
on the patient's own blood has many benefits. Safety is
certainly one of them; cost may be another. It's time they were
considered seriously.
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Aprotinin and cardiac surgery

Reduces perioperative blood loss

Continuing concern over the risk of infection from transfused
blood and shortages ofdonor blood have stimulated interest in
pharmacological ways of reducing perioperative bleeding.
This is especially true for operations using cardiopulmonary
bypass, which require on average five units of blood per
patient.' Several agents, such as desmopressin and prosta-
cyclin, have been tried but proved disappointing. None have
had the efficacy that is now claimed for aprotinin, which
recently received its licence in'the United Kingdom for use in
"high risk" cardiac surgery, having already been licensed for
treating life threatening haemorrhage due to hyper-
plasminaemia.

Royston et al unexpectedly found that high dose aprotinin
given continuously during cardiopulmonary bypass in
"repeat" cardiac surgery reduced intraoperative and post-
operative bleeding by 80% and blood consumption eightfold.)
Numerous further studies have confirmed their findings.
Aprotinin shortens operating times, probably due to a
striking reduction in "oozing" from the surgical field.

Aprotinin has been used for various indications since its
discovery in 1930.3 Of bovine origin, it is a basic polypeptide
of 58 amino acid residues and inhibits serine proteases (a
serpin). Unusually for serpins it inhibits a wide range of serine
proteases with varying affinity-from plasmin and kallikrein
to trypsin and chymotrypsin (which inspired its use in
pancreatitis).
How does aprotinin reduce blood loss? During cardio-

pulmonary bypass kallikrein is formed from its circulating
inactive plasma precursor, prekallikrein, during activation of
factor XIIc by the artificial surfaces of the bypass equipment
(oxygenator and tubing) and by the exposed subendothelium
of the surgically cut vessels.4 The regimen of high dose
aprotinin is designed to maintain plasma concentrations of
aprotinin that inhibit kallikrein. As kallikrein is important in
initiating the inflammatory response aprotinin reduces the
activation of complement, the angiotensin system, and brady-
kinin and inhibits fibrinolysis and coagulation.

Aprotinin is a potent antifibrinolytic agent, its molar
potency in vitro is 100 and 1000 times that of tranexamic acid
and c-aminocaproic acid respectively.' Tissue plasminogen
activator and factor XIIa are both activators of plasminogen
that are formed in excess during cardiopulmonary bypass.6 By

inhibiting kallikrein, aprotinin indirectly inhibits the forma-
tion of factor XIIa and its release of tissue plasminogen
activator (because inhibition of factor XIIa reduces the
production of bradykinin, a potent stimulator of tissue
plasminogen activator). Any plasmin formed will be
neutralised by aprotinin's powerful antiplasmin action. In
vitro studies have also shown that aprotinin inhibits activated
protein C,6 which is formed during cardiopulmonary bypass
and promotes fibrinolysis.'

Acquired platelet defects have been incriminated as a major
cause of non-surgical bleeding after cardiopulmonary
bypass,"' and this is supported by the finding that platelet
transfusions shorten patients' prolonged bleeding time
after bypass. High dose aprotinin prevents the pro-
longation of bleeding time seen after cardiopulmonary by-
pass without affecting the fall in platelet count, suggesting
it somehow preserves platelet function." This may relate to its
effects on glycoprotein IB, the platelet membrane receptor for
von Willebrand factor that is responsible for mediating
platelet adhesion and is stripped by cardiopulmonary
bypass.' 2Plasmin, elastase, and calpain" are enzymes that can
strip glycoprotein lb receptors from the platelet and are all
inhibited by aprotinin.'4

Kallikrein increases the formation of factor XIIa, so that
inhibiting the formation of kallikrein with aprotinin inhibits
the coagulation cascade: aprotinin is therefore a weak anti-
coagulant. Ex vivo tests of the intrinsic system, such as the
activated clotting time used to monitor treatment with
heparin, are prolonged. This has led to debates about the use
of aprotinin with heparin during cardiopulmonary bypass
surgery. As aprotinin is a weak anticoagulant could less
heparin be used? Until the perioperative and postoperative
thrombotic risks of aprotinin are assessed it seems prudent to
continue using normal doses of heparin with aprotinin. (This
means maintaining the activated coagulation time at 750
seconds."6) Lower doses of aprotinin than Royston's original
regimen given as a single pump priming dose have also
significantly reduced perioperative blood loss,' meriting
further studies of different dosages.

