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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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Generall  introduction 

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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Timin gg of surgery in patients with 
aneurysmall  subarachnoid haemorrhage 
Rebleedingg still is the major  cause of poor  outcome in 

neurosurgicall  units that aim at early surgery. 

RoosRoos YBWEM, MD1, Beenen LFM, MD2, Groen RJM, MD3, Albrecht KW, MD4, 
VermeulenVermeulen M, MD PhD1. 
FromFrom the departments of Neurology (1) and Neurosurgery (4) of the Academic 
MedicalMedical Centre, University of Amsterdam, the department of Neurosurgery (2) 
ofof the Academic Hospital of the Free University, Amsterdam and the 
departmentdepartment of Neurosurgery (3) of the Slotervaart Municipal General Hospital, 
Amsterdam,Amsterdam, The Netherlands. 
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Abstract t 

ObjectiveObjective - To investigate prospectively the proportion of patients actually 
operatedd on early in units that aim at surgery in the acute phase of 
aneurysmall  subarachnoid haemorrhage (SAH) and what is the main current 
determinantt of poor outcome. 

MethodsMethods - A prospective analysis of all SAH patients admitted during a one 
yearr period at three neurosurgical units that aim at early surgery. The 
followingg clinical details were recorded: age; sex; date of SAH; date of 
admissionn to the neurosurgical centre, whether a patient was referred by a 
regionall  hospital or a general practitioner; Glasgow Coma Scale 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 
off  treatment with nimodipine or antifibrinolytic agents and the date of 
surgeryy to clip the aneurysm. At follow-up at three months, the patients' 
clinicall  outcome was determined with the Glasgow Outcome Scale and in 
casess of poor outcome the cause for this was recorded. 

ResultsResults - The proportion of patients that was operated on early - that is, 
withinn three days after SAH - was 55%. Thirty seven of all 102 admitted 
patientss had a poor outcome. Rebleeding and the initial bleeding were the 
mainn causes of this in 35% and 32% respectively of all patients with poor 
outcome. . 

ConclusionsConclusions - In neurosurgical units with what has been termed 'modern 
management'' including early surgery, about half of the patients are operated 
onn early. Rebleeding is still the major cause of poor outcome. 
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Introductio n n 

Rebleedingg in the first three weeks after aneurysmal subarachnoid 
haemorrhagee (SAH) is a very frequent and severe complication. Without 
operativee intervention and without antifibrinolytic treatment about 30% of 
thee patients have a rebleed within one month of the initial SAH.31 In a series 
off  patients with a rebleed established by CT about 50% progressively 
deterioratedd and died from the rebleed and 30% died from other 
complications.. Only 20% of the patients with a rebleed survived at three 
monthss and most had severe brain damage.32 The occurrence of rebleeds 
cann be reduced not only by early surgery to clip the aneurysm (early surgery 
usuallyy being defined as surgery within three days after SAH) but also by 
antifibrinolyticc treatment in combination with delayed surgery.37»46-48 

Antifibrinolyti cc treatment has been shown to reduce the occurrence of 
rebleedingg by 60%.37 However, this reduced frequency of rebleeds was 
accompaniedd by an increase in the occurrence of cerebral ischaemia which 
offsett the beneficial effects of antifibrinolytic drugs. During the 1980s, 
preventionn and treatment of cerebral ischaemia after SAH have considerably 
improved.. Therefore, the results of a study on the effectiveness of 
antifibrinolyticc drugs might now be different. Whether or not this is true is -
accordingg to at least some neurosurgeons and neurologists - an irrelevant 
questionn as patients with aneurysmal haemorrhages should be operated on 
immediatelyy to clip the aneurysm.48-51 A management protocol with early 
surgeryy would virtually eradicate the risk of rebleeding and early surgery can 
noww be carried out with a similar mortality and morbidity as delayed 
surgery.522 Therefore the main cause of mortality and morbidity from SAH is 
currentlyy considered to be cerebral ischaemia, not rebleeding.42 

Inn the neurosurgical units in Amsterdam there is consensus that patients 
shouldd be operated on in the acute phase and that therefore the question of 
whetherr antifibrinolytic treatment is beneficial is clinically of no importance 
ass surgery is delayed in very few patients. 

Thee aim of this study was to investigate prospectively what is the proportion 
off  patients operated on early in units that aim at surgery in the acute phase 
off  aneurysmal subarachnoid haemorrhage and what is currently the main 
determinantt of poor outcome. 
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Pat ientss and Methods 

Thee three centres of this study in Amsterdam are all teaching hospitals. 

Eachh centre has at least three neurosurgeons who operate on cerebral 

aneurysms.. Patients are referred to these neurosurgical uni ts by 12 regional 

hospitals,, all situated less than 85 km (50 miles) from the closest 

neurosurgicall  centre. 

Beforee the study started it was verified that all three participating 

neurosurgicall  uni ts adhered to what has been termed 'modern management 

inn subarachnoid haemorrhage'. This is treatment with the calcium 

antagonistt nimodipine (2 mg/hour intravenously or 6 x 60 mg orally), 

hypervolemicc and hypertensive treatment to prevent delayed cerebral 

ischaemia,, and early surgery to prevent rebleeding.27»30»53 

Al ll  patients with the diagnosis 'aneurysmal SAH' admitted during a one year 

periodd starting 1 January 1995 were prospectively studied. The diagnosis 

wass based on clinical signs and symptoms with confirmation of an 

aneurysmall  bleeding pattern on the initial CT.54 If the initial CT was 

negativee and subsequent CSF examination positive (xanthochromia 

confirmedd by spectrophotometry), an aneurysm had to be confirmed on 

angiographyy before the patient could be included.55 Patients with a 

perimesencephalicc bleeding pattern or other non-aneurysmal subarachnoid 

haemorrhagess on CT were excluded.56 

Thee following clinical details were recorded: age; sex; date of SAH; date of 

admissionn to neurosurgical centre, whether a patient was referred by a 

regionall  hospital or a general practitioner; Glasgow Coma Scale, and grade of 

SAHH (World Federation of Neurological Surgeons (WFNS) score) on admission 

att the neurosurgical unit;57»58 results of CT and CSF-examination; the 

presencee of an aneurysm on angiography; details on t reatment with 

nimodipinee or antifibrinolytic agents, and the date of surgery to clip the 

aneurysm. . 

Att three months follow-up, the patients' clinical outcome was determined 

withh the Glasgow Outcome Scale.59 Death, persistent vegetative state and 

severee disability on the Glasgow Outcome Scale were combined as 'poor 

outcome'' whereas moderate disability and good recovery were recorded in 
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thee study forms as 'good outcome'. In patients with poor outcome, the 
physiciann or surgeon in charge of the patient was asked to fil l in the cause 
forr this poor outcome; initial bleed; rebleeding; cerebral ischaemia; operative 
complicationss or other complications, which had to be specified. In case of 
poorr outcome caused by rebleeding or cerebral ischaemia, confirmation was 
soughtt on CT-scan or at autopsy. In patients with poor outcome caused by 
rebleedingg the actual timing of this rebleeding, suspected clinically or 
establishedd on CT-scan or at necropsy, was also recorded. 

Results s 

ClinicalClinical characteristics and timing of transfer or admission 
Duringg the year starting 1 January 1995, 102 patients with a diagnosis of 
aneurysmall  SAH were admitted to the three neurosurgical centres. Table 1 
showss the characteristics of the patients and the timing of admission to a 
neurosurgicall  centre. 

Tablee 1 Clinical characteristics and timing of admission to the neurosurgical unit 

Noo of patients (n) 

Malee : Female 

Mediann age (y) (range) 

Admissionn Neurosurgical unit after SAH 

-- median day (range) 

-- mean day 

Mediann Glasgow Coma Scale at admission to neurosurgical unit 

Worldd Federation of Neurological Surgeons score (%) 

I I 

II I 

III I 

rv v 
V V 

102 2 

1:2,8 8 

499 (20 - 82) 

00 (0 - 33) 

2 2 

144 (3 - 15) 

35 5 

29 9 

3 3 

20 0 

13 3 

Twoo thirds of all patients were referred by regional hospitals, the others were 
directlyy referred by general practitioners. Of the 102 patients 57 were 
admittedd at the neurosurgical unit the day of the initial haemorrhage (day 0), 
188 on the day after (day 1), 10 on day 2, one on day 3, one on day 4, seven 
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betweenn day 5 and 9 after the haemorrhage and eight patients 10 days or 

moree after the SAH. Of the 67 patients who were first referred to a regional 

hospitall  28 (42%) were transferred the same day as the initial SAH to a 

neurosurgicall  unit (day 0), 16 patients (24%) were admitted at the 

neurosurgicall  un it the day after the haemorrhage (day 1), nine (13%) were 

admittedd on day 2, no patient was admitted on day 3, one (1%) on day 4, five 

pat ientss (7%) were admitted between day 5 and day 9 and eight (12%) were 

admittedd 10 days or later after the SAH. 

Investigations Investigations 
Ninetyy three patients had an aneurysmal bleeding pattern on the initial CT-

scan.. A positive lumbar puncture with proof of an aneurysm on subsequent 

angiographyy confirmed the diagnosis in all but two of the remaining patients. 

Onee patient died shortly after admission but was nevertheless included in 

thee study because at post-mortem examination an aneurysmal SAH was 

established.. Another patient with a positive lumbar puncture but without 

angiographyy who died, was also included because she had a rebleed 

establishedd by CT, with a bleeding pattern compatible with an aneurysmal 

bleeding,, before the planned angiography. 

Off  the 93 patients with an aneurysmal bleeding pattern on CT, 84 patients 

underwentt angiography that showed an aneurysm as the cause of bleeding 

inn 76 patients. 

Inn one of the nine patients with an aneurysmal CT pattern but without 

angiography,, an aneurysm was found at post-mortem examination. All of the 

remainingg eight patients without angiography had poor outcome, five 

becausee of the initial bleed (GCS=3 at admission in four patients, one patient 

withh GCS=8), two because of rebleedings (GCS>13 at admission), and one 

whoo was in a nursing home before the SAH. 

MedicalMedical and surgical management 

Ninetyy five patients received treatment with the calcium antagonist 

nimodipine.. The remaining patients had not had this treatment because 

deathh had seemed imminent on admission. Eight patients were treated with 

antinbrinolyticc drugs. 
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Aneurysmm surgery was performed in 74 of all 102 patients. In 11 of the 
remainingg 28 patients without surgery, angiography was not carried out, in 
sevenn patients because death seemed imminent on admission and in three 
becausee of rebleedings resulting in poor outcome before the planned 
angiography.. In one patient angiography and subsequent surgery were not 
consideredd because of poor clinical condition before her SAH. In nine 
patientss angiography did disclose an aneurysm, but eight of these patients 
diedd before surgery, three because of the initial bleeding and five because of 
rebleedings.. One patient refused to have surgery to clip the aneurysm. 
Finally,, eight patients were not operated on because angiography (and repeat 
angiography)) did not show an aneurysm. Of these eight, two patients had 
poorr outcome, one because of rebleeding, one because of cerebral ischaemia. 
Thee remaining six patients had GCS > 13 on admission and had good 
outcomee after three months. 

Tablee 2 Timing of surgery in all patients 

DelayDelay in days between 

dayday of haemorrhage 

andand day of surgery 

0 0 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7-14 4 

15-21 1 

>21 1 

Total l 

TimingTiming of surgery 

PatientsPatients n {%) 

Ml ) ) 
10(14) ) 

177 (23) 

133 (18) 

8(11) ) 

0(0) ) 

2(3) ) 

6(8) ) 

11(15) ) 

6(8) ) 

744 (100) 

II  in all patients 

CumulativeCumulative {%) 

1 1 

15 5 

38 8 

55 5 

66 6 

66 6 

69 9 

77 7 

92 2 

100 0 

100 0 

TimingTiming of surgery in patients 

whowho were admitted within three 

daysdays aft 

PatientsPatients n (%) 

1(2) ) 

100 (16) 

177 (28) 

133 (21) 

8(13) ) 

0(0) ) 

2(3) ) 

3(5) ) 

4(7) ) 

3(5) ) 

611 (100) 

erSAH erSAH 

CumulativeCumulative {%) 

2 2 

18 8 

46 6 

67 7 

80 0 

80 0 

84 4 

89 9 

95 5 

100 0 

100 0 

Tablee 2 shows the time of surgery in relation to the day of the initial SAH in 
alll  patients. Fifty five per cent of all operated patients had early surgery to 
clipp the aneurysm - that is, surgery within three days after SAH. Because a 
majorr reason for delay between the initial SAH and surgery might be late 
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admittancee to a neurosurgical unit, table 2 also shows the same timing of 
surgeryy results for patients admitted at the neurosurgical unit within three 
dayss after SAH; 33% of these patients were operated on four days or later 
afterr the SAH. 

OutcomeOutcome (table 3) 
Thirtyy seven of all 102 patients had poor outcome. Table 3 shows the causes 
off  poor outcome in these patients. In patients referred to neurosurgical units 
aimingg at early surgery, rebleeding and the initial bleeding are the main 
causess of poor outcome. 

Tablee 3 Outcome and causes of poor outcome 

n~j%) n~j%) 

Poorr outcome 37 (36) 

Causee of poor outcome: 
-- Initial bleeding 12 (32) 
-- Rebleeding 13 (35) 

Cerebrall  ischaemia 5 (14) 
Surgicall  complications 6 (16) 

-- Other 1 ( 3) 

Onee patient with two angiographically established aneurysms who was not 
operatedd on because of her age (80 years) recovered completely and was 
subsequentlyy discharged from the hospital in good health. Shortly after 
dischargee she died from a probable rebleed (not established on CT or 
necropsy)) one month after her initial SAH. In all other patients with 
rebleedingg as the cause of poor outcome, this rebleeding was confirmed on 
CT-scann or at necropsy. Four of these patients had this rebleeding on the 
samee day as the initial bleeding, three patients rebled two days after the 
initiall  SAH, two patients in the second week, one in the third week, and two 
patientss had a rebleed more than three weeks after the initial SAH. 

Cerebrall  ischaemia as cause of poor outcome was confirmed on CT-scan or 
att necropsy in all five patients. 
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Discussion n 

Thiss study shows that in neurosurgical units that aim at early surgery to 
reducee the risk of rebleeding, the actual proportion of patients operated on 
earlyy - that is, within three days after SAH - is 55%. Of the patients who 
weree admitted within three days after the SAH and had surgery for 
aneurysm,, the proportion of patients with early surgery was 67%. These 
figuress for surgery in the acute phase are lower than we had expected. This 
cannott be explained completely by a delay in referral from regional hospitals 
too the neurosurgical units as 80% of all referred patients were admitted at 
thee neurosurgical unit within two days after the initial SAH. 

Howw do our figures compare with those of the literature? In the population 
basedd study on the clinical course of SAH in King County, Washington, 
Longstrethh et al reported that the delay between SAH and surgery was on 
averagee 5.1 days but they did not report the proportion of patients who had 
surgeryy within three days after the initial haemorrhage.60 Kassell et al 
reportedd in the co-operative study on tirilazad mesylate that the median 
delayy between SAH and surgery was 39 hours.41 They also reported that 5% 
off  the patients were operated on between day 7 and day 10 but did not 
reportt the timing of surgery in about 40 to 50% of the patients. In the recent 
studyy by Whitfield et al, in which the effects of a 'protocol driven 
managementt regime including earlier surgery' were investigated, 53% of the 
patientss operated on underwent early surgery.52 Early surgery was defined 
inn that study as surgery within four days after the initial SAH. The 
proportionn of patients that was operated on within four days was 66% in our 
study,, which shows that the proportion of patients with early surgery is not 
muchh different between British and Dutch centres that aim at early surgery. 

Anotherr unexpected finding was that rebleeding is still a major cause of 
mortalityy and morbidity. Of all admitted patients 36% had a poor outcome 
andd in 35% of these patients this was caused by rebleeding. A similar high 
proportionn of poor outcome was caused by the direct effect of the initial 
bleeding.. Cerebral ischaemia was the cause of poor outcome in 14% of the 
patientss with poor outcome or in 5% of all admitted patients. That rebleeding 
iss still a major cause of poor outcome was also a finding of two recently 
publishedd population based studies, in King County and in greater 
Cincinnati.60»611 In these studies rebleeding was also more important than 
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cerebrall  ischaemia as cause of poor outcome although the timing of surgery-

wass early. 

Wee did not prospectively study the factors that caused delay in surgery 

becausee we did not expect to find a considerable proportion of patients with 

delayedd surgery. In some patients surgery was delayed because of the 

clinicall  condition on admission. The question is whether in these pat ients 

earlyy surgery is beneficial or that other measures should be taken to prevent 

rebleeding,, such as antifibrinolytic treatment or endovascular occlusion of 

thee aneurysm. In other patients surgery was delayed for no obvious reason. 

Itt might be that logistic factors played a part. 

