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Review Article 

Jean-Francois Hardy MD ~CP, Jean Desroches MO 

Natural and synthetic 
antifibrinolytics in 
cardiac surgery 

In an effort to reduce morbidity associated with transfusion of 
blood products, the use of  antifibrinolytics to decrease bleeding 

and transfusions after cardiopulmonary bypass ( CPB) is receiv- 
ing widespread attention. The predominant haemostatic defect 

induced by CPB and, therefore, the mechanisms by which 
natural (aprotinin) or synthetic antifibrinolytics (I-amino- 

caproic acid, tranexamic acid) exert their effects have been 

difficult to define. Nonetheless, all three substances appear to be 
effective in the treatment or in the prevention of  excessive 

bleeding associated with cardiac surgery. However, the adminis- 
tration of these drugs should not attempt to replace meticulous 

surgical and anaesthetic care. In particular, the importance of 

an appropriate transfusion practice cannot be overemphasized. 
The efficient use o f  these, sometimes expensive, drugs must take 
into account not only the initial cost, but also the short- and 
long-term economic consequences for the health care provider 
of  using, or not using, a given medication. Unfortunately, the 
comprehensive data on which authoritative conclusions may be 

reached are not yet available. Pending availability of  these data, 

the present use of  antifibrinolytics at the Montreal Heart 
Institute is the following: (I) patients undergoing elective 
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primary myocardial revascularization or valve surgery do not 
receive prophylactic antifibrinolytics; (2) patients undergoing 
repeat myocardial revascularization, repeat valve surgery, or 
primary or repeat combined procedures, receive prophylactic ~- 

aminocaproic acid; (3) $-aminocaproic acid may be used to 
treat excessive chest drainage in the postoperative period; (4) 

the prophylactic and the therapeutic uses of  low doses of  
aprotinin are currently under investigation. 

Afin de rdduire morbiditd associde aux transfusion sanguines, les 

anesthdsistes et les chirurgiens cardiaques utilisent de plus en 

plus les antifibrinolytiques darts le but de diminuer le saignement 
et les besoins transfusionnels secondaires it la circulation extra- 
corporelle ( CEC). Les modifications de l 'hdmostase induites par 
la CEC et. par voie de consdquence, les mdcanismes d'action 
des antifibrinolytiques naturels (l'aprotinine) ou de synthdse 
(l'acide ~-aminocaproique et l'acide tranexamique), sont real 

connus. Ndanmoins, l' efficacitd des ces trois mddicaments pour 
prdvenir ou traiter le saignement secondaire it la CEC ne semble 
plus de doute. Toutefois, ces mddicaments ne peuvent remplacer 

les soins attentifs des anesthdsistes et des chirurgiens et, tout 

particulidrement, une pratique transfusionnelle addquate. Afin 

de parvenir it une utilisation efficient de ces mddicaments pa rfois 
coateux, le dispensateur de soins devra tenir compte non 
seulement de leur coat d'achat, mais dgalement des consd- 

quences it court et it long terme de leur utilisation ou de leur 
non-utilisation. Malheureusement, toutes les donndes ndcessaires 
it cette analyse coat/b~n~fice ne sont pas encore disponibles. En 
attendant les rdsultats de ces #tudes, le protocole en vigueur it 

l'lnstitut de Cardiologie de Motrdal peut se rdsumer ainsi : 1) les 
patients subissant une chirurgie dlective et de premi~re intention 

pour revascularisation du myocarde ou remplacement valvulaire 

ne recoivent pas d' antifibrinolytiques de fafon prophylactique ; 
2) les patients rdopdrds pour revascularisation du myocarde ou 
remplacement valvulaire, ou subissant toute chirurgie combinde 

(primaire ou de rdintervention) recoivent de l' acide 2~-amino- 

caproique en prophylaxie ; 3) l'acide ~,-animocaproique peut 
~tre utilisd dans le traitement d'un saignement mddiastinal ex- 

cessif dans la pdriode post-opdratoire ; 4) concurremment, nous 

sommes ~ dtudier l'efficacit~ de faibles doses d'aprotinine en 
chirurgie cardiaque de l'adulte. 
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Excessive bleeding associated with cardiopulmonary 
bypass (CPB) has always been a major concern to cardiac 
anaesthetists and surgeons. In an effort to reduce morbidity 
associated with transfusion of blood products (trans- 
mitted infectious diseases, transfusion reactions, etc.) and 
to answer concerns that the demand for blood and blood 
products may exceed the supply, many strategies have 
been explored to diminish the need for transfusion both 
during and after CPB. Pharmacological reduction of bleed- 
ing associated with CPB has received much attention re- 
cently. It has the main advantage of being readily available 
and easy to administer, of avoiding the use of costly 
equipment, and that it may be used prophylactically rather 
than therapeutically. Antifibrinolytics are some of those 
drugs which have been used either to treat or to prevent 
excessive bleeding associated with cardiac surgery. 

Epsilon-aminocaproic acid (EACA) and tranexamic acid 
(TA), two synthetic antifibrinolytics, and aprotinin (A), an 
antifibrinolytic and proteinase inhibitor derived from 
bovine lung, have been used with varying success and 
enthusiasm in open heart surgery. An appreciation of the 
haemostatic defects induced by CPB, of the possible 
mechanisms by which antifibrinolytics may prevent or 
correct these defects, and of the efficacy and efficiency of 
antifibrinolytics is essential for the optimal use of these 
drugs in cardiac surgical patients. 
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FIGURE 1 Primary haemostasis. Platelet adhesion is mediated via 
yon Willebrand factor (VWF) and platelet receptor GPIb. Subsequent 
aggregation is mediated via GPIIb and GPIIIa receptors. 

H a e m o s t a s i s  a n d  c a r d i o p u l m o n a r y  b y p a s s  ( C P B )  

The normal process of haemostasis will be reviewed 
briefly to understand better the changes in haemostasis 
associated with CPB and the mechanism of action of 
antifibrinolytics in this setting.I 

The first stage of haemostasis is primary haemostasis in 
which platelets play a major role. Von Willebrand factor 
anchors platelets to damaged vessels via the GPIb platelet 
receptors. Platelet adhesion is followed by activation: a 
change in platelet shape and subsequent degranulation. 
S u b s t a n c e s  l ibe ra ted  f r o m  the  p la te le t  g r anu le s  s t imula te  

platelet aggregation by way of their receptors GPIIb-IIIa 
(Figure 1). 

Stimuli leading to platelet adhesion also activate the 
contact phase of coagulation. Activation of factor XII 
converts prekallikrein into kallikrein and activates the in- 
trinsic pathway of coagulation that leads to the generation 
of thrombin. Kallikrein plays a pivotal role in coagulation: 
it amplifies the activation of factor XII via a positive 
feedback mechanism, and converts plasminogen into 
plasmin. 

Initiation of the coagulation process leads to simulta- 
neous activation of the fibrinolytic system, thus generating 
plasmin. Plasmin, apart from its well-known action in the 
cleavage of fibrin, is also believed to reduce the number of 
platelet receptors GPIb, causing a decrease in the capacity 
of platelets to adhere (Figure 2).2 

Many articles have been written on the complex subject 
of haemostasis and CPB. Despite several opposing views, 
a trend in the pathogenesis of bleeding following CPB 
seems to emerge. Before 1970, it was generally held that 
nonsurgical, post-CPB bleeding was due to fibrinolysis. 3 
An acquired platelet defect is now recognized as the most 
common cause of nonsurgical, post-CPB bleeding. 3'4-9 
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FIGURE 2 Contact phase of coagulation. Activation of factor XII 
(Hageman factor) stimulates the intrinsic pathway of coagulation while 
simultaneously initiating fibrinolysis. Kallikrein plays a major 
amplifying role. 

