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5.11 ABSTRACT 

Backgroundd Excessive bleeding may complicate cardiac surgery and is associated with 

enhancedd morbidity and mortality. Pharmacological strategies aimed to reduce perioperative 

bleedingg have been investigated in a large number of controlled trials, most of which show a 

reductionn in blood loss. However, most studies lack sufficient power to detect a beneficial 

effectt on clinically more relevant outcomes. 

Methodss We performed a meta-analysis of all randomised controlled clinical trials of the 

threee most frequently used pharmacological strategies aimed to reduce perioperative blood 

losss (aprotinin, lysine analogues (s-aminocaproic acid and tranexamic acid) and DDAVP). 

Studiess were included if they reported at least one clinically relevant outcome (i.e. mortality, 

re-thoracotomy,, the proportion of patients needing a transfusion, or perioperative myocardial 

infarction)) in addition to perioperative blood loss. An assessment of the methodological 

qualityy of the studies was made and a separate analysis was performed for only those studies 

withh the highest score. In addition, a separate meta-analysis was done for studies concerning 

complicatedd cardiac surgery. Methodological grading and data extraction was performed by 

twoo independent investigators. 

Findingss We identified 72 trials (8409 patients) that met the inclusion criteria. Treatment 

withh aprotinin was shown to result in an almost twofold reduction in mortality (odds ratio 

(OR)) 0.55, 95% confidence interval (CI) 0.34-0.90) as compared with placebo. Both 

treatmentt with aprotinin and lysine analogues resulted in a reduction in the incidence of 

surgicall  re-exploration (OR 0.37, 95% CI 0.25-0.55 and OR 0.44, 95% CI 0.22-0.90, 

respectively).. These two treatments also resulted in a significant reduction in the proportion of 

patientss receiving any allogeneic blood transfusion. In contrast, the use of DDAVP resulted in 

aa small reduction of perioperative blood loss, but was not associated with a beneficial effect 

onn other clinical outcomes. Aprotinin and lysine analogues did not increase the risk of 

perioperativee myocardial infarction, however, DDAVP was associated with a 2.4-fold 

increasee in this complication. Studies in patients undergoing complicated cardiac surgery 

showedd essentially similar results. 

Interpretationn The results of our meta-analysis indicate that pharmacological strategies that 

potentlyy reduce perioperative blood loss in cardiac surgery, in particular aprotinin and lysine 

analogues,, reduce mortality, the need for re-thoracotomy, and the proportion of patients 

receivingg a blood transfusion. 
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5.22 INTRODUCTION 

Althoughh the complication rate of coronary artery by-pass grafting (CABG) or heart valve 

replacementt has been reduced significantly in recent years, excessive perioperative bleeding 

continuess to complicate these procedures1. Management of perioperative blood loss requires 

transfusionn of packed cells and other blood products, which may carry the risk of transmission 

off  infectious agents or immunological complications. In some medical centres, at least a 

quarterr of all blood products are used for cardiac surgery patients, which obviously imposes a 

substantiall  burden on the limited supply of these products. Moreover, excessive postoperative 

bleedingg may result in the need for re-exploration, which is associated with additional 

morbidityy and mortality1'2. 

Factorss that contribute to the blood loss in cardiac surgery are related to both surgical damage 

too large blood vessels and acquired defects in haemostasis. The impaired function of the 

haemostaticc system is due to several factors, such as the loss of platelets and impairment of 

platelett function, haemodilution, heparin given during cardiopulmonary by-pass, and an 

inadequatee function of the fibrinolytic system3. 

Overr recent years several approaches to minimise blood loss and reduce transfusion 

requirementss in patients undergoing cardiac surgery have been developed. Amongst these 

strategiess pharmacological interventions are most widely used. Generally, three types of 

pharmacologicall  agents are available4: 

1.. aprotinin, a 58 amino acid polypeptide, mainly derived from bovine lung, parotid gland 

orr pancreas, which directly inhibits the activity of various serine proteases, including 

plasmin,, coagulation factors (such as kallikrein and thrombin) or inhibitors. It has been 

shownn that aprotinin is able to preserve platelet function and to inhibit accelerated 

fibrinolysisfibrinolysis during cardiopulmonary by-pass. 

