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ABSTRACT

Background

Secondary ischaemia is a frequent cause of poor outcome in patients with subarachnoid haemorrhage (SAH). Its pathogenesis has been
incompletely elucidated, but vasospasm probably is a contributing factor. Experimental studies have suggested that calcium antagonists
can prevent or reverse vasospasm and have neuroprotective properties.

Objectives

To determine whether calcium antagonists improve outcome in patients with aneurysmal SAH.

Search methods

We searched the Cochrane Stroke Group Trials Register (last searched April 2006), MEDLINE (1966 to March 2006) and EMBASE (1980 to
March 2006). We handsearched two Russian journals (1990 to 2003), and contacted trialists and pharmaceutical companies in 1995 and
1996.

Selection criteria

Randomised controlled trials comparing calcium antagonists with control, or a second calcium antagonist (magnesium sulphate) versus
controlin addition to another calcium antagonist (nimodipine) in both the intervention and control groups.

Data collection and analysis

Two review authors independently extracted the data and assessed trial quality. Trialists were contacted to obtain missing information.

Main results

Sixteen trials, involving 3361 patients, were included in the review; three of the studies were of magnesium sulphate in addition to
nimodipine. Overall, calcium antagonists reduced the risk of poor outcome: the relative risk (RR) was 0.81 (95% confidence interval (Cl)
0.7210 0.92); the corresponding number of patients needed to treat was 19 (95% Cl 1 to 51). For oral nimodipine alone the RR was 0.67 (95%
Cl 0.55 to 0.81), for other calcium antagonists or intravenous administration of nimodipine the results were not statistically significant.
Calcium antagonists reduced the occurrence of secondary ischaemia and showed a favourable trend for case fatality. For magnesium in
addition to standard treatment with nimodipine, the RR was 0.75 (95% CI 0.57 to 1.00) for a poor outcome and 0.66 (95% Cl 0.45 to 0.96)
for clinical signs of secondary ischaemia.
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Authors' conclusions

Calcium antagonists reduce the risk of poor outcome and secondary ischaemia after aneurysmal SAH. The results for 'poor outcome'
depend largely on a single large trial of oral nimodipine; the evidence for other calcium antagonists is inconclusive. The evidence for
nimodipine is not beyond all doubt, but given the potential benefits and modest risks of this treatment, oral nimodipine is currently
indicated in patients with aneurysmal SAH. Intravenous administration of calcium antagonists cannot be recommended for routine
practice on the basis of the present evidence. Magnesium sulphate is a promising agent but more evidence is needed before definite
conclusions can be drawn.

PLAIN LANGUAGE SUMMARY

Calcium antagonists for aneurysmal subarachnoid haemorrhage

A subarachnoid haemorrhage is a bleed in the so-called subarachnoid space, which is the very small space between the brain and the
skull, and which contains blood vessels that supply the brain. The cause of the bleeding usually is a rupture of a bulge in one of these
vessels. This bulging or blister on a vessel is called an aneurysm. A subarachnoid haemorrhage is a relatively uncommon type of stroke; it
accounts for about one in 20 (5%) of all strokes. Subarachnoid haemorrhage often occurs at a relatively young age: half the patients are
younger than 55 years old. The outcome of patients after subarachnoid haemorrhage is generally poor: half the patients die within one
month after the haemorrhage, and of those who survive the initial month, half remain dependent on someone else for help with activities
of daily living (e.g. walking, dressing, bathing). One of the causes of poor outcome is a complication of subarachnoid haemorrhage called
secondary ischaemia (ischaemia means lack of blood). This complication occurs four to 10 days (hence secondary) after the haemorrhage.
The cause is not exactly known, but one of the factors involved is narrowing of blood vessels in the brain. Calcium antagonists are a type
of drug that block calcium channels in cells and are often used for the treatment of high blood pressure. They have also been shown to
counteract the narrowing of blood vessels after subarachnoid haemorrhage and to protect the brain against periods of ischaemia. This
review of 16 trials, involving 3361 patients, has found that the outcome after subarachnoid haemorrhage, in terms of survival and being
independentin activities of daily living, isimproved by treatment with calcium channel blockers (antagonists). If the largest trial is excluded
from the analysis, the results are no longer statistically significant, and therefore the evidence is not beyond all doubt. However, given the
high likelihood of benefits and the modest risks associated with this treatment, the review authors conclude that calcium antagonists, in
the form of oral nimodipine 60 mg every four hours, are useful in patients with subarachnoid haemorrhage from a ruptured aneurysm.
Magnesium is another calcium antagonist with promising results, but larger trials with this drug are needed before we can be certain about
a beneficial effect.
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BACKGROUND

Aneurysmal subarachnoid haemorrhage (SAH) is a subset of stroke
and has an incidence of nine per 100,000 person years (de Rooij
2006). Half the patients are younger than 55 years of age (ACROSS
2000), and around 70% of patients die or remain dependent on
help for activities of daily life as a result of the haemorrhage (Hop
1997). Patients who survive the initial hours after the haemorrhage
are at risk of deterioration from rebleeding, secondary ischaemia,
hydrocephalus and medical complications.

Secondary ischaemia occurs in one third of all patients (Brilstra
2000) and results in a poor outcome in half of the patients with
this complication (Roos 2000). Secondary ischaemia develops most
frequently between four to 10 days after the haemorrhage (Brilstra
2000). Its pathogenesis has been incompletely elucidated, but is
often attributed to narrowing of intracranial arteries. This so-called
vasospasm may result from an increase of calcium in the vascular
smooth-muscle cell (Ljunggren 1984).

Calcium antagonists reduce the influx of calcium into the cell
through blocking calcium channels. Thus, a rationale for the use
of calcium antagonists for prevention of secondary ischaemia was
based on the notion that these drugs can counteract the influx of
calcium into the vascular smooth-muscle cell, thereby decreasing
the rate of vasospasm. After their introduction into clinical
practice it was discovered that calcium antagonists also have
neuroprotective properties. Another important effect of calcium
antagonists is the induction of hypotension (Gaab 1985; McCalden
1989; Pickard 1990; Tettenborn 1990), which may counteract the
potential benefits.

Magnesium sulphate acts as a non-competitive antagonist
of voltage-dependent calcium channels, as a NMDA-receptor
antagonist, and has neuroprotective and vasodilatory properties
(van den Bergh 2004). It has been shown to reduce cerebral
vasospasm and infarct volume after experimental SAH (Ram 1991;
van den Bergh 2002). Also, hypomagnesaemia occurs in more than
50% of patients with SAH and is related to the occurrence of
secondary ischaemia (van den Bergh 2003). These observations
have led to the hypothesis that magnesium sulphate can decrease
the occurrence of secondary ischaemiain patients with aneurysmal
SAH.

Several trials with nimodipine and other calcium antagonists have
been performed in patients with SAH. In recent years magnesium
sulphate has been added to the list of calcium antagonists that
have been tested. The aim of this review is to assess the available
evidence on calcium antagonists, including magnesium sulphate,
in patients with aneurysmal SAH.

OBJECTIVES

To determine:

(1) whether calcium antagonists improve outcome in patients with
aneurysmal SAH;

(2) whether calcium antagonists reduce the rate of secondary
ischaemia;

(3) the effects of calcium antagonists on rebleeding after
aneurysmal SAH;

(4) the efficacy of each calcium antagonist separately on outcome,
occurrence of secondary ischaemia and occurrence of rebleeding;

(5) the effect of various regimens of nimodipine administration on
secondary ischaemia and outcome after aneurysmal SAH;

(6) whether magnesium-sulphate, in addition to nimodipine,
improves outcome, reduces the rate of secondary ischaemia and
affects the rate of rebleeding after aneurysmal SAH.

METHODS

Criteria for considering studies for this review
Types of studies

We sought to identify all unconfounded randomised trials
comparing any calcium antagonist with control in patients
with aneurysmal SAH. Trials where intervention and control
groups received a calcium antagonist (nimodipine) and patients
were randomised to receive either a second calcium antagonist
(magnesium sulphate) or placebo were also included. We excluded
uncontrolled studies, as well as quasi-randomised controlled trials
where allocation to treatment or control group was not concealed
(e.g. allocation by alternation, open random number list, date of
birth, day of the week, or hospital number), since foreknowledge
of treatment allocation might lead to biased treatment allocation
(Schulz 1995).

Types of participants

Patients of any age and either gender with SAH documented by
either computerised tomography (CT) scan or cerebrospinal fluid
examination were included in the analysis. A ruptured cerebral
aneurysm should be proven, preferably by angiography, or at least
be highly likely, judged by the pattern of haemorrhage on the CT
scan. The patients could be in any clinical condition before the start
of study treatment.

Types of interventions

Treatment with any calcium antagonist, including magnesium
sulphate, versus control, or with a second calcium antagonist
(magnesium sulphate) versus control in addition to a calcium
antagonist (nimodipine) in both groups, starting within 10 days of
SAH onset. Trials in which treatment was started only after the
onset of symptoms from secondary ischaemia were not included.

Types of outcome measures

The primary outcome measurement was poor outcome (death or
dependence on help for activities of daily life), assessed within six
months after the haemorrhage.

Other outcome measurements were:

« case fatality;

« secondary ischaemia (clinical signs of cerebral ischaemia, as
well as CT-documented cerebral infarction alone);

« rebleeding within six month of SAH;
« adverse effects of the treatment.

Since most studies provided an imprecise definition of secondary
ischaemia, we used the number of patients with secondary
ischaemia as given by the authors of the trials included in the
review. We did not adjust these numbers to a predefined definition
of secondary ischaemia (van der Schaaf 2002). Poor outcome
(death or dependency) was based on the information provided by
the trial authors.

Calcium antagonists for aneurysmal subarachnoid haemorrhage (Review)
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Search methods for identification of studies

See: 'Specialized register' section in Cochrane Stroke Group

We searched the Cochrane Stroke Group Trials Register, which was
last searched by the Review Group Co-ordinator in April 2006. In
addition, we searched MEDLINE (1966 to May 2006) and EMBASE
(1980 to May 2006) (Appendix 1).

We searched the reference lists of all relevant trials and contacted
stroke trialistsin an effort to identify further published, ongoing and
unpublished studies.

For previous versions of this review, we handsearched two Russian
neurological and neurosurgical journals (Zhurnal Nevropatologii
i Psikhiatrii Imeni SS Korsakova and Terapevticheskii arkhiv)
from 1990 to 2003. In 1995 and 1996, we also contacted 18
pharmaceutical companies asking them to provide any other
relevant randomised controlled trials, published or unpublished.
Sixteen of the 18 companies replied to our request: Bayer AG,
Synthelabo Pharmacie, Sandoz BV, Astra, Bristol-Myers Squibb,
WYETH, Boehringer Ingelheim, Pfizer BV, Akzo Nobel, Centocor
BV, Schering Nederland BV, Yamanouchi Europe BV, Amersham
Healthcare, Parke-Davis, Zambon Nederland BV, and UCB Pharma
BV.

Data collection and analysis
Data extraction and trial quality assessment

Two review authors independently extracted details of
randomisation methods, blinding of treatments and outcome
assessments. We aimed to extract from each trial the outcome
assessments at the end of follow up for all patients who were
originally allocated to each treatment group to perform an
intention-to-treat analysis. On the basis of the extracted data the
review authors decided whether intention-to-treat analysis was
possible from the published data, and whether treatment groups
were comparable with regard to major prognostic risk factors for
outcome, the number of patients who were excluded or lost to
follow up, definition of outcome events, and entry and exclusion
criteria. In addition, we recorded study drug dose, route and
timing of the drug administration, type and timing of aneurysm
treatment, duration of follow up, number of deaths, severe
disability, CT-documented infarction, episodes of rebleeding,
whether angiography was performed before randomisation,
and adverse effects of study drugs. Functional outcome was
dichotomised into poor outcome (death or dependency for daily
activities) and good outcome (independent for daily activities)
based on the information of the individual trials. For the trials
of magnesium sulphate we recorded whether study medication
was given in addition to another calcium antagonist (nimodipine)
or not. If patients were excluded or lost to follow up after
randomisation (trials with so-called explanatory analysis) or if any
of the above data were not available from the publications, we
sought further information by contacting the trialists to allow an
intention-to-treat analysis. If the data about patients who were
excluded or lost to follow up remained unavailable, a decision
whether to include this particular trial in the review was made by
all review authors. Quality of allocation concealment was rated
as follows: A - adequate, double-blinded treatment concealment;
B - unknown whether treatment concealment was adequate, C
- single-blinded or no blinding of treatment concealment for
outcome assessment.

Data analysis

We based the primary analyses on the intention-to-treat results
(if available) of the individual trials, for 'poor outcome' (death
or dependence on help for activities of daily life), and for
case fatality. We calculated an estimate of the treatment effect
across trials (relative risk (RR) with a 95% confidence interval
(CI)) using standard methods. We also calculated absolute risk
reductions and numbers needed to treat. To quantify inconsistency
across trials, we used the I-squared statistic, which describes
the percentage of the variability in effect estimates that is due
to heterogeneity. A value greater than 50% may be considered
substantial heterogeneity.

If primary analyses suggested a beneficial effect, secondary
analyses were performed according to the worst-case-scenario
method. A worst-case-scenario analysis assumes that those
patients who had been excluded or lost to follow up in the
treatment group have the worst possible outcome while those
patients who had been excluded or lost to follow up in the
control group have the best possible outcome. If the effects of
primary and secondary meta-analyses were of the same direction
and magnitude, we could make a definitive conclusion regarding
the treatment effectiveness, otherwise no definitive conclusion
was made. Worst-case-scenario analysis was also performed if
efficacy was found for the prevention of clinical events, but not for
para-clinical outcome measurements, such as cerebral infarction
documented by CT scan, since para-clinical outcomes are usually
assessed in patients with a clinical deterioration only.

