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Abstract Delayed cerebral ischemia following aneurys-
mal subarachnoid hemorrhage is a cause of considerable
morbidity and mortality. Magnesium sulfate has been
proposed as a prophylactic intervention for angiographic
vasospasm and to improve clinical outcomes. A systematic
review was conducted to determine the evidence for the
prophylactic use of magnesium sulfate in aneurysmal
subarachnoid hemorrhage. Medline, Embase, Cochrane
library, clinicaltrials.gov, and controlled-trials.com were
searched with a comprehensive search strategy. 2,035
records were identified in the initial search and 1,574
remained after removal of duplicates. Randomized, parallel
group, controlled trials of magnesium sulfate in patients
with aneurysmal subarachnoid hemorrhage were included.
A total of ten studies were included. Review Manager and
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GRADE software were used to synthesize the results. The
summary effect for Glasgow outcome scale and the mod-
ified Rankin scale is a risk ratio (RR) of 0.93 [95 %
confidence interval (CI) 0.82-1.06]. The RR for mortality
is 0.95 [95 % CI 0.76—-1.17]. Delayed cerebral ischemia has
a RR of 0.54 [95 % CI 0.38-0.75], which is the only out-
come with a statistically significant summary effect
measure favoring magnesium treatment. Delayed ischemic
neurological deficit has a RR of 0.93 [95 % CI 0.62-1.39].
Transcranial doppler vasospasm has a RR of 0.72 [95 % CI
0.51-1.03]. Current evidence does not support the pro-
phylactic use of magnesium sulfate in aneurysmal
subarachnoid hemorrhage.

Keywords Magnesium sulfate - Aneurysm -
Subarachnoid hemorrhage - Delayed cerebral ischemia -
Angiographic vasospasm

Background

Subarachnoid hemorrhage (SAH) secondary to rupture of
intracranial aneurysms is a cause of significant morbidity
and mortality. Treatment is directed at early aneurysm
repair, administration of prophylactic nimodipine, and
intensive care support. Various therapeutic interventions
have been studied over the past few decades, some dem-
onstrating promise in pilot trials, though failing to
demonstrate any appreciable beneficial effect in subsequent
clinical trials. Recently, there has been renewed interest in
the role of magnesium sulfate as a prophylactic interven-
tion for patients with aneurysmal subarachnoid
hemorrhage.

The clinical research question that forms the basis of
this systematic review is whether administration of
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prophylactic magnesium sulfate versus placebo improves
short-term (angiographic vasospasm, delayed cerebral
ischemia, and delayed ischemic neurological deficits) and
long-term (Glasgow outcome scale/modified Rankin scale
and mortality) outcomes in patients with aneurysmal sub-
arachnoid hemorrhage.

Methods

A research protocol was developed in advance and
detailed all aspects of the conduct of this systematic
review. Preferred reporting items for systematic reviews
and meta-analyses (PRISMA) were used for protocol
development and manuscript preparation. We did not
register this review. Randomized parallel group, placebo-
controlled trials evaluating magnesium sulfate in patients
with aneurysmal subarachnoid hemorrhage were included.
Non-English studies were not excluded. As it was antici-
pated that there would be fewer than 12 randomized
controlled trials for inclusion based on prior systematic
reviews that have been completed, there was no specific
restriction on study methodological quality beyond
selecting studies that were identified as randomized con-
trolled trials. This was done to prevent being overly
restrictive at the study selection stage. Studies with dif-
ferent doses, routes of administration, and duration of
treatment were included in the analysis with further sub-
group analysis specified if warranted.

Pre-specified outcome measures included mortality,
functional outcome scales [Glasgow outcome scale (GOS)
and modified Rankin scale (MRS)], delayed cerebral
ischemia (DCI), delayed ischemic neurological deficit
(DIND), angiographic vasospasm, and transcranial dopp-
ler (TCD) vasospasm. Delayed cerebral ischemia as
defined as “the presence of cerebral infarction on CT or
MRI scan of the brain within 6 weeks after SAH, not
present on the scan between 24 and 48 h after early
aneurysm occlusion, and not attributable to other causes”
[1]. Delayed ischemic neurological deficit is clinical
deterioration secondary to cerebral ischemia and is
defined as “the occurrence of focal neurological impair-
ment, or a decrease of at least 2 points on the Glasgow
Coma scale, lasting for at least 1 h, is not apparent
immediately after aneurysm occlusion, and cannot be
attributed to other causes” [1].

