality.

Objective To contrast long-term all-cause mortality in patients undergoing coro-
nary artery bypass graft (CABG) surgery according to use of 2 lysine analog antifibri-
nolytics (aminocaproic acid and tranexamic acid), the serine protease inhibitor apro-
tinin, or no antibleeding agent.

Design, Setting, and Participants Observational study of mortality conducted
between November 11, 1996, and December 7, 2006. Following index hospitaliza-
tion (4374 patients; 69 medical centers), survival was prospectively assessed at 6 weeks,
6 months, and annually for 5 years after CABG surgery among 3876 patients enrolled
in a 62-center international cohort study. The associations of survival with hemorrhage-
sparing medications were compared using multivariable analyses including propensity
adjustments.

Main Outcome Measure Death (all-cause) over 5 years.

Results Aprotinin treatment (223 deaths among 1072 patients [20.8% 5-year mor-
tality]) was associated with significantly increased mortality compared with control (128
deaths among 1009 patients [12.7%]; covariate adjusted hazard ratio for death, 1.48;
95 % confidence interval, 1.19-1.85), whereas neither aminocaproic acid (132 deaths among
834 patients [15.8%]; adjusted hazard ratio for death, 1.03; 95% confidence interval,
0.80-1.33) nor tranexamic acid (65 deaths among 442 patients [14.7 %]1; adjusted haz-
ard ratio for death, 1.07; 95% confidence interval, 0.80-1.45) was associated with increased
mortality. In multivariable logistic regression, either with propensity adjustment or with-
out, aprotinin was independently predictive of 5-year mortality (adjusted odds ratio with
propensity adjustment, 1.48; 95% confidence interval, 1.13-1.93; P=.005) among patients
with diverse risk profiles, as well as among those surviving their index hospitalization. Nei-
ther aminocaproic nor tranexamic acid was associated with increased risk of death.

Conclusions These findings indicate that in addition to the previously reported acute
renal and vascular safety concerns, aprotinin use is associated with an increased risk
of long-term mortality following CABG surgery. Use of aprotinin among patients un-
dergoing CABG surgery does not appear prudent because safer and less expensive
alternatives (ie, aminocaproic acid and tranexamic acid) are available.
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However, during 2006, the safety of
aprotinin came under scrutiny. A spon-
sor-independent, propensity-adjusted,
observational study reported that apro-
tinin use was associated with a dou-
bling to tripling of the risk of periopera-
tive renal dysfunction and failure
requiring dialysis in patients undergo-
ing primary, repeat, or complex coro-

nary artery surgery.' These findings were
consistent with the original 1993 US
Food and Drug Administration obser-
vation that in some patients involved in
the initial 2 trials, aprotinin was associ-
ated with “kidney toxicity.” The 2006
study also raised other concerns regard-
ing the association of aprotinin with car-
diovascular events (myocardial infarc-

tion, heart failure) and cerebrovascular
events (encephalopathy) among pa-
tients undergoing primary surgery. Since
then, several other reports have reached
similar conclusions*® and a series of case
studies indicated aprotinin’s dispropor-
tionate association with in-hospital death
due to acute pulmonary vascular throm-
boses.”

- ______________________________________________________________________________________]
Table 1. Baseline Characteristics of 4374 Study Patients by Treatment

Antifibrinolytic Group
I 1
Aminocaproic

Overall Aprotinin Acid Tranexamic Acid
Control (n = 3000) (n =1295) (n =883) (n =822)
Group | 1T 1T 1 1
(n=1374), P P P
Characteristic No. (%) No. (%) Value* No. (%) Value* No. (%) Value* No. (%) Value* Valuet

Age, mean (SD), y 63.2(9.8) 646(9.6) <.001 64.9(9.2 <.00165.1(9.8) <.001 63.4(9.7) 64 72
Male sex 1110(80.8) 2377 (79.2) .24 1016(78.5) .14 690(r8.1) .13 671(81.6) 63 .83
African American, American Indian, 53(3.9 300(10.0) <.001 56 (4.3) 54 139 (16.7) <.001 105(12.8) <.001 24

or Hispanic ethnicityt
Education: some college or above 496 (36.1) 918(30.6) <.001 280 (21.6) <.001 398 (45.1) <.001 240 (29.2) <.001 43
Surgery: urgent or emergency status 288 (21.0) 503 (16.8) <.001 192 (14.8) <.001 167 (18.9) .24 144(17.5) .05 .63
Medical history

Angina§ 1273(92.8) 2688(89.8) .002 1136 (87.8) <.001 783(89.3) .004 769 (93.6) 49 53

Hypertension 831 (60.5) 2100 (70.0) <.001 907 (70.0) <.001 660 (74.7) <.001 533 (64.8) 04 52

Myocardial infarction§ 714 (52.3) 15648 (52.2) .98 664 (52.1) .94 433(49.6) .22 451 (55.1) 19 .80