After previous versions of this review were published, new trials
of magnesium sulphate have been performed. Since nimodipine is
now the standard treatment in many countries, trials have been
performed with magnesium sulphate in addition to a standard
regimen with another calcium antagonist (nimodipine). Therefore,
studies that assessed magnesium sulphate in the absence of
another calcium antagonist (nimodipine) were included in the
main analysis; studies that assessed magnesium sulphate in
the presence of another calcium antagonist (nimodipine) were
analysed separately.

Additional pre-specified analyses were based on:

(1) the methodological quality of the trials (exclusion of trials in
which blinding for treatment allocation or outcome assessment
was not performed or reported);

(2) the time between SAH and randomisation (exclusion of trials
enrolling patients after four days);

(3) the time of the outcome assessment;

(4) separate assessment of the efficacy of each agent and route of
administration;

(5) exclusion of the largest trial.

To test for a difference between subgroups, the Deeks method was
used (Deeks 2001).

RESULTS

Description of studies

We identified 27 trials of treatment with calcium antagonists in
patients with subarachnoid hemorrhage: 20 trials of any calcium
antagonist versus placebo (Allen 1983; Cabral 1991; Cadoux-
Hudson 1999; Ferro 1990; Haley 1993; Han 1993; Islekel 1999;
Jan 1988; Luo 1996; Maldonado 1990; Messeter 1987; Neil-Dwyer
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1987; Ohman 1991; Petruk 1988; Philippon 1986; Pickard 1989;
Shibuya 1992; Wang 1995; Xie 1994; Zhu 2001); and seven trials
of magnesium sulphate in addition to nimodipine (IMASH; MASH-
II; Prevedello 2006; van den Bergh 2005; Veyna 2002; Wong 2006;
Zhu 1996). The trials were performed between 1983 and 2006.
Sixteen of these 27 trials were included in the review, including
three trials of magnesium sulphate in addition to nimodipine
(Veyna 2002; van den Bergh 2005; Wong 2006). Details of these
trials are given in the 'Characteristics of included studies' table.
The other 11 trials were excluded for the following reasons: two
trials of nimodipine were excluded because nimodipine was started
only after the development of secondary ischemia (Jan 1988, 188
patients) or after vasospasm (Zhu 1996, 84 patients); four trials
totalling 561 patients were excluded because allocation to the
treatment and control groups was not randomised (Islekel 1999;
Maldonado 1990; Wang 1995) or the allocation to the treatment
or control groups was not concealed (Prevedello 2006); another
trial of magnesium sulphate was excluded because it was not a
randomised trial (Cadoux-Hudson 1999); one trial of 30 patients
was excluded because outcome was given only for those patients
with secondary ischaemia (Cabral 1991); and another study with 32
patients was excluded because there were no data on any of the
outcome measures (Xie 1994). Two trials of magnesium in addition
to nimodipine, both aiming to include several hundreds of patients,
are presently ongoing (IMASH; MASH-II).

Size of the trials and treatment modes

The meta-analysis included 16 studies with a total of 3361 patients
(1665 in the treatment group and 1696 in the control group). In
three trials, with 383 patients, magnesium sulphate versus placebo
was studied in addition to nimodipine. The number of patients per
trial ranged from 20 (Messeter 1987) to 906 (Haley 1993). The mean
ages of the patients ranged from 44 to 56 years. In 13 trials, the
study treatment was started within four days after onset of SAH; in
three trials it was started within 10 days after onset of SAH (Haley
1993; Han 1993; Ohman 1991). In these three trials, drug therapy
was started in 69% to 86% patients within three days after the most
recent SAH.

Nimodipine was given orally every four hours in a total daily dose
of 360 mg in five trials (593 treatment group patients including
246 patients who received oral medication after seven to 10 days
of continuous intravenous infusion) (Han 1993; Neil-Dwyer 1987;
Ohman 1991; Philippon 1986; Pickard 1989), in a total daily dose
of 540 mg in one trial (91 patients) (Petruk 1988), and in a total
daily dose of 2.1 mg/kg in another trial (58 patients) (Allen 1983). In
one small study (Messeter 1987), 13 patients received a continuous
intravenous infusion of nimodipine in a dose of 2 mg/hour. One
study first administered nimodipine five to eight drops per minute
of 10 mg per 50 ml solution for eight to 10 hours daily intravenously
for 15 days, followed by 90 mg orally for another 15 days (exact
dosage in mg unknown) (Zhu 2001). In two trials where nimodipine
was given orally or through a continuous intravenous infusion (95
patients), this drug was also administered intraoperatively into
the basal cisterns near the exposed arterial segments (Messeter
1987; Neil-Dwyer 1987). Duration of the nimodipine treatment was
21 days in all trials but two. In one trial (Messeter 1987), the
treatment duration was at least nine days whereas the overall
treatment period was not specified, in another trial the treatment
period was 30 days (Zhu 2001). There were two trials of nicardipine
treatment after aneurysmal SAH; one trial with oral nicardipine
three doses of 60 mg per day for 21 days (Ferro 1990) and one

with intravenous nicardipine 0.15 mg/kg/hr for 14 days after the
SAH (Haley 1993). Another trial studied AT877 given in three doses
of 30 mg intravenously per day for 14 days (Shibuya 1992). One
study assessed magnesium sulphate versus control in the absence
of another calcium antagonist as standard treatment; in this study
magnesium was given intravenously, 25 mgin 500 cc of 5% glucose,
20 to 40 drops per minute, one to two times a day for two to three
weeks (exact dosage in mg unknown) (Luo 1996).

In all three trials where patients were randomised to receive
either magnesium sulphate or placebo in addition to standard
nimodipine treatment, magnesium sulphate was administered
intravenously (Veyna 2002; van den Bergh 2005; Wong 2006). One
trialused a bolusinfusion of 6 g followed by continuous infusion at 2
g/hour for 10 days and dosage adjustments were made to maintain
magnesium levels between 4 and 5.5 mg/dl| (between 1.7 and 2.3
mmol/L). Patients in the placebo group received routine infusions
of magnesium sulphate if serum magnesium was less than 2 mg/
dl (0.8 mmol/L) (Veyna 2002). A second trial used magnesium
sulphate 64 mmol/day continuously for 14 days after occlusion of
the aneurysm or for 18 days after the SAH (van den Bergh 2005); a
third trial used a bolus injection of 20 mmol followed by 80 mmol
magnesium sulphate per day continuously for 14 days (Wong 2006).

Aneurysm treatment

In 11 of the 13 trials of calcium antagonists versus placebo,
the aneurysm was treated by surgical clipping; in six trials, the
aneurysm was clipped in all patients, in the other five trials 30%
to 60% of patients had their aneurysm clipped. Two studies did
not mention the method of aneurysm treatment (Luo 1996; Zhu
2001). In the three trials of magnesium sulphate versus placebo
in addition to nimodipine, aneurysms were treated with surgical
clipping (52% to 66% of all patients) as well as endovascular coiling
(24% to 28% of all patients) (van den Bergh 2005; Veyna 2002; Wong
2006). In none of these three trials were results given separately
according to the way the aneurysm was occluded.

Inclusion and exclusion criteria

In 2741 (82%) of the patients, aneurysms were confirmed by
angiography or autopsy. In three trials angiography was not
mandatory before randomisation; in one of these two trials an
aneurysm was demonstrated by angiography or autopsy in 77%
of patients (Neil-Dwyer 1987), in the other trial in 66% of patients
(Pickard 1989). One trial included patients with an aneurysmal
pattern on CT scan, and in the absence of an aneurysmal pattern
on CT an aneurysm had to be confirmed by angiography (van den
Bergh 2005); another trial included patients with a SAH on CT scan,
without further specification (Luo 1996). Five trials (Allen 1983; Han
1993; Messeter 1987; Ohman 1991; Philippon 1986) enrolled only
patientsin good or fairly good clinical condition on admission (Hunt
and Hess grades | to Ill).

Outcome measures and follow-up duration

In 10 trials poor outcome (death or dependence) was assessed
at one to six months. Two trials measured functional outcome as
early as after three weeks when most patients with aneurysmal
SAH are still hospitalised and complications may still supervene
(Ferro 1990; Philippon 1986). One trial report did not specify case
fatality separately from poor outcome (Philippon 1986). Duration
of follow up was 21 days in three trials (Allen 1983; Ferro 1990;
Philippon 1986); duration of hospital stay in one trial (Luo 1996),
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one month in two trials (Shibuya 1992; Zhu 2001); two months in
one trial (Messeter 1987); three months in six trials (Haley 1993;
Neil-Dwyer 1987; Petruk 1988; Pickard 1989; van den Bergh 2005;
Veyna 2002), three to six months (mean duration 114 days) in one
trial (Han 1993); six months in one trial (Wong 2006), and at six
months and also at one to three years in one trial (Ohman 1991).

Data on secondary ischaemia (ischaemic neurological deficit by
clinical criteria or CT-scan-documented cerebral infarction) were
available forall 16 trials included in the analysis. Rebleeding during
the follow-up period was reported in nine studies (Allen 1983;
Ferro 1990; Haley 1993; Neil-Dwyer 1987; Petruk 1988; Pickard 1989;
Shibuya 1992; Zhu 2001; van den Bergh 2005).

Risk of bias in included studies
Method of randomisation and data analysis

Six trials used envelopes (sealed, opaque, and sequentially
numbered) as the method of randomisation (Haley 1993; Han 1993;
Neil-Dwyer 1987; Ohman 1991; Petruk 1988; Wong 2006). In five
trials (Allen 1983; Ferro 1990; Messeter 1987; Shibuya 1992; van
den Bergh 2005), numbered or coded containers administered
sequentially to the enrolled participants were used to randomise
patients to either the treatment or control group. In one trial
(Pickard 1989), patients were randomised by means of separate
randomisation lists (type unspecified) for each centre, balanced in
blocks of four. In four trials the exact method of randomisation was
not specified (Luo 1996; Philippon 1986; Veyna 2002; Zhu 2001).

Outcome assessment and comparability of the treatment
groups

A double-blind placebo-controlled design was used in 12 of the
16 trials. In one trial outcome assessment was unblinded (Veyna
2002), and for another it remained unknown whether the outcome
assessment was blinded (Han 1993). Two studies did not use a
placebo and did not mention whether outcome assessment was
blinded (Luo 1996; Zhu 2001). Data on outcome were incomplete
in seven of the 16 included studies, mostly because patients with a
different diagnosis or other protocol violations had been excluded
from the analysis after randomisation (Allen 1983; Ferro 1990; Haley
1993; Petruk 1988; Philippon 1986; Shibuya 1992; Veyna 2002). The
number of patients without data on follow up totalled 47 for the
treatment group (5.7% of all patients in the treatment group of
the seven trials with incomplete follow up, and 2.8% for all 16
trials); this number was 38 for the control group (4.5% of the control
patients in the seven trials with incomplete follow up, and 2.2% for
all 16 trials). Treatment and control groups were well balanced for
major prognostic factors in 14 of the trials; two trials did not give
information on baseline characteristics other than age and gender
(Luo 1996; Zhu 1996).

Effects of interventions
Comparison 01: Poor outcome (death or dependence)
Calcium antagonists versus placebo

Nine trials adequately reported functional outcome within six
months after the SAH, totalling 2589 patients (Ferro 1990; Haley
1993; Han 1993; Neil-Dwyer 1987; Ohman 1991; Petruk 1988;
Philippon 1986; Pickard 1989; Shibuya 1992) (Comparison 01.01).
The relative risk (RR) for poor outcome (death or dependency) was
0.81 (95% confidence interval (ClI) 0.72 to 0.92). The absolute risk

reduction was 5.3%; the corresponding number of patients needed
to treat to benefit (NNTB) to prevent a single poor outcome event
was 19 (95% ClI 1 to 51).

In a sensitivity analysis for trials of good methodological quality,
we excluded four of the seven trials: one in which the method of
blinding treatment allocation was not reported (Han 1993), and
three in which it was uncertain whether assessment of outcome
was blinded (Ferro 1990; Petruk 1988; Philippon 1986). The
estimated effect without these trials was essentially unchanged (RR
0.74; 95% CI 0.62 to 0.90). The RR was just no longer statistically
significant in the worst case scenario (RR 0.92; 95% CI 0.81 to 1.03)
or when the largest trial (Pickard 1989) was excluded from the
analysis (RR 0.88,95% CI 0.77 to 1.03).

When two trials that reported on outcome as early as 21 days (Ferro
1990; Philippon 1986) were excluded, the RR remained essentially
the same (RR 0.82,95% CI1 0.72 to 0.93).

Also a subgroup analysis of patients admitted within four days
of SAH, with the exclusion of three trials in which patients were
randomised until seven days after the SAH (Haley 1993; Han 1993;
Ohman 1991), did not appreciably change the result (RR 0.71;
95% Cl 0.63 to 0.80). Analysis for poor outcome according to type
of calcium antagonist and route of administration showed that
the results are statistically significant only for oral administration
of nimodipine (RR 0.67, 95% Cl 0.55 to 0.81). For the trials that
administered nimodipine first intravenously and then orally, no
statistically significant effect was found (RR 0.85; 95% Cl 0.57
to 1.28). For the other calcium antagonists, the results were
inconclusive: in the AT877 trial the relative risk for poor outcome
was 0.84 (95% Cl 0.57 to 1.23); for the trial of intravenous
nicardipine 0.97 (95% Cl: 0.78 to 1.20); and for one very small trial
of oral nicardipine 1.31 (95% Cl 0.58 to 2.95) (Comparison 01.01).

Comparison 01.02 shows poor outcome according to the timing
of outcome assessment. There were no statistical differences
between the subgroups of different calcium antagonists (P =
0.43) or between the subgroups according to timing of outcome
assessment (P = 1.0) as determined by the Deeks method (Deeks
2001).

Magnesium sulphate versus placebo in addition to nimodipine

Data on poor outcome were available for all three trials totalling
379 patients (Wong 2006; van den Bergh 2005; Veyna 2002)
(Comparison 01.03). The relative risk for poor outcome was
borderline statistically significant: RR 0.75 (95% CI 0.57 to 1.00).
The absolute risk reduction was 9% and the NNTB 11 (95% CI 5 to
infinity). In the worst-case analysis the relative risk was 0.77 (95%
Cl 0.58 to 1.03), and after exclusion of one methodologically poor
trial (Veyna 2002) the relative risk was 0.76 (95% Cl 0.56 to 1.03).