Electronic databases searched included Medline, Em-
base, and the Cochrane library. Clinical trials registries
www.controlled-trials.com and www.clinicaltrials.gov
were searched for ongoing and recently completed

clinical trials. Searches for unpublished studies were done
in consultation with a health sciences librarian and inclu-
ded a review of key conference proceedings. Searches were
conducted in Medline (1946-January week 4, 2012), Em-
base (1980-2012 week 5), and the Cochrane Central
Register of Controlled Trials (-Jan 2012). Additional
searches were conducted in two clinical trials registries,
www.clinicaltrials.gov and www.controlled-trials.com.
Our comprehensive search strategies are available for
review on request. A gray literature search was also con-
ducted in the WHO ICTRP Search Portal, National
Research Register Archive, OCLC PapersFirst and Pro-
ceedingsFirst. Two reviewers, Deven Reddy (DR) and Aria
Fallah (AF), independently performed the title and abstract
review for study selection for full-text review. Kappa sta-
tistics were done to evaluate reviewer agreement.
Differences were resolved by discussion and consensus.

DR and AF performed data extraction, risk of bias
assessments, and evidence quality evaluation indepen-
dently with resolution of discrepancies by discussion and
consensus. A modified Cochrane risk of bias tool was used
to evaluate the risk of bias in individual studies. The
evaluation of evidence quality by outcome, to determine
confidence in estimates of treatment effect, was done using
the GRADE tool combining the risk of bias assessment
with assessments of inconsistency, indirectness, impreci-
sion, and other considerations including publication bias
[2].

Data are presented using forest plots generated by
Review Manager [3] software.

Risk ratios (RR) were used as measures of treatment
effect and were reported with 95 % confidence intervals
(CI) and pooled where appropriate. The Mantel-Haenszel
random effects model was used for meta-analysis. Absolute
and relative measures of treatment effect were reported in
the GRADE summary of findings table. Functional out-
comes (GOS and MRS) were dichotomized into favorable
and unfavorable outcomes at the same cut-point with
unfavorable outcomes counting as events (moderate dis-
ability to no symptoms/good recovery = favorable
outcome). Inconsistent reporting and differing study spe-
cific thresholds for the diagnosis of angiographic
vasospasm outcomes presented a challenge for data ana-
lysis. As a result, there is no meta-analysis reported for
angiographic vasospasm diagnosed by digital subtraction
angiography, CT angiography, and MR angiography.

Chi square and /* statistics were applied to evaluate the
presence and extent of heterogeneity among included
studies. A Chi square p value of <O0.1 and/or an
I* > 40 % was the selected thresholds for determining
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Fig. 1 Study flow diagram

heterogeneity of studies pooled in meta-analyses. Forest
plots generated by Review Manager [3] were examined
visually to evaluate each outcome.
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Results

The initial database searches yielded 2,035 records. Fol-
lowing removal of duplicates, 1,574 records remained. We
excluded 1,538 records after title and abstract review. We
were left with 36 records for full-text review (Fig. 1). The
kappa statistic for reviewer agreement for title and abstract
review was 0.8 (record 1-500) and 0.75 (record 501—
1,574).

Following full-text review, ten studies were included for
quantitative data synthesis (Table 1). The kappa statistic
for reviewer agreement for full-text review was 0.75. At
full-text review, 27 records were excluded for not being
randomized controlled trials, for including patients with
non-aneurysmal subarachnoid hemorrhage, for not having
at least one pre-specified outcome measure or for having an
active comparator that is considered standard of care
(Fig. 1).

A modified Cochrane risk of bias tool was used to
evaluate risk of bias in the included studies. High risk of
bias was identified in the areas of allocation concealment
(selection bias), blinding of participants and healthcare
personnel (performance bias), and blinding of outcome
assessment (detection bias). High risk of bias was detected
in five of the ten included studies (Fig. 2).

The overall quality of evidence for each outcome is
reported in the summary of findings table (Table 2). This
provides an evaluation of the confidence that can be placed
on the estimate of treatment effect. Overall, for the func-
tional outcome scales (GOS and MRS) and mortality, the
summary effect measure was not statistically significant.
The quality of evidence was high.

DCI summary effect measure was statistically signifi-
cant demonstrating benefit with magnesium administration
and the quality of evidence was moderate. DIND summary
effect measure showed no benefit of magnesium treatment
and the quality of evidence was low. TCD vasospasm
summary effect measure was not statistically significant
and the quality of evidence was low.

