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Abstract Magnesium offers theoretic vascular and neu-

roprotective benefits for patients with subarachnoid

hemorrhage. An electronic literature search was conducted

to identify original research studies describing intravenous

magnesium treatment in patients with SAH published in

English between January 1990 and October 2010. Seven-

teen articles were identified and reviewed, including one

phase III randomized-controlled clinical trial and six phase

II randomized-controlled trials. Study quality was low for

most of the included studies, with the phase III trial con-

sidered to be of moderate quality. Due to inconsistently

reported benefits and the occurrence of side effects, phase

II data suggested that intravenous magnesium for SAH

provided either no overall net benefit or uncertain trade-

offs. Benefit was likewise not supported in the single phase

III clinical trial.
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Intravenous � Neuroprotection � Vasospasm

Introduction

Magnesium is a noncompetitive calcium antagonist with

several important vascular and potentially neuroprotective

effects [1, 2]. For instance, magnesium can lead to vaso-

dilatation by blocking the voltage-dependent calcium

channel and decreasing glutamate release and the entry of

calcium into the cell [3, 4]. In addition, magnesium also

attenuates the effect of various potent vasoconstrictors,

such as endothelin 1, and blocks the formation of reactive

oxygen species [5].

These potentially helpful effects of magnesium on

vasodilation and consequent neuroprotection has led some

investigators to study the ability of magnesium to prevent

of cerebral vasospasm and delayed cerebral ischemia after

subarachnoid hemorrhage (SAH). This manuscript was

designed to examine the current level of evidence for a role

of magnesium in SAH management.

Methods

A Pubmed and EMBASE (Ovid) literature search was

conducted for studies investigating the treatment of SAH

with intravenous magnesium, using the key word ‘‘mag-

nesium’’ plus at least one of the following additional terms:

‘‘subarachnoid hemorrhage,’’ ‘‘neuroprotection,’’ ‘‘clinical

trials,’’ ‘‘cerebral vasospasm,’’ ‘‘delayed ischemic deficit,’’

and ‘‘clinical outcome.’’ Papers could be included if they

reported on original studies with human subjects and were

published in English between January 1990 and October

2010. Selected articles were those that directly addressed

intravenous magnesium treatment in patients with SAH.

Quality of data for each included study was determined

using the GRADE approach [6].
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Summary of Literature

Seventeen papers were included in this review: one phase

III randomized-controlled clinical trial [7], six phase II

randomized-controlled trials [8–13], one phase I trial [14],

four prospective case series [15–18], two case–control

studies [19, 20], two retrospective case series [21, 22], and

one case report [23]. Study details and quality are descri-

bed in Table 1.

The quality of most of the studies was low or very low,

with the lowest quality given to case–control, case series,

and case reports. Although still generally representing

fairly low quality, more complete data were provided

through phase II and III studies.

Phase I–II Studies

All phase II studies enrolled adult patients who were

treated within the first 72 h of symptom onset. There were

important differences in methodology among the studies

and several limitations. Dosages of magnesium infusions

varied among studies and only one paper presented a

rational explanation for choosing the rate and quantity of

magnesium infused. The latter was based in the only phase

I study investigating the safest of 3 different dosage regi-

mens [19]. However, the authors failed to mention how

they reached the sample size chosen for their dose-esca-

lation study. Despite this caveat, a review of available

phase II data suggests that an infusion of 64 mmol/day of

magnesium sulfate is safe in patients with SAH.

Another difficulty with the interpretation of phase II

clinical trials is that the primary and secondary outcome

measures employed also differed among studies. Reported

outcome used a range of potential endpoints, including

good or poor outcome defined by the Glasgow outcome

scale (GOS), frequency of symptomatic vasospasm or

delayed cerebral ischemia (DCI), and the occurrence of

adverse events. Differences in the outcome measures make

direct comparisons between studies difficult.

