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Abstract

Cardiac surgery is associated with a systemic inflammatory response and

systemic coagulopathy, which can result in significant organ dysfunction and
bleeding. Aprotinin, a serine protease inhibitor, can limit systemic inflammation,
and has been associated with myocardial, pulmonary and cerebral protection in
addition to its proven haemostatic efficacy. Data are currently conflicting regard-
ing the haemostatic efficacy of aprotinin relative to alternative agents including
tranexamic acid. Recent studies have demonstrated aprotinin usage is associated
with increased rates of thrombotic and renal complications, but these findings are
at odds with the majority of studies relating to aprotinin safety to date. The lack of
adequately powered, randomised studies evaluating aprotinin and alternative
agents limits drawing conclusions about the complete use or disuse of aprotinin
presently and requires individualised patient selection based on bleeding risk and
co-morbidities for its usage.

Cardiac surgery is associated with a host of dele-
terious effects on the body as a whole. If the surgery
involves the utilisation of cardioplegic arrest and
cardiopulmonary bypass (CPB), the myocardium is
subject to ischaemia-reperfusion injury!'3! and a
systemic inflammatory response that develops sec-
ondary to surgical trauma and blood contact with the
artificial surfaces of the CPB circuit.[*®! This contact
with a foreign surface leads to activation of the
complement system, the coagulation cascade and
the fibrinolytic system, which subsequently culmi-
nate in activation of inflammatory leukocytes and
platelets.l”! Interestingly, many of these changes
have also been reported during cardiac surgery not
utilising cardioplegic arrest and CPB, such as dur-
ing ‘off pump’ coronary artery bypass grafting
(CABG).B!"I A coagulopathy ensues, resulting
from the inflammatory response and platelet dys-
function and destruction secondary to mechanical
trauma as well as over-activation of platelets dur-

ing CPB. These pathological responses can mani-
fest clinically as myocardial dysfunction, systemic
hypotension, oedema and bleeding. Although my-
ocardial dysfunction and systemic hypotension are
generally managed with adrenergic agonists and
pulmonary oedema with supportive mechanical ven-
tilation, excessive bleeding intra- and postoperative-
ly often necessitates transfusion of blood products
(packed red blood cells) and platelets to avoid the
deleterious consequences of anaemia and the need
for re-exploration for bleeding.!'>!3 In addition to
the risks of blood product transfusion, such as trans-
mission of infectious diseases, transfusion-related
acute lung injury and graft versus host reactions,
evidence indicates poorer overall outcomes associ-
ated with blood and platelet transfusion including
stroke, myocardial infarction (MI) and death.['+16]
Although some degree of this response is un-
avoidable, one effective therapeutic strategy for
ameliorating some of this reaction has been the
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usage of aprotinin, which has been shown to im-
prove haemostasis as well as reduce myocardial
injury, platelet dysfunction and the systemic inflam-
matory response to CPB.! Despite its therapeutic
efficacy, several recent, well publicised reports have
invigorated the debate over the safety of aprotinin
usage citing increased risks of thrombotic complica-
tions (MI, stroke), renal dysfunction and overall
increases in mortality.!'”-'8) Compounding the ad-
verse outcomes in these studies was the lack of
demonstrable haemostatic benefit over alternative
agents such as €-aminocaproic acid (EACA) and
tranexamic acid, both of which are antifibrinolytics
and were not associated with the aforementioned
adverse outcomes.!'”!°l Although the benefits of
aprotinin on haemostasis have been well document-
ed in multiple, randomised, double-blind, placebo-
controlled trials,-?# these recent reports are at odds
with previous investigations in to the usage of apro-
tinin in cardiac surgery and what was found to be an
acceptable safety profile.?>-?7]

This article summarises our current understand-
ing of the mechanism of action of aprotinin, the
beneficial effects associated with its use, available
evidence regarding its efficacy and adverse effects,
and our current opinion regarding its appropriate
usage in adult cardiac surgery.