Inn review articles on the management of SAH the impression is given that 

currentlyy cerebral ischaemia and vasospasm are the main causes of 

morbidityy and mortality after SAH. These reviews urge us to direct all efforts 

att prevention of vasospasm.42 This study shows that in neurosurgical uni ts, 

withh what has been termed 'modern management', including early surgery, 

rebleedingg still is a far more important cause of poor outcome than cerebral 

ischaemia.. Therefore the management of patients with aneurysmal SAH 

shouldd be directed at the prevention of rebleeds. Further studies are needed 

too investigate whether this can be achieved by surgery alone or whether 

otherr measures such as antifibrinolytic treatment or endovascular 

techniquess wil l be necessary as well. 
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Abstract t 

ObjectiveObjective - The aim of this study was to investigate prospectively in an 

unselectedd series of patients with an aneurysmal subarachnoid haemorrhage 

whatt at present the complications are, what the outcome is, how many of 

thesee patients have 'modern treatment' -that is, early obliteration of the 

aneurysmm and treatment with calcium antagonists- what factors cause a 

delayy in surgical or endovascular treatment, and what the estimated effect 

onn outcome wil l be of improved treatment. 

MethodsMethods - A prospective, observational cohort study of all pat ients with 

aneurysmall  subarachnoid haemorrhage in the hospitals of a specified region 

inn The Netherlands. The condition on admission, diagnostic procedures, and 

t reatmentss were recorded. If a patient had a clinical deterioration, the 

changee in Glasgow Coma Score (GCS), the presence of focal neurological 

signs,, the results of additional investigations, and the final diagnosed cause 

off  the deterioration were recorded. Clinical outcome was assessed with the 

Glasgoww Outcome Scale (GOS) at 3 month follow up. In pat ients with poor 

outcomee at follow up, the cause was diagnosed. 

ResultsResults - Of the 110 patients, 47 (43%) had a poor outcome. Cerebral 

ischaemia,, 31 patients (28%), was the most often occurring complication. 

Majorr causes of poor outcome were the effects of the initial haemorrhage and 

rebleedingg in 34% and 30% of the patients with poor outcome respectively. 

Off  all patients 102 (93%) were treated with calcium antagonists and 45 

(41%)) patients had early treatment to obliterate the aneurysm. The major 

causess of delay of treatment were a poor condition on admission or 

deteriorationn shortly after admission, in 3 1% and 23% respectively. 

ConclusionsConclusions - In two thirds of the patients with poor outcome the causes of 

poorr outcome are the effects of the initial bleeding and rebleeding. Improved 

treatmentt of delayed or postoperative ischaemia wil l have only minor effects 

onn the outcome of patients with subarachnoid haemorrhage. 
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Introductio n n 

Reviewss on aneurysmal subarachnoid haemorrhage (SAH) suggest that with 
modernn treatment strategies, cerebral ischaemia is the only complication 
thatt has remained as a cause of poor outcome.42 The modern treatment 
includess treatment with calcium antagonists, such as nimodipine, to prevent 
cerebrall  ischaemia, and by far the most important, the prevention of 
rebleedingg by occlusion of the aneurysm within 3 days after the initial 
bleeding.24,30,52 2 

Inn a previous study, however, we found that in neurosurgical centres using 
modernn treatment strategies, despite the aim to prevent rebleeding by early 
surgery,, 45% of the patients was not operated on within 3 days after the 
initiall  aneurysmal SAH and that rebleeding was still the major cause of poor 
outcome.622 Similar results were found in two recently published population 
basedd studies in King County, USA and in greater Cincinnati, USA.60»61 

Nonee of these studies, however, investigated which factors caused the delay 
inn surgery. 

Thee aim of the present study was therefore to reconfirm in a unselected 
regionall  cohort of patients with aneurysmal SAH our previous results 
concerningg the timing of surgery and to investigate prospectively which 
factorss are actually responsible for the delay in surgery. Additionally, we 
investigatedd how many patients are treated nowadays with calcium 
antagonistss to prevent cerebral ischaemia, what the complications after 
aneurysmall  SAH are at present, and what the outcome of patients is in such 
aa series. Finally, we estimated what the effect might be of improved treat-
mentt of complications after SAH on the final outcome. 

Patientss and Methods 

StudyStudy design 
Thee study design was a prospective cohort study of consecutively admitted 
patientss with aneurysmal SAH in all hospitals in two regions of The 
Netherlands,, Noord-Holland and Flevoland (appendix). According to official 
figuress from the Dutch Central Bureau of Statistics (CBS), a governmental 
institution,, this region has about 2.000.000 inhabitants. All 12 regional 
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hospitalss in this region refer their pat ients with aneurysmal SAH for 

neurosurgicall  interventions to the three neurosurgical uni ts in Amsterdam. 

Thesee neurosurgical uni ts are all situated less than 85 km (50 miles) from 

thee most remote regional hospital. All three neurosurgical uni ts adhere to 

thee same management protocol which includes treatment with the calcium 

antagonistt nimodipine (2 mg/hour intravenously or 6 x 60 mg/day orally), 

hypervolaemic,, hypertensive treatment to prevent delayed cerebral ischaemia 

(minimumm of 3 litres fluid intake daily), and early surgery to prevent reblee-

ding.27»30»533 The three neurosurgical uni ts in Amsterdam are all teaching 

hospitalss and within each centre at least three neurosurgeons operate on 

cerebrall  aneurysms. 

PatientPatient selection 

Al ll  pat ients with the diagnosis of aneurysmal subarachnoid haemorrhage, 

primarilyy admitted in the participating centres, were prospectively studied 

duringg a 1 year period (February 1996 - February 1997). The diagnosis was 

basedd on clinical signs and symptoms and an aneurysmal bleeding pattern 

onn the initial CT.54 If the initial CT was negative and subsequent 

cerebrospinall  fluid (CSF) examination positive (xanthochromia confirmed by 

spectrophotometry)) an aneurysm had to be confirmed by angiography before 

thee patient could be included.55 Patients with a perimesencephalic bleeding 

patternn or another non-aneurysmal pattern of haemorrhage on CT were 

excluded.56 6 

DataData collection and management 

Dataa registration was done in the participating centres by two research 

nursess on two portable personal computers equipped with an electronic case 

recordd form/ database program specially developed for this study. This 

programm generated 'electronic forms' in which all patients data were directly 

recorded. . 

Registrationn of baseline and clinical data started on admission in the hospi-

tall  where the patient was seen initially . The following baseline characteristics 

weree recorded: age; sex; date of SAH, and date of admission. Clinical details 

recordedd at baseline were the Glasgow Coma Scale (GCS) and the grade of 

subarachnoidd haemorrhage (World Federation of Neurological Surgeons 
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(WFNS))) score on admission;57»58 the results of CT, CSF examination, and 
thee location(s) of (an) aneurysm(s) on angiography. 

Afterr admission patients were followed up on a day to day basis during their 
wholee period in hospital. All details on treatments used and management 
strategiess (such as fluid management, drug therapies, operative in-
terventions,, consulted specialists and transfers to other hospitals or other 
wardss such as intensive care) and all additional diagnostic procedures (like 
bloodd samples, radiological investigations) were recorded. 

Everyy time a patient had a clinical deterioration an additional form was filled 
out:: the date of the deterioration, the change in GCS, the onset of the 
deteriorationn (sudden versus gradually), the presence of focal neurological 
signs,, and the final diagnosed cause of the deterioration after appropriate 
investigationss were recorded. The final assessment of patient's complication 
wass performed by two of us (YR and MV), using clinical data, CT data and 
necropsyy results. Rebleeding and delayed cerebral ischaemia were defined as 
previouslyy described as definite rebleeding or probable rebleeding and 
definitee infarction or probable infarction.63 Hydrocephalus was defined as 
thee gradual deterioration of consciousness with CT evidence of hydrocepha-
luss and no other explanation for deterioration.63 Postoperative ischaemia 
wass defined as a change in the level of consciousness or the development of 
focall  neurological signs noticed immediately after recovery from anaesthesia 
comparedd with the preoperative status, with no evidence of rebleeding or 
hydrocephaluss on CT or at necropsy. 

Functionall  health outcome was assessed with the Glasgow Outcome Scale 
(GOS).599 The GOS is an index score ranging from 1 (death) to 5 (good 
recovery).. Death, persistent vegetative state and severe disability on the GOS 
weree combined as poor outcome and moderate disability and good recovery 
weree recorded on the study forms as good outcome. In patients with poor 
outcomee at 3 month follow up, one of us (YR) reviewed the medical record of 
thee patient to determine and categorise the actual cause for this poor 
outcomee in five major categories: initial bleed; rebleeding; cerebral is-
chaemia;; operative complications or other (non-neurological) complications, 
whichh had to be specified. Poor outcome caused by the effect of the initial 
bleedingg was defined as impaired consciousness or focal neurological signs 
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existingg since the initial bleed, without signs of rebleeding, ischaemia or hy-
drocephaluss on CT or at necropsy. 

EthicalEthical considerations 
Thee study protocol was approved by the local legal advisor or ethics 
committeee of each participating centre. Informed consent was asked for in all 
patientss (or legal representative) with the exception of those who died shortly 
afterr admission, in which case there was no need for active participation of 
thee patients or their relatives. 

Duringg the whole study period patients were identified by a unique patient 
identificationn number (PIN) to protect privacy. The code key to this PIN 
numberr remained the responsibility of the treating physician of the hospital 
wheree the patient was first seen during the study period and was destroyed 
afterr completion of the whole data set. 

Results s 

Duringg the 1 year study period 110 patients with an aneurysmal SAH were 
admittedd to the participating regional hospitals and neurosurgical centres. 
Tablee 1 shows the baseline characteristics of these patients, which are 
comparablee with baseline characteristics in other population studies in 
aneurysmall  SAH. 

Tablee 1 Baseline Characteristics (n = 110 patients) 

Agee (mean years, range) 

Maless (n) 

Femaless (n) 

Glasgoww Coma Score on admission (median, range) 

WFNSS (%): Grade 1 

Gradee 2 

Gradee 3 

Gradee 4 

Gradee 5 

Time-lapsee between SAH and admission (median days) 

566 (29 - 89) 

39 9 

71 1 

144 ( 3 - 15) 

46 6 

24 4 

0 0 

21 1 

9 9 

0 0 
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Tablee 2 shows the occurrence of complications after admission. There were 
moree patients with cerebral ischaemia than with rebleeds but rebleeding had 
moree impact on outcome. In 78% of the patients who had a rebleed this 
complicationn was the cause of poor outcome, whereas other complications 
causedd a poor outcome less often. Of the complications in the 'other' group, 
hydrocephaluss was that most often occurring. 

Tablee 2 Complications 

Rebleeding g 

Delayedd cerebral ischaemia 

Postt operative ischaemia 

Other r 

N=67 7 

18 8 

19 9 

12 2 

18 8 

% % 

16 6 

17 7 

11 1 

16 6 

%% of patients with poor outcome 

caused d by y thiss complication 

78 8 

42 2 

25 5 

34 4 

Inn the group of 18 patients with a rebleed, seven had this complication 
withinn 2 days after the initial haemorrhage, four on the day of the 
haemorrhage.. Five rebleeds occurred in patients in whom treatment of the 
aneurysmm had been postponed. In three patients with a rebleed, the initial 
bleedd had not been recognised as an aneurysmal SAH. Two patients had a 
rebleedd during surgery and one after surgery. One patient had a rebleed after 
aa negative angiography. Ten of the 18 patients who had a rebleeding were in 
aa good clinical condition {WFNS 1 or 2) when surgery was considered. In this 
groupp of 'good grade' patients, four patients had the rebleed on the day of the 
initiall  bleeding, two on the next day, and one during surgery. Three patients 
hadd a delay in surgery because the initial aneurysmal SAH had not been 
recognisedd and the last patient had a negative first angiography. 

Off  all patients 47 (43%) had poor outcome, as expected outcome was related 
too the clinical condition on admission; 24 of the 77 'good grade' (WFNS 1 or 
2)) patients (31%) had a poor outcome. Table 3 shows the causes of poor 
outcome.. In two thirds of the patients with poor outcome, the cause was the 
effectt of the initial haemorrhage or rebleeding. 
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Tablee 3 Causes of Poor Outcome 

Initiall  bleed 

Rebleeding g 

Delayedd Cerebral Ischaemia 

Postt operative Ischaemia 

Other r 

n=47 n=47 

16 6 

14 4 

8 8 

3 3 

6 6 

% % 

34 4 

30 0 

17 7 

6 6 

13 3 

Tablee 4 shows the timing of both surgery and coiling to occlude the 

aneurysm.. During the inclusion period {February 1996 - February 1997) 

coilingg of aneurysms in the acute phase just started in this region of The 

Netherlands.. Three patients had coils placed within 3 days after their SAH. 

Anotherr seven patients had coiling of their aneurysm after a delay of at least 

33 days. In these patients the aneurysm was firstly considered unsui table for 

surgery;; thereafter the question was whether coiling was an option. This led 

too delayed coiling due to delayed consultation. Surgical clipping was the 

preferredd treatment to occlude the aneurysm in 66 patients (60%). However, 

inn 24 of these patients (36% of the patients with surgery) surgery was 

postponedd for more than 3 days after aneurysmal SAH and 34 of all pat ients 

(31%)) had no surgery or coiling of the aneurysm. 

Tablee 4 Treatment to occlude the aneurysm 

Surgery y 

Withinn 3 days 

Afterr 3 days 

Coiling g 

Withinn 3 days 

Afterr 3 days 

Noo surgery or coiling 

Numberr of 

patients s 

66 6 

42 2 

24 4 

10 0 

3 3 

7 7 

34 4 

%% of total 

(n=110) ) 

60 0 

9 9 

31 1 

Inn 102 (93%) of the patients treatment with calcium antagonists was started. 

Inn seven of the remaining eight patients calcium antagonists were not given 
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becausee these patients were in a poor clinical condition on admission; all 
diedd within 3 days after the initial bleeding. 

Tablee 5 lists the causes of delay of treatment to occlude the aneurysm. 
Deteriorationn after admission included rebleeding, ischaemia, and 
hydrocephalus.. Delay in referral to the neurosurgical centre was caused by a 
delayy in recognition of the aneurysmal SAH before admission in five patients 
andd in four patients after admission to the regional hospital. Of the eight 
patientss with a negative angiogram, in two an aneurysm was demonstrated 
afterr angiography had been repeated. In ten patients the aneurysm was 
consideredd difficult to operate on and in seven patients coiling was preferred. 
Thee planning of this procedure led to delayed treatment. 

Tablee 5 Causes of delayed treatment to occlude the aneurysm 

Poorr condition on admission 

Deteriorationn after admission 

Delayy in referral 

Negativee angiography 

Complexx aneurysm 

Logistic c 

Total l 

N N 

20 0 

15 5 

9 9 

8 8 

10 0 

3 3 

65 5 

% % 

31 1 

23 3 

14 4 

12 2 

15 5 

5 5 

100 0 

Discussion n 

Thee study region covered by the participating hospitals has about 2.000.000 
inhabitants.. Therefore, this study shows a yearly aneurysmal SAH hospital 
basedd incidence of 5.5 patients/100.000 inhabitants. This incidence is not 
muchh different from estimates in the overall Dutch population. Apparently, 
feww patients die before reaching hospital and in few patients aneurysmal 
SAHH is not recognised. Similarly, in a population based study from King 
County,, Washington, USA only 3% of patients with aneurysmal SAH had 
diedd before admission.60 Therefore, the results of this study are probable 
representativee for all patients with aneurysmal SAH. 
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Thee most often occurring complication is cerebral ischaemia, but the 

proportionn of pat ients with a rebleed is still 16%. However, cerebral 

ischaemiaa is not the major cause of poor outcome as the effects of the initial 

bleedd and rebleeding account for two thirds of all poor outcomes. 

Thiss study shows that despite aiming at modern treatment strategies the 

proportionn of pat ients with poor outcome is still 43%. This percentage is 

muchh higher than in other studies but these studies have usually been 

carriedd out in neurosurgical centres and often consist of randomised clinical 

trials.. Therefore, these figures come from highly selected groups of patients. 

Modernn treatment consists of early obliteration of the aneurysm and 

administrationn of calcium antagonists. Calcium antagonists were given to 

mostt of the patients (93%) but early treatment of the aneurysm was carried 

outt in less than half. 

Wee expected that logistic reasons such as, for instance, a delay in 

angiographyy at the department of radiology or difficulties in finding an 

availablee theatre or a surgeon on short notice would be the major causes of 

delay.. Logistic reasons however, seemed to play hardly any part. The major 

causess of delaying treatment were the condition of the patient on admission 

andd deterioration from complications such as rebleeding and ischaemia 

occurringg before the planned surgery or coiling to occlude the aneurysm. 

Thee proportion of patients with a rebleed is still high but not all these 

rebleedss can be prevented by early treatment of the aneurysm. In the group 

off  18 patients with a rebleeding, in seven this occurred within 2 days of the 

initiall  haemorrhage and in two during surgery. Very rigorous treatment to 

occludee the aneurysm as early as possible in all patients, irrespective of the 

clinicall  condition on admission, may half the number of patients with 

rebleeding.. As rebleeding is the cause of poor outcome in about 30% of the 

pat ients,, this management would lead to a reduction of poor outcome in 

aboutt 15%. 

Similarly,, if it is possible to reduce the occurrence of cerebral ischaemia by 

50%% by a new treatment, irrespective of whether ischaemia developed 
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unrelatedd to surgery or during or immediately after surgery, the reduction of 
poorr outcome will probably be less than 15%. However, these reductions are 
difficul tt to achieve. This study shows that treatment to prevent rebleeding is 
usuallyy postponed because of the poor clinical condition of the patient on 
admissionn or because of deterioration shortly after admission. The results of 
surgeryy in this group of patients are less good than in patients who undergo 
surgeryy in a better condition. Moreover, in this group of patients outcome 
mayy be poor despite prevention of rebleeding, therefore the impact of surgery 
onn outcome will probably be much less than the above estimated 15%. In 
thiss study only three of the 18 rebleeds could have been prevented if surgery 
hadd been performed in all good grade patients on the same day that the 
aneurysmm was demonstrated. It might be that better results can be achieved 
byy using endovascular techniques to occlude the aneurysm in the acute 
phase,, but also with this treatment the devastating effects of the initial bleed 
orr early complications will remain. 

