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Patientss who initially survive an aneurysmal subarachnoid haemorrhage 
(SAH)) are threatened by three major complications: hydrocephalus, cerebral 
ischaemiaa and above all rerupturing of the aneurysm or rebleeding. Without 
treatmentt approximately 30% of the patients suffers from a rebleed within 
onee month of the initial haemorrhage and half of them dies from the rebleed 
directlyy and another 30% dies from related complications. Rebleeding can be 
preventedd by occlusion of the aneurysm by surgery (clipping) or by 
endovascularr treatment with coils. Since the risk of rebleeding increases 
duringg the first week after the initial SAH, treatment should be initiated as 
earlyy as possible. 

Rebleedingg probably originates from fibrinolytic activity at the site of the 
rupturedd aneurysm causing dissolution of the clot surrounding the 
aneurysm.. Antifibrinolyti c therapy was therefore suggested to reduce the 
occurrencee of rebleeding when surgical occlusion of the aneurysm had to be 
delayed.. A 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. Other studies produced similar results. 

However,, all these trials were done more than 10 years ago, when prevention 
orr treatment of cerebral ischaemia was not widely used. Now that many 
ischaemicc complications can be prevented or reversed, antifibrinolytic treat-
mentt might theoretically be effective on overall outcome. A single 
uncontrolledd study supported this hypothesis, but this combined antifibri-
nolyticc and anti-ischaemic treatment could not be recommended before its 
effectivenesss was confirmed in a controlled study. 

Thee aim of this thesis was therefore to investigate whether the use of 
antifibrinolyticc treatment combined with modern anti-ischaemic treatments 
inn patients with aneurysmal SAH is effective. 

However,, many neurologists and neurosurgeons argued that, even if the 
combinedd treatment was proven to be effective, it would be of no clinical 
importancee because the vast majority of patients would nowadays be treated 
surgicallyy (clipping) or with endovascular treatment (coiling) within three 
dayss after the initial haemorrhage, before rebleeding could occur. They 
believedd that a trial with combined anti-ischaemic and antifibrinolytic 
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treatmentt would therefore be superfluous. The question is whether it is true 
thatt the majority of patients is surgically or endovascular treated within 
threee days after the initial SAH. 

Chapterr 2 reports on a study in which the actual timing of surgery in 
patientss with aneurysmal SAH was studied. Besides prospectively 
investigatingg what in fact the proportion of patients is that is operated on 
earlyy in units that aim at surgery in the acute phase, this study also 
investigatedd what nowadays the main determinant is of poor outcome. 

Alll  SAH-patients admitted during a one year period at three neurosurgical 
unitss that aim at early surgery were prospectively studied. The following 
clinicall  details were recorded: age; sex; date of SAH; date of admission to the 
neurosurgicall  centre, whether a patient was referred by a regional hospital 
orr a general practitioner; Glasgow Coma Scale (GCS) and grade of 
subarachnoidd haemorrhage (World Federation of Neurological Surgeons 
(WFNS)) score) on admission at the neurosurgical unit; results of CT-scan 
andd CSF-examination; the presence of an aneurysm on angiography; details 
onn treatment with nimodipine or antifibrinolytic agents and the date of 
surgeryy to clip the aneurysm. At three months follow-up, patients clinical 
outcomee was determined using the Glasgow Outcome Scale (GOS) and in 
casee of poor outcome the cause for this poor outcome was recorded. 

Thee results showed that the proportion of patients that was operated on 
early,, that is within three days after SAH, was 55%. Thirty-seven of all 102 
admittedd patients had poor outcome, and rebleeding and the initial bleeding 
weree the main causes of poor outcome, in 35% and 32% respectively of all 
patientss with poor outcome. 

Obviously,, rebleeding can be prevented by performing surgery in more 
patientss within three days after SAH. This would be feasible if the reasons 
forr delay are of a logistic nature, like for instance a delay in angiography at 
thee department of radiology or difficulties in finding an available theatre or a 
surgeonn on short notice. 

Chapterr 3 describes a study which investigated in an unselected series of 
patientss with an SAH not only what at present the complications are, what 
thee outcome is, how many of these patients have 'modern treatment' -that is 
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earlyy obliteration of the aneurysm and treatment with calcium antagonists-, 
butt also which factors cause a delay in surgical or endovascular treatment. 
Additionallyy we estimated what the effect on outcome might be of improved 
treatment. . 