Outcomes were evaluated with forest plots with sum-
mary effect measures in the form of pooled risk ratios
(Figs. 3, 4, 5, 6, 7). The functional outcome scales (GOS
and MRS) were pooled together, dichotomized into unfa-
vorable and favorable outcomes, with unfavorable
outcomes reported as events. The functional outcome
scales were dichotomized at the same cut-points and
pooled for the meta-analysis.

The summary effect for GOS and MRS was a RR of
0.93 (95 % CI 0.82-1.06). The RR for mortality was 0.95
(95 % CI 0.76-1.17). Delayed cerebral ischemia had a RR
of 0.54 (95 % CI 0.38-0.75), which was the only outcome
with a statistically significant summary effect measure,
demonstrating benefit with magnesium administration.
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Table 1 Characteristics of included studies
Study Year Study Locations Duration  Study Treatment intervention Outcomes
design of participants MgSO,4 IV
follow-up
Aidaros et al. [8] 2011 RCT Egypt 1 Year N =20 Bolus 16 mmol Mortality
Daily 64 mmol DCI
Duration 10 days DIND
TCD
vasospasm
Akdemir et al. [9] 2009 RCT  Turkey 3 Months N =83 Bolus 20 mmol Mortality
Daily 64 mmol GOS
Duration 10 days
Baiocchi et al. [10] 2006 RCT  Italy 6 Months N = 17 Bolus 20 mmol Mortality
Daily infusion to maintain serum Mg 2 x GOS
baseline DIND
TCD
Duration 15 days Vasospasm
Dorhout Mees [11] 2012 RCT Netherlands 3 Months N = 1204 64 mmol/day MRS
Scotland Duration 20 days Mortality
Chile
Muroi et al. [12] 2007 RCT  Switzerland 1 Year N =58 Bolus 16 mmol Mortality
Daily 64 mmol GOS
DCI
Duration 12 days DIND
TCD
vasospasm
van den Bergh et al. 2005 RCT Netherlands 3 Months N = 283 Daily 64 mmol Mortality
[13] Duration 14 days MRS
DCI
Veyna et al. [14] 2002 RCT USA 3 months N =40 Bolus 6 g Mortality
Daily 2 g/hour GOS
Duration 10 days DIND
Westermaier et al. [15] 2010 RCT  Germany 6 Months N = 107 Bolus 16 mmol Mortality
Daily 8 mmol/h GOS
DCI
Duration 10 days DIND
Wong et al. [16] 2006 RCT China 6 Months N = 60 Bolus 20 mmol Mortality
Daily 80 mmol GOS
Duration 14 days TCD
vasospasm
Wong et al. [17] 2010 RCT China 6 Monthss N = 327 Bolus 20 mmol Mortality
Australia GOSE
Malaysia Daily 80 mmol MRS
Duration 14 days DIND

Magnesium sulfate (MgSO,) conversion. 1 g = 4 mmol = 8 mEq = 98 mg elemental magnesium

RCT randomized controlled trial, N number, DCI delayed cerebral ischemia, DIND delayed ischemic neurological deficit, TCD transcranial
doppler, GOS Glasgow outcome scale, MRS modified Rankin scale, GOSE extended Glasgow outcome scale

Delayed ischemic neurological deficit had a RR of 0.93
(95 % CI 0.62-1.39). TCD vasospasm had a RR of 0.72
(95 % CI 0.51-1.03). The outcome-dependent GRADE

quality of evidence ranged from low to high though it was
high for patient important outcomes of mortality and
functional outcome.
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Fig. 2 Risk of bias graph
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Discussion

Following subarachnoid hemorrhage, a complex cascade of
events is triggered including the intracellular influx of cal-
cium, inhibition of nitric oxide, and the production of
endothelin-1. Nitric oxide is a vasodilator and endothelin-1 is
a vasoconstrictor. Magnesium has been explored as a ther-
apeutic intervention as it is thought to target the vasospasm
process at multiple levels from its’ calcium antagonist effect
to inhibiting the production of endothelin- 1. It is also thought
to have additional neuro-protective effects and improve
cerebral blood flow.

Delayed cerebral ischemia is a cause of significant
morbidity and mortality following aneurysmal subarach-
noid hemorrhage. The 2012 American Heart Association
guidelines for the management of aneurysmal subarach-
noid hemorrhage summarize the evidence for treatment
interventions in aneurysmal subarachnoid hemorrhage [4].
Based on their established classification and evidence
grading system, oral nimodipine is a class I, level of evi-
dence A recommendation, maintenance of euvolemia and
hypertension is a class I, level of evidence B recommen-
dation, and cerebral angioplasty and/or selective intra-
arterial vasodilator therapy is a class IIA, level of evidence
B recommendation.

