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Data Selection
Sources:  Medical literature published in any language since 1966 on aprotinin, identified using AdisBase (a proprietary database of Adis
International, Auckland, New Zealand), Medline and EMBASE. Additional references were identified from the reference lists of published
articles. Bibliographical information, including contributory unpublished data, was also requested from the company developing the drug.
Search strategy:  AdisBase search terms were ‘aprotinin’, ‘aprotinin-solution’, ‘Bayer-A-128’, ‘Bayer-A128’, ‘Riker-52G’, ‘RP-9921’, ‘heart-
surgery’ and ‘coronary-bypass’. Medline and EMBASE search terms were ‘aprotinin’, ‘aprotinin-solution’, ‘Bayer-A-128’, ‘Bayer-A128’,
‘Riker-52G’, ‘RP-9921’, ‘heart-surgery’ and ‘coronary-bypass’. Searches were last updated 18 December 1998.
Selection:  Studies in patients undergoing open heart surgery or coronary artery bypass graft surgery with cardiopulmonary bypass who
received aprotinin. Inclusion of studies was based mainly on the methods section of the trials. When available, large, well controlled trials
with appropriate statistical methodology were preferred. Relevant pharmacodynamic and pharmacokinetic data are also included.
Index terms:  Aprotinin, heart surgery, coronary artery bypass graft surgery, pharmacodynamics, pharmacokinetics, therapeutic use.
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Summary
Abstract Cardiopulmonary bypass (CPB) is associated with defective haemostasis which

results in bleeding and the requirement for allogenic blood product transfusions
in many patients undergoing open heart surgery (OHS) and/or coronary artery
bypass graft surgery (CABG) with CPB. Conservation of blood has become a
priority during surgery because of shortages of donor blood, the risks associated
with the use of allogenic blood products and the costs of these products.

Aprotinin is a serine protease inhibitor isolated from bovine lung tissue which
acts in a number of interrelated ways to provide an antifibrinolytic effect, inhibit
contact activation, reduce platelet dysfunction and attenuate the inflammatory
response to CPB. It is used to reduce blood loss and transfusion requirements in
patients with a risk of haemorrhage and has clear advantages over placebo or no
treatment.

High dose aprotinin significantly reduces postoperative blood loss compared
with aminocaproic acid and desmopressin, and decreases transfusion require-
ments compared with desmopressin. Results are less consistent with tranexamic
acid: high dose aprotinin either reduces blood loss significantly more than, or to
an equivalent level to, tranexamic acid. A variety of other lower aprotinin dosage
regimens consistently result in similar reductions in blood loss to aminocaproic
acid or tranexamic acid.

Data from clinical trials indicate that aprotinin is generally well tolerated, and
the adverse events seen are those expected in patients undergoing OHS and/or
CABG with CPB. Hypersensitivity reactions occur in <0.1 to 0.6% of patients
receiving aprotinin for the first time. The results of original reports indicating that
aprotinin therapy may increase myocardial infarction rates or mortality have not
been supported by more recent studies specifically designed to investigate this
outcome. However, a tendency to early vein graft occlusion with aprotinin has
been shown and care with anticoagulation and vessel grafts is required. No com-
parative tolerability data between aprotinin and the lysine analogues, amino-
caproic acid and tranexamic acid, are available.

Conclusion: Comparative tolerability and cost-effectiveness data for aprotinin
and the lysine analogues are required to more fully assess their individual roles
in reducing blood loss and transfusion requirements in patients undergoing CPB
during OHS and/or CABG. However, clinical evidence to date supports the use
of aprotinin over its competitors in patients at high risk of haemorrhage, in those
for whom transfusion is unavailable or in patients who refuse allogenic transfu-
sions.
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Pharmacodynamic
Properties

Aprotinin is a serine protease inhibitor which dose-dependently inhibits human
trypsin, plasmin and kallikrein. In patients undergoing cardiopulmonary bypass
(CPB), aprotinin has been shown to prevent plasmin-mediated fibrinolysis and
inhibit the contact activation system via kallikrein inhibition, preserve platelet
surface adhesive receptor glycoprotein (GP)Ib function and attenuate heparin-
induced platelet dysfunction, and display anti-inflammatory and antioxidant
effects. The antifibrinolytic effects of high dose aprotinin (see Dosage and Ad-
ministration summary), as measured by reductions in D-dimer levels, are less
than those of tranexamic acid, similar to those of aminocaproic acid and superior
to those of desmopressin. Aprotinin has anti-inflammatory effects equivalent to
methylprednisolone (1g before CPB) in patients undergoing CPB.

Pharmacokinetic
Properties

Aprotinin cannot be administered orally because of gastric inactivation. Mean
plasma aprotinin concentrations reported previously were 37 to 47 mg/L at the
beginning of CPB and 26 to 27 mg/L at the end of CPB after administration of
high dose aprotinin (see Dosage and Administration summary). These concentra-
tions are adequate to suppress plasmin throughout the procedure. As well, a more
recent trial found high dose aprotinin produced concentrations needed to inhibit
kallikrein throughout surgery.

After intravenous administration, aprotinin is rapidly distributed into the
extracellular compartment, and plasma aprotinin concentrations then decrease
biphasically. Distribution and elimination half-lives are 0.32 to 0.50 hours and
5.25 and 8.28 hours for the 2 phases, respectively.

Aprotinin is filtered by the glomeruli but then actively reabsorbed by the
proximal tubules and gradually metabolised in the kidney. Approximately 25 to
40% of a single intravenous dose of 131I-labelled aprotinin was measured in the
urine of healthy volunteers within 48 hours of administration. Aprotinin clearance
was substantially reduced, and the elimination half-life and area under the plasma
concentration-time curve increased in 2 patients with chronic renal impairment
who received 140mg by intravenous infusion over 30 minutes. However, renal
impairment did not affect peak plasma aprotinin concentrations or distribution
half-life.

Therapeutic Use The clinical efficacy of aprotinin has been evaluated in patients undergoing open
heart surgery (OHS) and/or coronary artery bypass graft surgery (CABG), includ-
ing those undergoing repeat sternotomy and those receiving aspirin. It has been
compared with untreated controls and placebo as well as the lysine analogues
tranexamic acid and aminocaproic acid, and the vasopressin analogue desmo-
pressin.

An evaluation of comparative efficacy is difficult because dosage regimens of
all active treatments vary between studies. However, high dose aprotinin (see
Dosage and Administration summary) significantly reduces postoperative blood
loss compared with aminocaproic acid and desmopressin, and decreases transfu-
sion requirements compared with desmopressin. Results are less consistent in
comparisons with tranexamic acid: high dose aprotinin reduced blood loss sig-
nificantly more than tranexamic acid in some studies and to equivalent levels in
others. A variety of other lower dose aprotinin regimens consistently result in
similar reductions in blood loss to aminocaproic acid or tranexamic acid.

In patients undergoing CPB during OHS, no significant difference in the re-
duction in postoperative blood loss or transfusion requirements could be shown
between high dose and low dose (50% of the high dose using the same protocol)
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regimens. Aprotinin 280mg [2 × 106 kallikrein inactivator units (KIU)] added to
the pump priming fluid of the CPB circuit has usually been shown to decrease
blood loss and transfusion requirements significantly more than placebo, although
in a study in patients undergoing repeat CABG, no difference was seen.

While some studies using a variety of dosage regimens in paediatric patients
undergoing OHS with CPB have shown significant reductions in blood loss and/or
transfusion requirements, others have failed to demonstrate any advantage of
aprotinin over no treatment. However, results available so far indicate that aproti-
nin may be beneficial in children undergoing repeat or very complicated OHS.

A recent meta-analysis suggests that high dose aprotinin, but not low dose or
pump prime only aprotinin, significantly reduces the incidence of stroke in pa-
tients undergoing CPB.

Although no cost-effectiveness studies have been conducted for aprotinin,
studies examining the effect on costs of aprotinin suggest that low dose aprotinin
(50% of the high dose regimen) is cost saving compared with no treatment,
aminocaproic acid and various anti-inflammatory strategies. In contrast, high
dose aprotinin has been shown to increase costs compared with aminocaproic
acid. However, neither study comparing the costs of aprotinin and aminocaproic
acid included critical care or hospitalisation costs.

Tolerability Aprotinin is generally well tolerated in clinical trials. Adverse events reported
are generally consistent with those expected in patients undergoing CPB during
OHS and/or CABG. Unfortunately, there are scant comparative tolerability data
for aprotinin and aminocaproic acid, tranexamic acid or desmopressin. Aprotinin
appears to be well tolerated in paediatric patients.

Some concerns remain regarding graft patency and myocardial infarction (MI)
rates and allergic reactions. The trend toward a higher incidence of MI and mor-
tality seen in some earlier trials has not been confirmed by further investigations
specifically designed to investigate this outcome. However, a recent large multi-
centre prospective study in patients undergoing primary CABG showed that high
dose aprotinin increased the probability of early vein graft occlusion, particularly
in patients with high risk factors. Surgical procedures used at different sites in
this study may also have contributed to this effect and indicate that care with
anticoagulation and vessel grafts is required when using aprotinin.

The reported incidence of hypersensitivity reactions in clinical trials in pa-
tients receiving mainly high dose aprotinin ranges from <0.1 to 0.6%. Most of
the patients in these trials received aprotinin for the first time and it has been
shown that reactions are more likely to occur in patients with prior exposure to
aprotinin. Indeed, a retrospective analysis in 240 patients re-exposed to aprotinin
a mean of 344 days after first exposure reported 7 allergic reactions (2.8%).

Increases in serum creatinine levels of ≥44 µmol/L (0.5 mg/dl) above pre-
operative levels were more common in patients receiving aprotinin than those not
receiving aprotinin in some but not all studies. However, these elevations in serum
creatinine levels were generally small, and levels returned to baseline and did not
predispose patients to renal dysfunction.

Drug Interactions Aprotinin alters the results of coagulation assays that depend on contact activa-
tion, i.e. it prolongs the activated partial thromboplastin time and activated clot-
ting time (ACT). Consequently, the previously recognised ACT value of >400 to
>450 seconds may not reflect adequate heparinisation in patients receiving aprotinin.
There is general agreement that heparin dosage should not be decreased during
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aprotinin administration, and current recommendations are to maintain the celite
ACT at >750 seconds or the kaolin ACT at >480 seconds, or to use a fixed dose
heparin regimen or to maintain heparin concentrations at ≥2.7 × 103 IU/L using
heparin/protamine titration.

Dosage and
Administration

Aprotinin is administered intravenously through a central line. The high dose
regimen is a loading dose of aprotinin 280mg (2 × 106 KIU) administered as an
infusion over 20 to 30 minutes after the induction of anaesthesia followed by an
infusion of aprotinin 70 mg/h (5 × 105 KIU/h) that is then maintained throughout
surgery. In addition, this regimen includes aprotinin 280mg added to the pump
priming fluid of the CPB circuit.