Thereforee all patients with SAH in the hospitals of a specified region in the 
Netherlandss were prospectively studied in a cohort study. Recorded were the 
conditionn on admission, diagnostic procedures and treatments. If a patient 
hadd a clinical deterioration, the change in GCS, the presence of focal 
neurologicall  signs, the results of additional investigations and the final 
diagnosedd cause of the deterioration were recorded. Clinical outcome was as-
sessedd with the GOS at three months follow-up. In patients with poor out-
comee at follow-up, we diagnosed the cause. 

Thee results showed that of the 110 patients, 47 (43%) had poor outcome. 
Cerebrall  ischaemia, 31 patients (28%), was the most frequently occurring 
complication.. Major causes of poor outcome were the effects of the initial 
haemorrhagee and rebleeding in 34% and 30% of the patients with poor 
outcomee respectively. Of all patients, 102 (93%) were treated with calcium 
antagonistss and 45 (41%) patients had early treatment to obliterate the 
aneurysm.. The major causes of delay of treatment were a poor condition on 
admissionn or deterioration shortly after admission in 31% and 23% 
respectively. . 

Wee concluded that because in two third of the patients with poor outcome 
thee causes of poor outcome were the effects of the initial bleeding and 
rebleeding,, improvement of treatment of delayed or post-operative ischaemia 
wil ll  have only minor effects on the outcome of patients with SAH. 

Becausee the major reasons for delaying treatment were the condition of the 
patientt on admission and deterioration shortly after admission, surgery 
withinn three days is not always a feasible option. Other ways to prevent 
rebleedingg are therefore needed. Such an additional therapy should be a 
treatmentt which can be given to patients in a poor clinical condition and has 
too be started soon after the initial SAH to prevent early rebleeds. 
Antifibrinolyti cc treatment meets both these conditions. 
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Chapterr 4 reports on a systematic review which investigated the effect of 
antifïbrinolyticc treatment on clinical outcome in patients with aneurysmal 
SAH.. In addition the reported rates of rebleeding, cerebral ischaemia and 
hydrocephaluss were analysed. 

Includedd in the review were all truly randomised unconfounded controlled 
trialss in which, after concealed allocation, antifïbrinolytic drugs were 
compared,, in an intention to treat analysis, with control treatment (open 
studies)) or placebo (blind studies). 

Thee results showed that eight studies met the inclusion criteria. They 
includedd 937 patients of whom 476 were randomised to receive 
antifibrinolyticc drugs, 364 received placebo treatment and 97 patients 
receivedd control treatment. Although antifibrinolytic therapy significantly 
reducedd the frequency of rebleeding rates (Relative Risk (RR) 0.64, 95% 
Confidencee Limits (CL): 0.49-0.85), it had no effect on clinical outcome (RR 
1.03,, 95% CL: 0.86-1.22) or on case fatality (RR 0.97, 95% CL: 0.81-1.17). 
Antifibrinolyti cc treatment increased the risk of cerebral ischaemia (RR 1.77, 
95%% CL: 1.30-2.40) and showed no effect on the rates of hydrocephalus (RR 
1.04,, 95% CL: 0.77-1.42). 

Wee concluded that although antifibrinolytic treatment reduces the rate of 
rebleedingg by approximately 40%, it does not affect the case fatality or 
overalll  outcome. Apparently the beneficial effect of the reduced 
rebleeding-ratee is offset by an increase in the rate of cerebral ischaemia. 

Sincee the trials presented in this review were all done in an era before 
preventionn or treatment of cerebral ischaemia had emerged, antifibrinolytic 
treatmentt might still be beneficial in patients who are treated with current 
methodss to prevent or reverse cerebral ischaemia. 

Chapterr 5 describes a prospective, double-blind, placebo-controlled 
multicentree clinical trial to test the hypothesis that the combination of 
antifibrinolyticc and anti-ischaemic treatment improves outcome in patients 
withh SAH in whom occlusion of the aneurysm is delayed. 

Randomisedd were 462 patients (229 received tranexamic acid, 233 placebo) 
admittedd within 96 hours after onset of SAH, in whom treatment of the 
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aneurysmm was delayed beyond 48 hours after SAH. All patients were treated 
withh calcium antagonists and hypervolaemia. At three months, outcome was 
assessedd with the Glasgow Outcome Scale. The occurrence of cerebral 
ischaemiaa and other complications were recorded, and the effects of 
treatmentt were related to the clinical condition on admission. 

