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Generall  introduction 

Untill  recently it was thought that the best way to prevent a patient from 
beingg harmed by an aneurysmal subarachnoid haemorrhage (SAH) was to 
detectt and to occlude the aneurysm before rupture. Based on reported 
rupturee rates of 1.9% per year1 of aneurysms that had not bled before and 
onn the assumption that treatment carried a relative low rate of morbidity and 
mortalityy of about 10% and 2.5% respectively,2»3 several studies were 
initiatedd to investigate screening methods for unruptured aneurysms, 
especiallyy in high risk groups like first degree relatives of patients with 
SAHH 4-8 

However,, the recently published results from the International Study of 
Unrupturedd Intracranial Aneurysms (ISUIA) showed that the rate of rupture 
off  incidentally found unruptured aneurysms depends on the size of the 
aneurysm,, the location and whether there has been a previously ruptured 
aneurysm.99 Size proved to be the most important prognostic factor. For 
aneurysmss 10 mm or more in diameter the rupture rate was approaching 
1%% per year, but for aneurysms less than 10 mm in diameter this rate of 
rupturee was much lower than previously assumed, less than 0.05% per year. 
Thee ISUIA study also showed that the overall rate of surgery related 
morbidityy and mortality was considerably higher than expected, 12% and 
3.8%% respectively at one year follow-up.9 These results imply that screening 
forr unruptured aneurysms is only a reasonable option if the risks of rupture 
aree high. With the current status of surgery related complications, the 
benefitt of screening does not outweigh the risk of surgery because most 
incidentallyy found aneurysms are smaller than 10 mm in diameter.10 Even 
inn selected patients, like the First degree relatives of patients with SAH, 
screeningg for unruptured aneurysms is at least debatable. Therefore, unless 
thee risks of treatment decrease considerably, screening on a large scale is 
nott to be recommended. 

Earlyy recognition of symptoms of aneurysmal SAH is therefore of major 
importance.. Patients admitted with SAH often recall having had a previous 
episodee of -far less severe- similar symptoms in the weeks before the SAH. 
Thiss episode of a missed SAH is often referred to as a *warning leak'.11 If 
suchh episodes are recognised by physicians, these patients are ideal 
candidatess for early treatment because they are usually not yet 'damaged' by 
thee warning leak. The problem is that episodes of headache with a sudden 
onsett can be brought about by a large variety of other causes like for 
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instancee benign ^thunderclap' headache.12»13 Recently it was shown that it is 
impossiblee for physicians to distinguish patients with sudden onset 
headachee caused by SAH from those with benign causes; therefore all 
patientss with acute headaches should be investigated with CT-scan.14 

Fortunately,, acute headaches occur less frequently than is often assumed. 

Despitee all efforts to recognise the first, usually less severe bleeds, many 
patientss will still suffer from a major aneurysmal haemorrhage but also 
patientss who initially survive an aneurysmal SAH may suffer severe 
complicationss leading to poor outcome. Since the effects of a large 
haemorrhagee can not be reversed, all treatment efforts are directed to 
preventt and reverse the effects of the complications. The most frequently 
occurringg complications are hydrocephalus, cerebral ischaemia and 
rebleeding. . 

Hydrocephalus,, caused by blockage of the cerebral spinal fluid (CSF) 
circulationn can nowadays effectively be treated by repeated lumbar 
punctures,, lumbar drainage or, in case of persistent hydrocephalus, 
ventricularr drainage.15-17 Although all these treatments are not without risk, 
hydrocephaluss or its treatments rarely are the main cause of poor 
outcome.18 8 

Thee pathogenesis of cerebral ischaemia has not been yet elucidated. It is still 
aa widely held believe that cerebral ischaemia is caused by intracranial 
vasospasmm which angiographically can be demonstrated a few days after 
SAH.19»200 Treatments that were developed to prevent or treat cerebral 
ischaemiaa were therefore mainly directed at vasospasm.21 However, not 
everyy patient with signs of vasospasm on angiography has clinical signs of 
cerebrall  ischaemia, and vice versa, not all patients with clinical signs of 
ischaemiaa have vasospasm shown by angiography.22* 23 Moreover, 
nimodipine,, a calcium antagonist which crosses the blood-brain barrier and 
whichh was thought to reduce the incidence of cerebral ischaemia by its 
vasodilativee properties in patients with SAH, was shown by a meta-analysis 
too reduce the incidence of cerebral ischaemia by 33% and of poor outcome 
byy 24% but without a significant effect on vasospasm.24 Other effects of 
nimodipinee such as protection of ischaemic neurons or effects on platelets 
probablyy play a role.25'26 Cerebral ischaemia is thus only partly related to 
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intracraniall  vasospasm and its pathogenesis is now considered to be multi-
causal. . 

Besidess treatment with nimodipine, other treatments have been introduced 
too reduce ischaemia such as avoidance of antihypertensive treatment and 
fluidfluid  restriction, or treatment resulting in hypervolaemia, haemodilution, 
andd hypertension (triple *H' therapy) in patients who develop clinical signs of 
delayedd cerebral ischaemia.27-29 Although widely used, the efficacy of these 
otherr treatments has never been tested in randomised controlled trials. Such 
trialss need still to be done if only to test what method and what combination 
iss most effective. Meanwhile, because of convincing results reported in 
studiess using historical controls, the American Heart Association 
recommendss these treatments in their 'guidelines for the management of 
aneurysmall  SAH'.30 

Thee complication which threatens patients with SAH above all is rerupturing 
off  the aneurysm or rebleeding. Without treatment approximately 30% of the 
patientss suffers from a rebleed within one month of the initial haemorrhage 
andd half of them dies from the rebleed directly and another 30% dies from 
relatedd complications.31»32 Rebleeding can be prevented by occlusion of the 
aneurysmm by surgery (clipping) or by endovascular treatment with coils.33 

Sincee the risk of rebleeding increases during the first week after the initial 
SAHH occlusive treatment should be initiated as early as possible.34 Early 
treatment,, however, is not always feasible because of the initial condition of 
thee patient, the occurrence of complications or logistic problems. 