Haemodilution secondary to initiation of CPB leads to 
thrombocytopenia but the platelet count usually remains 
above 100,000 �9 i~1 -I and cannot explain the bleeding ten- 
dency following CPB. 3's'9 Platelet adhesion to the CPB 
circuit also contributes to thrombocytopenia. Contrary to 
normal haemostasis, platelet adhesion to the CPB circuit 
is mediated by the interaction of GPIIb-IIIa with the 
fibrinogen adsorbed to the artificial surfaces.I~ 

Platelet dysfunction associated with CPB is manifested 
by a rapid rise in the bleeding time and a decrease in the 
capacity of the platelets to aggregate in vitro. The bleeding 
time usually returns to normal within two to four hours 
following CPB, except in a subgroup of patients where the 
platelet defect persists. The exact mechanism of this dys- 
function is unknown but a transient depletion of a func- 
tional platelet component or a reversible membrane 
abnormality are possible causes. 5 The platelet membrane 
abnormality may be explained by a decrease in the number 
of GPIb receptors secondary to mechanical trauma by CPB 
or to the action of plasmin. 8'll The degree of platelet 
dysfunction is related to the duration and to the degree of 
hypothermia during CPB. 4'5 Recently, CPB has been 
shown to cause also the prolonged circulation of activated, 
"spent" platelets which may not be able to contribute 
normally to the platelet aggregate, potentially rendering it 
more vulnerable to disaggregation by proteases.t2 

Synthetic antifibrinolytics: general considerations 

Chemical structure and activity 
Three synthetic antifibrinolytic drugs have been used in 

humans and their clinical application has been reviewed 
extensively by Verstraete in 1985.13 They are epsilon- 
aminocaproic acid (EACA), tranexamic acid (TA), and p- 
aminomethylbenzoic acid (PAMBA). The therapeutic use 
of PAMBA is anecdotal, and since this drug has not been 
used in cardiac surgery, it will not be discussed further. 

The potential use of EACA as a therapeutic agent was 
first described in 1959, and the antifibrinolytic activity of 
the trans-isomer of TA was clarified in 1964. Both EACA 
and TA are small molecules, with molecular weights of 
131 and 157 daltons respectively, and have similar prop- 
erties. Their antifibrinolytic effect is related to a reversible 
complex formation with plasminogen and with the active 
protease plasmin. Saturation of the lysine binding site of 
plasminogen (the precursor of plasmin) with these drugs 
displaces plasminogen from the surface of fibrin. Even if 
plasminogen is transformed into active plasmin, plasmin 
cannot bind to fibrin and its proteolytic action is 
inhibited. ~3 Also, the displacement of plasminogen from 
the surface of fibrin prevents its activation into plasmin by 
fibrin-bound tissue activator. 14 Thus, EACA and TA are 
thought to act by preventing the premature dissolution of 
the normal fibrin clot. It follows that these drugs cannot 
prevent bleeding unless clotting has occurred. 

Pharmacokinetic behaviour and side effects 
It is generally accepted that TA is approximately ten times 
more potent than EACA. Both drugs have an elimination 
half-life between one and two hours, and are rapidly 
excreted in the urine in an active form. Due to this short 
half-life, in cardiac surgical patients, EACA and TA are 
administered as a bolus dose followed by an infusion. An 
intravenous loading dose of 100-150 mg- kg -I followed 
by an infusion of 10-15 mg- kg -l �9 hr -t of EACA produces 
the desired blood concentrations in adults. The usual bolus 
dose of TA is I0 mg. kg -I, followed by an infusion of I 
mg. kg -I.  hr -l. Tranexamic acid has been shown to dis- 
play a higher and more sustained antifibrinolytic activity 
than EACA in renal, intestinal and prostatic tissue. 15 
However, the relative activity of these drugs in cardiac and 
surrounding tissues is unknown. 

Treatment with fibrinolytic inhibitors is associated with 
a theoretical risk of an increased thrombotic tendency. The 
reader is referred to the review article by Verstraete for a 
discussion of thrombosis (intracranial or in other vascular 
areas) associated with the use of EACA or TA. The author 
concludes that this association may be fortuitous and that 
further observations are needed to assess the reality of this 
potential hazard. 13 Controlled trials of the prophylactic 
administration of EACA or TA to cardiac surgical patients 
have not been associated with an increased incidence 
of venous, coronary or cerebrovascular thrombosis, it-Is 
How-ever, all these studies used a limited number of 
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patients and the incidence of thrombosis is likely to be a 
small one. Thus, the power of these studies is probably too 
small to provide definitive data with respect to the in- 
crease, or lack thereof, of thrombosis following the use of 
EACA or TA. 

Epsilon-aminocaproic acid and TA effectively reduce 
bleeding associated with lower urinary tract surgery, but 
they should be administered cautiously to patients bleeding 
in the kidneys or ureters to avoid thrombosis of the upper 
urinary tract. |3'19 This is very different from the acute renal 
failure secondary to glomerular capillary thrombosis 
reported by Gralnick et al. in a patient treated with EACA 
for postoperative bleeding after total correction of 
tetralogy of Fallot, who continued to receive high doses of 
EACA despite evidence of disseminated intravascular 
coagulation. 2~ The risk of using EACA in disseminated 
intravascular coagulation is well substantiated by animal 
experiments. 21 Should the use of herapin and EACA in 
this context be contemplated, consultation with a haema- 
tologist is strongly recommended. 22 

Noncardiac uses o f  EACA and TA 

The value of EACA and TA in the management of various 
haemorrhagic and nonhaemorrhagic disorders remains 
controversial. 13,14,19 It is well established for the preven- 
tion of bleeding after dental extraction in haemophiliacs 
and in the treatment of hereditary angioneurotic oedema. 
These drugs may also help to reduce the bleeding associat- 
ed with tonsillectomy, prostatic surgery, cervical conisa- 
tion, recurrent epistaxis, menorrhagia, abruptio placentae, 
and liver transplantation. They may also be of use to re- 
duce gastric and intestinal bleeding, and prevent recur- 
rence of bleeding after traumatic hyphaema and sub- 
arachnoid haemorrhage. Unfortunately, increased cerebral 
ischaemic complications appear to negate the initial 
beneficial effect of antifibrinolytic drugs on rebleeding 
after subarachnoid haemorrhage. 

E A C A  and TA in cardiac  surgery 
Historically, the administration of synthetic antifibri- 
nolytics to cardiac surgical patients can be divided into 
two periods. From 1964 to the mid-seventies, EACA was 
used to control or to prevent bleeding in patients undergo- 
ing surgery for congenital or valvular disease. During this 
first period, preoperative coagulation defects associated 
with congenital heart disease and the type of equipment 
used to perform CPB may have increased the contribution 
of fibrinolysis to bleeding disorders after cardiac surgery. 
Since then, myocardial revasculadzation procedures have 
taken over as the most frequent of cardiac surgical pro- 
cedures in adults, and a renewed interest in the use of 
EACA has emerged. The prophylactic use of TA to 
decrease blood loss after CPB was first reported in 1988. 

The routine administration of EACA to all patients 
undergoing CPB lasting more than 60 min was suggested 
by Matin in 1964. 23 He noted an increased fibrinolysis and 
abnormal bleeding in patients undergoing long perfusions 
but did not specify when EACA should be administered. 
Subsequently, several investigators administered EACA 
either before CPB to treat preoperative fibrinolysis 24'25 or 
to prevent postoperative bleeding, 26'27 or after CPB to 
control haemorrhage 28 or to prevent blood loss. 29 The 
results of these open and/or uncontrolled studies were 
varied. A double-blind, placebo-controlled, randomized 
experiment by McClure in children undergoing repair of 
congenital heart disease demonstrated that EACA reduced 
blood loss in the period after cessation of CPB to the end 
of the operation, but not in the following 24 hr. 3~ The 
authors suggested that the beneficial effect of EACA was 
secondary to a reduction in the fibrinolysis that occurs 
after the chest is open and during bypass. Increased 
fibrinolysis during this period has been demonstrated by 
several other investigators. 16,23,31-35 

The usefulness of EACA to treat excessive bleeding 
after aortocoronary bypass was reported by Lambert in 
1979. 36 Using the prothrombin time, partial thromboplastin 
time, fibrinogen level, and tri-F titer tests, hyperfibrino- 
lytic bleeding was the most frequently identifiable coagu- 
lation disorder and was diagnosed in 20% of the patients. 
All these patients were treated successfully with EACA 
alone, or with EACA supplemented with cryoprecipitate or 
fresh-frozen plasma. In a double-blind, placebo-controlled, 
randomized administration of EACA after weaning from 
CPB, Vander Salm demonstrated a small but significant 
decrease of postoperative bleeding after electix;e coronary 
artery bypass graft operation. 17 Interestingly, platelet 
counts one hour after operation were higher in the EACA- 
treated group, possibly suggesting an effect of EACA on 
platelets. 