Additional limitations included varied aneurysm treat-

ment and relatively small sample sizes. Most patients entered

into these trials were treated with surgical clipping for their

ruptured cerebral aneurysms; however, other treatments

were also used. Sample sizes ranged from 40 to 283 patients.

Only one of these studies mentioned power or sample size

calculations.

The largest phase II study was powered based on the

assumption that intravenous magnesium would reduce the

risk of hypodense lesions on computed tomography (CT)

by 40% (1-b = 80% with a = 5%) [10]. Patients received

active treatment with magnesium sulfate as a continuous

infusion at 64 mmol/l per day until 14 days after aneurysm

treatment or up to a maximum of 18 days (n = 139), or

saline placebo (n = 144). There was no reduction of risk

for the outcome of any new hypodensity on CT (the pri-

mary endpoint), regardless of cause (RR 1.04; 95% CI

0.79–1.37). DCI (not defined in the article) was reduced by

34% (HR 0.66; 95% CI 0.38–1.14) in the magnesium-

treated group, with a number needed-to-treat to benefit one

patient of 14. A total of 18 magnesium-treated patients and

6 placebo patients experienced an excellent outcome (RR

3.4; 95% CI 1.3–8.9). Because this was a prospective,

randomized, controlled study, the initial grading was high.

However, quality was downgraded to low since this was a

phase II study and was not powered to detect differences in

a meaningfully important clinical outcome.

Most of phase II studies included in this review reported

no difference in adverse events between magnesium and

placebo. However, the study by Muroi et al. [12] reported

hypotension in 3 patients with placebo versus 15 with

magnesium infusion (11% vs. 48%, P = 0.04) and hypo-

calcemia in no placebo patients versus 8 with magnesium

(0% vs. 26%, P = 0.005). Furthermore, magnesium infu-

sion had to be stopped in 16 patients (52%) due to side

effects. Based on these results, phase II data suggest either

no net benefit or uncertain trade-offs with intravenous

magnesium for SAH.

Phase III Studies

The only phase III study published at the time of this review

studied 327 adult patients with SAH who received study

medication within 48 h of symptom onset [7]. Outcomes

were clearly defined. The primary outcome was achieving a

favorable outcome using the extended GOS (GOSE 5–8) at

6 months. Secondary outcome measures included clinical

vasospasm within 2 weeks, modified Rankin scale score 0–2

at 6 months, Barthel Index C 85 at 6 months, and quality of

life SF-36 at 6 months. Achieving a favorable GOSE at

6 months was similar with intravenous magnesium and

placebo (64% vs. 63%; OR 1.0, 95% CI 0.7–1.6). There were

likewise no differences in all secondary outcomes. Prede-

fined subgroups based on age, admission world federation

of neurosurgical societies (WFNS) grading, preexisting

hypertension, intracerebral hemorrhage, intraventricular

hemorrhage, location of aneurysm, or size of aneurysm

did not affect outcomes. Hypotension (SBP < 90 mmHg

requiring vasopressors) occurred in 15% treated with mag-

nesium versus 13% with placebo (P = 0.590). Mortality rate

was similar between treatments (10% with magnesium vs.

12% in placebo). There were no between-treatment differ-

ences in incidences of heart failure, renal failure, pneumonia,

sepsis, pulmonary emboli, myocardial infarction, or gastro-

intestinal bleeding.

The initial grading of this trial was high, based on

the phase III clinical trial design. However, grading was
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reduced to moderate quality of evidence due to: lack of on-

site trial monitoring, absence of daily blood pressure data,

and the use of a hypotension threshold definition considered

to be lower than what is typically used in clinical practice.

Conclusion

Limited low to moderate quality data on intravenous

magnesium treatment during SAH are available through

clinical trials, with very low quality data from case series

and a case report. While maintaining magnesium within

normal limits in patients with SAH is reasonable, the

current evidence does not support routine use of continuous

intravenous infusions of magnesium sulfate in patients with

SAH. Furthermore, significant side effects associated with

intravenous magnesium may offset any potential benefit.
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