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Background. Multiple randomized trials have estab-
ished a favorable safety profile for aprotinin use during
ardiac surgery, but recent database analyses suggest an
ncreased risk of adverse thrombotic events. Our group
reviously demonstrated that off-pump coronary artery
ypass (OPCAB) is linked to a postoperative hypercoag-
lable state. In this study, we tested whether aprotinin

nfluences thrombotic events after OPCAB.
Methods. Patients randomly received saline (n � 61) or

protinin (2 � 106 kallikrein inhibiting units (KIU)
oading dose, 0.5 � 106 KIU/hour [n � 59]) during
PCAB. Aprotinin levels (KIU/mL) were analyzed be-

ore, and 30 minutes (peak) and 4 hours after the loading
ose. Estimated glomerular filtration rate (eGFR) was
alculated daily based on Cockcroft equation with acute
idney injury (AKI) defined as eGFR less than 75% of
aseline. Major adverse cardiac and cerebrovascular
vents (MACCE) were monitored during the first year,
ncluding acute graft failure by predischarge computed

omographic angiography.
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Results. Compared with placebo, the aprotinin group
eveloped a significantly lower eGFR on day 3 (p <
.006), but this difference resolved by day 5. Peak apro-
inin level correlated with the degree of eGFR decline
oted on day 3 (r � 0.56, p < 0.03) and independently
redicted postoperative AKI (odds ratio 8.8, p < 0.008).
he receiver operating characteristic analysis demon-
trated that peak aprotinin level strongly predicts AKI
area under the curve � 0.86, 95% confidence interval 0.69
o 1.00). The percentage of patients reaching the compos-
te MACCE endpoint was significantly reduced in the
protinin versus placebo group (12 vs 34%, p � 0.01).

Conclusions. Compared with placebo, aprotinin use
as associated with less MACCE but more AKI after
PCAB. The strong relationship between the peak apro-

inin level and subsequent AKI suggests weight-based
rotocols for dosing aprotinin may reduce this risk.

(Ann Thorac Surg 2008;86:815–22)

© 2008 by The Society of Thoracic Surgeons
emostatic agents have been used during coronary
artery bypass grafting (CABG) in order to reduce

leeding and the risks associated with transfusion, reop-
ration, and tamponade. One of the most effective of
hese agents is the serine protease, aprotinin. In fact,
protinin is so potent at promoting hemostasis that it
aises concern for causing a hypercoagulable state. Re-
ent observational studies suggest that intraoperative use
f aprotinin increases the risk of adverse events such as
enal insufficiency, saphenous vein graft (SVG) closure,
troke, and death due to thromboembolism [1].

A clinical definition of the “hypercoagulable state” is a
hange in coagulation and platelet function that leads to
 greater prevalence of thrombosis in response to a given

ccepted for publication April 14, 2008.

resented at the Forty-fourth Annual Meeting of The Society of Thoracic
urgeons, Fort Lauderdale, FL, Jan 28–30, 2008.

ddress correspondence to Dr Poston, Division of Cardiac Surgery,
timulus than in the normal population [2]. We have
ound that performing CABG “off-pump” (OPCAB) stim-
lates the production of thrombotic markers within SVG
t a higher level than CABG done with conventional
echniques [3]. Two separate meta-analyses have con-
luded that OPCAB is associated with a heightened risk
f SVG failure compared with “on-pump” CABG [4,5].
herefore, OPCAB provides a model for investigating
hether intraoperative aprotinin use exacerbates this

hrombotic risk, as illustrated by major adverse cardiac
nd cerebrovascular events (MACCE) and renal dysfunc-
ion. We hypothesized that, consonant with the results of
rior randomized trials performed during on-pump
ABG, aprotinin use would not have an unfavorable

nfluence on these events after OPCAB.
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atients and Methods

atient Selection and Enrollment
randomized, double-blind, placebo-controlled study of

protinin was completed in 120 OPCAB patients (Univer-
ity of Maryland IRB protocol #0902312). Because the use
f aprotinin for OPCAB is “off-label,” a Food and Drug
dministration (FDA) Investigational New Drug applica-

ion (IND #67,890) was submitted and approved. All
atients included in the study signed an individual letter
f consent. Exclusion criteria included nonambulatory
atients and those with creatinine greater than 2.0 mg/
L, active hepatitis or cirrhosis, allergy to radiographic
ontrast, prior exposure to aprotinin at any point, use of
PIIb/IIIa receptor inhibitors, or both aspirin and clopi-
ogrel within 3 days of surgery.