Prophylactic administration of EACA (i.e., beginning 
before skin incision) decreased chest tube blood loss 24 hr 
postoperatively, and the need for blood transfusions, in a 
controlled study by DelRossi et al. of 350 patients under- 
going various elective operations with CPB.18 There was 
no evidence of a hyperthrombotic state or other side 
effects in the EACA-treated group. Similarly, prophylactic 
TA de-creased bleeding after cardiac operations, without 
coagulation-related complications, in a controlled study of 
38 patients by Horrow et al. 16 However, the latter could 
not demonstrate a reduction in the transfusion of red blood 
cells, but patients in the placebo group received more fresh 
frozen plasma. Preliminary results of a retrospective study 
comparing EACA with TA indicated that these two agents 
similarly reduced postoperative blood losses and the need 
for packed red cells. 37 

Prophylactic EACA and TA may exert their beneficial 
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effect by inhibiting fibrinolysis, especially in the period 
from sternotomy to the end of CPB, but it is also possible 
that they help to preserve platelet function during and after 
CPB by reducing the effect of plasmin on GPIb platelet 
receptors. 38 

Aprotinin: general considerations 

Chemical structure and activity 
Discovered in 1930, aprotinin is a naturally occurring 
inhibitor of proteolytic enzymes which is isolated from 
bovine lung. Aprotinin is a polypeptide with a molecular 
weight of 6512 daltons, known to inhibit human trypsin, 
plasmin, tissue and plasma kallikrein by forming revers- 
ible enzyme-inhibitor complexes. Each complex has a 
specific dissociation constant which influences the concen- 
tration of aprotinin necessary to produce enzymatic 
inhibition (the enzymatic activity of aprotinin is generally 
expressed in KIU, kallikrein inactivator units). 13 For 
example, the trypsin-aprotinin complex has the lowest 
dissociation constant and therefore the concentration of 
aprotinin necessary to inhibit trypsin is low. 13,39 Effective 
inhibition of plasmin and plasma kallikrein occurs when 
aprotinin plasma concentrations reach values of 125 
KIU. ml -l and 250-500 KIU. ml -I respectively. 39'40 

Pharmacokinetic behaviour and side effects 
Following a bolus dose of aprotinin, a two-phase elimin- 
ation was demonstrated by Kaller using radioactive 
aprotinin, with an initial half-life of 0.7 hr and a terminal 
half-life of seven hours. The initial half-life represents the 
distribution of aprotinin in the extracellular compartment 
whereas the terminal half-life corresponds to the accumu- 
lation of aprotinin in tissues like the kidneys and carti- 
lage. 41 

The epithelial cells of the renal proximal tubule have a 
great avidity for aprotinin, which accumulates in these 
cells and then is eliminated as small peptides or amino 
acids. J3 Experimental studies using high doses of aprotinin 
in dogs have reported reversible obstruction of renal 
proximal tubules secondary to the accumulation of the 
drug. 42 Results from animal studies regarding the renal 
toxicity of aprotinin are inconclusive, but any adverse 
effect appears to be related to the dose of the drug and 
temperature of the kidney. 43 Although the use of high 
doses of aprotinin and hypothermia during CPB could 
theoretically lead to renal toxicity, extensive clinical 
experience has not shown untoward renal effects in this 
setting. 4346 The only evaluation of renal function in 
patients receiving high-dose aprotinin also reported no 
untoward effect on serum electrolytes, osmolarity and 
creatinine, and creatinine clearance. 47 

The only major side effect caused by aprotinin is a 

hypersensitivity reaction, which is more likely to occur 
after previous exposure to the drug, and has an overall 
incidence of approximately 0.1%.13'42 Previous exposure 
to aprotinin was the only exclusion criterion in a study by 
Bidstrup et al., presumably on this basis. 46 However, re- 
peated use of aprotinin in a small series of 15 patients by 
Freeman was not associated with allergic phenomena. 48 

The use of antifibrinolytic agents raises the fear of 
thrombotic events but, contrary to synthetic antifibrinolytic 
agents, aprotinin can also reduce activation of clotting by 
inhibiting kallikrein. To our knowledge, the only report of 
unusual thrombus formation was by B/Shrer in 1990 who 
associated the early formation of thrombi on the pulmon- 
ary artery catheter (within 45 to 55 min after insertion) in 
three cardiac surgical patients with the use of 4.5 million 
KIU of aprotinin. 49 As pointed out in an accompanying 
editorial, it must be noted that the authors were not using 
heparin-coated catheters and that further studies are 
necessary to assess the risk of thrombus formation in this 
context. 5~ Also, results of trials designed to investigate the 
influence of high-dose aprotinin on the rate of graft closure 
in operations for myocardial revascularization should 
become available in a near future. 

Noncardiac uses and dosage 
Aprotinin was first used in clinical practice in 1953 for its 
inhibition of trypsin in the treatment of acute pancreatitis, 
and later for its inhibition of plasmin in haemorrhage 
associated with abruptio placentae, prostatectomy and 
neurosurgery for ruptured intracranial aneurysm. 13 To 
control haemorrhage, the recommended dosage is an iv 
bolus of 200,000 KIU, followed by a continuous infusion 
of 100,000 KIU-hr -I until haemostasis is achieved 
(product monograph). A few of the other investigated 
indications for aprotinin are the prevention of respiratory 
insufficiency in traumatic shock, 51 the reduction of the size 
of myocardial infarction, 13 and the preservation of myocar- 
dial viability after prolonged cardioplegia. 52 

Aprotinin in cardiac surgery 

Usual dosage 
Aprotinin has been used since 1964 in cardiac surgery with 
some clinical success, at doses not exceeding 400,000 
units. The administration of 10,000-20,000 KIU aprotinin 
to patients presenting increased fibrinolytic activity 
associated with abnormal bleeding after CPB resulted in 
rapid remission of bleeding in five patients studied by Tice 
et al. in 1964. 53 In 1968, Mammen reported a considerable 
reduction of the activation of the fibrinolytic system (as 
assessed by euglobulin lysis times, thrombin times, 
thromboelastography, and fibrinogen split products) during 
CPB in patients receiving aprotinin (100,000 units in pump 
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TABLE Influence of aprotinin on blood losses, percentage of patients transfused, and volume of blood transfused 

Author Postoperative blood loss % of pts 
(reference) n ml or G of haemoglobin transfused ml transfused 

Royston (45) 22* A 286 -+ 48 ml 36 I 
C 1509 _-L- 388 mi 100 

van Oevercn (44) 22 A 357 ml ~I t 
C 674 ml ql tl[ 

Alajmo (57) 34 A 486 -+ 47 ml ~1 213 --- 85 ml 
C 830 - 117 ml ~ 409 • 140 ml 

Bidstrup (46) 80t A 309 _ 133 ml 20 t~ 
C 573 _ 166ml 95 

Dietrich (58) 152:~ A 761 _+ 51 ml 58 1015 --- 113 ml 
317w C 1070 --+ 43 ml 82 1783 + 100ml 

