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Investigation of the effects of intravenous
magnesium sulphate on cardiac rhythm in acute

myocardial infarction

C Roffe, S Fletcher, K L Woods

Abstract
Objective-To examine the effect of
doubling serum magnesium concentra-
tion on the incidence of arrhythmias in
patients with suspected acute myocardial
infarction.
Design-Randomised double blind clin-
ical trial.
Setting-Coronary care unit of a teach-
ing hospital.
Patients-Clinical data were collected on
2316 randomised patients with suspected
acute myocardial infarction. Holter
monitoring was performed in a subgroup
of 70 patients and analysed in 48 patients
in whom acute myocardial infarction was
confirmed.
Interventions-By random allocation,
patients received either an intravenous
loading dose of 8 mmol magnesium sul-
phate over five minutes plus 65 mmol
over the next 24 hours, or equal volumes
of saline.
Main outcome measures-(a) Clinically
documented arrhythmias; (b) use of
antiarrhythmic treatments, cardiover-
sion, and insertion of a pacemaker;
(c) incidence of all abnormal rhythms
during Holter monitoring.
Results-In the main trial the incidence
of rhythm disturbance while in the coro-
nary care unit (expressed as the odds
ratio (OR) for magnesium: placebo and
its 95% confidence interval) was not sig-
nificantly different between treatment
groups for ventricular fibrillation (OR
0 74; 0-46 to 1.20), ventricular tachycar-
dia (OR 0-87; 0-63 to 1-20), supraventric-
ular tachycardia (OR 0-69; 0-38 to 1.26),
atrial fibrillation (OR 0-92; 0-69 to 1.23),
or heart block of any degree (OR 1-17;
0*83 to 1.65). Sinus bradycardia was sig-
nificantly more common in the magne-
sium group (OR 138; 1-03 to 1-85; p =
0 02). These findings were corroborated
by the use of treatments for rhythm dis-
turbance and the data from Holter moni-
toring.
Conclusion-The regimen of intravenous
magnesium sulphate used here had no
significant effect on arrhythmia in acute
myocardial infarction. The reduction in
mortality that has been shown with this
form of treatment is not attributable to
suppression of life threatening rhythm
disturbances.

(Br Heart _J 1994;71:141-145)

Intravenous magnesium salts have been used
as antiarrhythmic agents for over 50 years'
and have been given (but never rigorously
evaluated) in a wide range of rhythm disor-
ders. In recent years there has been particular
interest in their possible prophylactic value in
reducing the frequency of arrhythmic compli-
cations of acute myocardial infarction.
Experimentally, intravenous magnesium sul-
phate reduced the incidence of ventricular
fibrillation after coronary ligation in dogs.23
A concentration dependent suppression of
ventricular arrhythmias occurred over the
range of 1 2-4-8 mM [Mg2 +] during reper-
fusion of the isolated rat heart after tempo-
rary left main coronary artery occlusion4;
suppression of ligation induced (but not
reperfusion induced) ventricular fibrillation in
the same rat model had earlier been reported
at 7-3 mM [Mg2 +].5 In the isolated guinea
pig myocyte depolarised by high external
[K +], 4 mM external [Mg2 +] significantly
increased the threshold concentration of
isoprenaline required to produce auto-
maticity.6

Several small clinical trials of intravenous
magnesium sulphate or chloride in acute
myocardial infarction have given mixed
results. Attained [Mg2'+] has been substan-
tially lower than in the experimental studies
described earlier, in the range 1P0-IS5 mmol/l
(normal range approximately 0 70-0 95
mmol/l). Four double blind, randomised tri-
als in a total of nearly 900 patients with sus-
pected or definite acute myocardial infarction
showed no significant reduction in any class
of ventricular arrhythmia.7-'0 One study (48
patients with confirmed acute myocardial
infarction) showed a highly significant reduc-
tion in incidence of ventricular tachycardia in
the magnesium group but a higher incidence
of other ventricular arrhythmias."1 Two ran-
domised trials, each of fewer than 50 patients,
reported significant reductions in the inci-
dence of ventricular arrhythmias."2"3 A fur-
ther randomised trial in which 130 patients
with confirmed acute myocardial infarction
received either intravenous magnesium
chloride or placebo showed a highly
significant reduction in the incidence of
supraventricular tachycardias in the magne-
sium group but no effect on ventricular
arrhythmias."4 Pooled analysis of the arrhyth-
mia data in these trials is unhelpful because of
the differing definitions of rhythm end points.
We have therefore analysed all available

data on the frequency of arrhythmias in a
large double blind trial (the second Leicester
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intravenous magnesium intervention trial
LIMIT-2) study) in which 2316 patients with
suspected acute myocardial infarction were
randomly allocated to receive intravenous
magnesium sulphate or saline for 24 hours
after admission. In this study 28 day mortal-
ity was the primary endpoint and frequency
of arrhythmia within the coronary care unit a
secondary endpoint defined in the protocol.
Three methods (each blind to treatment allo-
cation) were used to identify a possible
antiarrhythmic effect of magnesium: an
analysis of all arrhythmias recorded clinically
in trial patients during routine monitoring
while in the coronary care unit; analysis of the
use of antiarrhythmic treatments specified by
the protocol; and a Holter monitoring study
in a representative subgroup of trial patients
to quantify all abnormal rhythms. A summary
of the data from the first two analyses were
presented in brief in the first trial report."5