reatments
modified “full dose” regimen was used: 10,000 kallikrein

nhibiting units (KIU) intravenous test dose (or saline pla-
ebo) was followed by 2 million KIU aprotinin (Trasylol,
ayer Pharmaceuticals Corp) through a central line and

hen 500,000 KIU/hour until the end of the operation.
omputer-generated randomization was based on per-
uted blocks of size 4. The study drug or saline placebo
as delivered to the operating room in unlabeled bottles.
eparin was titrated using a Hepcon instrument

Medtronic, Inc, Minneapolis, MN) and kaolin-based acti-
ated clotting time (ACT) to maintain a heparin level
reater than 2 mg/mL and ACT greater than 300 seconds.
eparin was reversed after OPCAB by half the recom-
ended dose of protamine. Preoperative and postoperative

spirin (325 mg by mouth/day) was the sole platelet inhib-
tor used. Transfusions were based on complete blood
ount, coagulation profile, fibrinogen levels, and throm-
oelastography (TEG) after a previously described algo-
ithm [6]. Intensive care unit (ICU) and hospital discharge
ollowed established protocols.

urgery
our surgeons, experienced in OPCAB, enrolled patients.
nternal mammary conduits were used in all patients.
aphenous veins were harvested using an endoscopic

Guidant Systems, Inc., Minneapolis, MN) approach and
tored in PLASMA-LYTE (Baxter Healthcare Corporation,
eerfield, IL ) solution until grafting. The distal anastomo-

es were created using suction-based exposure and stabi-
izing devices (Medtronic, Inc). The volume of shed blood
ollected using a cell saver device (Kobe Bratt II; Kobe
ardiovascular, Inc, Arvada, CO) was measured along with

he amount of postoperative shed blood after 24 hours.

ssays for Coagulation
x vivo coagulation and platelet function testing was
one at four time points: preoperatively (ie, baseline
rior to skin incision), postoperatively 30 minutes after
rotamine administration, and the mornings of postop-
rative days 1 and 3. Whole blood aggregometry was
erformed with thrombin (0.25, 0.5, 0.75, 1.0 U/mL) as the

gonist. Thrombelastography was performed by adding c

 byats.ctsnetjournals.orgDownloaded from 
alcium chloride (2 mM) to citrated whole blood followed
y tissue factor (20 �M) � tissue plasminogen activator

tPA, 40 IU). The degree of change in amplitude at 30
inutes after the maximum amplitude (% lysine 30)

efined thrombolytic capacity. In vitro analyses of TEG
nd aggregometry were performed adding aprotinin
100, 150, 200, 250 KIU/mL, n � 3 for each concentration)
o blood obtained from a normal volunteer.

protinin Level
protinin levels were determined at 30 minutes (peak)
nd 4 hours (trough) after the loading dose. Serum was
iluted in 0.3M Tris-HCL, 0.15M NaCl, pH 7.3 by incu-
ating with 10 U plasmin followed by the addition of
hromogenic substrate (benzoyl-phe-val-arg-p-
itroanlide, Sigma) to determine plasmin activity. The
oncentration of aprotinin, reported in KIU/mL, was then
etermined by comparing the plasmin inhibitory activity

n the sample against a standard curve of known aproti-
in concentrations. The postoperative values were nor-
alized against the baseline value [7].

enal Function Assessment
he estimated glomerular filtration rate (eGFR) was cal-
ulated from the serum creatinine (sCr) level using the
ockcroft and Gault Formula: (186)(sCr mg/dL�1.154)(age
ears�0.203)(0.742 if female)(1.212 if African Ameri-
an)(1.73)/body surface area [8]. Urine output was mon-
tored hourly in the first 24 hours and then daily for 4
ays. We defined acute kidney injury (AKI) when post-
perative eGFR was less than 75% of baseline and acute
enal failure when combined with urine output less
han0.5 mL/kg/hour � 6 hours [9]. Changes in eGFR
uring the postoperative period were quantified by the
lope of eGFR change on a given postoperative day as
ompared with preoperative eGFR using the equation:
(postop GFR� preop GFR)/ preop GFR)] [10].