Congestive heart failure§ 461 (33.6) 1078(36.1) .12 557 (43.1) <.001 245(27.9) .004 276 (33.7) 97 46

Diabetes mellitus 385(28.0) 898(29.9 .20 353(27.3) .66 325(36.8) <.001 220 (26.8) 52 .37

Complex surgery|| 343 (25.0) 999 (33.3) <.001 495(38.2) <.001 285(32.3) <.001 219 (26.6) 38 .43

Ejection fraction =44% 247 (18.0) 508(16.9) .40 199 (16.4) .07 169(19.1) .49 140(17.0) 57 .68

Pulmonary disease§ 238 (17.4) 683(22.8) <.001 327 (25.3) <.001 216 (24.6) <.001 140(17.1) 84 .86

Creatinine >1.3 mg/dL on admission 189 (13.8) 449 (15.00 .29 195(16.1) .34 132(14.9) .43 122(14.9) 48 .56

Renal disease§ 183 (13.3) 525(17.5) <.001 241(18.6) <.001 132(14.9) .28 152(18.5) .001 .97

Valve disease§ 169 (12.4) 622 (20.7) <.001 329 (25.4) <.001 168(19.0) <.001 125(15.2) 06 .62

Carotid disease 153 (11.1) 432(14.4) .003 223(17.2) <.001 108(12.2) .43 101 (12.9) A1 42

Percutaneous transluminal coronary angioplasty 138 (10.0) 542 (18.1) <.001 223 (17.2) <.001 173 (19.6) <.001 146 (17.8) <.001 71

Liver disease§ 106 (7.7) 283 (9.5) .06 151 (11.7) <.001 66 (7.5) .86 (8.0) 79 .90

Stroke§ 89(6.5) 191(6.4) .90 90 (7.0) 62  64(7.3 46 (4.5 05 64

Type 1 diabetes mellitus 78 (5.7) 242 (8.1) 005 1 16 (9.0 .001  80(9.1) .002 6 (5.6) 94 .50

Intracoronary stent 54 (3.9) 227 (7.6) <.001 95(7.3) <.001 78(8.8) <.001 54(6.6) .006 .89

Heart block 10(0.7) 37 (1.2) 13 9(1.5) .07 5(0.6) .65 (1.6) 06 .82

Coronary atherectomy 5(0.4) 9(0.6) .26 1(0.8) .10 7(0.8) 24 1(0.1) 42 .99
Geographic region

Europe 790 (57.5) 1304 (43.5) 899 (69.4) 0 405 (49.3)

North America 328 (23.9) 1463 (48.8) 377 (29.1) 846 (95.8) 240 (29.2)

Asia 227 (16.5)  21(0.7) 0 0 21(2.6)

Middle East 19 (1.4) 66 (2.2) 2(0.2 0 64 (7.8)

South America 10(0.7) 146 (4.9 17 (1.3 37 (4.2) 92 (11.2)

Sl conversion: To convert the value for creatinine to mmol/L, multiply by 88.4.

*P values compare patients treated with an antifiorinolytic agent and control patients.

1P values calculated after adjustment to propensity score deciles in the 4374 study patients.

FRace or ethnic group determined by clinical investigators.

§Missing data for patients with history of angina: 2 in control group, 1 who received aprotinin, and 6 who received aminocaproic acid; for patients with myocardial infarction missing data
for 8 in control group, 21 who received aprotinin, 10 who received aminocaproic acid, and 4 who received tranexamic acid; for patients with congestive heart failure missing data for 4
in control group, 3 who received aprotinin, 5 who received aminocaproic acid, and 4 who received tranexamic acid; for patients with puimonary disease missing data for 6 in control
group, 5 who received aprotinin, 4 who received aminocaproic acid, and 1 who received tranexamic acid; for patients with renal disease missing data for 1 in control group; for patients
with valve disease missing data for 9 in control group and 2 who received aprotinin; for patients with liver disease missing data for 1 in control group, 7 who received aprotinin, and 5
who received aminocaproic acid; for patients with stroke missing data for 2 in control group, 3 who received aprotinin, and 6 who received aminocaproic acid.

|[Complex surgery was defined as surgery under any of the following conditions: current surgery in emergency status or urgent status with evidence of congestive heart failure preoperatively;
a history of coronary artery bypass grafting, valve surgery, noncoronary angioplasty or stenting, or other cardiac or vascular noncardiac surgery; and combined current heart surgery.
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Despite this evidence, however, recent
commentary and regulatory reviews have
claimed that perioperative adverse events
associated with aprotinin use were tran-
sitory and concluded that there should be
little concern for longer-term sequelae.®’
However, no comprehensive data exist
that describe the long-term effects on sur-
vival of either serine protease inhibitors
or lysine analogs. Moreover, considerable
evidence exists regarding the association
ofaprotinin with acute coronary graft oc-
clusion in vitro,'*! in animals,'>"* and in
humans'*"—thrombotic events that can
manifest clinically over months to years
following arterial occlusion (long after
hospital discharge).'#2

Given the importance of document-
ing the long-term effects of blood-
sparing therapies in general, and
aprotinin and the lysine analogs in par-
ticular, we investigated this question hy-
pothesizing that use of either serine pro-
tease inhibitors or lysine analogs in
patients presenting for coronary ar-
tery surgery may be associated with
higher long-term all-cause mortality.