2.. lysine analogues, such as e-aminocaproic acid and tranexamic acid, which are potent 

inhibitorss of fibrinolysis. It has been shown that treatment with these agents is effective in 

thee reduction of blood loss in a variety of bleeding disorders. 

3.. desmopressin or De-amino d-arginine vasopressin (DDAVP), a vasopressin analogue that 

inducess release of the contents of the endothelial cell associated Weibel Palade bodies, 

includingg von Willebrand factor. The administration of DDAVP results in a marked 

increasee in the plasma concentration of von Willebrand factor (and associated coagulation 

factorr VIII) , with as a consequence a potentiation of primary haemostasis. 

Alll  three pharmacological interventions have been studied in a large number of clinical trials, 

oftenn employing a randomised, controlled study design. Due to their size, most of the trials, 

however,, lacked sufficient power to detect significant differences in important clinical 

outcomes,, such as mortality and the need for re-exploration. Two previous meta-analyses of 

thesee trials (including 33 and 60 studies, respectively) primarily focused on perioperative 
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bloodd loss and the need for transfusion5'6. Both analyses found that these interventions 

significantlyy decreased the perioperative exposure of cardiac surgery patients to blood 

products.. Here we report our findings of a meta-analysis of 72 randomised, controlled trials 

onn the effect of pharmacological strategies that prohibit perioperative blood loss on mortality, 

re-thoracotomy,, the number of patients receiving any transfusion, and the occurrence of 

adversee effects, in particular perioperative myocardial infarction. 

5.33 METHODS 

5.3.11 Literature search 

AA literature search in MEDLINE and EMBASE databases from 1966 until December 1998 

wass performed. Terms that were used for the search were both MESH terms and (part of) the 

textt words "heart surgery", or "heart valve prosthesis", or "myocardial revascularization", or 

"coronaryy artery bypass", or "heart bypass" in combination with "hemostatics", or 

"antifibrinolyticc agents", or "aprotinin", or "trasylol", or "tranexamic acid", or "cyklokapron", 

orr "aminocaproic acid", or "caprolest", or "desmopressin", or "DDAVP". The search results 

weree then limited to "humans" and "clinical trials". All titles and abstracts of the remaining 

studiess were screened for controlled clinical trials investigating the efficacy of one of the 

threee pharmacological strategies in reducing perioperative blood loss and associated clinical 

outcomes.. The references of all reports were crosschecked for other potentially relevant 

studiess and the manufacturers of the pharmacological agents were asked to indicate missing 

trialss or unpublished data. Studies were included regardless of the type of publication or the 

languagee that was used. Of all studies that reported incomplete data the authors were 

contactedd to retrieve additional information, if available. 

Forr the analysis, only studies were included of which at least one clinically relevant outcome 

(i.e.. mortality, the incidence of re-thoracotomy, the proportion of patients receiving a 

transfusionn and the number of transfusions, and the incidence of perioperative myocardial 

infarction)) in addition to the perioperative blood loss could be retrieved. Studies that after 

carefull  examination were not truly randomised trials were excluded from the analysis. Other 

exclusionn criteria consisted of trials performed in children and double publications. 

5.3.22 Methodological grading 

Ann assessment of the methodological quality of the selected randomised, controlled trials was 

madee by two independent investigators on the basis of the following criteria: 

1.. Was the randomisation procedure performed properly? 
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2.. Were consecutive patients included? 

3.. Was the study double-blind? 

4.. Were the groups similar at the start of the trial? 

5.. Were the groups (aside from the intervention) treated equally? 

6.. Was the assessment of the end-points performed adequately? 

7.. Were all patients who entered the trial properly accounted for? 

Forr each of these criteria, a score of 1 point could be given (maximal score 7) to each article. 

5.3.33 Data extraction and outcome definition 

Dataa from the study reports were independently recorded by two investigators and entered 

intoo separate databases. The results were compared and disagreements were resolved by 

consensus.. Authors were contacted for clarification, if necessary. 