AA new effective treatment for cerebral ischaemia might have a different 
impactt in the different types of cerebral ischaemia, as the mechanism of 
postoperativee ischaemic damage is probably not the same as in delayed 
cerebrall  ischaemia. If treatment works only on delayed cerebral ischaemia 
andd is very effective by reducing half of the occurrences of this type of 
ischaemia,, the reduction of poor outcome will be not more than 10%. If the 
effectivenesss is less - for instance a 30% reduction of cerebral ischaemia, 
whichh is still considerable - it will be extremely difficult to demonstrate an 
effectt of this treatment on outcome. To demonstrate a beneficial effect of 
suchh a treatment on outcome at least 2825 patients have to be randomised 
inn a controlled trial. An even larger number of patients would be necessary if 
treatmentt is effective on postoperative ischaemia only. 

Thee results of this study do not support the suggestion expressed in reviews 
thatt with modern treatment, delayed cerebral ischaemia is the only problem 
thatt has to be dealt with to improve outcome in patients with aneurysmal 
SAH.. The explanation is that in two thirds of the patients with poor outcome 
thee causes are the effects of the initial bleeding and rebleeding. Only if these 
effectss can be reduced, will the outcome of all patients improve. Further 
improvementt of the treatment of delayed cerebral and postoperative 
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ischaemiaa will only have minor effects on the outcome of patients with 
aneurysmall  SAH. 
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Abstract t 

ObjectiveObjective - This systematic review investigates the effect of antifibrinolytic 

t reatmentt on clinical outcome in patients with aneurysmal SAH. In addition 

wee analysed the reported rates of rebleeding, cerebral ischaemia and 

hydrocephalus. . 

MethodsMethods - Electronic search of the Medline-database 1966-1997 and the 

EMBASE-databasee 1988-1997 with the search terms 'Subarachnoid 

haemorrhage'' combined with 'Antifibrinolyti c therapy' and hand-search of 

thee references quoted in the papers found in this way. Included in the review 

weree all truly randomised unconfounded controlled trials in which, after 

concealedd allocation, antifibrinolytic drugs were compared, in an intention to 

treatt analysis, with control treatment (open studies) or placebo (blind 

studies). . 

ResultsResults - Eight studies met the inclusion criteria. They included 937 patients 

off  whom 476 were randomised to receive antifibrinolytic drugs, 364 received 

placeboo treatment and 97 patients received control treatment. Although 

antifibrinolyticc therapy significantly reduced the frequency of rebleeding 

ratess (Relative Risk 0.64, 95% CL. 0.49-0.85), it had no effect on clinical 

outcomee (RR 1.03, 95% CL. 0.86-1.22) or on case fatality (RR 0.97, 95% CL. 

0.81-1.17).. Antifibrinolyti c treatment increased the risk of cerebral 

ischaemiaa (RR 1.77, 95% CL. 1.30-2.40) and showed no effect on the rates of 

hydrocephaluss (RR 1.04, 95% CL. 0.77-1.42). 

ConclusionsConclusions - Antifibrinolyti c treatment reduces the rate of rebleeding by 

aboutt 40% but does not affect the case fatality rate or overall outcome. 

Apparentlyy the beneficial effect of the reduced rebleeding rate is offset by an 

increasee in the rate of cerebral ischaemia. Since the trials presented in this 

revieww were all done in an era before prevention or treatment of cerebral 

ischaemiaa had emerged, antifibrinolytic treatment might still be beneficial in 

pat ientss who are treated with current methods to prevent or reverse cerebral 

ischaemia. . 
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Introductio n n 

Inn patients with aneurysmal subarachnoid haemorrhage (SAH) rebleeding is 
ann important cause of death and disability. Without operation and without 
antifibrinolyticc treatment approximately 30% of the patients has a rebleed 
withinn one month of the initial haemorrhage.31 Approximately 50% die of the 
rebleedd directly and 30% die later of other complications; only 20% of these 
patientss survive at three months and most are left dependent.32 

Althoughh in recent years a growing tendency towards early operative clipping 
off  the aneurysm to prevent rebleeding has emerged, in many centres 
patientss with SAH are still operated later than three days after the initial 
bleeding.522 In centres with a management protocol aiming at early surgery to 
reducee the risk of rebleeding, the actual proportion of patients that was 
operatedd on within three days after SAH, is approximately 50%.62 Even in 
thesee centres, rebleeding is still the major cause of poor outcome, more often 
thann cerebral ischaemia.61»62 Leipzig and co-workers recently stressed the 
needd for additional therapy to prevent rebleeding besides aiming at early 
surgeryy and recommended the use of antifibrinolytic treatment, not only in 
patientss with delayed surgery, but also in patients with (intended) early 
surgery.64 4 

Rebleedingg is thought to originate from dissolution of the clot at the site of 
thee ruptured aneurysm.35 This dissolution probably results from fibrinolytic 
activityy in the cerebrospinal fluid after SAH.65»66 Because antifibrinolytic 
agentss inhibit fibrinolytic activity and rapidly cross the blood-brain barrier 
afterr SAH, antifibrinolytic therapy may reduce the rate of rebleeds and result 
inn a decrease of morbidity and mortality.35»67 

Inn 1967 Gibbs and O'Gorman published the first report on antifibrinolytic 
treatmentt in patients with SAH.35 Since then, over 30 studies on 
antifibrinolyticc therapy in aneurysmal SAH have been published. 
Unfortunatelyy most are uncontrolled and only a minority of the controlled 
studiess is randomised. The randomised studies are the subject of this 
systematicc review that investigates the effect of antifibrinolytic treatment on 
clinicall  outcome in patients with aneurysmal SAH. 
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Thiss review wil l also be published (and continuously updated) in electronic 

formm by the 'Stroke Group of the Cochrane Collaboration' in the 'Cochrane 

Databasee of Systematic Reviews', available through the British Medical 

Journall  (BMJ) Publishing Group.45 

Methods s 

CriteriaCriteria for considering trials for this review 

TypesTypes of studies 

Al ll  truly randomised unconfounded controlled trials were eligible in which, 

afterr concealed allocation, antifibrinolytic drugs were compared, in an 

intentionn to treat analysis, with control treatment (open studies) or placebo 

(blindd studies). 

Wee excluded all trials in which allocation to treatment or control group was 

nott concealed (e.g. trials in which patients are allocated by means of an open 

randomm number list, or based on date of birth, days of the week, 

hospital-numberr or order of admission which means that the next patient 

receivess the other treatment). We also excluded trials in which an intention 

too treat analysis was not performed and could not be reconstructed on the 

basiss of published data without loss of 20% or more of all randomised 

patients. . 

TypesTypes of participants 

Trialss in which patients were included with clinical symptoms and signs of 

subarachnoidd haemorrhage with confirmation of the diagnosis by the 

presencee of subarachnoid blood on CT-scan or on Cerebrospinal Fluid (CSF) 

examinationn were eligible for this review.54 

TypesTypes of interventions 

Antifibrinolyti cc drugs (tranexamic acid or epsilon amino-caproic acid or 

equivalentt drugs), orally or intravenously, versus control t reatment (open 

studies)) or placebo treatment (blind studies). Since the risk of rebleeding is 

especiallyy increased during the first two weeks after the initial bleeding, 

t reatmentt had to start within two weeks after onset of the initial 

haemorrhagee .31,32 
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TypesTypes of outcome measures 
Thee main outcome of interest was poor outcome, defined as death, vegetative 
statee or severe disability on the Glasgow Outcome Scale at 3 months follow 
up.59 9 

Becausee most trials did not report dependency but only case fatality, we 
performedd a separate analysis on 'death from all causes'. 

Inn addition, we analysed the reported rates of rebleeding, cerebral ischaemia, 
andd hydrocephalus. Since knowledge about treatment might bias the 
observers,, the results are analysed in two separate groups: trials with 
controll  treatment (open studies) and trials with placebo treatment (blind 
studies). . 

Clinicall  deterioration from rebleeding, cerebral ischaemia or hydrocephalus 
cann be difficult to distinguish. Therefore we analysed CT-scan or at necropsy 
confirmedd rebleeding, cerebral ischaemia and hydrocephalus separately in a 
soo called 'sensitivity analysis'. 

SearchSearch strategy for identification of studies 

Thiss review has drawn on the strategy developed for the Stroke Group of the 
Cochranee Collaboration as a whole. Relevant trials were identified in the 
Specialisedd Register of Controlled Trials. This search strategy implied 
electronicc searching of the Medline-database 1966 - June 1997 and the 
EMBASE-databasee 1988 - June 1997 with the search terms 'Subarachnoid 
haemorrhage'' combined with 'Antifibrinolyti c therapy', and also hand-
searchingg the references quoted in the papers found in this way. 

Wee also searched the list of references quoted in four earlier reviews on 
antifibrinolyticc therapy.68-71 Finally, the pharmaceutical firm 'Pharmacia 
andd Upjohn' formerly 'Kabi', manufacturer and license holder of the 
antifibrinolyticc drug 'tranexamic acid' was questioned about the possible 
existencee of unpublished studies. 

Translationss of reports in languages other than English were obtained from 
nativee speakers of that language. 
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MethodsMethods of the review 

DataData collection and extraction 
Twoo authors (YBWEMR, GJER) independently reviewed all eligible studies 
andd extracted details on the number of patients in the treated and the 
placeboo or control group, the randomisation method, the method of masking 
treatment,, the definitions for diagnosis and complications, and they 
ascertainedd whether an intention to treat analysis was done or could be 
reconstructedd from the published data. Thereafter all authors assessed the 
methodologicall  quality of each trial and selected the trials which met the 
predefinedd criteria for inclusion in the analysis. 

Outcomee scales were converted into a dichotomy between good and poor 
outcomee as described above. In trials without intention to treat analysis, we 
triedd to reconstruct such an analysis based on the published data only. 

Forr one trial we tried to contact the principal investigator to retrieve data on 
thee number of patients in whom events classified as rebleeding or cerebral 
ischaemiaa were confirmed on CT-scan or at necropsy, but after several 
requestss and 6 months of waiting we had still not received a reply.39 No 
effortt was done to obtain additional information for studies published fifteen 
yearss or more ago. 

DataData analysis 
Review-managementt (tables 1 and 2) was performed with the Cochrane 
Collaborationn program 'Revman' {version 3.0) and the data-analysis (figures 
1-5)) with the Cochrane Collaboration statistical package 'MetaView' (version 
3.01).72'733 The meta-analysis calculations are based on a fixed effects model 
andd are presented as Relative Risks with 95% confidence limits. Statistical 
heterogeneityy was calculated by means of the Chi-square test. 
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Results s 

DescriptionDescription of trials 
Thee search resulted in 20 trials that are referred to in the various sources as 
'randomisedd trials of antifibrinolytic treatment in SAH'. 

Wee have excluded 12 of these studies; the reasons for exclusion are listed in 
tablee 1. One study was a comparative trial between two antifibrinolytic 
agents,, one other study compared two treatments in the presence of 
antifibrinolyticc therapy and nine studies were excluded because they used 
unacceptablee randomisation methods or historic controls.36'74-84 Finally, 
onee trial was excluded since 23% of the patients who entered the trial were 
laterr excluded and an intention to treat analysis could not be reconstructed 
onn the basis of the published data.78 

Tablee 1 Characteristics of excluded studies 

Study Study ReasonsReasons for exclusion 

Adams,, 1981 

Ameen,, 1981 

Chowdhary,, 1979 

Chowdhary,, 1981 

Fodstad,, 1978 

Gelmers,, 1980 

Gibbs,, 1971 

Marchel,, 1992 

Nibbelink,, 1975 

Profeta,, 1975 

Sengupta,, 1976 

Shucart,, 1980 

Comparativee trial between antifibrinolytic agents and blood pressure 

reductionn or fluid restriction. 

Nott a randomised trial; historic control group used. 

Nott strictly randomised; allocation to treatment or placebo according 

too days of the week. 

Comparativee trial between tranexamic acid and epsilon amino-caproic 

acid. . 

Noo intention to teat analysis possible; too many patients (14 of a total 

off  60 randomised) excluded from final analysis after randomisation. 

Nott strictly randomised; allocation to treatment or placebo according 

too days of the week. 

Nott a randomised trial; significant treatment differences between the 

EACA-treatedd patients and the control group. 

Nott a randomised trial; historic control group used. 

Nott a randomised trial; no control group used. 

Nott a randomised trial; historic control group used. 

Nott randomised; physicians preferred allocation. 

Nott randomised; physicians preferred allocation. 
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Tablee 2 Characteristics of included studies 
Study Study Methods Methods Participants Participants 
Chandra,, 1978 One centre study. Random allocation (method of 

randomisationn not described). Double-blind 
treatment.. Intention to treat analysis. 

Clinicall  diagnosis of aneurysmal SAH 
confirmedd in CSF and on angiography. 
Male:Femalee in treatment group 11:9, in 
placeboo group 10:9. Mean age 51 years 
(rangee 20-65). 
Excluded::  SAH > 7 days, 'relevant 
associatedd illness'. 

Fodstad,, 1981 One centre study. Random allocation (identical 
sequentiallyy numbered sealed envelope), no 
blindd treatment. Not strictl y intention to treat: 
onee patient excluded after  randomisation 
becausee he had received tranexamic acid before 
admission. . 

Clinicall  diagnosis of aneurysmal SAH 
verifiedd with CSF, CT-scan and 
angiography.. Male:Female in treatment 
groupp 13:17, in control group 12:17. Mean 
agee of treatment group 50 years (range 19-
72),, of control group 53 years (range 27-
70).. Excluded: SAH > 3 days and known 
thromboti cc disease. 

Girvin ,, 1973 Onee centre study. Random allocation ('Flip-of-a-
coin'),, no blind treatment. Intention to treat. 

Clinicall  diagnosis of aneurysmal SAH 
probablyy confirmed on angiography. 
Male::  Female rati o not described ('in 
controll  group were a relatively greater 
numberr  of female patients'). Age 
distributio nn not described. Excluded: SAH 
>> 7 days. 

Kaste,, 1979 One-centre study. Random allocation (identical 
sequentiallyy numbered treatment boxes), 
double-blindd treatment. Code broken after  final 
evaluation.. Intention to treat. 

Clinicall  diagnosis of aneurysmal SAH 
verifiedd in the CSF. Male: Female in active 
treatmentt  group 16:16, in placebo group 
14:18.. Age distributio n similar  in both 
groups.. Excluded: SAH > 72 hours, 
myocardiall  infarctio n withi n 6 months, 
unconsciousness,, coagulation disorders / 
thromboti cc disease, renal failur e and 
pregnancy. . 

Maurice-W.,, 1978 One centre study. Random allocation (identical 
sequentiallyy numbered sealed envelop), no 
double-blindd treatment. Not published as, but 
intentionn to treat analysis could be 
reconstructed. . 

Clinicall  diagnosis of aneurysmal SAH 
probablyy verified in the CSF. No 
descriptionn of age or  sex ratios ('treatment 
groupp matched in age and sex control 
group')) Excluded: SAH > 4 days, patient > 
655 years, unconsciousness. 

Tsementzis,, 1990 One-centre study. Random allocation (identical 
sequentiallyy numbered medication boxes), 
double-blindd treatment. Not strictl y intention to 
treat,, 4 patients excluded after  randomisation 
whoo missed a few doses medication. 

Clinicall  diagnosis of aneurysmal SAH 
verifiedd on CT or  in the CSF. Male:Female 
inn treatment group 20:30, in placebo 
groupp 26:24. Age distributio n similar  in 
bothh groups. Excluded: SAH > 72 hours, 
antihypertensivess or  medication known to 
affectt  the fibrinolyti c or  coagulation 
systems,, acute myocardial infarction , 
coagulationn disorders / thromboti c 
disease,, renal failure, pregnancy, previous 
TEA-treatmentt  or  patients in whom death 
seemedd imminent. 

Vermeulen,, 1984 multicentr e study. Random allocation (identical 
sequentiallyy numbered treatment boxes), 
blockedd per  centre. Double-blind treatment. 
Codee broken after  all events and outcomes had 
beenn recorded. Intention to treat. 

Clinicall  diagnosis of aneurysmal SAH 
verifiedd on CT or  in the CSF. If negative 
CT,, angiography had to confirm an 
aneurysmm before randomisation. 
Male:Femalee in treatment group 95:146, in 
placeboo group 94:144. Mean age in both 
groupss 50 years. Excluded: SAH > 72 
hours,, coagulation disorders / thromboti c 
disease,, renal failure, pregnancy, previous 
TEA-treatmentt  or  patients in whom death 
appearedd imminent. 

v.. Rossum, 1977 Multicentr e study. Random allocation, drug or 
placeboo randomly administered in a sequence 
prescribedd by and only known to statistician. 
Double-blindd treatment. Not strictl y intention to 
treat,, 3 patients excluded, because of other 
diagnosis,, after  randomisation. 