ostoperative Follow-Up
troke was assessed by daily physical examinations and
onfirmed by head computed tomographic (CT) exami-
ation. Noninvasive, 64 detector row, CT angiography

420 ms rotation, 100 to 150 mL contrast agent intrave-
ously at 5 mL/second, retrospective electrocardio-
raphic [ECG] gating) was obtained prior to hospital
ischarge. Patency of SVG, determined by a single,
linded, expert reviewer, was defined by evidence of any
ontrast within the length of the graft regardless of the
resence of stenosis, and “nonpatent” if a stump or no
raft was seen. Postoperative myocardial infarction (MI)
as defined by cardiac troponin I (cTnI) equal to or
reater than 5 times the upper limit of normal or new
-waves on ECG at 4, 12, or 72 hours. Mortality within 1
ear of surgery was assessed using the Social Security
eath Index with further review of the medical records
sed to classify whether the death was cardiac related. As
result, follow-up on cause of death for all patients was

00%. The combined incidence of MI, stroke, SVG failure,
nd cardiac-related death within 1 year served as our

omposite endpoint of MACCE.
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tatistical Methods
he primary endpoint of this study was to compare the
isk of developing MACCE in the first postoperative year
or the aprotinin versus placebo groups. Prior analyses
ave demonstrated a 20% risk of these events occurring
fter CABG [1]. Power analysis indicated that 50 patients
er group were required to demonstrate a 50% difference

n events at p � 0.05 and power � 80%. A total of 60
atients per group were targeted for recruitment to allow

or 20% attrition during follow-up. A secondary endpoint
as to define the clinical impact of AKI that develops

fter aprotinin use. The value of determining the intra-
perative aprotinin level as a means of predicting post-
perative AKI was quantified by determining the area
nder the receiver operating characteristic (ROC) curve.
ogistic regression was used to determine an interaction
etween the optimal cutoff value for aprotinin level and
reviously reported risk factors for AKI [11]. Variables
ith p less than 0.1 between groups with and without AKI
ere included in a stepwise fashion in the model. Anal-

ses were performed with SPSS statistical software (SPSS
ersion 13.0; SPSS, Chicago, IL) and SAS (SAS version
.1; SAS, Cary, NC) with the assistance of a statistician.
omparisons were done by analysis of variance with

ubsequent pairwise comparisons according to the Dun-
an multiple range test and correlations determined by
alculating a Pearson’s coefficient. Categoric data were
ompared using the Fischer exact test.

esults

atient Population
uring the enrollment period, 693 patients were

creened and 130 were randomized, with 64 allocated to

ig 1. Glomerular filtration rate was estimated (eGFR) from the se-
um creatinine daily prior to hospital discharge in all subjects.

hile preoperative eGFR was similar between groups, the aprotinin
roup (X) showed a significant reduction in GFR on day 2 (*p �
.04) and day 3 (**p � 0.006) compared with the placebo group (●).
ifferences between groups resolved by day 5.
eceive aprotinin and 66 allocated to placebo. A total of t

 byats.ctsnetjournals.orgDownloaded from 
63 CABG patients were excluded due to the require-
ent of cardiopulmonary bypass (CPB) (n � 410), not

lanning to use a SVG (n � 72), inability to obtain
nformed consent (n � 65), creatinine greater than 2.0

g/dL (n � 14), and preoperative clopidogrel use (n � 2).
en randomized patients (5 from each group) did not
eceive the study drug because of the intraoperative
ecision to use CPB. These patients were considered
inappropriately randomized” and were excluded from
nalysis as a justifiable exception to the “intention to
reat” principle [12], leaving a total of 120 patients (n � 59
protinin, 61 placebo). After enrollment, CT angiographic
ollow-up was not obtained in 4 patients because of a heart
ate greater than 100 bpm or creatinine greater than 2.0
g/dL (n � 3) and patient withdrawal of consent (n � 1).
Intraoperatively collected data, such as ejection frac-

ion (0.439 � 0.151 vs 0.402 � 0.89, p � not significant
NS]), number of grafts per patient (3.05 � 0.89 vs 2.83 �
.93, p � NS), conduit diameter (3.89 � 0.62 mm vs 4.07 �
.78 mm, p � NS), and endothelial integrity (49.2 � 35.8%
s 43.9 � 35.7% luminal surface positive for CD31, p �
S), average target size (1.89 mm vs 1.91 � 0.34 mm, p �
S), and quality for the SVG and inotropic requirements
ere all similar between groups.