Perioperativee mortality was defined as mortality during hospitalisation for cardiac surgery, 

regardlesss of the cause of death. Re-thoracotomy was defined as the need for re-exploration 

withinn 72 hours after the initial operation, regardless of the reason. The proportion of patients 

receivingg at least one unit of allogeneic red blood cells was determined. In almost all studies a 

hematocritt between 0.20 and 0.30 or active bleeding in combination with cardiovascular 

instabilityy was used as a trigger for transfusion. Also, the use of plasma and platelet 

concentratess was recorded. The mean number of units of red cells transfused per patient was 

determinedd and if reported in millilitres transfusion requirements were recalculated to units 

(onee unit being 275 ml). Blood loss was defined as millilitres chest tube loss within 24 hours 

afterr the operation. The occurrence of myocardial infarction was defined on the basis of 

cardiacc enzyme elevation and electrocardiographic appearances. 

5.3.44 Analysis 

Ann analysis was made of the effect of each of the three pharmacological interventions (i.e. 

aprotinin,, lysine analogues and DDAVP) versus placebo on the various outcome parameters. 

Sincee a number of studies addressed the issue whether a lower aprotinin dose than the 

conventionall  regimen (i.e. 3 x 280 mg, which equals 3 x2 million kallikrein inhibitor units 

(KIU))) was equally effective, a separate analysis was performed of studies directly comparing 

thiss conventional dose with a lower dose (ranging from 1 x 70 mg to 3 x 140 mg). Treatment 

withh lysine analogues consisted of tranexamic acid (dose 3-10 gram) or e-aminocaproic acid 

(dosee 10-30 gram). The dose of DDAVP was 0.3-0.6 mg/kg in all studies. A direct 

comparisonn between the various treatment strategies was only performed if sufficient trials 

weree available, which was only the case for treatment with aprotinin versus lysine analogues. 

AA separate analysis was done for those studies concerning complicated cardiac surgery. 
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Complicatedd cardiac surgery was defined as repeat cardiac surgery or surgery in patients that 

weree using aspirin preoperatively, both conditions that are associated with increased blood 

losss and associated complications1'3. Finally, all outcome events were separately analysed for 

onlyy those studies with the highest methodological score (7 points). 

Dataa were analysed using RevMan version 3.1 and odds ratio's (OR) with 95% confidence 

intervall  (CI) for dichotomous data were calculated according to the fixed effects model 

accordingg to Peto and Mantel-Haenszel and the random effects model according to 

DerSimoniann and Laird. Data presented are derived from the fixed effects model. Continuous 

dataa (units of red cells per patient and blood loss) were analysed using the weighted mean 

differencee method. Tests for heterogeneity were performed with each meta-analysis (and were 

nott significant). 

5.44 RESULTS 

5.4.11 Results of the search and methodological grading 

Thee search yielded a number of 128 clinical trials and reference cross checking resulted in 14 

additionall  studies. Of these 142 trials, 95 concerned randomised controlled studies at first 

sight7"101.. Nine studies were excluded because no clinical outcome other than blood loss was 

available7"15,, eight studies turned out not to be randomised after all16"23, five studies concerned 

cardiacc surgery in children24"28, and there was one double report29. After exclusion of these 23 

reportss the remaining 72 trials were further analysed. In 45 trials aprotinin was compared with 

placebo30"74,, in 16 trials a comparison was made between lysine analogues and placebo31,58'61" 

63,65,75-85̂̂   ̂ m jg tnals there was a direct comparison between desmopressin and 

placebo66'75'86"99.. In addition, 12 studies compared treatment with the conventional dose of 

aprotininn with lower doses of aprotinin30'38'40'41'44'46'48'50'56'59'69'70. Lastly, in 8 trials a direct 

comparisonn was made between treatment with aprotinin and lysine analogues ' ' * ' ' * . 

Theree was only one trial directly comparing DDAVP with aprotinin and one trial directly 

comparingg DDAVP with lysine analogues75. 

Off  the trials in which aprotinin was studied, 31 of 45 studies yielded the highest 

methodologicall  score of 7, whereas 11 and 3 studies had a score of 6 and 5, respectively. 