Clinicall  diagnosis of aneurysmal SAH 
verifiedd in the CSF. Male:Female rati o or 
agee distributio n not described. Excluded: 
SAHH > 14 days (in 94% of the patients, 
treatmentt  started withi n one week). 
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Interventions Interventions 
Tranexamicc acid (6 gr. per  day i.v. in 
66 doses) versus identical appearing 
placeboo treatment for  a treatment 
durationn of 3 weeks. No report on 
surgicall  interventions. 

Tranexamicc acid (6 gr. per  day i.v. in 
66 doses durin g the first  week, 4 gr. in 
44 doses i.v. in week 2 and 6 gr. orally 
inn 4 doses in week 3 - 6) for  a 
maximumm duration of 6 weeks, 
versuss control group. Treatment 
continuedd unti l rebleeding, 
operation,, discharge or  death. 

Epsilonn amino-caproic acid, dosage 
probablyy 24 gram per  day (6 times 4 
gm.)) orally versus control group, 
duratio nn on average in treatment 
groupp 7.7 days versus 5.5 in control 
group.. Treatment continued unti l 
operationn or  death. 
Tranexamicc acid (6 gr. per  day i.v. in 
66 doses) versus identical appearing 
placeboo treatment for  a maximum 
treatmentt  duration of 3 weeks. 
Treatmentt  discontinued at operation. 

Tranexamicc acid (6 gr. per  day i.v. in 
66 doses durin g the first  week, 6 gr. 
orall yy in 4 doses in week 2 unti l week 
6)) for  a maximum duration of 6 
weeks,, versus control group. 
Treatmentt  cont. unti l oper. or  death. 
Tranexamicc acid (9 gr. per  day, i.v. in 
66 doses in week 1, orally in 4 doses 
inn week 2, 3 and 4) versus identical 
appearingg placebo treatment for  a 
maximumm treatment duration of 4 
weeks.. Treatment was discontinued if 
aa operation for  the aneurysm began 
orr  if deep-vein thrombosis or 
pulmonaryy infarctio n developed. 

Tranexamicc acid (6 gr. per  day i.v. in 
66 doses in week 1 and 2, 4 gr. i.v. or 
66 gr. orally per  day in 4 doses in 
weekk 3 and 4) versus identical 
appearingg placebo treatment for  a 
maximumm treatment duration of 4 
weeks.. Treatment was stopped when 
ann aneurysm-operation began, if the 
angiographyy was negative, if venous 
thrombosiss or  pulmonary infarctio n 
developed,, other  diagnosis proven. 
Tranexamicc acid (4 gr. per  day i.v. in 
44 doses) versus identical appearing 
placeboo treatment for  a maximum 
treatmentt  duration of 10 days. 
Treatmentt  was discontinued after  the 
aneurysmm operation. 

Outcomes Outcomes 
-- Outcome: Deaths from all causes 
att  3 weeks follow up. 
-- Events: Rebleeding: Reported, not 
defined.. Cerebral ischaemia: Not 
reported.. Hydrocephalus: Not 
reported. . 
-- Outcome: Deaths from all causes 
att  6 weeks follow up. 
-- Events: Rebleeding: Reported, 
confirmedd by CSF 
examinationn / spectrophotometry, 
CT-scann or  at necropsy. Cerebral 
ischaemia::  Reported, not defined. 
Hydrocephalus::  Reported, not 
defined. . 
-- Outcome: Deaths from all causes 
att  ?? weeks. 
-- Events: Rebleeding: Reported, not 
defined.. Ischaemia: Reported, not 
defined.. Hydrocephalus: Not 
reported. . 

-- Outcome: Deaths from all causes 
att  3 months. 
-- Events: Rebleeding: Suspected 
whenn two of: sudden deterioration 
off  consciousness, increase of neck 
rigidity ,, headache or  focal signs. 
Rebleedss verified in CSF/necropsy. 
Ischaemia::  Reported, not defined. 
Hydroceph.::  Reported, not defined. 
-- Outcome: Deaths from all causes 
att  3 months. 
-- Events: Rebleeding: Reported and 
defined;;  'confirmed in CSF or  at 
necropsy''  Ischaemia: Reported, not 
def.. Hydroceph.: Reported, not def. 
-- Outcome: Glasgow outcome scale 
att  discharge, 1, 3 and 6 months. 
-- Events: Rebleeding: Reported and 
defined;;  'clinical signs confirmed 
onn CT, in the CSF or  at necropsy.' 
Ischaemia::  Reported and defined; 
'clinicall  signs combined with the 
absencee of evidence of rebleeding 
onn CT or  CSF.' Hydrocephalus: 
Reported,, not defined. 

-- Outcome: GOS at 3 months. 
-- Events: Rebleeding-definite: conf. 
byy CT scan or  at necropsy. 
Rebleeding-possible::  sudden 
deteriorationn and death. Infarct -
definite::  conf. By CT scan or  at 
necropsy.. Infarct-probable : gradual 
developmentt  of focal neurologic 
signss with or  without deterioration 
inn the level of consciousness. 
Hydroceph.::  Reported, not defined. 
-- Outcome: All cause mortalit y at 3 
months. . 

 Events: Rebleeding: Reported and 
defined;;  'clinical signs confirmed in 
thee CSF or  at necropsy.'  Ischaemia: 
Nott  report. Hydroceph.: Not report. 

Notes Notes 
Noo report on how many rebleeds 
weree established on CT-scan or  at 
necropsy. . 

Off  the patients with rebleeding, 5 of 
66 in the treatment and 5 of 7 in the 
controll  group died. All had 
necropsy.. In the remaining patients 
rebleedingg was confirmed by CT. Six 
off  8 patients with ischaemia in the 
treatmentt  and 2 of 3 in the control 
groupp died. All had necropsy; the 
remainingg patients had CT. 
Poorr  description of study-methods, 
definitionss and results. 

Noo definition on cerebral ischaemia 
orr  hydrocephalus: 'vasospasm and 
ventricularr  dilatation were seen on 
angiography'. . 

Rebleedss 'confirmed' by CSF 
examinationn are not useable (see 
text),, not reported how many 
rebleedss were established on CT-
scann or  at necropsy. 

Noo report in how many patients 
rebleedingss or  cerebral ischaemia 
weree established on CT-scan or  at 
necropsy.. No definition on 
hydrocephaluss other  then 
'ventricula rr  dilatation was seen on 
angiography'. . 

Noo definition on hydrocephalus 
otherr  than 'requirin g shunting'. 

Rebleedss 'confirmed' by CSF 
examinationn are not useable (see 
text),, not reported how many 
rebleedss were established on CT-
scann or  at necropsy. 
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Thuss eight studies were included and are described in detail in table 2.37_ 

39,85-899 From this table it is clear that, although all these trials did meet the 
predefinedd inclusion criteria, 'clinical heterogeneity' is still present; the 
includedd studies differed considerably in patient selection, disease severity at 
baseline,, dosage and type of trial medication, classification of events and 
outcomee and duration of follow-up.90 

'Deathh from all causes' and rebleeding rates were reported in all eight 
studies.. In six of these studies, the diagnosis of rebleeding was primarily 
basedd on the clinical symptoms. Although all these papers reported that 
confirmationn of rebleeding was attempted on CT, at necropsy or (in most 
instances)) by examination of the cerebrospinal fluid, the diagnosis of 
rebleedingg was still not established in many patients, because CSF 
examinationn is an unreliable test to diagnose a rebleeding.91 One trial 
reportedd CT scan or necropsy confirmed rebleeds.38 The Dutch-British trial 
definedd and reported rebleeding in two ways: As 'probable' if the diagnosis 
wass suspected solely on clinical grounds and as 'definite' when established 
byy CT or at necropsy (on comparison with an earlier CT).37 

Cerebrall  ischaemia was reported in four studies but defined in only two: In 
onee study cerebral ischaemia was defined and reported in a similar manner 
ass rebleeding; as 'probable cerebral ischaemia', when suspected only 
clinically,, and as 'definite cerebral ischaemia' when confirmed by CT scan or 
att necropsy.37 Again, as in rebleeding, the study by Fodstad et al. reported 
onlyy CT scan or necropsy-confirmed cerebral ischaemia.38 The other two 
studiess made no distinction between patients with episodes clinically 
suggestivee of cerebral ischaemia or confirmed cerebral ischaemia and 
reportedd the total number of patients.39-88 

Hydrocephaluss was reported in four trials. Since in none of these reports 
hydrocephaluss was defined otherwise than on clinical grounds we could not 
performm a sensitivity analysis on the rate of CT scan- or necropsy-confirmed 
hydrocephalus. . 

MethodologicalMethodological quality of included trials 
Sevenn of the eight included trials used an intention to treat analysis, in the 
remainingg trial this analysis could be reconstructed.86 
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Fivee studies used a double blind method (placebo controlled) and three had 
ann open control group with standard treatment. 

Onee study used 'Flip-of-a-coin' randomisation, probably the oldest method of 
concealedd allocation.88 Although at first glance the proportions of treated 
patientss and controls might seem improbable (39 and 27, respectively), there 
aree no indications that this unequal allocation is the result of improper 
randomisation,, because the probability for the in this study observed 
distributionn approximates 9% with this randomisation method. 

Data-analysis Data-analysis 
Eightt trials met the predefined inclusion criteria. These eight studies 
includedd 937 patients of whom 476 were randomised to receive 
antifibrinolyticc drugs; 364 received placebo treatment and 97 patients 
receivedd open control treatment. 

Twoo studies recorded dependency in addition to mortality, and were used in 
thee analysis of 'poor outcome', our primary outcome of interest (figure 1). In 
thiss analysis antifibrinolytic treatment showed no effect on outcome (Relative 
Riskk 1.03, 95% CL. 0.86-1.22). There was also no effect of antifibrinolytic 
treatmentt in the analysis of the secondary outcome, 'death from all causes' 
(figuree 2), which was reported in all eight included studies (RR 0.97, 95% CL. 
0.81-1.17). . 

However,, the frequency of rebleeding rates, reported in all included studies 
(figuree 3), was significantly reduced by antifibrinolytic therapy (RR 0.64, 95% 
CL.. 0.49-0.85). This was also true in the subgroup analysis of the five double 
blind,, placebo controlled studies (RR 0.55, 95% CL. 0.40-0.77) and in the 
sensitivityy analysis of the two studies with CT-scan or necropsy confirmed 
rebleedingss (RR 0.39, 95% CL. 0.25-0.61)92,93 

Thee data of the four trials which reported cerebral ischaemia rates (figure 4) 
showedd that antifibrinolytic treatment increased the risk of cerebral 
ischaemiaa (RR 1.77, 95% CL. 1.30-2.40). Again, this was also true in the 
subgroupp analysis of the two placebo controlled trials (RR 1.71, 95% CL. 
1.24-2.35)) and in the sensitivity analysis of the two trials with CT-scan or 
necropsyy confirmed cerebral ischaemia (RR 1.68, 95% CL. 1.12-2.54).92>93 
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Comparison ::  AiUMiilnujyUito—tenan t 
Outcome ::  Poor outcom e (death , 

Expt t 
Studyy n*J 

orr  sever e 
Ctrl l 
ruN N 

wit hh or withou t placeb o 
onn Glasgo w Outcom e Scale at 3 month s f oNow-up ) 

ftft  I Kt Dï«l i \ë tm i i^ J B O 

ReMiveros KK weto/ t KK 
(95%C11 Fixed) % (9S%aFixecO 

Trialss  wl h contro l treatmen t (open studtes ) 
Subtota ll  (95%CI) 0 / 0 
CW-square0.00(clf-0 )) Z-0.00 

Trialss  wl h placeb o treatmen t (bind studtes ) 
Tsementzis,199 00 2 3 / 5 0 
Vermeulen ,, 1984 114/241 

Subtota ll  (95%CD 137/291 
Cht-square0.29(df-1 )) 1-0.30 

Totall  (95%CI) 137 /291 
Chi-square0.29(df-1 )) Z-0.30 

200 /50 
1122 /238 
1322 /288 

1322 /288 

0.0 0 

15.1 1 
84.9 9 
100.0 0 

100.0 0 

Nott  EstflMbK ) 

1.155 (0.73,1 B\ J 
1.011 (0.83,1.21J 
11 03 [0.86,1 22] 

1.0310.86,122) ) 

Comparison ::  AntinbrinofyU c treatmen t versu s contro l treatmen t wit h or withou t placeb o 
Outcome ::  Death from  afl cause s at end of fbeo w up 

Exptt  Ctrl Relativ e Risk 
Studyy n*l n*l (95%a Fixed) 

Weight t 

% % 
6.1 1 
3.1 1 
8.3 3 
17.6 6 

RR R 
(95%C!!  Fixed) 

t.400 [0.71,2.75) 
1.211 [0.39,3.74) 
0.411 [0.16,1.05] 
0.900 [0.56,1.45] 

Trialss  wl h contro l treatmen t (open studes ) 
Fodstad ,, 1981 
Oirvin,197 3 3 
Maurlce-W.,197 8 8 

Subtota ll  (95%C0 
CH-square4.S3(df-2 )) Z-0.44 

133 /30 
77 /39 
55 /38 

255 /107 

Trialss  wt h placeb o treatmen t (bind studes ) 
Chandra ,, 1978 
Kaste ,, 1979 
Tsentalua ,, 1990 0 
v.Rossum ,, 1977 
Vermeulen ,, 1984 

Subtota ll  (9S%0) 
Chi-square4.93(cH-4 ) ) Z-0.14 Z-0.14 

11 /20 
44 /32 

199 /50 
155 /26 
844 /241 

1233 /369 

99 /29 
44 /27 

133 /41 
266 /97 

55 /19 
44 /32 

144 ISO 
111 /2S 
899 /238 

1233 /364 

Totall  (95%0) 148 /476 149 f481 
Chi-squere9.46(df-7 )) Z-0.32 

3.4 4 
2.7 7 
9.3 3 
7.5 5 
S9.6 6 
82.4 4 

0.19(0.02,1.48] ] 
1.000 [027.3.66] 
1.366 [0.77.2.40] 
1.311 [0.76,2.28] 
053(0.73,1.18] ] 
00 99(0.81,1.20] 

0.97(0.81,1.17] ] 
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RsHsodnQQ reported ot end of foBow up 
Expt t 

Studyy n*l 
Tftfllss wth coriioJ treatment (open studies) 
Fcdstad.19611 6 / 3 0 
Otrvin.19733 14 ƒ 39 

Subtotall (95%0) 26 /107 
Cri-square6.211 (df-2) Z-0.27 

Triabb wl h placebo treatment (bind studies) 
Chandra,, 1978 1 /20 
Kaste .. 1979 7 / 3 2 
Tsanertós,, 1990 1 2 / 5 0 
v.Ro**um,19777 5 /26 
Vermeulen,, 1984 21 /241 

Subtotall (95%CQ 46/369 
CM-square10.08(crt-4)) Z-3.49 

Totall (95%d) 72/476 
CW-souaree 1757 (df-7) Z-3.14 

CM M 
ruN N 

77 /29 
44 /27 

144 /41 
255 /97 

44 /19 
66 /32 

122 /50 
44 /25 

566 /23S 
822 /364 

1077 /461 

Relativee Risk 
(95%C!! Fixed) 

--

Weight t 
% % 

6.6 6 
4.4 4 
125 5 
235 5 

3.8 8 
5.6 6 
11.1 1 
3.6 6 
523 3 
765 5 

100.0 0 

RR R 
(95%aa Fixed) 

053(0.32,2.171 1 
2.42(059.657) ) 
0.466 (0.20,1 .08) 
053(056.155) ) 

0.244 [003,1 94) 
1.17(0.44,359} } 
1-00(050,2.01) ) 
13DD (036557) 
0577 [0.23.0 59] 
055(0.40,0.77) ) 

0.644 (0.49,0.85) 

.11 .2 10 0 

Comparison::  AHUWH atutytfe treatment lereue control treatment with or  without placebo 
Outcome::  Cerebral iocheamla reported at end of folow up 

Expt t 
Studyy nM 
Triebb wl h control treatment (open studk») 

Fodstad,, 1981 8 / 3 0 
G*vln,19733 3 / 3 9 

Subtotall (95%0) 11 /69 
Chi-square0.03(df-1)) Z-1.63 

Trialss wl h placebo treatment (bind studies) 
Tsementzte,19900 22 /50 
Verrosuton.19844 59 /241 

Subtotall (95%CQ 81 / 291 
Cht-square034(dt-1)) Z-3.29 

Totall (95%C0 92/360 
Cr**quare0.76(d<-3)) Z-3.66 

CM M 
ruN N 

44 ƒ 56 

366 /238 
477 /288 

511 /344 

Relativee Risk 
(95%CII Fixed) 

-g_ _ 
--

.-. . 