1. Haemostatic Mechanism of Action

Aprotinin is a naturally occurring serine protease
inhibitor isolated from bovine lung tissue, which
forms a reversible enzyme inhibition complex with
serine proteases by binding to the proteases in a dose
dependent manner. These proteases include plasmin
(the final enzyme in the fibrinolytic pathway), tryp-
sin, chymotrypsin, kallikrein, thrombin, activated
protein C, elastase and tissue plasminogen activator
(tPA).[28291 Of these proteases, interaction with plas-
min and kallikrein are likely to be the most impor-
tant for haemostasis and the reduction of inflamma-
tion. The mechanism of action of aprotinin has
yet to be fully elucidated, although current knowl-
edge demonstrates that it is an antifibrinolytic mod-
ulator of coagulation, with both haemostatic and
antithrombotic properties,**3!1 a modulator of the
inflammatory cascade and a platelet protectant.

Studies have demonstrated the effects of apro-
tinin on haemostasis to be multi-armed. Aprotinin
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has several interactions with platelets, which aug-
ment haemostasis. By preserving platelet receptor
function (glycoprotein [GP]Ib, GPIIb/IIa),1*? it al-
lows for adequate platelet adhesion and aggregation,
which is deranged by CPB.*Y The haemostatic and
antithrombotic properties of aprotinin are mediated
through thrombin, a serine protease, and the prote-
ase-activated receptor-1 (PAR1) on human platelets.
Thrombin proteolytically cleaves PARI, exposing
a ligand, which results in the intramolecular activa-
tion of the receptor and, subsequently, the plate-
let.[31:33-351 Ferraris et al.l*® have shown that platelet
PARI1 is rendered dysfunctional after CPB, and is
associated with increased blood loss. By inhibiting
thrombin-mediated PARI platelet activation during
CPB in humans,?”! aprotinin reduces the over-
whelming activation and depletion of platelet func-
tionality during CPB, allowing platelets to retain
their function for haemostasis.**38  Although
thrombin-mediated platelet activation is blocked,
collagen, adenosine diphosphate (ADP) and adrena-
line (epinephrine) are still able to activate platelets
via an independent pathway,?! allowing for
haemostasis at the site of surgical wounds.’’! PAR1
activation is also known to result in increased
cytokine expression (in endothelial cells),?!
changes in intracellular calcium and the phosphoryl-
ation of various enzymes, which may contribute to
systemic inflammation, responses that aprotinin
may attenuate./*"! The interactions described in this
section, of aprotinin, thrombin and PARI, also pro-
vide support for the assertion that aprotinin is not
prothrombotic.3%31411 Specifically, Poullis et al.3!!
have demonstrated that aprotinin inhibits thrombin-
mediated platelet aggregation in vitro. In a rabbit
model of in vivo vascular thrombosis, aprotinin was
shown to prolong time to thrombosis and decrease
the weight of thrombus, in part through inhibition of
protease-dependent platelet activation, when com-
pared with placebo.?”! Aprotinin has also been
shown during in vitro studies to restore the adhesive
capacity of dysfunctional platelets after CPB™? and
decrease the heparin-induced inhibition of platelet
contractile force.!*3!

The interactions of aprotinin with the PARI re-
ceptor on platelets have also recently been shown to
extend to the PAR1 receptor on endothelial cells. In
an in vitro study utilising human umbilical vein
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endothelial cells, pretreatment of the cells with apro-
tinin significantly reduced PAR1 cleavage and re-
duced calcium fluxes caused by thrombin. In this
study, aprotinin inhibited interleukin (IL)-6 secre-
tion caused by thrombin, demonstrating that endo-
thelial cell activation by thrombin and downstream
inflammatory responses can be inhibited by apro-
tinin in vitro through blockade of PARI, providing a
new mechanism to help explain the anti-inflam-
matory properties of aprotinin observed clinical-
1}’-[39]

Plasmin, a serine protease that is the final enzyme
in the fibrinolytic pathway, is directly inhibited by
aprotinin, thereby limiting fibrinolysis. Aprotinin
has also been shown to increase levels of on-
antiplasmin and plasminogen activation inhibitor
activity, while decreasing the release of tPA from
endothelial cells.*!! Protein C, an endogenous anti-
coagulant, is also inhibited by aprotinin, contribut-
ing to haemostasis.'! Through its interaction with
kallikrein, aprotinin inhibits the intrinsic pathway of
coagulation, possibly decreasing overconsumption
of coagulation products during CPB.*!

