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ABSTRACT

Objective: The magnesium suphate has been found very useful therapeutically. The aim of our study was to evaluate the
functional outcomes of IV magnesium sulphate and mortality in patients with acute ischaemic stroke.

Methods: This randomized, placebo-controlled double-blinded trial was conducted at Gujranwala Teaching Hospital,
GMC Gujranwala, Pakistan, from May 2025 to April 2026. A total of 130 patients aged 18—80 years with CT-confirmed
acute ischaemic stroke presenting within 24 hours of symptom onset were randomized into two groups. The intervention
group received intravenous magnesium sulphate (16 mmol loading dose followed by 65 mmol over 24 hours), while the
control group received normal saline. Results were noted by Barthel Index at beginning and at 3 months (Primary outcome).
Secondary outcomes included change in Barthel score and mortality. Data were assessed by SPSS 26. Analysis of
covariance was applied to adjust for baseline differences.

Results: A total of 130 patients (65 in each group) were included. Baseline characteristics were comparable except for
lower baseline Barthel scores in the magnesium group. At three months, the magnesium group had significantly higher
Barthel scores compared to placebo (16.1+1.8 vs 10.9+3.4; adjusted mean difference 4.8, 95% CI 3.9-5.7; p<0.001).
Functional independence (Barthel >12) was achieved in 60 (92.3%) patients in the magnesium group compared to 18
(27.7%) in the placebo group (p<0.001). Mortality was 6.2% versus 10.8% (p=0.32). Mild adverse effects including
transient flushing (n=4, 6.2%) and bradycardia (n=2, 3.1%) were observed in the magnesium group; no severe harm was
occurred.

Conclusion: Magnesium sulphate showed marked improvement in symptoms of acute ischaemic stroke when injected
within 24 hrs of attack. However, the magnitude of benefit observed exceeds that reported in previous large trials; therefore,
these findings should be considered hypothesis-generating. Further multicentre studies are recommended to validate these
findings.
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INTRODUCTION

Globally, stroke ranks as the second-most frequent cause
of mortality and represents a leading contributor to chronic
disability among adults accounting for approximately 6.5
million deaths annually !, In Pakistan, stroke imposes a
significant burden on healthcare resources, with age-
standardized stroke incidence estimated at 140 per
100,000 population and limited treatment options
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available in resource-constrained settings 2. Intravenous
tissue plasminogen activator remains the sole
pharmacological agent approved by the FDA for treating
acute ischaemic stroke but its use is restricted by a narrow
therapeutic window of three to four point five hours and
stringent eligibility criteria, leaving the majority of
patients without specific treatment B3],
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Ischaemic stroke triggers a cascade of excitotoxic
events. Cerebral ischaemia causes excessive release of
glutamate, which over stimulates N-methyl-D-aspartate
receptors, leading to pathological calcium influx,
mitochondrial injury, and neuronal death ™. The
ischaemic penumbra, which is potentially salvageable
tissue surrounding the infarct core, represents a therapeutic
target for neuroprotective agents B, Recent advances in
neuroimaging have improved our understanding of the
penumbra dynamics, yet translation of neuroprotective
strategies into clinical practice has remained challenging
[6]

Magnesium functions physiologically as an NMDA
receptor antagonist, a calcium channel blocker, and a
dilator of cerebral vessels 7. Several studies of focal
cerebral ischaemia in animal models have shown reduction
in infarct volume upon magnesium infusion . The
neuroprotective mechanisms of magnesium include
preservation of mitochondrial function, reduction of
oxidative stress, and maintenance of cerebral blood flow
to ischaemic regions ['%. Clinical trials have suggested
safety and potential efficacy, though results have been
variable across studies I'!l | Notably, large randomized
controlled trials including IMAGES (n=2,589) and FAST-
MAG (n=1,700) did not demonstrate significant benefit of
magnesium therapy, although post-hoc analyses suggested
potential efficacy in specific subgroups 2% A recent
analytical study comprising of 1,600 patients has shown
decreased mortality and increased functional outcomes
with magnesium therapy given within 12 hours of stroke
(121, However, data from Pakistani populations remain
limited. The ongoing multicentre trials continue to
evaluate optimal dosing strategies and patient selection
criteria for magnesium neuroprotection 31, This study
aimed to evaluate the effect of intravenous magnesium
sulphate on functional outcomes and mortality in patients
presenting with acute ischaemic stroke to a tertiary care
hospital in Pakistan.

METHODS

This randomized, placebo-controlled, double-blind trial
was conducted at the Department of Medicine, Gujranwala
Teaching Hospital, GMC Gujranwala, Pakistan, from May
2025 to April 2026. Ethical approval was obtained from
the Institutional Review Board of FMDC (Ref:
FMDC/IRB/2025/52).