Thee results showed that antifibrinolytic treatment had no overall beneficial 
effectt on outcome (RR 1.10, 95% CL: 0.91-1.34). However, in the group of 
patientss with unimpaired consciousness on admission, antifibrinolytic 
treatmentt showed a statistically non-significant trend towards a beneficial 
effectt on outcome. In contrast, in patients with impaired consciousness, 
antifibrinolyticc treatment had an unfavourable effect. 

Antifibrinolyticss significantly reduced the occurrence of rebleeding (RR 0.58, 
95%% CL: 0.42-0.80); the occurrence of ischaemic and other complications 
wass the same in the two groups. Initially these results were difficult to 
understand,, however, analysis of the 'reported events' and 'causes of poor 
outcome'' provides an explanation. 

Althoughh delayed cerebral ischaemia was diagnosed in both the treatment 
andd placebo group in approximately 30% of the patients, delayed cerebral 
ischaemiaa more often caused poor outcome in patients treated with 
antifibrinolyticss in comparison to patients treated with placebo. In patients 
withh impaired consciousness on admission the effect of the initial 
haemorrhagee was the other important cause of poor outcome (16% in the 
treatment-groupp versus 9% in the placebo-group). Thus, despite the 
beneficiall  effect on rebleeding, antifibrinolytic treatment has a detrimental 
effect,, because recovery from the initial haemorrhage and ischaemia is 
impeded.. This adverse effect of antifibrinolytic treatment appears not to be 
counterbalancedd by the beneficial effect of treatment with calcium 
antagonists. . 

Wee concluded that although tranexamic acid significantly reduced the 
occurrencee of rebleeding without a specific adverse effect on the occurrence 
off  cerebral ischaemia or other events, this treatment did not have an overall 
beneficiall  effect on outcome. However, patients with SAH and a normal level 
off  consciousness on admission might benefit from antifibrinolytic treatment. 
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Chapterr 6 describes results of a study which investigated the effects of 
nimodipinee treatment on fibrinolysis in patients with SAH. In this study we 
measuredd parameters of fibrinolysis in SAH patients with nimodipine 
treatmentt (n=27) which were compared with patients without this treatment 
(n=14).. In patients treated with nimodipine the Plasminogen Activator (PA) 
activityy increased significantly over a three weeks period, caused by a 
decreasee in the Plasminogen Activator Inhibitor-1 (PAI-1) (p<0.01). After six 
weekss both the PA activity and the PAI-1 returned to baseline values. 
Antigenn levels of t-PA did not change over time and were not different 
betweenn the groups. In contrast, patients who had not treatment with 
nimodipinee showed no increase in PA activity or decrease in the PAI-1 
antigenn levels. Since the use of nimodipine was the only difference between 
thee groups, this strongly suggests that nimodipine treatment was 
responsiblee for the increased fibrinolytic activity. Moreover, the three weeks 
increasee of the PA-activity and the accompanying decrease of the PAI-1 levels 
coincidess with the three weeks treatment course of nimodipine. Our findings 
mightt explain the beneficial effect of nimodipine on cerebral ischaemia in 
SAHH patients. Since antifibrinolytic treatment was shown to impede recovery 
fromm cerebral ischaemia in SAH, nimodipine might have its beneficial effect 
byy enhancing fibrinolysis. 

Inn Chapter 7 the main results and the implications for clinical practice and 
futuree research were discussed. Although antifibrinolytic treatment reduces 
significantlyy the occurrences of rebleeding, this treatment does not improve 
outcomee in patients with aneurysmal SAH. Rebleeding still is the major 
causee of poor outcome in these patients. Surgery within three days is not 
alwayss a feasible option because treatment is generally delayed because of a 
poorr condition on admission or because of complications shortly after 
admission.. Coiling with Guglielmi Detachable Coils (GDC's) might be an 
alternativee solution but definitely needs further investigation before this 
treatmentt can be recommended. 

Ourr observation that nimodipine increases fibrinolytic activity in patients 
withh SAH and our hypothesis that this effect might be the main mechanism 
byy which nimodipine decreases the adverse effects of cerebral ischaemia on 
outcomee needs also further investigation. 
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