ffects on Renal Function
lthough mean eGFR declined significantly over the first
postoperative days in both groups (Fig 1), the incidence
f postoperative AKI was more frequent in patients
eceiving aprotinin (27 of 59) versus placebo (15 of 61)
45.8 vs 24.6%, p � 0.03). The aprotinin group showed a

ig 2. Peak serum aprotinin level was compared to the maximum
egree of glomerular filtration rate (GFR) change for days 1 to 5
fter off-pump coronary artery bypass. For patients receiving aproti-
in, the peak level of aprotinin showed a linear relationship to the
ecline in GFR (r � 0.47, p � 0.05). Aprotinin-treated patients with
cute kidney injury showed significantly higher peak aprotinin lev-
ls than patients who maintained normal renal function throughout

he course of the study. (KIU � kallikrein inhibiting units.)
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ignificantly greater reduction in eGFR compared with
lacebo on day 2 (slope of eGFR change: �8.35 � 7.58
s �4.59 � 10.93, p � 0.05) and day 3 (slope �8.86 � 8.60
s �4.39 � 6.71, p � 0.006). However, eGFR differences
etween groups resolved by day 5 (slope �6.18 � 5.79 vs
9.09 � 9.04, p � NS). Postoperative elevations in eGFR

serum creatinine rise of �0.5 mg/dL) were more fre-
uent in the aprotinin group (20 of 59) versus placebo (9
f 61) (33.9 vs 14.8%, p � 0.04). Acute renal failure was
oted within the first 6 months after surgery in 4 patients

2 in each group) but resolved without dialysis in all
ases. In the placebo group, AKI was associated with
onger intubation time (12.8 � 8.3 vs 8.3 � 7.3 hours, p �
.09) and longer hospital stay (11.0 � 6.4 vs 7.4 � 4.9 days,
� 0.11), though the differences were not statistically

ignificant. In aprotinin-treated patients, the onset or
bsence of postoperative AKI had no detectable effect on
ntubation time (15.3 � 9.4 vs 17.9 � 15.9, p � NS) or
ospital stay (9.4 � 4.3 vs 7.9 � 5.9, p � NS).
Urine output was not significantly different between

he aprotinin and placebo groups over the first 24 hours
1,463 � 647 vs 1,518 � 846 mL/24 hours, p � NS), on day
(1,400 � 822 vs 1,369 � 648 mL/24 hours, p � NS), day
(1,461 � 728 vs 1,460 � 951, p � NS), or day 4 (1,456 �

68 vs 1,384 � 708, p � NS).

protinin Levels and Nephrotoxicity
or the aprotinin group, the average aprotinin level was
75 � 56 KIU/mL after the loading dose (ie, peak) and
37 � 25 KIU/mL at case completion. There was a
ignificant correlation noted between peak serum apro-

ig 3. (A) Representative impedance traces obtained during whole blo
fter the in vitro addition of aprotinin. Without aprotinin added, ther
y a change in ohms of 12.5 over 6 minutes. No platelet response to t
han 300 kallikrein inhibiting units [KIU]/mL. A modest response (ie,
L. (B) Fibrinolytic capacity was assayed using thrombelastography
inogen activator (tPA, 40 IU) after the in vitro addition of varying d

races, the addition of tPA results in near complete lysis of the clot th
oncentrations greater than 50 KIU/mL, the amplitude of the TEG tra

dded, indicating near complete resistance to fibrinolysis.