This systematic review is a current evaluation of the
available evidence for the use of magnesium sulfate in this
clinical situation. Prior reviews have been more enthusi-
astic in their support of this intervention based on summary
statistics that suggested benefit though not conclusively [5—
7]. The quality assessment associated with the summary
effect measure by outcome allows for a more objective
overall evaluation. The quality of evidence was evaluated
with the GRADE outcome specific quality assessment tool.
This included assessment of the risk of bias, inconsistency,
indirectness, imprecision, and other considerations includ-
ing publication bias. Factors that resulted in downgrading
are summarized in the evidence profile table. Risk of bias

@ Springer

issues included the lack of blinding and allocation con-
cealment. Indirectness of evidence occurred with outcome
assessment at different times e.g., 3 and 6 months for
functional outcome scales.

Several steps in this review process were done in
duplicate to reduce the likelihood of systematic biases.
This included title and abstract review, full-text review,
data abstraction, risk of bias assessment, and quality of
evidence assessment. The gray literature search was not
done in duplicate due to time constraints, though it is
unlikely to change confidence in estimates of effect. The
application of the GRADE quality of evidence assess-
ment enhances the reader’s ability to determine the
confidence that can be placed in estimates of treatment
effect.

The meta-analysis did not demonstrate any statistically
significant difference between the magnesium adminis-
tration group and placebo group for all the assessed
outcomes with the exception of DCI. The total number of
study participants assessed for the DCI outcome is 468,
which represents less than 25 % than that of the func-
tional outcome (GOS and MRS). The GRADE quality of
evidence for DCI is moderate suggesting that further
research may change the estimate of the summary effect
measure. It could be worthwhile to explore further with a
larger study, though given DCI would be considered a
surrogate outcome; it would also have to demonstrate that
an improvement in DCI results in a measurable
improvement in functional outcome or a reduction in
mortality.

Limitations of this review include variability in dose and
duration of magnesium administration (Table 1). There
was also between study variability in timing of outcome
assessment with follow-up ranging from 3 months to
1 year. Thresholds for the diagnosis of TCD vasospasm
varied substantially. Despite these limitations, the quality
of evidence for mortality and functional outcome is high.
This meta-analysis represents the most comprehensive and
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Magnesium Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
1.1.1 GOS
Akdemir 2009 12 40 9 43 3.0% 1.43 [0.68, 3.03] -
Baiocchi 2006 0 8 1 9 0.2% 0.37 [0.02, 7.99]
Muroi 2007 11 31 14 27 4.7% 0.68 [0.38, 1.24] —
Veyna 2002 7 20 8 16 2.8% 0.70 [0.32, 1.52] i
Westermaier 2010 20 54 26 53 8.5% 0.75 [0.48, 1.18] —
Wong 2006 10 30 14 30 4.2% 0.71[0.38, 1.35] AR
Subtotal (95% CI) 183 178 23.3% 0.78 [0.60, 1.02] L
Total events 60 72
Heterogeneity: Tau® = 0.00; Chi* = 3.13, df = 5 (P = 0.68); I’ = 0%
Test for overall effect: Z= 1.78 (P = 0.08)
1.1.2 MRS
Dorhout Mees 2012 158 606 151 597 45.2% 1.03 [0.85, 1.25] il
van den Bergh 2005 38 139 51 144 13.7% 0.77 [0.54, 1.09] —
Wong 2010 57 169 52 158 17.8% 1.02 [0.75, 1.39] -+
Subtotal (95% CI) 914 899 76.7% 0.97 [0.83, 1.14] {
Total events 253 254
Heterogeneity: Tau® = 0.00; Chi’* = 2.14, df = 2 (P = 0.34); I’ = 6%
Test for overall effect: Z = 0.32 (P = 0.75)
Total (95% CI) 1097 1077 100.0% 0.93 [0.82, 1.06] [
Total events 313 326
Heterogeneity: Tau® = 0.00; Chi* = 7.27, df = 8 (P = 0.51); I = 0% t t t t
Test for overall effect: Z = 1.12 (P = 0.26) 0.01 0.1 1 10 100

Test for subgroup differences: Chi* = 1.90, df = 1 (P = 0.17), I* = 47.3%

Favours Magnesium Favours Control

Fig. 3 Forest plot: magnesium sulfate versus placebo control. Functional outcome (unfavorable): GOS and MRS