Comparison 02: Case fatality
Calcium antagonists versus placebo

Case fatality was adequately reported in 11 trials totalling 2775
patients (Allen 1983; Ferro 1990; Haley 1993; Han 1993; Messeter
1987; Neil-Dwyer 1987; Ohman 1991; Petruk 1988; Pickard 1989;
Shibuya 1992; Zhu 2001) (Comparison 02.01). For all studies, the
relative risk was 0.87 (95% Cl 0.73 to 1.02). Case fatality according
to timing of outcome assessment yielded similar results: for studies
with outcome assessment within one month after the SAH the
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relative risk was 0.57 (95% CI 0.33 to 1.00), and for studies with
outcome assessment up to six months the relative risk was 0.91
(95% CI0.76 to 1.08) (Comparison 02.02). When poor quality studies
(Han 1993; Petruk 1988; Zhu 2001) were excluded the result was just
statistically significant (RR 0.82, 95% CI 0.67 to 0.99), as when three
studies were excluded that randomised patients up to seven days
after the SAH (Haley 1993; Han 1993; Ohman 1991) (RR 0.76, 95%
Cl 0.61 to 0.95). For separate drugs and routes of administration,
the results were all not statistically significant, the relative risk for
oral nimodipine was 0.80 (95% CI 0.63 to 1.03) (Comparison 02.01).
There were no statistical differences between the subgroups of
different calcium antagonists (P = 1.0) or between the subgroups
according to timing of outcome assessment (P = 0.84).

Magnesium sulphate in addition to nimodipine

Case fatality was adequately reported in all three trials totalling 379
patients (van den Bergh 2005; Veyna 2002; Wong 2006) (Comparison
02.03). The relative risk was 0.93 (95% CI 0.61 to 1.41) for all studies,
and when one poor quality study (Veyna 2002) was excluded it was
0.89 (95% CI 0.58 to 1.37).

Comparison 03: Secondary ischaemia
Calcium antagonists versus placebo

Data on clinical signs of secondary ischaemia were available for
11 trials (2303 patients) (Allen 1983; Ferro 1990; Haley 1993; Han
1993; Luo 1996; Messeter 1987; Neil-Dwyer 1987; Ohman 1991;
Petruk 1988; Philippon 1986; Shibuya 1992) (Comparison 03.01).
The pooled relative risk was statistically significant: 0.66 (95%
Cl 0.59 to 0.75). Data on CT-confirmed cerebral infarction were
available in eight trials totalling 1830 patients (Ferro 1990; Haley
1993; Luo 1996; Ohman 1991; Petruk 1988; Pickard 1989; Shibuya
1992; Zhu 2001) (Comparison 03.03). The relative risk for CT-
confirmed infarction was 0.78 (95% CI 0.70 to 0.87). The absolute
risk reduction was 14% for clinical signs of secondary ischaemia
and 11% for infarction on CT. The corresponding numbers needed
to treat were seven patients (95% CI 6 to 10) to prevent a clinical
episode of secondary ischaemia, and nine patients (95% Cl 6 to 15)
to prevent a CT-confirmed infarct. Also in the worst-case scenario
analyses the relative risk for clinical signs of secondary ischaemia
was statistically significant (RR 0.78; 95% CI 0.70 to 0.87), and also
when poor quality studies were excluded (RR 0.66, 95% CI 0.58 to
0.76) or after exclusion of three studies that included patients up
to seven days after the SAH were excluded (Haley 1993; Han 1993;
Ohman 1991) (RR 0.57, 95% CI 0.45 to 0.72). For oral nimodipine
separately, the relative risk for a clinical episode of secondary
ischaemia was 0.64 (95% CI 0.49 to 0.83), and for a CT-confirmed
infarct 0.71 (95% Cl 0.57 to 0.89). Analyses by other routes of
administration of nimodipine showed no significant differences for
the protective effect on secondary ischaemia.

Nicardipine (RR 0.69, 95% CI 0.59 to 0.82), AT877 (RR 0.70, 95%
Cl 0.52 to 0.95) and magnesium sulphate (RR 0.29, 95% CI 0.06
to 0.87) yielded statistically significant results for clinical signs of
secondaryischaemia. There were no statistical differences between
the subgroups of different calcium antagonists for occurrence of
secondary ischemia (P =0.73).

Magnesium sulphate in addition to nimodipine

Data on clinical signs of secondary ischaemia were available for
all three trials, totalling 379 patients (van den Bergh 2005; Veyna

2002; Wong 2006) (Comparison 03.02). The relative risk was 0.66
(95% Cl1 0.45 to 0.96). The absolute risk reduction was 11% and the
corresponding NNTB 11patients (95% CI 6 to 108). The results were
essentially the same in the worst-case scenario (RR 0.68, 95% Cl
0.46 t0 0.98) and when one poor quality study was excluded (Veyna
2002), RR 0.62 (95% CI 0.41 to 0.93). Data on infarction on CT or
magnetic resonance imaging (MRI) scan were not available.

Comparison 04: Rebleeding
Calcium antagonists versus placebo

Data were available in eight studies totalling 2215 patients (Allen
1983; Ferro 1990; Haley 1993; Neil-Dwyer 1987; Petruk 1988; Pickard
1989; Shibuya 1992; Zhu 2001) (Comparison 04.01). There was a
statistically significant reduction in the frequency of rebleeding
among patients allocated to calcium antagonist treatment: RR 0.75
(95% Cl 0.57 to 0.98). The absolute risk reduction was 3% and the
corresponding NNTB 39 (95% Cl 21 to 431). There were no statistical
differences between the subgroups of different calcium antagonists
(P=0.72).

Magnesium sulphate in addition to nimodipine

Data on rebleeding were available for one trial totalling 283
patients, with a relative risk of 1.09 (95% Cl 0.62 to 1.92) (van den
Bergh 2005) (Comparison 04.01).

Adverse effects
Calcium antagonists versus placebo

Adverse effects were reported in six of the 13 trials (Allen 1983;
Haley 1993; Petruk 1988; Philippon 1986; Pickard 1989; Shibuya
1992 ), but the actual number of patients with adverse events
was available only in two nimodipine trials (Petruk 1988; Pickard
1989) and in one nicardipine trial (Haley 1993). Two reports (Allen
1983; Philippon 1986) stated that there were no side effects or
adverse reactions attributable to nimodipine. No serious adverse
effects have been reported with AT877 given intravenously (30 mg
over 30 minutes, three times a day) (Shibuya 1992). In the two
nimodipine trials with actual numbers of serious adverse events,
hypotension was reported in 2.1% of nimodipine treated patients
and in 1.4% of controls, and reversible dysfunction of the liver/
biliary system in 1.4% of nimodipine treated patients and in 1.8%
of controls. All other reported adverse events had occurred in only
one or two patients. Nicardipine treatment was associated with
hypotension (34% versus 5% in controls), phlebitis at the injection
site (22% versus 5% in controls), and with pulmonary oedema in
combination with azotemia (6% versus 2% in controls).

Magnesium sulphate in addition to nimodipine

Two studies reported on adverse effects. In one study none
of the patients had a serious adverse event, three patients
reported a warm feeling during the start of study drug infusion,
and another patient receiving magnesium sulphate complained
of pain during injection (Wong 2006). Another study reported
no serious side effects, but mentioned that in the treatment
group eight patients discontinued study medication because of
side effects (hypotension 1, bradycardia 2, atrial fibrillation 1,
hypermagnesaemia 3, renal failure 1) versus two patients in the
control group (phlebitis 1, intracranial haematoma 1) (van den
Bergh 2005).
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Statistical homogeneity

The assumption of statistical homogeneity between studies
was not violated in any of the main analyses. However, in
some sub-analyses the |-squared statistic was higher than 50%
(oral nimodipine in analyses for poor outcome, case fatality
and infarction on CT, intravenous nimodipine followed by oral
administration in analyses for case fatality and infarction on
CT, outcome assessment at 21 days and at three months in
poor outcome analysis) and sensitivity analyses (worst outcome
analyses for poor outcome, clinical signs of secondary ischaemia
and rebleeding).

DISCUSSION

Effect of prophylactic calcium antagonists on clinical
outcome and secondary ischaemia

Calcium antagonists versus placebo

Our aggregation of all calcium antagonist trials suggests a
reduction of poor outcome (defined as death or dependency in
activities of daily life) after SAH, though the reduction of case
fatality alone is not statistically significant. In addition, calcium
antagonists reduce the frequency of secondary ischaemia; this
is probably the most likely intermediate factor through which
calcium antagonists exert their beneficial effect on outcome. The
data also indicate that oral nimodipine improves the overall
outcome, in agreement with the conclusions of previous overviews
(Barker 1996; Mascio 1994; Robinson 1990; Tettenborn 1990). There
is no evidence that nimodipine or other calcium antagonists
improve outcome when given intravenously. In the worst-case-
scenario analysis and after exclusion of the largest trial with
oral nimodipine, the benefit in terms of reduction in 'poor
outcome' is no longer statistically significant, which implies that
the benefits of nimodipine are not beyond all reasonable doubt.
Also, there was statistical heterogeneity between the studies for
oral nimodipine and the beneficial effect on poor outcome for
oral nimodipine was mainly based on one large study (Pickard
1989). Another issue that must be addressed is that in none of
these studies were aneurysms treated by endovascular coiling,
so strictly there is no information on calcium antagonist therapy
in patients treated with this technique. Nevertheless, since the
point estimates remain essentially the same in the sensitivity
analyses, our data strongly suggest that oral nimodipine (60 mg
every four hours) is efficacious as initial treatment in patients
with aneurysmal SAH. Intravenous administration of calcium
antagonists, which is more expensive and has a substantial risk
of induced hypotension (Haley 1993), cannot be recommended on
the basis of the present evidence. However, the lack of statistical
significance of intravenous calcium antagonists could be part
due to the small number of patients studied with this strategy.
For magnesium in addition to nimodipine, the results of this
meta-analysis are very promising. The relative risk for both poor
outcome and the occurrence of clinical secondary ischemia were
statistically significant, and the relative risk for case fatality showed
a favourable trend. However, the number of included patients is
small and these results need to be confirmed by larger trials, of
which two are currently being conducted (IMASH; MASH-I1).

Effect of calcium antagonists on rebleeding

Our data suggest that the use of calcium antagonists in
patients with SAH is not associated with an increased frequency

of rebleeding; in contrast, we found a statistically significant
reduction in the rate of rebleeding. This reduction is independent
from the clinical condition on admission of patients and from
the type of calcium antagonists used, but it may well be a
confounding effect through the protection against ischaemia,
which allows earlier operation. Only one magnesium study
reported on rebleeding and the result is inconclusive.

Adverse effects

In the current review, dose-related effects of calcium antagonist
drugs other than nimodipine could not be addressed because of
the lack of sufficient data. In a randomised double-blind dose-
comparing study of nicardipine (Haley 1994), the benéeficial clinical
effects of high-dose (0.15 mg/kg/hr) and low-dose (0.075 mg/kg/
hr) intravenous nicardipine treatment were virtually equivalent,
but administration of low-dose nicardipine was attended by fewer
serious side effects. Similar results have been obtained in another
dose-ranging study (Massiou 1992) where the tolerability of four
doses of intravenous nicardipine (0.03, 0.08, 0.11, and 0.15 mg/
kg/hr) was assessed. A dose escalating open clinical trial (Shibuya
1990) comparing various doses of AT877 has indicated that AT877
has its most favourable effects at a dosage of 90 mg per day. Two
of the magnesium studies reported adverse effects; there were no
serious adverse effects.

Methodological issues of the present overview

We have examined all randomised controlled trials in which any
type of calcium antagonist was compared with control in patients
with SAH. The trials were comparable with respect to study
design and selection of patients, and most had a well-balanced
distribution of prognostic factors for poor outcome between
treatment and control groups, which adds to the validity of the
results. Sensitivity analyses showed that the beneficial results in
terms of risk reduction for poor outcome were robust in that the
results did not appreciably change after exclusion of trials with
questionable blinding or trials with randomisation of patients more
than four days after SAH, or after inclusion of trials with very late
enrolment or very early assessment. The benefits were no longer
statistically significant when a worst-case-scenario analysis was
applied to patients who had been randomised but not accounted
for in the published reports, because of erroneous diagnosis or
protocol violations.

Since the mechanisms of action differ for the calcium antagonists
included in the review, we separately assessed the efficacy of
each drug. The reason for including AT877 in the overview on
calcium antagonists was that, apart from protein kinase inhibiting
properties (Seto 1995), this drug has also an intracellular calcium
antagonist action (Satoh 1992; Takizawa 1993).

AUTHORS' CONCLUSIONS

Implications for practice

Based on our conclusions, we recommend oral nimodipine (60
mg every four hours, to be continued for three weeks) as
standard treatment in patients with aneurysmal subarachnoid
haemorrhage. Although the evidence about the beneficial effect of
nimodipine is not beyond all doubt, and is mainly based on one
large study where aneurysms were treated with surgical clipping,
we recommend oral nimodipine given the potential benefits and
modest risks associated with it. Intravenous administration of
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calcium antagonists is more expensive and potentially hazardous
in view of hypotensive effects, and is therefore not recommended.
There is no evidence that nicardipine or AT877 has a significant
effect on functional outcome after aneurysmal subarachnoid
haemorrhage.