 byats.ctsnetjournals.orgDownloaded from 
inin level and decline in eGFR on day 3 (r � 0.56, p �
.03) and day 4 (r � 0.50, p � 0.05), as well as the greatest
bsolute eGFR decline at any time point (r � 0.47, p �
.05) (Fig 2). Peak aprotinin levels were significantly
igher in patients with AKI (292.6 � 9.0 vs 219.7 � 26.72
IU/mL, p � 0.007). The ROC analysis demonstrated that
eak aprotinin level was a highly effective assay for
redicting postoperative AKI (area under the curve �
.86, 95% confidence interval [CI] 0.69 to 1.00). A cutoff
protinin level of 271 KIU/mL provided a sensitivity of
00% and specificity of 76.9% for predicting postoperative
KI.
Logistic regression also showed that an aprotinin level

reater than 271 KIU/mL was an independent predictor
f AKI (odds ratio [OR] 8.8, 95% CI 2.45 to 31.56, p �
.0008) after adjusting for potential confounders. None of
he other clinical variables that were analyzed (variables
elected based on reference 11) were found to be signif-
cant predictors of AKI in this cohort.

protinin Level and Efficacy
omparison of patients with peak aprotinin levels above
r below the 271 KIU/mL cutoff showed no difference in
lood loss intraoperatively (867 � 413 mL vs 870 � 383,
� NS) or postoperatively (415 � 330 mL vs 427 � 171
L/24 hours, p � NS). In comparison, the placebo group

howed significantly higher intraoperative (1,252 � 380
L, p � 0.02) and postoperative (716 � 336 mL, p � 0.003)

leeding.
In vitro testing (n � 3 for each aprotinin dose) con-

rmed that an aprotinin level of 200 KIU/mL was suffi-

gregometry performed on blood obtained from a normal volunteer
a strong aggregation response to thrombin 1 U/mL, as illustrated

bin was noted when aprotinin levels ranged from 200 to greater
ms at 6 minutes) was noted for aprotinin levels less than 200 KIU/
) to demonstrate clot lysis in response to a low dose of tissue plas-
of aprotinin (n � 3 per dose). As illustrated in these representative
med within the TEG cup in the absence of aprotinin. At aprotinin
ows very minimal change compared with a TEG trace without tPA
od ag
e was
hrom
5 oh

(TEG
oses

at for
ce sh
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ient for inhibition of thrombin-mediated platelet aggre-
ation. Inhibition of fibrinolysis was noted at levels
reater than 50 KIU/mL (Fig 3 A;B).

ffect of Aprotinin on MACCE
rior to discharge, postoperative MI developed in 1

1.7%) patient in the aprotinin group versus 4 (6.6%)
lacebo patients (p � NS). No additional infarcts were
eported. The CT angiography showed acute occlusion in

of 80 SVG (3.8%) in the aprotinin group (1 prior to
ischarge, 2 at six-month follow-up) and 8 of 90 SVG

8.9%) in the placebo group (3 prior to discharge, 5 at
ix-month follow-up) (p � NS). Prior to discharge, one
ostoperative stroke was noted in a placebo patient; none
fter aprotinin. No additional strokes were reported. At
ne year, death was noted in 3 (5.1%) patients in the
protinin group (no deaths prior to discharge, 1 within 30
ays, 2 within 1 year) compared with 8 (13.1%) in the
lacebo group (no deaths prior to discharge, 2 within 90
ays, 6 within 1 year) (p � NS). All patients in the study
ad comprehensive follow-up to ensure death was car-
iac related. The composite endpoint, MACCE, was less
ommon in the aprotinin group (11.8 vs 34.4%, p � 0.005).
he risk of MACCE by 1 year was significantly increased

ig 4. The combination of graft failure, stroke, myocardial infarc-
ion, and death over the first postoperative year was used to generate

composite endpoint, major adverse cardiac, and cerebrovascular
vents (MACCE). The aprotinin group showed a significant reduc-
ion in MACCE after the first year (11.8% vs 34.4% of the placebo
atients, p � 0.005), and did not appear to be related to the devel-
pment of postoperative AKI (hazard ratio [HR] 1.103, 95% CI
.248 to 4.906, p � NS). In contrast, the risk of MACCE was in-
reased in the placebo group (hazard ratio 2.871, 95% CI 1.252 to
.570, p � 0.01) compared with the aprotinin group, an effect that
id not appear to be confined to the perioperative period. (ARD �
cute respiratory distress.)
n the placebo group (HR 2.871, 95% CI 1.252 to 5.570, p � c

 byats.ctsnetjournals.orgDownloaded from 
.01). The protective effect of aprotinin on MACCE was
ot influenced by the onset of postoperative AKI (hazard
atio [HR] 1.103, 95% CI 0.248 to 4.906, p � NS) (Fig 4).