METHODS
Study Design

Following institutional review board ap-
proval and written informed consent,
we prospectively enrolled at 69 inter-
national institutions every nth patient
with medically refractory coronary ar-
tery disease who was scheduled for
coronary artery bypass surgery using
cardiopulmonary bypass. The sam-
pling rate was n=N=+50 (to the closest
integer), where N was the number of
patients expected to undergo myocar-
dial revascularization surgery over a
1-year period at that institution.
In-hospital data (more than 7500 fields
per patient) were collected through dis-
charge among 4374 patients, with race/
ethnicity determined by the clinical inves-
tigator at each institution (TABLE 1).!
Thereafter, 62 sites in North and South
America, Europe, and Asia agreed to and
completed the 5-year long-term study.
Investigators prospectively assessed
patients using a formal interview and vali-
dated instruments at each of 7 long-
term time points: at 6 weeks, 6 months,

©2007 American Medical Association. All rights reserved.

]
Figure 1. Flow of Patients Through the Study

APROTININ AND MORTALITY FOLLOWING CABG SURGERY

‘ 4374 Patients at 69 Centers Enrolled In-Hospital ‘

1374 Did Not Receive 1295 Received Aprotinin 883 Received 822 Received
Antifibrinolytic Aminocaproic Acid Tranexamic Acid
Agent (Control)

7 Centers (498 Patients) Did Not Participate in the
Postdischarge Phase of Long-term Follow-up Study

3876 Patients Participated in the In-hospital and

Postdischarge Phases of the Long-term Study

' ' ' '

1238 Did Not Receive 1277 Received Aprotinin 849 Received 512 Received
Antifibrinolytic Aminocaproic Acid Tranexamic Acid
Agent (Control)

' ' ' !}

229 Lost to Follow-up 205 Lost to Follow-up 15 Lost to Follow-up 70 Lost to Follow-up
11 at 6 wk 14 at 6 wk 4 at 6 wk 9 at 6 wk
29 at 6 mo 15 at6 mo 1 at6 mo 3 at6mo
17 at1y 12 atly Oatly 2atly
29 at2y 51 at2y 2at2y 14 at2y
33 at3y 44 at 3y 4 at3y 24 at3y
27 atdy 28 atdy 3atdy 8atdy
83 at5y 41 at5y 1atby 10 at5y

' ' ' I
1009 Completed 1072 Completed 834 Completed 442 Completed
5-Year Study 5-Year Study 5-Year Study 5-Year Study
881 Alive 849 Alive 702 Alive 377 Alive
128 Dead 223 Dead 132 Dead 65 Dead

andannuallyat 1,2, 3,4,and 5 years after
hospital discharge, with all data fields
adjudicated centrally (Ischemia Research
and Education Foundation) by blinded
investigators. National death registries,
such as the Social Security Death Regis-
try, were used to supplement death infor-
mation. Enrollment commenced on
November 11,1996, the in-hospital phase
was completed on June 30,2000, and the
long-term program 5-year data collec-
tion was completed on January 5, 2006,
with the long-term database locked (for
all-cause survival) on December 7, 2006.

Outcomes were prespecified and de-
fined by protocol. Clinical decisions
were not controlled by study proto-
col, and all patients participating in the
long-term program, as well as those
who had died in-hospital, were in-
cluded (FIGURE 1).

Statistical Analysis

The long-term mortality study was
designed prospectively prior to comple-
tion of 5-year data collection, database

locking, and study group unblinding.
Baseline medical characteristics were
compared between the control group and
each drug group using the 2-tailed x* test
or Fisher exact test, the risk of 5-year
mortality was compared with control
using the 2-tailed x* test or Fisher exact
test, and 5-year mortality of the treated
groups was compared with control using
the 2-tailed x? test or Fisher exact test.
Odds ratios (ORs) with 95% confidence
intervals (Cls) with P values are pre-
sented. Continuous variables were
described as mean plus or minus 1 SD,
for comparison of 2 groups we used Wil-
coxon rank-sum, and for more than 2
groups we used Kruskal-Wallis. Three
methods were used to assess drug asso-
ciations with outcome: survival analy-
sis, multivariable logistic regression, and
propensity score adjustment.