Patients were randomized in a 1:1 ratio using a
computer-generated sequence with allocation concealment
through sealed opaque envelopes. Patients and outcome
assessors were blinded to treatment allocation. Both
groups were managed according to standard stroke care
protocols. Patients in the intervention group received
intravenous magnesium sulphate (16 mmol loading dose
over 15 minutes followed by 65 mmol infusion over 24
hours). The magnesium sulphate used was heptahydrate;
the elemental magnesium dose was approximately 2
grams. The control group also received same dose of
normal saline. All patients received standard care
including  antiplatelet  therapy, blood pressure
management, and statins as per institutional protocols.
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Barthel Index measured the primary results
(functional status) at 3 months ['4], where as secondary
results were seen as change in score and all-cause
mortality. Functional independence was defined as a
Barthel score >12 out of a maximum of 20. Safety
outcomes included hypotension (systolic blood pressure
<90 mmHg), bradycardia (heart rate <50 bpm), flushing,
and respiratory depression. Assuming a, a sample size of
58 patients was calculated for each group (assuming mean
difference stand dev = 5, power of 80%, and alpha of 0.05,
in Barthel Index) but to account for potential dropouts, 65
patients were enrolled in each group. A written consent
from patients or their next of kin was signed.

Inclusion criteria: Patients aged 18-80 years with
CT-confirmed acute ischaemic stroke presenting within 24
hours of symptom onset were included.

Exclusion criteria: Patients with haemorrhagic
stroke, transient ischaemic attack, severe renal
impairment, hypotension, pre-existing disability, or
conditions requiring urgent anticoagulation were
excluded.

Statistical Analysis: Data was analyzed by SPSS
version 26.0. Between-group comparisons were performed
using independent t-test and chi-square test as appropriate.
Analysis of covariance (ANCOVA) was used to adjust for
baseline Barthel Index differences. Assumptions of
ANCOVA (normality of residuals, homogeneity of
regression slopes) were tested and met. Effect estimates
are reported with 95% confidence intervals. A p<0.05 was
taken statistically significant. All analyses were conducted
on an intention-to-treat basis.

RESULTS

A total of 148 patients were assessed for eligibility, of
whom 18 were excluded (reasons: haemorrhagic stroke
n=8, outside time window n=6, renal impairment n=2,
declined consent n=2). 130 were randomized equally into
two groups (65 each), magnesium sulphate group and
placebo group. After follow-up, all patients were analyzed.
Baseline characteristics were comparable between groups
except for baseline Barthel Index, which was significantly
lower in the magnesium group (4.3+2.8 vs 6.1+£3.4,
p=0.002). Other baseline variables showed no statistically
significant differences. Table 1 presents the baseline
demographic and clinical characteristics.

Figure 1
CONSORT flow diagram.

« Other reasons {n= 2)
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There were more males 58% (n=75) than females in study
population (mean age 57.1+14.5 years). Hypertension was
the most common risk factor (58%, n=75), followed by
smoking (42.3%, n=55) and diabetes mellitus (34.6%,
n=45). Right-sided weakness was present in 67.7% (n=88)
and left-sided weakness in 32% (42).

Table 1
Baseline Characteristics of Study Participants
-
°z £, & -
= 5o = — 1
Variable :i H 2 {:’DD 2z §
= 2 = o I =
= i S —_ S
38 30k
Age (years), 578+ 56.4 + 57.1+ 0.58
mean + SD 14.2 14.8 14.5 ’
38 37 75
Wkl i () (58.5)  (569)  (57.7) DS
Hypertension, 38 37 75 086
n (%) (58.5) (56.9) (57.7) ’
Diabetes 22 23 45 085
mellitus, n (%) (33.8) (35.4) (34.6) ’
Smoking, n 27 28 55 086
(%) (415)  (43.1)  (423) :
Obesity (BMI 19 21 40 0.70
>30), n (%) (29.2) (32.3) (30.8) ’
Ischaemic
hoeart disease, n (251) (2130) (2215.;5) 0.67
(%)
Atrial
fibrillation, n 3 (4.6) 2(3.1) 5(3.8) 0.65
(%)
Baseline
Barthel (mean 4;; 631 f 552; 0.002
+ SD) ) ) )

Table 2 presents the detailed anatomical distribution of
infarcts in both groups.

Table 2
Anatomical Distribution of Infarcts on CT Scan
=
Q= 5 5
= -~ 8 g
= E
i < 3 12 =
Site of Infarct =2 ES Z
1 28 )
%= E &
2 = S
Cortical o 27 52
(temporoparietal/frontoparietal) 25 (38.5%) (41.5%)  (40.0%)
7 16
0,
Lacunar 9 (13.8%) (108%)  (12.3%)
Multiple cerebral infarcts 14 (21.5%) 14 28
P 20 215%)  (21.5%)
Other/Unspecified 17 (26.2%) 7 ey
P SN (262%)  (26.2%)

The overall Barthel score in the entire cohort improved
from 5.243.2 at presentation to 13.543.8 at three months
(mean improvement 8.3, 95% CI 7.3-9.3; paired t-test
p<0.001). Patients receiving magnesium sulphate had
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significantly better outcomes than those receiving placebo.
Table 3 presents the Barthel scores.