Weight t 

% % 

8.2 2 

21.4 4 
70.4 4 
91.8 8 

100.0 0 

RR R 
(95%aa Fixed) 

25810.76,8.77] ] 
2.088 [0.23,18.92] 
2.444 [0.83,7.12] 

250(1.095.68} } 
1.62(1.11,2.351 1 
1.71(1.24,255) ) 

1.777 [1.30,2.40] 
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Comparison:: AntMbrinotytfc treatment Hrtu t control treatment with or without placebo 
Outcome:: Hydrocephaly» reported at end of fMow up 

Exptt  Ctrl RefctfveRtek Weigrt RR 
Studyy n*j n*j (9S%a Fixed) % (95%a Fixed) 
Trialss  wt h contro l treatmen t (open studes ) 
Fodstad.198 11 8 /30 
Maurice^/. ,, 1978 4 /38 

Subtota ll  (95%CD 12 /68 
Chi-squar ee 0.00 (df-1 ) Z-1.43 

Trialss  wt h placeb o treatmen t (bir d studtes ) 
Tsemertiis.199 00 19 /50 
Vermeulen ,, 1984 35/241 

Subtota ll  (95%Ci) 54 / 291 
Chi-squar ee 0.03 (df-1 ) Z-1.08 

Totall  (9S%CI) 66/359 
Chi-squar ee 3.26 (df-3 ) Z-0.27 

122 /29 

199 /70 

155 /50 
299 /238 
444 /288 

633 /358 

19.3 3 

30.0 0 

23.8 8 
46.2 2 
70.0 0 

100.0 0 

0£44 [0.31,1.34] 
0.622 [0.20,1.94] 
0.633 [0.34.1.18] 

1.277 [0.73,2.20] 
1.19(0.75,1.89] ] 
1222 [055,1.74] 

1.044 [0.77,1.42] 

.11 .2 1 5 10 

Figuree 1 - 5 (this page and previous 2 pages): The effect of antifibrinolytic treatment on (1) 
poorpoor outcome, (2) death from all causes, (3) rebleeding, (4) cerebral ischaemia and (5) 
hydrocephalus. hydrocephalus. 

Dataa from, the four trials that reported on hydrocephalus (figure 5) showed 
thatt antifibrinolytic treatment has no significant effect on the rates of 
hydrocephaluss (RR 1.04, 95% CL. 0.77-1.42). The subgroup analysis in 
whichh only the two placebo controlled trials were included again showed no 
effectt (RR 1.22, 95% CL. 0.85-1.74). 

Discussion n 

Thiss systematic review shows that antifibrinolytic treatment reduces the rate 
off  rebleeding by about 40% but does not affect the case fatality rate or 
overalll  outcome. Data of the trials which reported on the number of patients 
withh cerebral ischaemia show an increase in the cerebral infarction rate in 
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thee treatment group. Apparently the beneficial effect of the reduced 
rebleedingg rate is offset by an increased rate of cerebral ischaemia. 

Eligiblee for this review were trials in which patients were included with 
symptomss and signs of subarachnoid haemorrhage, with confirmation of the 
diagnosiss by the presence of subarachnoid blood on CT or on CSF 
examination.. We have chosen this pragmatic approach and did not restrict 
thee analysis to patients with angiographically proven aneurysms since in 
contrastt to angiography, CT or CSF examination can be done 
instantaneously,, independent of the clinical condition of the patient. 
Moreover,, antifibrinolytic treatment will in practice start shortly after 
admission,, usually before angiography. 

Inn the analysis concerning 'death from all causes' as outcome of interest, 
lackk of blinding of treatment and/or outcome assessment is unlikely to bias 
thee interpretation of the effect of treatment. However, for an unbiased 
assessmentt of outcomes like poor outcome, rebleeding, cerebral ischaemia 
andd hydrocephalus, blinding is almost obligatory. Therefore we performed 
subgroupp analyses on trials with control treatment and on those with 
placeboo treatment. The results of these two sub-analyses pointed in the 
samee direction for rebleeding and cerebral ischaemia, but for reported 
hydrocephaluss the trials with control treatment showed a tendency towards 
aa beneficial effect, while the trials with placebo treatment demonstrated a 
tendencyy towards increasing hydrocephalus rates. Taken together these 
analysess show that there is no effect of antifibrinolytic treatment on 
hydrocephalus. . 

Somee clinical heterogeneity between the included trials was present.90 This 
mayy (in part) account for the statistical heterogeneity in the analyses of 
'rebleeding'' and 'death from all causes'. The differences in patient selection, 
baselinee disease severity, dosage and type of trial-medication, event and 
outcomee recording and duration of follow-up, as described in table 2, might 
possiblyy require specific sensitivity analyses. However, the inclusion criteria 
wee defined beforehand were based on clinical experience of the reviewers. 
Moreover,, sensitivity analyses may be of no statistical value in most 
instances,, since seven of the eight studies included only less than half of all 
thee patients. For instance, a sensitivity analysis on the one trial which used 
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Epsilon-Amino-Caproicc Acid in stead of Tranexamic Acid would be based on 
onlyy 7 percent of all included patients. 

Sincee clinical deterioration due to rebleeding, cerebral ischaemia or 
hydrocephaluss can sometimes be difficult to distinguish, we had decided 
beforehandd to perform sensitivity analyses on these complications including 
onlyy those trials with confirmatory evidence on CT-scan or at autopsy. For 
rebleedingg and cerebral ischaemia these sensitivity analyses concerning 
'proven'' complications showed almost the same results as the overall 
analysis;; the lack of confirmatory evidence of these complications appeared 
too be of minor importance in these analyses. In hydrocephalus a sensitivity 
analysiss could not be performed because none of the studies reported on the 
ratess of confirmed hydrocephalus. 

Thiss review shows that, at present, evidence in favour of antifibrinolytic 
treatmentt in SAH is lacking. However, the trials presented in this review 
weree all done at least 10 years ago, which was in an era before prevention or 
treatmentt of cerebral ischaemia had emerged. Since then, calcium 
antagonistss have been shown to reduce the frequency of cerebral ischaemia 
byy 34% and of poor outcome by 40%.24 A similar beneficial effect was also 
shownn by prevention of hypovolemia, in combination with restriction in the 
usee of antihypertensive drugs.27»94»95 Moreover, several studies described 
reversall  of ischaemia, once it had occurred, by plasma volume expansion. 
Therefore,, proponents of antifibrinolytic treatment claim that antifibrinolytic 
drugss might nowadays be effective on overall outcome as many cerebral 
ischaemicc complications can now be prevented or reversed. One 
uncontrolledd study supports this hypothesis but before this combined 
antifibrinolyticc / anti-ischaemia treatment can be generally accepted, the 
effectivenesss needs to be confirmed in a controlled study.40 In the 'Guidelines 
forfor the Management of Aneurysmal Subarachnoid Haemorrhage' published by 
thee American Heart Association simultaneously in 'Stroke' and 'Circulation' 
inn November 1994, a special writing group of the Stroke Council already 
stressedd the need for further studies and 'recommended the use of 
antifibrinolyticc therapy in the mean time only in certain specific clinical 
situations'.30 0 

Inn the next chapter the results from such a prospective, double-blind, 
placeboo controlled, multicentre trial are presented. 
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Abstract t 

ObjectiveObjective - To investigate whether antifibrinolytics in combination with 
treatmentt to prevent cerebral ischaemia improve outcome in patients with 
subarachnoidd haemorrhage (SAH) in whom occlusion of the aneurysm is 
delayed. . 

BackgroundBackground - Antifibrinolyti c treatment reduces rebleeding, but outcome 
doess not improve because of a concurrent increase in the occurrence of 
cerebrall  ischaemia. Because treatment of ischaemia has improved, antifibri-
nolyticss might now have a beneficial effect. 

MethodsMethods - A prospective, double-blind, placebo-controlled multicentre clinical 
triall  was performed. Randomised were 462 patients (229 received tranexamic 
acid,, 233 placebo) admitted within 96 hours after onset of SAH, in whom 
treatmentt of the aneurysm was delayed beyond 48 hours after SAH. All 
patientss were treated with calcium antagonists and hypervolaemia. At 3 
months,, outcome was assessed with the Glasgow Outcome Scale. The 
occurrencee of cerebral ischaemia and other complications were recorded, 
andd the effects of treatment were related to the clinical condition on 
admission. . 

ResultsResults - Antifibrinolyti c treatment had no beneficial effect on outcome 
(relativee risk (RR) 1.10; 95% confidence limits (CL), 0.91-1.34). 
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. 

ConclusionConclusion - Antifibrinolyti c treatment combined with treatment to prevent 
cerebrall  ischaemia does not improve outcome. 
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Introductio n n 

Althoughh early operative clipping of intracranial aneurysms to prevent 
rebleedingg is becoming increasingly common, only approximately 50% of 
patientss are operated on within 3 days after initial subarachnoid 
haemorrhagee (SAH), even in units that aim at surgical intervention in the 
acutee phase.52»62 In these centres, rebleeding is still a major cause of poor 
outcome.60-62 2 

Thee use of antifibrinolytic treatment has been recommended as additional 
therapyy to prevent rebleeding, not only for patients with delayed surgery but 
alsoo for those with (intended) early surgery.64 Systematic reviews have 
shownn that antifibrinolytic treatment reduces the rate of rebleeding by 
approximatelyy 45% but does not affect the mortality fatality rate or overall 
outcomee of these patients. The beneficial effect of a reduced risk for 
rebleedingg is offset by an increase in the rate of cerebral ischaemia,71»96 but 
thee trials on antifibrinolytic treatment date from more than 10 years ago, 
whenn prevention or treatment of cerebral ischaemia was not yet routine. 
Systematicc reviews show that calcium antagonists reduce the occurrence of 
cerebrall  ischaemia and improve outcome.24»97 Moreover, several studies 
showedd reversal of ischaemia, when it had occurred, by plasma volume 
expansionn or induced hypertension. Therefore, in theory, antifibrinolytic 
treatmentt might improve overall outcome because many ischaemic 
complicationss can be prevented or reversed. One uncontrolled study 
supportss this hypothesis,40 but according to the guidelines of the American 
Heartt Association for the management of aneurysmal SAH (1994), this 
combinedd antifibrinolytic and anti-ischaemic treatment should not be 
recommendedd before its effectiveness is confirmed in a controlled study.30 

Thee primary objective of our multicentre study was to investigate the effect of 
combinedd antifibrinolytic treatment and anti-ischaemic treatment on overall 
outcome,, compared with a sole anti-ischaemic regimen. We also investigated 
thee effects of this combined treatment on rebleeding, cerebral ischaemia, and 
otherr complications after the initial haemorrhage and analysed whether the 
effectss of antifibrinolytic treatment depend on the clinical condition of the 
patientss on admission, as suggested by a subgroup analysis of a previous 
study.9» » 
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Patientss and Methods 

EligibleEligible patients 
Patientss with signs and symptoms of aneurysmal SAH and with an 
aneurysmall  bleeding pattern on the initial CT scanning were eligible for 
inclusionn in the study.54»99 Patients with a perimesencephalic haemorrhage 
patternn on initial CT scanning also had angiography which, before 
randomisation,, had to show an appropriate aneurysm.56»100 In cases of 
negativee CT scans, the cerebrospinal fluid was investigated for xanthochro-
miaa to be confirmed by spectrophotometric analysis; if this was indeed 
confirmed,, angiography should show an aneurysm.55 

Reasonss for exclusion were age less than 18 years, pregnancy, a lapse of 
moree than 96 hours after SAH onset, planned surgery to clip the aneurysm, 
andd planned endovascular coiling of the aneurysm within 48 hours after ad-
mission.. Other exclusion criteria were previous treatment with antifibrino-
lyticc drugs, presence of deep venous thrombosis, or a history of blood coa-
gulationn disorders or renal failure {serum creatinine > 150 mmol/L). 
Patientss were excluded if a diagnosis other than ruptured aneurysm was 
provenn by CT or angiography or if death appeared imminent. 

BaselineBaseline characteristics 
Att baseline, the following clinical and patient characteristics were recorded: 
age,, gender, Glasgow Coma Scale score (GCS: 15-point scale),57 and patients 
gradingg on the World Federation of Neurological Surgeons (WFNS) scale.58 

Wee also recorded any relevant cardiovascular history and medications, such 
ass diuretics, antihypertensive drugs, and anticoagulant or antiplatelet 
therapy.. History of bouts of sudden severe headache, loss of consciousness 
att the ictus, blood pressure, abnormal laboratory tests (i.e., sodium, 
potassium,, creatinine, glucose, haemoglobin, haematocrit, leukocyte and 
platelett counts, and blood gases) were also recorded. The location of the 
rupturedd aneurysm and the presence of other aneurysms or vasospasm as 
diagnosedd on angiography were recorded. The amount of blood on all initial 
CTT scans was graded by one of the authors (Y.R.) according to the scale 
developedd by Hijdra et al.99-101 
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Randomisation Randomisation 
Thee participating centres were supplied with batches of six boxes that 
containedd vials and tablets for a complete 3-week course of treatment with 
eitherr tranexamic acid or placebo. Each batch of six boxes was balanced 
withh respect to the two treatments. The order of the boxes with the active 
drug,, in each batch of six, was determined by random number tables. The 
boxess were consecutively numbered and the contents was administered in 
thee same order to each following patient. The vials and tablets with placebo 
couldd not be distinguished from those with tranexamic acid. Only after 
recordingg of all events and outcomes, the trial code was broken. 

TreatmentTreatment and investigations 
Studyy medication started within 96 hours after the initial haemorrhage, with 
aa maximum duration of treatment of 3 weeks. The treatment consisted of 
tranexamicc acid or placebo IV bolus of 6 g/d (1 g every 4 h) during the first 
week,, and 6 g/d PO (1.5 g every 6 h) in the second and third weeks. Study 
medicationn was discontinued preoperatively or when endovascular treatment 
started.. Medication was also stopped if a diagnosis other than aneurysmal 
SAHH was made, if venous thrombosis or pulmonary embolism developed, or 
iff  another serious adverse drug reaction was suspected. 

Alll  patients received standard medical treatment with nimodipine, 360 mg/d 
POO (60 mg every 4 h) for 3 weeks. The tablets were swallowed with water, or 
iff  a patient was unable to do so, the tablets were crushed and washed down 
withh normal saline via a nasogastric tube. Nimodipine was only stopped on a 
diagnosiss other than aneurysmal SAH. 

Iff  the sodium value decreased to less than 130 mmol, 1L of gelatine and 500 
mll  of extra sodium (3% solution) were administered. Additional infusion 
dependedd on the sodium values.102 

Too prevent hypovolemia, we administered at least 3 L/d of fluid and we did 
nott prescribe diuretics unless absolutely needed. If a patient nonetheless 
developedd clinical signs of delayed cerebral ischaemia, that is, gradual dete-
riorationrioration of consciousness measured on the GCS or gradual development of 
focall  neurologic signs, the study protocol recommended to administer 
immediatelyy 1 L of gelatine or an equivalent product. After any clinical 
deteriorationn (focal or general), a CT scanning was immediately performed to 
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establishh whether cerebral ischaemia or another complication was respon-
sible.. If such a patient received antihypertensive drugs, the treatment was 
stopped.. In the next 24 hours, 3 L of a 0.9% sodium chloride solution plus 3 
LL of gelatine were administered if tolerated by the patient.102 If feasible, the 
centrall  venous pressure or the pulmonary artery wedge pressure (Swan-
Ganz)) was recorded. For at least 5 days, the central venous pressure was 
keptt between 8 and 14 mm Hg, whereas the pulmonary wedge pressure, if 
recorded,, was kept between 15 and 20 mm Hg. 

OutcomeOutcome and events 
Thee primary outcome event was the overall condition of each patient after 3 
monthss (+/- 1 wk) after randomisation, measured on the five-point Glasgow 
Outcomee Scale (GOS).59 Poor outcome was defined as a GOS score of 5, 
"dead";; 4, "persistent vegetative state"; and 3, "severe disability". Outcome 
wass assessed when patients visited the outpatient department, or, if a 
patientt was unable to visit the outpatient department, the blinded clinical 
triall  monitor of the Co-ordinating Centre (Y.R.) graded the outcome after 3 
monthss by a telephone interview with patients or their relatives. The 
outcomee after 3 months was analysed separately in patients with or without 
impairedd levels of consciousness on admission. Impaired consciousness was 
definedd as a GCS score of less than 15 on admission. 

Secondaryy outcome measures included 1) the occurrence of specific events, 
suchh as progressive clinical deterioration from onset {interpreted as the 
resultt of the initial bleeding), rebleeding, delayed cerebral ischaemia, hydro-
cephalus,, postoperative ischaemia, or other causes of clinical deterioration; 
andd 2) the causes of poor outcome. Rebleeding and delayed cerebral 
ischaemiaa were defined as definite rebleeding or probable rebleeding, and 
definitee infarction or probable infarction, respectively.37-63 Hydrocephalus 
wass defined as a gradual deterioration of consciousness with CT evidence of 
hydrocephaluss and no other explanation for deterioration.37»63 Hy-
drocephaluss was defined on CT scanning as an increase in the bicaudate 
indexx beyond the upper limit (95th percentile) for age (<36 years, 0.16; 36-45 
years,, 0.17; 46-55 years, 0.18; 56-65 years, 0.19; 66-75 years, 0.20; > 75 
years,, 0.21).63 Postoperative ischaemia was defined as a change in the level 
off  consciousness or the development of focal neurologic signs immediately 
observedd after recovery from anaesthesia compared with the preoperative 
status,, and without evidence of rebleeding or hydrocephalus on CT scanning 
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orr at autopsy. Poor outcome caused by the initial bleeding was defined as an 
impairedd consciousness or focal neurologic signs that existed from the time 
off  the initial bleeding, and without signs of rebleeding, ischaemia or hy-
drocephaluss on CT scanning or at autopsy. All secondary outcome events 
weree separately analysed in patients with and without an impaired levels of 
consciousness s 

StudyStudy size calculations, interim, and final analysis 
Wee calculated that 492 patients should enter the study to detect a 25% 
reductionn in the frequency of poor outcome (primary outcome) in the group 
treatedd with tranexamic acid when assuming a type I error of 5% (two tailed), 
aa type II error of 20%, and an incidence of poor outcome of 50% in the 
placeboo group. The trial was planned to end after inclusion of 492 patients 
orr on December 31, 1997, when approximately 500 patients were expected 
too have entered the trial. 

