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The data on magnesium supplementation in patients with acute myocardial infarction (AMI) is conflicting. Al-
though a number of relatively small randomized clinical trials have demonstrated a remarkable reduction in mor-
tality when administered to relatively high risk AMI patients, two recently published large-scale randomized clini-
cal trials(the Fourth International Study of Infarct Survival and Magnesium in Coronaries) failed to show any su-
periority of intravenous magnesium over placebo. Nevertheless, the theoretical potential benefits of magnesium
supplementation as a cardioprotective agent in coronary artery disease (CAD) patients, in conjunction with previ-
ous promising results from work in animal and humans, its relatively low cost, easy administration, with no need
for specia expertise, and relatively free of adverse effects, gives magnesium a place in treating CAD patients, es-
pecialy high-risk groups such as CAD patients with heart failure, the elderly and hospitalized patients with hypo-
magnesemia
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I Introduction

Epidemiologic evidence linking magnesium
deficiency to coronary artery disease (CAD) has
been investigated for more than three decades
and demonstrated that serum magnesium lev-
els were inversely associated with mortality
from ischemic heart disease and all-cause mor-
tality V.

The available data suggest that a combina-
tion of mechanisms may act additively or even
synergistically to protect myocytes®". Ex-
ogenic administration of magnesium prevents
intracellular depletion of magnesium, potas-
sium and high-energy phosphates, improves
myocardial metabolism and prevents intrami-
tochondrial calcium accumulation and reduces
vulnerability to oxygen-derived free radicals®’.

Magnesium can influence vascular tone® ™,

8)9)

cardiac arrhythmias®®’, lipid metabolism' ,

platelet aggregation and thrombosis'™ ™", en-

dothelial function'® and infarct size'™™.

I Clinical trials of magnesium in AMI

1. Prior small randomized clinical trials and the

LIMIT-2 trial

In the last decade, 8 prospective, randomized,
double-blind controlled trials have been re-
ported, comparing intravenous magnesium to
placebo in acute myocardial infarction (AMI) pa-
tients, mainly without thrombolytic therapy™.
All the first seven trials comprised small num-
bers of patients and were performed in the pre-
thrombolytic era. In the eighth trial, Second
Leicester Intravenous Magnesium Intervention
Trial (LIMIT-2), 70% of the 2,316 patients did
not receive thrombolytic therapy®”. Despite the

difference in study protocols and in patient se-

lection criteria, the results were similar. The
mortality odds ratio of the trials without
thrombolysis, demonstrated that magnesium
reduced in-hospital mortality by almost 199,
mainly by reducing the incidence of serious ar-
rhythmias and left ventricular heart failure by
one-quarter®*. The LIMIT-2 trial® random-
1zed 2,316 patients in a median of 3 hours from
the onset of chest pain (74% were actually ran-
domized in less than 6 hours). It was a proto-
col requirement that magnesium be infused co-
incident with thrombolysis, a treatment that
was administered to 36% of patients. Thus,
LIMIT-2 was likely to have achieved elevated
magnesium levels at the time of reperfusion in
those patients undergoing thrombolysis ; the
relatively early enrollment of those patients
not receiving thrombolysis, combined with
prompt administration of magnesium after en-
rollment, also suggests that magnesium levels
were probably elevated when spontaneous
reperfusion occurred in patients not undergo-
ing pharmacologic reperfusion. All cause mor-
tality was reduced by 24% at 28 days. Indirect
evidence consistent with infarct size limitation
as a marker of magnesium-reduced mortality
in LIMIT-2, is the 25% lower rate of congestive
heart failure (CHF) observed during the hospi-
tal phase of treatment, and the > 20% reduc-
tion in ischemic heart disease-related mortal-
ity over long term follow-up, that now extends

to a mean of 4.5 years™ .

2 . The Shechter's trial
In a prospective, randomized, double-blind,
placebo-controlled trial, 215 AMI patients who

were considered unsuitable for thrombolysis,
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received either 22 g (92 mmol) of MgSO, for 48
hours (107 patients) or placebo (108 patients)*.
The striking finding was the reduction of in-
hospital mortality in patients who received

magnesium compared to placebo (4% vs 17% ;
p < 0.0D).