2. Haemostatic Efficacy

The haemostatic efficacy of aprotinin compared
with placebo is well established and has been well
documented in both individual randomised tri-
alsl?023461 and in meta-analyses.[?*?”1 One of these
meta-analyses of aprotinin use during cardiac sur-
gery for CABG (32 studies, n = 3879) analysed
randomised, placebo-controlled trials from 1988 to
2001.2%1 The analysis found that 40.3% of patients
treated with aprotinin required a blood transfusion,
compared with 63.3% of patients who did not re-
ceive aprotinin, which is a 39% relative risk reduc-
tion in transfusion requirement. There were no sta-
tistically significant differences in mortality, MI or
renal failure. There was a decrease seen in risk for
perioperative stroke, and a trend toward decreased
postoperative atrial fibrillation, neither of which
reached statistical significance.

In addition to the haemostatic efficacy of apro-
tinin in the setting of CPB-induced coagulopathy,
several recent studies have highlighted its role in the
setting of antiplatelet therapy. Antiplatelet agents,
such as aspirin (acetylsalicylic acid) and clopido-
grel, are associated with increased bleeding and the
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need for blood products in the setting of cardiac
surgery and can at times delay the undertaking of
surgical intervention over concerns for increased
risk of bleeding.*”! Several recent trials have as-
sessed the efficacy of aprotinin in patients receiving
antiplatelet therapy for acute coronary syndrome
(ACS). Akowuah et al.*®! performed a randomised
trial including 49 patients who presented with ACS,
where the treatment arm continued aspirin and
clopidogrel until the day of CABG, with use of a
standard regimen of intraoperative aprotinin. The
control arm discontinued antiplatelet therapy 5 days
prior to surgery and received placebo intraoperative-
ly. The aprotinin group had significantly less blood
loss and chest tube drainage, and also received fewer
transfusions of packed red blood cells, with the same
rates of re-exploration.[*8 Similar results were found
in a larger, randomised, double-blind, placebo-con-
trolled trial, in which 75 patients with unstable angi-
na were all given clopidogrel prior to CABG, with
the treatment arm receiving aprotinin and the control
arm receiving placebo. Again, the aprotinin group
had significantly less postoperative bleeding, and
received fewer packed red blood cells or platelet
transfusions.!*”! A smaller retrospective study of 33
patients undergoing CABG (18 aprotinin, 15 no
aprotinin) had results consistent with the other stud-
ies: less blood loss, transfusion of packed red blood
cells and platelets, and reduced need for re-explora-
tion.[%

3. Systemic Effects

3.1 Pulmonary

Royston and colleagues®! initially studied apro-
tinin in cardiac surgery to assess its protection of the
lung from CPB-induced injury. Subsequent investi-
gation in this area has shown administration of apro-
tinin can attenuate CPB-induced as well as cytokine-
induced bronchial inflammation, lung reperfusion
injury and oxidative injury through preservation of
superoxide dismutase levels.’!! When administered
in the pulmonary artery during CPB, aprotinin treat-
ed groups were found to have better forced expirato-
ry volume in 1 second (FEV1) and partial pressure
of alveolar carbon dioxide (paCO2) levels.’?! The
drug has also been shown to reduce leukocyte se-
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questration and improve gas exchange post prota-
mine infusion in patients undergoing bypass.!
Large animal models utilising CPB have found
aprotinin usage results in less pulmonary oedema
and inflammation; it also limits the elevations in
pulmonary vascular resistance commonly seen after
cardiopulmonary bypass.!34>3!