Magnesium Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aidaros 2011 2 12 2 8 1.5% 0.67 [0.12, 3.81] —
Akdemir 2009 8 40 6 43 5.0% 1.43 [0.54, 3.77] =
Baiocchi 2006 0 8 0 9 Not estimable
Dorhout Mees 2012 91 606 85 597 62.2% 1.05 [0.80, 1.39] |
Muroi 2007 4 31 6 27 3.5% 0.58 [0.18, 1.84] — 1
Veyna 2002 4 20 2 16 1.9% 1.60 [0.33, 7.65] I
Westermaier 2010 6 54 10 53 5.3% 0.59 [0.23, 1.51] —
Wong 2006 4 30 5 30 3.2% 0.80 [0.24, 2.69] —
Wong 2010 22 169 28 158 17.5% 0.73 [0.44, 1.23] —ar
Total (95% CI) 970 941 100.0% 0.95 [0.76, 1.17] L
Total events 141 144
Heterogeneity: Tau® = 0.00; Chi* = 4.57,df = 7 (P = 0.71); I = 0% I } + |
Test for overall effect: Z = 0.49 (P = 0.62) 0.01 0.1 1 10 100

Fig. 4 Forest plot: magnesium sulfate versus placebo control. Mortality

Favours Magnesium Favours Control

Magnesium Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Aidaros 2011 2 12 3 8 4.9% 0.44 [0.09, 2.09]
Muroi 2007 3 31 6 27 7.1% 0.44 [0.12, 1.58] —
van den Bergh 2005 22 139 35 144 51.1% 0.65 [0.40, 1.05] —H
Westermaier 2010 12 54 27 53 36.9% 0.44 [0.25, 0.77] -
Total (95% CI) 236 232 100.0% 0.54 [0.38, 0.75] E 3
Total events 39 71
Heterogeneity: Tau? = 0.00; Chi* = 1.30, df = 3 (P = 0.73); I = 0% b } } !
Test for overall effect: Z = 3.57 (P = 0.0004) 0.01 0.1 1 10 100

Fig. 5 Forest plot: magnesium sulfate versus placebo control. Delayed cerebral ischemia
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Magnesium Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Aidaros 2011 2 12 4 8 7.2% 0.33 [0.08, 1.41] —
Baiocchi 2006 2 8 2 9 5.2% 1.13 [0.20, 6.24] —
Muroi 2007 4 31 4 27 8.8% 0.87 [0.24, 3.15] e —
Veyna 2002 6 20 S 16 13.9% 0.96 [0.36, 2.58] —_—
Westermaier 2010 9 54 15 53 22.0% 0.59 [0.28, 1.23] —a
Wong 2010 42 169 29 158 42.9% 1.35 [0.89, 2.06]
Total (95% CI) 294 271 100.0% 0.93 [0.62, 1.39]
Total events 65 59
Heterogeneity: Tau? = 0.05; Chi® = 6.28, df = 5 (P = 0.28); I = 20% : } | } {
Test for overall effect: Z = 0.37 (P = 0.71) 0.01 0.1 1 10 100

Favours Magnesium Favours Control

Fig. 6 Forest plot: magnesium sulfate versus placebo control. Delayed ischemic neurological deficit

Risk Ratio Risk Ratio

M-H, Random, 95% CI

Magnesium Control

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI
Aidaros 2011 5 12 6 8 20.7%

Baiocchi 2006 3 8 5 9 11.0%

Muroi 2007 12 31 10 27 28.8%

Wong 2006 11 30 17 30 39.5%

Total (95% CI) 81 74 100.0%

Total events 31 38

Heterogeneity: Tau® = 0.00; Chi* = 1.81, df = 3 (P = 0.61); I = 0%

Test for overall effect: Z = 1.79 (P = 0.07)

0.56 [0.25, 1.21) —=—
0.68 [0.23, 1.97) i
1.05 [0.54, 2.03] —n—
0.65 [0.37, 1.14) .
0.72 [0.51, 1.03] &
0.01 0.1 1 10 100

Favours Magnesium Favours Control

Fig. 7 Forest plot: magnesium sulfate versus placebo control. TCD vasospasm

current review of the use of magnesium sulfate in aneu-
rysmal subarachnoid hemorrhage.

Conclusion

Current evidence does not support the routine use of
magnesium sulfate in aneurysmal subarachnoid hemor-
rhage. The assessed evidence quality ranges from low to
high though is high for patient important outcomes of
mortality and functional outcome.
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