Survival analysis was performed on
all 4374 patients enrolled in the in-
hospital study ! using Cox regression, il-
lustrated using covariate-adjusted sur-
vival with origin time set at the time and
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date of surgery, and including right cen-
soring (date of last contact) applied to
those patients completing the in-
hospital phase but choosing not to par-
ticipate thereafter, and to those lost to fol-
low-up. The proportional hazards
assumption was evaluated by including
time-dependent covariates in the model,
and found to be appropriate. Imputa-
tion for continuous variables, such as
body surface area (4 missing values), was
performed using mean values by sex; oth-
erwise, a combined variable approach
was used. Analyses using nonimputed
data produced similar findings as that
presented here for imputed data (data
available from authors upon request, or
from the Ischemia Research and Educa-
tion Foundation Web site).”” For covar-
iate adjustment of survival curves, the
corrected-group-prognosis method was
used?®??; the average-of-covariates
method produced similar results. Cu-
mulative mortality was calculated as 1
minus adjusted survival. >’

We performed multivariable logistic
regression using the 97 perioperative risk
factors*” to further evaluate the associa-
tion of drug group with 5-year mortal-
ity among patients participating in and
completing the 5-year follow-up program

(Figure 1). Univariate associations sig-
nificantatanominal 2-tailed P =.20 were
entered stepwise into multivariable lo-
gistic models. The final model assessed
the association of each treatment (apro-
tinin, aminocaproicacid, or tranexamic
acid vs no treatment) with 5-year mor-
tality in the presence of the significant
covariates, also including in-hospital out-
come events. Additionally, post hoc, we
expanded the list of predefined covar-
iates? to challenge these findings, but
found no material differences.

To assess selection bias not ad-
equately controlled by standard multi-
variable approaches, we used propen-
sity score adjustment methods.'3%-*2
Using nonparsimonious logistic regres-
sion models, we developed propensity
scores for any antifibrinolytic treat-
ment (vs no treatment), including 45
treatment selection covariates.”” Covar-
iate interactions were assessed but were
found unnecessary for balance of any
baseline characteristic. The area under
the receiver operating characteristic, re-
ferred to as the C-index, was used to as-
sess the discriminate power of the pro-
pensity score. The derived propensity
scores were then used for multivariable
covariate adjustment together with the

antifibrinolytic drug indicator vari-
ables. Additionally, we assessed the Cox
model findings with and without pro-
pensity score adjustment. We also ex-
panded (post hoc) the list of propensity
covariates” to challenge these findings,
but found no material differences.

Insecondary analyses, we assessed the
dose relationship' among aprotinin pa-
tients who received either alow-dose regi-
men (loading=1 million KIU; total >2
million KIU), or a high-dose regimen
(loading =2 million KIU; total >4 million
KIU), compared with control patients. We
also repeated the analyses post hoc,
forcing each of 3 sets of covariates into
the multivariable and propensity mod-
els: (1) covariates for all variables in
Table 1; (2) covariates for in-hospital and
long-term mortality using 5 independent
risk indices***!; and (3) covariates for
combined and individual in-hospital out-
comes (cardiovascular, cerebrovascular,
renal). These additional covariates are
available from the authors upon request
or from the Ischemia Research and Edu-
cation Foundation Web site.”’

All statistical analyses were performed
using SAS statistical software version
8.2 (SAS Institute Inc, Cary, NC). Sta-
tistical significance was set at P<<.05

- ___________________________________________________________________________________________]
Figure 2. Cumulative Mortality Curves Compared Among Study Groups

All Patients

20+
— Aprotinin
Tranexamic Acid
1569 | ——— Aminocaproic Acid
ffffff Control

Mortality, %
S

Mortality, %

Patients Without In-Hospital Death

Time Following Surgery, y

No. at Risk
Aprotinin 1286 1121 1042
Tranexamic Acid 821 465 441
Aminocaproic Acid 873 796 774
Control 1365 1118 1077

971 911 845 1229
406 393 377 804
753 726 698 847
1027 985 879 1330

Time Following Surgery, y

1120 1041 970 911 845
465 441 406 393 377
791 77 751 726 698

1116 1076 1026 984 878

Left, mortality was calculated from the adjusted survival distributions as 1 minus adjusted survival among 4345 patients by study group: control (1365 patients), ami-
nocaproic acid (873 patients), tranexamic acid (821 patients), aprotinin (1286 patients). Patients with missing covariates were excluded (n=29). Survival was signifi-
cantly different between aprotinin and control (P<.001), but not between aminocaproic acid and control (P=.81), or between tranexamic acid and control (P=.64).
Survival was adjusted using the correct-group-prognosis method (see Methods). Patients participating in the in-hospital, but not long-term phase were censored at 6
weeks. Right, mortality calculated as 1 minus adjusted survival among patients without in-hospital death (n=125): control (1330 patients), aminocaproic acid (847
patients), tranexamic acid (804 patients), aprotinin (1229 patients). Patients with missing covariates were excluded (n=39).
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(2-tailed). Bonferroni adjustment was
used, as appropriate, to adjust the sig-
nificance limit for multiple comparisons.