Reasonn for a score lower than 7 was that the study was not completely double blind 

throughoutt its execution (9 studies) or that subsets of patients were not accounted for 

(55 studies). Other reasons were some differences in treatment between the study groups other 

thann the treatment with the study agents (1 study) and an incorrect randomisation procedure 

(22 studies). To 11 of 17 studies with lysine analogues a methodological score of 7 could be 

assigned,, whereas 5 studies had a score of 6 (all not completely double-blind) and 1 study a 
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scoree of 5 (not completely double-blind and incorrect randomisation procedure). Of the 16 

desmopressinn studies, 12 studies reached the maximal methodological score, 3 studies had 6 

pointss (all not completely double-blind), and one study a score of 5 points (not completely 

doublee blind and differences in treatment between the study groups other than the treatment 

withh different study agents). 

Thee results of the meta-analysis on all studied clinical outcomes of the three interventions are 

summarisedd in figure 1. In figure 4 the outcome of the subset of studies in complicated heart 

surgeryy is shown, and figure 2 and 3 show the data of the studies with the maximal 

methodologicall  score (7 points) only. 

FigureFigure 1: Summary of the results of the meta-analysis of all placebo-controlled trials with 
pharmacologicalpharmacological agents that prevent excessive bleeding and trials directly comparing 
treatmenttreatment with the conventional dose of aprotinin with lower doses of aprotinin on the 
incidenceincidence of mortality and re-thoracotomy, the need for any transfusion of allogeneic blood 
andand the occurrence of perioperative myocardial infarction. Results are expressed as the OR of 
thethe active treatment as compared with placebo. In case of the comparison between high and 
lowlow dose aprotinin the OR of the high dose as compared with the lower dose is given. 

Review ::  all trial s 
Comparisonn or Outcome Petoo Odds Ratio 
aprotini nn (all doses ) versu s placeb o 

mortality y 
re-thoracothomy y 
anyy transfusion 
myocardiall infarction 

aprotini nn high dose versu s low dose 
mortality y 
re-thoracotomy y 
anyy transfusion 
myocardiall infarction 

lysin ee analogue s versu s placeb o 
mortality y 
re-thoracotomy y 
anyy transfusion 
myocardiall infarction 

ddavpp versu s placeb o 
mortality y 
re-thoracotomy y 
anyy transfusion 
myocardiall infarction 

(95|%CI) ) 

.11 .2 55 10 
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FigureFigure 2: Overview and meta-analysis of the randomised controlled trials comparing 
treatmenttreatment with aprotinin, lysine analogues, or DDAVP with placebo on the incidence of 
mortality.mortality. The total number of patients in the trial is indicated. A not estimable result 
indicatesindicates no mortality in both treatment groups. There were 25 deaths in 1687 aprotinin-
treatedpatientstreatedpatients and 43 deaths in 1525 control patients. In 604 patients that were treated with 
lysinelysine analogues, there were 7 deaths compared to 8 deaths in 466 controls. Mortality in 
DBADBA VP-treatedpatients and controls was 5 out of 3 72 and 5 out of 330, respectively. 
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5.4.22 Mortality 

Dataa on perioperative mortality from 26 studies (comprising 3212 patients) in which aprotinin 

wass compared with placebo was available. A meta-analysis of these data showed an almost 2-

foldd reduction in mortality (from 2.8% to 1.5%, OR 0.55, 95% CI 0.34-0.90) (figure 2). 

Analysiss of only those studies with the highest methodological score (7 points) did not 

significantlyy change this result (OR 0.53, 95% CI 0.28-0.98). In 6 studies (693 patients) the 

conventionall  dose of aprotinin was compared with a lower dose (figure 1). These studies 

showedd a non-significant reduction in mortality in patients treated with the conventional 

regimenn as compared with patients treated with lower doses (OR 0.50, 95% CI 0.21-1.18). 

Fromm 11 placebo-controlled studies with lysine analogues (1070 patients) data on mortality 

couldd be retrieved, showing an OR for mortality in the lysine analogue-treated patients of 0.78 

(95%% CI 0.27-2.16) (figure 3). Mortality in DDAVP-treated patients was recorded in 8 trials 

(7022 patients) and was not different from placebo-treated patients (OR 1.02, 95% CI 0.29-

3.56).. The low incidence of mortality in the limited number of studies directly comparing the 

variouss treatment regimens did not allow a proper analysis. 

Inn complicated surgery (figure 4) the OR for the reduction in mortality in aprotinin-treated 

patientss and lysine analogue-treated patients was 0.59 (95% CI 0.30-1.16) and 0.59 (95% CI 

0.19-1.80),, respectively. Mortality in DDAVP-treated patients undergoing complicated 

surgeryy was identical to placebo-treated patients. 

