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Abstract

Aims: To study the effect of intravenous magnesium sulfate infusion on clinical outcome of patients of acute stroke. Materials and
Methods: Sixty consecutive cases of acute ischemic stroke hospitalised within 24 h of an episode of stroke were taken as subjects. All
subjects underwent a computed tomography head, and those found to have evidence of bleed/space-occupying lesions were excluded
from the study. The subjects taken up for the study were divided into two groups of 30 subjects each. Both the groups received the
standard protocol management for acute ischemic stroke. Subjects of Group 1 additionally received intravenous magnesium sulfate
as initial 4 g bolus dose over 15 min followed by 16 g as slow infusion over the next 24 h. In all the subjects of the two study groups,
serum magnesium levels were estimated at the time of admission (Day 0), Day 1 and Day 2 of hospitalization using an atomic absorption
spectrometer. Statistical Analysis Used: Scandinavian stroke scores were calculated on Day 3, day of discharge and Day 28. Paired
t-test was employed for comparison of stroke scores on Day 3, day of discharge and Day 28 within the same group and the unpaired
t-test was used for the intergroup comparison, i.e. comparison of stroke scores of control group with corresponding stroke scores of
magnesium group. Results: Comparison of stroke scores on Day 3 and day of discharge, on the day of discharge and Day 28 and
on Day 3 and Day 28 in the magnesium group produced a t-value of 5.000 and P <0.001, which was highly significant. However, the
comparison of the mean stroke scores between the magnesium and the control groups on Day 3, day of discharge and Day 28 yielded
a P-value of >0.05, which was not significant. Conclusions: The study failed to document a statistical significant stroke recovery in spite
of achieving a significant rise in serum magnesium level, more than that necessary for neuroprotection, with an intravenous magnesium
sulfate regime.
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Introduction

Stroke is defined as rapidly developing clinical signs of focal or
global disturbance of cerebral functions, lasting more than 24 h,
or leading to death with no apparent cause other than vascular
origin. The worldwide incidence of stroke is estimated to be
0.22.5 per 1000. It accounts for 2% of all hospital admissions
in India."? Cerebral thrombosis is the most common type of
stroke, and hemiplegia its most common somatoneurological
presentation encountered clinically.

The therapeutic management for acute ischemic stroke is
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divided into therapies that target the vasculature and those
that target the nervous system. Vascular strategies include
prevention of clot propagation, recanalization and collateral
enhancement. Acute neuroprotection and subacute promotion
of brain plasticity are the current neural strategies. The
available modalities of stroke treatment constitute a limited
armamentarium to combat this dreaded disease, which has
such a high impact on mortality and morbidity and is a financial
burden on mankind.”!

A variety of neuroprotective agents like glycine antagonists,
calcium antagonists, free radical scavengers, etc. presumed to
be intervening at one of the various steps in the mechanism
of ischemic cell injury have been tried in the past but were
found to be either ineffective or too toxic for man. In recent
times, magnesium has been found to be neuroprotective in
several preclinical and clinical trials. Magnesium ions affect
various cellular enzymes involved in a variety of cellular
functions, e.g. cell membrane permeability, mitochondrial
functions, the ionic membrane current in conducting cells,
etc.l It can produce vasodilation in systemic and pulmonary
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circulation by inhibiting calcium ion influx. Magnesium also
decreases platelet aggregation and increases bleeding time,
thereby preventing thrombus propagation and re-occlusion
of thrombosed vessels after recanalization.®”]

Clinical exposure with magnesium sulfate administration
in preeclampsia/eclampsia, acute myocardial infarction and
arrhythmias has established its safety and tolerability in human
subjects beyond doubt. The present study was undertaken
to evaluate the effects of intravenous magnesium sulfate on
clinical outcome in patients of acute ischemic stroke.

Materials and Methods

Sixty consecutive cases of acute ischemic stroke hospitalised at
Pt. B. D. Sharma, PGIMS, Rohtak within 24 h of an episode of
stroke were taken as subjects for the present study. An informed
consent of the subject or a close relative was taken for inclusion
in the study group. The study was an open randomized trial.