A variety of lower dose regimens have been investigated but the most common
are a standard low dose regimen of 50% of the high dose regimen using the same
protocol or aprotinin 280mg in the pump prime only.

An intravenous test dose of aprotinin 1.4mg or 1ml is recommended at least
10 minutes before the loading dose in patients with known previous exposure to
aprotinin, or in patients for whom this information is not available, because of
the risk of anaphylactic reactions.

1. Introduction

Aprotinin is a serine protease inhibitor isolated
from bovine lung tissue that has specific affinity
for kallikrein and plasmin. As such, it is used as a
pharmacological agent to reduce perioperative blood
loss and transfusion requirements in patients un-
dergoing surgery with a risk of haemorrhage. The
pharmacology and therapeutic efficacy of aproti-
nin in reducing blood loss associated with cardiac
surgery was reviewed in Drugs in 1995.[1] This re-
view updates the therapeutic use of aprotinin in
open heart surgery (OHS) and coronary artery by-
pass surgery (CABG) with cardiopulmonary by-
pass (CPB) in the light of recent clinical results.

1.1 Haemostasis During and After
Cardiopulmonary Bypass

An overview of defective haemostasis associ-
ated with extracorporeal circulation was provided
in the previous review.[1] In general, loss of vascu-
lar integrity, thrombocytopenia, defects in platelet
function, a hyperfibrinolytic state and coagulation
defects are all factors which may contribute to the
defective haemostasis observed during CPB. In ad-
dition, the extrinsic coagulation pathway is acti-
vated when blood vessels are cut during OHS.[2]

Many of these changes in coagulation and fibrino-
lysis are controlled by serine protease inhibitors.

Briefly, haemodilution with crystalloids and/or
colloids decreases the concentration of coagulation
factors and platelets, and moderate hypothermia
under which surgery is carried out decreases enzy-
matic activity and stimulates platelet activity.[1]

Blood cells and platelets (and their receptors) are
damaged, and coagulation factors are denatured by
mechanical trauma, high shear stress and turbu-
lence in the CPB circuit. Contact activation during
exposure to the CPB circuit results in activation of
the coagulation, fibrinolytic, kinin, angiotensin
and complement systems (fig. 1; see previous re-
view for further details).[1] Activation of the intrin-
sic coagulation pathway results in increased kalli-
krein and subsequent plasmin activity, which leads
to fibrinolysis. Plasma proteins, including fibrino-
gen, adsorbing onto the surface of the CPB circuit
promote platelet aggregation.

Finally, contact activation of the complement
system results in a generalised inflammatory re-
sponse. In its more serious form, this whole body
inflammatory response or postperfusion syndrome
is manifest as bleeding, pulmonary dysfunction,
renal dysfunction and increased susceptibility to
infection.[3-6]
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1.2 Aprotinin Dosage Regimens
During Cardiopulmonary Bypass

Amounts of aprotinin are expressed primarily
in milligrams throughout this review (1mg = 0.15
µmol). The biological activity of aprotinin can be
expressed as kallikrein inactivator (or inhibitor)
units [KIU (1mg = 7143 KIU)].[1] Aprotinin is
administered in a variety of dosage regimens, the
more standard of which are:
• high dose aprotinin = 280mg (2 × 106 KIU)

intravenously after the induction of anaesthesia
but before sternotomy followed by 70 mg/h
(5 × 105 KIU/h) by intravenous infusion for the
duration of surgery plus aprotinin 280mg added
to the pump priming fluid of the CPB circuit

• low dose aprotinin = half the high dose regimen
(unless otherwise stated), i.e. 140mg (1 × 106 KIU)
intravenously followed by 35 mg/h (2.5 × 105

KIU/h) by intravenous infusion plus aprotinin
140mg added to the pump priming fluid of the
CPB circuit

• pump prime only = aprotinin 280mg (unless
otherwise stated) in the pump priming fluid of
the CPB circuit only.
The aim of the high dose regimen is to achieve

plasma aprotinin concentrations necessary to in-
hibit kallikrein and plasmin. The rationale for the
low dose regimen is to achieve comparable effi-
cacy to the high dose regimen while reducing drug
costs and possibly the risk of some adverse events.

Factor XI

Factor XI
active

Thrombin

Factor XII
(Hageman factor)

Factor XII
active

Factor XII

Factor XII
active

Coagulation
system

HMWK

Prekallikrein
HMWK

Kallikrein

HMWK Bradykinin

Prorenin Renin

Kinin generation
(inflammation)

Angiotensin
system

C1 C1 active

Complement
system

Fibrinolytic
system

Plasmin

Plasminogen
activator

Plasminogen

HMWK

Foreign (negatively charged) surface

Activation
Transformation

Fig. 1.  A schematic diagram showing the roles of kallikrein and plasmin as mediators in the coagulation, fibrinolytic, kinin, angiotensin
and complement systems following activation at a foreign surface (from Davis and Whittington[1] ). C1 = complement 1; HMWK = high
molecular weight kininogen.
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The use of the low dose regimen does not inhibit
kallikrein (based on calculated values) and, thus,
does not prevent the formation of bradykinin and
activated complement (fig. 1). Therefore, the full
anti-inflammatory effect of aprotinin is achieved
only with the high dose regimen. Aprotinin in the
pump priming fluid is designed to protect platelets
during the initial phase of CPB.[1,7-9]

2. Pharmacodynamic Properties

Aprotinin dose-dependently inhibits a number
of proteases, including human trypsin, plasmin,
plasma kallikrein and tissue kallikreins, by form-
ing reversible enzyme-inhibitor complexes.[1,10]

These proteases perform important functions in the
kallikrein-kininogen-kinin, complement, coagula-
tion and fibrinolytic systems (see section 1 and
fig. 1).[10] Despite a large amount of research, the
mechanism of action by which aprotinin prevents
coagulopathy and blood loss during CPB has not
yet been fully elucidated. There is evidence for
several possible mechanisms, which are probably
interrelated and dosage specific. Aprotinin in-
hibits the contact-coagulation system via kalli-
krein inhibition, inhibits protein C, attenuates
plasmin-induced fibrinolysis and preserves plate-
let receptor function.[10] It has also displayed anti-
inflammatory effects.[11]

The effects of aprotinin on the hyperfibrinolytic
state, platelet dysfunction and inflammatory reac-
tion induced by CPB are discussed in more detail
in the following sections. Specifically, recent ran-
domised studies comparing these effects of aproti-
nin with those of other agents used to reduce blood
loss during CPB are evaluated. In these studies
blood was drawn from patients undergoing CPB
before, during and up to 24 hours after surgery and
the various markers of pharmacological effect
were then measured.

2.1 Effects on Fibrinolysis

Clinical evidence suggests that direct inhibition
of plasmin is the major mechanism of the anti-
fibrinolytic effects of aprotinin, while inhibition
of the contact activation system via kallikrein in-

hibition is involved to a lesser extent (reviewed by
Davis and Whittington[1] and Dobkowski and Mur-
kin[10]). Recent randomised controlled studies in
patients undergoing CPB have confirmed previous
evidence[1] that, compared with placebo or no
treatment, aprotinin reduces the formation of fibrin
degradation products (D-dimers), increases α2-
antiplasmin and plasminogen activator inhibitor
(PAI) activity and attenuates the release of tissue
plasminogen activator (t-PA) from endothelial cells,
thus confirming its antifibrinolytic activity.[12-18] 

The comparative effects of the high dose aproti-
nin regimen (section 1.2) and tranexamic acid on
D-dimer levels in blinded studies appear to depend
on the dose of tranexamic acid used. The increase
in D-dimer levels seen in untreated patients under-
going CPB was significantly attenuated in patients
receiving high dose aprotinin or tranexamic acid
(10 mg/kg then 1 mg/kg/h; total 20 mg/kg) in 1
study (p < 0.05) with no significant difference be-
tween treatments.[12] However, compared with
high dose aprotinin, D-dimer levels were signifi-
cantly lower with tranexamic acid 10 mg/kg then
3 mg/kg/h[19] or tranexamic acid 20 mg/kg then
8 mg/kg/h.[20] In other blinded studies, high dose
aprotinin had an effect on D-dimer levels similar
to that of aminocaproic acid 80 mg/kg then 30
mg/kg/h[19] and superior to that of desmopressin
0.3 to 0.4 µg/kg.[21]

In contrast to comparative results for D-dimer
levels, both α2-antiplasmin and PAI activity were
significantly greater in patients receiving high
dose aprotinin than in those receiving tranexamic
acid (10 mg/kg then 1 mg/kg/h; total 20 mg/kg) or
no treatment in a study of 43 patients undergoing
CPB.[12] These differences in the antifibrinolytic
effects of aprotinin and tranexamic acid probably
reflect their different mechanisms of action.[10,12]

Aprotinin inhibits serine proteases in a dose-
dependent manner,[10] and so it is of interest to note
the antifibrinolytic effects of different dosage re-
gimens. A low dose regimen of aprotinin 4 mg/kg
(3 × 104 KIU/kg) in the pump prime and 1 mg/kg/h
(0.75 × 104 KIU/kg/h) intravenously during sur-
gery significantly attenuated the rise in D-dimer

Aprotinin: An Update 239

 Adis International Limited. All rights reserved. Drugs 1999 Feb; 57 (2)



levels compared with no treatment in 2 separate
studies (1 unblinded).[13,16] However, pump prime
only aprotinin 70, 140 or 280mg did not have any
significant effect on D-dimer levels compared with
placebo or no treatment in 3 double-blind stud-
ies.[13,22,23] The activity of both α2-antiplasmin and
PAI-1 were significantly higher with both this low
dose regimen and pump prime only aprotinin
140mg compared with no treatment.[13]

2.2 Effects on Platelet Dysfunction

Aprotinin prevents the prolongation of bleeding
time that occurs after CPB, indicating that it pre-
serves platelet function.[1,10] Suggested mechanisms
by which aprotinin may preserve platelet function
and numbers are:
• reduction of thrombin generation
• preservation of platelet surface adhesive recep-

tor glycoprotein (GP)Ib function
• reduction of thromboxane A2 release from plate-

lets
• prevention of heparin-induced platelet dysfunc-

tion.[1]

While some more recent studies have confirmed
these various effects of aprotinin on platelet func-
tion,[12,17,19,20,23-27] others have failed to show spe-
cific effects.[28-30]

In studies comparing the effects of high dose
aprotinin and tranexamic acid 20 mg/kg on platelet
function, both agents significantly reduced bleed-
ing time,[12,20] and preserved platelet aggregation
in response to adenosine diphosphate (ADP)[12] and
ristocetin,[20] with no difference between agents.

