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Generall discussion 

Thiss thesis focused on the efficacy of antifibrinolytic treatment combined 
withh treatment to prevent cerebral ischaemia to improve the outcome of 
patientss with aneurysmal subarachnoid haemorrhage (SAH). 

Thee results of the placebo-controlled randomised trial described in chapter 5 
showedd that antifibrinolytic treatment significantly reduced the occurrence 
off  rebleeding (Relative Risk (RR): 0.58, 95% Confidence Limits (CL): 0.42-
0.80).. This 40% reduction of the risk of rebleeding is similar to the reduction 
foundd in the meta-analysis on eight studies previously performed on 
antifibrinolyticc treatment in SAH, the results of which were described in the 
systematicc review in chapter 4 (RR 0.64, 95% CL: 0.49-0.85). The results of 
thee trial described in chapter 5 show that the beneficial effect on rebleeding 
iss not affected by treatment to prevent cerebral ischaemia. 

Concerningg outcome, the meta-analysis of the previous studies on 
antifibrinolyticss in SAH in addition demonstrated that the beneficial effect of 
antifibrinolyticc treatment on rebleeding was offset by a significant increase in 
thee occurrence of cerebral ischaemia (RR 1.77, 95% CL: 1.30-2.40). This is 
inn contrast to the results of the clinical trial described in chapter 5 in which 
noo increase in the occurrence of cerebral ischaemia was found. This result 
wass in agreement with our hypothesis that with modern anti-ischaemia 
treatmentss like nimodipine and measures to expand the plasma volume an 
increasee in the occurrence of cerebral ischaemia would be prevented. Since 
thee results showed a decrease in the number of patients with rebleeding and 
noo change in the occurrence of other complications, a beneficial effect of 
antifibrinolyticc treatment on overall outcome was to be expected. However, 
thee results of the trial showed that the combination of antifibrinolytic 
treatmentt with treatment to prevent cerebral ischaemia still failed to improve 
outcomee (RR 1.10, 95% CL: 0.91-1.34). 

Att first glance these results were difficult to understand, however, analysis of 
thee "reported events' and 'causes of poor outcome' provided an explanation 
forr these results. Although delayed cerebral ischaemia was diagnosed in 
bothh the treatment and placebo group in about 30% of the patients, delayed 
cerebrall  ischaemia more often caused poor outcome in patients treated with 
antifibrinolyticss (12% in the treatment-group versus 9% in the placebo-
group,, table 4, chapter 5). In patients with impaired consciousness on 
admission,, the adverse effect of the initial haemorrhage was the other 
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importantt cause of poor outcome (16% in the treatment-group versus 9% in 
thee placebo-group). Thus, despite the beneficial effect on rebleeding, 
antifibrinolyticc treatment has no beneficial effect, because both recovery 
fromm the initial haemorrhage (in which acute ischaemia plays a role) and 
recoveryy from delayed ischaemia are impeded by this treatment. This adverse 
effectt of antifibrinolytic treatment in patients with ischaemia appears not to 
bee counterbalanced by treatment with calcium antagonists. 

Becausee patients with unimpaired levels of consciousness on admission 
havee a relative low risk of developing cerebral ischaemia, the beneficial effect 
off  antifibrinolytic treatment might outweigh the effect on cerebral ischaemia 
inn this subgroup of patients. Indeed, the trial demonstrated improved 
outcomee in the subgroup of patients with unimpaired consciousness on 
admissionn but the difference did not reach statistical significance. It is 
unlikelyy that this beneficial effect in this subgroup of patients will be tested 
inn future trials since patients in this subgroup are ideal candidates for early 
obliterationn of the ruptured aneurysm. 

Althoughh the effect of antifibrinolytic treatment on cerebral ischaemia 
observedd in the previous studies compared to the clinical trial described in 
chapterchapter 5 seems different (increase in the occurrence of cerebral ischaemia 
versuss no increase but an increase in poor outcome caused by cerebral 
ischaemia),, it might still be the same effect. If in the past less severe cases of 
ischaemiaa were not recognised, it might be that they were recognised finally 
whenn they had not recovered from mild cerebral ischaemia because of 
antifibrinolyticc treatment. This would explain a higher occurrence of cerebral 
ischaemia. . 