Implications for research

Given that the evidence for the protective effect of calcium
antagonists against secondary ischaemia and poor outcome after
aneurysmal subarachnoid haemorrhage is no longer statistically
significant after exclusion of a single large trial with oral
nimodipine, and that most studies have been performed in the
era before coiling was available, further placebo-controlled trials
of oral nimodipine could provide a more definitive conclusion.
In practice, the support for a confirmatory study is bound to
be modest. Even on the assumption that the benefits of oral
nimodipine after SAH are beyond any doubt and are also valid
in patients with aneurysm occlusion by means of coiling, there
are other unresolved issues: the advantages and disadvantages
in patients in poor clinical condition on admission or in patients
with established cerebral ischaemia, the optimal dose, the optimal

time window, and the question whether other types of calcium
antagonists offer better protection. Magnesium sulphateis a potent
calcium antagonist and a promising agent in patients with SAH;
further trials are needed and under way.
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* Indicates the major publication for the study

Methods
ipants

Blinding: partly double-blind design

Method of randomisation: numbered or coded containers administered sequentially to enrolled partic-

Analysis: after exclusion of protocol violations (9 of 125 patients)
Post-randomisation exclusions: 2 of 58 patients in treatment and 3 of 63 patients in control group

Definition of outcomes: stated

Participants
Rx: 58 (male to female ratio 0.6)

Controls: 63 (male to female ratio 0.5)

Age range: 17 to 79 years

Location: 5 university centres from the USA and Canada

Entry criteria: documented aneurysmal SAH by either CT scan or CSF examination, and angiography;
SAH within 96 hours of the start of nimodipine treatment; Hunt and Hess grade | or Il just before the

start of medication

Timing of surgery: within 14 days of entry (not further specified)
Comparability of treatment groups: good for major prognostic factors

Interventions
day) for 21 days

Rx: gelatin capsules containing nimodipine (0.7 mg/kg initially and followed by 0.35 mg/kg 6 times per

Controls: gelatin capsules containing placebo for 21 days

Outcomes Clinical outcomes: development of a neurological deficit from cerebral arterial spasm, and the severity
of the deficit after 21 days of treatment (including death)
Additional measures: CT scan rankings according to neurological outcome; quantitative assessment of
the severity of vasospasm by angiography; evaluation of the concentration of nimodipine in CSF and
blood at the time of surgery and the hemodynamic effects

Notes Exclusion criteria: neurological deficit on entry
Follow-up duration: 21 days
Adverse effects: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment? Low risk A - Adequate
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Ferro 1990

Methods

Method of randomisation: numbered containers administered sequentially to enrolled participants
Blinding: double-blind treatment; masking of outcome assessment not stated

Analysis: on-treatment analysis

Post-randomisation exclusions: 2 (both from Rx group) because of incorrect diagnosis (no SAH)
Definition of outcomes: stated

Participants

Location: Portugal

Rx: 28 (male to female ratio 0.6)

Controls: 20 (male to female ratio 1.2)

Age range: 21 to 69 years (mean 51 years)

Entry criteria: age 21 to 69 years, SAH within 96 hours of onset confirmed by CT scan or CSF examina-
tion or both

Timing of surgery: after the seventh day of SAH onset (16 of 28 Rx group patients and 8 of 20 controls
had aneurysm surgery)

Comparability of treatment groups: fairly good for major prognostic factors

Interventions

Rx: nicardipine (60 mg) orally daily every 8 hours for 21 days

Controls: placebo orally every 8 hours for 21 days

Steroids and phenobarbital were given to all patients; symptomatic vasospasm was managed with vol-
ume expansion therapy

Outcomes Clinical outcomes: death, rebleeds, delayed cerebral ischaemia, and modified Rankin scale at 21 days
after SAH
Additional measurements: severity of angiographic vasospasm, new infarcts on CT scan, and neuropsy-
chological evaluation

Notes Exclusion criteria: non-aneurysmal causes of SAH as defined by CT scan, patients who were taking an-
ticoagulants, severe systemic illnesses (cancer, renal or hepatic failure), comatose patients (Hunt and
Hess grade V)
Follow-up duration: 21 days
Adverse effects: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment?

Low risk A - Adequate

Haley 1993

Methods

Method of randomisation: numbered or coded containers administered sequentially to enrolled partic-
ipants

Blinding: double-blind treatment and blinded assessment of all outcomes

Analysis: after exclusion of protocol violations (110 of 906 patients)

Post-randomisation exclusions due to protocol violations: 11 of 449 patients in treatment and 9 of 457
patients in control group, only for clinical outcome and for case fatality, not for secondary ischemia
and for rebleeding

Definition of outcomes: stated

Participants

Location: 41 North American neurosurgical centres

Rx: 449 (male to female ratio 0.6)

Controls: 457 (male to female ratio 0.5)

Age range: 18 years or older (mean age for Rx 49.7 years, for controls 50.1 years)

Entry criteria: angiographically documented saccular aneurysmal SAH within 7 days of the start of
nicardipine treatment
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Haley 1993 (continued)

Timing of surgery: 0 to 3 days - 68.5% in nicardipine treated patients and 65.8% in controls; 4 to 6 days
-14.6% and 17.2%; 7 to 10 days - 5.7% and 6.4%; 11 to 14 days - 6.7% and 5.4%; 15+ days - 4.5% and
5.2% respectively

Comparability of treatment groups: good for major prognostic factors

265 (29%) of patients in poor clinical condition (WFNS IV or V)

Interventions Rx: continuous intravenous infusion of high-dose nicardipine (0.15 mg/kg/hr) for up to 14 days
Controls: continuous intravenous infusion of placebo for up to 14 days

Outcomes Clinical outcomes: a good recovery according to the GOS, mortality, disability, development of infarc-
tion and delayed ischemic deficit due to vasospasm at 3 months following SAH
Additional measurements: graded neurological examination according to National Institutes of Health
Stroke Scale and Folstein Mini-Mental State; follow-up cerebral angiography and transcranial Doppler
ultrasonography

Notes Exclusion criteria: complicating illness, prior use of calcium antagonists, discharge within 14 days, oth-
er therapy for vasospasm such as reserpine treatment, angioplasty
Follow-up duration: 3 months
Adverse effects: mild or moderate hypotension in 34.5% of cases and in 17.5 % of controls (life-threat-
ening hypotension in 3% of either group); phlebitis at the injection site in 22.3% of cases and in 5% of
controls; pulmonary oedema in combination with azotemia in 6% of nicardipine-treated patients and
in 2.4% of controls

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment? Low risk A - Adequate

Han 1993

Methods Method of randomisation: sequentially numbered sealed opaque envelopes
Blinding: not stated
Analysis: intention-to-treat analysis
Losses to follow up: none
Definition of outcomes: stated

Participants Location: USA
Rx: 142
Controls: 180
Sex: males/females (actual number of patients by sex are not provided)
Age range: 24 to 79 years of age for the treatment group (mean age 50.4 years); 18 to 70 years of age for
the control group (mean 49.6 years)
Entry criteria: all patients who underwent surgery for intracranial ruptured aneurysm during the study
period
Timing of surgery: 0 to 3 days - 19.7% in nimodipine treated patients and 11.1% in controls; 4 to 14 days
- 59.1% and 35.5%; more than 14 days - 21.2% and 43.3% respectively
Comparability of treatment group: good for major prognostic factors

Interventions Rx: nimodipine intravenously at 30 microgram/kg/hr for the first week beginning on the day of admis-
sion; then given orally at 360 mg/day for the following two weeks
Controls: treatment without nimodipine during the same period

Outcomes Clinical outcome measures: death and poor outcome (GOS equal to or more than grade 3) from all
causes, death due to delayed ischaemic deficit, development of delayed ischaemic deficit

Notes Exclusion criteria: not stated
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Han 1993 (Continued)

Follow-up duration: 3 to 6 months (mean 3.8 months)
Adverse effects: not reported
Unpublished data were provided by Dr Sun Ho Lee

Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Unclear risk B - Unclear
Luo 1996
Methods Method of randomisation: not stated
Blinding: not stated, but no placebo used
Analysis: intention-to-treat analysis
Losses to follow up: none
Definition of outcomes: stated
Participants Location: Guangdong, China
Rx: 28
Controls: 24
Sex: 24 male in Rx group and 18 male in control group
Age range: 20 to 70 years of age for the treatment group (mean age 53 years); 15 to 80 years of age for
the control group (mean 50 years)
Entry criteria: SAH on CT scan
Timing of aneurysm treatment: not mentioned
Comparability of treatment group: no information
Interventions Rx: Magnesium sulphate 25 mg in 500 cc of 5% glucose, intravenously 20 to 40 drops per minute for 1 to
2 times a day during 2 to 3 weeks
Controls: regular treatment
Outcomes (1) Clinical symptoms of vasospasm
(2) Infarction on CT
(3) Death
Notes Exclusion criteria: abnormal densities brain tissue on admission CT
Follow-up duration: hospital stay
Adverse effects: not registered
NB: After development of clinical symptoms, patients in the control group were also given magnesium
sulphate; data on death therefore not included
Risk of bias
Bias Authors' judgement Support for judgement
Allocation concealment? Unclear risk B - Unclear
Messeter 1987
Methods Method of randomisation: numbered or coded containers administered sequentially to enrolled partic-
ipants
Blinding: not stated
Analysis: intention-to-treat analysis
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Messeter 1987 (Continued)

Losses to follow up: none
Definition of outcomes: not stated for functional outcomes

Participants

Location: University Hospital, Sweden

Rx: 13 (male to female ratio 0.5)

Controls: 7 (male to female ratio 0.7)

Age range: 23 to 59 years (mean 44 years)

Entry criteria: non-consecutive series of good grade patients (Hunt and Hess grade I-11) with aneurys-
mal SAH documented by angiography who were subjected to early aneurysm surgery within 72 hours
after SAH

Timing of surgery: aneurysm surgery within 72 hours after SAH

Comparability of treatment groups: fairly good for major prognostic factors

Interventions

Rx: nimodipine intraoperatively to the exposed arterial segment followed by intravenously at approxi-
mately 2 mg/hr for at least 9 days

Controls: nimodipine was not given, but in every other respect the management was the same as in ni-
modipine-treated patients

Outcomes Clinical outcomes: delayed ischaemic deterioration and death, functional outcome only in broad terms
without time indication
Additional measurements: hemispheric CBF (xenon method) during anaesthesia before craniotomy
Notes Exclusion criteria: not specified
Follow-up duration: two months
Adverse effects: not registered
Risk of bias
Bias Authors' judgement  Support for judgement

Allocation concealment?

Unclear risk B - Unclear

Neil-Dwyer 1987

Methods

Method of randomisation: sequentially numbered sealed opaque envelopes

Blinding: double-blinded treatment and blinded assessment of all outcomes

Analysis: both intention-to-treat analysis and analysis after exclusion of protocol violations (25 of 75
patients)

Losses to follow up: none

Definition of outcome events: stated

Participants

Location: London, UK

Rx: 38 (male to female ratio 0.5)

Controls: 37 (male to female ratio 0.5)

Age range: 18 to 65 years (mean age for Rx 47 years, for controls 50 years)

Entry criteria: patients of all neurological grades with documented SAH by CT scan or CSF examination
within 96 hours after SAH (angiographically verified ruptured aneurysms were found in 58 (77%) of all
randomised patients)

Timing of surgery: mean day, 13 in nimodipine treated patients and 9 in controls

Comparability of treatment groups: good for major prognostic factors

Interventions

Rx: nimodipine (two 30 mg tablets) orally every 4 hours for 21 days

Controls: two placebo tablets orally every 4 hours for 21 days

In 17 of 40 patients, nimodipine or placebo vehicle was installed into the basal cisterns intraoperatively
after aneurysm clipping
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Neil-Dwyer 1987 (Continued)

Outcomes Clinical outcomes: death, delayed ischaemic neurological deficit, good or poor functional outcome, re-
bleeding, operative complications
Additional measurements: CBF evaluation using the xenon-133 inhalation method; mean arterial blood
pressure

Notes Exclusion criteria: no aneurysm at angiography, death within 72 hours from aneurysm rupture, with-
drawn owing to condition, nimodipine treatment less than 21 days
Follow-up duration: 3 months
Adverse effects: initial fall of the mean blood pressure of approximately 5 mmHg over the first 24 hours
of nimodipine treatment

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment? Low risk A-Adequate

Ohman 1991

Methods Method of randomisation: sequentially numbered sealed opaque envelopes
Blinding: double-blinded treatment and blinded assessment of late outcomes, including radiological
assessments
Analysis: intention-to-treat analysis
Losses to follow up: none
Definition of outcome events: stated

Participants Location: Helsinki University Central Hospital, Finland
Rx: 104 (male to female ratio 1.0)
Controls: 109 (male to female ratio 0.9)
Age range: 16 to 70 years (mean age for Rx 44 years, for controls 44 years)
Entry criteria: patients with aneurysmal SAH documented by CT scan and angiography who were in
Hunt and Hess grades I-Ill on admission
Timing of surgery: early surgery was performed in 27 of 91 nimodipine treated patients and in 27 of 92
placebo treated patients, subacute surgery in 31 of 91 and in 29 of 92, and late surgery in 33 of 91 and in
36 of 92 patients respectively
Comparability of treatment groups: good for major prognostic factors

Interventions Rx: nimodipine 0.25 microgram/kg/min intravenously for 2 hours followed by 0.5 microgram/kg/min
continuous intravenous infusion for 7 to 10 days and then orally 60 mg tablets every 4 hours until 21
days after SAH
Controls: placebo by continuous intravenous infusion for 7 to 10 days followed by orally administered
placebo tablets every 4 hours until 21 days after SAH

Outcomes Clinical outcomes: independent state, dependent state, or death at 6 months and good outcome, mod-
erate disability, severe disability, or death at 1 to 3 years after aneurysmal SAH and surgery
Additional measurements: platelet function

Notes Exclusion criteria: patients who had used non-steroidal anti-inflammatory drugs during the 2 weeks be-
fore admission or any other calcium antagonist or investigative drug, patients with an associated in-
tracerebral haematoma and rapidly decreased level of consciousness, pregnancy, hepatic or renal in-
sufficiency, severe cardiac failure, cardiac arrhythmia
Follow-up duration: 6 months and 1 to 3 years
Adverse effects: not reported

Risk of bias
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Ohman 1991 (continued)

