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Locall  aprotinin 

ABSTRACT T 

Objectives:: Aprotinin is frequently administered systemically to patients undergoing 

cardiopulmonaryy bypass to inhibit activation of platelets and plasma protein systems and 

thuss reduce postoperative blood loss. Two reports on local aprotinin administration, that 

is,, into the pericardial cavity, also indicated improvement in postoperative blood loss, but 

thee underlying mechanism was not investigated. We previously reported the 

disappearancee of glycoprotein lb from the platelet surface and the appearance of platelet-

derivedd microparticles in the pericardial cavity of patients undergoing cardiopulmonary 

bypasss as signs of platelet activation. Here, we investigated whether such local aprotinin 

administrationn reduced platelet activation. 

Methods:: In a double-blind study, 6 patients received aprotinin (500,000 KIU) into the 

pericardiall  cavity during the operation and 7 patients received a placebo. Platelet surface 

glycoproteinn lb expression, concentration of microparticles and concentration of 

complexess of platelets with leukocytes, erythrocytes, or each other, were measured by 

floww cytometry. 

Results:: We confirmed the reduced glycoprotein lb expression and the increased 

concentrationn of microparticles in the pericardial cavity, as previously reported, and found 

noo increased concentration of platelet complexes. However, no differences between 

aprotininn and placebo treatments were observed in these platelet activation parameters in 

thee pericardial cavity or the systemic circulation. 

Conclusion:: We conclude that administration of aprotinin into the pericardial cavity 

duringg cardiopulmonary bypass and at concentrations similar to the systemic application 

doess not reduce platelet activation in that compartment or the systemic circulation. 
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INTRODUCTION N 

Excessivee postoperative blood loss due to impaired hemostasis is one of the major 

complicationss of heart surgery with cardiopulmonary bypass (CPB).1 Until recently, this 

wass thought to be caused by the extensive contact of the patients' blood with the surface 

off  the extracorporeal circuit. This contact was presumed to activate several blood 

components,, including the coagulation system, the fibrinolytic system, the complement 

system,, and platelets.2 However, activation of coagulation and fibrinolysis proved to be 

especiallyy pronounced in the pericardial cavity.3-4 In this compartment, blood oozes from 

damagedd vessels and extensively contacts the damaged vessel wall and underlying tissues. 

Itt accumulates in the pericardial cavity, from which it is removed by suction and stored in 

aa reservoir. Periodically, the blood from the reservoir is returned into the circulation of the 

patient.. Inhibition of the activation processes in the pericardial cavity could be 

advantageous.. Tatar,5 O'Regan,6 and their associates demonstrated a reduced 

postoperativee blood loss when aprotinin, a widely known medication to reduce 

postoperativee blood loss if administered systemically, was administered in the pericardial 

cavityy just before the sternotomy was closed. However, the underlying mechanism was 

nott investigated. We previously reported that the surface expression of glycoprotein lb 

(GPIb)(GPIb) - an important adhesion receptor of the platelet - was especially reduced in the 

pericardiall  cavity during the CPB. We8 also reported highly elevated numbers of 

procoagulant,, especially platelet-derived microparticles, in the pericardial cavity. 

Thee aim of the present double-blind and placebo-controlled study was to 

investigatee whether the activation of the platelets in the pericardial cavity or the systemic 

circulationn could be reduced by locally administering aprotinin during the operation. The 

platelett activation parameters included surface expression of GPIb, concentration of 

platelet-derivedd microparticles, and platelet complexes as a sign of platelet activation plus 

theirr ensuing interaction with other blood cells.9 
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PATIENTSS AND METHODS 

Clinicall study. This study was approved by the local ethical committee. After 

theirr informed consent was obtained, 13 patients undergoing elective coronary artery 

bypasss surgery entered the study. One group of 6 patients received aprotinin (50 mL 

containingg 500,000 KIU, diluted with 50 mL saline solution to facilitate gradual 

administration);; the other group of 7 patients received a placebo (saline solution) in the 

pericardiall  cavity. During CPB, the solutions from the trial bottles were sprinkled with a 

syringee into the pericardial cavity. The sprinkling was started after the first blood 

samplingg from the pericardial cavity and continued up to the end of CPB, just before 

administrationn of protamine sulfate. The randomized, double-blind study medication was 

suppliedd by Bayer AG (Leverkusen, Germany). The code was broken after data 

acquisitionn was completed. No patient was older than 85 years or had evidence of severe 

heartt failure, renal or hepatic dysfunction, or a bleeding diathesis. No patient was treated 

withh coumarin derivatives, aspirin, dipyridamole, or nonsteroidal anti-inflammatory 

agentss within 5 days before the operation. The study patients did not receive systemic 

antii  fibrinolytic agents or aprotinin during CPB. The aprotinin dosage was based on the 

factt that aprotinin is administered systemically at 2 x 106 KIU and the assumption that the 

systemicc circulating volume including the extracorporeal circuit would be approximately 