Because aprotinin is a bovine protein, the risk of
anaphylaxis exists, especially if previous exposure has
occurred-making a preoperative test dose advisable. As
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aprotinin is excreted renally lower doses are recommended in
renal failure. No studies have yet been published examining
the potentially increased risks of postoperative thrombo-
embolic disease and loss of graft patency that may occur with
any agent modifying perioperative haemostasis. Until full risk
benefit analyses have been performed aprotinin should be
used with caution. If, however, these studies indicate little
risk, then current studies of aprotinin's use in paediatric and
"low risk" cardiac surgery, liver transplantation, and vascular
surgery suggest that aprotinin may have wide applications in
reducing perioperative bleeding. Its efficacy suggests that the
importance of fibrinolytic activation in the pathogenesis of
perioperative bleeding has previously been underestimated.
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Coronary bypasses 10 years on

About two in five will occlude

The return of angina comes as a bitter disappointment to
patients who have had coronary artery bypass surgery. Ten
years ago they believed that they were cured. Their doctors
may have had reservations, but they did not know how long
the grafts would last. Now we know better, thanks to some
prospective studies.

Fitzgibbon and his colleagues from the National Defence
Medical Centre in Ottawa have a "compliant" population of
military staff, 222 ofwhom have undergone repeated elective
coronary angiography.' Rates of occlusion of vein grafts at 1
month and 1, 5, 7 5, and 10 years were 8%, 13%, 20%, 40%,
and 41% respectively. The jump at 7 5 years is due to the
unplanned inclusion of a group of patients studied again for
clinical rather than routine reasons - that is, their angina had
returned. Similar results have been obtained in Montreal by
Bourassa and colleagues, who reported rates of 3 4% at 2-3
weeks, 10% at 6-18 months, 19% at 5-7 years, and 37% at
10-12 years.2 Graft occlusion occurred 2 5 times more
commonly after six years than before. Similarly, Lytle et al
from the Cleveland Clinic found that 36% of grafts were
occluded 7 3 years after surgery.3 These authors also report
the development of graft stenoses: early studies suggest an
incidence of 5-10%, often at the distal anastomosis, but some
narrowings are seen in 38% ofgrafts at five years and 75% at 10
years.' Few vein grafts escape disease, but the pathological
findings vary with the age of the graft.4 Early occlusion is
usually due to thrombus, probably resulting from technical
problems with the vein, particularly at the distal anastomosis.
Fibrointimal hyperplasia occurs next, and conventional ath-
eroma is superimposed some years later.
The main manifestations of these developments are recur-

rent angina, myocardial infarction, and death. It should be
emphasised that surgery improves the 10 year survival of
patients at high risk - that is, those with extensive coronary
disease and poor left ventricular function.' Mortality in the

surgical groups tends, however, to accelerate after 5-7 years,
so that if patients with less severe disease are included no
overall benefit is demonstrable. If perioperative myocardial
infarction is excluded the rate of subsequent heart attack is
lower in the surgical group until five years. Thereafter the
incidence rises to 2-4% a year, compared with 1[4% in a
comparable group treated medically.' The infarcts, however,
are smaller9 and less commonly fatal9-no doubt because the
grafts and long standing coronary disease have encouraged the
development of a mature collateral circulation. Subsequent
reinfarction, however, is more likely. Patients presenting
with recurrent angina commonly do so with an episode of rest
pain some seven years after their operation, a familiar
experience that might be termed the seven year glitch.

So what should we do about all this? Firstly, we should
remember that surgery for degenerative disease never cures.
Bypass surgery should be postponed in those with mild to
moderate coronary disease and good left ventricular function.
Ifthe coronary arteriogram does not show significant left main
stem or three vessel disease medical management can safely be
encouraged: extra effort spent on exercise and diet, together
with prophylactic nitrates and maintenance ji blockade, can be
surprisingly successful. We should think twice about surgery
for certain patients. Women fare less well, probably because
of their smaller stature and vessels"'; younger men, although
an apparently deserving group, will have clinically important
atherosclerosis of the graft five years later. ' Buying time with
angioplasty may therefore be preferable. As for the operation
itself, using the left internal mammary artery for the anterior
descending graft is clearly desirable because its long term
patency is superior (92 5% at 10 years). Aspirin also reduces
the rate of graft occlusion, halving it at one year in a recent
study. ' Ideally aspirin should be started within hours of
surgery, although not before because of the increased risk of
bleeding. Despite the many studies of the benefits of aspirin
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