Fraedrich (59) 80t A 652 --- 382 ml 42.1 242 _+ 359 ml 
C 1204 +-- 705 ml 68.4 937 -+ 843 mi 

Wildevuur (60) 281" a 14 -+ 3 G ~ 
C 6 4 - + 6 G  ~ 

Dietrich (56) 401" A 738 -+ 411 ml 37 163 -+ 308 ml 
C 1431 __ 760 ml 75 838 -- 963 ml 

van Oeveren (11) 60t A 17 -+ 9 G  38 
C 37 + 12 G 68 q[ 

22~/ a 19- - .9G 38 
Blauhut (47) 26~t A 300 ml (approx.) 15 

C 600 ml (approx.) 62 
Harder(61) 80)' A 559 -+ 109 ml 31.5 

C 911 - 170ml 57.2 
Havel (62) 22 A 610 -+ 310 ml ~ $ 

C 1000 -+ 440 ml ~ 
Murkin (63) 38* A ~ 5 

38w C~ 21 

*Reoperation; tdouble-blind study; :~nonrandomized study; w controls; Sdata not available from the publication; A: high dose aprotinin; C: 
control group; a: 2 million KIU in CPB prime only; blood losses were significantly reduced by A or a when compared with C. 

prime, infusion of 100,000 units per hour of extracorporeal 
circulation, and 100,000 units at the end of CPB). 54 In 
1971, Ambrus et al. treated patients with a 4-hour infusion 
of aprotinin (total dose: 400,000 units) which was started 
prior to sternotomy. 55 These patients suffered less blood 
loss than controls. 

Since 1987 numerous studies have evaluated the 
efficacy of higher doses of aprotinin for prophylactic 
reduction of bleeding associated with heart surgery. These 
European studies generally used a total dose of approxi- 
mately five million KIU of preservative-free aprotinin: two 
million KIU at induction of anaesthesia, an infusion of 
500,000 KIU. hr -l after the initial bolus until the end of 
surgery, and an additional bolus of two million KIU in the 
priming solution of the pump. The use of high doses was 
rendered possible by the introduction of the preservative- 
free formulation of aprotinin (500,000 units per vial, with- 
out 0.9% benzyl alcohol), which is not yet available in 
North America. 

The rationale underlying these higher doses is to obtain 
concentrations of aprotinin capable of inhibiting plasmin 
and, eventually, plasma kallikrein, depending on what is 
considered to be the predominant mechanism of action of 

aprotinin in reducing bleeding following CPB. The con- 
centration of aprotinin obtained while using this dosage 
regimen ranges from 185 to 335 KIU. ml -~ at the start of 
CPB and from 80 to 190 KIU.ml  -~ at the end of 
CPB. 11,44,46,56 

Thus, while plasma concentrations capable of totally 
inhibiting plasmin are achieved using this regimen, higher 
doses are necessary to produce predictably complete in- 
hibitory concentrations of kallikrein. 39 

Efficacy studies 
The majority of studies evaluating the efficacy of aprotinin 
in heart surgery were open, randomized studies of patients 
undergoing primary heart surgery. The Table summarizes 
the results of these studies in terms of mean blood loss and 
transfusions)l.,.,. 47,56--63 Reductions in blood loss, in the 
number of patients receiving any blood product, or in the 
quantity of blood products transfused was reported by all 
investigators. Unfortunately, the number of donors to 
whom the recipient is exposed (an indication of the 
relative risk of transfusion-related complications) is often 
difficult to determine from the published results. 

Acetylsalicylic acid intake by patients increases the 
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risk of perioperative bleeding. 64 Royston et al. studied the 
efficacy of aprotinin in 17 patients taking acetylsalicylic 
acid at the time of surgery. Despite the well known irre- 
versible inhibition of platelet aggregation by acetylsali- 
cylic acid, the authors noted a dramatic fall in postopera- 
tive blood losses (290 --- 126 ml vs 2070 +_ 890 ml in the 
control group). 65 The mechanism by which aprotinin 
reduces blood loss in this context is unknown. 

Aprotinin was also administered to ten patients with 
endocarditis who underwent valve surgery, a condition 
where considerable blood loss is expected. 46 Five patients 
had clinical and laboratory evidence of disseminated intra- 
vascular coagulation. Blood losses were greatly reduced, 
compared with a retrospective control group. While the 
use of aprotinin in the presence of secondary fibrinolysis 
may be questioned, the authors reported no complication 
associated with its administration to the five patients 
presenting with disseminated intravascular coagulation. 

Although the use of aprotinin in emergency cardiac 
surgery for patients who have received exogenous plas- 
minogen activators has not been reported, laboratory data 
indicate the efficacy of aprotinin in inhibiting strepto- 
kinase-plasmin complexes. 66 The possible rebound effect 
of streptokinase-plasmin complexes still present in the 
circulation after cessation of aprotinin remains a concern. 

While it has been suggested that aprotinin administered 
at the end of CPB has no beneficial effect, successful con- 
trol of life-threatening bleeding in six patients several 
hours after CPB was recently reported by Angelini et al. 
using a high-dose regimen. 67 The authors speculated that 
this was a group of patients in whom the postoperative 
bleeding was due to hyperfibrinolysis (undocumented by 
laboratory data), and that, otherwise, aprotinin might 
have little value when given after CPB in patients with no 
such haemostatic defect. 

Mechanism o f  action 
Only since 1988 has an elaborate haematological testing 
been performed in an attempt to understand the mechan- 
ism of action of aprotinin in heart surgery. Two main 
hypotheses emerge from the literature to explain apro- 
tinin's role in haemostasis: the first based on its anti- 
plasmin and the second on its antikallikrein property. Both 
hypotheses postulate that an acquired platelet defect is 
responsible for the increased bleeding after CPB. 

The antiplasmin hypothesis is based on the demonstra- 
tion that aprotinin preserves GPIb platelet receptors and 
could therefore preserve the adhesive capacity of platelets 
in the postoperative period. The synthetic surface of the 
CPB circuit activates the contact phase of coagulation, 
resulting in an increase of factor XIIa and kallikrein which 
in turn transforms plasminogen in plasmin. Plasminogen 
activation by extrinsic (tissue type) plasminogen activator 

has also been demonstrated 35'68 and is considered by some 
to be the principal mechanism of plasminogen activation 
during CPB. 69 Plasmin lowers the number of platelet 
receptors GPIb, reducing platelet adhesion after CPB. 2 
This acquired platelet defect could thus be prevented by 
aprotinin's antiplasmin action. Five minutes after the 
initiation of CPB, a mean decrease of 50% in the number 
of GPIb platelet receptors in control vs aprotinin-treated 
patients was demonstrated by Wildevuur et al. 60 and van 
Oeveren et al. II In the latter study, antiplasmin activity 
was further demonstrated by the absence of increase in 
fibrin degradation products in patients receiving aprotinin, 
contrary to the control group. 

It has been demonstrated by Dietrich et al. that the anti- 
kallikrein effects of aprotinin inhibit the contact phase of 
coagulation, leading to diminished generation of 
thrombin. 56 Thrombin is a powerful platelet aggregator, 
and platelet aggregation during CPB is thought to lead to 
postoperative platelet dysfunction. Thus, the protective 
effect of aprotinin on platelets would be secondary to its 
inhibition of coagulation rather than to a direct protective 
effect. 