3. The I1SIS-4 trial

In the Fource International Study of Infarct
Survival (ISIS-4) * approximately 58,000 AMI
patients, almost 70% received thrombolytic
therapy, the mortality rate at 35 days was
7.6% in the magnesium group and 7.2% in the
placebo group, suggesting no survival-benefit
from magnesium administration, and even the
possibility of slightly deleterious effects. Sur-
vival curves were identical even after one year
of follow-up. Of the 17,000 patients who did
not receive thrombolytic therapy, the mortal-
ity rate was 9.3% in both the magnesium and
in the control group. The magnesium dose was
almost identical to that of the LIMIT-2 study,
but with open control. However, the time from
onset of symptoms to randomization was sub-
stantially longer (median of 8 hours rather
than 3). The 30% patients not given a throm-
bolytic were randomized at a median of 12
hours after symptoms onset. The likelihood of
reperfusion occurring (either induced or spon-
taneous) during magnesium treatment was
therefore low. The low mortality rate in the
ISIS-4 control group, the late enrollment of pa-
tients, particularly those who did not receive
thrombolytic treatment, plus the fact that
magnesium infusions were delayed by 1~ 2
hours after thrombolytic therapy, suggest
that the possibility that the majority of pa-

tients in ISIS-4 were at low mortality risk and
that an elevated magnesium blood level was
not reached until well beyond the narrow time
window for salvage of myocardium or preven-
tion of reperfusion injury suggested by experi-

mental data™'®* .

4 . Long-term follow-up of the Shechter's trial

In a prospective, double-blind, placebo-con-
trolled trial, our group recently randomly as-
signed 194 patients with AMI, considered un-
suitable candidates for reperfusion therapy at
the time of enrollment, to receive intravenous
magnesium (96 patients) or isotonic glucose as
placebo (98 patients)®. All-cause mortality
was significantly lower after a mean follow-up
of 4.5 years in the magnesium compared to the
placebo group(18.7% vs 33.6%, p < 0.01;respec-
tively). Rest left ventricular ejection fraction,
measured in all patients who survived the last
year of follow-up, was significantly higher in
patients who received magnesium versus pla-
cebo (0.51 = 0.10 vs 0.44 = 0.14, p < 0.05 ; re-
spectively). Thus, the favorable effects of intra-
venous magnesium therapy can last several
years after acute treatment, probably due to

preserved left ventricular ejection fraction.

5. The MAGIC trial

The recently published Magnesium in Coro-
naries (MAGIC) trial® randomized 6,213 pa-
tients = 65 years, of whom an unexpected high
percentage(45%) were female with acute ST ele-
vation AMI < 6 hours who were eligible for
reperfusion therapy (median age 73 years)
[stratum 1] ; or patients of any age who were

not eligible for reperfusion therapy (median
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age 67 years) [stratum 2], to a 2 g intravenous
bolus of magnesium sulphate, administered
over 15 minutes, followed by a 17 g infusion of
magnesium sulphate over 24 hours (n = 3,113)
or matching placebo (n = 3,100). Early admini-
stration of magnesium (median time from the
onset of symptoms was 3.8 hours) in high-risk
patients with acute ST elevation AMI < 6
hours had no effect on 30-day mortality. At 30
days(the longest follow-up period), 475(15.3%)
patients in the magnesium therapy and 472
(15.2%)1n the placebo group died(n = 0.96). In
addition, the magnesium supplementation did
not change the incidence of heart failure com-
pared to placebo. Compared to the MAGIC

22)

trial, our study® with thrombolysis-ineligible
AMI patients, of whom one third were > 75
years and therefore quite similar to the stra-
tum 2 patients in MAGIC received high doses
of intravenous magnesium sulphate for longer
periods of time compared to MAGIC (22 g vs 19
g, and 48 hours compared with 24 hours, re-
spectively). A significant higher proportion of
the MAGIC study population received aspirin,
B-blockers and ACE inhibitors than in our
study population®, and as a result the postu-
lated cardioprotective actions of magnesium
could have been superseded by the effects of

these medical regimens®™ .

I Conclusion

In conclusion, magnesium supplementation
has been demonstrated both theoretically and
experimentally to decrease myocardial damage
and reduce mortality in subsets of high-risk
patients, including the elderly and/or patients

not suitable for thrombolysis if administered

prior to reperfusion. It is a low cost therapy,
easy to handle and relatively free of side ef-
fects. For maximum effectiveness, it appears to
be important to administer magnesium as soon
as possible in AMI patients (anywhere along
the route between the patient's home and the
coronary care unit), so that levels are elevated
when spontaneous reperfusion occurs in pa-

tients who do not receive reperfusion therapy*’.
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