3.2 Myocardial

The effects of aprotinin on the myocardium and
coronary vasculature are extensive. Given the drugs
ability to limit tissue oedema and inflammation,
several studies have assessed the role of aprotinin
in preventing postoperative atrial fibrillation/atrial
flutter. One small trial showed a reduction in the
incidence of postoperative atrial fibrillation,® but a
larger analysis did not.””! Porcine studies of myo-
cardial ischaemia-reperfusion injury and CPB
demonstrated treatment with aprotinin resulted in
reduced myocardial infarct size, improved myocar-
dial contractility, decreased incidence of arrhythmia
requiring cardioversion, and in a greater degree of
endothelial preservation as evidenced by improved
coronary microvascular relaxation to endothelial de-
pendent vasorelaxants.’+3%1 A clinical study in-
volving 80 patients undergoing CABG also demon-
strated that treatment with aprotinin versus placebo
resulted in less myocardial enzyme leakage postop-
eratively, suggesting that aprotinin has a protective
effect on the myocardium beyond that achieved
with blood cardioplegia and systemic hypothermia
alone.[® Royston et al.[®" recently published a study
of 1723 patients that showed aprotinin usage was
associated with a reduced requirement for cardio-
vascular support with inotropic drugs, vasopressors
and antiarrythmics compared with placebo-treated
patients. Although shown to preserve endothelial
function in the coronary microcirculation,*38
early reports using rat aorta raised concern over
impaired endothelial dependent vasorelaxation in
large arteries with aprotinin usage,!®”! but subse-
quent studies using clinically relevant doses of apro-
tinin in porcine coronary arteries found aprotinin did
not impair endothelial dependent vasorelaxation.!®3
As in the lung, myocardial oedema has been shown
to be reduced with aprotinin usage in a porcine
model of regional cardiac ischaemia and cardiac
arrest. This study further revealed increased preser-
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vation of cellular junctions and decreased require-
ments for intravenous fluids to maintain haemody-
namic parameters in aprotinin-treated animals.!®%

3.3 Immunological

Administration of a full Hammersmith dose has
an improved effect on modulating the inflammatory
cascade due to interaction with kallikrein.[®5! Low-
dose regimens provide similar haemostatic efficacy
as that of high-dose regimens; however, studies of
inflammatory mediator levels post-bypass with low-
dose regimens failed to demonstrate suppression of
these inflammatory markers.[®® Inhibition of kal-
likrein limits the conversion of kininogen to
bradykinin, and activation of the complement sys-
tem and white blood cells. This reduction in
bradykinin formation is of clinical relevance in that
bradykinin has been shown to mediate tissue oede-
ma by increasing capillary membrane permeability,
reducing systemic vascular resistance and cardiac
output, and increasing third spacing.!®”) With apro-
tinin treatment, neutrophils display reduced expres-
sion of the membrane attack complex and activation
of the first component of human complement (C1) is
reduced, along with attenuation of the release of
tumour necrosis factor-o. (TNFo), IL-6, IL-8
and elastase.’>%8! When compared with methyl-
prednisolone, aprotinin demonstrated similar ef-
fects on mediators of inflammation.!®! In vitro stud-
ies of rat neutrophil clusters of differentiation
(CD)11b/CD18 and intracellular adhesion molecule
(ICAM)-1 have shown hypoxia/re-oxygenation-in-
duced upregulation of these molecules is decreased
by administration of aprotinin, thereby possibly lim-
iting neutrophil attachment and transmigration at the
endothelial cell.’%701 These findings are supported
by findings of decreased myeloperoxidase activity
in the myocardium with aprotinin usage.%7!1

4. Adverse Effects and
Current Controversies

Although these aforementioned effects of apro-
tinin are generally well accepted, three areas of
controversy have recently been highlighted: (i) the
incidence of thrombotic complication with aprotinin
usage; (ii) the incidence of renal dysfunction with
aprotinin usage; and (iii) the haemostatic efficacy of
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aprotinin in comparison with the antifibrinolytic
lysine analogues EACA and tranexamic acid.