Despite general agreement that aprotinin acts by pre- 
venting platelet dysfunction, it is puzzling to note that the 
favourable effect of aprotinin on the bleeding time has not 
been demonstrated consistently. A smaller increase in the 
bleeding time after CPB was reported by Bidstrup et al. 46 
and by Dietrich et al. 56 in the aprotinin-treated patients 
compared with controls, whereas post-CPB bleeding time 
was not reduced by high-dose aprotinin in the study by van 
Oeveren et al.ll However, bleeding time is affected by 
more than just the number and function of platelets. 7~ 
While this may help explain the apparent discrepancy 
between the alleged effect of aprotinin on platelets and on 
the bleeding time, Marx et al. did not demonstrate a 
protective defect of aprotinin on platelets in a recent 
laboratory investigation of coagulation parameters during 
CPB and suggest that the previously demonstrated haemo- 
static effects of aprotinin derive primarily from its anti- 
fibrinolytic action. 71 

Appropriate dose o f  aprotinin 

Since 1987, the dosage regimen of aprotinin usually 
consists of a total of approximately five million KIU 
aprotinin administered at the time of operation, despite 
reports by earlier studies that 300,000 to 400,000 KIU 
produced good results. 54'55 The justification for the high- 
dose regimen is to obtain a concentration of aprotinin 
sufficient to produce an antiplasmin ( 125 KIU- ml -l) or an 
antikallikrein (250-500 KIU. ml -I) effect. 39 These con- 
centrations were originally calculated from a model of 
enzymatic kinetics 72 and subsequently confirmed experi- 
mentally in vitro and in vivo in a piglet animal model. 4~ 
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However, in the clinical situation, lower concentrations 
could be effective. Indeed as stated by Philipp, 72 125 
KIU. ml -l of aprotinin are necessary to completely inhibit 
plasmin when 100% of plasminogen is transformed to 
plasmin, but a lower concentration of aprotinin would be 
sufficient when activation of plasminogen is incomplete. 
Furthermore, "most of the liberated proteinases are rapidly 
inhibited and eliminated by the natural inhibitors, which 
are present in molar excess over the proenzymes/ 
enzymes."39 

This concept is further substantiated by the apparent 
effectiveness of aprotinin to control haemorrhage in non- 
cardiac surgery at concentrations less than those men- 
tioned above. For example, the recommended dose of 
aprotinin for the treatment of a hyperfibrinolytic state is 
200,000 KIU as a bolus followed by an infusion of 
100,000 KIU. hr -I (product monograph). A continuous 
infusion of 250,000 KIU. hr -1 of aprotinin for 24 hr has 
previously been shown to produce an aprotinin plasma 
concentration of only 50 KIU. ml -l. 13,73 Thus, the dosage 
recommended by the manufacturer to treat an hyperfibri- 
nolytic state can be expected to produce a concentration of 
aprotinin less than 50 KIU. ml -I, which is far below the 
theoretical anti-plasmin level of 125 KIU- ml -l. 

The effectiveness of lower doses of aprotinin (approxi- 
mately two million KIU) administered as an infusion after 
induction of anaesthesia, 74 as a bolus before CPB, 75 or 
added to the prime solution of the CPB machine, l 1.60 has 
also been reported in cardiac surgical patients. Both a 
single dose of two million KIU in the prime of the CPB 
circuit and a high dose of six million KIU resulted in a 
60% reduction of postoperative blood losses compared 
with the placebo group. Both aprotinin-treated groups had 
similar reductions of transfusion requirements.l I Very high 
doses of aprotinin (6.9 --- 0.8 million KIU), in order to 
achieve aprotinin plasma concentrations of at least 200 
KIU. ml -I at the end of CPB, were not more effective than 
the standard high dose (5.9 ___ 0.4 million KIU) or the low 
dose (two million KILl) for the reduction of postoperative 
blood loss.* The favourable haemostatic effect obtained by 
reducing the dose of aprotinin does not justify, at present, 
the use of high or very high doses. 

Nonetheless, studies are still necessary to determine the 
optimal dose of aprotinin and the best timing of adminis- 
tration in relation to CPB, with respect to clinically 
important endpoints such as transfusion requirements, as 
opposed to postoperative chest drainage which may con- 

tain a variable proportion of red cells and inflammatory 
exudate. In effect, aprotinin seems to reduce loss of red 
cells proportionately more than the total drainage of chest 
fluid. 45 

Aprotinin and the activated coagulation time 
Aprotinin's capacity to inhibit kallikrein and thus the 
contact phase of coagulation has led to the investigation of 
its effect on the whole blood activated clotting time 
(ACT), a test based on the acceleration of the contact 
phase of coagulation. The ACT is prolonged in patients 
receiving heparin and aprotinin compared with patients 
receiving the same dose of heparin, without 
aprotinin.l 1.56,58,76.77 The effect of aprotinin on the ACT 
prior to heparin administration remains controversial. 
Either no change 76 or an increase in the ACT 56'58 has been 
reported. 

Despite this prolongation of the ACT by aprotinin, 
no special recommendations to any modification of the 
dosage of heparin and/or protamine have been made 
except by de Smet et al. 77 who reported that aprotinin 
synergistically enhanced the anticoagulation by heparin 
and suggested that reduced doses of heparin could be 
advantageous for routine use during CPB to reduce the 
adverse effects of heparin-protamine complexes. While 
prolongation of the ACT in this study may have been the 
result of platelet inhibition or of inhibition of the intrinsic 
clotting system, it is also possible that it may have 
been secondary to the interaction of aprotinin with 
diatomaceous earth (Celite| the activator used in the 
Hemochron (Int. Technidyne Inc., N.J.) automated timing 
system. Using kaolin rather than Celite-activated test tubes 
did not result in a significant prolongation of the ACT in 
association with aprotinin concentrations of up to 180 
KIU. m1-1.* At the present time it would seem prudent to 
maintain the same heparin dosage for extracorporeal 
circulation even in patients receiving high doses of 
aprotinin. 

Efficient use of antifibrinolytics 
Efficiency has now become a major factor in the approval 
of any therapeutic modality by hospital administrators. 
Based on the demonstration of reductions of blood loss 
and improved haemostasis in patients undergoing CPB, 
at least two groups have recommended the routine use of 
aprotinin for open heart surgery. 11'78 While such treat- 
ment appears to be efficacious and may eventually prove 

*Dietrich W, Spannagl M, Jochum M, Richter JA. Effect of 
different aprotinin dosages on hemostasis in open heart sur- 
gery. Presented at the 13th annual meeting of the Society of 
Cardiovascular Anesthesiologists held in San Antonio, May 
5-8, 1991. 

*Wang JS, Hung WT, Karp R, Lin CY. Increase in ACT of 
heparinized blood in patients on aprotinin is caused by the 
Celite activator. Presented at the 13th annual meeting of the 
Society of Cardiovascular Anesthesiologists held in San 
Antonio, May 5-8, 1991. 
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to be effective, it carries a substantial cost. Surgical skill, 
the use of various anaesthetic techniques, differing CPB 
circuits, awareness of the risks associated with blood 
products and the setting of stricter criteria for transfusion 
are but a few of the variables which may differ from one 
institution to another. Thus, it is important to identify pre- 
cisely those patient populations most at risk of bleeding, 
and to analyze thoroughly the cost of a new therapeutic 
modality versus its expected benefit, before implementing 
new strategies with a view to reducing the need for trans- 
fusion of blood products in cardiac surgical patients. 

Patients most at risk of being transfused 
It is generally accepted that not all groups of cardiac 
surgical patients are equally exposed to blood products but 
few data are available to substantiate this impression. A 
recent study of 1480 cases at the Montreal Heart Institute 
attempted to stratify cardiac surgical procedures according 
to use of blood products. 79 

This retrospective report on the transfusion of blood 
products in adult cardiac surgery using CPB indicated that 
primary and repeat combined procedures (a combination 
of myocardial revascularization and valvular surgery), and 
repeat valve surgery were associated with the greatest 
exposure to foreign blood products, patients being exposed 
to 10, 13 and 10 units of any blood product respectively. 
Reoperations for myocardial revascularization were 
associated with an intermediate consumption of blood 
products (exposure to eight units of homologous blood 
products). Finally, primary myocardial revascularization 
or valve surgery were associated with the smallest demand 
for blood products, patients being transfused an average of 
five and six units of any blood product respectively. 