2.3 Effects on Inflammatory Responses

Many of the inflammatory cascades activated
by CPB are enzyme mediated and involve serine
proteases (reviewed by Murkin[31] and Royston[11]).
Serine protease inhibitors have the potential to ame-
liorate the inflammatory response to CPB by regu-
lating cytokine release and leucocyte activation.[11,31]

Several prospective, randomised, and in most in-
stances blinded, studies with untreated control
groups have confirmed an anti-inflammatory effect
for aprotinin in patients undergoing CPB,[32-39]

while others have shown no such effect.[40,41] It
should be noted that one of these latter studies was
in paediatric patients and used a nonstandard low
dose aprotinin regimen of 2.8 mg/kg (2 × 104

KIU/kg)[40] and the other used pump prime only
aprotinin 280mg,[41] whereas the studies showing
a positive effect for aprotinin all, except one,[39]

used either the standard high dose or low dose
aprotinin regimens (see section 1.2).

In a series of in vivo and ex vivo studies using
blood from patients undergoing CPB, high dose
aprotinin was shown to:
• enhance the endogenous release of the anti-

inflammatory cytokine interleukin (IL)-10 in
response to CPB[33]

• increase plasma levels of the anti-inflammatory
cytokine inhibitor IL-1 receptor antagonist (IL-
1ra) to a greater extent than in untreated controls
at 24 hours after CPB[37]

• reduce production of the pro-inflammatory cyto-
kine IL-8 in bronchial alveolar lavage fluid and
accumulation of neutrophils in the airways of
patients after CPB.[34]

Aprotinin had similar anti-inflammatory effects
to methylprednisolone 1g in patients undergoing
CPB. Both agents attenuated CPB-induced sys-
temic tumour necrosis factor (TNF)-α release and
neutrophil integrin CD11b up-regulation (low dose
aprotinin),[36,38] and reduced CPB-induced IL-6 re-
lease (high dose but not low dose aprotinin).[32,35]

Aprotinin has shown antioxidant effects in
adult[42] and paediatric patients[43] and in in vitro
studies.[44-46] In the comparative studies available,
aprotinin but not aminocaproic acid[46] or tranexa-
mic acid[47] attenuated cytokine-induced increases
in nitric oxide (NO) production and inducible nitric
oxide synthase (iNOS) expression in murine bron-
chial epithelial cells in vitro. Both endogenous NO
and iNOS have been implicated in the pathophys-
iology of a variety of conditions (including circu-
latory shock,[48] systemic inflammatory response
syndrome,[49] myocardial reperfusion injury,[47]

heart failure[50] and cardiac allogenic graft rejec-
tion[51]) which may occur after OHS and/or CABG
with CPB.
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3. Overview of
Pharmacokinetic Properties

Since the last review was published in Drugs,
very few new data on the pharmacokinetics of
aprotinin have become available. Therefore, an
overview of the pharmacokinetic profile of aproti-
nin is presented here with new data from 1 clinical
study[52] and from 2 patients with renal impair-
ment.[53]

Aprotinin cannot be administered orally be-
cause of gastric inactivation.[3] When administered
by intravenous infusion, aprotinin displays a dose-
proportional plasma pharmacokinetic profile over
the dose range 70 to 280mg. After administration
of a single 30-minute intravenous dose of aprotinin
70 to 280mg to patients awaiting cardiac surgery
or to female patients undergoing primary elective
abdominal hysterectomy, mean maximum plasma
concentrations (Cmax) ranged from 8.4 to 59.6
mg/L (60 to 425.7 × 103 KIU/L). [1] 

The plasma concentration of aprotinin required
to inhibit kallikrein has been reported as 28 to 35
mg/L (200 to 250 × 103 KIU/L) and that needed to
inhibit plasmin as 7 to 17 mg/L (50 to 125 × 103

KIU/L). [1,3,7,52] In clinical studies reported in detail
previously,[1] administration of high dose aprotinin
resulted in mean plasma drug concentrations of 37
to 47 mg/L at the beginning of CPB and 26 to 27
mg/L at the end of CPB.

In a more recent study in 14 patients receiving
high dose aprotinin while undergoing CPB during
CABG and/or heart valve replacement (HVR) sur-
gery, aprotinin concentrations were ≥25 mg/L
(1.79 × 105 KIU/L) throughout CPB (table I).[52]

The aprotinin infusion was continued for only 4
hours in this study although no operations were
completed within this time (mean 6, range 4.2 to 8
hours). However, in a separate trial, the high dose
regimen produced the higher plasma drug concen-
trations needed to inhibit kallikrein (>28 mg/L)
throughout the surgical period (6 hours).[54]

These results indicate that with high dose
aprotinin the plasma drug concentrations required
to inhibit plasmin are achieved during the entire
bypass period and concentrations needed to inhibit

kallikrein may also be achieved during this time.
However, more pharmacokinetic studies are still
required to clarify the apparent inconsistency of
the results of previous studies investigating stand-
ard low dose aprotinin in which linear pharmaco-
kinetic properties were not always displayed.[1]

Aprotinin is rapidly distributed into the extra-
cellular compartment after intravenous administra-
tion. Plasma drug concentrations decrease biphas-
ically, with distribution and elimination half-lives
of 0.32 to 0.50 hours and 5.25 to 8.28 hours for the
2 phases, respectively. Animal studies have shown
that aprotinin is primarily accumulated within the
proximal tubular epithelial cells of the kidneys. Af-
ter undergoing glomerular filtration, aprotinin is
actively reabsorbed by the proximal tubules, stored
in phagolysosomes and then gradually metabolised
by lysosomal enzymes in the kidney. Approxi-
mately 25 to 40% of a single intravenous dose of
131I-labelled aprotinin was found in the urine of
healthy volunteers within the first 48 hours. How-
ever, the total urinary excretion of unchanged drug
is low (range 1.1 to 8.7%), but appears to increase
slightly when the infused dose is increased.[1]

In female patients undergoing hysterectomy, no
significant differences in the mean values obtained
for Cmax or area under the plasma concentration-
time curve (AUC) were noted between younger
(<60 years) and older (>60 years) women.[55,56]

The pharmacokinetics of aprotinin 140mg by
intravenous infusion over 30 minutes in 2 patients
with chronic renal dysfunction undergoing elective

Table I.  Plasma aprotinin concentrations in 14 patients undergoing
cardiopulmonary bypass (CPB) during open heart or coronary
artery bypass graft surgery who received aprotinin 280mg intra-
venously after the induction of anaesthesia followed by 70 mg/h for
4 hours plus 280mg added to the pump priming fluid of the CPB
circuit[52]

Time of sample Plasma aprotinin
concentration in mg/L (KIU/L)

30 min after start of aprotinin
administration

33 (2.34 × 105)

30 min after start of CPB 32 (2.29 × 105)

90 min after start of CPB 26 (1.84 × 105)

End of CPB 25 (1.79 × 105)

KIU = kallikrein inactivator (inhibitor) units.
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hysterectomy have been examined.[53] There was a
substantial decrease in aprotinin clearance leading
to an increase in the elimination half-life and the
AUC of aprotinin in these patients. Cmax and the
distribution half-life of the drug were not affected
by renal impairment. There are no reports of the
potential effects of hepatic impairment on the
pharmacokinetic profile of aprotinin.

4. Therapeutic Use

Although aprotinin has been used in a number
of surgical indications where significant blood loss
can be expected, this section focuses on the areas
where aprotinin is most widely used, i.e. in CABG
or OHS (mainly HVR) using CPB. At the time of
the previous review,[1] aprotinin had previously
shown efficacy in placebo-controlled trials in pa-
tients undergoing CPB (see section 4.2).[1] Data
from trials comparing the efficacy of aprotinin with
other antifibrinolytic agents in patients undergoing
OHS and/or CABG are now available and are the
focus of this section.

In addition, the question of an optimal dosage
regimen remained unanswered at the time of the
last review. Recent trials which have examined the
different dosage regimens are reviewed and the re-
sults discussed in detail. Finally, information on the
use of aprotinin in paediatric patients undergoing
OHS is updated.

4.1 Study Design

Patients about to undergo CABG or OHS were
anaesthetised in a standard manner before being
given heparin 300 to 400 IU/kg or 3 to 4 mg/kg as
a starting dose. In the majority of studies cited in
this review heparin was then administered to main-
tain an activated clotting time (ACT) with celite of
>750 seconds or with kaolin of >450 to >480 sec-
onds during CPB, or using a fixed dosage regimen
(generally 50 mg/h) or to maintain heparin blood
concentrations at 2.7 × 103 IU/L using heparin/
protamine titration. In contrast, in the majority of
studies cited in the previous review, heparin was
administered to maintain the celite ACT at >400 to
>450 seconds (see section 6 for discussion on

heparin administration with aprotinin). Heparin
activity was reversed by protamine at the end of
bypass. A membrane oxygenator was used in most
studies, although a few used a bubble oxygenator.
Patients were cooled to between 30 to 32°C during
CPB. In general, patients received a transfusion when
haemoglobin levels fell to <80 g/L or haematocrit
value to <30%.

The aprotinin regimens used in these studies,
unless otherwise stated, are those outlined in sec-
tion 1.2. The high dose regimen was aprotinin
280mg (2 × 106 KIU) intravenously after the in-
duction of anaesthesia followed by 70 mg/h (5 ×
105 KIU) by intravenous infusion for the duration
of the operation. Aprotinin 280mg was also added
to the pump priming fluid of the CPB circuit. The
standard low dose regimen usually followed the
same protocol with all doses reduced by half. In
addition, some trials used a regimen involving only
the addition of aprotinin to the CPB pump priming
fluid (pump prime only).

It should be noted that the majority of these
studies included fewer than 100 patients in each
treatment group and are, therefore, susceptible to
type II statistical error.

4.1.1 Clinical End-Points
The primary outcome measures in these studies

were blood loss and use of blood products. Gener-
ally, postoperative blood loss (volume of loss from
chest drains over 8 to 24 hours) was measured, al-
though some studies also measured intraoperative
loss into swabs or sponges or through suction.
Blood products used postoperatively were usually
allogenic transfusion of whole blood or packed red
blood cells (PRC), although some studies also
measured the use of fresh frozen plasma (FFP) and
platelets.