Thee question of this thesis, does antifibrinolytic treatment in combination 
withh treatment to prevent and reverse cerebral ischaemia improve outcome, 
cann now clearly be answered. In patients who are admitted in a condition 
whichh is considered not to be good enough for early obliteration of the 
aneurysm,, treatment with antifibrinolytics has an adverse effect on outcome. 
Itt was this subgroup of patients who needed this treatment most, but in this 
groupp of patients antifibrinolytic treatment is now contraindicated. 
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DoDo we need additional therapy against rebleeding? 

Manyy neurologists and neurosurgeons are of the opinion that rebleeding is 
noo longer a problem since nowadays the vast majority of patients is treated 
withinn three days after SAH, before rebleeding occurs, but the results 
describedd in the chapters 2 and 3 show clearly that we do still need an 
alternativee therapy against rebleeding. These studies show that even in 
centress specifically aiming at 'early surgery', that is surgical treatment of the 
rupturedd aneurysm within 3 days after the initial haemorrhage, only littl e 
moree than 50% of the patients is operated on within three days after the 
initiall  haemorrhage and that rebleeding still is the major cause of poor 
outcome. . 

Obviously,, rebleeding could be prevented by performing surgery in more 
patientss within three days after SAH. This would be feasible if the reasons 
forr delay were 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, but logistic reasons were shown to play hardly any 
role.. The major causes of delaying treatment were the condition of the 
patientt on admission (31%) and deterioration shortly after admission (23%), 
oftenn caused by rebleeding (chapter 3). In those patients surgery within three 
dayss is not a feasible option and therefore other methods to prevent 
rebleedingg are needed. Such an additional therapy should be a treatment 
whichh can be given to patients in a poor clinical condition and should also 
bee started soon after the initial SAH to prevent early rebleeds. 

Coilingg with Guglielmi Detachable Coils (GDC's) might provide a 
solution.33»1066 GDC's are platinum wires with a coil structure which during 
ann endovascular procedure are guided into the aneurysm until it is 
completelyy filled up. Data suggest that coiling is a relatively safe procedure 
whichh prevents early rebleeding effectively but sufficient data on the long-
termm effects is lacking so far.107'109 Several case-reports have been 
publishedd describing rebleeding, months or years after a coiling 
procedure.110-1144 Opponents argue that coiling is not a definitive solution 
forr occlusion of the aneurysm and they therefore still prefer clipping. 
Proponentss claim that in cases with rebleeding the coiling procedure was 
probablyy not correctly performed. 
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Althoughh some studies have investigated the risks of the endovascular 

proceduree itself, a proper comparison with operative intervention in a large 

randomisedd study is missing at the present time. However, such a study is 

noww in progress (ISAT: International Subarachnoid Haemorrhage Trial, ISAT 

headquarters:: The Radcliffe Infirmary, Oxford). Moreover, other studies 

investigatee the long-term effects. If the ISAT study or other studies show that 

thee procedure itself is safe but that coiling is not safe on the long-term, it 

mightt still be that coiling procedures can be used in the acute phase to 

preventt rebleeding, followed later by surgical clipping of the aneurysm for 

definitivee occlusion.1 15 However, all this is under investigation and therefore 

i tt is far to early for recommendations. 

WhatWhat is the mechanism by which antiftbrinolytic treatment impedes recovery 

fromfrom cerebral ischaemia? 

Too answer this question, firstly we need to know what the pathogenesis of 

cerebrall  ischaemia is. As discussed in chapter 1 of this thesis, vasospasm 

angiographicallyy demonstrated a few days after SAH is often suggested as 

thee cause of cerebral ischaemia. However, not every patient with signs of 

vasospasmm on angiography has clinical signs of cerebral ischaemia, and vice 

versa,, not all patients with clinical signs of cerebral ischaemia have 

vasospasmm shown by angiography.22»23 Cerebral ischaemia is thus only 

partlyy related to vasospasm and its exact pathogenesis remains at present 

unclear. . 