Exclusion criteria

® Subjects with systolic blood pressure less than 90 mmHg.

e Presence of bundle branch block or atrioventricular block.

¢ Serum creatinine >3mg%.

e Any clinical condition in which there was a therapeutic
indication for magnesium sulfate.

® Pregnancy.

All subjects underwent a computed tomography (CT) head
and those found to have evidence of bleed/space-occupying
lesions were excluded from the study. The subjects taken up
for the study were divided into two groups of 30 subjects each.
Both the groups received the standard protocol management
for acute ischemic stroke. Subjects of Group 1 additionally
received intravenous magnesium sulfate as initial 4 g bolus
dose over 15 min followed by 16 g as slow infusion over the
next 24 h. Simultaneously, a keen watch was kept for signs and
symptoms of magnesium toxicity such as loss of deep tendon
reflexes, respiratory depression, prolongation of PR, QT or QRS
interval or complete heart block.

In all the subjects of the two study groups, serum magnesium
levels were estimated at the time of admission (Day 0), Day
1 and Day 2 of hospitalization using an atomic absorption
spectrometer. All data were collected and analyzed using
standard principles of statistics.

Results

All patients received standard treatment for stroke and were
randomly divided into two equal groups of 30 patients each.
Group 1 comprised of those subjects who additionally received
magnesium sulfate infusion, while Group 2 served as the
control group receiving the standard therapy for stroke only.
The mean ages of Group 1 and Group 2 were 56.47 + 14.45
years and 55.93 + 15.59 years, respectively. More than 50% of
the patients were above 60 years of age. The male:female ratio
was 3:2 in Group 1 and 4:1 in Group 2. Hypertension (32%),
hypercholesterolemia (27%), ischemic heart disease (18%)
and diabetes mellitus (16%) were found to be the principal
risk factors.

The serum magnesium levels were estimated on Day 0, 1 and
2 in the two groups [Table 1]. To study the changes in the level
of magnesium in the two groups on subsequent days, paired
t-test was applied. Group 1 was paired as Pair 1 (Day 0 and
Day 1), Pair 2 (Day 1 and Day 2) and Pair 3 (Day 0 and Day 2),
whereas Group 2 was paired as Pair 4 (Day 0 and Day 1, Pair
5 (Day 1 and Day 2) and Pair 6 (Day 0 and Day 2), respectively
[Table 2]. The values of Group 1 showed a statistically
significant rise in magnesium levels unlike Group 2. To study
the comparison of serum magnesium levels on Days 0, 1
and 2 between the two groups, unpaired t-test was applied
[Table 3]. The serum magnesium levels were comparable on
Day 0 between the two groups, but thereafter on Days 1 and
2, the values of serum magnesium were statistically higher in
Group 1.

The mean Scandinavian stroke score in the control group on
Day 3 was 34.93 + 13.65, on the day of discharge was 44.27 +
11.48 and on Day 28 was 50.03 +9.87. Similarly, the stroke score
in the magnesium group on Day 3 was 35.63 + 14.47, on the day
of discharge was 45.47 + 13.30 and on Day 28 was 50.43 + 11.02.
For comparison of stroke scores on Day 3, day of discharge
and Day 28 within the same group, paired t-test was used.
For intergroup comparison, i.e. comparison of stroke scores of
control group with corresponding stroke scores of magnesium
group, unpaired t-test was employed. A total of six pairs of
stroke score values were formed for statistical computation.
Pair 1 (Day 3 and day of discharge) had a t-value of 5.000 and
P <0.001; Pair 2 (day of discharge and Day 28) had a t-value of
3.471 and P <0.01; and Pair 3 (Day 3 and Day 28) had a t-value
of 5.000 and P <0.001 [Table 4]. Comparison of stroke scores on
Day 3 and day of discharge, on the day of discharge and Day

Table 1: Serum magnesium levels (mg/dL)

Day Group | Group Il

Range Mean Range Mean
Day 0 1.53.1 2.22+0.43 1.53.0 2.23+0.47
Day 1 4.27.0 5.63+£0.65 1.52.8 2.18 £0.34
Day 2 3.04.5 3.69+0.35 1.52.9 2.16 +0.39