omment

here has been considerable concern recently that apro-
inin increases the risk of adverse events due to throm-
osis. Because endogenous fibrinolysis is an important
echanism for preventing unwanted vascular occlusion

13, 14], blockade of fibrinolysis by aprotinin after CABG
heoretically removes an important protective mecha-
ism for vessels at risk, such as the SVG. Recent
bservational studies have linked aprotinin use during
PCABG surgery to an increased risk of thrombotic

vents, using the rates of postoperative AKI and MACCE
o illustrate this point [1, 15]. However, observational
tudies cannot establish cause and effect and statistical
ssumptions to correct for physician bias (eg, aprotinin
se in higher risk cases) are not always accurate [16]. This
andomized study of aprotinin use during on-pump CAB
rovides a unique look at the safety of aprotinin by
nalyzing this issue in a cohort already at increased risk
or thrombotic events due to a postoperative hypercoag-
lable state [3]. Instead of finding more adverse events,

he use of aprotinin during OPCAB led to a significant
eduction in the risk of MACCE compared with placebo
ithin the first postoperative year. These findings cor-

oborate the safety of aprotinin use during on-pump
ABG previously suggested by meta-analyses of ran-
omized placebo controlled trials [17,18] and a recent
xhaustive review of all available data on this topic by the
DA [16].
Our findings corroborate reports that aprotinin admin-

stration increases the risk of postoperative AKI [1, 15].
ecause thromboembolism is a known mechanism of
evere renal injury after CABG, a higher rate of AKI after
protinin administration is often assumed to be evidence
f the prothrombotic potential of this drug [1]. However,

t is important to discriminate between renal failure,
haracterized by low urine output � the need for dialysis,
rom renal insufficiency, characterized by a rise in creat-
nine. Through the use of radiolabeled aprotinin, it has
een illustrated that this drug is actively reabsorbed in

he proximal convoluted tubule [19]. The resulting apro-
inin deposits are thought to saturate mechanisms re-
ponsible for creatinine reabsorption, thereby leading to

transient change in creatinine clearance. Physicians
oticing a rise in creatinine in the postoperative period
ight be tempted to conclude that aprotinin increases

he risk for renal failure. However, analysis of data from
andomized trials [16], retrospective reviews of databases
20], and our study demonstrate a return to normal renal
unction and no long-term risk of renal failure or dialysis
fter aprotinin use. Finally, AKI developing in the ab-
ence of aprotinin increases mortality after CABG [21].
lthough this OPCAB study was underpowered to fully

haracterize the clinical consequences of AKI in our
atients, we found no adverse impact on the clinical

ourse of patients with AKI in the aprotinin group.
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urthermore, AKI after aprotinin use was not found to be
ssociated with other adverse events to suggest an isch-
mic-thrombotic syndrome. For these reasons, we do not
nterpret AKI after aprotinin treatment as a thrombotic
vent.
Despite its safety when used during OPCAB, our

vidence suggests a fairly narrow therapeutic window for
protinin. Peak aprotinin level greater than 271 KIU/mL
as an independent risk factor for AKI, while a threshold
f 200 KIU/mL appears to be required to maintain full
emostatic effects by the inhibition of fibrinolysis and

hrombin-mediated platelet aggregation. Prior analyses
ave revealed an increased risk of AKI with the full dose
ompared with the half dose regimen [20], which corrob-
rates our finding about the importance of peak aproti-
in levels. The standard regimen of fixed bolus dosing

ie, modified Hammersmith protocol) that we used was
nconsistent at achieving target concentrations of aproti-
in, erring toward excessively high levels. Our findings
uggest that an alternative strategy such as weight-based
osing should be investigated as a method for reducing

he risk of AKI [22].
Our trial has several limitations. The outcome for our
PCAB cohort differs from that of a large multicenter

rial of on-pump CABG, which found a significant reduc-
ion in SVG patency after aprotinin use [23]. Targets of
protinin such as PAR-1 and plasmin are activated dif-
erently during on-pump versus off-pump CABG [3]. It is
ossible that these differences influence the therapeutic
ffect of aprotinin. Additional unique effects of OPCAB,
uch as reduced risk of perioperative renal injury [24, 25]
nd less intraoperative hemodilution [26, 27], may have
nfluenced the pharmacodynamics and safety profile of
protinin. As a result, our findings cannot be extrapo-
ated to on-pump CABG.