Blood loss and use of blood products are clini-
cally and economically significant end-points.
Reducing perioperative blood loss can result in
shorter surgery time and can decrease time in the
intensive care unit (ICU) as well as the risk of res-
cue surgery to control bleeding. This generally
leads to short term functional benefits for the pa-
tient as well as the decreased theatre and hospital
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costs related to a shorter stay. Transfusion of allo-
genic blood and blood products is associated with
the risk of several complications (table II), and de-
creasing transfusion requirements reduces these
risks. In addition, the costs (some long term) in-
volved in managing these complications are re-
duced or avoided, as are the direct costs involved
in providing blood products.[1,10,57,58]

4.2 Effects on Blood Loss and
Transfusion Requirements

Previously reviewed data from patients under-
going cardiac surgery[1] indicate that compared
with placebo, high dose aprotinin significantly re-
duces postoperative blood loss (by 35 to 81%) and
allogenic transfusion requirements (by 35 to 97%)
and markedly increases the percentage of patients
who do not require allogenic transfusions (by 40 to
88%). Significant reductions in blood loss and
transfusion requirements, and increases in the
number of patients who do not require transfu-
sions, were also reported at that time in patients
undergoing primary CABG who received low dose
or pump prime only aprotinin compared with pla-
cebo or no treatment.

Subsequently, the efficacy of the standard high
dose and low dose aprotinin regimens has been
compared with placebo (with no direct comparison
between aprotinin regimens) in 3 trials involving a
total of 1088 patients undergoing either primary or
repeat surgery. The results of these studies, show-
ing that both regimens significantly improve study
outcomes, are summarised in table III.[59-61] Two
of these trials also included standard pump prime

only aprotinin 280mg, which was superior to pla-
cebo in the trial by Lemmer et al.[60] in patients
undergoing primary surgery but not in the smaller
trial by Levy et al.[61] in patients undergoing repeat
surgery.

Alternative low dose regimens of aprotinin
140mg infused over 20 minutes prior to CPB plus
140mg in the pump prime[62] and aprotinin 70mg
in the pump prime[22] have also shown significant
reductions in mean 24-hour postoperative blood
loss compared with placebo.

Lemmer et al.[60] (table III) performed a sub-
analysis of their results and compared patients con-
sidered at high risk of haemorrhage (n = 496; 97%
because they were taking aspirin) with those not
considered at high risk of bleeding (n = 148). In the
low risk group, the mean total number of blood
products required in the aprotinin-treated patients
(at any dosage) was not significantly different from
that of placebo-treated patients. However, mean
total blood product exposures per patient, number
of patients requiring transfusion of any blood prod-
uct and the mean number of PRC units used were
all significantly reduced by aprotinin (at all dos-
ages) compared with placebo in patients at high
risk of haemorrhage.[60] 

4.2.1 High Dose Aprotinin
The antifibrinolytic efficacy of high dose aprot-

inin in patients undergoing CABG and/or HVR
surgery has been compared with that of the lysine
analogues tranexamic acid and aminocaproic acid
in several studies and with that of the vasopressin
analogue desmopressin in a single trial. Results from
these prospective, randomised, controlled, and in
most instances double-blind, studies are summar-
ised in table IV.

Two studies which included a total of >150 pa-
tients have each compared aprotinin with amino-
caproic acid, tranexamic acid and no treatment.[19,65]

High dose aprotinin significantly reduced post-
operative blood loss compared with both amino-
caproic acid and tranexamic acid.[19,65] Reductions
in total 24-hour postoperative blood loss compared
with controls were 52 and 63% with aprotinin, 30
and 37% with aminocaproic acid, and 26 and 9%

Table II.  Risks associated with transfusion of allogenic blood and
blood products[10]

ABO/rhesus incompatibility

Sepsis

Alloimmunisation resulting in an acute haemolytic reaction

Febrile reactions

Immunosuppression (with increased risk of infection and/or graft
rejection)

Viral transmission: hepatitis B or C, HIV, HTLV

Coagulopathy

HTLV = human T-cell lymphotropic virus
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with tranexamic acid.[19,65] Use of blood products
(PRCs, FFP and platelets) was significantly de-
creased with the high dose aprotinin regimen
compared with tranexamic acid (8 versus 50% of
patients) but not aminocaproic acid (17%) in the
study by Menichetti et al.[19] There were no signif-
icant differences between active treatment groups
in the units of allogenic blood required or the per-
centage of patients requiring transfusion in the
study by Penta de Peppo et al.[65]

In direct one-on-one comparisons, the high dose
aprotinin regimen reduced blood loss to a signifi-
cantly greater extent than desmopressin[21] and to
a similar extent to tranexamic acid (table IV).[20,66,67]

Blood loss with aprotinin was significantly lower
in repeat surgery[63] but equivalent in primary

CABG when compared with aminocaproic acid.[64]

Aprotinin reduced the percentage of patients re-
quiring PRC transfusion compared with desmo-
pressin (26 vs 66%),[21] but there were no signifi-
cant differences in the use of blood products
between aprotinin and aminocaproic acid or tran-
examic acid in these studies.[20,64,67] Interestingly,
in a subgroup analysis of patients undergoing re-
peat sternotomy, the number of mean units of PRC
transfused per patient in the 24 hours after surgery
was significantly lower with aprotinin (1.25) than
tranexamic acid (3.86; p < 0.05).[67]

An important secondary outcome to reduced
blood loss is a reduction in the incidence of re-
operations to control bleeding (surgical or diffuse/
oozing). A recent, but as yet unpublished, meta-

Table III.  Efficacy of high dose (HD), low dose (LD) and pump prime only (PP) aprotinin (APR) compared with placebo (PL) in patients
undergoing cardiopulmonary bypass during coronary artery bypass graft (CABG) or heart valve replacement (HVR) surgery. Summary of
results of prospective, randomised, double-blind studies published since the previous review on APR in Drugs.[1] 

Reference Surgical
procedure

Treatment regimen
(no. of patients)

Mean 24-hour
postoperative blood
loss (ml)

Mean no. PRC units per
patient (% patients
requiring transfusion)

Comparative efficacy

D’Ambra et al.[58] Primary HVR HD (65) 296*** (8h) 2 (63) HD, LD > PL

LD (62) 368*** (8h) 1.9 (52)

PL (64) 568 (8h) 1.3 (48)

Lemmer et al.[59] Primary CABG HD (160) 786*** 0.8*** (34***) HD, LD, PP > PL

LD (168) 811*** 0.9***(37***)

PP (159) 899*** 0.9*** (35***)

PL (157) 1286 1.8 (55)

Levy et al.[60] Repeat CABG HD (61) 900** 1.6* (54**) HD, LD > PL; PP ≡ PL

LD (59) 1040* 1.6** (53**)

PP (68) 1420 2.5 (74)

PL (65) 1700 3.4 (85)

Ray et al.[61] HVR HD (50) 1.7b*** (19) HD, LD > PL

LDc (50) 3.0b* (35)

PL (50) 6.9b (40)

Speekenbrink et al.[22] Primary CABG HDd (38) 504** 1.6 (29) HD, PP > PL

PPd (37) 662* 2.0 (24)

PL (37) 1068 2.9 (22)

a HD = APR 280mg (2 × 106 KIU) intravenously after the induction of anaesthesia but before sternotomy followed by 70 mg/h (5 × 105 KIU) by
intravenous infusion for the duration of surgery plus APR 280mg (2 × 106 KIU) added to the pump priming fluid of the CPB circuit. Unless
otherwise stated, LD = APR 140mg (1 × 106 KIU) intravenously followed by 35 mg/h (2.5 × 105 KIU) by intravenous infusion plus APR
140mg (1 × 106 KIU) added to the pump priming fluid of the CPB circuit. PP = APR 280mg in the pump priming fluid.

b Median haemoglobin loss (g) in patients with normal preoperative platelet function.

c 140mg infused intravenously over 20min prior to bypass plus 140mg in the pump priming fluid.

d Pump priming dose only 70mg not 280mg.

KIU = kallikrein inactivator units; PRC = packed red blood cells; > indicates greater clinical efficacy than; ≡ indicates equivalent clinical efficacy
to; * p < 0.05, ** p < 0.001, *** p < 0.0001 vs placebo.
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Table IV.  Comparative efficacy of high dose aprotinina (APR) versus desmopressin (DES), aminocaproic acid (ACA) and/or tranexamic acid (TRA) in patients undergoing
cardiopulmonary bypass (CPB) during coronary artery bypass graft (CABG), heart valve replacement (HVR) or other complex open heart surgery (OHS). Summary of prospective,
randomised, double-blind (unless stated otherwise) comparative studies

Reference (surgical procedure) Treatment regimen No. of
patients

Mean 24-hour
postoperative
blood loss (ml)

Total blood products
[units] (% patients
requiring blood products)

Comparative efficacy

Casas et al.[21] (HVR, CABG or both) APR  48 195**†† 0.7c (26**††) APR > DES, PL
DES 0.3-0.4 µg/kgb  50 400 1.6c (66)
PL  51 489 1.8c (56)

Bennett-Guerrero et al.[62]

(repeat HVR or CABG)
APR  99 511† 2c APR > ACA

ACA 150 mg/kg then 30 mg/kg/h 105 655 3c

Eberle et al.[63] (primary CABG) APR  20 391** (12h) 175mlc (45) APR ≡ ACA > CTR
ACA 10g then 2.5 g/h plus 10g in priming
fluid

 20 582** (12h) 225mlc (60)

CTR  20 1091 (12h) 100ml (10d)
Penta de Peppo et al.[64]e

(HVR or CABG)
APR  15 344*†‡ 0f (0) APR > ACA, TRA, CTR; 

ACA > CTR
ACA 10g then 2 g/h for 5h  15 509* 8f (20)
TRA 10 mg/kg then 1 mg/kg/h for 10h  15 534 1f (7)
CTR  15 724 6f (20)

Menichetti et al.[19]g (CABG) APR  24 298*†‡ (8)*‡ APR > ACA > TRA > CTR
ACA 80 mg/kg then 30 mg/kg/h plus
80 mg/kg in priming fluid

 24 512*‡ (17)*‡

TRA 10 mg/kg then 3 mg/kg/h plus
10 mg/kg in priming fluid

 24 737* (50)

CTRh  24 811 (75)
Boughenou et al.[20] (HVR) APR  17 523 4.7c APR ≡ TRA

TRA 20 mg/kg then 8 mg/kg  18 438 2.5c

Mongan et al.[65] (primary CABG) APR  75 567i 0 (27) APR ≡ TRA
TRA 15 mg/kg then 2 mg/kg/h  75 680i 0 (25)

Wong et al.[66]j (OHS) APR  30 391 (12h) 2.10c APR ≡ TRA
TRA 10g  29 331 (12h) 2.68c

a High dose = APR 280mg (2 × 106 KIU) intravenously after the induction of anaesthesia but before sternotomy followed by 70 mg/h (5 × 105 KIU) by intravenous infusion for the
duration of surgery plus aprotinin 280mg (2 × 106 KIU) added to the pump priming fluid of the CPB circuit.

b Administered 15min after protamine administration.
c Packed red blood cells.
d 90% of patients received autologous retransfusion.
e Not blinded.
f Allogenic blood transfusion.
g Active treatment groups blinded.
h Methodology does not clearly state whether this group received placebo or no treatment.
i Mean value for patients without excessive blood loss, i.e. <1L.
j Published as an abstract.
CTR = untreated control group; KIU = kallikrein inactivator units; PL = placebo; > indicates greater clinical efficacy than; ≡ indicates equivalent clinical efficacy; * p < 0.05, ** p <
0.001 vs placebo or control; † p < 0.05 vs aminocaproic acid; †† p < 0.05 vs desmopressin; ‡ p < 0.05 vs tranexamic acid.
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analysis of 28 randomised clinical trials of high
dose aprotinin (n = 1618) versus placebo (n = 1611)
reported reoperation rates of 3.17% for aprotinin
and 6.44% with placebo [relative risk 0.49; 95%
confidence interval (CI) 0.35-0.69].[68]

4.2.2 Low Dose Aprotinin
Unfortunately, no published studies have com-

pared the standard low dose aprotinin regimen (sec-
tion 1.2) and other antifibrinolytic agents. Table V
summarises the results of prospective, randomised,
double-blind studies that compared various other
nonstandard low dose regimens or pump prime
only aprotinin with aminocaproic acid or tranexa-
mic acid.