Bias Authors' judgement  Support for judgement
Allocation concealment? Low risk A - Adequate
Petruk 1988
Methods Method of randomisation: sequentially numbered sealed opaque envelopes

Blinding: double-blinded treatment, blinded radiographic assessment (it is not stated whether clinical
outcome assessment was blinded)

Analysis: after exclusion of protocol violations (34 of 188 patients)

Losses to follow up: 18 of 91 patients in treatment group and 14 of 97 patients in control group; and 2
unspecified patients

Definition of outcome events: stated

Participants Location: 17 Canadian hospitals
Rx: 91 (male to female ratio 0.6)
Controls: 97 (male to female ratio 0.4)
Age range: 18 years or older (mean age for Rx 53.8 years, for controls 56.1 years)
Entry criteria: non-pregnant poor grade patients (Hunt and Hess grade Ill or IV) with aneurysmal SAH
documented by CT scan or CSF examination, and angiography within 96 hours after SAH
Timing of surgery: surgery was performed on 46 nimodipine treated patients and 47 controls (71% were
operated on within days 0 to 3 after SAH)
Comparability of treatment groups: good for major prognostic factors

Interventions Rx: gelatin capsules containing nimodipine (90 mg) every 4 hours for 21 days after SAH
Controls: gelatin capsules containing placebo every 4 hours for 21 days after SAH

Outcomes Clinical outcomes: according to GOS on day 21 and at 3 months after SAH
Additional measurements: radiographic studies (CT scan and cerebral angiography)

Notes Exclusion criteria: proven SAH within the previous month, no angiography or aneurysm, calcium antag-
onist treatment prior to study entry, study drug treatment less than 21 days
Follow-up duration: 21 days and 3 months
Adverse effects (usually hypotension) reported in 19 of 91 nimodipine treated patients and in 24 of 97
placebo treated patients

Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Low risk A - Adequate

Philippon 1986

Methods Method of randomisation: not specified
Blinding: double-blind treatment, blinding of outcome assessment is not specified
Analysis: after exclusion of protocol violations (11 of 81 patients)
Excluded from follow up: 8 of 39 patients in treatment group and 3 of 42 patients in control group
Definition of outcome events: stated

Participants Location: Hospital de la Salpétriere, Paris, France
Rx: 39 (male to female ratio 0.8)
Controls: 42 (male to female ratio 0.7)
Age range: 15 to 65 years (mean age for Rx 44.3 years, for controls 45.6 years)
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Philippon 1986 (Continued)

Entry criteria: patients with aneurysmal SAH documented by CT scan and angiography within 72 hours
after aneurysm rupture who had Hunt and Hess grades I-1ll on admission and did not present an early
complication of SAH (hydrocephalus, significant intracerebral haematoma)

Timing of surgery: 38.7% of nimodipine treated patients and 33.3% of placebo treated patients were
operated on between days 4 and 10 after SAH; 32.3% and 33.3%, later than day 10 after SAH; and 29.0%
and 33.3% were not operated on, respectively

Comparability of treatment groups: good for major prognostic factors

Interventions Rx: nimodipine orally (60 mg every 4 hours) for 21 days after SAH
Controls: placebo orally every 4 hours for 21 days after SAH

Outcomes Clinical outcomes were classified according to the GOS at 21 day after SAH
Additional measurements for the subset of patients with secondary ischaemia: severity of angiographic
vasospasm

Notes Exclusion criteria: patients who were operated on prior to day 4 after SAH; patients with vasospasm at
the first diagnostic angiography; patients with arterial hypertension or with cardiac, liver or kidney in-
sufficiency

Follow-up duration: 21 days
Adverse effects: not observed

Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Low risk A - Adequate

Pickard 1989

Methods Method of randomisation: separate randomisation lists for each centre balanced in blocks of four
Blinding: double-blinded treatment, blinded assessment of all outcomes (including radiographic as-
sessments)

Analysis: intention-to-treat analysis
Losses to follow up: none
Definition of outcome events: stated

Participants Location: 5 centresin UK
Rx: 278 (male to female ratio 0.7)
Controls: 276 (male to female ratio 0.6)
Age range: 18 years or older (mean age for Rx 46 years, for controls 48 years)
Entry criteria: documented by lumbar puncture or CT scan SAH within 96 hours of the start of nimodip-
ine treatment (SAH due to aneurysm rupture was documented by angiography in 368 (66%) of all ran-
domised patients)
Timing of surgery: mean 10.8 days in nimodipine treated patients and 11.3 days in controls; 59.4% of
cases and 55.8% of controls were not operated on
Comparability of treatment groups: good for major prognostic factors
59 (11%) of patients in poor clinical condition (WFNS IV or V)

Interventions Rx: nimodipine (two 30 mg tablets) orally every 4 hours for 21 days
Controls: placebo tablets orally every 4 hours for 21 days

Outcomes Clinical outcomes: frequency of cerebral infarction and ischaemic neurologic deficit, death, severe dis-
ability, and good recovery at 3 months after entry
Additional measurements: plasma nimodipine concentration, severity of SAH grading

Notes Exclusion criteria: pregnancy; major renal, hepatic, or pulmonary disease; a SAH that produced a coma
in the week preceding the most recent SAH
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Pickard 1989 (continued)

Follow-up duration: 3 months
Adverse effects: mild reduction in blood pressure particularly noticeable in the hypertensive patients

Risk of bias
Bias Authors' judgement  Support for judgement
Allocation concealment? Low risk A - Adequate

Shibuya 1992

Methods Method of randomisation: numbered or coded containers administered sequentially to enrolled partic-
ipants
Blinding: double-blinded treatment, outcome assessments were not blinded
Analysis: after exclusion of protocol violations (9 of 276 patients)
Excluded from follow up: 5 of 136 patients in treatment group and 4 of 140 patients in control group
Definition of outcome events: stated

Participants Location: 60 neurosurgical centres in Japan
Rx: 136 (male to female ratio 0.7)
Controls: 140 (male to female ratio 0.9)
Age range: 24 to 75 years (mean age 55 years in the both groups)
Entry criteria: patients with aneurysmal SAH documented by CT scan and angiography who underwent
aneurysm surgery within 3 days after SAH
Timing of surgery: surgery within first 3 days after SAH in all patients
Comparability of treatment groups: good for major prognostic factors

Interventions Rx: AT877 iv (30 mg dissolved in 100 ml of saline over 30 minutes 3 times a day) started within 24 hours
of aneurysm surgery and continued for 14 consecutive days
Control: 100 ml saline iv (over 30 minutes 3 times a day) started within 24 hours after aneurysm surgery
and continued for 14 consecutive days

Outcomes Primary endpoints: frequency and severity of angiographic vasospasm, frequency and size of low-den-
sity area due to vasospasm on the postoperative CT scans, frequency of symptomatic vasospasm, poor
outcome (moderate or severe disability, persistent vegetative state, or death)

Notes Exclusion criteria: history of severe cerebrovascular disease, moyamoya disease, giant aneurysm, re-
cent previous SAH, and severe cardiopulmonary, hepato-renal, or metabolic diseases (such as diabetes
mellitus)

Follow-up duration: 1 month
Adverse effects: AT877 slightly lowered systemic blood pressure by 2 mmHg over the first 15 minutes of
infusion, but it resolved

Risk of bias
Bias Authors' judgement Support for judgement
Allocation concealment? High risk C-Inadequate

van den Bergh 2005

Methods Method of randomisation: numbered identical medication boxes administered sequentially to partici-
pants
Blinding: double blinding of treatment, blind assessment of outcome
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van den Bergh 2005 (Continued)

Analysis: on-treatment analysis of primary outcome (43 of 283 patients excluded because of discontin-
uing study medication), intention-to-treat analysis of secondary outcomes

Losses to follow up: none

Definition of outcome: stated.

Participants

Location: 4 centres in the Netherlands

Rx: 139 (male to female ratio 0.6)

Controls: 144 (male to female ratio 0.5)

Age range: 18 years or older, mean age 54.6 years

Entry criteria: diagnosis of aneurysmal SAH based on typical aneurysmal pattern on CT scan or xan-
tochromia of CSF in combination with an aneurysm on angiography. Randomisation possible within 4
days after SAH

Treatment of aneurysm: By surgery in 52% of magnesium treated patients and in 58% of placebo treat-
ed patients, by endovascular treatment in 28% of magnesium treated patients and in 24% of placebo
treated patients and none in 20% of magnesium treated patients and in 18% of placebo treated pa-
tients

Comparability of treatment groups: good for major prognostic factors

Interventions

Rx: continuous iv administration of 64 mmol magnesium sulphate per day starting immediately after
randomisation and continued until 14 days after occlusion of the aneurysm or for a maximum of 18
days after onset of SAH

Controls: 50 ml of normal saline administered in same conditions as Rx

Both groups received nimodipine 360 mg/day

Outcomes

Clinical outcomes: the occurrence of DCI within 3 months after onset of SAH

Additional measurements: (1) occurrence of any new hypodensity on brain CT regardless of its cause;
(2) death or disability defined as a Rankin score of 4 or worse; (3) non-excellent outcome defined as the
proportion of patients with a Rankin score of 1 or worse

Notes

Exclusion criteria: non-aneurysmal causes of SAH, renal failure, age less than 18 years, no informed
consent, imminent death

Follow-up duration: 3 months

Adverse effects: not stated

Risk of bias

Bias

Authors' judgement  Support for judgement

Allocation concealment?

Low risk A - Adequate

Veyna 2002

Methods

Method of randomisation: unknown
Outcome assessment: not blinded

Participants

Location: 1 centre in US

Rx: 20

Controls: 20

Inclusion criteria: (1) aneurysmal SAH confirmed by CT and angiography; (2) admission less than 72
hours; (3) Hunt & Hess Il to 1V; (4) age more than 18 years; (5) informed consent

Standard care included administration of nimodipine, phenytoin, triple-H therapy, and mannitol if
needed for ICP control

Timing of treatment aneurysm: all patients were treated by 'early' securement of aneurysm by means
of surgery or endovascular technique

Interventions

Magnesium sulphate iv loading dose 6 g in 30 minutes followed by continuous infusion at 2 g per hour.
Subsequent dosage adjustments to maintain serum Mg++ level between 4 and 5.5 mg/dl (between 1.7
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Veyna 2002 (Continued)

and 2.3 mmol/L) (normal values at institution 1.5 to 2 mg/dl). If serum Mg++ was less than 4 mg/dl or
between 5.5 and 7.1 mg/d|, the infusion was increased or decreased, respectively, by 0.5 g/hour (12 ml/
hour). If the serum level of Mg++ was greater than 7.1 mg/d|, the infusion was suspended until the level
decreased below 7 mg/ dl, after which the infusion was restarted at 1 g less per hour (25 ml/hour). The
patient's serum Mg++ level was checked 6 hours after a dose change and every 12 hours thereafter
Patients in the placebo group received routine infusions of magnesium sulphate if serum Mg was less
than 2 mg/dl (0.8 mmol/L)

Duration of treatment 10 days, or until discharge from ICU

Outcomes

(1) GOS recorded at 3 months, with GOS 4 and 5 (independence) as good outcome
(2) Clinical vasospasm defined as new focal neurological deficit that could not be explained by other
causes

Notes

Exclusion criteria: pregnancy, congestive heart failure, renal insufficiency with a calculated creatinine
clearance rate of less than 30 ml/minute, known neuromuscular disease, use of neuromuscular block-
ing agents, serum K level greater than 5.5 mg/d|, serum Ca level lower than 0.9 mg/dl, hypotension
Follow-up duration: 3 months

Adverse events: significant adverse events did not occur

In the publication the outcome is given as mean GOS per group. Letter sent to trialists asking (1) pro-
portions of patients with good or poor outcome per group, (2) outcome of patients excluded from con-
trol group; (3) method of randomisation

Risk of bias

Bias

Authors' judgement  Support for judgement

Allocation concealment?

High risk C-Inadequate

Wong 2006

Methods

Method of randomisation: numbered sealed opaque envelopes

Blinding: double-blinded treatment, blinding for outcome assessment blinded
Analysis: intention-to-treat analysis

Losses to follow up: none

Definitions of outcome: stated

Participants

Location: 1 university centre in China

Rx: 30 (male to female ratio 0.2)

Controls: 30 (male to female ratio 0.1)

Age range: mean age 58 years (Rx), 62 years (controls)

Entry criteria: aneurysmal SAH proven CT and cerebral angiography (CTA or DSA), randomisation within
48 hours

Aneurysm treatment: endovascular treatment in 16 patients (Rx 8/23, controls 8/22), surgical clipping
in 40 patients. Median time from SAH to aneurysm treatment 2 days in both groups

Comparability of treatment groups: good for major prognostic factors

Interventions

Rx: bolus infusion of 20 mmol magnesium sulphate in 30 minutes followed by infusion of 80 mmol mag-
nesium sulphate per day for 14 days

Controls: bolus infusion of normal saline in 30 minutes followed by infusion of 80 mmol saline per day
for 14 days

Both groups received nimodipine infusion 0.5 to 2 mg/hour

Outcomes Primary outcome measure: GOS, dichotomised into favourable (good and moderate disability) and un-
favourable outcome
Secondary outcome: clinical vasospasm - reduction of 2 or more on Glasgow Coma Score, or focal
deficits, for more than 6 hours when rebleed, progressive hydrocephalus and electrolyte disturbances
are excluded
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Wong 2006 (Continued)

Notes Exclusion criteria: not stated
Follow-up duration: 6 months
Adverse effects: not reported
A letter to the authors was sent regarding the randomisation method and blinding of outcome assess-
ment

Risk of bias

Bias Authors' judgement Support for judgement

Allocation concealment? Low risk A - Adequate

Zhu 2001

Methods Method of randomisation: not specified
Blinding: not mentioned
Analysis: intention-to-treat analysis
Losses to follow up: none
Definition of outcome: stated

Participants Location: Lin Xiang City Hospital, China
Rx: 70 (male to female ratiol.3)
Controls: 50 (male:female ratio not mentioned)
Age range: mean age 50 +/- 6 years
Entry criteria: admission within 96 hours after SAH

Interventions Rx: nimodipine 10 mg/50 ml glucose intravenously, 5 to 8 drops per minute in 8 to 10 hours per day for
15 days, followed by 3 drops per day 30 mg orally for 15 days
Controls: regular treatment

Outcomes (1) Cerebral vasospasm as defined by either (a) fluctuating consciousness, (b) high fever with unknown
cause, (c) localising signs, in combination with no fresh blood on CT scan
(2) Cerebral infarction on CT scan
(3) Rebleeding
(4) Death

Notes Exclusion criteria: not stated
Follow-up duration: 1 month
Adverse effects: not mentioned
NB: Outcome 'cerebral vasospasm' not used in analysis because high fever with unknown cause was al-
so considered to be vasospasm

Risk of bias

Bias Authors' judgement  Support for judgement

Allocation concealment? Unclear risk B - Unclear

CBF: cerebral blood flow

CSF: cerebrospinal fluid

CT: computed tomography

DCI: Delayed cerebral ischaemia
GOS: Glasgow Outcome Scale
ICP: intracranial pressure

ICU: intensive care unit
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iv: intravenous, intravenously

Mg: magnesium

Rx: patients treated with a study drug

SAH: subarachnoid haemorrhage

WFNS: World Federation of Neurological Surgeons subarachnoid hemorrhage grading scale

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Cabral 1991 This is a double-blind, randomised trial (method of randomisation unknown) of 15 patients receiv-
ing nimodipine (oral or nasogastric tube; 60 mg every 4 hours for 21 days) versus 15 patients receiv-
ing placebo. Data are given only for the subset of patients who developed 'symptomatic vasospas-
m' (placebo n =6, resulting in death (n = 4) and persisting deficits (n = 2). Nimodipine n = 3 resulting
in death (n = 1) and persisting deficits (n = 2)). No data on overall outcome. Authors did not respond
to letters asking for additional information.