5.4.33 Re-thoracotomy 

Dataa on the need for re-thoracotomy were available from 26 studies (3644 patients) 

comparingg aprotinin with placebo. All reported re-thoracotomies, regardless of the reason 

(whichh was usually reported as excessive bleeding) were included in the study. Meta-analysis 

off  these data showed a considerable reduction in the incidence of re-exploration in aprotinin 

treatedd patients from 5.0% to 1.8% (OR 0.37, 95% CI 0.25-0.55) (figure 3). The meta-

analysiss of studies with the highest methodological score yielded an identical result. Patients 

treatedd with the conventional dose of aprotinin had a lower risk of re-thoracotomy as 

comparedd with those treated with lower doses (OR 0.41, 95% CI 0.16-1.04) (figure 1). 

Treatmentt with lysine analogues (11 studies, 1026 patients, figure 3) also significantly 

reducedd the incidence of re-thoracotomy from 4.7% to 1.9% (OR 0.44, 95% CI 0.22-0.90) and 

alsoo this result was not changed by including studies with the highest rating only. From 8 

placebo-controlledd trials with DDAVP (including 694 patients) data on re-thoracotomy could 

bee retrieved, showing a non-significant OR of 0.67 (95% CI 0.33-1.37) in favour of DDAVP 

treatment. . 
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FigureFigure 3: Overview and meta-analysis of the randomised controlled trials comparing 
treatmenttreatment with aprotinin, lysine analogues, or DDAVP with placebo on the incidence ofre-
thoracotomy.thoracotomy. The total number of patients in the trial is indicated. A not estimable result 
indicatesindicates no re-thoracotomy in both treatment groups. There were 40 re-thoracotomies in 
21302130 aprotinin-treated patients and 77 re-thoracotomies in 1514 control patients. Of 564 
patientspatients that were treated with lysine analogues, 11 patients underwent a re-thoracotomy 
comparedcompared to 22 patients in 462 controls. The incidence of re-thoracotomy in DDA VP-treated 
patientspatients and controls was 13 out of 343 and 19 out of 351, respectively. 
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Inn 6 trials directly comparing aprotinin with lysine analogues (comprising 565 patients) the 

incidencee of re-thoracotomy could be analysed. This analysis did not show superiority of 

eitherr therapy on the incidence of re-thoracotomy (OR 0.92. 95% CI 0.28-3.07). 

Thee effects of the pharmacological interventions on the incidence of re-exploration in 

complicatedd cardiac surgery are shown in figure 4. Studies concerning complicated surgery in 

whichh either aprotinin or lysine analogues were compared with placebo showed a reduction in 

thee need for re-thoracotomy (aprotinin versus placebo: OR 0.40, 95% CI 0.20-0.79 and lysine 

analoguess versus placebo: OR 0.40, 95% CI 0.18-0.92, respectively). The OR for re-

thoracotomyy in DDAVP-treated patients undergoing complicated surgery was 0.67 (95% CI 

0.33-1.37). . 

FigureFigure 4: Summary of the results of the meta-analysis of placebo-controlled trials with 
pharmacologicalpharmacological agents that prevent excessive bleeding in patients undergoing complicated 
cardiaccardiac surgery on the incidence of mortality and re-thoracotomy, the need for any 
transfusiontransfusion of allogeneic blood and the occurrence of perioperative myocardial infarction. 
ResultsResults are expressed as the OR of the active treatment as compared with placebo. 
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5.4.44 Proportion of patients receiving a blood transfusion 

Bothh treatment with aprotinin and with lysine analogues resulted in a considerable reduction 

off  the proportion of patients receiving any blood transfusion. Meta-analysis of 40 placebo-

controlledd trials of aprotinin (4821 patients) showed an OR of 0.37 (95% CI 0.32-0.42). The 

meann percentage of patients receiving any transfusion was 62.7% in the placebo group as 

comparedd with 42.5% in the aprotinin group. Also here, the conventional dose of aprotinin 

wass more effective than lower doses (OR 0.75, 95% CI 0.58-0.98). The OR for receiving any 

transfusionn in lysine analogue-treated patients was 0.46 (95% CI 0.34-0.64, 14 studies with 

8011 patients). In a small number of trials directly comparing aprotinin with lysine analogues 

(77 trials, 635 patients), there was a significant reduction in the risk of receiving a blood 

transfusionn in aprotinin-treated patients (OR 0.69, 95% CI 0.48-0.98). The OR for the risk of 

receivingg a blood transfusion after DDAVP treatment as compared with placebo was 0.79 

(95%% CI 0.56-1.11, data from 7 studies comprising 578 patients). 