Twoo interim analyses were performed after the inclusion of 150 and 275 
patientss by an independent Data Monitoring Committee of two experienced 
clinicianss and one clinical epidemiologist, who were otherwise not involved in 
thiss study. This committee was entitled to discontinue the trial ahead of 
schedulee based on the primary and the secondary outcome events. 

Thee main analysis of this trial consisted of one comparison between the two 
medicationn groups according to the GOS after 3 months. The analysis 
involvedd all randomised patients irrespective of duration of treatment or 
timingg of surgery (i.e., the intention-to-treat principle). The treatment effect 
onn the primary measure of outcome was expressed as a relative risk (RR); 
statisticall  uncertainty was quantified by a corresponding 95% CI. Also, we 
analysedd the treatment effect according to patient's initial levels of 
consciousnesss (i.e., normal or impaired). Differences between reported events 
(secondaryy outcome) were also expressed as RR estimates (and the 
correspondingg 95% CI). 

Inn patients with poor outcome at 3 months, the blinded Event Classification 
Committeee assessed whether this could be attributed to the initial bleed or 
too any secondary outcome event. Subsidiary analysis included a descriptive 
comparisonn of the causes of poor outcome after 3 months. 
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EthicalEthical considerations and informed consent 

Thee study protocol and informed consent forms were approved before 

randomisationn of the patients by the local Ethics Committee of each 

participatingg centre. 

Thee treating physician obtained written or oral informed consent (according 

too legal requirements and regulations) from patients, or, if a patient was not 

ablee to give (written) consent, his or her relative was asked for informed 

consent. . 

Results s 

Duringg the study period, 462 patients entered the trial. A total of 229 were 

randomisedd to treatment with tranexamic acid, and 233 received placebo. 

Thee baseline characteristics, which were similar for both groups, are 

summarisedd in table 1. In the placebo group were an excess of women and of 

pat ientss with normal levels of consciousness. Angiography was performed on 

3811 patients (186 in the tranexamic acid group and 195 in the placebo 

group).. Aneurysm was angiographically demonstrated in 316 (83%) pat ients 

(inn 153 (82%) of the tranexamic acid group and in 163 (84%) of the placebo 

group).. In 10 other patients, 5 in each group, autopsy confirmed the 

presencee of an aneurysm. 

Tablee 1 Baseline characteristics 

Numberr of patients 

Meann age (SD) 

Sexx % female 

Mediann cisternal blood score (range) 

Mediann intraventricular blood score (range) 

Intracerebrall  haemorrhage (%) 

Mediann Glasgow Come Score (GCS) (range) 

Numberr of patients with initial GCS of 15 {%) 

TranexamicTranexamic acid 

229 9 

555 (14) 

61 1 

222 (0 - 30) 

22 (0 - 12) 

600 (26%) 

144 (3 - 15) 

866 (38%) 

Placebo Placebo 

233 3 

566 (14) 

69 9 

211 (0-30) 

22 (0 - 12) 

677 (29%) 

1 4 ( 3-- 15) 

1033 (44%) 

Tablee 2 shows that tranexamic acid treatment did not have a beneficial effect 

onn poor outcome. In patients with normal levels of consciousness on 
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admission,, the treatment had a favourable but statistically insignificant 
effect.. In patients with impaired levels of consciousness, antifibrinolytic 
treatmentt had an unfavourable effect (the difference was not statistically 
significant). . 

Tablee 2 Primary measure of outcome: poor outcome* 

TranexamicTranexamic Placebo Relative Risk (95% CL) 

acid acid 

Alll  Patients (n-462) 114(50%) 105(45%) 1.10(0.91-1.34) 

(Tranexamicc acid: 229, Placebo: 233) 

Patientss with initial GCS of 15 21(24%) 33(32%) 0.76(0.48-1.21) 

(n=189) ) 

(Tranexamicc acid: 86, Placebo: 103) 

Patientss with initial GCS < 15 93 (65%) 72 (55%) 1.17 (0.97-1.43) 

(n=273) ) 

(Tranexamicc acid: 143, Placebo: 130) 

**  Poor outcome is defined as death, vegetative state or severe disability on the Glasgow 
Outcomee Scale. 

Thee effects of treatment on the occurrence of specific complications after the 
initiall  bleeding are summarised in table 3. Treatment with tranexamic acid 
significantlyy reduced rebleeding but had no effect on delayed cerebral 
ischaemiaa or other events. The diagnosis of rebleeding was definite in 106 of 
1211 patients (88%); for ischaemia, this concerned 102 of the 142 patients 
(72%).. This distribution was similar for the two treatment groups. 

Tablee 3 Secondary outcomes: 

NumberNumber of patients (%) with: 

ReportedReported events 

Clinicall  deterioration from onset 

Rebleeding g 

Delayedd cerebral ischaemia 

Hydrocephalus s 

Post-operativee ischaemia 

Other r 

TranexamicTranexamic acid 

111 (5%) 

444 (19%) 

688 (30%) 

711 (31%) 

111 (5%) 

411 (18%) 

Placebo Placebo 

99 (4%) 

777 (33%) 

744 (32%) 

622 (27%) 

100 (4%) 

444 (19%) 

RelativeRelative Risk (95% CL) 

1.24(0.53-2.94) ) 

0.588 (0.42-0.80) 

0.933 (0.71-1.23) 

1.17(0.87-1.55) ) 

1.122 (0.48-2.58) 

0.955 (0.65-1.39) 
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Tablee 4 shows the causes of poor outcome in the two treatment groups, for 
alll  patients and for the two subgroups according to the level of 
consciousnesss on admission. In the tranexamic acid group, fewer patients 
hadd poor outcome caused by rebleeding, but this was counterbalanced by an 
increasee of patients with poor outcome caused by the effects of the initial 
bleedingg and delayed cerebral ischaemia. 

Patientss with normal consciousness on admission did not show these 
negativee effects of tranexamic acid. Patients with impaired consciousness 
andd treated with tranexamic acid more often showed a poor outcome caused 
byy the effects of initial bleed and delayed cerebral ischaemia. This 
outweighedd the smaller number of poor outcomes from rebleeding. 

Tablee 4 Secondary outcomes: Causes of poor outcome 

Numberr  of patients with 

poorr  outcome (%) 

CausesCauses of poor outcome: 

NumberNumber of patients with poor 

outcomeoutcome (%) 

-- Effect of initia l bleeding 

-- Rebleeding 

-- Delayed cerebral ischaemia 

-- Hydrocephalus 

-- Post-operative ischaemia 

-- Other 

AllAll  patients 

TranexamicTranexamic Placebo 

acidacid (229) (233) 

1144 105 

(50%)) (45%) 

244 (10%) 12 (5%) 

344 (15%) 54 (23%) 

288 (12%) 20 (9%) 

44 (2%) 2(1%) 

100 (4%) 9 (4%) 

144 (6%) 8 (3%) 

PatientsPatients with GCS of 15 

TranexamicTranexamic Placebo 

acidacid (86) (103) 

211 33 

(24%)) (32%) 

1(1%)) 0 (0%) 

122 (14%) 24 (23%) 

33 (3%) 6 (6%) 

00 (0%) 0 (0%) 

33 (3%) 2 (2%) 

22 (2%) 1 (1%) 

PatientsPatients with GCS < 15 

TranexamicTranexamic Placebo 

acidacid (143) (130) 

933 72 

(65%)) (55%) 

233 (16%) 12 (9%) 

222 (15%) 30 (23%) 

25(17%)) 14(11%) 

44 (3%) 2 (2%) 

77 (5%) 7 (5%) 

122 (8%) 7 (5%) 

SeriousSerious adverse drug reactions 
Fourr patients had clinical signs and symptoms of pulmonary embolism, 
whichh could be confirmed in one patient at autopsy. All four patients 
receivedd tranexamic acid. In another four patients (three on placebo), the 
triall  medication had to be discontinued because of side effects, nausea and 
vomitingg attributed to tranexamic acid treatment. In one patient (placebo) 
thee trial medication was stopped because of concern about drug-induced 
hepatitis. . 
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ProtocolProtocol violations 
Thee Classification Committee decided that 20 ineligible patients (4%) had 
erroneouslyy been included in the trial. Of seven patients, the initial CT scans 
weree not available for review. In accordance with the intention-to-treat 
principle,, these patients were included in the final analysis. 

Discussion n 

Thee overall results of our study in patients with subarachnoid haemorrhage 
andd postponed surgery for more than 48 hours show that the combination of 
antifibrinolyticc treatment with anti-ischaemic treatment does not have a 
beneficiall  effect on outcome but the effect of antifibrinolytic treatment seems 
too depend on a patient's initial level of consciousness. In the group of 
patientss with normal consciousness on admission, antifibrinolytic treatment 
showedd a statistically insignificant trend of a beneficial effect. In contrast, for 
patientss with impaired consciousness, antifibrinolytic treatment had a 
similarr unfavourable effect. 

Secondaryy analyses in terms of 'reported events' and 'causes of poor 
outcome'' partly support the hypothesis that antifibrinolytic treatment 
combinedd with standard anti-ischaemia management substantially reduces 
thee rebleeding rate without a significant increase in the occurrence of 
cerebrall  ischaemia. In our treatment group, 19% suffered from rebleeding; in 
thee placebo group, this concerned 33% of patients. Delayed cerebral 
ischaemiaa was diagnosed in 30% of patients treated with antifibrinolytics 
andd in 32% of patients in the placebo group, but the level of consciousness 
onn admission was decisive. In patients with impaired consciousness and 
antifibrinolyticc treatment, delayed cerebral ischaemia more often caused 
poorr outcome than in those in the placebo group. In obtunded patients, the 
effectt of the initial haemorrhage was another important cause of poor 
outcomee (16% in the treatment group versus 9% in the placebo group). This 
effectt was rarely seen in patients who were completely alert on admission. 

Ann explanation might be that patients with a normal level of consciousness 
onn admission suffer relatively mild haemorrhage. The major cause of poor 
outcomee in these patients is rebleeding, which can be significantly reduced 
byy antifibrinolytic treatment. Conversely, if patients have an impaired level of 
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consciousnesss on admission, the haemorrhage is relatively severe. Autopsy 

studiess have shown that these patients often have extensive ischaemic 

les ions,1 033 so ischaemia may well be the cause of a decreased level of 

consciousness.. Obtunded patients are also more prone to develop delayed 

cerebrall  ischaemia. Despite the beneficial effect of rebleeding, antifibrinolytic 

t reatmentt in these patients has a detrimental effect because recovery from 

ischaemiaa is impeded. This adverse effect of antifibrinolytic t reatment does 

nott seem to be counterbalanced by the beneficial effect of t reatment with 

calciumm antagonists. 

Ann earlier trial of our research group on antifibrinolytic treatment in pat ients 

wit hh SAH, with the same trial logistics and outcome assessment as the 

currentt one, also showed that antifibrinolytic treatment reduced the 

occurrencee of rebleeding, but the potential beneficial effect on outcome was 

nullifiedd by an increase in the occurrence of cerebral ischaemia.37 A post-

hocc decision analysis based on the results of this previous trial suggested 

thatt patients with less-severe SAH may benefit from treatment with 

antifibrinolytics,, whereas for patients with severe haemorrhaging, this 

t reatmentt is harmful.98 When we combine the data of the present trial with 

thosee of the previous one (total patient group: n=941; 67% of all pat ients 

randomisedd in any clinical trial of antifibrinolytic treatment in SAH),96 then 

wee see that, of the group of 440 patients with normal consciousness, 65 of 

2144 patients treated with antifibrinolytics had a poor outcome. In the 

placeboo group, this concerned 81 of 226 patients (pooled Relative Risk 

estimatee = 0.84; 95% CL: 0.64 - 1.09; fixed effects model). Of the group of 

5011 patients with impaired consciousness, 163 of 256 patients treated with 

antifibrinolyticc drugs had a poor outcome; in the placebo group, this 

concernedd 136 of 245 patients (pooled Relative Risk estimate = 1.15; 95% 

CL:: 0.99 - 1.33; fixed effects model). 

Inn the present trial, four patients in the tranexamic acid treatment group 

hadd pulmonary embolism. One patient developed signs and symptoms of a 

pulmonaryy embolism 6 weeks after treatment with tranexamic acid. Another 

patient,, who died, had pulmonary embolism two days after completion of 

tranexamicc acid treatment as proven by autopsy. Two patients had clinical 

signss and symptoms of a pulmonary embolism while on treatment; a 

pulmonaryy embolism was proven in one. Because an increased rate of 
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pulmonaryy embolism in patients with SAH treated with antifibrinolytics has 
ass yet not been reported, the relevance of our observations remains unclear. 

Whatt are the implications of our results for the management of patients with 
SAH?? In current clinical practice, surgery or endovascular treatment is often 
delayedd among patients who are admitted with impaired consciousness to 
alloww them to recover from the effects of the initial haemorrhage. In the 
meantime,, these patients are at risk for rebleeding, so antifibrinolytics may 
bee considered, but our study shows that, in these patients, recovery from the 
effectss of the initial haemorrhage or delayed cerebral ischaemia is adversely 
affectedd by this treatment, even if this treatment is combined with calcium 
antagonists.. Therefore, antifibrinolytics are contraindicated in patients with 
SAHH who are admitted with impaired consciousness. 

Althoughh a beneficial effect of antifibrinolytics in patients with normal 
consciousnesss on admission has not been excluded, this treatment needs no 
considerationn in this subgroup of patients for two reasons: 1) in these 
patients,, antifibrinolytic treatment can be recommended only after additional 
studiess have shown a beneficial effect on outcome; 2) patients with normal 
consciousnesss on admission are ideal candidates for early surgery or 
endovascularr treatment to prevent rebleeding. 
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Nimodipinee increases fibrinolytic activity 

Introductio n n 

Inn a placebo-controlled randomised clinical trial investigating the effect of 
combinedd antifibrinolytic and nimodipine treatment on overall outcome in 
aneurysmall  subarachnoid haemorrhage (SAH), we initially observed a higher 
thann expected overall rebleeding rate. At the same time, early termination 
wass reported of a clinical trial on nimodipine in cardiac valve replacement 
surgery,, because treatment with nimodipine was associated with an 
increasedd risk of surgical bleedings.104 Nimodipine is known to affect 
platelett activation and may therefore influence the release of plasminogen 
activatorr inhibitor (PAI-1), the main regulator of endogenous fibrinolysis. 
Hence,, we hypothesised that an effect of nimodipine on fibrinolytic activity 
mightt explain the initially observed increase of rebleedings in our trial. We 
thereforee measured parameters of fibrinolysis in SAH patients with 
nimodipinee treatment (n=27) which were compared with patients without 
thiss treatment (n=14). 

Methods s 

Plasminogenn activator activity (PA) was measured by an amidolytical 
assay.1055 Briefly, 25 1̂ of plasma was mixed to a final volume of 250 fj.1 with 
0.11 M TrisHCl, pH 7.5, 0.1% (v/v) Tween-80, 0.3 mM S-2251 (Chromogenix, 
Mölndal,, Sweden), 0.13 M plasminogen and 0.12 mg/ml CNBr fragments of 
fibrinogenn (Chromogenix, Mölndal, Sweden). The results were expressed as 
IU/ml .. Tissue plasminogen activity (t-PA) antigen (Asserachrom t-PA, 
Diagnosticaa Stago, Asnieres-sur-Seine, France) and PAI-1 antigen (TintElize 
PAI-1,, Biopool, Umea, Sweden) were measured by ELISA tests. Individual 
patientt results were grouped and averaged into six time windows (day 1-3, 
dayy 4-7, week 2, 3 and 4, and results obtained after 6 weeks). The samples 
weree tested without knowledge of treatment or the timing of withdrawal of 
treatment.. Statistical significance was tested with paired and unpaired 
samplee t-tests where appropriate. 
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Results s 

Thee figure shows that in patients treated with nimodipine the PA activity 
increasess significantly over a three weeks period, caused by a decrease in the 
inhibitorr (PAI-1) (p<0.01). After six weeks both the PA activity and the PAI-1 
returnedd to baseline values. Antigen levels of t-PA (data not shown) did not 
changee over time and were not different between the groups. In contrast, 
patientss treated without nimodipine showed no increase in PA activity or 
decreasee in the PAI-1 antigen levels. Since the use of nimodipine was the 
onlyy difference between the groups, this strongly suggests that nimodipine 
treatmentt was responsible for the increased fibrinolytic activity. Moreover, 
thee three weeks increase of the PA-activity and the accompanying decrease 
off  the PAI-1 levels coincides with the three weeks treatment course of 
nimodipine. . 