In conclusion, our data suggest that aprotinin does not
ncrease the risk of MACCE after OPCAB, thereby re-

oving some of the trepidations about the use of this
rug in appropriate candidates undergoing this proce-
ure. Aprotinin increased the risk of AKI in the postop-
rative period, but this effect appeared transient and did
ot increase the risk of perioperative complications. The
ptimal benefit of this drug appears to occur within a
elatively narrow therapeutic window that avoids AKI
�271 KIU/mL) but is sufficient to inhibit PAR-1 (�200
IU/mL ) [28]. Although FDA-approved regimens follow
fixed-dose strategy, our findings strongly support alter-
ative dosing strategies such as those based on weight.

r Poston is supported by a phase IV grant from Bayer Phar-
aceuticals Corp, a Scientist Development Grant from the
merican Heart Association, an Intramural Grant from the
niversity of Maryland, a faculty pilot grant from the Tobacco
estitution Fund at the University of Maryland, and by the
ational Institutes of Health (RO1 HL084080-01A1).
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ISCUSSION
R HERBERT B. WARD (Minneapolis, MN): You conclude that
protinin is effective. You base this conclusion on improved graft
atency in the aprotinin group instead of the more common
easons such as less blood usage or blood loss. It seems illogical
o me that aprotinin would improve graft patency. Can you
ostulate a mechanism for this result? Did the patients who
eceived placebo get more platelets?

R GRANT: Well, I think that’s an excellent hypothesis right
here. But another potential concept is that aprotinin may not be
rothrombotic, but it could actually be antithrombotic.
PAR-1 is a very important mechanism through which intra-

ascular thrombosis occurs. And at the doses that we’re using
his drug, between 200 and 250 KIU/mL, it has a nearly complete
nhibition of PAR-1. So I don’t think it’s inconceivable that
protinin could, indeed, have antithrombotic effects in the
atients that tend to be more hypercoagulable. It may not show
p in on-pump surgery, because you don’t have as much
latelets that have the PAR-1 available for activation and so the
ntifibrinolytic effect might be a more important clinical factor in
hose patients and so they have an increased tendency to clot. So
t depends on the clinical application you’re applying it to. That’s
hy I focus my conclusions on the off-pump group.
With regards to efficacy, I’ve presented that in other avenues

nd I didn’t have time to get into it today. But it showed the
ame things that you expect; 50% reduction in blood loss,
eduction in transfusions, and those kinds of things.

R J. LANCELOT LESTER (West Palm Beach, FL): Did you prep
hese patients with aspirin or Plavix or anything else before?

R GRANT: Aspirin.

R LESTER: The second thing is: I’m not a fan of aprotinin
ecause my experience was that it produced renal failure in
igh-risk patients, particularly right after cardiac catherization

perhaps this subset was not randomized), at a time in which the
andomized studies were saying that it didn’t happen—but it
trikes me that the study in the New England Journal, as
ompared to the randomized studies of aprotinin, showed it was
terrible thing, but indicts study design. Propensity matching in
f randomization, yet they had a dramatic difference in their
esults than the randomized studies that have been published.

I think it suggests that propensity matching was not as good as
rospective randomized analysis. Perhaps of greater concern is

hat prospective randomized analysis continues to be limited, as
n some studies of surgery versus angioplasty, by the patient
election utilizing a very low percentage of patients. So I think
our studies and the other studies speak to the limitations of
ropensity matching, whereas some of the recent studies speak

o the limitation of randomizing small, select populations and
hen generalizing to the larger population.