Cadoux-Hudson 1999 Study of magnesium sulphate. After personal contact with a close colleague of Dr Cadoux-Hudson
we found out this study was not performed as a randomised trial. Number of patients unknown.

Islekel 1999 Between 1980 and 1995, 374 patients with subarachnoid haemorrhage were treated by the trial-
ists in their hospital. Of those, 42 received nimodipine. These patients were randomly selected; the
method of randomisation has not been given. Since the allocation does not seem to have occurred
in a prospectively randomised way, the trial was not included in the review.

Jan 1988 Treatment with nimodipine was started within 25 days of subarachnoid haemorrhage onset in pa-
tients already suffering from secondary ischaemia. Total number of patients: 188

Maldonado 1990 Controlled study of nimodipine in 58 subarachnoid haemorrhage patients. Allocation to treatment
or control group was not randomised.

Prevedello 2006 Study of magnesium sulphate in addition to nimodipine as standard treatment. Randomisation
method not concealed (patients were placed in groups in alternate order). Not blinded.

Wang 1995 Controlled study of nimodipine in subarachnoid haemorrhage patients. Allocation to treatment or
control group was not randomised.

Xie 1994 Randomised trial comparing 4 groups (placebo, nimodipine, nimodipine and betahistine, and be-
tahistine) with regard to pre-defined neurological features such as hemiparesis with a follow up of
only 14 days. Excluded because there were no data on poor outcome, secondary ischemia or death.

Zhu 1996 Randomised trial comparing nimodipine with magnesium sulphate with regard to pre-defined neu-
rological features such as hemiparesis. Excluded because patients were randomised only after de-
velopment of vasospasm.

Characteristics of ongoing studies [ordered by study ID]

IMASH
Trial name or title Intravenous Magnesium sulphate in Aneurysmal Subarachnoid Hemorrhage
Methods
Participants Inclusion criteria: (1) ASAH (as indicated by CT scan or lumbar puncture and an intracranial
aneurysm confirmed by computer tomographic or conventional angiography)
(2) within 48 hours of ictus (haemorrhage event)
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IMASH (Continued)

Exclusion criteria: (1) pregnancy; (2) major renal, hepatic or pulmonary disease; (3) major cardiac
disease or recent myocardial infarct (less than 6 months); (4) age less than 18 years; (5)

moribund condition on admission (defined as a patient that is in such a poor clinical condition that
further active neurosurgical management would not be anticipated)

Interventions (1) Start magnesium sulphate 20 mmol over 30 minutes, followed by infusion of 80 mmol/day or
equivalent volume of saline within 48 hours after onset of symptom
(2) Study drug to be infused for 14 days from the day of haemorrhage (regarded as day 0)
(3) Measure plasma magnesium concentration daily and perform transcranial Doppler to moni-
tor blood flow velocities of both middle cerebral arteries and extracranial segment of the internal
carotid arteries
(4) Plasma magnesium concentration in the iv magnesium sulphate group should be raised to 2.0
to 2.5 mmol/L or twice the serum baseline level Patients that are randomised to saline infusion will
only have their magnesium levels normalised if there is a clinical indication to do so

Outcomes Primary outcome: extended Glasgow Outcome Scale at six months Secondary outcome:
incidence of clinical vasospasm, Barthel Index, modified Rankin score, modified National Institute
of Health Stroke Score, MCA velocities, other major complications

Starting date Aim is to include 800 patients in 3 years with interim analyses at n =250 and 500 patients

Contact information Study co-ordinating group and central address:
Project Office Division of Neurosurgery, Department of Surgery, The Chinese University of Hong
Kong, Prince of Wales Hospital, Shatin, NT, Hong Kong Tel: +852 2632 2624; Fax: +852 2637 7974;
Datafax: +852 2646 9296; Website: www.surgery.cuhk.edu.hk/imash-trial
Email: imash@surgery.cuhk.edu.hk (Dr. George Wong)

Notes
MASH-II

Trial name or title Magnesium in Aneurysmal Subarachnoid Haemorrhage

Methods

Participants Patients with spontaneous SAH of presumed aneurysmal origin (defined as aneurysmal pattern
of haemorrhage on CT or, if CT is negative, by xanthochromia of the cerebrospinal fluid and an
aneurysm on CTA, MRA or conventional angiography), admitted to one of the participating centers
within 4 days after SAH onset
Exclusion criteria: (1) renal failure (serum creatinin > 150 mmol/L); (2) body weight < 50 kg; (3)
death is imminent; (4) no informed consent

Interventions Magnesium sulphate 64 mmol/d iv (versus placebo) is started less than 96 hours after onset and
continued for 20 days after onset of the SAH, or until discharge when this is planned before day 20

Outcomes Primary outcome is poor outcome defined by the modified Rankin Scale
Other outcome measurements are: patients with Rankin score of 1, global change in Rankin score

Starting date Recruitment started in January 2004
Aim is to include 1200 patients

Contact information (1) SM Dorhout Mees, MD, Department of Neurology G03.227, University Medical Center Utrecht,
PO Box 85500, 3508 GA Utrecht, The Netherlands Tel: +31 30 2507975; Fax: +31 30 2522782; E-mail:
s.m.dorhoutmees@umcutrecht.nl
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MASH-II (Continued)

(2) Gabriel JE Rinkel, MD, Department of Neurology G03.228, University Medical Center Utrecht,
PO Box 85500, 3508 GA Utrecht, The Netherlands. Tel: +31 30 2508600; E-mail: g.j.e.rinkel @um-

cutrecht.nl

Notes Funded by the Netherlands Heart Foundation (grant number: 2005B016)

ASAH: aneurysmal subarachnoid haemorrhage
CT: computed tomography

CTA: computer tomography angiography
iv:intravenous

MCA: middle cerebral artery

MRA: magnetic resonance angiography

SAH: subarachnoid haemorrhage

DATA AND ANALYSES

Comparison 1. Poor outcome (death or dependence)

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Poor outcome, according to 9 2589 Risk Ratio (M-H, Fixed, 95% Cl) 0.81[0.72,0.92]
type and route of study medica-
tion
1.1 Nimodipine, intravenously 0 0 Risk Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]
only
1.2 Nimodipine, intravenously 2 535 Risk Ratio (M-H, Fixed, 95% CI) 0.85[0.57, 1.28]

followed by orally

Risk Ratio (M-H, Fixed, 95% Cl)

0.67[0.55,0.81]

Risk Ratio (M-H, Fixed, 95% Cl)

0.97[0.78, 1.20]

Risk Ratio (M-H, Fixed, 95% Cl)

1.31[0.58, 2.95]

Risk Ratio (M-H, Fixed, 95% Cl)

0.84[0.57, 1.23]

Risk Ratio (M-H, Fixed, 95% CI)

0.0[0.0, 0.0]

1.3 Nimodipine, orally only 4 853
1.4 Nicardipine, intravenously 1 886
1.5 Nicardipine, orally 1 48
1.6 AT877 1 267
1.7 Magnesium 0 0

2 Poor outcome, according to 9 2589

timing of outcome assessment

Risk Ratio (M-H, Fixed, 95% Cl)

0.81[0.72,0.92]

Risk Ratio (M-H, Fixed, 95% Cl)

0.68[0.36, 1.28]

Risk Ratio (M-H, Fixed, 95% Cl)

0.84[0.57, 1.23]

Risk Ratio (M-H, Fixed, 95% CI)

0.81[0.71, 0.93]

2.1 Assessment at 21 days 2 118
2.2 Assessment at 1 month 1 267
2.3 Assessment at 3 months 5 1882
2.4 Assessment between 3to 6 1 322
months

Risk Ratio (M-H, Fixed, 95% Cl)

0.94[0.52, 1.69]
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
3 Poor outcome: studies with 3 379 Risk Ratio (M-H, Fixed, 95% Cl) 0.75[0.57, 1.00]
magnesium in addition of ni-
modipine

Analysis 1.1. Comparison 1 Poor outcome (death or dependence),
Outcome 1 Poor outcome, according to type and route of study medication.

Study or subgroup treatment control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.1.1 Nimodipine, intravenously only
Subtotal (95% ClI) 0 0 Not estimable
Total events: 0 (treatment), 0 (control)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

1.1.2 Nimodipine, intravenously followed by orally

Han 1993 17/142 23/180 —_— 5.28% 0.94[0.52,1.69]
Ohman 1991 17/104 23/109 —_— 5.85% 0.77[0.44,1.36]
Subtotal (95% Cl) 246 289 - 11.13% 0.85[0.57,1.28]

Total events: 34 (treatment), 46 (control)
Heterogeneity: Tau?=0; Chi?=0.21, df=1(P=0.65); 1>=0%
Test for overall effect: Z=0.77(P=0.44)

1.1.3 Nimodipine, orally only

Neil-Dwyer 1987 9/38 17/37 — 4.48% 0.52[0.26,1.01]
Petruk 1988 44/72 54/82 —= 13.14% 0.93[0.73,1.18]
Philippon 1986 3/31 1339 4¢——— 3% 0.29[0.09,0.93]
Pickard 1989 55/278 91/276 —— 23.78% 0.6[0.45,0.8]
Subtotal (95% Cl) 419 434 L 2 44.4% 0.67[0.55,0.81]

Total events: 111 (treatment), 175 (control)
Heterogeneity: Tau?=0; Chi*=10.21, df=3(P=0.02); 1>=70.62%
Test for overall effect: Z=4.23(P<0.0001)

1.1.4 Nicardipine, intravenously

Haley 1993 118/438 125/448 —’— 32.17% 0.97[0.78,1.2]
Subtotal (95% ClI) 438 448 ‘ 32.17% 0.97[0.78,1.2]
Total events: 118 (treatment), 125 (control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.32(P=0.75)
1.1.5 Nicardipine, orally
Ferro 1990 11/28 6/20 R 1.82% 1.31[0.58,2.95]
Subtotal (95% Cl) 28 20 —~— 1.82% 1.31[0.58,2.95]
Total events: 11 (treatment), 6 (control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.65(P=0.52)
1.1.6 AT877
Favours treatment 01 02 05 1 2 5 10 Favours control
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Study or subgroup treatment control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Shibuya 1992 33/131 41/136 —‘+ 10.47% 0.84[0.57,1.23]
Subtotal (95% Cl) 131 136 ‘ 10.47% 0.84[0.57,1.23]

Total events: 33 (treatment), 41 (control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.9(P=0.37)

1.1.7 Magnesium
Subtotal (95% Cl) 0 0 Not estimable
Total events: 0 (treatment), 0 (control)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI) 1262 1327 * 100% 0.81[0.72,0.92]
Total events: 307 (treatment), 393 (control)

Heterogeneity: Tau?=0; Chi*=14.21, df=8(P=0.08); 1>=43.69%
Test for overall effect: Z=3.25(P=0)

Test for subgroup differences: Not applicable

Favours treatment 01 02 0.5 1 2 5 10 Favours control

Analysis 1.2. Comparison 1 Poor outcome (death or dependence),
Outcome 2 Poor outcome, according to timing of outcome assessment.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Assessment at 21 days
Ferro 1990 11/28 6/20 — Tt 1.82% 1.31[0.58,2.95]
Philippon 1986 3/31 13/39 ‘—‘7 3% 0.29[0.09,0.93]
Subtotal (95% Cl) 59 59 i 4.82% 0.68[0.36,1.28]

Total events: 14 (Treatment), 19 (Control)
Heterogeneity: Tau?=0; Chi*=4.57, df=1(P=0.03); 1>=78.13%
Test for overall effect: Z=1.2(P=0.23)

1.2.2 Assessment at 1 month
Shibuya 1992 33/131 41/136 —T 10.47% 0.84[0.57,1.23]
Subtotal (95% CI) 131 136 - 10.47% 0.84[0.57,1.23]
Total events: 33 (Treatment), 41 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=0.9(P=0.37)