Table 2: Comparison of serum magnesium

Group Pair Degree of t-value P-value
freedom (n-1)

I Pair 1 29 5.000 <0.001
Pair 2 29 5.000 <0.001
Pair 3 29 5.000 <0.001

Il Pair 4 29 0.893 >0.05
Pair 5 29 0.593 >0.05
Pair 6 29 1.523 >0.05

Table 3: Comparison of serum magnesium levels in both
groups

Day Serum magnesium Degree of t-value P-value
level (mg/dL) freedom
Groupl  Groupll [(n+n=2)]
0 2.22+0.43 2.23+0.47 58 0.115 >0.05
1 5.63+0.65 2.18+£0.34 58 5.000  <0.001
2 3.69+£0.35 2.16+0.39 58 5.000  <0.001
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28 and on Day 3 and Day 28 in the magnesium group produced
a t-value of 5.000 and P <0.001, which was highly significant
[Table 5]. However, the comparison of the mean stroke scores
between the magnesium and the control groups on Day 3, day
of discharge and Day 28 yielded a P-value of >0.05, which was
not significant [Table 6].

Discussion

Neuroprotection is a relatively newer approach in the
management of stroke. The cardinal feature in the concept of
neuroprotection was to boost tolerance to ischemic insult such
that the tissue retains viability till other defence mechanisms
come into play. Calcium ions play the sheet anchor role in the
mechanism of cell injury by causing the release of excitatory
amino acids like glutamate (through NMDA receptors), cell
membrane lipid peroxidation, free radical generation and,
ultimately, cell death.®”] Magnesium is the second most
common intracellular cation having a serum concentration of
1.72.6 mg/dL. Itis believed to be nature’s physiological calcium
antagonist. The neuroprotective attributes of magnesium are
presumed to be due to its (1) noncompetitive antagonism
of NMDA receptors,®! (2) inhibition of glutamate release, "
(3) antagonism of all subtypes of calcium channels,™ (4)
early restoration of cellular ATP reserves and (5) buffering
of intramitochondrial calcium."” The present study was
undertaken to evaluate the effect of intravenous magnesium
sulfate on the clinical outcome in patients of acute ischemic
stroke.

Sixty patients of acute stroke presenting within 24 h were
included as subjects in the study and were randomly divided
into two equal groups of 30 each. Group 1 (magnesium group)
and Group 2 (control group) were evenly matched for age
and sex ratios. Subjects aged 60 years and above constituted

Table 4: Comparison of stroke score values in the
control group

Pair Degree of t-value P-value
freedom (n-1)

Pair-1 29 5.000 <0.001 (HS)

Pair-2 29 3.471 <0.01 (S)

Pair-3 29 5.000 <0.001 (HS)

Table 5: Comparison of stroke score values in the
magnesium group

Pair Degree of t-value P-value
freedom (n-1)

Pair-4 29 5.000 <0.001 (HS)

Pair-5 29 5.000 <0.001 (HS)

Pair-6 29 5.000 <0.001 (HS)

the main bulk, an observation also reported by Park!
and Brodericks!" et al. In the present study, hypertension
emerged as the most common comorbid condition followed
by hypercholesterolemia, ischemic heart disease and diabetes.
The findings are consistent with the reports of previous authors.
Saha and his associates observed in their study that 20% of the
subjects were hypertensive while 8% had diabetes.["

The dose of magnesium sulfate used was well tolerated as
none of the subjects reported any adverse effects and they
all remained hemodynamically stable during and after the
magnesium therapy. On infusing magnesium, it was found that
serum magnesium on Day 1 was more than double the value
on Day 0 (t=5.000 and P <0.001), and it remained elevated on
Day 2 in comparison with serum magnesium levels on Day 0
(t=5.000 and P < 0.001) [Table 2]. On applying unpaired t-test
to compare corresponding serum magnesium levels in the
two groups, no significant difference was found between the
magnesium levels on Day 0. However, a significant difference
was observed on comparing the corresponding values on Day 1
(t=>5.000, P <0.001) and on Day 2 (t=5.000, P <0.001) [Table 3].
This significant and sustained elevation in serum magnesium
levels after magnesium infusion has also been reported by
Wester et al.' and Muir et al.l"”'8l

