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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] 

49 9 



Chapterr 4 

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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