RESULTS

Baseline characteristics according to
treatment are summarized in Table 1.
Acute and chronic vascular disease was
prevalent among all patients, with sev-
eral imbalances noted before propen-
sity adjustment.

Long-term Mortality and Survival

During 5 years, 223 deaths occurred
among 1072 aprotinin-treated patients
(20.8%), a death rate nearly two-thirds
greater than control patients (128 deaths
among 1009 patients, 12.7%; covariate
adjusted hazard ratio [without propen-
sity adjustment], 1.48; 95% CI, 1.19-
1.85; P<<.001). Rates were similar for ami-
nocaproic acid patients (132 deaths
among 834 patients, 15.8%; adjusted haz-
ardratio, 1.03;95% CI,0.80-1.33; P=.81)
and for tranexamic acid patients (65
deaths among 442 patients, 14.7%;
adjusted hazard ratio, 1.07;95% CI, 0.80-
1.45; P=.64). Covariate-adjusted sur-
vival analyses demonstrated significant
association with death for aprotinin, but
not for either aminocaproic or tranex-
amic acid (FIGURE 2)—the latter 2 bio-
chemically similar lysine analogs hav-
ing nearly indistinguishable mortality
(survival) patterns despite disparate use
and approval among countries and cen-
ters. Aprotinin’s association with mor-
tality persisted among patients who sur-
vived their index hospitalization
(Figure 2). Proportional hazards analy-
sis using multiple covariates con-
firmed the survival associations
(TABLE 2, TABLE 3).

Multivariable logistic regression con-
firmed these findings, which indicates
that aprotinin was an independent pre-
dictor of 5-year mortality (covariate ad-
justed OR, 1.51; 95% CI, 1.17-1.96)
without propensity adjustment, or with
adjustment (C-index=0.70; OR, 1.48;
95% CI, 1.13-1.93), as well as among
those surviving their index hospitaliza-
tion.?” In contrast, neither aminoca-
proic nor tranexamic acid was associ-
ated with increased 5-year mortality.”’

APROTININ AND MORTALITY FOLLOWING CABG SURGERY

We investigated whether the occur-
rence of in-hospital ischemic events (car-
diovascular, cerebrovascular, renal) af-
fected our findings on mortality over the
5 years following discharge by includ-
ing in-hospital nonfatal events as covar-
iates. Findings were similar to those in
Table 2, Table 3; the OR for aprotinin vs
control was 1.52 (95% CI, 1.14-2.02),
aminocaproic acid vs control, 1.06 (95%
ClI, 0.77-1.45), and tranexamic acid vs
control, 1.10 (95% CI, 0.74-1.62), and
with in-hospital complications signifi-
cantly associated with postdischarge
death, 1.41 (95% CI, 1.10-1.82).

In secondary descriptive analyses, the
association of aprotinin with death was
found among diverse patient risk pro-
files*>* and surgical factors (FIGURE 3),
and among high-risk patients identi-

fied using in-hospital and long-term risk
indices (Figure 3).

Finally, the association between apro-
protin dose and mortality was assessed
using prospective dose definitions as pre-
viously reported.! We found differences
in the point estimates for 5-year mortal-
ity (control, low-dose aprotinin vs high-
dose aprotinin): 12.7%, 22.8%, 37.9%
(P<.001); in the ORs (low-dose vs con-
trol, 1.58; 95% CI, 1.14-2.20 and high-
dose vs control, 2.07;95% CI,1.08-3.95);
and in the Kaplan-Meier survival differ-
ences (control, low-dose aprotinin vs high-
dose aprotinin, P<.001 [log-rank]).*

COMMENT

Our study, assessing the long-term safety
of antifibrinolytic agents, demonstrated
thataprotinin—butnotaminocaproicacid

]
Table 2. Cox Proportional Hazards Model for 5-Year Mortality Among 4374 Patients by