4.1 Incidence of Thrombotic Complications:
Myocardial Infarction and
Cerebrovascular Events

Renewed concerns regarding thrombotic compli-
cations arose in response to the randomised, place-
bo-controlled IMAGE (International Multicenter
Aprotinin Graft Patency Experience) trial in
1998.1201 The trial raised concerns regarding an in-
creased incidence of graft occlusion in aprotinin
treated groups, where among 703 patients with as-
sessable saphenous vein grafts, occlusions occurred
in 15.4% of aprotinin-treated patients and 10.9% of
patients receiving placebo. After adjustment for risk
factors associated with vein graft occlusion, the
aprotinin versus placebo risk ratio decreased from
1.7 to 1.05 (90% C1 0.6, 1.8). Notably, the incidence
of graft occlusion varied widely between sites: at
Danish and Israeli sites, where patients had more
adverse characteristics, occlusions occurred in
23.0% of aprotinin treated patients and 12.4% of
placebo-treated patients versus US sites, where pa-
tients had characteristics more favourable for graft
patency, occlusions occurred in 9.4% of the apro-
tinin group and 9.5% of the placebo group, and did
not affect the occurrence of MI or mortality. An
increased incidence of graft occlusion has not been
confirmed in a subsequent analysis.®

In 2006, Mangano et al.l'”! published the results
from an observational propensity score adjusted
study that evaluated 4374 patients undergoing
CABG who were enrolled in the McSPI (Multicen-
tre study on Perioperative Ischemia) international
database. The patients either received no antifibri-
nolytic treatment (n = 1374), aprotinin (n = 1295),
tranexamic acid (n = 822) or EACA (n = 883), with
the decision as to treatment made by the treating
physicians. Assignment was non-random; therefore,
patients in the aprotinin group were at higher risk for
adverse events, which was adjusted by a propensity
scoring. They found aprotinin was associated with
an increased incidence of cardiovascular events by
55% (odds ratio [OR] 1.42; 95% CI 1.09, 1.86) and
cerebrovascular events by 181% (OR 2.15; 95% CI
1.14, 4.06).
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These results are at odds with the majority of
randomised, controlled studies?2727% and meta-
analyses!?*?7] published to date. The meta-analysis
by Sedrakyan et al.*®! of 35 CABG trials (n = 3879)
found aprotinin therapy was not associated with
increased or decreased incidence of MI (relative risk
[RR] 0.85; 95% CI 0.63, 1.14), but was associated
with a reduced risk of stroke (RR 0.53;95% CI10.31,
0.90), with similar findings in a recent publication
by Royston et al.[®!l This retrospective analysis of
data from 1723 patients enrolled in five prospective,
randomised, double-blind, placebo-controlled trials
of aprotinin in CABG (961 placebo, 862 aprotinin)
found aprotinin-treated patients had a reduced inci-
dence of cerebrovascular outcomes (OR 0.42; 95%
CI 0.19, 0.93) and that there was no difference in
frequency of death (OR 1.00; 95% CI 0.54, 1.85), or
MI (OR 0.92; 95% CI 0.64, 1.31). Henry et al.?”
published similar findings in a Cochrane Systematic
Review of 7027 patients (the incidence of stroke
was not increased or decreased in the Cochrane
review). Karkouti et al.l'”) compared the risks asso-
ciated with aprotinin with those associated with
tranexamic acid in 898 patients undergoing high-
risk cardiac surgery using propensity scoring to
match patients given different treatments and found
no difference between overall risk of MI (OR 1.25;
95% CI 0.52, 2.75), stroke (OR 1.15; 95% CI 0.56,
2.40) or death (OR 0.91; 95% CI 0.56, 1.46).

Aside from the effects of aprotinin on the inci-
dence of stroke, there is evidence that aprotinin may
in fact be neuroprotective from CPB insult. Porcine
studies have demonstrated that aprotinin reduces
inflammation and improves neurological outcome
after a prolonged period of deep hypothermic circu-
latory arrest or low-flow CPB.U"781' A prospective
pilot study found that, of patients undergoing elec-
tive CABG, those who received aprotinin demon-
strated a statistically significant improvement com-
pared with controls on cognitive testing, adminis-
tered at 4 days and 6 weeks postoperatively in
comparison with testing preoperatively.[”! A subse-
quent study of 40 patients demonstrated a similar
finding of reduced neurocognitive impairment in
aprotinin-treated patients in the first week after sur-
gery.[80811 Pogsible mechanisms for this neuropro-
tective effect of aprotinin are reduction in kallikrein-
induced elevations in bradykinin with resulting re-
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duction in cerebral oedema,!®?! reduced microem-
bolisation to the cerebral circulation and inhibition
of leukocyte extravasation during systemic inflam-
mation,'®33 or interaction with PAR1.8433 Junge et
al.® have shown thrombin, plasmin and tPA can
activate PAR1 signalling in murine brain tissue;
furthermore, intracerebroventricular injection of a
PARI1 antagonist can reduce infarct volume. A sub-
sequent study investigating the platelet activation
that occurs in the setting of cerebrovascular ischae-
mia, demonstrated platelets in this setting are ex-
hausted and desensitised to thrombin through cleav-
age of PAR1.13