Low dose regimens of aprotinin [140mg (1 ×
106 KIU) plus 140mg in the CPB pump priming
fluid] and tranexamic acid (2.5g plus 2.5g in the
pump prime) both provided significant reductions
in blood loss and blood product requirements
compared with no treatment, with no difference in

either end-point between these 2 agents.[71] In con-
trast, pump prime only aprotinin (280mg) and
tranexamic acid (10g) regimens failed to show any
significant improvement in the former end-point
compared with no treatment in a small study re-
ported as an abstract (table V).[70]

In the only comparative trial to include patients
taking aspirin within 48 hours of surgery, a low-
dose aprotinin regimen [28mg (2 × 105 KIU) then
28 mg/h], tranexamic acid (10 mg/kg then 1
mg/kg/h) and aminocaproic acid (5g then 1 g/h) all
significantly reduced both blood loss and the use
of blood products (PRCs, FFP and platelets) com-
pared with no treatment (table V).[69] Patients in
this study were undergoing primary ≥3-vessel
CABG with no repeat surgery patients included.

4.2.3 High Dose versus Low Dose Aprotinin
Both the high dose and the low dose regimens

of aprotinin are superior to placebo. However, in
terms of reducing transfusion requirements or

Table V.  Comparative efficacy of nonstandard aprotinin (APR) low dosage regimens versus aminocaproic acid (ACA) and/or tranexamic acid
(TRA) in patients undergoing cardiopulmonary bypass during coronary artery bypass graft (CABG), heart valve replacement (HVR) or other
complex open heart surgery (OHS). Summary of prospective, randomised, double-blind (unless otherwise stated) comparative studies

Reference (surgical
procedure)

Treatment regimen No. of
patients

Mean 24-hour
postoperative
blood loss (ml)

Total blood products
[units] (% patients
requiring blood products)

Comparative
efficacy

Landymore et al.[68]a,b

(primary CABG)
APR 28mg then 28 mg/h 48  515** 0.5* APR, ACA,

TRA > CTR

TRA 10 mg/kg then 1 mg/kg/h 56  535** 0.38**

ACA 5g then 1 g/h 44  543* 0.32*

CTR 50  798 1.7

Gilron et al.[69]c (repeat
CABG)

APR 280mg in priming fluid  9 1817d APR ≡ TRA, PL

TRA 10g  9 1655d

PL  9 1940d

Pugh & Wielogorski[70]e

(HVR, CABG, or both)
APR 140mg plus 140mg in
priming fluid

21  230* 420mlf* APR ≡ TRA

TRA 2.5g plus 2.5g in priming
fluid

22  375* 600mlf*

CTR 23  615 1050mlf

a Active treatment groups blinded.

b Aspirin permitted.

c Published as an abstract.

d Total perioperative blood loss.

e Anaesthetist and perfusionist aware of group allocation.

f Allogenic blood transfusion.

CTR = untreated control group; PL = placebo; > indicates greater clinical efficacy than; ≡ indicates equivalent clinical efficacy; * p < 0.05,
** p < 0.001 vs CTR.
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blood loss, no significant benefit of one regimen
over the other has consistently been shown.

Two randomised double-blind studies have
directly compared high dose and low dose aproti-
nin in a total of 220 patients undergoing CPB dur-
ing primary OHS.[72,73] No significant difference
between groups in mean 24-hour postoperative
blood losses was shown in either study (537 vs
611ml and 502 vs 530ml for high dose vs low dose
groups). A statistically significant difference in
postoperative blood loss between the 2 regimens
was seen in the study by Gschossmann et al.[72]

between 6 and 12 hours after surgery [70ml with
high dose vs 110ml with low dose (p = 0.003)].
61% of high dose recipients (n = 50) and 46% of
low dose recipients (n = 50) did not require a blood
transfusion in the study by Weber et al.[73]

The high dose regimen has been shown to be
superior to the pump prime only regimen. Dietrich
et al.[74] recently directly compared high dose with
pump prime only (section 1.2) aprotinin in 230 pa-
tients undergoing either primary or repeat OHS.
Both perioperative blood loss and the mean vol-
ume of allogenic blood transfused were signifi-
cantly lower with the high dose regimen compared
with pump prime only [665 vs 877ml (p < 0.05)
and 1.3 vs 1.9 units (p < 0.05), respectively]. In
addition, 57% of high dose recipients did not re-
quire allogenic blood transfusion compared with
43% of pump prime only recipients.[74]

4.2.4 Paediatric Open Heart Surgery
At the time of the last review,[1] 5 comparative

studies had examined the clinical role of aprot-
inin in paediatric OHS. Of these, some showed
significant reductions in blood loss and blood
transfusion requirements, while others failed to
demonstrate any advantage of aprotinin over no
treatment.[1,29] Since then, 5 further prospective
studies have attempted to clarify the clinical role
of aprotinin in children undergoing OHS. The re-
sults of these studies are summarised in table
VI. [58,75-78]

Two studies were unable to show any statisti-
cally significant difference between aprotinin-
treated and untreated patients in terms of standard

outcomes such as blood loss and the need for trans-
fusions.[58,76] However, an extremely low dose of
aprotinin was used in the study by Davies et al.
(table VI).[58] Two studies (one double-blind and
one nonblind) which showed a significant decrease
in the number of patients requiring blood products
with aprotinin compared with placebo or untreated
control groups included only patients undergoing
repeat surgery.[75,77] Another nonblind study re-
ported no significant benefit with aprotinin over no
treatment in patients undergoing primary surgery
for ventricular septal defects or tetralogy of Fallot,
but a significant decrease in blood loss and trans-
fusion requirements in children undergoing more
complex primary surgery for transposition of the
great arteries.[78]

Overall, the difficulty of drawing conclusions
regarding the use of aprotinin in paediatric cardiac
surgery remains because these more recent studies
still have small patient numbers and a heteroge-
neous mix of study designs, surgical procedures
and dosage regimens. The results available so far
indicate that aprotinin may be beneficial in chil-
dren at high risk, i.e. undergoing repeat sternotomy
or very complex procedures. However, further
investigation is required to confirm this and define
a paediatric dosage regimen.

4.3 Pharmacoeconomic Evaluations

Although no cost-effectiveness studies have been
conducted for aprotinin, studies have been pub-
lished which have examined the effect on costs of
using aprotinin compared with no treatment,[75,77,79-82]

aminocaproic acid[63,83,84] and various anti-inflam-
matory strategies.[85]

The effect on costs of the use of low dose
aprotinin compared with no treatment has been
examined in 97 patients (of which 46 were histor-
ical controls) undergoing first time repeat CABG
(i.e. their second CABG) in a retrospective
study.[79] All costs were viewed from the perspec-
tive of the acute care hospital as provider, and in-
cluded costs for drug acquisition, blood products
and critical care and hospitalisation. Costs were
expressed in 1995 US dollars.

Aprotinin: An Update 247

 Adis International Limited. All rights reserved. Drugs 1999 Feb; 57 (2)



The approximate cost saving per patient receiv-
ing aprotinin was $US1516, as a result of savings
on blood products of $US878 and length of stay
(0.3 days in critical care and 1.9 days in hospital)
of $US1088, with the cost of aprotinin being
$US450. In a prospective nonblind 3-way compar-
ison between high dose, low dose and no aprotinin
in patients undergoing CPB during OHS and/or
CABG, total costs for drug acquisition and trans-

fusion were significantly reduced in patients re-
ceiving low dose (n = 31) but not high dose (n =
50) aprotinin compared with those for no treatment
(n = 52).[80]

Two prospective, randomised studies in paedi-
atric patients undergoing repeat OHS with CPB
showed a cost saving with aprotinin compared
with no treatment or placebo when patient hospital
charges for drug acquisition, blood products and

Table VI.  Efficacy of aprotinin (APR) in paediatric patients undergoing cardiopulmonary bypass during open heart surgery. Summary of
prospective, randomised, double-blind (unless otherwise stated) studies published since the previous review of aprotinin in Drugs[1]

Reference (type of
surgery)

Treatment regimen No. of
patients

Mean 24h
postoperative
blood loss (ml/kg)

Total blood products
[units] (% patients
requiring transfusion)

Comparative efficacy

Carrel et al.[77]

(primary)a,b,c
APR 7 mg/kg then 2.8
mg/kg/h plus 7mg in
priming fluid

20 47* 53 ml/kg/24h* APR (either regimen) > CTR

APR 7mg in priming fluid 18 52 66 ml/kg/24h**

CTR 18 55 75 ml/kg/24h

Davies[57] (primary
and reoperative)

APR 0.02 mg/m2 then
0.008 mg/m2/h plus 0.033
mg/m2 in priming fluidd

19 23.6 47.2 ml/kg/24h APR ≡ PL

PL 23 28.6 48.3 ml/kg/24h

D’Errico[74]

(reoperative)
APR 240 mg/m2 then 56
mg/m2/h plus 240 mg/m2

in priming fluid

19 27 (53**e) APR (either regimen) > PL

APR 120 mg/m2 then 28
mg/m2/h plus 120 mg/m2

in priming fluid

18 35 (89**e)

PL 20 44 (95e)

Gomar[75]b,f

(primary)
APR 240 mg/m2 then 50
mg/m2/h plus 50 mg/m2

in priming fluid

12  6.9 39e ml/kg APR ≡ CTR

CTR 13 10.0 43e ml/kg

Miller et
al.[76]b(reoperative)

APR 56 mg/kg then 28
mg/kg/h plus 56mg
in priming fluid

15 36 (47†) APR (either regimen) > CTR

APR 28 mg/kg then 14
mg/kg/h plus 28mg
in priming fluid

15 31.6 (47†)

CTR 15 28.9 (80)

a Results for subgroup of patients undergoing surgery for transposition of the great arteries.

b Nonblind.

c Nonrandomised.

d Dosage for children with a body surface area of ≤ 1.16m2 (140 KIU/m2 then 56 KIU/m2/h plus 240 KIU/m2). Dosage for children with a
body surface area > 1.16m2 was 0.035 mg/m2 (250 KIU/m2) then 0.01 mg/m2/h (70 KIU/m2/h) plus 0.04 mg/m2 (280 KIU/m2) in the
pump priming dose.

e Packed red blood cells.

f Published as an abstract.