However,, we do know that treatment with the calcium antagonist nimodipine 

improvess outcome in patients with SAH by reduction of cerebral 

ischaemia.244 In chapter 6, treatment with the calcium antagonist nimodipine 

wass shown to increase fibrinolytic activity in blood plasma of pat ients with 

aneurysmall  SAH by reduction of the plasminogen -activator inhibitor 1 (PAI-

1).. PAI-1 is the main inhibitor of the plasminogen activator (PA) which 

convertss plasminogen in fibrinolytic active plasmin.1 16 The main activator of 

thee fibrinolytic system, the tissue plasminogen activator (t-PA), was not 

influencedd by treatment with nimodipine. (figure 1) 
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Figuree 1 showing part of the fibrinolytic pathway demonstrating the point of action of 
tranexamictranexamic acid and some of the physiological activators and inhibitors (italic). 

Severall  studies have shown that elevated PAI-1 concentrations in plasma are 

relatedd to poor clinical outcome in for instance meningococcal meningitis, 

sepsiss and myocardial infarction.117" 119 Recently it was shown that in 

pat ientss with meningococcal disease variation in the PAI-1 gene influenced 

thee development of septic shock.1 20 A genetic predisposition to produce high 

concentrationss of PAI-1 was associated with poor outcome.1 17 In all these 

diseasess in which increased levels of PAI-1 are thought to cause poor 

outcome,, the mechanism is microvascular thrombosis. 

Iff  similar microvascular thrombosis plays a role in cerebral ischaemia in 

pat ientss with SAH, nimodipine might reduce cerebral ischaemia related poor 

outcomee by increasing the fibrinolyti c activity which results in dissolution of 

thee microvascular thrombosis. Inhibition of fibrinolytic activity by 

antifibrinolyticc treatment (figure 2) might in contrast impede recovery from 

cerebrall  ischaemia by inhibition of the dissolution of the microvascular 

thrombosis.. This would also explain why in SAH-patients treated with 

antifibrinolyticss there is no increase in the occurrences of cerebral ischaemia 

butt only in the severity of cerebral ischaemia. 

79 9 



Chapterr 7 

Plasminogen Plasminogen 

Activator Activator Plasmin Plasmin 

Activator Activator 

Fibrin Fibrin Fibrin-degradation Fibrin-degradation 
products products 

" ll  ^ P Tranexamic acid 

Fibrin Fibrin 

Figuree 2 The diagram shows from the left to the right the activation of plasminogen and the 
bindingbinding to fibrin. Plasminogen is changed to plasmin, its activated form, and binds to the fibrin 
surface.surface. Plasmin degradates fibrin into fibrin-degradation products (fibrinolysis). 
TheThe diagram shows from the top downwards the action of tranexamic acid (antifibrinolytic 
treatment).treatment). Tranexamic acid binds to the lysine-binding site, inhibiting the activation of 
plasminogenplasminogen on the surface of fibrin, although plasmin generation does occur. 
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Becausee nimodipine increases fibrinolytic activity in blood plasma, treatment 
withh nimodipine might result in an increased risk of rebleeding. However, a 
systematicc review on calcium antagonists in SAH did not show an increased 
rebleedingg rate.24 Possibly, local fibrinolysis at the site of the ruptured 
aneurysmm is activated in such a degree that nimodipine has littl e to add. 
However,, the observed effect on fibrinolytic activity might explain the 
increasedd number of surgical bleedings observed in a randomised trial on 
nimodipinee treatment in patients with cardiac valve replacement and the 
increasedd risk of gastrointestinal haemorrhages in hypertensive patients 
treatedd with calcium antagonists.104»121 

Nimodipinee has also been shown to improve outcome of patients with 
traumaticc SAH.122 Patients with traumatic SAH may deteriorate after 
admissionn because of cerebral ischaemia. In these patients nimodipine might 
decreasee the effect of cerebral ischaemia by a similar mechanism as 
suggestedd for aneurysmal SAH. 

Thiss thesis has demonstrated again that inhibition of fibrinolysis after SAH 
hass a beneficial effect on one of the most feared complications in these 
patients,, rebleeding. However, the harmful effects on outcome of the 
inhibitionn of fibrinolysis were again very impressive, despite improved 
treatmentt of cerebral ischaemia. The results of the studies presented in this 
thesiss suggest that fibrinolytic activity generated in the acute phase of severe 
brainn disorders may considerably determine outcome. 
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