Unfortunately, it is not always possible to determine, 
from the published data, the number of units to which 
cardiac surgical patients are exposed. This variable is 
important as it determines, in part, the risk of acquiring 
transfusion-related diseases. 

Cost vs benefit analysis 
This is a very complex issue that takes into account not 
only direct costs (cost of the drug and of blood products), 
but also ensuing effects of the treatment such as: length of 
stay in the operating room, in the intensive care unit and in 
the hospital; need for surgical reexploration; treatment of 
transfusion or drug-related complications; etc. Further- 
more, financing of the medical system will greatly modify 
the issue in different institutions. For example, in Canada, 
blood products are provided free of charge to hospitals by 
the Canadian Red Cross and efforts to reduce consumption 
will not be rewarded by increased budgets locally. Increas- 
ing efficiency will increase the number of patients treated 
per year but also related costs, and will result paradoxi- 

cally in a deficit since allocation of budgets to Canadian 
Hospitals is predetermined annually. 

The issue of cost is especially relevant with aprotinin, 
which is an expensive drug. At the present time, the cost 
of a high-dose aprotinin treatment is appraximately $1,500 
(an ampule of 100,000 KIU costs $26 Can at our institu- 
tion). Routine use of the drug would entail an expense 
of more than $2,000,000 per year, if the drug remains 
similarly priced despite the upcoming introduction of the 
50 ml vials on the Canadian market. On the other hand, 
drugs like EACA and TA are inexpensive and could be 
used extensively, with little impact on the hospital's 
budget. The prophylactic administration of synthetic 
antifibrinolytics requires up to 20 g EACA or 2 g TA 
which cost $89 and $33 per patient respectively. 

Based on economic concerns, it appears illogical to 
administer an expensive drug like aprotinin to low-risk 
primary procedures, when less expensive alternatives 
(such as blood transfusions in this country) have already 
demonstrated their efficiency. Also, in first-time pro- 
cedures, the beneficial effect of the drug on consumption 
of blood products is likely to be minimal when surgical 
blood loss is already minimal 79's~ and/or when transfusion 
practice does not follow established guidelines. Indeed, 
excessive and inappropriate transfusions in a number of 
American hospitals have been shown to result from 
noncompliance to national consensus recommendations, a~ 
Application of these recommendations at the institutional 
level should result in significant decreases of perioperative 
blood component use at a minimal cost. 

Reduced operating times, less need for work after 
regular hours, and shorter stays in the intensive care unit 
may still justify the short-term cost of a drug like apro- 
tinin. However, appropriate data must become available to 
substantiate a beneficial effect of the drug on these vari- 
ables. Similarly, data demonstrating the beneficial effect 
of aprotinin on transfusion-related complications must also 
become available to justify the cost of the drug in the long 
term. While the initial low cost of synthetic antifibrino- 
lytics is attractive, data on the cost of potential side effects 
must ensure that these do not outweigh the initial eco- 
nomic benefits. 

Conclusion 
The predominant haemostatic defect induced by CPB is 
difficult to define with certainty. The apparent opposi- 
tion between platelet dysfunction and fibrinolysis as the 
mechanisms put forward to explain these defects may well 
be resolved when a better understanding of the changes 
induced by CPB are elucidated. Accordingly, the mechan- 
ism by which natural or synthetic antifibrinolytics exert 
their effects has been difficult to define. Nonetheless, these 
substances appear to be effective in the treatment or the 
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prevention of excessive bleeding associated with cardiac 
surgery. 

Pharmacological intervention is but one of the many 
useful strategies presently available to reduce bleeding 
after CPB. However, the administration of these drugs 
should not attempt to replace attentive and meticulous 
surgical and anaesthetic care. In particular, the importance 
of an appropriate transfusion practice cannot be over- 
emphasized. 

While principles regarding the efficient use of these 
drugs have been put forward, the comprehensive data on 
which authoritative conclusions may be reached are not yet 
available. Pending availability of this data, the present use 
of antifibrinolytics at the Montreal Heart Institute is the 
following: 
1 patients undergoing elective primary myocardial re- 

vascularization or valve surgery do not receive prophy- 
lactic antifibrinolytics; 

2 patients undergoing a primary combined procedure or 
any reoperation receive prophylactic EACA as an intra- 
venous loading dose of 10 g, followed by an infusion of 
1 g" h -I during surgery and the first three to four hours 
in the ICU; 

3 EACA, in doses of up to 15 g administered in a two- 
hour period, may be used to treat excessive chest tube 
drainage in the ICU; 

4 EACA is used, rather than TA, because of familiarity 
with the drug and availability at the hospital pharmacy; 

5 the efficacy of low-dose aprotinin (up to one million 
KIU.24 hr -l) is presently being investigated (a) 
prophylactically in patients at high risk of receiving 
homologous blood transfusions and (b) in the treatment 
of excessive chest tube drainage in the ICU. 

Acknowledgements 
The authors would like to thank Dr. Danielle Robitaille 
from the Department of Haematology and Drs. Sylvain 
Btlisle and Normand Tremblay from the Department of 
Anaesthesia, University of Montreal, for reviewing the 
manuscript and Mrs. Lena Barbeau and Christiane Lussier 
for their expert secretarial assistance. 

References 
1 Cooper BA, Leclerc JR. Overview of hemostasis and 

blood coagulation. In: Leclerc JR (Ed.). Venous 
Thromboembolic Disorders, Philadelphia: Lea & Febiger, 
1991; 1-16. 

2 Adelman B, Michelson AD, Loscalzo J, Greenberg J, 
Handin RL Plasmin effect on platelet glycoprotein Ib-von 
Willebrand factor interaction. Blood 1985; 65: 32-40. 

3 Mammen EF, Koets MH, Washington BC, et al. Hemo- 
stasis changes during cardiopulmonary bypass surgery. 
Semin Thromb Hemost 1985; 11: 281-92. 

4 Harker LA, Malpass TW, Branson HE, Hessel EA 11, 

Slichter SJ. Mechanism of abnormal bleeding in patients 
undergoing cardiopulmonary bypass: acquired transient 
platelet dysfunction associated with selective alpha-gran- 
ule release. Blood 1980; 56: 824-34. 

5 Harker LA. Bleeding after cardiopulmonary bypass. N 
Engl J Med 1986; 314: 1446-8. 

6 Umlas J. Transfusion therapy of patients undergoing 
cardiopulmonary bypass. In: Churchill WH, Kuntz SR 
(Eds.). Transfusion Medicine, Chicago: Blackwell Scien- 
tific Publication, 1988; 249-64. 

7 Campbell FW, Addonizio VP Jr. Platelet function alter- 
ations during cardiac surgery. In: Ellison N, Jobes DR 
(Eds.) Effective Hemostasis in Cardiac Surgery. 
Philadelphia: W. B. Saunders Company, 1988; 85-109. 

8 Woodman RC, Harker LA. Bleeding complications asso- 
ciated with cardiopulmonary bypass. Blood 1990; 76: 
1680--97. 

9 Czer LSC. Mediastinal bleeding after cardiac surgery: 
etiologies, diagnostic considerations, and blood conser- 
vation methods. Journal of Cardiothoracic Anesthesia 
1989; 3: 760-75. 

10 Gluszko P, Rucinski B, Musial J, et al. Fibrinogen 
receptors in platelet adhesion to surfaces of extracorporeal 
circuit. Am J Physiol 1987; 252: H615-21. 

11 van Oeveren W, Harder HP, Roozendaal K J, Eijsman L, 

Wildevuur CRH. Aprotinin protects platelets against the 
initial effect of cardiopulmonary bypass. J Thorac Cardio- 
vasc Surg 1990; 99: 788-97. 

12 Rinder CS, Bohnert J, Rinder HM, Mitchell J, Ault K, 

Hillman R. Platelet activation and aggregation during 
cardiopulmonary bypass. Anesthesiology 1991; 75: 
388-93. 