Inn studies of complicated cardiac surgery the overall proportion of patients receiving a blood 

transfusionn was higher but also here a significant reduction by the pharmacological agents 

wass observed (figure 4). The OR for the reduction in the proportion of patients receiving any 

bloodd transfusion after treatment with aprotinin (15 studies), lysine analogues (7 studies) and 

DDAVPP (5 studies) were 0.33 (95% CI 0.26-0.42), 0.43 (95% CI 0.26-0.72), and 0.82 (95% 

CII  0.55-1.23), respectively. 

5.4.55 Blood loss and number of transfused units 

Thee effect on blood loss and the number of units of red cells transfused for all three 

interventionss is presented in table 1. All three pharmacological strategies resulted in a 

significantt reduction in blood loss. Treatment with the conventional dose of aprotinin resulted 

inn less perioperative blood loss and fewer units of red cells transfused per patient in 

comparisonn with treatment with lower doses of aprotinin, although the differences were 

relativelyy small. In trials in which a direct comparison between aprotinin and lysine analogue 

treatmentt was made, a small reduction in blood loss and red cell transfusion in favour of 

aprotininn was observed. 

5.4.66 Perioperative myocardial infarction 

Thee incidence of perioperative myocardial infarction could be retrieved from 18 trials (1995 

patients)) of aprotinin treatment versus placebo (mean incidence 6.1%). As shown in figure 1, 

thee OR for the incidence of perioperative myocardial infarction in these trials was 1.13 (95% 

CII  0.76-1.67). The incidence of perioperative myocardial infarction was two times higher 
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(8.1%% versus 3.9%) in patients in which treatment with the conventional dose of aprotinin was 

comparedd with lower doses (OR 2.15, 95% CI 1.12-4.11, 7 trials, 666 patients). In 6 trials 

(7255 patients), in which treatment with lysine analogues was compared with placebo, no 

significantt difference in the incidence of perioperative myocardial infarction was observed 

(ORR 0.48, 95% CI 0.20 -1.13). In 5 of 7 trials in which DDAVP was administered and the 

incidencee of myocardial infarction was recorded, there was a trend towards a higher incidence 

off  perioperative myocardial infarction in DDAVP-treated patients. In the meta-analysis 

DDAVPP treatment was associated with an almost 2.4-fold increased risk of perioperative 

myocardiall  infarction as compared with placebo (OR 2.39, 95% CI 1.02-5.60). Analysis of 

studiess in complicated cardiac surgery (figure 4) or limitation of the analysis to only those 

studiess with the highest methodological score did not change these outcomes. 

TableTable 1: Reduction in blood loss and units of transfused blood in all included trials. Results of 
thethe meta-analysis (weighted mean difference) with 95% CI (in brackets) are given. 

studies s 

(patients) ) 

reductionn in 

bloodd loss 

reductionn in 

transfusion n 

(unit/patient) ) 

aprotinin n 

versus s 

placebo o 

43 3 

(4937) ) 

446.55 ml 

(456.5-436.4) ) 

0.98 8 

(0.95-1.01) ) 

aprotinin n 

conventional l 

dosee versus 

lowerr doses 

12 2 

(1186) ) 

130.77 ml 

(120.8-140-5) ) 

0.15 5 

(0.13-0.17) ) 

lysine e 

analogues s 

versus s 

placebo o 

16 6 

(1374) ) 

264.66 ml 

(271.9-257.5) ) 

0.94 4 

(0.83-1.04) ) 

aprotinin n 

versus s 

lysine e 

analogues s 

8 8 

(782) ) 

49.55 ml 

(63.7-35.3) ) 

0.18 8 

(0.16-0.19) ) 