66 L versus the pericardial content of 500 to 1000 mL. 

CPBB and anesthesia. Anesthesia was induced and maintained with weight-

relatedd doses of fentanyl, sufentanil, midazolam, or propofol and pancuronium. The 

extracorporeall  circuit consisted of a Dideco D704 compact-flow system oxygenator 

(Didecoo SpA, Mirandola, Italy) and an S3 roller pump (Stockert, Munich, Germany). The 

primingg of the extracorporeal circuit contained lactated Ringer's solution (1.3 L), human 

albuminn (200 mL 20% weight/volume), mannitol (100 mL 20% weight/volume), sodium 

hydrogenn carbonate (50 mL 8.4% weight/volume), heparin (50 mg), and cefamandol (2 g). 

Eachh patient received dexamethasone (1 mg/kg). Volume was corrected with lactated 

Ringer'ss solution. Heparin (300 IU/kg body weight) was given intravenously before 

cannulationn of the aorta and repeated in a dose of 50 mg whenever the activated clotting 

timee (Hemochron; International Technidyne Corp, Edison, NJ, with kaolin used as an 
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activator)) was shorter than 480 seconds. Pump flows ranged from 2.0 to 2.4 L.m"2.min"' 

duringg hypothermia (28°C-32°C). Myocardial protection was achieved with modified St 

Thomas'' Hospital solution infused in the aortic root. After decannulation, heparin was 

neutralizedneutralized with protamine sulfate at 3 mg/kg body weight, that is, in a 1:1 ratio of heparin 

too protamine sulfate. 

Bloodd acquisition. All systemic blood samples were drawn from the same 

centrall  venous line. The blood samples from the pericardial cavity were taken directly 

fromm the cavity with a 10 mL-syringe. Sampling points were after induction, before skin 

incisionn (sample point 1), 5 minutes after the start of CPB (sample point 2), 10 minutes 

beforee release of the aortic crossclamp, at the start of the last distal anastomosis (sample 

pointt 3), and before protamine administration (sample point 4). Systemic blood samples 

weree taken at sampling points 1 through 4 and samples from the pericardial cavity at 

pointss 2 through 4. Blood samples were taken simultaneously at each sampling point. 

Floww cytometric analysis. Whole blood flow cytometry was performed 

essentiallyy as described by us7 with some modifications. Blood was collected in 0.32% 

trisodiumm citrate (final concentration). Within 5 minutes after sampling, 5 uL aliquots of 

bloodd were added to tubes containing 35 uL of N-2-hydroxyethylpiperazine-N-2-

ethanesulfonicc acid (HEPES) buffer (sodium chloride, 137 mmol/L; potassium chloride, 

2.77 mmol/L; magnesium chloride, 1.0 mmol/L; glucose, 5.6 mmol/L; HEPES, 20 mmol/L; 

albumin,, 1 mg/mL; sodium phosphate, 3.3 mmol/L; pH 7.4) and 5 uL anti-GPIb (final 

concentration,, 5 ng/mL). After 15 minutes of incubation at room temperature in the dark, 

55 uL of 10-fold diluted phycoerythrin-conjugated streptavidin was added. After another 

155 minutes of incubation at room temperature in the dark, 2.5 mL of HEPES buffer 

containingg 0.2% paraformaldehyde (weight/volume) was added. No changes in the 

expressionn of surface antigens occurred within 48 hours after fixation if platelets were 

preparedd according to this protocol (Berckmans RJ, unpublished results). Anti-GPIb 

(CLB-MB45)) was obtained from the Central Laboratory of The Netherlands Red Cross 

Bloodd Transfusion Service (Amsterdam, The Netherlands). The antibody is directed 

againstt GPIb-ct. Anti-GPIb was biotinylated as described by Hnatowich, Virzi, and 