13 Verstraete M. Clinical application of inhibitors of 
fibrinolysis. Drugs 1985; 29: 236--61. 

14 Ogston D. Current status of antifibrinolytic drugs. Blood 
Rev 1989; 3: 1--4. 

15 Andersson L, Nilsson IM, Colleen S, Grandstrand B, 
Melander B. Role of urokinase and tissue activator in 
sustaining bleeding and the management thereof with 
EACA and AMCA. Ann N Y Acad Sci 1969; 146: 
642-58. 

16 Horrow JC, Hlavacek J, Strong D, et al. Prophylactic 
tranexamic acid decreases bleeding after cardiac oper- 
ations. J Thorac Cardiovasc Surg 1990; 99: 70--4. 

17 Vander Salm TJ, Ansell JE, Okike ON, et al. The role of 
epsilon-aminocaproic acid in reducing bleeding after 
cardiac operation: a double-blind randomized study. J 
Thorac Cardiovasc Surg 1988; 95: 538-40. 

18 DelRossi A J, Cernaianu AC, Botros S, Lemole GM, Moore 

R. Prophylactic treatment of postperfusion bleeding using 
EACA. Chest 1989; 96: 27-30. 



Hardy and Desroches: ANTIFIBRINOLYTICS IN CARDIAC SURGERY 363 

19 Horrow JC. Desmopressin and antifibrinolytics. Int Anes- 
thesiol Clin 1990; 28: 230-6. 

20 Gralnick HR, Greipp P. Thrombosis with epsilon amino- 
caproic acid therapy. Am J Clin Path 1971; 56: 151-4. 

21 Latour JG, Liger-Gauthier C, Daoust-Fiorilli J. Vast- 
active agents and production of thrombosis during intra- 
vascular coagulation 1 - comparative effects of norepine- 
phrine in thrombin and adenosine diphosphate (ADP) 
treated rabbits. Pathology 1984; 16:411-7. 

22 Fischbach DP, Fogdall RP. Coagulation: the Essentials. 
1st ed. Baltimore: Williams & Wilkins, 1981. 

23 Marin HM. Hemostatic mechanism in extracorporeal 
circulation. Arch Surg 1964; 88: 988-98. 

24 Brodsky I, Gill DN, Lusch CJ. Fibrinolysis in congenital 
heart disease - preoperative treatment with E-amino- 
caproic acid. Am J Clin Path 1969; 51: 51-7. 

25 Gralnick HR. E-aminocaproic acid in preoperative cor- 
rection of haemostatic defect in cyanotic congenital heart- 
disease. Lancet 1970; 1: 1204-5. 

26 Gomes MMR, McGoon DC. Bleeding patterns after open- 
heart surgery. J Thorac Cardiovasc Surg 1970; 60: 87-97. 

27 Midell AL HaUman GL, Bloodwell RD, BeaU Jr AC, 
Yashar J J, Cooley DA. Epsilon-aminocaproic acid for 
bleeding after cardiopulmonary bypass. Ann Thorac Surg 
1971; 11: 577-82. 

28 Kevy SV, Glickman RM, Bernhard WF, Diamond LK, 
Gross RE. The pathogenesis and control of the hemor- 
rhagic defect in open heart surgery. Surg Gynec Obstet 
1966; 123: 313-8. 

29 Stems LP, Lillehei CW. Effect of epsilon aminocaproic 
acid upon blood loss following open-heart surgery: an 
analysis of 340 patients. Can J Surg 1967; 10: 304-7. 

30 McClure PD, lzsak J. The use of epsilon-aminocaproic 
acid to reduce bleeding during cardiac bypass in children 
with congenital heart disease. Anesthesiology 1974; 40: 
604-8. 

31 Gralnick HR, Fischer RD. The hemostatic response to 
open-heart operations. J Thorac Cardiovasc Surg 1971; 61: 
909-15. 

32 Rhodes GR, Silver D. Periepicardial fibrinolytic activity: 
relation to cardiac bleeding. Surg 1975; 78: 230-7. 

33 Bick RL. Hemostasis defects associated with cardiac sur- 
gery, prosthetic devices, and other extracorporeal circuits. 
Semin Thromb Hemost 1985; 11: 249-80. 

34 Kucuk O, Kwaan HC, Frederickson J, Wade L Green 
D. Increased fibrinolytic activity in patients undergoing 
cardiopulmonary bypass operation. Am J Hematol 1986; 
23: 223-9. 

35 Tanaka K, Takao M, Yada 1, Yuasa H, Kusagawa M, 

Deguchi K. Alterations in coagulation and fibrinolysis 
associated with cardiopulmonary bypass during open heart 
surgery. Journal of Cardiothoracic Anesthesia 1989; 3: 
181-8. 

36 Lambert C J, Marengo-Rowe A J, Leveson JE, et al. The 
treatment of postperfusion bleeding using E-aminocaproic 
acid, cryoprecipitate, fresh-frozen plasma, and protamine 
sulfate. Ann Thorac Surg 1979; 28: 440--4. 

37 Karski J, Teasdale S, Young P, Carroll J, lvanov J, Glynn 
M. Antifibrinolysin therapy for the prevention of post- 
CPB bleeding. Can J Anaesth 1991; 38: A97. 

38 Horrow JC, Van Riper DF, Parmet J, Strong MD, Brodsky 
1, Osborne D. Tranexamic acid, not desmopressin or both, 
decreases bleeding after open heart surgery. Anes- 
thesiology 1990; 73: A63. 

39 Fritz H, Wunderer G. Biochemistry and applications of 
aprotinin, the kallikrein inhibitor from bovine organs. 
Arzneimittelforsch 1983; 33: 479-94. 

40 Hoffmann H, Siebeck M, Thetter O, Jochum M, Fritz 
H. Aprotinin concentrations effective for the inhibition of 
tissue kallikrein and plasma kallikrein in vitro and in vivo. 
Adv Exp Med Biol 1989; 247B: 35--42. 

41 Kaller H, Patzschke K, Wegner LA, Horster FA. Pharma- 
cokinetic observations following intravenous administra- 
tion of radioactive labelled aprotinin in volunteers. Eur J 
Drug Metab Pharmacokinet 1978; 2: 79-85. 

42 D'Ambra MN, Risk SC. Aprotinin, erythropoietin and 
blood substitutes. Int Anesthesiol Clin 1990; 28: 237--40. 

43 Emerson TE Jr. Pharmacology of aprotinin and efficacy 
during cardiopulmonary bypass. Cardiovasc Drug Rev 
1989; 7: 127--40. 

44 van Oeveren W, Jansen NJG, Bidstrup BP, et al. Effects 
of aprotinin on hemostatic mechanisms during 
cardiopulmonary bypass. Ann Thorac Surg 1987; 44: 
640--5. 

45 Royston D, Bidstrup BD, Taylor KM, Sapsford RN. Effect 
of aprotinin on need for blood transfusion after repeat 
open-heart surgery. Lancet 1987; 1: 1289-94. 

46 Bidstrup BP, Royston D, Sapsford RN, Taylor KM. Re- 
duction in blood loss and blood use after cardiopulmonary 
bypass with high dose aprotinin (trasylol). J Thorac Car- 
diovasc Surg 1989; 97: 364-72. 

47 Blauhut B, Gross C, Necek S, et al. Effects of high-dose 
aprotinin on blood loss, platelet function, fibrinolysis, 
complement and renal function after cardiopulmonary 
bypass. J Thorac Cardiovasc Surg 1991; 101: 958--67. 

48 Freeman JG, Turner GA, Venables CW, Lamer AL. Serial 
use of aprotinin and incidence of allergic reactions. Curr 
Med Res Opin 1983; 8: 559-61. 

49 Bi~hrer H, Fleischer F, Lang J, Vahl C. Early formation 
of thrombi on pulmonary artery catheters in cardiac surgi- 
cal patients receiving high-dose aprotinin. Journal of 
Cardiothoracic Anesthesia 1990; 4: 222-5. 