R GRANT: I agree with you and I appreciate your comment. I
ould like to add that a significant problem with the Mangano
ata was the lack of transparency of the data. Until very lately,

ust last September, the FDA didn’t have access to that data. It
idn’t make sense to them, either, that they did propensity
atching and yet the groups looked so drastically different, the

protinin-treated patients versus the patients that didn’t receive
protinin.
When they finally did get the data, and this is on the Web at

he FDA website, they rejected all the conclusions other than the
act that it does, indeed, cause renal failure, according to

angano’s own blinded, you know, the data set that they had
ccess to. His propensity-score matching methods were not
ccurate and they didn’t appropriately adjust for the patients.
hat’s the FDA’s conclusion.
So I think that propensity matching and the database analyses

o have an important role for events that are unusual and they
an’t be captured in randomized trials because you just don’t
ave the funds to do a large enough powered study, but it has to
e done in a way that’s accurate and transparent.

R LESTER: I just think it’s critical. Our colleagues believe in
he randomized trials so strongly, particularly in Medicine. And
remember one striking phenomena, which was the original VA

Veterans Administration] studies on unstable angina showed
hat surgery made no difference, but they only randomized 2 out
f every 50 patients in each hospital. And yet we knew that the
ntreated mortality—this was prior to the aggressive stenting
ge, or prior to stenting probably—was 20% and 30% over the

ext 2 to 3 months.
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And there is another area of concern where surgeons have
urt ourselves. No one in surgery is discussing the subsets of
atients with the lowest mortality. We’re busy trying to indict
urselves by being sure that we collect our entire series in each
ospital, or in the STS [Society of Thoracic Surgeons]. We
hould point out the low-risk patients who, for instance, have
oronary bypass, that have incredibly low mortalities and com-
are favorably to stenting or any other management.
I think that the issue of trials and patient selection and how

hey’re conducted is so critical to, really, the future of our
pecialty if nothing else.

R ROBERT S. D. HIGGINS (Chicago, IL): I did have a
uestion about your final conclusion; you did not present data to
ddress the safety issue or that aprotinin was effective. Taking
nto account the recent concerns about mortality as an outcome,
ow do you interpret your study and think about where mor-

ality is in the spectrum of problems that we have to think about
ith aprotinin?

R GRANT: So the randomized trials and FDA’s analysis of the
ostmarketing database have not shown a difference in mortal-

ty. So I mean, I think that –

R HIGGINS: But the FDA has responded to prospective data
ut of the Canadian study that suggests that there is a significant
ortality risk and that’s why the use of drug has been tempo-
he Society of Thoracic Surgeo
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R GRANT: That’s really hard to comment on because we have
very limited understanding of exactly what that showed. If you

ook at the website for the BART study [biomarkers that can be
sed to predict acute rejection in transplantation], it says that it

ncreased mortality due to bleeding. And I think sometimes
andomized trials, even if they’re appropriately powered, can
ive us answers that just don’t make sense. And if that was,

ndeed, the mechanism through which aprotinin increased
leeding, which wasn’t statistically significant, actually, the
ifference in mortality was a trend toward significant. So I just
on’t know what to do with that. Until we have the manu-
cript to look at, and that came out in November, and I was
oping that would have been here by now, by the day of this
resentation, to be able to comment on that, but I just can’t at

his point.

R GUS J. VLAHAKES (Boston, MA): If you look at the original
ivotal trial that the vendor conducted for final approval, there
ere four groups: there was a control; there was a pump load
nly; and there were two dose regimens, a full Hammersmith
ose and the half-dose regimen. And if you look at the data,
hich is all in the package insert and in the PDR, the informa-

ion about the potential role in creating renal dysfunction is in
hat data. And so the relationship between the amount of drug
iven, and hence, the blood levels, was already known. I think
our presentation really has quantitated this issue and brought
arily suspended until further analysis. it to light.
ns Policy Action Center
he Society of Thoracic Surgeons (STS) is pleased to
nnounce a new member benefit—the STS Policy Action
enter, a website that allows STS members to participate

n change in Washington, DC. This easy, interactive,
assle-free site allows members to:

Personally contact legislators with one’s input on key
issues relevant to cardiothoracic surgery
E-mail senators and representatives about upcoming
medical liability reform legislation
Track congressional campaigns in one’s district—and
become involved
Research the proposed policies that help—or hurt—
one’s practice
Take action on behalf of cardiothoracic surgery
his website is now available at www.sts.org/takeaction.
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