CTR = untreated control; PL = placebo; > indicates greater clinical efficacy than; ≡ indicates equivalent clinical efficacy to; * p < 0.05 vs priming
fluid only aprotinin and CTR; ** p < 0.05 vs CTR or PL; † p < 0.05 vs CTR for use of fresh frozen plasma or platelets.
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time in the operating room, ICU and hospital were
considered (aprotinin dosage regimens used in
both studies are detailed in table VI).[75,77] The cur-
rency year was not stated in either study. In the
analysis by Miller et al.,[77] total patient charges
were $US12 598 in the no treatment group com-
pared with $US12 189 with the low dose aprotinin
regimen used and $US9880 with the high dose
aprotinin regimen used. Total patient charges in
the study by D’Errico et al.[75] were $US8893,
$US5006 and $US5319, respectively, with placebo
and the low dose and high dose aprotinin regimens
used.

Although high dose aprotinin (4-hour infusion)
was significantly more effective than aminoca-
proic acid (150 mg/kg then 30/mg/kg/h for 4 hours)
in decreasing blood loss and requirement for plate-
let transfusions in patients undergoing repeat OHS
in the study by Bennett-Guerrero et al.[63] (see table
IV), median overall bleeding-related costs were
lower for aminocaproic acid ($US1088; currency
year not stated) than for aprotinin ($US1813; p =
0.0001). Costs to the hospital included in this study
were those of drug acquisition, blood products,
infectious complications and operating room time
but not ICU or hospitalisation.

In contrast, when Van Norman et al.[83] retro-
spectively examined the charts of 81 patients who
had undergone repeat or complex OHS, they found
that costs related to transfusions, operating room
use and anaesthesia service were $US298 less per
patient with low dose aprotinin ($US1992) than
aminocaproic acid 5 to 10g then 1g/h ($US2290)
[currency year not stated].

An interesting prospective randomised study by
Gott et al.[85] compared low dose aprotinin, a
leucocyte depletion strategy (by filtration) and the
use of heparin-bonded circuitry with no treatment
in 400 patients undergoing primary or repeat OHS
and/or CABG. All 4 groups received methylpred-
nisolone 250mg 30 to 60 minutes before CPB. Pa-
tients were stratified preoperatively into low risk
(<5% predicted mortality), medium risk (5 to 15%)
and high risk (>15%) based on cardiac anatomy
and function, priority and type of surgery, co-

morbidities, age and body surface area. In high risk
patients, aprotinin reduced the length of hospital
stay by up to 10 days (p = 0.02) and hospital
charges by $US6000 to $US48 000 [currency year
not stated] compared with all other groups (p =
0.0007).

4.4 Stroke in Patients Undergoing
Cardiopulmonary Bypass

A recent meta-analysis of US studies evaluating
aprotinin in CABG and HVR surgery (primary and
repeat) showed a significant reduction in the fre-
quency and incidence of stroke in patients receiv-
ing high dose aprotinin compared with placebo
(7 of 955 = 0.7% versus 19 of 949 = 2%; p =
0.032).[86] The incidence of stroke with low dose
or pump prime only aprotinin was not significantly
different from that with placebo (low dose: 3 of
410 = 0.7%, p = 0.17; pump prime: 3 of 245 =
1.6%, p = 0.6). The normal expected rate of stroke
in patients undergoing cardiac surgery is ≥2%, and
it is thought that the embolic and inflammatory ef-
fects of CPB (see section 1) may contribute to the
occurrence of stroke in these patients.[86] Although
careful interpretation of these results is required,
further investigation of the effects of aprotinin on
stroke is clearly warranted.

5. Tolerability

Aprotinin is generally well tolerated at the
dosages used to reduce blood loss and transfusion
requirements in patients undergoing CPB during
OHS and/or CABG. Previous data[1] indicate that
adverse events with aprotinin are generally consis-
tent with those associated with such surgery. Spe-
cifically, no significant differences in the type or
incidence of adverse events between aprotinin
and placebo or no treatment were seen in a meta-
analysis of 4 studies (n = 886),[87] a multicentre
UK study (n = 671)[88] and a single-centre German
study (n = 1784).[89]

Unfortunately, the majority of studies compar-
ing the efficacy of aprotinin with that of other
fibrinolytic agents discussed in section 4 did not
report tolerability data.[19,65,67,69-71,90] Casas et
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al.[21] reported that no adverse drug reactions oc-
curred in patients receiving high dose aprotinin,
desmopressin or placebo. One aprotinin and 2
desmopressin recipients required re-exploration
for bleeding, and a thromboembolic event occurred
in 3 patients, 1 from each treatment group.

In studies involving paediatric patients there
were no episodes of anaphylaxis or adverse events
likely to be drug related, and no differences in renal
function or overall complications between aproti-
nin and placebo recipients were reported.[58,75,77,78]

Comparisons of the tolerability of high dose,
low dose and pump prime only aprotinin with pla-
cebo have been made with variable results in terms
of myocardial infarction (MI) rates and the inci-
dence of renal dysfunction (see sections 5.1 and
5.2).[59-61] No statistically significant difference in
the overall incidence of postoperative cardiovascu-
lar complications occurred between regimens in 2
studies.[59,61]

The following sections update data concerning
the controversy that still exists (reviewed pre-
viously[1]) regarding the possible increased risk of
graft occlusion and MI, hypersensitivity reactions
and renal dysfunction in aprotinin recipients.

5.1 Graft Patency and Myocardial Infarction

Some concern continues regarding the throm-
botic potential of aprotinin because of its haemo-
static properties. Inadequate heparinisation of pa-
tients in the older trials may have contributed to
these concerns (see section 6).

The previous review[1] described 3 randomised,
double-blind placebo-controlled studies specific-
ally designed to investigate graft patency in pa-
tients undergoing CABG with CPB. The study by
Bidstrup et al.[91] showed no difference in patency
rates between aprotinin and placebo, whereas
Lemmer et al.[92] showed a trend toward more oc-
clusions with aprotinin, and the small study by
Laub et al.[93] showed a significant difference in
patency rates in favour of placebo.[1] However, it
has since been noted that the results of Laub et al.
were included as 1 of 5 centres in the study by
Lemmer et al.[92] and are the cause of the trend

towards decreased patency rates with aprotinin in
the latter study.[8,94] The results from the other 4
centres show no difference in graft patency between
aprotinin and placebo (reviewed by Royston).[8]

In a subsequent study by Lass et al.,[95] graft
patency was measured by coronary angiography be-
tween 18 and 35 days after CABG in 44 patients re-
ceiving high dose aprotinin and 35 patients receiv-
ing placebo. Patent grafts were seen in 32 aprotinin
recipients (73%) and 25 placebo recipients (71%)
in this prospective, randomised, double-blind trial.

More recently, a similarly designed study re-
ported by Alderman et al.[96] measured graft pa-
tency angiographically a mean of 10.8 days after
primary CABG in 879 patients from 13 interna-
tional centres receiving high dose aprotinin or pla-
cebo. In patients with angiographically assessable
grafts, ≥1 occluded saphenous vein graft was seen
in 15.4% of 363 patients receiving aprotinin com-
pared with 10.9% of 340 patients receiving pla-
cebo, which resulted in an overall relative risk (RR)
of 1.5 for aprotinin [90% confidence interval (CI)
1.1-2.1; p = 0.03].

However, it is important to note the significant
differences in the occlusion rates between the 10
US centres (54% of patients) and the 3 European
centres (46% of patients) with occlusion rates in
the US of 9.4 and 9.5%, respectively, for aprotinin
and placebo (RR 1.0; 90% CI 0.5-1.8; p = 0.72) and
in Europe of 23 and 12.4%, respectively (RR 2.1;
90% CI 1.3-2.9; p = 0.01). Graft occlusion rates in
the European centres were higher during the first
enrolment tercile and decreased subsequent to
changes to surgical procedures, in particular, hep-
arinisation and graft vessel treatment. In addition,
patients enrolled at the European sites had more
risk factors for graft occlusion than those enrolled
at the US sites (see also section 7). Very low occlu-
sion rates were seen in internal thoracic artery
grafts with no significant difference between treat-
ment groups (aprotinin 1.8% vs placebo 1%; p =
0.32).

The results of some studies that have investi-
gated the incidence of myocardial infarction (MI)
and mortality with aprotinin have generated con-
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cerns that it may increase the risk of these out-
comes compared with placebo when the low dose
or pump prime only regimens are used. In 754
patients undergoing primary CABG, Lemmer et
al.[60] found a significantly higher incidence of
definite, probable or possible MI [as measured by
electrocardiogram (ECG) and serum cardiac en-
zyme concentrations] in patients receiving pump
prime only aprotinin (16%) compared with placebo
(9%; p = 0.045). In contrast, Levy et al.[61] found
no significant difference in the incidence of defi-
nite, probable or possible MI (criteria included
ECG, cardiac enzymes and autopsy results) between
high dose, low dose or pump prime only aprotinin
and placebo in 287 patients undergoing repeat
CABG. No significant difference between aproti-
nin (any dose) and placebo was seen in either of
these studies for definite MI, or definite or prob-
able MI.

Following on from these studies,[60,61] Smith
and Muhlbaier[97] analysed pooled data from 6 US
studies (2 unpublished) and reported an incidence
of definite, probable or possible MI in patients
receiving pump prime only aprotinin (n = 245) of
17.6% compared with 14.8% in placebo recipients
(n = 861). Mortality rates in this analysis for aprot-
inin versus placebo were 2.7 and 2.8% for high
dose (n = 860), 5.4 and 3.8% for low dose (n = 317),
and 2.9 and 3.2% for pump prime only aprotinin.
Although none of these results were statistically
significant, on the basis of the trend, the authors
concluded that adequate safety documentation was
only available for the high dose regimen and fur-
ther investigations were required for the other
regimens.