50 Youngberg JA. Aprotinin and thrombus formation on pul- 

monary artery catheters: a piece of the coagulation puzzle. 
Journal of Cardiothoracic Anesthesia 1990; 4:155-8. 



364 CANADIAN JOURNAL OF ANAESTHESIA 

51 Tuxen DV, Cade JF. Effects of aprotinin in adult respira- 
tory distress syndrome. Anaesth Intensive Care 1986; 14: 
390-9. 

52 Sunamori M, Innami R, Amano J, Suzuki A, Harrison 
CE. Role of protease inhibition in myocardial preserva- 
tion in prolonged hypothermic cardioplegia followed by 
reperfusion. J Thorac Cardiovasc Surg 1988; 96: 314-20. 

53 Tice DA, Worth MH Jr, Clauss RH, Reed GH. The inhibi- 
tion of Trasylol of flbrinolytic activity associated with 
cardiovascular operations. Surg Gynecol Obstet 1964; 
ll9: 71-4. 

54 Mammen EF. Natural proteinase inhibitors in 
extracorporeal circulation. Ann NY Acad Sci 1968; 146: 
754-62. 

55 Ambrus JL, Schimert G, Lajos 7Z, et al. Effect on anti- 
fibrinolytic agents and estrogens on blood loss and blood 
coagulation factors during open heart surgery. J Med 
1971; 2: 65-81. 

56 Dietrich W, Spannagl M, Jochum M, et al. Influence of 
high-dose aprotinin treatment on blood loss and coagu- 
lation patterns in patients undergoing myocardial revascu- 
larization. Anesthesiology 1990; 73: l 119-26. 

57 Alajmo F, Calamai G, Perna AM, et al. High-dose apro- 
tinin: hemostatic effects in open heart operations. Ann 
Thorac Surg 1989; 48: 536-9. 

58 Dietrich W, Barankay A, Dilthey G, et al. Reduction of 
homologous blood requirements in cardiac surgery by 
intraoperative aprotinin application - clinical experience 
in 152 cardiac surgical patients. Thorac Cardiovasc Surg 
1989; 37: 92-8. 

59 Fraedrich G, Weber C, Bernard C, Hettwer A, Schlosser 
V. Reduction of blood transfusion requirement in open 
heart surgery by administration of high doses of apro- 
tinin - preliminary results. Thorac Cardiovasc Surg 1989; 
37: 89-91. 

60 Wildevuur CRH, Eijsman L Roozendaal K J, Harder MP, 
Chang M, van Oeveren W. Platelet preservation during 
cardiopulmonary bypass with aprotinin. Eur J Cardio- 
thorac Surg 1989; 3: 533-8. 

61 Harder MP, Eijsman L, Roozendaal KJ, van Oeveren W, 
Wildevuur CRH. Aprotinin reduces intraoperative and 
postoperative blood loss in membrane oxygenator 
cardiopulmonary bypass. Ann Thorac Surg 1991; 51: 
936--41. 

62 Havel M, Teufelsbauer H, Kn6bl P, et al. Effect of intra- 
operative aprotinin administration on postoperative bleed- 
ing in patients undergoing cardiopulmonary bypass oper- 
ation. J Thorac Cardiovasc Surg 1991; 101: 968-72. 

63 Murkin JM, Shannon NA. High-dose aprotinin decreases 
blood product usage in cardiac patients undergoing repeat 
sternotomy. Can J Anaesth 1991; 38: A76. 

64 Ferraris VA, Ferraris SF, Lough FC, Berry WR. Pre- 

operative aspirin ingestion increases operative blood loss 
after coronary artery bypass grafting. Ann Thorac Surg 
1988; 45: 71--4. 

65 Royston D, Bidstrup BP, Taylor KM, Sapsford 
RN. Aprotinin (Trasylol) reduces bleeding after open 
heart surgery in patients taking Aspirin and those with 
renal failure. Anesthesiology 1989; 71: A6. 

66 Wiman B. On the reaction ofplasmin or plasmin- 
streptokinase complex with aprotinin or alpha2-anti- 
plasmin. Thromb Res 1980; 17: 143-52. 

67 Angelini GD, Cooper G J, Lamarra M, Bryan AJ. Un- 
orthodox use of aprotinin to control life-threatening bleed- 
ing after cardiopulmonary bypass. Lancet 1990; 335: 
799-800. 

68 Stibbe J, Kluft C, Brommer EJP, Gomes M, De Jong DS, 
Nauta J. Enhanced fibrinolytic activity during 
cardiopulmonary bypass in open heart surgery in man is 
caused by extrinsic (tissue-type) plasminogen activator 
Eur J Clin Invest 1984; 14: 375-82. 

69 Edmunds LH Jr, Niewiarowski S, Colman RW. Invited 
letter concerning Aprotinin. J Thorac Cardiovasc Surg 
1991; 101: 1103--4. 

70 Rodgers RPC, Levin J. A critical reappraisal of the bleed- 
ing time. Semin Thromb Hemostas 1990; 16: 1-20. 

71 Marx G, Pokar H, Reuter H, Doering V, Tilsner V. The 
effects of aprotinin on hemostatic function during cardiac 
surgery. Journal of Cardiothoracic and Vascular Anesthe- 
sia 1991; 5: 467-74. 

72 Philipp E. Calculations and hypothetical considerations 
on the inhibition of plasmin and plasma kallikrein by 
Trasylol. In: Davidson JF, Rowan RM, Samama MM, 
Desnoyers PC (Eds.). Progress in Chemical Fibrinolysis 
and Thrombolysis, volume 3, New York: Raven Press, 
1978; 291-5. 

73 Clasen C, Jochum M, MueUer-Esterl W. Feasability study 
of very high aprotinin dosage in polytrauma patients. In: 
Redl H, Schlag G (Eds). First Vienna Shock Forum, New 
York: Alan R Liss Inc., 1987; 175-83. 

74 lsetta C, Samat C, Kotaiche M, Jourdan J, Grimaud D. 
Low dose aprotinin or tranexamic acid treatment in cardi- 
ac surgery. Anesthesiology 1991; 75: A80. 

75 Benmosbah h Madi S, Castel S, Kieffer JP, Cousin MT. 
Does low dose aprotinin reduce blood loss following 
cardiopuimonary bypass? Anesthesiology 1991; 75: A983. 

76 Royston D, Bidstrup BP, Sapsford RM. Reduced blood 
loss following open heart surgery with aprotinin (trasylol) 
is associated with an increase in intraoperative activated 
clotting time (ACT). Journal of Cardiothoracic Anesthesia 
1989; 3 (Suppl 1): 80. 

77 de Smet A, Joen M, van Oeveren W, et al. Increased anti- 
coagulation during cardiopulmonary bypass by aprotinin. J 
Thorac Cardiovasc Surg 1990; 100: 520-7. 



Hardy and Desroches: ANTIFIBRINOLYTICS IN CARDIAC SURGERY 

78 Dietrich W, Hiihnel C, Richter JA. Routine application of 

high-dose aprotinin in open heart surgery - a study on 
1,784 patients. Anesthesiology 1990; 73: A 146. 

79 Hardy JF, Perrault J, Tremblay N, RobitaiUe D, Blain R, 
Carrier M. The stratification of cardiac surgical proced- 

ures according to use of blood products: a retrospective 

analysis of 1,480 cases. Can J Anaesth 1991; 38:511-7. 
80 Boldt J, Zickmann B, Czeke A, HeroM C, Dapper F, 

Hempelmann G. Blood conservation techniques and 
platelet function in cardiac surgery. Anesthesiology 1991; 
75: 426--32. 

81 Goodnough LT, Johnston MFM, Toy PTCY and the 
Transfusion Medicine Academic Award Group. The vari- 

ability of transfusion practice in coronary artery bypass 
surgery. JAMA 1991;265: 86-90. 

365 