Study Group*

Analysis Without
Propensity Adjustmentt

Analysis With Propensity
Adjustment}

Hazard Ratio

Hazard Ratio

(95% Confidence P (95% Confidence P
Risk Factor Interval) Value Interval) Value
Aprotinin vs control 1.48(1.19-1.85) <.001  1.37 (1.09-1.73) .008
Aminocaproic acid vs control 1.03 (0.80-1.33) .81 0.89 (0.68-1.17) 40
Tranexamic acid vs control 1.07 (0.80-1.45) .64 1.04 (0.77-1.41) .79
Propensity score, deciles 1.06 (1.02-1.10) .001
Complex vs primary surgery§ 1.59(1.32-1.90) <.001 1.52(1.25-1.83) <.001
Age per 10y or part thereof older than 1.62(1.37-1.69) <.001  1.49(1.34-1.66) <.001
age 60y
Medical history
Congestive heart failure 1.61(1.29-2.01) <.001 1.64(1.31-2.06) <.001
with hospitalization
Diabetes mellitus 1.40 (1.17-1.67) <.001  1.36(1.13-1.64) .001
Multiple occurrences 1.27 (1.01-1.61) .05 1.25 (0.98-1.59) .07
of myocardial infarction
Peripheral vascular disease 1.46 (1.20-1.76) <.001  1.46 (1.20-1.77) <.001
Pulmonary disease 1.31 (1.09-1.58) 004 1.26 (1.04-1.52) .02
Syncope 1.41 (1.08-1.84) .01 1.41 (1.08-1.85) .01
Valve disease without prior or current 1.39 (1.07-1.80) .01 1.32 (1.01-1.72) .04
valve surgery
Warfarin in the past week of admission 1.68(1.29-2.17)  <.001 1.60 (1.23-2.10) <.001
Creatinine >1.3 mg/dL on admission 1.77 (1.46-2.15) <.001  1.75(1.44-2.13) <.001
Preoperative congestive heart failure 1.27 (1.05-1.53) .01 1.29 (1.06-1.56) .01
Preoperative myocardial infarction 2.02 (1.33-3.06) .001  1.82(1.16-2.85) .009
Stroke on admission 1.26 (1.06-1.50) .01 1.26 (1.05-1.50) .01

Sl conversion: To convert the value for creatinine to mmol/L, multiply by 88.4.
*Cohort includes patients who died in-hospital and patients who survived their index hospitalization.
TExcluded were 29 patients with missing values for at least 1 of the risk factors in the model, including the covariates.
FExcluded were 129 patients with missing values for at least 1 of the risk factors in the model, including the covariates.
§Complex surgery was defined as surgery under any of the following conditions: a history of coronary artery bypass

grafting, valve surgery, noncoronary angioplasty or stenting, or other cardiac or vascular noncardiac surgery, com-

bined current heart surgery, or current surgery in emergency status or urgent status with evidence of congestive

heart failure preoperatively.
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or tranexamic acid—is associated with an
increased risk of death during the first 5
years following surgery. Importantly,
aprotinin’s association with death sus-
tained comprehensive covariate chal-
lenges, remaining significant when as-
sessed among multiple subgroups with
differing risk profiles and among patients
surviving theirindex hospitalization. The
minimal associations of the lysine analogs
aminocaproic acid and tranexamic acid
with long-term death, along with their
previously reported efficacy and safety
profiles,'*®indicate that safe and inexpen-
sive alternatives exist. Based on our data,
we therefore believe that additional con-
cernisnow warranted regarding the long-
term safety of aprotinin among patients
undergoing coronary artery bypass
surgery.

These observations suggest that the
deleterious perioperative safety find-

ings previously reported for the serine
protease antagonist aprotinin are not
self-limited, as has been suggested,®® but
that their consequences likely con-
tinue over months to years following ad-
ministration of aprotinin. To provide in-
sight into this observation, we cite 3
related areas of research: (1) clinical ex-
periences suggesting an association of
aprotinin with thrombosis (arterial, ve-
nous, coronary graft); (2) the natural his-
tory of acute thrombosis as it relates to
long-term outcome; and (3) prior ex-
periences addressing long-term effects
of acute, time-limited therapy.
Concerns of a possible relationship
between aprotinin and thrombosis arose
soon after approval,'*!” suggesting that
an antagonist of serine protease activ-
ity (aprotinin) might be expected to
promote thrombosis, given that tissue
plasminogen activator, an agonist of ser-

-]
Table 3. Cox Proportional Hazards Model for 5-Year Mortality Among 4249 Patients Who

Survived Index Hospitalization

Analysis Without Analysis With Propensity
Propensity Adjustment* Adjustmentt
I Hazard Ratio P H Hazard Ratio P I
Risk Factor (95% Cl) Value (95% CI) Value
Aprotinin vs control 1.47 (1.14-1.90) .004 1.43(1.10-1.88) .009
Aminocaproic acid vs control 1.09 (0.82-1.46) .56 1.05 (0.77-1.41) .78
Tranexamic acid vs control 1.12 (0.79-1.60) .51 1.12 (0.79-1.60) .52
Propensity score, deciles 1.08 (0.99-1.07) 22
Complex vs primary surgeryt 1.61(1.31-1.97) <.001 1.61(1.30-1.99) <.001
Age per 10y or part thereof over 60 y 1.58 (1.40-1.79) <.001 1.57 (1.39-1.77) <.001
Medical history
Smoking 1.35(1.07-1.70) .01 1.33 (1.05-1.69) .02
Congestive heart failure with 1.60(1.24-2.08) <.001 1.60(1.23-2.08) <.001
hospitalization
No angina§ 1.44 (1.09-1.90) .01 1.47 (1.11-1.95) .007
Diabetes mellitus 1.47 (1.19-1.80) <.001 1.48(1.20-1.82) <.001
Pulmonary disease 1.37 (1.11-1.69) .004 1.37 (1.10-1.70) .005
Peripheral vascular disease 1.561(1.22-1.89) <.001 1.54(1.23-1.92) <.001
Warfarin in the past week of admission ~ 1.53 (1.12-2.08) .007  1.50 (1.09-2.06) .01
Creatinine >1.3 mg/dL on admission 1.60 (1.27-2.00) <.001 1.55(1.23-1.95) <.001
Stroke on admission 1.40 (1.15-1.71) .001  1.40(1.15-1.72) .001
Preoperative myocardial infarction 2.37 (1.48-3.81) <.001 2.22(1.35-3.64) .002
In-hospital composite outcome events|| 1.46(1.17-1.81) <.001 1.47(1.18-1.83) <.001