Rusckowski.100 Phycoerythrin-conjugated streptavidin was obtained from Dakopatts 

(Glostrup,, Denmark). 
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Thee samples were analyzed in a FACScan flow cytometer with Cell-Quest software 

(Bectonn Dickinson, San Jose, Calif). Both forward and sideways scatter were set at 

logarithmicc gain. Per sample, a total of 5000 GPIb-positive events (i.e., platelets, platelet-

derivedd microparticles, and platelet complexes) were selected by the phycoerythrin-GPIb 

fluorescencee at 585 nm. Platelets (region 2), microparticles (region 1), and complexes 

(regionn 3) were identified by their light-scattering characteristics. Platelet surface 

expressionn of GPIb was first expressed as the mean fluorescence intensity of the platelet 

population,, which reflects the surface expression of GPIb of the total platelet population. 

Inn a second analysis, the percentage of platelets with decreased GPIb expression was 

evaluatedd by setting a threshold arbitrarily at 10% with the first systemic sample of each 

patient.. Thus, subpopulations of platelets with reduced GPIb expression may become 

apparent.111 The absolute concentration of microparticles, that is, corrected for 

hemodilution,, in sample x was calculated by using the following formula: (Platelet count 

inn blood sample x) X ([Percent events in region 1 of blood sample x]/[Percent events in 

regionn 2 of blood sample x]) X ([Immunoglobin G concentration in first systemic 

sample]/[Immunoglobinn G concentration in sample x]). The concentration of platelet 

complexess was similarly calculated on the basis of the number of events in region 3. No 

attemptt was made to subdivide those complexes into platelet-platelet, platelet-leukocyte, 

orr platelet-erythrocyte complexes. 

Statisticall analysis. Data were analyzed with SPSS for Windows software, 

versionn 9.0 (SPSS, Inc, Chicago, 111). Differences between the systemic and the pericardial 

cavityy samples within the placebo and the aprotinin patient groups were evaluated by 

GLMM univariate multiple variation analysis at an overall significance level of P = .05, 

followedd by post hoc analysis by means of the Scheffé test. The Mann-Whitney t/test was 

usedd to test differences between the placebo and the aprotinin groups first at each 

individuall  sample point and subsequently between the systemic samples of those groups at 

samplee points 2 to 4. It was also used to test between all pericardial samples at those 

samplee points (because the univariate analysis demonstrated no significant differences 

betweenn sample points 2 to 4 within the patient groups). 
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RESULTS S 

Clinicall results. The clinical data are presented in Table I. No significant 

differencess were present between the patient group treated with aprotinin and the placebo 

groupp in age, number of distal anastomoses, CPB time, crossclamp time, or blood loss 

withinn 6 hours after the operation. We also did not observe a difference in the number of 

patientss receiving packed cells during and after the operation (3 patients in each group) or 

thee number of packed cells transfused (7 in each group). No complications occurred 

duringg of after the operation except in 1 patient, in the aprotinin group, who required re-

explorationn because of surgical bleeding. 

Tablee 1. Clinical Characteristics of the Patients 

Agee (y) 

Sexx (male/female) 

Distall  anastomosis (n) 

CPBB time (min) 

Cross-clampp time (min) 

Bloodd loss 6 hours postoperative (mL)* 

Aprotinin n 

644 (55-70) 

6:0 0 

5(4-6) ) 

121(88-188) ) 

79(57-126) ) 

3611 (140-900) 

Placebo o 

599 (49-75) 

6:1 1 

4(3-5) ) 

1011 (55-132) 

64(34-91) ) 

345(160-500) ) 

**  The blood loss of the patient in the aprotinin group with a reoperation due to surgical bleeding was 

nott included in the analysis. There were no significant difference between the 2 groups (Mann-

Whitneyy U test, P > .05 

Platelett GPIb expression. The results of the platelet GPIb expression analyses 

aree presented in Fig \,A and B. As we described previously, the platelet surface 

expressionn of GPIb in the blood from the pericardial cavity of the patients treated with 

placeboo was significantly less than that of the first systemic blood sample. This was found 

bothh in the analysis of the mean GPIb antigen expression of the platelet population (Fig 1, 