Subsequently, a meta-analysis of data on all
CABG patients (n = 4399) from placebo-controlled
clinical trials has been completed (but is not yet
published or subject to peer review) to investigate
mortality and the risk of MI with aprotinin com-
pared with placebo.[98] The mortality rate for high
dose aprotinin was 2.9% in 481 patients compared
with 4% in 472 patients receiving low dose
aprotinin, giving an odds ratio of 1.41 (95% CI
0.69-2.88; p = 0.34). No significant difference in

the incidence of definite, probable or possible MI
compared with placebo was seen, with rates of 13.3
vs 13.1% for high dose, 17.8 vs 15.1% for low dose
and 17.9 vs 15.1% for pump prime only aprotinin.
In addition, in the study by Alderman et al.,[96] high
dose aprotinin had no significant effect compared
with placebo on MI rates (2.9 vs 3.8%) or mortality
(1.4 vs 1.6%).

5.2 Hypersensitivity Reactions

Administration of aprotinin has been associated
with hypersensitivity reactions, ranging from mild
skin rashes and urticaria to anaphylaxis and, rarely,
death. This is to be expected with a nonhuman pro-
tein, and specific prescribing recommendations are
detailed in section 7. Aprotinin-specific immuno-
globulin (Ig) G antibodies have been reported in 26
to 47% of patients after first exposure.[1] Although
the contribution of these antibodies to an allergic
reaction to aprotinin has not been confirmed, one
study has shown that they can persist for 4 years in
39% of these patients.[99] The method of measuring
antibody levels may be important, however: in a
recent German study[100] 26 of 56 (46.4%) patients
developed IgG antibodies to aprotinin as deter-
mined by Western Blot but only 14 (26.8%) as de-
tected using enzyme-linked immunosorbent assay
(ELISA).

At the time of the previous review,[1] the re-
ported incidence of hypersensitivity reactions in
clinical trials in patients receiving mainly high
dose aprotinin ranged from 0.3 to 0.6%.[1] Most of
these patients had received aprotinin for the first
time. In addition, a meta-analysis of US controlled
clinical trials in patients with no prior exposure
to aprotinin (n = 2285) reported an incidence of
hypersensitivity or anaphylactic reactions of
≤0.1% in both aprotinin and placebo recipients.[101]

However, reactions are more likely to occur in
patients with prior exposure to aprotinin.[1] A retro-
spective analysis which included 240 patients re-
exposed to aprotinin (total re-exposures 248) a mean
of 344 days after first exposure revealed 7 adverse
hypersensitivity reactions (2.8%).[102] Two pa-
tients reacted to the test dose (1 mild and 1 severe
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reaction) and received no further aprotinin. In
total, 1 reaction was rated as doubtful by the inves-
tigators, 2 mild (no intervention), 1 moderate (res-
toration of circulation within 15 minutes with
vasopressors) and 3 severe (longer-lasting circula-
tory depression and instability despite the use of
vasopressors). An interval between exposures of
<6 months resulted in a significantly higher inci-
dence of hypersensitivity reactions than in patients
with a longer interval (4.5% of 111 compared with
1.5% of 137; p < 0.05). It should be noted that
pretreatment with histamine H1/H2 receptor an-
tagonists (antihistamine) was administered to 141
patients, corticosteroids to 140 patients and both
agents to 83 patients in this study.

There are few published case reports of anaphy-
lactic reactions associated with aprotinin therapy.
Eight case reports have been published since 1984,
with 5 recorded as serious.[103-109]

5.3 Renal Dysfunction

There is concern regarding the potential for
aprotinin to cause renal dysfunction because it is
selectively taken up by and accumulates in the re-
nal tubules (see section 3). Aprotinin appears to
reversibly overload the tubular reabsorption mech-
anisms.[110] Significant increases in indices of renal
tubular overload and dysfunction have been dem-
onstrated in aprotinin-treated patients compared with
placebo recipients, but these were not associated
with differences in serum creatinine levels.[1,110,111]

Clinical experience reviewed previously[1] indi-
cates that aprotinin has minimal adverse effects on
renal function in patients undergoing cardiac sur-
gery. In some studies aprotinin had no effect on
renal function; in others it was associated with tran-
sient or reversible elevations in serum creatinine
levels of ≥44 µmol/L (0.5 mg/dl).[1] 

Subsequent studies have shown similar results.
In 2 studies, there were no significant differences
in the incidence of patients having peak elevations
in serum creatinine levels of ≥44 µmol/L (0.5
mg/dl) over baseline levels in 897 patients receiv-
ing high dose, low dose or pump prime only aproti-
nin or placebo.[60,61] In another study, increases in

serum creatinine levels of ≥44 µmol/L (0.5 mg/dl)
were seen in 30, 14 and 8% of patients receiving
aprotinin high dose (n = 71) or low dose (n = 70),
or placebo (n = 71) [p = 0.003 aprotinin versus pla-
cebo].[59] However, elevated creatinine levels did
not appear to predispose patients to renal dysfunc-
tion in this study.

6. Drug Interactions

At the time of the last review[1] there were very
few reports of clinically significant drug inter-
actions with aprotinin, and, except for heparin, this
continues to be the case. Heparinisation is essential
during CPB to provide continuous anticoagulation
and thus prevent thrombotic complications and/or
possible bleeding secondary to the depletion of
coagulation factors. Previously, following admin-
istration of standard loading doses of heparin,
fixed-dosage heparin was administered to maintain
the ACT, as measured by the celite surface activa-
tion method (celite ACT), at >400 to >450 seconds
during CPB. However, aprotinin prolongs both ac-
tivated partial thromboplastin time and celite ACT,
which is consistent with its known ability to inhibit
the contact activation of the intrinsic clotting cas-
cade (see section 2). Therefore, the previously
recognised ACT value of >400 to >450 seconds
may not reflect adequate heparinisation in the pre-
sence of aprotinin, with a resultant increased risk
of thrombotic complications (section 5.1).

There is general agreement that the heparin dos-
age should not be decreased during aprotinin ad-
ministration, i.e. aprotinin is not heparin sparing.
Current recommendations are:
•  to maintain the celite ACT at >750 seconds
•  to use kaolin as the contact activator (kaolin

ACT), as kaolin ACT appears to be unaffected
by aprotinin (kaolin ACT should be maintained
at >480 seconds)

•  to use a fixed heparin dose regimen with a total
starting dose (patient and priming fluid) of ≥350
IU/kg with additional heparin based on patient
weight and the duration of CPB

•  or heparin/protamine titration to maintain hep-
arin concentrations ≥2.7 × 103 IU/L.[1,8,10,101,112]
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 A further potential option that has been suc-
cessfully used is monitoring serum heparin con-
centrations (using the Hepcon® heparin monitor-
ing system, Medtronic HemoTec).[60]

In a study of 9 patients with previously untreated
hypertension, aprotinin 280mg intravenously over
2 hours blocked the acute hypotensive effect of
captopril. Aprotinin has been shown to inhibit the
activity of thrombolytic agents both in animal
models and in vitro.[1]

7. Dosage and Administration

High, low and pump prime fluid only doses of
aprotinin have been used to reduce perioperative
bleeding and transfusion requirements in patients
undergoing CPB during OHS or CABG. Aprotinin
is administered intravenously  (except when only
added to the pump priming fluid) and this should
be through a central line.

The high dose regimen is a loading dose of
aprotinin 280mg (2 × 106 KIU) administered as an
intravenous infusion over 20 to 30 minutes after
induction of anaesthesia but before sternotomy. An
infusion of aprotinin 70 mg/h (5 × 105 KIU/h) is
then maintained throughout surgery. In addition,
aprotinin 280mg is added to the pump priming
fluid of the CPB circuit by replacing an aliquot of
the priming fluid before CPB is initiated. Clinical
trials have investigated a number of lower dose
regimens. The most common of these is a standard
low dose regimen which is 50% of the high dose
regimen using the same protocol, or a pump prime
only regimen comprising aprotinin 280mg in the
pump priming fluid of the CPB circuit (see section
1.2).

As yet, specific dosage recommendations for
paediatric patients undergoing CPB during OHS
are not available. A range of dosage regimens that
are effective and well tolerated in this population
is listed in table VI.

It is advised that an intravenous test dose of
aprotinin 1.4mg[1,101] or 1ml[10] be administered at
least 10 minutes before the loading dose to patients
with known or suspected previous exposure to
aprotinin because of the risk of anaphylactic reac-

tions. It has also been recommended that some
form of testing for sensitisation be carried out
before surgery in these patients.[10] However, skin
tests are not a reliable indicator of pre-existing
antibodies against aprotinin.[99,113] The intrave-
nous administration of a histamine H1 receptor
antagonist (antihistamine) 15 minutes before initi-
ation of aprotinin may prevent or mitigate serious
anaphylactic reactions; however, standard emer-
gency treatments for anaphylactic reactions should
be readily available.[1,101]

Aprotinin is manufactured using bovine lungs
from countries with no known cases of bovine spon-
giform encephalitis (BSE) and the manufacturing
process follows recommendations and regulations
for the minimisation of BSE transmission via me-
dicinal products.[114-116] A recent investigation of
the aprotinin manufacturing process showed an
overall reduction of the infectious agent of greater
than 18 log10, indicating a very high capacity of the
process for the inactivation/removal of the BSE
agent, if present.[117]

8. Place of Aprotinin in
Patient Management

Diffuse intra- and/or post-operative bleeding
occurs in many patients undergoing CPB despite
proper surgical technique, and blood transfusions
are often required. In addition, some patients are at
greater risk of perioperative bleeding than others
and are more likely to require transfusions. Risk
factors for perioperative bleeding include:
• repeat surgery through a previous median

sternotomy
• procedures requiring a prolonged time on CPB
• presence of a coagulopathy (not always appar-

ent before surgery)
• presence of sepsis or endocarditis
• preoperative antiplatelet or anticoagulant ther-

apy, e.g. aspirin, NSAIDs, warfarin
• dialysis-dependent renal failure.[1,3,10,118]

An estimated 20% of all allogenic blood trans-
fusions in the US are associated with cardiac sur-
gery.[119] Conservation of blood has become a pri-
ority during surgery because of shortages of donor
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blood, the risks associated with allogenic blood or
blood product transfusion (see table II), and the
cost of transfusion products.[5,6,10] A variety of
methods intended to minimise perioperative allo-
genic transfusions have therefore been devel-
oped.[5,10,120,121] These include the following:
• preoperative autologous donation either during

the month before or immediately before surgery
• intra- and post-operative blood cell salvage,

using the Cell Saver (a centrifugal cell washing
system), haemofiltration or autotransfusion