1.2.3 Assessment at 3 months

Haley 1993 118/438 125/448 - 32.17% 0.97[0.78,1.2]
Neil-Dwyer 1987 9/38 17/37 —_— 4.48% 0.52[0.26,1.01]
Ohman 1991 17/104 23/109 —_— 5.85% 0.77[0.44,1.36]
Petruk 1988 44/72 54/82 —— 13.14% 0.93[0.73,1.18]
Pickard 1989 55/278 91/276 —a— 23.78% 0.6[0.45,0.8]
Subtotal (95% Cl) 930 952 * 79.43% 0.81[0.71,0.93]

Total events: 243 (Treatment), 310 (Control)
Heterogeneity: Tau?=0; Chi*=9.67, df=4(P=0.05); 1°=58.64%
Test for overall effect: Z=2.99(P=0)

Favours treatment 0.1 02 0.5 1 2 5 10 Favours control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.4 Assessment between 3 to 6 months
Han 1993 17/142 23/180 —H— 5.28% 0.94[0.52,1.69]
Subtotal (95% Cl) 142 180 o 5.28% 0.94[0.52,1.69]
Total events: 17 (Treatment), 23 (Control)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.22(P=0.83)
Total (95% Cl) 1262 1327 2 2 100% 0.81[0.72,0.92]
Total events: 307 (Treatment), 393 (Control)
Heterogeneity: Tau?=0; Chi*=14.21, df=8(P=0.08); 1>=43.69%
Test for overall effect: Z=3.25(P=0)
Test for subgroup differences: Not applicable
Favours treatment 01 02 0.5 1 2 5 10 Favours control

Analysis 1.3. Comparison 1 Poor outcome (death or dependence), Outcome
3 Poor outcome: studies with magnesium in addition of nimodipine.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
van den Bergh 2005 38/139 51/144 -+ 68.64% 0.77[0.54,1.09]
Veyna 2002 7/20 8/16 _— 12.18% 0.7[0.32,1.52]
Wong 2006 10/30 14/30 —_— 19.18% 0.71[0.38,1.35]
Total (95% CI) 189 190 L 4 100% 0.75[0.57,1]
Total events: 55 (Treatment), 73 (Control)
Heterogeneity: Tau?=0; Chi*=0.08, df=2(P=0.96); 1>=0%
Test for overall effect: Z=1.96(P=0.05)
Favours treatment 01 02 0.5 1 2 5 10 Favours control
Comparison 2. Case fatality
Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Case fatality according to type 11 2775 Risk Ratio (M-H, Fixed, 95% Cl) 0.86[0.73, 1.02]
and route of study medication
1.1 Nimodipine, intravenously 1 20 Risk Ratio (M-H, Fixed, 95% CI) 0.27[0.03, 2.47]
only
1.2 Nimodipine, intravenously 3 655 Risk Ratio (M-H, Fixed, 95% CI) 0.75[0.45, 1.26]
followed by orally
1.3 Nimodipine, orally 4 899 Risk Ratio (M-H, Fixed, 95% Cl) 0.80[0.63, 1.03]
1.4 Nicardipine, intravenously 1 886 Risk Ratio (M-H, Fixed, 95% Cl) 1.00[0.76, 1.32]
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Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1.5 Nicardipine, orally 1 48 Risk Ratio (M-H, Fixed, 95% CI) 1.07[0.35, 3.31]
1.6 AT877 1 267 Risk Ratio (M-H, Fixed, 95% CI) 0.81[0.31,2.10]
1.7 Magnesium 0 0 Risk Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]
2 Case fatality according to tim- 11 2775 Risk Ratio (M-H, Fixed, 95% Cl) 0.86[0.73, 1.02]
ing of outcome assessment
2.1 Case fatality within 1 month 4 551 Risk Ratio (M-H, Fixed, 95% CI) 0.57[0.33, 1.00]
2.2 Case fatality within 6 months 7 2224 Risk Ratio (M-H, Fixed, 95% CI) 0.91[0.76, 1.08]
3 Case fatality, studies with mag- 3 379 Risk Ratio (M-H, Fixed, 95% Cl) 0.93[0.61, 1.41]

nesium in addition of nimodipine

Analysis 2.1. Comparison 2 Case fatality, Outcome 1 Case fatality according to type and route of study medication.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Nimodipine, intravenously only
Messeter 1987 1/13 2/7 < t 1.11% 0.27[0.03,2.47]
Subtotal (95% CI) 13 7  — 1.11% 0.27[0.03,2.47]
Total events: 1 (Treatment), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.16(P=0.25)
2.1.2 Nimodipine, intravenously followed by orally
Han 1993 9/142 6/180 B 2.26% 1.9[0.69,5.22]
Ohman 1991 10/104 15/109 _— 6.25% 0.7[0.33,1.48]
Zhu 2001 2/70 8/50 {—~7 3.98% 0.18[0.04,0.81]
Subtotal (95% CI) 316 339 - 12.49% 0.75[0.45,1.26]
Total events: 21 (Treatment), 29 (Control)
Heterogeneity: Tau?=0; Chi*=6.78, df=2(P=0.03); 1>=70.52%
Test for overall effect: Z=1.08(P=0.28)
2.1.3 Nimodipine, orally
Allen 1983 3/56 7/60 2.88% 0.46[0.12,1.69]
Neil-Dwyer 1987 4/38 10/37 R E— 4.32% 0.39[0.13,1.13]
Petruk 1988 34/72 32/82 -+ 12.76% 1.21[0.84,1.74]
Pickard 1989 43/278 60/276 —— 25.68% 0.71[0.5,1.01]
Subtotal (95% Cl) 444 455 L ¢ 45.65% 0.8[0.63,1.03]
Total events: 84 (Treatment), 109 (Control)
Heterogeneity: Tau?=0; Chi*=7.77, df=3(P=0.05); 1>=61.37%
Test for overall effect: Z=1.75(P=0.08)
2.1.4 Nicardipine, intravenously
Haley 1993 81/438 83/448 ‘ ‘ ‘ —f— ‘ ‘ ‘ 35% 1[0.76,1.32]

Favours treatment 0.1 0.2 0.5 1 2 5 10 Favours control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Subtotal (95% Cl) 438 448 35% 1[0.76,1.32]
Total events: 81 (Treatment), 83 (Control)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.01(P=0.99)
2.1.5 Nicardipine, orally
Ferro 1990 6/28 4/20 — 1.99% 1.07[0.35,3.31]
Subtotal (95% Cl) 28 20 —— 1.99% 1.07[0.35,3.31]
Total events: 6 (Treatment), 4 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.12(P=0.9)
2.1.6 AT877
Shibuya 1992 7/131 9/136 —_— T 3.77% 0.81[0.31,2.1]
Subtotal (95% Cl) 131 136 ——— 3.77% 0.81[0.31,2.1]
Total events: 7 (Treatment), 9 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.44(P=0.66)
2.1.7 Magnesium
Subtotal (95% Cl) 0 0 Not estimable
Total events: 0 (Treatment), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 1370 1405 L 100% 0.86[0.73,1.02]
Total events: 200 (Treatment), 236 (Control)
Heterogeneity: Tau?=0; Chi*=16.6, df=10(P=0.08); 1>=39.74%
Test for overall effect: Z=1.7(P=0.09)
Test for subgroup differences: Not applicable ‘ ‘ ‘ ‘ ‘
Favours treatment 0.1 0.2 0.5 1 2 10 Favours control

Analysis 2.2. Comparison 2 Case fatality, Outcome 2 Case fatality according to timing of outcome assessment.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.2.1 Case fatality within 1 month
Allen 1983 3/56 7/60 + 2.88% 0.46[0.12,1.69]
Ferro 1990 6/28 4/20 L — 1.99% 1.07[0.35,3.31]
Shibuya 1992 7/131 9/136 —_—t T 3.77% 0.81[0.31,2.1]
Zhu 2001 2/70 8/50 ‘—‘7 3.98% 0.18[0.04,0.81]
Subtotal (95% CI) 285 266 i 12.62% 0.57[0.33,1]
Total events: 18 (Treatment), 28 (Control)
Heterogeneity: Tau?=0; Chi*=4.09, df=3(P=0.25); 1?=26.71%
Test for overall effect: Z=1.95(P=0.05)
2.2.2 Case fatality within 6 months
Haley 1993 81/438 83/448 —— 35% 1[0.76,1.32]
Han 1993 9/142 6/180 B 2.26% 1.9[0.69,5.22]

Favours treatment 01 02 0.5 1 2 10 Favours control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Messeter 1987 1/13 2/7 4 1.11% 0.27[0.03,2.47]
Neil-Dwyer 1987 4/38 10/37 EEE E— 4.32% 0.39[0.13,1.13]
Ohman 1991 10/104 15/109 S 6.25% 0.7[0.33,1.48]
Petruk 1988 34/72 32/82 -+ 12.76% 1.21[0.84,1.74]
Pickard 1989 43/278 60/276 —— 25.68% 0.71[0.5,1.01]
Subtotal (95% Cl) 1085 1139 <& 87.38% 0.91[0.76,1.08]
Total events: 182 (Treatment), 208 (Control)
Heterogeneity: Tau?=0; Chi*=10.75, df=6(P=0.1); 1>=44.2%
Test for overall effect: Z=1.08(P=0.28)
Total (95% CI) 1370 1405 L 100% 0.86[0.73,1.02]
Total events: 200 (Treatment), 236 (Control)
Heterogeneity: Tau?=0; Chi*=16.6, df=10(P=0.08); 1>=39.74%
Test for overall effect: Z=1.7(P=0.09)
Test for subgroup differences: Not applicable ‘ ‘ ‘ ‘ ‘ ‘

Favours treatment 0.1 0.2 0.5 1 2 5 10 Favours control

Analysis 2.3. Comparison 2 Case fatality, Outcome 3 Case
fatality, studies with magnesium in addition of nimodipine.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
van den Bergh 2005 27/139 31/144 —.— 80.83% 0.9[0.57,1.43]
Veyna 2002 4/20 2/16 + 5.9% 1.6[0.33,7.65]
Wong 2006 4/30 5/30 T 13.27% 0.8[0.24,2.69]
Total (95% CI) 189 190 e 100% 0.93[0.61,1.41]
Total events: 35 (Treatment), 38 (Control)
Heterogeneity: Tau?=0; Chi*=0.54, df=2(P=0.76); 1>=0%
Test for overall effect: Z=0.34(P=0.73)
Favours treatment 01 02 0.5 1 2 5 10 Favours control
Comparison 3. Secondary ischaemia
Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Clinical signs of secondary is- 11 2203 Risk Ratio (M-H, Fixed, 95% Cl) 0.66 [0.59, 0.75]
chaemia
1.1 Nimodipine, intravenously 1 20 Risk Ratio (M-H, Fixed, 95% Cl) 0.18[0.02, 1.42]
only
1.2 Nimodipine, intravenously 2 535 Risk Ratio (M-H, Fixed, 95% Cl) 0.62[0.45, 0.86]
followed by orally
1.3 Nimodipine, orally only 4 390 Risk Ratio (M-H, Fixed, 95% Cl) 0.64[0.49, 0.83]
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Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1.4 Nicardipine, intravenously 1 906 Risk Ratio (M-H, Fixed, 95% Cl) 0.69[0.59, 0.82]
1.5 Nicardipine, orally 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 0.891[0.27,2.91]
1.6 AT877 1 252 Risk Ratio (M-H, Fixed, 95% Cl) 0.70[0.52, 0.95]
1.7 Magnesium 1 52 Risk Ratio (M-H, Fixed, 95% Cl) 0.39[0.16, 0.96]
2 Clinical signs of secondaryis- 3 379 Risk Ratio (M-H, Fixed, 95% Cl) 0.66 [0.45, 0.96]
chaemia: studies with magne-
sium in addition of nimodipine
3 Cerebral infarctionon CT/MR 8 1830 Risk Ratio (M-H, Fixed, 95% Cl) 0.78[0.70, 0.87]
3.1 Nimodipine, intravenously 0 0 Risk Ratio (M-H, Fixed, 95% Cl) 0.0[0.0, 0.0]
only
3.2 Nimodipine, intravenously 2 280 Risk Ratio (M-H, Fixed, 95% Cl) 0.65[0.47,0.90]
followed by orally
3.3 Nimodipine, orally only 2 632 Risk Ratio (M-H, Fixed, 95% Cl) 0.71[0.57,0.89]
3.4 Nicardipine, intravenously 1 556 Risk Ratio (M-H, Fixed, 95% Cl) 0.94[0.80, 1.12]
3.5 Nicardipine, orally 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 0.48[0.09, 2.59]
3.6 AT877 1 262 Risk Ratio (M-H, Fixed, 95% Cl) 0.72[0.57,0.91]
3.7 Magnesium 1 52 Risk Ratio (M-H, Fixed, 95% Cl) 0.29[0.06, 1.29]
4 Cerebral infarction on CT/ 1 283 Risk Ratio (M-H, Fixed, 95% Cl) 0.96 [0.74, 1.24]

Analysis 3.1. Comparison 3 Secondary ischaemia, Outcome 1 Clinical signs of secondary ischaemia.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.1.1 Nimodipine, intravenously only
Messeter 1987 1/13 3/7 < b 0.88% 0.18[0.02,1.42]
Subtotal (95% CI) 13 7  HEE— 0.88% 0.18[0.02,1.42]
Total events: 1 (Treatment), 3 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.63(P=0.1)
3.1.2 Nimodipine, intravenously followed by orally
Han 1993 29/142 51/180 — 10.12% 0.72[0.48,1.07]
Ohman 1991 14/104 31/109 I e— 6.81% 0.47[0.27,0.84]
Subtotal (95% CI) 246 289 - 16.93% 0.62[0.45,0.86]

Favours treatment 01 02 0.5 1 2 5 10 Favours control
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Study or subgroup Treatment
n/N

Control
n/N

Risk Ratio
M-H, Fixed, 95% CI

Weight

Risk Ratio
M-H, Fixed, 95% CI

Total events: 43 (Treatment), 82 (Control)

Heterogeneity: Tau?=0; Chi*=1.4, df=1(P=0.24); 1>=28.75%

Test for overall effect: Z=2.86(P=0)