4.2 Incidence of Renal Dysfunction/
Renal Failure

A primary postoperative concern with aprotinin
administration has been regarding postoperative re-
nal function, as some studies using high-dose apro-
tinin versus placebo have demonstrated increases in
renal dysfunction in aprotinin treated groups,!¢-87]
whereas others have found only transient increases
in serum creatinine level without a significantly
increased risk of irreversible renal failure or the
need for dialysis.?*38! Fauli et al.'® examined the
effects of low- and high-dose aprotinin compared
with placebo on renal parameters in 60 patients with
normal, baseline renal function undergoing cardiac
surgery utilising CPB, and found that both low- and
high-dose aprotinin resulted in increased excretion
of o-microglobulin during CPB, but only high-
dose aprotinin was associated with this effect 24
hours after surgery. B-Glucosaminidase excretion
remained similar between all three groups, indicat-
ing aprotinin is associated with greater renal tubular
overload without tubular damage.® The 2006 study
by Mangano et al.,['”! previously described in sec-
tion 4.1, demonstrated significant increases in the
risk of renal events (OR 2.34; 95% CI 1.27, 4.31)
[renal dysfunction: control 2% vs aprotinin 5%;
renal failure: control 1% vs aprotinin 5%; p < 0.01].
Findings of increased rates of adverse renal events
were also seen in the study of high-risk patients
undergoing cardiac surgery and receiving aprotinin
by Karkouti et al.,l'”) where among patients with
abnormal renal function at baseline, aprotinin was
associated with a significantly increased risk of
postoperative renal dysfunction (OR 1.69; 95% CI
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1.07, 2.69). Since the drug is excreted renally, high
concentrations of aprotinin may cause a reversible
overload of the renal tubular re-absorptive mecha-
nism. These effects may also be due to direct toxici-
ty to proximal tubular cells and alterations in intra-
renal blood flow through inhibition of renin and
kallikrein activity. These alterations in intrarenal
blood flow may be responsible for the increased
incidence of postoperative acute renal failure in
patients who are receiving ACE inhibitors preopera-
tively.®!

4.3 Comparative Haemostatic Efficacy

Based on the previously discussed adverse ef-
fects under debate, the question arises as to whether
equally efficacious alternative therapies are availa-
ble. The two most commonly used antifibrinolytics
in the US aside from aprotinin are EACA and
tranexamic acid. Both of these agents were included
in the recent reports highlighting risks of aprotinin
usage, and were found to be equally efficacious in
reducing blood loss, without increased thrombotic
complications or renal dysfunction.!'”-!”! These find-
ings are at odds with other reports that have not
shown EACA to consistently reduce bleeding or
reduce the need for allogenic blood transfusion,?7!!
or tranexamic acid to be equivalent to aprotinin in
terms of reduced transfusion requirement and blood
loss.”?! The largest meta-analysis of 2106 patients
comparing trials of aprotinin versus the lysine ana-
logues found perioperative blood loss to be signifi-
cantly greater with tranexamic acid and EACA than
with aprotinin: weighted mean differences were
106mL (95% CI 37, 176) and 184mL (95% CI 134,
235), respectively.[®s The pooled RR of receiving an
allogenic red blood cell transfusion with tranexamic
acid and EACA, compared with aprotinin, were 1.08
(95% C1 0.88, 1.32) and 1.14 (95% CI 0.84, 1.55),
respectively. For re-exploration, the Cochrane RR
for tranexamic acid versus aprotinin was 0.98 (95%
CI 0.51, 1.88). The authors concluded that the data
are conflicting regarding the equivalence of lysine
analogues and aprotinin in reducing perioperative
bleeding, transfusion and the need for re-exploration
and “an uncertain basis for replacing aprotinin with
the cheaper lysine analogues.”®3 These trials gener-
ally included patients at low risk for excessive
bleeding (patients undergoing primary CABG),
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which may have limited their ability to detect differ-
ences in efficacy. Notably, the RR for re-exploration
with tranexamic acid versus aprotinin calculated
in the study™! was changed in favour of aprotinin
when the results of a single small trial®! (in which
all cases of re-exploration occurred in the aprotinin-
treated group [tranexamic acid 0/45, aprotinin 6/45])
were excluded from analysis.