A:A: systemic sample 1 vs pericardial cavity sample 2; P = .04) and in the analysis of the 
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Figuree 1. Platelet activation analyses. A, The platelet surface expression of GPIb in the systemic 

circulationn and the pericardial cavity, expressed as the mean fluorescence intensity (MF1) as the 

meann surface antigen density. B, The percentage of platelets with a reduced expression of GPIb, 

withh the systemic sample at point 1 arbitrarily set at 10%. C, The concentration of platelet-derived 

microparticles.. D, The concentration of platelet complexes, that is platelet-platelet, platelet-

leukocyte,, and platelet-erythrocyte complexes. The data are corrected for hemodilution. Open bars 

representt the placebo group (n = 7) and hatched bars the aprotinin group (n = 6). Median and ranges 

aree provided. 'P < .05, "P < .005, +P < .001. 

percentagee of platelets with a reduced surface GPIb expression (Figl, B: systemic sample 

11 vs pericardial cavity samples 2, 3 and 4; all P < .001). Similar results were obtained in 

thee patients treated with aprotinin. The mean GPIb antigen expression was reduced in 

pericardiall  cavity samples 2 and 3 (P= .004) compared with systemic sample 1 and also 

systemicc sample 2(P= .05), and the percentage platelets with a reduced GPIb antigen 

expressionexpression was increased in pericardial samples 2 and 3 compared with systemic sample 1 
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(P(P = .001 and .003, respectively) and also compared with systemic samples 2 (P = .014 

andd .029, respectively) and 3 (P = .016 and .032, respectively). There were no statistically 

significantt differences in mean platelet GPIb antigen expression between the patient 

groupss treated with aprotinin versus placebo at any systemic or pericardial sample point. 

Also,, the pooling of all data within the 2 groups, pooling of the data of the 4 systemic 

samples,, or pooling of the 3 pericardial cavity samples did not result in statistically 

significantt differences (P = .34, .18 and .59, respectively). Differences also were not 

obtainedd with such analyses of the percentages of platelets with reduced GPIb antigen 

exposuree (P = .93, .69 and .41, respectively). 

Platelett microparticle formation. The results of the platelet microparticle 

analysess are provided in Fig 1,C. Both in the placebo-treated patient group and in the 

aprotinin-treatedd group, we observed a significantly increased concentration of platelet-

derivedd microparticles in the pericardial cavity sample 4 versus all systemic samples (P < 

.001).. In both patient groups, the concentration of microparticles in pericardial cavity 

samplee 4 was also increased compared with pericardial cavity sample 2(P< .001). Also, 

withh the microparticle analysis, we did not obtain statistically significant differences in the 

comparisonss of systemic or pericardial cavity samples of placebo- versus aprotinin-treated 

patientt groups at any individual sample point (P > .05), nor did we find this with the data 

inn all systemic plus pericardial samples or solely the systemic or pericardial samples (P = 

.35,, .49 and .68, respectively). 

Platelett complexes. The results of the analyses of the platelet complexes are 

presentedd in Fig 1, D. No statistically significant differences were detected between any 

systemicc or pericardial cavity samples versus the systemic sample at sample point 1 in the 

placebo-- or aprotinin-treated patient group. Also, the pooling of the data as described 

abovee did not result in statistically significant differences between the patient groups at a 

singlee sample point (P > .05), in all systemic plus pericardial samples, or in the systemic 

orr pericardial samples separately (P = .38, .50 and .75, respectively). 
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DISCUSSION N 

Inn the present study, we did not observe differences in platelet activation between the 

aprotinin-- and placebo-treated patient groups by means of the 3 markers used: reduction 

off  platelet surface GPIb expression, microparticle formation, and platelet interaction with 

eachh other or other cells. We did not investigate other established parameters to detect 

platelett activation, for example, surface expression of P-selectin, GP53, or platelet-

associatedd complement-1 binding, because we7 previously demonstrated those parameters 

too be unchanged during CPB in both the systemic circulation and the pericardial cavity. 