Rebleedingg probably originates from fibrinolytic activity at the site of the 
rupturedd aneurysm causing dissolution of the clot surrounding the 
aneurysm.355 Antifibrinolyti c therapy was therefore suggested to reduce the 
occurrencee of rebleeding when surgical occlusion of the aneurysm had to be 
delayed.366 The study by Vermeulen et al. demonstrated that antifibrinolytic 
treatmentt significantly reduced the occurrence of rebleeding by 60% but a 
beneficiall  effect on outcome was nullified by an increase in the rate of 
delayedd cerebral ischaemia.37 Other studies produced similar results.38»39 

However,, all trials on antifibrinolytic treatment were done more than 10 
yearss ago, when prevention or treatment of cerebral ischaemia was not 
widelyy used. Now that many ischaemic complications can be prevented or 
reversed,, antifibrinolytic treatment might theoretically be effective on overall 
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outcome.. A single uncontrolled study supports this hypothesis,40 but this 

combinedd antifibrinolytic and anti-ischaemic treatment can not be 

recommendedd before its effectiveness is confirmed in a controlled s tudy.30 

Thee aim of this thesis is to investigate whether the use of antifibrinolytic 

t reatmentt combined with anti-ischaemic treatments is effective in patients 

withh aneurysmal SAH. 

However,, many neurologists and neurosurgeons argue that, even if the 

combinedd therapy is proven to be effective, it is of no importance because the 

overwhelmingg majority of patients is nowadays treated within at most 72 

hourss after the initial haemorrhage, before rebleeding occurs. They consider 

thee problem of rebleeding therefore as being solved and now direct their 

attentionn to vasospasm.41 Kassell, for instance, is of the opinion that 

vasospasmm is the leading cause of death and disability in pat ients with 

rupturedd aneurysms and expressed the need for 'a major strategic assault on 

vasospasmvasospasm which will  produce a quantum leap in our ability to manage this 

problem'.problem'. Therefore we would need 'to develop a mechanism for applied 

researchresearch in the tradition of the Manhattan Project or the NASA moon walk'.42 

However,, the question is whether it is true that the majority of pat ients is 

surgicallyy or endovascular treated within three days after the initial SAH. 

Thereforee we studied the timing of surgery in patients with aneurysmal SAH. 

Besidess prospectively investigating what the proportion of pat ients is that is 

operatedd on early in uni ts that aim at surgery in the acute phase, this study 

alsoo investigated what these days the main determinant is of poor outcome. 

Thee results are presented in chapter 2. 

Thee results showed that in a large proportion of patients with SAH the 

aneurysmm was not surgically or endovascular treated within 3 days after the 

initiall  bleeding. To find the causes of this delay in surgical or endovascular 

t reatmentt and to estimate what the effect on outcome would be of improved 

treatmentt another study was initiated. This study is described in chapter 3. 

Inn chapter 4 a systematic review on previous studies on antifibrinolytic 

t reatmentt in patients with aneurysmal SAH is presented. This review follows 

thee format described in the handbook of the 'Cochrane Collaboration'. The 

resultss are also published in an (slightly revised) electronic format as part of 
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thee 'Cochrane Database of Systematic Reviews' (CDSR) in which it can 
continuouslyy be amended and updated. 

Thee Cochrane Collaboration is named after the British epidemiologist 'Archie 
Cochrane'' who in 1987 held a plea for systematic up-to-data reviews of all 
relevantt randomised controlled trials (RCTs) of health care. He referred to a 
systematicc review of RCTs of care during pregnancy and childbirth as 'a real 
milestonee in the history of RCTs and in the evaluation of care' and suggested 
thatt the methods used should be copied in other specialities.43 In 1992 the 
firstt Cochrane centre was opened in Oxford as a collaborative international 
responsee to the idea's of Archie Cochrane. Since then the Cochrane 
Collaborationn has grown tremendously and their CDSR now hold over 1150 
systematicc reviews.44-45 

Ass mentioned earlier, the treatment of cerebral ischaemia improved 
considerablyy since the trials presented in the above described review were 
done.. Therefore the effect on outcome of the combination of antifibrinolytic 
treatmentt with treatment to prevent and treat cerebral ischaemia was 
studiedd in a new trial. The results of this double-blind, placebo-controlled, 
randomisedd clinical trial are presented in chapter 5. 

Duringg the enrolment of patients in this trial, we initially observed an overall 
rebleedingg rate which was higher than expected. At the same time the early 
terminationn was reported of a clinical trial on nimodipine treatment in 
patientss undergoing cardiac valve replacement surgery, because treatment 
withh nimodipine was associated with an increased risk of surgical bleedings. 
Thee question was whether nimodipine influences fibrinolytic activity in 
patientss with SAH and increases the risk of rebleeding. Therefore the effects 
off  treatment with nimodipine on the fibrinolytic activity in the blood plasma 
off  patients with aneurysmal SAH were investigated. The results of this study 
aree presented in chapter 6. 

Inn chapter 7 a general discussion of the results is presented and the 
implicationss for clinical practice and for further research are discussed. A 
summaryy in English and in Dutch concludes this thesis. 
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