Sl conversion: To convert the value for creatinine to mmol/L, multiply by 88.4.
*Excluded were 39 patients with missing values for at least 1 of the risk factors in the model, including the covariates.
TExcluded were 128 patients with missing values for at least 1 of the risk factors in the model, including the covariates.
FComplex surgery was defined as surgery under any of the following conditions: a history of coronary artery bypass
grafting, valve surgery, noncoronary angioplasty or stenting, or other cardiac or vascular noncardiac surgery, com-
bined current heart surgery, or current surgery in emergency status or urgent status with evidence of congestive

heart failure preoperatively.

§No angina indicates admission to cardiac surgery without angina, and generally for other reasons, such as: heart fail-
ure, myocardial infarction, sudden death, or failed percutaneous intervention.
|In-hospital outcome events included: cardiovascular events (myocardial infarction, congestive heart failure), cerebro-
vascular events (stroke, encephalopathy), and renal events (renal dysfunction, renal failure).
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ine protease activity, prevents coro-
nary occlusion effects in similar pa-
tients.* Several other studies, however,
did not find an association of aproti-
nin with thrombosis.”*

The US Food and Drug Administra-
tion then conducted a retrospective re-
view of 1307 placebo-treated and 2004
aprotinin-treated patients, finding a sta-
tistically significant association be-
tween aprotinin use and coronary graft
closure (occluded grafts).* Based on
those data, a prospective randomized
trial (International Multicenter Apro-
tinin Graft Patency Experience [IM-
AGE]) was conducted, which found a
statistically significant 41% increase in
coronary graft occlusion occurring
within 2 weeks of aprotinin use vs pla-
cebo (the primary end point).'® Given
the US Food and Drug Administra-
tion’s analysis and the prospective re-
sults of the IMAGE study, there exists
reasonable evidence to suggest that graft
occlusion may occur within days of
aprotinin use in at least some at-risk pa-
tients.

The natural history of acute coro-
nary thrombosis and occlusion, as well
as the experiences in the settings of
medical and surgical revasculariza-
tion, also suggests that clinical se-
quelae may manifest after months to
years following arterial occlusion,'s*
as also noted in the accompanying com-
mentary to the IMAGE study.*” Our ob-
servation of significant effects long af-
ter aprotinin administration is not
surprising given the experiences with
the serine protease agonist therapy, tis-
sue plasminogen activator, the acute ad-
ministration of which produces ef-
fects lasting for 5 years or longer.*®
Similar examples are provided by the
long-term effects of fibrinolytics (strep-
tokinase),*° as well as B-blockers
(atenolol) in surgical patients.” Other
perioperative studies indicate that seem-
ingly reversible perioperative adverse
events, such as postoperative myocar-
dial ischemia, can have fatal conse-
quences that only are realized months
to years after hospital discharge.’*> Ac-
cordingly, the long-term adverse ef-
fects of aprotinin detected in our study
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appear consistent with reported clini-
cal observations in similar patients, in
whom the effects of an acutely admin-
istered therapy can manifest over mul-
tiple years.

Clinical Implications

We estimate that over the past year,
aprotinin was prescribed worldwide to
at least 200 000 cardiac surgery pa-
tients having a profile similar to pa-
tients in our study.? For such patients,
our study found a 5% absolute in-
crease in 5-year mortality (1% per year
for 5 years) associated with aprotinin
use, compared with either aminoca-
proic or tranexamic acid use. Thus, in
2006 alone, had aprotinin been re-
placed with either of these generic
agents, we estimate that approxi-
mately 2000 deaths per year for the next
5 years (or 10 000 total deaths) might
have been avoided.