DDAVP P 

versus s 

placebo o 

16 6 

(1215) ) 

114.11 ml 

(84.2-144.0) ) 

0.12 2 

(-0.04-0.28) ) 

5.55 DISCUSSION 

Thee present meta-analysis shows that pharmacological interventions that significantly reduce 

perioperativee blood loss in cardiac surgery may also have a beneficial effect on clinically 

moree relevant outcome events, such as perioperative mortality, the necessity of re-

thoracotomyy and the need for a blood transfusion. In particular treatment with aprotinin and 

lysinee analogues appears to be effective in this regard. Aprotinin treatment resulted in an 

almostt 2.0-fold reduction of mortality and a 3.2-fold reduction in the incidence of re-

thoracotomy.. Patients treated with lysine analogues had a 2.4-fold reduction in the risk of 

67 7 



Chapterr 5 

undergoingg a re-thoracotomy, but the difference in mortality with this intervention was not 

statisticallyy significant. When the analysis was limited to studies in complicated cardiac 

surgery,, defined as repeat surgery or surgery in patients that were taking aspirin 

preoperatively,, a similar effect of these pharmacological regimens could be established. 

Comparingg the effect of the pharmacological strategies on all outcome events, it appears that 

aprotininn and lysine analogues are the most efficacious agents, with aprotinin being somewhat 

moree effective than lysine analogues. The latter observation is supported by the direct 

comparisonn between aprotinin and lysine analogues in a relatively small number of studies, 

whichh showed a 2-fold reduction in the number of patients receiving any transfusion and a 

trendd towards a lower incidence of re-thoracotomy, in favour of aprotinin. The beneficial 

effectt of aprotinin and lysine analogues may for the major part be explained by a parallel 

mechanism,, i.e. the inhibition of accelerated fibrinolysis and the potential improvement of 

platelett function. Both mechanisms may play an important role in perioperative bleeding in 

cardiacc surgery. By reducing excessive bleeding, the need of re-exploration to achieve 

haemostasiss can be prevented, which will positively affect perioperative mortality  . As an 

additionall  mechanism it may be speculated that the rather aspecific anti-protease effect of 

aprotininn may inhibit pro-inflammatory mediators that may be detrimental in postoperative 

patients.. DDAVP had a modest effect on the reduction of perioperative blood loss, but this 

wass not translated into a significant reduction of transfusion requirements, re-thoracotomy 

ratess or mortality. Interestingly, the analysis of studies in complicated cardiac surgery did not 

showw a beneficial effect of DDAVP in this respect. An earlier meta-analysis of studies in 

whichh DDAVP was used to reduce perioperative blood loss confirmed this relatively weak 

efficacyy of DDAVP but suggested that a beneficial effect of DDAVP was particularly present 

inn patients with large perioperative blood loss or taking aspirin preoperatively . This latter 

findingg was not confirmed in the present analysis, although our definition of "complicated 

surgery""  might not completely overlap the earlier situations in which DDAVP appeared to be 

effective.. The effect of DDAVP on the reduction of perioperative blood loss and related 

adversee events appears to be smaller than the effect of the other two interventions. Direct 

comparisonss between DDAVP and aprotinin and DDAVP and lysine analogues (one 

randomisedd trial each) confirm this difference in efficacy. 

Inn earlier meta-analyses a similar reduction in blood loss and transfusion requirements by the 

threee pharmacological interventions was observed and one of these reports also indicated a 

reductionn in the risk of re-thoracotomy in patients that were treated with aprotinin5'6. The 

presentt meta-analysis adds to these previous reports a number of recently published trials. 

Moreover,, we actively pursued data on relevant outcome parameters, such as mortality and 

thee incidence of re-thoracotomy or perioperative myocardial infarction, by trying to contact 

thee authors of articles that did not report these events. Lastly, we have performed a separate 

analysiss for studies with an optimal study methodology, thereby introducing a method to 
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controll  for effects as a result of bias due to inadequate study design. Reassuringly, however, 

thee analysis of these methodologically most robust studies did not change the outcome of the 

analysis. . 

Pharmacologicall  strategies to improve haemostasis during and after surgery may have a 

procoagulantt potential, which can result in an enhanced risk of thrombotic adverse events. 