Many scoring systems have been proposed in the past for
clinical evaluation in stroke patients. The Scandinavian
scale was used for functional assessment (maximum 60 and
minimum 0) in the present study due to its simplicity and
practical value (annexure 1). A stroke score on the Scandinavian
scale of 34.93 + 13.53, 44.27 + 11.48 and 50.03 + 9.87 was
observed in the control group on Day 3, day of discharge and
Day 28, respectively. On applying the paired t-test for mutual
comparison (Day 3 vs. day of discharge, day of discharge vs.
Day 28 and Day 28 vs. Day 3), the t-value was 5.000 (P <0.001),
3.471 (P <0.01) and 5.000 (P < 0.001), respectively [Table 4].

In the magnesium group (Group 1), recovery scores observed
on Day 3, day of discharge and Day 28 were 35.63 + 14.47, 45.47
+13.30 and 50.43 + 11.02, respectively. On comparison of these
values with paired t-test, the corresponding t-value for each
pair was 5.000 and P <0.001 [Table 5].

Unpaired t-test was applied to compare the corresponding
stroke score (i.e., on Day 3, day of discharge and Day 28) in
the two groups. The resultant t-values were 0.193, 0.374 and
0.149, respectively, demonstrating no significant correlation.
Muir ef al. in a 3-month follow-up study found a similar
response to magnesium therapy when compared with placebo.
7l However, they found fewer early deaths in the magnesium
group as compared with the placebo group. Survival curve
analysis indicated slightly early recovery in the magnesium
group (P =0.066 by long rank test). In a second study by Muir

Table 6: Comparison of corresponding stroke scores in both groups

Day Scandinavian stroke score Degree of freedom t-value P-value
Magnesium group Control group [(n +n)-2)]

Day 3 35.63 + 14.47 34.93+13.53 58 0.193 >0.05 (NS)

Day of discharge 45.47 + 13.30 44.27 + 11.48 58 0.374 >0.05 (NS)

Day 28 50.43 + 11.02 50.03 +9.87 58 0.148 >0.05 (NS)
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et al.,"® no significant difference in clinical outcome was seen
with magnesium therapy. Lampl et al.0% in their randomized,
placebo-controlled, double-blind trial to study the protective
effect of magnesium sulfate infusion reported at the end of
1-month follow-up that the Barthel index was nonsignificantly
higher while the Rankin disability score was lower (marginally
significant) in the magnesium group. They finally arrived
at the conclusion that intravenous magnesium sulfate had a
significant positive effect on the outcome in stroke patients,
but further larger trials were needed to confirm this. Therefore,
the marginal stroke recovery at 1-month follow-up was in
accordance with the studies available in the literature.

But, Saver et al.” in a small pilot FAST-MAG trial demonstrated
good functional outcome at 3 months after early administration
of magnesium sulfate. The Intravenous Magnesium Efficacy
in Stroke (IMAGES)?! trial recruited more than 2200 subjects
within 12 h of stroke onset. The final results of the IMAGES
trial demonstrated that randomised treatment with magnesium
sulfate did not reduce the death and disability in stroke
patients as compared with placebo. Further in-depth analysis
of the IMAGES data by Aslanyan et al.”2 suggested a positive
correlation between magnesium and lacunar syndrome, which
was not ascribed to confounding factors like severity, time of
treatment, blood pressure and other baseline factors. Moreover,
the beneficial effect was found to be unrelated to the time from
stroke onset to infusion of magnesium.

The present study failed to document a statistical significant
stroke recovery in spite of achieving a significant rise in serum
magnesium level, more than that necessary for neuroprotection
with an intravenous magnesium sulfate regime. Therefore,
in spite of the beneficial effects of magnesium therapy on the
histological and functional outcome on cerebral ischemia in
animal models, no beneficial effects on the functional outcome
of stroke were accrued in man except in case of lacunar
syndromes. Further clinical trials are necessary to determine the
benefits, the dose, duration and timing of magnesium therapy
for reducing the morbidity and mortality in lacunar syndromes.
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