Table 3
Barthel Scores at Presentation and Three Months
Z = C -]
Q8 TQF Iz I
Parameter 4 e 2 4 cg = 3 g =
s g s g Q8>S &
8 =
Barthel at -1.8 (-
presentation 423;: 651 4i 29to - 0.002
(mean + SD) ' ' 0.7)
LB el 59 161+ 109+ 5242
months (mean 18 34 0 6.2) <0.001
+ SD) ' ’ ’
Improvement
(change score, 112.851: 4i8 4i 7t‘00 7(68)2 <0.001
mean + SD) ) ) )

*Independent t-test
Table 4 presents the functional outcomes and mortality at
three months for both groups.

Table 4
Functional Outcomes and Mortality at Three Months
~ 2 =
oz °F 32 1
R £ 8 X B =
= s = = =
Outcome = 2 =9 as e,
= = = =
i § I &
=) (=) 17
g N =
Independent
60 18 3.33 (2.18
E%ﬂhel 2120 9230 (277%) 0500 0001
Disabled
40 0.03 (0.00
(Barthel <12), 1 (1.5%) A <0.001
5 %) (615%)  t00.18)
7 0.57 (0.18
0, 0,
Death, n (%) 4O2%)  (1089%) 1o 1.86) 0.32
Death or
.. 47 0.11 (0.04
V)
?OI/S;.blhty, n 5(7.7%) (72.3%) 0 0.26) <0.001
0

*Chi-square test

At three months, 60 of magnesium-treated patients
(92.3%) achieved independent living (Barthel >12),
compared to 18 patients (27.7%) in the placebo group
(x*=55.8, df=1, p<0.001; RR 3.33, 95% CI 2.18-5.09).
Death or disability occurred in 5 patients (7.7%) in the
magnesium group (4 deaths, 1 disabled) compared to 47
patients (72.3%) in the placebo group (7 deaths, 40
disabled) (¥*>=48.9, df=1, p<0.001). Mortality alone was
6.2% vs 10.8% (p=0.32; RR 0.57, 95% CI 0.18-1.86).

Adverse events were recorded in both groups. In the
magnesium group, transient flushing occurred in 4 patients
(6.2%), mild bradycardia (heart rate 50-55 bpm) in 2
patients (3.1%), and nausea in 1 patient (1.5%). No patient
required termination of the infusion. No cases of severe
hypotension (systolic blood pressure <90 mmHg) or
respiratory depression were observed. In the placebo
group, no adverse events related to the infusion were
reported.
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DISCUSSION

Present study shows that IV magnesium sulphate treatment
within 24-hrs of acute ischaemic stroke onset, resulted in
improved functional gains after 3 months. Magnesium-
treated patients achieved substantially higher Barthel
scores and were more than three times more likely to live
independently compared to placebo recipients.

However, the magnitude of functional improvement
observed in this study (92.3% independent in the treatment
group vs 27.7% in placebo) is substantially larger than that
reported in previous large randomized trials. The FAST-
MAG study (n=1,700) demonstrated no significant benefit
of prehospital magnesium administration ') . The
IMAGES trial (n=2,589) similarly found no improvement
in functional outcomes with intravenous magnesium 2%,
Several factors may explain this discrepancy: First, the
present study used a 24-hour treatment window, whereas
FAST-MAG required treatment within 2 hours of
onset. Paradoxically, the longer window in our study
cannot explain a larger effect; this remains an unexplained
finding. Second, the baseline stroke severity in our cohort
(mean Barthel 5.2, equivalent to severe disability) may
represent a population with greater potential for detectable
improvement. Third, the single-centre design and small
sample size increase the risk of Type I error (false
positive). Fourth, unmeasured confounding or bias cannot
be excluded despite randomization and blinding.

The neuroprotective effects of magnesium observed
in this study are consistent with preclinical evidence %7,
The proposed mechanisms include non-competitive N-
methyl-D-aspartate receptor blockade, calcium channel
antagonism, inhibition of glutamate release, preservation
of mitochondrial membrane potential, and improved
cerebral blood flow to ischaemic regions [1% 131,

Our results very much relates with the meta-analysis
by Zhao and colleagues (2023) which demonstrated that
intravenous magnesium therapy is associated with reduced
mortality and improved functional outcomes, when
administered within twelve hours of stroke onset ['? . The
effect sizes in our study are considerably larger than the
pooled estimates from that meta-analysis, which included
over 1,800 patients.

In our study, no serious harmful effects, except mild
flushing (6.2%) and bradycardia (3.1%), endorsed the
safety profile of magnesium, which was also consistent
with other large-scale safety data %],

The mortality rate in our study (6.2% magnesium vs
10.8% placebo) compares favorably with international
stroke registries reporting three-month mortality rates of
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