Onee of these thrombotic adverse events in cardiac surgery is the occurrence of perioperative 

myocardiall  infarction, for example due to thrombotic occlusion of the by-pass grafts. There is 

aa lot of controversy whether this theoretical complication represents a genuine concern in 

clinicall  practice103. Some anecdotal observations, uncontrolled studies, and retrospective 

subgroupp analyses of clinical trials indicate that this may indeed be the case104 whereas 

randomisedd controlled studies have not shown a significant difference in the occurrence of 

myocardiall  infarction, but may have been underpowered to observe such an effect. There are 

aa number of methodologically sound studies in which the occurrence of graft occlusion in 

aprotinin-treatedd patients was systematically investigated. Most of these trials show no 

significantt differences between aprotinin-treated patients and controls41'43,53'59'73'74. Only in 

onee study a small increase in the proportion of patients with an occluded graft after aprotinin 

treatmentt was observed . Our meta-analysis of the occurrence of perioperative myocardial 

infarctionn did not show an increased incidence of this complication in the aprotinin-treated 

patientss as compared with placebo-treated patients. There was, however, an increased 

incidencee of perioperative myocardial infarction in the comparison between the conventional 

dosee of aprotinin and the lower dose of aprotinin. This observation is hard to explain. It can 

bee hypothesised that the relatively higher dose of aprotinin is indeed prothrombotic, causing a 

higherr incidence of perioperative myocardial infarction and that this effect is "diluted" in the 

analysiss of trials with differing doses of aprotinin. However, when only the placebo-

controlledd studies that were using the higher dose of aprotinin were analysed, there was no 

increasedd incidence of myocardial infarction in aprotinin-treated patients versus placebo-

treatedd patients (data not shown). Hence, our meta-analysis cannot draw definitive 

conclusionss on a possibly enhanced incidence of perioperative myocardial infarction due to 

aprotininn dose. Also, this possible disadvantage of the relatively higher dose of aprotinin 

needss to be offset against the apparent benefit of this treatment in comparison to the lower 

dosee in terms of mortality and the risk of re-thoracotomy. In addition, some studies indicate 

thatt the incidence of stroke may be lower in aprotinin-treated patients40,105, although there is 

noo convincing evidence to support this so far. Treatment with lysine analogues was not 

associatedd with an increased risk of perioperative myocardial infarction but instead was 

associatedd with a trend towards a reduction in the incidence of this complication. It is 

important,, however, to realise that a meta-analysis may easily miss a specific subset of 

patientss to whom an intervention such as aprotinin or lysine analogues may be harmful. The 

analysiss of studies with DDAVP showed a significantly higher incidence of perioperative 
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myocardiall  infarction in DDAVP-treated patient. This effect was in fact consistent in almost 

alll  studies from which data on myocardial infarction were available. At first sight, it might be 

surprisingg that the agent that showed the most modest effect on the reduction of blood loss 

andd associated clinical events, was most prominently associated with this complication. 

However,, the mechanism of action of DDAVP, in particular directed at the improvement of 

primaryy haemostasis, is definitively different from the effect of the antifibrinolytic agents, 

suchh as aprotinin and lysine analogues, and this is apparently of relevance for the 

developmentt of myocardial infarction. Moreover, DDAVP does not only have a 

prohaemostaticc effect but may also induce haemodynamic changes, which may play a role in 

thee occurrence of perioperative myocardial infarction. 

Inn conclusion, the present meta-analysis shows that pharmacological interventions that 

potentlyy reduce perioperative blood loss in cardiac surgery reduce the incidence of mortality, 

thee need for re-thoracotomy and the proportion of patients receiving a blood transfusion. This 

clinicall  benefit effect could be demonstrated for aprotinin and the lysine analogues in 

particular.. Hence, the present meta-analysis further supports the use of aprotinin or lysine 

analoguess in clinical practice. However, only a large prospective controlled trial with 

mortalityy as the primary outcome will provide definitive evidence. At present, there is 

insufficientt data to definitively conclude that aprotinin treatment results in a better clinical 

outcomee than lysine analogues, although some preliminary analyses suggest a slight benefit of 

aprotinin.. However, in the decision on using one of these agents in patients undergoing 

cardiacc surgery, also costs (in particular relevant for aprotinin) may play a role. 
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