3.1.3 Nimodipine, orally only

Allen 1983 5/56
Neil-Dwyer 1987 3/25
Petruk 1988 33/72
Philippon 1986 7/31
Subtotal (95% Cl) 184
Total events: 48 (Treatment), 86 (Control)
Heterogeneity: Tau?=0; Chi*=0.76, df=3(P=0.86); 1>=0%
Test for overall effect: Z=3.28(P=0)

3.1.4 Nicardipine, intravenously

Haley 1993 142/449
Subtotal (95% Cl) 449
Total events: 142 (Treatment), 208 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=4.22(P<0.0001)

3.1.5 Nicardipine, orally

Ferro 1990 5/28
Subtotal (95% Cl) 28
Total events: 5 (Treatment), 4 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=0.19(P=0.85)

3.1.6 AT877

Shibuya 1992 43/123
Subtotal (95% Cl) 123
Total events: 43 (Treatment), 64 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=2.31(P=0.02)

3.1.7 Magnesium

Luo 1996 5/28
Subtotal (95% Cl) 28
Total events: 5 (Treatment), 11 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=2.04(P=0.04)

Total (95% Cl) 1071
Total events: 287 (Treatment), 458 (Control)

Heterogeneity: Tau?=0; Chi*=5.79, df=10(P=0.83); 1>=0%

Test for overall effect: Z=6.8(P<0.0001)

Test for subgroup differences: Not applicable

10/60
5/25
54/82
17/39
206

208/457
457

4/20
20

64/129
129

11/24
24

1132

¢n

2.17%
1.12%
11.36%
3.39%
18.04%

46.38%
46.38%

1.05%
1.05%

14.06%
14.06%

2.66%
2.66%

100%

0.54[0.2,1.47
0.6[0.16,2.25
0.7[0.52,0.94
0.52[0.25,1.09
0.64[0.49,0.83]

1
]
]
]

0.69[0.59,0.82]
0.69[0.59,0.82]

0.89[0.27,2.91]
0.89[0.27,2.91]

0.7[0.52,0.95]
0.7[0.52,0.95]

0.39[0.16,0.96]
0.39[0.16,0.96]

0.66[0.59,0.75]
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Analysis 3.2. Comparison 3 Secondary ischaemia, Outcome 2 Clinical signs
of secondary ischaemia: studies with magnesium in addition of nimodipine.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
van den Bergh 2005 22/139 35/144 —— 64.95% 0.65[0.4,1.05]
Veyna 2002 6/20 5/16 —_— 10.49% 0.96[0.36,2.58]
Wong 2006 7/30 13/30 —_— 24.56% 0.54[0.25,1.16]
Total (95% Cl) 189 190 - 100% 0.66[0.45,0.96]

Total events: 35 (Treatment), 53 (Control)
Heterogeneity: Tau?=0; Chi*=0.83, df=2(P=0.66); 1>=0%
Test for overall effect: Z=2.2(P=0.03)

Favours treatment 01 02 0.5 1 2 5 10 Favours control

Analysis 3.3. Comparison 3 Secondary ischaemia, Outcome 3 Cerebral infarction on CT/MR.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.3.1 Nimodipine, intravenously only
Subtotal (95% ClI) 0 0 Not estimable
Total events: 0 (Treatment), 0 (Control)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

3.3.2 Nimodipine, intravenously followed by orally

Ohman 1991 34/88 49/92 —— 11.77% 0.73[0.52,1]
Zhu 2001 1/50 750 44—+ 1.72% 0.14[0.02,1.12]
Subtotal (95% Cl) 138 142 - 13.5% 0.65[0.47,0.9]

Total events: 35 (Treatment), 56 (Control)
Heterogeneity: Tau?=0; Chi*=2.51, df=1(P=0.11); 1?=60.15%
Test for overall effect: Z=2.6(P=0.01)

3.3.3 Nimodipine, orally only

Petruk 1988 21/33 32/45 —— 6.65% 0.89[0.65,1.23]
Pickard 1989 61/278 92/276 —=— 22.69% 0.66[0.5,0.87]
Subtotal (95% CI) 311 321 < 29.35% 0.71[0.57,0.89]

Total events: 82 (Treatment), 124 (Control)
Heterogeneity: Tau?=0; Chi*=2.29, df=1(P=0.13); 1?=56.37%
Test for overall effect: Z=3.01(P=0)

3.3.4 Nicardipine, intravenously

Haley 1993 129/267 148/289 '!' 34.93% 0.94[0.8,1.12]
Subtotal (95% Cl) 267 289 'S 34.93% 0.94[0.8,1.12]
Total events: 129 (Treatment), 148 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.5)
3.3.5 Nicardipine, orally
Ferro 1990 2/28 3/20 < = 0.86% 0.48[0.09,2.59]
Subtotal (95% CI) 28 20 ——ee— 0.86% 0.48[0.09,2.59]
Total events: 2 (Treatment), 3 (Control)
Favours treatment 01 02 05 1 2 5 10 Favours control
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Treatment Control
n/N n/N

Study or subgroup

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

Weight

Heterogeneity: Not applicable
Test for overall effect: Z=0.86(P=0.39)

3.3.6 AT877

Shibuya 1992 56/127 83/135
Subtotal (95% Cl) 127 135
Total events: 56 (Treatment), 83 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=2.75(P=0.01)

3.3.7 Magnesium

Luo 1996 2/28 6/24
Subtotal (95% Cl) 28 24
Total events: 2 (Treatment), 6 (Control)

Heterogeneity: Not applicable

Test for overall effect: Z=1.63(P=0.1)

Total (95% CI) 899 931
Total events: 306 (Treatment), 420 (Control)

Heterogeneity: Tau?=0; Chi*=12.52, df=7(P=0.08); 1>=44.1%

Test for overall effect: Z=4.52(P<0.0001)

Test for subgroup differences: Not applicable

19.78%
19.78%

0.72[0.57,0.91]
0.72[0.57,0.91]

—a—
<>
d ;
< t
—
*

1.59%
1.59%

0.29[0.06,1.29]
0.29[0.06,1.29]

100% 0.78[0.7,0.87]

Favours treatment

Favours control

Analysis 3.4. Comparison 3 Secondary ischaemia, Outcome 4 Cerebral
infarction on CT/MR: studies with magnesium in addition of nimodipine.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
van den Bergh 2005 62/139 67/144 B 100% 0.96[0.74,1.24]
Total (95% Cl) 139 144 ¢ 100% 0.96[0.74,1.24]
Total events: 62 (Treatment), 67 (Control) ‘
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.32(P=0.75) ‘

Favours treatment 01 02 0.5 1 2 5 10 Favours control
Comparison 4. Rebleeding

Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1 Rebleeding during clinical 8 2215 Risk Ratio (M-H, Fixed, 95% Cl) 0.75[0.57,0.98]
course
1.1 Nimodipine, intravenously 0 0 Risk Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]
only
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Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1.2 Nimodipine, intravenously 1 120 Risk Ratio (M-H, Fixed, 95% Cl) 0.48[0.14, 1.60]
followed by orally
1.3 Nimodipine, orally only 4 874 Risk Ratio (M-H, Fixed, 95% Cl) 0.75[0.53, 1.04]
1.4 Nicardipine, intravenously 1 906 Risk Ratio (M-H, Fixed, 95% Cl) 0.88[0.48, 1.60]
1.5 Nicardipine, orally 1 48 Risk Ratio (M-H, Fixed, 95% Cl) 0.14[0.01, 2.86]
1.6 AT8T7 1 267 Risk Ratio (M-H, Fixed, 95% Cl) 0.91[0.34, 2.43]
1.7 Magnesium 0 0 Risk Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]
2 Rebleeding: studies with 1 283 Risk Ratio (M-H, Fixed, 95% Cl) 1.09[0.62,1.92]
magnesium in addition of ni-
modipine

Analysis 4.1. Comparison 4 Rebleeding, Outcome 1 Rebleeding during clinical course.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 Nimodipine, intravenously only
Subtotal (95% ClI) 0 0 Not estimable
Total events: 0 (Treatment), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
4.1.2 Nimodipine, intravenously followed by orally
Zhu 2001 4/70 6/50 —_ 6.46% 0.48[0.14,1.6]
Subtotal (95% Cl) 70 50 ——e 6.46% 0.48[0.14,1.6]
Total events: 4 (Treatment), 6 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.2(P=0.23)
4.1.3 Nimodipine, orally only
Allen 1983 7/56 9/60 — T 8.03% 0.83[0.33,2.09]
Neil-Dwyer 1987 1/25 6/25 4 5.54% 0.17[0.02,1.29]
Petruk 1988 17/72 17/82 — Tt 14.68% 1.14[0.63,2.06]
Pickard 1989 25/278 38/276 —a— 35.22% 0.65[0.41,1.05]
Subtotal (95% Cl) 431 443 - 63.47% 0.75[0.53,1.04]
Total events: 50 (Treatment), 70 (Control)
Heterogeneity: Tau?=0; Chi*=4.38, df=3(P=0.22); 1’=31.47%
Test for overall effect: Z=1.72(P=0.09)
4.1.4 Nicardipine, intravenously
Haley 1993 19/449 22/457 —_— 20.14% 0.88[0.48,1.6]
Subtotal (95% Cl) 449 457 ’ 20.14% 0.88[0.48,1.6]
Total events: 19 (Treatment), 22 (Control) ‘ ‘ ‘ ‘ ‘ ‘ ‘

Favours treatment 0.1 0.2 0.5 1 2 5 10 Favours control
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Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Heterogeneity: Not applicable
Test for overall effect: Z=0.42(P=0.67)
4.1.5 Nicardipine, orally
Ferro 1990 0/28 2/20 4 t 2.68% 0.14[0.01,2.86]
Subtotal (95% ClI) 28 20 2.68% 0.14[0.01,2.86]
Total events: 0 (Treatment), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.27(P=0.2)
4.1.6 AT877
Shibuya 1992 7/131 8/136 — 7.25% 0.91[0.34,2.43]
Subtotal (95% CI) 131 136 —~— 7.25% 0.91[0.34,2.43]
Total events: 7 (Treatment), 8 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.19(P=0.85)
4.1.7 Magnesium
Subtotal (95% Cl) 0 0 Not estimable
Total events: 0 (Treatment), 0 (Control)
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% Cl) 1109 1106 <@ 100% 0.75[0.57,0.98]
Total events: 80 (Treatment), 108 (Control)
Heterogeneity: Tau?=0; Chi*=6.48, df=7(P=0.49); 1>=0%
Test for overall effect: Z=2.07(P=0.04)
Test for subgroup differences: Not applicable
Favours treatment 01 02 0.5 1 2 5 10 Favours control

Analysis 4.2. Comparison 4 Rebleeding, Outcome 2 Rebleeding: studies with magnesium in addition of nimodipine.

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

van den Bergh 2005 21/139 20/144 B 100% 1.09[0.62,1.92]
Total (95% Cl) 139 144 * 100% 1.09[0.62,1.92]
Total events: 21 (Treatment), 20 (Control) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.29(P=0.77) ‘

Favours treatment 01 02 0.5 1 2 5 10 Favours control

APPENDICES

Appendix 1. MEDLINE search strategy

The following search strategy, using a combination of controlled vocabulary and free text terms, was used for MEDLINE and modified for

EMBASE.
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MEDLINE (Ovid)
1. Subarachnoid Hemorrhage/

2. intracranial hemorrhages/ or cerebral hemorrhage/
3. Intracranial Aneurysm/

4. Rupture, Spontaneous/

5.3and 4
6
7
8
9

. Aneurysm, Ruptured/
. exp brain/
.6and7
. ((subarachnoid or arachnoid) adj6 (haemorrhage$ or hemorrhage$ or bleed$ or blood$)).tw.
10. Vasospasm, Intracranial/
11. ((cerebral or intracranial or cerebrovascular) adj6 (vasospasm or spasm)).tw.
12. sah.tw.
13.1or2o0r50r8o0r9orl10orllorl2
14. exp Calcium Channel Blockers/
15. Calcium/ai [Antagonists & Inhibitors]
16. calcium antagonistS.tw.
17. (amlodipine or amrinone or bencyclan$ or bepridil or AT877 or AT 877 or cinnarizine or conotoxins or diltiazem or felodipine or fendiline
or flunarizine or gallopamil or isradipine or lidoflazine or magnesium sul$ or mibefradil or nicardipine or nifedipine or nimodipine or
nisoldipine or nitrendipine or perhexiline or prenylamine or verapamil).tw.
18.14o0r150r16o0r17
19.13and 18
20. limit 19 to human

FEEDBACK

Results for nimodipine separately
Summary

This review pools data from trials of nimodipine, nicardipine and AT877

in patients with subarachnoid haemorrhage (SAH). Since nimodipine alone is
widely used in SAH, the results for its effects need to be reported

separately for all outcomes, not for just some as in the review now.

Reply

In the update of November 2001, also for secondary ischaemia, the results of nimodipine are reported separately. Therefore, the updated
version provides results for nimodipine separately for all outcomes (for poor outcome and rebleeding in the analyses figures, for the other
outcomes in the text). All data are provided in such a way that consumers can make additional calculations if they want to.

Contributors

Comment: R Schuurman, MD, Dept of Neurosurgery, Academic Medical Centre, Amsterdam, The Netherlands
Reply: GJE Rinkel

WHAT'S NEW

Date Event Description
23 July 2008 Amended Converted to new review format.
HISTORY

Protocol first published: Issue 2, 1996
Review first published: Issue 3, 1999
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Date Event Description

27 October 2006 New search has been performed The protocol of the review has been slightly changed because tri-
als have subsequently been published where patients were ran-
domised to receive a second calcium antagonist (magnesium
sulphate) versus control in addition to another calcium antag-
onist (nimodipine) in both the treatment and control groups.
These trials were analysed separately.

Eight new trials were identified, and four trials were included in
the review. These included one trial of nimodipine and three tri-
als of magnesium sulphate.

The main results and conclusions of the review are unchanged.
Phrasing has been amended throughout the text.

27 October 2006 New citation required but conclusions Change of authorship.
have not changed
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