Thee clinical relevance of activation of various blood systems in the pericardial cavity was 

alreadyy demonstrated by de Haan and associates,1" who found reduced postoperative 

bloodd loss if the pericardial content was not returned into the patient. However, not 

returningg the content from the pericardial cavity should be balanced against a possible 

needd for blood transfusion, with all its disadvantages. An alternative approach would be to 

inhibitt the activation processes in the pericardial cavity. A widely known medication to 

preventt blood activation is aprotinin. Systemically administered aprotinin reduces 

postoperativee blood loss.13 Tatar,5 O'Regan,6 and their colleagues demonstrated a reduced 

postoperativee blood loss when aprotinin was administered in the pericardial cavity just 

beforee the closure of the sternotomy. Bizzarri and coworkers14 similarly treated the 

patientss with local aprotinin in addition to administering it systemically. They thereby 

successfullyy reduced the postoperative blood loss, but the studies cannot be compared 

withh ours because the local concentration of aprotinin may then be much higher in their 

studiess and will not reduce the intraoperative activation of platelets and plasma protein 

systems.. We attempted to inhibit the platelet activation at an early stage; that is, we 

administeredd aprotinin during the operation and at the site presumed to have the highest 

activationn state, the pericardial cavity.7 

Thee question could be raised whether the dosage of aprotinin used in the present 

studyy was sufficient to prevent platelet activation in the pericardial cavity. The aprotinin 

dosagee used (500,000 KJU) was based on the fact that aprotinin is being administered 

systemicallyy at a dosage of 2 x 106 KIU and the assumption that the systemic circulating 

volumee including the extracorporeal circuit would be approximately 6 L versus the 
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volumee of the pericardial content of 500 mL to maximally 1 L. In-vitro, the disappearance 

off  GPIb from the platelet surface can be induced by several stimuli, such as thrombin and 

plasmin.. * Aprotinin inhibits plasmin, kallikrein, and thrombin at an inhibition constant 

(Kj)) of 0.07 nmol/L, 36 nmol/L, and 61,000 nmol/L, respectively. The concentrations used 

clinicallyy are thus sufficient to inhibit plasmin and kallikrein, but not thrombin.17 In the 

presentt study, the 500,000 KJU, if presumed to be present in 1 L of pericardial cavity 

material,, would correspond to 7700 nmol/L. This would be insufficient to inhibit thrombin 

effectively.. If thrombin is indeed causing the platelet activation represented by the 

disappearancee of GPIb from the platelet surface plus microparticle formation, it may be 

wonderedd whether sufficiently high dosages of aprotinin could then be obtained. 

Wee did not find a difference in blood loss between the aprotinin- and the 

placebo-treatedd patient groups. The question could be raised whether the amount of 

aprotininn used in the present study was sufficient to expect an effect on blood loss. The 

aprotininn administered into the pericardial cavity provided a high local concentration, as 

arguedd above. Virtually all of it was subsequently given to the patient, because all material 

fromm the pericardial cavity was collected into the suction reservoir and returned to the 

heart-lungg machine, and the blood in the machine was infused into the patient at the end 

off  the operation. On the one hand, the 0.5 x 106 KIU of aprotinin thus administered is low 

comparedd with the 2 to 6 x 106 KIU regularly used systemically. On the other hand, we 

administeredd the aprotinin intraoperatively and thus facilitated continuous inhibition of the 

activationn processes. Tatar,5 O'Regan,6 and their associates administered the same or 

twicee this dosage of aprotinin at the end of the operation, respectively, and did observe a 

reducedd blood loss, even though the systemic concentration was very low. Viewing these 

results,, we presume that local inhibition is more effective than systemic administration 

andd thus propose that the locally administered high aprotinin concentration is in itself 

sufficient.. The small number of patients in this study may preclude an effect on blood 

loss.. However, we aimed to study the effect of local aprotinin administration on platelet 

activationn and not blood loss. 

Inn conclusion, the administration of 500,000 KIU aprotinin into the pericardial 

cavityy during the CPB procedure did not inhibit the activation of platelets in this 

compartment,, as measured by reduced surface expression of the GPIb antigen, 
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microparticlee formation, and platelet complexes. A reduction in postoperative blood loss 

orr need for blood transfusion is therefore unlikely to be mediated by an effect on the 

platelet. . 
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Letterr to the editor 

Aprotininn administration in the pericardial cavity 

doess not prevent platelet activation 

ToTo the editor: 