Conclusion n 

Inn conclusion, these results show for the first time that fibrinolytic activity 
increasess in blood plasma from patients treated with nimodipine. A 
systematicc review of nimodipine treatment in patients with SAH has shown 
thatt this increased activity does not result in an increase in the occurrence 
off  rebleeds.24 However, our findings might explain the beneficial effect of 
nimodipinee on cerebral ischaemia in SAH patients. Since antifibrinolytic 
treatmentt was shown to impede recovery from cerebral ischaemia in SAH, 
nimodipinee might have its beneficial effect by enhancing fibrinolysis in these 
patients. . 
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PAA activity (lU/ml) PAI-11 (ug/i) 

80 0 
Dayy 1-3 Day 4-7 Week 2 Week 3 Week 4 Later Day 1-3 Day 4-7 Week 2 Week 3 Week 4 Later 

hh nimodipine 
OO Without nimodipine 

Legendd to figure: 
Plasminogenn Activator (PA) activity and Plasminogen Activator Inhibitor 1 (PAI-1) antigen in SAH-patients 
treatedd with (dark lines, dots) and without (gray lines, circels) nimodipine. Patients with nimodipine showed a 
significantt increase in PA activity caused by a simultaneous decrease in PAI-1 during the first three weeks 
afterr SAH. After treatment with nimodipine ceased, values returned to baseline. In patients without 
nimodipinee no significant change in PA activity or PAI-1 was found during the first two weeks after SAH. 

71 1 





Chapterr  7 

Generall  Discussion 





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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Plasminogen n 

TranexamicTranexamic Acid 

—— Tissue-Plasminogen Activator (t-PA) 

PlasminogenPlasminogen Activator Inhibitor-1 (PAI-1) 

PII  as min 

Fibrin n 
'clot' ' 

Alpha-2Alpha-2 Antiplasmin 

Fibrin-Degradationn Products (FDP) 

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. 
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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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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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Ditt proefschrift gaat over de behandeling van patiënten met een bepaald type 
hersenbloeding,, een zogenaamde 'aneurysmatische subarachnoïdale 
bloeding',, kortweg SAB. 

Eenn aneurysma is een ballon-vormige uitstulping aan één van de bloedvaten 
aann de onderzijde van de hersenen. Deze aneurysmata ontstaan in de loop 
vann het leven, waarschijnlijk onder invloed van vele factoren waaronder een 
genetischee aanleg (in sommige families komen SAB's vaker voor dan in 
andere),, hoge bloeddruk en roken. Als een aneurysma openbarst stroomt het 
bloedd onder hoge druk in de ruimte rondom de hersenen, de zogenaamde 
subarachnoïdalee ruimte. Deze ruimte ligt als een dunne schil tussen 
enerzijdss de hersenen en anderzijds de schedel en is gevuld met vocht, liquor 
genaamd. . 

Uitt het bovenstaande blijkt dat een SAB eigenlijk niet een bloeding in de 
hersenenn zelf is, maar net er buiten. Dit betekent dat er niet direct schade 
aann de hersenen hoeft te ontstaan en dat een patiënt met een dergelijke 
bloedingg dus een reële kans heeft om volledig te herstellen. Soms spuit het 
bloedd echter direct richting de hersenen en is er wel sprake van directe 
hersenschade.. Ook kan bij een grote bloeding, beperkt tot de genoemde 
ruimtee rondom de hersenen, de druk binnen de schedel dermate hoog 
wordenn dat de doorbloeding van de hersenen daardoor lange tijd onmogelijk 
wordt,, met hersenschade tot gevolg. Een gedeelte van de patiënten zal dan 
ookk overlijden door de schade ontstaan tijdens de SAB, terwijl andere 
patiënten,, mits zij eventueel optredende complicaties doorstaan, geheel 
kunnenn herstellen. 

Perr jaar worden er in Nederland tussen de 900 en 1200 mensen getroffen 
doorr een dergelijke bloeding, vrouwen tweemaal zo vaak als mannen. De 
gemiddeldee leeftijd is ongeveer 55 jaar. Ongeveer 40-50% van de patiënten 
zullenn óf overlijden óf ernstig gehandicapt raken als gevolg van de schade 
tijdenss de SAB of van optredende complicaties. 

Inn hoofdstak 1, de inleiding van dit proefschrift, wordt verder ingegaan op 
dezee complicaties. De belangrijkste drie complicaties die een patiënt met een 
SABB bedreigen zijn: hydrocephalus (een 'waterhoofd'), cerebrale ischemie 
(verminderdee doorbloeding en daardoor zuurstof tekort in de hersencellen) 
enn een herbloeding uit het aneurysma (recidief bloeding). 
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Hydrocephaluss ontstaat waarschijnlijk doordat de afvloed van liquor door 

gestoldd bloed gestremd raakt. De behandeling is relatief eenvoudig en 

bestaatt uit het af laten vloeien van overtollige liquor via een zogenaamde 

lumbaall  punctie (ruggenprik) of via een drain in het hoofd ingebracht. 

Hydrocephaluss is zelden de oorzaak van een slechte afloop bij deze 

patiënten. . 

Cerebralee ischemie is een ernstige complicatie die kan leiden tot blijvende 

hersenschade,, zelfs tot het overlijden van de patiënt. Hoe cerebrale ischemie 

ontstaatt is niet exact bekend; op de een of andere wijze ontstaat verminderde 

doorbloedingg van de hersenen. Lang is gedacht dat Vaatspasmen' , die soms 

naa een SAB worden gezien, de oorzaak van cerebrale ischemie waren, maar 

err bestaan nog vele andere hypothesen. Wel weten we sinds 1988 dat 

behandelingg met 'nimodipine' - een medicijn waarvan eerst gedacht werd dat 

hett de vaatspasmen zou doen verdwijnen en later dat het de hersencellen 

zouu beschermen tegen een zuurstof tekort - een gunstig effect heeft op 

patiëntenn met een SAB. Behandeling met dit medicijn zorgt ervoor dat meer 

patiëntenn goed herstellen van cerebrale ischemie. Bovendien is de laatste 

jarenn gebleken dat veel vocht geven aan patiënten met een SAB ook leidt tot 

minderr problemen bij ischemie. 

Dee meest bedreigende complicatie is echter de recidief bloeding. Zonder 

behandelingg krijgt ongeveer één derde van alle patiënten binnen één maand 

naa de SAB een recidief bloeding. Ongeveer 80% van de patiënten met een 

recidieff  zal uiteindelijk overlijden aan de gevolgen van die recidief bloeding. 

Recidieff  bloedingen kunnen voorkomen worden door operatief de hals van 

hett opengebarsten aneurysma af te sluiten met een kleine knijper (clip), het 

zogenaamdee 'dippen', of door van binnenuit via de bloedvaten het 

aneurysmaa op te vullen met platina draden, het zogenaamde 'coilen'. Omdat 

hett risico van een recidief bloeding in de eerste weken na de SAB het grootst 

i ss moet de behandeling wel zo snel mogelijk worden uitgevoerd. 

Eenn recidief bloeding ontstaat waarschijnlijk doordat het bloedstolsel, dat 

hett gebloed hebbende aneurysma omhult, oplost nog voordat de vaatwand 

doorr litteken-weefsel weer stevig is. Deze stolsel oplossende activiteit noemen 

wee Tibrinolyse'. Vandaar dat medicijnen die deze fibrinolytische activiteit 

afremmen,, antifibrinolytica genaamd, reeds jaren geleden al voorgesteld 

werdenn als behandeling tegen recidief bloedingen. In 1984 publiceerde 
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Vermeulenn en anderen een grote studie waaruit bleek dat behandeling van 
patiëntenn met een SAB met antifibrinolytica inderdaad als resultaat had dat 
hett aantal recidief bloedingen fors afnam. Echter, tot één ieders verbazing 
bleekk de behandeling niet een gunstig effect te hebben op de uiteindelijke 
toestandd van patiënten met een SAB drie maanden na de oorspronkelijke 
bloeding.. Nadere analyse liet zien dat het gunstige effect op de recidief 
bloedingenn teniet werd gedaan door toename van het aantal patiënten met 
cerebralee ischemic De behandeling bleek dus naast zijn gunstige werking op 
dee recidief bloeding ook een ongunstige werking te hebben. 

Nadatt dit onderzoek was afgerond, werd de behandeling van cerebrale 
ischemie,, zoals eerder opgemerkt, sterk verbeterd door de introductie van 
nimodipinee en een ruimer vocht beleid. Daaruit ontstond de gedachte dat 
behandelingg met antifibrinolytica, mits in combinatie met deze *nieuwe' anti-
ischemischee therapieën, nu wel zinvol zou kunnen zijn. Eén onderzoek leek 
dezee hypothese te bevestigen, maar omdat deze studie niet een vergelijkende 
controlee groep had, mochten aan de resultaten van dit onderzoek geen 
conclusiess voor de dagelijkse praktijk worden verbonden. 

Doell  van dit proefschrift was dan ook uit te zoeken of behandeling met 
antifibrinolyticaa in combinatie met anti-ischemische therapieën een zinvolle 
behandelingg is voor patiënten met een SAB. 

Echter,, volgens vele neurologen en neurochirurgen was er geen plaats meer 
voorr een dergelijke combinatie therapie daar recidief bloedingen 
tegenwoordigg nauwelijks meer zouden voorkomen. Dit omdat vrijwel alle 
patiëntenn tegenwoordig binnen drie dagen na de SAB hetzij operatief, hetzij 
middelss coiling behandeld zouden worden. De vraag is of het waar is dat de 
meerderheidd van de SAB patiënten gedipt dan wel gecoild wordt binnen drie 
dagenn na de bloeding. 

Hoofdstukk 2 beschrijft een onderzoek waarin het tijdstip van opereren of 
coilenn van patiënten met een SAB in de drie neurochirurgische centra in 
Amsterdamm gedurende één jaar werd vastgelegd. Deze drie centra voeren een 
beleidd dat er op gericht is patiënten met een SAB zo spoedig mogelijk te 
opereren.. Daarnaast werd gekeken wat in dergelijke snel opererende centra 
tegenwoordigg de oorzaak van een slechte afloop bij patiënten is. De 
resultatenn lieten zien dat slechts 55% van alle geopereerde patiënten 
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daadwerkelijkk binnen drie dagen werd geopereerd. Mede hierdoor was het 
krijgenn van een recidief bloeding, naast de direct ongunstige effecten van de 
bloeding,, wel degelijk de voornaamste oorzaak van overlijden of ernstige 
invaliditeitt (35% van de patiënten met een slechte afloop). 

Indienn de oorzaak voor het niet binnen drie dagen na de initiële bloeding 
opererenn logistiek van aard zou zijn, zoals het beschikbaar hebben van een 
operatiee kamer of röntgen apparatuur, dan zou het mogelijk moeten zijn 
doorr verandering in deze logistiek meer patiënten snel te behandelen, 
waardoorr recidief bloedingen voorkomen kunnen worden. 

Inn hoofdstuk 3 wordt dan ook een onderzoek beschreven waarin niet alleen 
gekekenn werd naar de complicaties en de effecten hiervan op de uiteindelijke 
toestandd van de patiënten, maar ook naar de redenen voor uitstel van de 
operatiee of het coilen. Additioneel werd ook nog bekeken wat het effect zou 
zijnn op de afloop als we in staat zouden zijn de behandeling te verbeteren. 
Voorr dit onderzoek werden gedurende één jaar alle patiënten die een SAB 
kregenn in de regio 'Noord-Holland en Flevoland' volledig in kaart gebracht. 
Dee resultaten lieten zien dat van de 110 opgenomen patiënten met een SAB, 
43%% óf overleed óf ernstig invalide raakte, in één derde van deze patiënten 
werdd dit wederom veroorzaakt door een recidief bloeding. In deze studie werd 
slechtss 41% van alle patiënten binnen drie dagen geopereerd. De 
voornaamstee oorzaken voor uitstel waren niet logistiek van aard, maar waren 
dee slechte toestand van sommige patiënten bij opname en het reeds kort na 
opnamee optreden van complicaties. Verder kon op grond van de resultaten 
geconcludeerdd worden dat vooral het voorkomen van recidief bloedingen een 
gunstigg effect op de uiteindelijke toestand van patiënten zou hebben, daar 
hett ongunstige effect van cerebrale ischemie op de afloop vele malen kleiner 
bleekk te zijn dan het effect van recidief bloedingen. 

Omdatt de voornaamste redenen voor uitstel van behandelen de conditie van 
dee patiënt bij opname of het vroeg optreden van complicaties blijkt te zijn, is 
snellerr opereren om recidief bloedingen tegen te gaan in de meeste gevallen 
eenn niet haalbare zaak. Andere behandelingen tegen recidief bloedingen zijn 
daaromm gewenst. Een dergelijke behandeling moet dan wel een therapie zijn 
diee snel na het ontstaan van de SAB kan starten alsmede een therapie die 
gegevenn kan worden aan patiënten in een relatief slechte toestand bij 
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opname.. Behandeling met antifibrinolytica voldoet aan deze voorwaarden en 
zouu dus op zich een bruikbare aanvulling kunnen zijn. 

Hoofdstukk 4 laat een systematisch literatuur overzicht zien van alle reeds 
eerderr verrichte goed opgezette onderzoeken naar het eventuele nut van 
behandelingg van SAB patiënten met antifibrinolytica. Acht onderzoeken 
warenn dusdanig van opzet dat ze voldeden aan vooraf opgestelde criteria 
aangaandee de kwaliteit van onderzoek en werden daarom meegenomen in de 
analyse.. Tezamen zijn in deze onderzoeken 937 patiënten onderzocht. Van 
dezee groep kregen 476 patiënten antifibrinolytica, 364 een 'placebo' 
behandelingg en 97 een standaard behandeling als controle. Een placebo is 
eenn medicijn dat er van buiten hetzelfde uitziet als het werkzame middel, 
zodatt noch de patiënt nog de behandelende dokter weet wat voor 
behandelingg gegeven wordt. Hierdoor wordt voorkomen dat de beoordeling 
vann de behandeling beïnvloed wordt door de persoonlijke mening van één 
vann de betrokkenen. De resultaten lieten zien dat, ondanks dat behandeling 
mett antifibrinolytica statistisch significant het optreden van recidief 
bloedingenn deed verminderen met ongeveer 40%, deze behandeling 
uiteindelijkk toch geen nuttig effect had. Dit omdat het percentage patiënten 
datt uiteindelijk overleed of ernstig gehandicapt raakte niet veranderde. Er 
wass een duidelijke toename van het risico op cerebrale ischemie in de groep 
patiëntenn behandeld met antifibrinolytica. Blijkbaar werd het gunstige effect 
vann de vermindering van recidief bloedingen teniet gedaan door deze 
toenamee van cerebrale ischemie. Echter, alle in dit systematische overzicht 
opgenomenn onderzoeken dateerden van vóór de introductie van nimodipine 
enn andere therapieën tegen cerebrale ischemie. Vandaar dat het zeer wel 
mogelijkk kon zijn dat antifibrinolytica in combinatie met hedendaagse anti-
ischemischee therapie wel degelijk een nuttig effect op de uiteindelijke 
toestandd van de patiënten konden hebben. 

Hoofdstukk 5 beschrijft het onderzoek (clinical trial) dat wij gedaan hebben 
omm de hypothese te toetsen, dat de combinatie van antifibrinolytica met anti-
ischemischee behandelingen de uiteindelijke toestand van patiënten met een 
SAB,, die wachten op clippen of coilen, verbetert. In dit onderzoek werden 
4622 patiënten in Nederland en België gerandomiseerd (d.w.z. via loting een 
behandelingg toebedeeld krijgen) voor een behandeling met (229) of zonder 
(233)) antifibrinolytica. Daarnaast kregen alle patiënten standaard een 
hedendaagss gebruikelijke anti-ischemische behandeling met o.a. nimodipine. 
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Dee resultaten na drie maanden lieten zien dat de behandeling met 

antifïbrinolyticaa de kans op recidief bloedingen ook nu weer met ongeveer 

40%% deed afnemen, maar nu zonder een toename van cerebrale ischemic 

Vann een dergelijk resultaat zou men dus verwachten dat de uiteindelijke 

toestandd van de patiënten zou verbeteren. Echter, ook nu weer bleek dat de 

behandelingg met antifïbrinolytica niet leidde tot een toename van het aantal 

patiëntenn dat goed herstelde. Nadere analyses lieten zien dat er ditmaal 

weliswaarr geen toename was van het aantal patiënten met cerebrale 

ischemie,, maar dat de kans op goed herstel van een patiënt, indien cerebrale 

ischemiee eenmaal was opgetreden, veel lager was indien antifibrinolytica 

werdenn gegeven. Ook bleken patiënten die in een slechte toestand binnen 

kwamenn minder kans op herstel te hebben als ze behandeld werden met 

antifibrinolytica.. Patiënten die echter in een goede toestand binnenkomen na 

eenn SAB hebben minder kans op het krijgen van cerebrale ischemie. De 

resultatenn lieten zien dat voor deze groep patiënten geldt dat een gunstig 

effectt van behandeling met antifibrinolytica niet uit te sluiten valt. 