Limitations

Large-scale randomized controlled trials
are accepted as the criterion standard for
efficacy,” but for assessment of post-
marketing safety, these are uncom-
monly performed even when mandated
by regulatory agencies.” Further, even
clinical trials are subject to the serious
limitation of patient selection bias, given
post-marketing imbedded practice—a
consideration that has been recog-
nized' and thoroughly addressed and is
based on a clinician’s hesitancy to either
withhold a perceived effective therapy
(placebo group assignment) or admin-
ister a perceived unsafe drug (drug group
assignment).>? Despite the well-known
limitations of observational studies, we
note that our conclusions survived mul-
tiple primary and secondary covariate
challenges and were consistent across
multiple risk groups (Figure 3). De-
spite differences in use patterns by cen-
ter and by country for the biochemi-
cally similar lysine analogs, aminocaproic
acid and tranexamic acid, their long-
term survival patterns were virtually
identical (Figure 2). This likely re-
flected that drug effect predominated
over any selection pattern biases that may
have existed, findings confirmed by the

APROTININ AND MORTALITY FOLLOWING CABG SURGERY

Figure 3. Long-term Mortality by Patient Characteristics and Risk Indices
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CABG denotes coronary artery bypass graft surgery; PCTA, percutaneous transluminal coronary angioplasty sur-
gery. Complex surgery was defined as surgery under any of the following conditions: a history of coronary artery
bypass grafting, valve surgery, noncoronary angioplasty or stenting, or other cardiac or vascular noncardiac sur-
gery, combined current heart surgery; or current surgery in emergency status or urgent status with evidence of
congestive heart failure preoperatively. Adapted scores for risk indices are based on in-hospital indices: Cleveland
Clinic (24% of patients met score criterion)*34; Society of Thoracic Surgeons (score denotes estimated probability
for mortality, 34% met score criterion)*?; additive European system for cardiac operative risk evaluation (EuroSCORE)
(36% met score criterion)?*’; logistic EuroSCORE (score denotes estimated probability for mortality, 33 % met score
criterion)®®; and Department of Veterans Affairs (score denotes estimated probability for mortality, 33% met score
criterion).**“° P values were calculated using 2-tailed x? comparisons among the 3 groups.
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negligible effects of propensity adjust-
ment on their relative survival patterns,
even when a nonparsimonious ap-
proach was taken.

Regarding the concern that patients re-
ceiving aprotinin may have had more
complex or advanced preoperative dis-
ease (Table 1), we believe that such dif-
ferences had little effect on our 5-year
mortality findings for a number of rea-
sons: (1) all variables included in Table 1
were assessed in proportional hazard and
logistic regression analyses and found to
have little effect on the association be-
tween aprotinin and mortality with or
without propensity correction; (2) none
of the imbalances (bleeding agent vs no
bleeding agent groups) shown in Table 1
remained significant following propen-
sity adjustment; (3) among the patients
with risk factors for in-hospital renal, car-
diovascular, and cerebrovascular events
(Figure 3), the associations for aproti-
nin—and lack of association for amino-
caproic and tranexamic acid—per-
sisted; (4) these associations prevailed for
at-risk patients as characterized by risk
indices for in-hospital and long-term
events** (Cleveland Clinic, Society of
Thoracic Surgeons, additive EuroSCORE,
logistic EuroSCORE, Veterans Affairs in-
dices) (Figure 3) and although these in-
dices were developed primarily for in-
hospital events, we believe they are useful
in this study for descriptive purposes; and
(5) regarding survival, our findings using
proportional hazard techniques (Table 2,
Table 3) and adjusted mortality (sur-
vival) curves (Figure 2) indicate that the
association between aprotinin and mor-
tality remained significant when ad-
justed for pre-existing disease. Thus, we
believe that our findings are substan-
tive for effect size and consistency among
risk groups, as well as for their confor-
mity with the earlier IMAGE trial and US
Food and Drug Administration review
findings regarding aprotinin’s associa-
tion with acute occlusion of newly placed
coronary vein grafts.

We acknowledge that 7 of the origi-
nal 69 centers did not participate in our
long-term program, reducing our co-
hort by 11%; however, we believe this
reduction had little effect because the
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in-hospital mortality by study group
was similarly distributed among the 62
centers participating in this study vs the
7 centers that did not (data available
from authors upon request). Addition-
ally, although 87% of participating cen-
ters had complete 5-year survival data,
13% of patients were lost to follow-up
between 6 weeks and 5 years and were
censored in survival analyses. The dis-
tribution of these patients among the
study groups, however, was similar.

Regarding secondary dose-relation-
ship analyses, we suggest cautious in-
terpretation. The relationships, which
contrasted 3 groups (control-no drug,
low-dose, high-dose) were based on dose
criteria that—although defined prospec-
tively—were made intentionally rigid,
thereby minimizing clinician subjectiv-
ity in dose choice, use of comingled (low-
high) doses, or inadequate- or excessive-
dose regimens. While we believe our
findings are reliable for the predefined
subgroup, we recognize that a sizeable
number of patients not meeting the cri-
teria were not included in the analysis.
Thus, the dose/relationship findings only
are suggestive and should be inter-
preted as such.

CONCLUSIONS

The association between aprotinin and
long-term mortality indicates that se-
rious safety concerns extend beyond the
perioperative period. Therefore, con-
tinued use of aprotinin in this popula-
tion does not appear prudent, given that
safer alternatives—aminocaproic acid
and tranexamic acid—are available.
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