• normovolaemic haemodilution
• reducing heparin use, i.e. a lower dose may be

more appropriate when using membrane oxy-
genators or heparin coated circuits

• the use of drugs intended to either minimise
blood loss, such as aprotinin, or stimulate red
blood cell production, such as erythropoietin.
Pharmaceutical methods to minimise blood loss

are used either in conjunction with some or all of
the methods of blood conservation listed above, or
as a way of avoiding some of the more complicated
and time-consuming of these methods.[122] Drugs
currently employed to reduce blood loss and trans-
fusion requirements in patients undergoing CPB
during OHS and/or CABG include the naturally
occurring serine protease inhibitor aprotinin, the
synthetic lysine analogues aminocaproic acid and
tranexamic acid, and the synthetic vasopressin ana-
logue desmopressin. Aminocaproic acid and tran-
examic acid both inhibit plasminogen/plasmin bind-
ing to fibrin and partially preserve platelet ADP
content after CPB. Tranexamic acid is ≥7 times
more potent, on a molar basis, than aminocaproic
acid.[10,57]  Desmopressin shortens bleeding time
by inducing the release of the procoagulant factor
VIII (von Willebrand factor) from the endothe-
lium.[10,57]

Aprotinin has been shown to significantly re-
duce postoperative blood loss and allogenic trans-
fusion requirements, and to decrease the number
of patients requiring allogenic transfusions, com-
pared with placebo or no treatment in large, ran-
domised, double-blind, controlled studies.[1] Both
the lysine analogues have also been shown to de-

crease perioperative blood loss and the percentage
of patients requiring transfusions compared with
placebo in smaller numbers of similarly well de-
signed studies.[10] However, the results of 2 sepa-
rate meta-analyses of randomised trials investigat-
ing the efficacy of aprotinin, tranexamic acid,
aminocaproic acid and desmopressin show that
desmopressin is not effective in reducing transfu-
sion requirements in patients undergoing CPB dur-
ing cardiac surgery.[121,123]

High dose aprotinin (defined in sections 1.2 and
7) reduced blood loss significantly more than amino-
caproic acid but has shown no statistically signifi-
cant advantage over this agent in terms of transfu-
sion requirements in the studies reviewed in this
paper. High dose aprotinin was superior to tranexa-
mic acid in some studies and equivalent in others.
However, conclusions regarding efficacy between
high dose aprotinin and tranexamic acid are diffi-
cult to make because of the range of dosage re-
gimens of tranexamic acid used in these studies. A
large well designed study comparing high dose
aprotinin and a standard dosage of tranexamic acid
which included longer term patient outcomes (i.e.
length of stay and/or complications during surgery
or hospitalisation) and/or mortality as end-points
would indeed be useful.

Nonstandard low dose regimens of aprotinin
appear to have similar efficacy to aminocaproic
acid and tranexamic acid as regards blood loss. Un-
fortunately, there are no studies directly comparing
the standard low dose aprotinin regimen or pump
prime only regimen with either lysine analogue.

As a serine protease inhibitor, aprotinin acts in
a number of interrelated ways to provide an anti-
fibrinolytic effect (by inhibition of plasmin), re-
duce platelet dysfunction and attenuate the inflam-
matory response to CPB. In contrast, the lysine
analogues act solely as antifibrinolytics by binding
to plasminogen so that plasmin is unable to bind to
fibrin, thus preventing its degradation.[112] Several
commentators have speculated on the clinical sig-
nificance of the anti-inflammatory properties of
aprotinin, particularly its potential to decrease the
severity and/or incidence of CPB-induced compli-
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cations other than bleeding, such as organ isch-
aemia and CNS sequelae.[10,31,57] Recent evidence
indicating that high dose aprotinin may reduce the
incidence of cerebrovascular complications seen in
patients undergoing cardiac surgery[86] is particu-
larly interesting and warrants further investigation.

Concerns have been expressed regarding aller-
gic reactions after re-exposure to aprotinin, pos-
sible aprotinin-induced renal dysfunction and
increased graft occlusion and MI rates. Serum cre-
atinine levels increase in most patients during and
after CPB, and aprotinin administration has been
associated with further transient increases. These
changes have not been associated with serious or
long term renal dysfunction. IgG antibodies to
aprotinin are formed in a significant number of
patients; allergic adverse reactions have been re-
ported in a small percentage of patients and are
more likely in those re-exposed to aprotinin.
Standard precautions (see section 7) should limit
the occurrence and severity of these reactions.

A thrombotic potential, as evidenced by early
graft occlusion or MI, has been attributed to
aprotinin. However, although its mechanism of ac-
tion has not been clearly defined, there is no in vitro
or in vivo evidence of a prothrombotic effect for
aprotinin.[124] It has been variously suggested that
study design faults, poor target vessel quality, un-
usual graft preservation techniques, and/or inade-
quate heparinisation may have contributed to the
original reports indicating that aprotinin therapy
may increase graft occlusion rates.[8,93,94,124]

Several studies that specifically examined graft
patency or the incidence of MI after aprotinin ther-
apy did not show a statistically significant increase
in either end-point with high dose aprotinin com-
pared with placebo or no treatment.[8-10,59-61,94,97,98]

However, as the incidence of these end-points is
low, it is the study by Alderman et al.[96] that is
pivotal because it was designed with a sufficient
sample size to investigate angiographically whether
high dose aprotinin has any adverse effect on graft
patency in primary CABG surgery. This study con-
cluded that aprotinin did not have any effect on MI
or mortality but that it increased the probability of

early vein graft occlusion, particularly in patients
with high risk factors (female gender, small and
poor distal vein quality, lack of preoperative aspi-
rin therapy, low protamine dose and possibly use
of aprotinin-treated blood as excised vein perfus-
ate). After adjustment for these risk factors the
aprotinin versus placebo RR decreased from 1.5 to
1.05 (90% CI 0.6 to 1.8). The disparate results from
the US and European centres (section 5.1) indicate
that although aprotinin may have exacerbated graft
occlusion in patients with high risk factors, surgi-
cal procedure (particularly anticoagulation and
handling of the vein grafts) may have contributed
to this effect.

This study, currently being discussed by the med-
ical community, adds to the debate regarding the
most beneficial surgical practices and accompany-
ing laboratory monitoring parameters when using
aprotinin in various patient groups. A very useful
outcome of this discussion would be a set of clear
guidelines, such as the US guidelines for labora-
tory monitoring of anticoagulation during CABG
with aprotinin[101] which, if followed, would min-
imise the risk of premature graft occlusion with
aprotinin.

Unfortunately, there are no comparative toler-
ability data for aprotinin and aminocaproic acid or
tranexamic acid. In addition, neither of these lysine
analogues has been the focus of any large scale
clinical trials documenting tolerability as well as
efficacy.[10,112] Aminocaproic acid and, to a lesser
extent, tranexamic acid have been associated with
minor adverse events such as nausea, diarrhoea and
orthostatic symptoms, and more serious but rarely
reported cases of myonecrosis. Hypersensitivity
reactions are not a problem with these synthetic
agents. However, whether the use of these agents
results in increased rates of graft occlusion or MI
is not known. Although there are several published
case reports of thrombosis associated with tranexa-
mic acid or aminocaproic acid, there have been no
studies specifically aimed at assessing graft patency
in patients receiving either lysine analogue.[57,112]

A clear role for aprotinin in paediatric patients
undergoing open heart surgery with CPB is still not

Aprotinin: An Update 255

 Adis International Limited. All rights reserved. Drugs 1999 Feb; 57 (2)



apparent. Well designed studies in this patient group
have failed to consistently demonstrate a bene-
fit. [58,75-78] However, the drug may be of value in
patients undergoing repeat operations and in other
patients at high risk of haemorrhage, and further
study in these patient groups is warranted.[58,75,77,78]

Pharmacoeconomic evaluations of the use of
aprotinin in patients undergoing cardiac surgery
are limited to simple cost analyses. Standard low
dose aprotinin provided significant cost savings
compared with other anti-inflammatory strategies
in high risk patients in 1 prospective study and with
no treatment in 1 retrospective study when costs
for drug acquisition, blood products, the operating
room, critical care and hospitalisation were included.
Low dose aprotinin was also cost saving compared
with aminocaproic acid in high risk patients in 1
retrospective study and with no treatment in 1 pro-
spective study when only costs relating to factors
including drug acquisition, blood products and
operating room were included. However, in 2 pro-
spective studies, high dose aprotinin increased
costs compared with either aminocaproic acid or
no treatment when costs relating to drug acquisi-
tion, blood products and operating room use were
considered. Several aprotinin dosage regimens
have been shown to save costs compared with no
treatment or placebo in paediatric patients. Unfor-
tunately, the effect on costs of the use of tranexamic
acid compared with aprotinin has not been exam-
ined.

All direct costs of treatment, including acquisi-
tion cost of drug and blood products, length of stay
in the operating room, intensive care and hospital
ward, the need for surgical re-exploration, and the
costs associated with the treatment of transfusion-
or drug-related adverse events, need to be consid-
ered in evaluating the true health economic value
of aprotinin. The comparatively high acquisition
cost of aprotinin (1996 US dollar value >$US1000
for high dose aprotinin compared with $US40 and
$US32, respectively, for aminocaproic acid 12g and
tranexamic acid 20g)[112] is significant. Despite the
proven effectiveness of aprotinin, cost factors are
likely to deter many health providers from using

the drug in the absence of complete pharmaco-
economic analyses comparing its cost effective-
ness with that of the lysine analogues.

Aprotinin is clearly the most well studied agent
currently available for preventing haemorrhage in
patients undergoing CPB during CABG and/or
OHS, and its efficacy compared with placebo or no
treatment is established. It also has a full safety
database according to GCP (good clinical practice)
standards available. In comparison, there are far
fewer data on the efficacy and tolerability of either
aminocaproic acid or tranexamic acid. Aprotinin
has shown some advantages over these agents in
well designed studies, but this is inconsistent and
not always demonstrated for the important outcome
of transfusion requirements. Furthermore, the issues
of thrombotic potential and cost effectiveness re-
main unresolved not only for aprotinin but also for
its competitors. On balance, the standard low dose
regimen of aprotinin appears to be as effective as
high dose aprotinin in reducing blood loss and
transfusion requirements. However, the pump prime
only dose is not consistently effective and there is
evidence linking its use to higher MI rates. A pre-
dicted tolerability advantage for low dose over high
dose aprotinin has not been shown, and although
studies to date indicate that this regimen may have
some economic advantage over the high dose regi-
men, the evidence for this is not conclusive.

In conclusion, comparative tolerability and cost-
effectiveness data for aprotinin and the lysine ana-
logues are required to more fully assess their indi-
vidual roles in reducing blood loss and transfusion
requirements in patients undergoing CPB during
OHS and/or CABG. However, clinical evidence to
date supports the use of aprotinin, either the stand-
ard high dose or low dose regimen, in preference
to its competitors in patients at high risk of haem-
orrhage, in those for whom transfusion is unavail-
able or in patients who refuse allogenic transfu-
sions.
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