Too better understand the hemostatic and platelet-preserving properties of aprotinin and to 

addresss the continuing controversy whether aprotinin may be prothrombotic when given 

too patients undergoing bypass, one must elucidate its mechanism of action on platelets in 

greaterr detail. The article by Maquelin and associates1 provides clinical support for a 

subtlee mechanism that we have proposed on the basis of our in vitro platelet studies: this 

statess that aprotinin is simultaneously "hemostatic yet antithrombotic } Aprotinin 

achievess these two apparently disparate properties by selectively targeting the two major 

categoriess of agonistic receptors expressed by platelets: those that require proteolytic 

cleavagee to transduce a platelet-activating signal (the "protease-activated" thrombin 

receptors,, PARI and PAR4) versus those that are proteolysis-independent (the receptors 

forr collagen, adenosine diphosphate [ADP], or epinephrine). This dualistic mechanism of 

actionn was most clearly observed in a simple platelet aggregation (by inhibiting the 

proteolyticc activation of PARI) but permitted aggregation to proceed in response to the 

nonproteolyticc agonists collagen or ADP.2 Because collagen and ADP are both expressed 

att wound and suture sites throughout the pericardial cavity, aprotinin would not be 

expectedd to prevent platelet activation when administered directly to the pericardial 

cavity.. This expectation has now been borne out by the studies of Maquelin and 

associates.11 However, when administered systemically, it would be expected to inhibit 

platelett activation as a result of thrombin generation in the bypass circuit. Systemic 

aprotininn may therefore prevent unwanted participation of platelets in the coagulation 

cascadee (exerting a net antithrombotic effect) but preserve the hemostatic capacity of 

plateletss in surgical wounds. 

R.. Clive Landis, Kenneth M. Taylor 

ImperialImperial College School of Medicine 

HammersmithHammersmith Hospital 

LondonLondon W12 ONN, United Kingdom 
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Replyy to the editor 

Aprotininn administration in the pericardial cavity 

doess not prevent platelet activation 

ReplyReply to the editor: 

Poulliss and associates' showed that the thrombin-induced activation of platelets in vitro, 

ass mediated by proteolysis of the protease-activated receptor 1 (PARI), is inhibited by 

aprotinin.. The authors also demonstrated that the platelets, in the presence of aprotinin, 

stilll  respond to collagen and epinephrine. However, this in vitro study using washed 

plateletss cannot easily be extended to our in vivo situation in the pericardial cavity, as 

proposedd by Landis and Taylor. They propose that platelets in the pericardial blood 

becomee activated by adenosine diphosphate (ADP) and collagen from the surgical wound 

andd not by thrombin, that is, by a process that is not inhibited by aprotinin, as shown by 

Poulliss and associates.' First, it would seem from their letter that thrombin is especially 

beingg formed by contact between blood and the bypass circuit in the systemic circulation. 

Severall  studies indicated that thrombin generation is especially pronounced in the 

pericardiall  blood, a process most likely mediated by the tissue factor factor VII pathway 

andd not by the contact activation pathway.2 Second, as also noted by Poullis and 

coworkers,11 thrombin not only activates platelets via PARI proteolysis, but also via 

proteolysiss of the PAR4 receptor and nonproteolytically via glycoprotein lb.3'4 Although 

thee platelet-activating compounds ADP and collagen are likely to be present in the wound 

areaa of the pericardial cavity to activate platelets by an aprotinin-insensitive pathway, the 

synergisticc effect5 of individual platelet agonists, including thrombin, on the overall 

platelett response can easily be underestimated in the in vivo situation. Thus, only 

completee inhibition of thrombin would preclude a synergistic action between residual 

thrombinn activity and other agonists. This may well involve other stimulus-response 

couplingg mechanisms than solely the PARI receptor. Third, aprotinin may prohibit 

platelett activation not only via the inhibition of thrombin, but also by inhibition of 

plasmin.588 Plasmin is present at high concentrations in pericardial blood and is known to 

activatee platelets.9 The exact mechanism leading to the observed platelet activation in the 

pericardiall  blood therefore remains to be established, that is, thrombin-, plasmin-, ADP-, 

collagen-mediated,, or by a combination of those agonists. Because platelet activation, as 
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measuredd by the disappearance of glycoprotein lb from the platelet surface or the 

formationn of platelet microparticles, is far more extensive in the pericardial blood than in 

thee systemic circulation, pericardial blood may be a suitable target for therapeutic 

interventionn if this blood has to be returned into the patient. 

Inn conclusion, our finding that topical administration of aprotinin into the 

pericardiall  blood does not inhibit platelet activation10 could not be anticipated beforehand. 

Also,, this topical administration of aprotinin may still have a favorable effect on the 

overalll  systemic hemostatic process by inhibition of, for example, hyperfibrinolysis in this 

pericardiall  wound blood before being returned into the patient. 
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