5. Discussion

The lack of agreement between recent reports
highlighting adverse events with aprotinin us-
age!'1%1 and previously published randomised tri-
als?24 may be attributable to the observational
design utilised in these studies. Observational stud-
ies are limited in their ability to determine causation,
but are useful in detecting low-frequency adverse
events. In observational studies, the decision to use a
certain drug or treatment is made by the treating
physician, not by a predetermined method (i.e.
randomisation); therefore, there is an inherent bias
based on perception of need that can influence out-
comes as patients considered to be at higher risk
may be given a more risky treatment, as in the case
of aprotinin. Some of this bias can be adjusted for by
using propensity scoring, which incorporates known
confounders and other covariates in to the determi-
nation of treatment effects; however, although pro-
pensity scoring can reduce bias, it does not eliminate
it Furthermore, not all confounders and clinically
important covariates can be measured and, as a
result, observational studies, with or without pro-
pensity matching, should not be considered an alter-
native to large, randomised, controlled trials. With
regard to aprotinin usage, the decision to use apro-
tinin was not part of the study protocols; therefore, a
bias may exist towards use of aprotinin in high-risk
patients, such that the use of the drug may serve as a
marker for patients likely to have worse outcomes
regardless of the drug. Additional variables that
could have influenced outcomes, such as duration of
CPB, dosage of aprotinin, platelet transfusions and
use of ACE inhibitors, were also not reported and
merit further investigation.

Answers to many of the questions raised may
arise from the BART (Blood Conservation Using
Antifibrinolytics: Randomized Controlled Trial in
High-Risk Cardiac Surgery) trial and the US FDA
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analysis of Bayer’s recently submitted data from a
privately commissioned observational study of
67 000 patients. The FDA’s initial review of the data
provided by Bayer has found aprotinin may be asso-
ciated with “increased risk for death, kidney failure,
CHF, and stroke.”™ The ongoing BART investiga-
tion (target enrolment of 2970 patients) is the largest
triple-blind, randomised controlled trial of antifibri-
nolytic drugs in high-risk cardiac surgery to deter-
mine whether aprotinin is superior to EACA or
tranexamic acid in decreasing postoperative bleed-
ing. The pre-specified primary outcome is bleeding
and secondary outcomes include organ failure (re-
nal, cardiovascular and cerebrovascular events). The
assessment of benefits and risks will be free from
confounding by indication, which has been a major
criticism of prior observational studies. Interim re-
sults presented at the Annual Meeting of the Society
of Cardiovascular Anesthesiologists have shown
no differences in important clinical outcomes
among patients receiving aprotinin, tranexamic acid
or EACA.P7

6. Recommendations

Although aprotinin certainly has beneficial ef-
fects on systemic inflammation and haemostasis, the
current concerns raised by Mangano et al.,[!!8]
Karkouti et al.l'”! and the initial review of Bayer’s
observational study!®®! warrant limiting the usage of
aprotinin to cases where the risk of bleeding is high.
At our institution, these cases include patients on
antiplatelet therapy with clopidogrel and significant
coagulopathy secondary to hepatic dysfunction or
active infection (endocarditis), or prolonged opera-
tions such as multiple valve operations, complex
aortic surgery and redo cardiac surgery. As with
many issues in the care of patients, good clinical
judgment is required to optimise care delivery. One
should not make blanket judgments because apro-
tinin should ‘always’ or ‘never’ be used. An assess-
ment of the benefits and risks of agents, such as
aprotinin, should be undertaken on an individual
patient basis.
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