Hoofdstukk 6 beschrijft de resultaten van een onderzoek naar de effecten van 

nimodipinee op de fibrinolyse, d.w.z. het vermogen om bloedstolsels op te 

lossen.. Hiervoor werden diverse parameters van fibrinolytische activiteit in 

hett bloed gemeten van patiënten met een SAB behandeld met nimodipine 

(27)) en bij patiënten die niet met nimodipine werden behandeld (14). Bij 

patiëntenn behandeld met nimodipine steeg de fibrinolytische activiteit, de 

zogenaamdee plasminogeen activator (PA), in het bloed gedurende drie weken 

doordatt de remmer van deze fibrinolytische activiteit, de plasminogeen 

activatorr inhibitor-1 (PAI-1), daalde. Na zes weken waren alle waarden weer 

teruggekeerdd naar hun uitgangswaarden. Bij patiënten die geen nimodipine 

kregenn was er in het bloed geen verandering meetbaar in de fibrinolytische 

parameters.. Aangezien het wel of niet behandelen met nimodipine het enige 

verschill  vormde tussen de twee groepen moet nimodipine wel de oorzaak 

voorr het gevonden effect zijn. Bovendien is het opvallend dat de toename van 

dee PA gedurende drie weken en de afname van de PAI-1 in deze periode 

preciess overeenkomen met de gebruikelijke drie weken durende behandeling 

vann patiënten met nimodipine. Deze resultaten geven mogelijk ook een 

anderee verklaring voor de gunstige werking van nimodipine op cerebrale 

ischemie.. Aangezien antifibrinolytica het herstel van ischemie tegen gaan, 

oefentt nimodipine mogelijk zijn gunstige effect op ischemie uit door de 

fibrinolysee juist te activeren. 
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Inn hoofdstuk 7 worden de implicaties van de onderzoeksresultaten voor de 
dagelijksee praktijk en voor verder onderzoek besproken. Het in dit 
proefschriftt beschreven onderzoek laat duidelijk zien dat antifibrinolytica, 
ondankss dat ze de kans op een recidief bloeding fors verlagen, de 
uiteindelijkee toestand van patiënten met een SAB niet verbeteren. Recidief 
bloedingenn vormen nog steeds de belangrijkste oorzaak voor overlijden of 
ernstigee invaliditeit na een SAB. Opereren binnen drie dagen is lang niet 
altijdd mogelijk in deze groep patiënten daar de operatie meestal juist 
vanwegee de slechte toestand van de patiënt bij opname of vanwege kort na 
opnamee optredende complicaties wordt uitgesteld. Mogelijk is Vroeg' coilen 
eenn alternatief, maar dit moet zeker eerst nader onderzocht worden voordat 
hett aanbevolen kan worden. 

Onzee observatie dat nimodipine de fibrinolytische activiteit in het bloed 
verhoogtt en de hypothese dat dit effect mogelijk de gunstige werking van 
nimodipinee op cerebrale ischemie verklaart, zal in de toekomst ook verder 
onderzochtt moeten worden. 
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Appendixx 1 

Listt  of participatin g centres SABCOS study (chapter  3) (in alphabetical order) 

AcademicAcademic Medical Centre (AMQ, Amsterdam (Y Roos, KW Albrecht, M Vermeulen, RJ de Haan) 

BavenIJBavenIJ Ziekenhuis, Amsterdam (A Janse t, MA Struijs) 

Flevoziekenhuis,Flevoziekenhuis, Almere (AR Kuhler , H Kuiper , GN Mallo) 

FreeFree University Hospital (VU), Amsterdam (LFM Beenen, JFNM Ploegmakers) 

KennemerKennemer Gasthuis, Haarlem (RMCM Janssen, JAM Kuster) 

KennemerKennemer Gasthuis, Umuiden (JA Don, HCW Hofl) 

MedischMedisch Centrum Alkmaar (MCA), Alkmaar ( MM Veering) 

OnzeOnze Lieve Vrouwe Gasthuis (OLVG), Amsterdam (P Verlooy) 

RodeRode Kruis Ziekenhuis, Beverwijk (HJJM vd Werd) 

SintSint Lucas Andreas Ziekenhuis, Amsterdam (JPM Hillegers, JLM Hellenberg Hubar, JAL Vanneste) 

SlotervaartSlotervaart Hospital, Amsterdam (RJM Groen, CL Kraaijeveld, JJ van der  Sande, SI  Tjahja ) 

St.St. Gemini Ziekenhuis, Den Helder (JG Kok) 

St.St. Ziekenhuis De Heel, Zaandam (C Dekker, AJ Prazsky, A Kopenaal) 

Waterlandziekenhuis,Waterlandziekenhuis, Purmerend (CP Zwetsloot) 

WestfriesWestfries Gasthuis, Hoorn (FEAM Bussemaker, GJ Lambrechts) 

IJsselmeerziekenhuizen,IJsselmeerziekenhuizen, Lelystad (RJJ Tans) 

ZiekenhuisZiekenhuis Amstelveen, Amstelveen (P Lanting) 
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Appendixx 2 

Memberss of the STAR-Study Group (chapter  5) 

DutchDutch Centera (in alphabetical order): 

Academicc Medical Center, Amsterdam 
Dept.Dept. of Neurology: 
YBWEMM Roos, MD*, Trial coordinator 
MM Vermeulen, MD*, Principle investigator 
AA Vet, RN* 
Dept.Dept. of Neurosurgery: 
KWW Albrecht, MD* 
Dept.Dept. of Clinical Epidemiology and Biostatistics: 
RJJ de Haan, PhD** 
MM Merkus, MS* 
JGPP Tijssen, PhD* 

Canisiuss Wilhelmin a Hospital, Nijmegen 
Dept.Dept. of Neurology: 
CWGMM Frenken, MD* 

Catharinaa Hospital, Eindhoven 
Dept.Dept. of Neurology: 
KK Keizer, MD 

Freee University Hospital, Amsterdam 
Dept.Dept. of Neurosurgery: 
HAMM van Alphen, MD 
LFMM Beenen, MD 

Hospitall  De Wever  en Gregorius, Heerlen 
DeptDept of Neurology: 
CLL Franke, MD 

Leyenburgg Hospital, The Hague 
Dept.Dept. of Neurology: 
RWMM Keunen, MD 
JJ Nicolai, MD 
HFF Visee, MD 

Medischh Spectrum Twente, Enschede 
Dept.Dept. of Neurology: 
PJAMM Brouwers, MD* 

Rijnstat ee Hospital, Arnhem 
Dept.Dept. of Neurology: 
QHH Leyten, MD 

Slotervaartt  Hospital, Amsterdam 
Dept.Dept. of Neurology: 
JJJ van der Sande, MD 
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Sintt  El isabeth Hospital, Tilbur g 
Dept.Dept. of Neurology: 
LRR Canta, MD 
TPP Timmerhuis, MD 
CCC Tijssen, MD 

Universi t yy Department of Clinical Neurology, Utrecht 
Dept.Dept. of Neurology: 
GJEE Rinkel, MD* 
JJ van Gijn, MD, FRCPE* 
PP Greebe, RN» 

Universit yy Hospital Maastricht 
Dept.Dept. of Neurology: 
JJ Boiten, MD* 

Universit yy Hospital Nijmegen 
Dept.Dept. of Neurology: 
HPHH Kremer, MD 
Dept.Dept. of Neurosurgery: 
JJJ van Overbeeke, MD 

Universit yy Hospital Rotterdam Dijkzigt , Rotterdam 
Dept.Dept. of Neurology: 
PJJ Koudstaal, MD* 
FHH Vermey, MD* 

Westeindee Hospital, The Hague 
Dept.Dept. of Neurology: 
DD Hofstee, MD 
JTJJ Tans, MD 

BelgiumBelgium Centers (in alphabetical order): 

Algemeenn Ziekenhuis Middelheim, Antwer p 
Dept.Dept. of Neurosurgery: 
RR Hes, MD 
RR Klaes, MD 

Streekziekenhuiss Oost-Limburg , Genk 
Dept.Dept. of Anesthesiology: 
CC De Deyene, MD 

Memberss of the Data Monitoring Committee: A Algra, Julius Center for Patient Oriented 
Research,, Clinical Epidemiology Unit, University Hospital Utrecht; H van Crevel, Dept. of 
Neurology,, Academic Medical Center, Amsterdam; R Braakman, Neurosurgeon, Berkel-
Enschot, , 

**  Member of the Steering Committee and Writing Committee; * Trial Office; * Data 
Management,, Analysis and Statistics. 

115 5 





Dankwoord d 



Dankwoord d 

Zoalss zo vaak het geval is in wetenschappelijk onderzoek is ook dit 
proefschriftt tot stand gekomen dankzij de samenwerking met en de hulp van 
zeerr velen, die ik bij deze graag hiervoor wil bedanken. 

Ikk realiseer mij dat dit dankwoord beslist geen volledige opsomming kan zijn 
vann éénieder die zich heeft ingezet voor mijn onderzoek (en ik maak bij 
voorbaatt al mijn excuses aan diegenen die ik nu vergeet), toch wil ik 
hieronderr een aantal personen bij naam noemen. 

Allereerstt wil ik de patiënten en hun familie danken voor het meewerken aan 
dee diverse studies. Zonder hen was er geen onderzoek geweest. 

Mij nn promotores Prof.Dr. M. Vermeulen en Prof.Dr. R.J. de Haan, beste Rien 
enn Rob, hoe zal ik het samenvatten? Ik ben zeer trots dat julli e mijn 
promotoress zijn - dat is misschien de beste omschrijving. Rien, wij kennen 
elkaarr al uit Rotterdam, alwaar ji j mij de grondbeginselen van klinisch 
onderzoekk leerde. In de jaren daarna hielp je mij naar Voorburg -'om dokter 
tee worden'- en haalde je mij naar Amsterdam om de STAR-studie te 
coördineren.. Ik heb door de jaren heen geweldig veel van je geleerd, met 
namee van je scherpe analyses. Je was de absoluut de stimulans om het 
onderzoekk af te ronden. Dat ji j de STAR-studie aan mij toevertrouwde, 
beschouww ik nog steeds als een eer en een blijk van groot vertrouwen, mijn 
specialee dank hiervoor. Rob, ik herinner me nog zeer goed hoe wij aan elkaar 
werdenn voorgesteld en hoe ik toen zeer onder de indruk raakte van jouw 
carrièregang.. Dat je daarnaast ook nog eens een zeer behulpzaam mens (een 
gewonee 'pleeg') bent, wist ik destijds nog niet maar bleek later. Dank voor al 
jee betrokkenheid, al die jaren, op alle vlakken. 

All ee medewerkers van het trial bureau neurologie, met name Mw. A. Vet, 
Mw.. M. Mechielsen, Mw. A. Gorissen, beste Anet, Margreet en Anick, heel 
veell  dank, niet alleen voor alle inzet en hulp, maar ook voor de gezelligheid 
mett koffie en koek en niet te vergeten een luisterend oor. Het was en is echt 
reuzee fijn om met julli e samen te werken. Ook alle medewerkers van het trial 
bureauu op de KEB wil ik bedanken voor de correcte invoer van alle CRF's. 
Dr.. M.P. Merkus, beste Maruschka, bedankt voor alle 'checks', analyses en 
voorall  je warme belangstelling. En niet te vergeten, je geduld, als je weer 
eenss lang op CRF's moest wachten. 
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Drs.. A. Schiks en A.W. vd. Werf, beste Alexander en Anne, bedankt voor 
julli ee hulp met de databases en PC's en de altijd leerzame computerpraat. 
All ee mensen op het neurozintuigen-/liquor- lab, erg fijn zoals julli e altijd 
maarr weer de monsters wilden invriezen, opslaan, en weer terugzoeken. 
Dee leden van de promotiecommissie, Prof.Dr. P.M.M. Bossuyt, Prof.Dr. D.A. 
Bosch,, Prof.Dr. J. van Gijn, Prof.Dr. J.J.A. Mooy, Prof.Dr. J. Stam: veel dank 
voorr het kritisch doornemen van mijn manuscript. 
Dee vaatclubleden van destijds: Jan Stam, Rien Vermeulen, Bas de Bruijn, 
Vincentt Kwa en Janneke Horn, ik heb de beste herinneringen aan ons 
wekelijksee overleg en wil julli e bedanken voor de leuke support, ook in de 
laatstee fase van het proefschrift. Janneke - wanneer gaat de 's bij jou eraf? 

Dee afgelopen zes jaar heb ik onderzoek kunnen doen met patiënten 
opgenomenn op zowel afdelingen neurologie als neurochirurgie in een zeer 
groott aantal Nederlandse en Belgische ziekenhuizen. Ik ben zeer dankbaar 
voorr de sympathieke wijze waarop alle samenwerkende artsen en 
(onderzoeks-)) verpleegkundigen mij zonder problemen een blik in hun eigen 

'' gunden, om goed en volledig onderzoek te kunnen verrichten. De 
meestee van hen staan vermeld in de 'Appendix' van dit proefschrift, en ik ben 
err trots op te kunnen zeggen dat velen van hen in de loop van de jaren meer 
dann zomaar 'collegae' zijn geworden. Een klein aantal van hen wil ik speciaal 
noemen:: Dr. G.J.E. Rinkel en Mw. P. Greebe, beste Gabriel en Paut, niet 
alleenn een enorm aantal patiënten geïncludeerd maar ook altijd leerzaam en 
gezelligg in Utrecht. Drs. D. Hofstee, beste Dick, ook een flink aantal 
patiëntenn maar tevens altijd alle CRF's perfect in orde, heerlijk om met je 
samenn te werken. Dr. P.J.A.M. Brouwers, beste Paul, niet alleen in de 
stuurgroepp maar ook als onderzoeker bijzonder fijn om met je te werken. 

Dee secretaresses van H2, de medewerksters van de poli neurologie, bedankt 
voorr het vriendelijk ontvangen van telefoontjes, schrijven van brieven, etc. 
Stafledenn en assistenten van de afdeling neurologie, dank voor de 
gelegenheidd die julli e mij boden om dit proefschrift af te kunnen ronden 

Mij nn paranimfen, Drs. E.G.J. Zandbergen en Drs. F.E. de Jongh, beste 
Evelinee en Felix, julli e zijn echt fijne vrienden. 

Sophie,, Thomas: Papa komt weer eens vaker op tijd naar huis,...eindelijk... 
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Dee auteur van dit proefschrift werd op 19 november 1965 te 's Gravenhage 
geboren.. Na zijn middelbare schoolopleiding (Vwo-diploma 1984) aan het 
Aloysiuss College te 's Gravenhage, studeerde hij geneeskunde aan de 
Erasmuss Universiteit te Rotterdam (EUR). Tijdens deze studie was hij 
student-assistentt voor de vakgroep *Medische Fysica' en was hij voorzitter 
vann de *Medische Faculteits Vereniging Rotterdam' (MFVR). De speciale 
interessee voor de neurologie werd o.a. gewekt door de klinische colleges van 
Prof.. Dr. A. Staal. De co-schappen begonnen dan ook met een stage 
neurologiee (Prof. Dr. J. de Reuck) gecombineerd met neuro-ophthalmologisch 
onderzoekk (Prof.Dr. L. Crevits) te Gent, België. Het eerste onderzoek naar 
subarachnoïdalee bloedingen en het eerste contact met Prof. Dr. M. Vermeulen 
volgdee aan het eind van de co-schappen tijdens de wetenschappelijke stage. 
Naa het arts-diploma (1991) volgde een arts-assistentschap neurologie in het 
Diaconessenn Ziekenhuis te Voorburg bij J.L. van Doorn en G.J. de Jong. Na 
eenn korte AGNIO periode in het Academisch Medisch Centrum (AMC), werd 
inn 1993 middels een subsidie van de Nederlandse Hartstichting begonnen 
mett het in dit proefschrift beschreven onderzoek. Vanaf 1997 is hij in het 
AMCC in opleiding tot neuroloog (opleiders: Prof. Dr. J. Stam, R.H. ten Houten 
(stagee Medisch Centrum Alkmaar - MCA) en Prof. Dr. B.W. Ongerboer de 
Visser). . 
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Stellingen n 
behorendee by het proefschrift : 

FibrinolysisFibrinolysis and antifibrinolytic treatment 
inin aneurysmal subarachnoid haemorrhage 

1.. Antifibrinolytische therapie bij patiënten met een subarachnoidal bloeding 
werkt,, maar is niet zinvol. 

2.. Bij patiënten met een subarachnoïdale bloeding die bij opname een gedaald 
bewustzijnn hebben, verslechtert behandeling met antifibrinolytica de 
uiteindelijkee afloop. 

3.. De uitkomst van de trial met antifibrinolytica bij patiënten met een 
subarachnoïdalee bloeding toont het belang aan van het kiezen van het juiste 
eindpunt. . 

4.. Een recidief bloeding is nog altijd de belangrijkste oorzaak van een slechte 
afloopp na een subarachnoïdale bloeding. 

5.. Verbetering van de behandeling van na enkele dagen ontstane cerebrale 
ischemiee zal weinig invloed hebben op de uiteindelijke toestand van 
patiëntenn met een subarachnoïdale bloeding. 

6.. Ondanks een beleid gericht op het binnen drie dagen opereren van een 
patiëntt met een subarachnoïdale bloeding wordt slechts iets meer dan de 
helftt van de patiënten daadwerkelijk binnen deze termijn geopereerd. 

7.. De belangrijkste redenen een aneurysma operatie uit te stellen zijn niet 
logistiekk van aard, maar gerelateerd aan de toestand van de patiënt bij 
opnamee en het optreden van vroege complicaties. 

8.. De gunstige invloed van nimodipine op cerebrale ischemie bij patiënten met 
eenn subarachnoïdale bloeding berust op de fibrinolytische werking van 
nimodipine. . 

9.. Aangezien er bij acute stress juist verminderde stollingsactiviteit is, is het 
onjuistt bij spannende momenten te spreken over 'bloedstollende momenten'. 

10.. Wie in zijn beroepsleven nooit een grove fout heeft gemaakt, moet wel heel 
jongg gestorven zijn. Mr. J. Leyten 

11.. De regering doet er verstandig aan in de begroting van het komende jaar niet 
alleenn rekening te houden met de minima, doch ook met Maxima. 

12.. Wie het kind in zichzelf koestert, functioneert als volwassene beter. 

Yvoo Roos, 31 maart 2000 
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