Patients and methods
The protocol of LIMIT-2 and data on 28 day
mortality and early morbidity have been
described elsewhere.'5 Briefly, consenting
patients entering the coronary care unit of
Leicester Royal Infirmary between September
1987 and February 1992 were eligible for
randomisation if they were suspected of
having acute myocardial infarction of less
than 24 hours in duration. Exclusion criteria
were complete heart block or serum creati-
nine > 300 ,umol/l. The trial treatment was 8
mmol magnesium sulphate infused intra-
venously over five minutes, then 65 mmol
over 24 hours. The placebo treatment was an
equal volume of saline. The magnesium
regimen raised serum [Mg2 +] to a mean of
1-5 mmol/l for the duration of treatment; the
concentration then declined to the normal
range during a further 24 hours. Trial treat-
ments were supplied in identical coded packs
and the allocation code was not broken until
the end of the trial. Analysis was by intention
to treat.

While in the coronary care unit (about 48
hours on average) all patients underwent con-
tinuous electrocardiographic monitoring.
While in the unit, a standard clinical record is
made for each patient (whether or not in a
trial) of all significant events and of treat-
ments given. These data are recorded by clin-
ical staff during the admission and
subsequently entered into a computer data-
base. The occurrence of specific classes of
arrhythmia is recorded but not quantified.
Treatments are given according to a compre-
hensive, written management policy for the
unit. Patients entering the LIMIT-2 study
were managed conventionally in all other
aspects of treatment. No antiarrhythmic
agents are used prophylactically, with the
exception of lignocaine given for 24 hours
after emergency cardioversion for ventricular
tachycardia.

Holter monitoring was performed for the
first 24 hours after randomisation in a sub-
group of 70 patients entering the trial. The

diagnosis of acute myocardial infarction was
subsequently confirmed in 51 of these, in
three of whom the recordings were techni-
cally inadequate. The analysis was carried out
on the remaining 48 patients with confirmed
acute myocardial infarction, among whom
the recording was incomplete for two patients
in the placebo group because of a premature
end when emergency cardioversion was given
for ventricular fibrillation. These patients
were included in the analysis of incidence of
arrhythmia but could not be included in the
analysis of frequency of events over 24 hours.
Extrapolation from the available recordings
from these two patients was considered to be
invalid as there was a strong general trend
to lower hourly rates of events over the
recording period. Tapes were analysed by
computer, with visual verification of all
abnormal rhythms. All data were collected
without knowledge of the patients' treatment
group. Ventricular tachycardia was defined
as the occurrence of > six ventricular extra
systoles at a rate >100 beats/min and
>120% of the sinus rate. Runs not meeting
these criteria were classified as salvos.

Hypotheses were tested byZ2 and Mann-
Whitney statistics.

Results
The incidence of clinically documented
tachycardias in the trial groups was not signif-
icantly different for ventricular fibrillation,
ventricular tachycardia, supraventricular
tachycardia, or atrial fibrillation (fig 1)
although each was slightly less common in
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Figure 1 Incidence while in the coronary care unit of
tachycardia in patients randomised to intravenous
magnesium sulphate (n = 1159) or placebo (n = 1157).
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Table 1 Incidence of heart block and use of temporary
pacing in randomised groups while in the coronary care
unit

Magnesium Placebo
(n = 1159) (n = 1157)

Degree of block % % p Value

First 2-1 1-3 0 11
Second 2 7 2 2 0.51
Third 2.1 2-5 0 57
Any 48 42 049
Temporary pacemaker 2-2 1 6 0 37

Table 2 Odds ratios (magnesium: placebo) for incidence
of arrhythmias and interventions (n = 2316)

Arrhythmia or intervention Odds ratio (95% Cl) p Value

Ventricular tachycardia 0-87 (0-63 to 1.20) NS
Ventricular fibrillation 0 74 (0-46 to 1.20) NS
Supraventricular tachycardia 0 69 (0-38 to 1 26) NS
Atrial fibrillation 0 92 (0 69 to 1-23) NS
Any tachycardia 0 82 (0 66 to 1 02) 0 06
Lignocaine 0 76 (0 51 to 1.11) NS
Amiodarone 0 74 (0 49 to 1 10) NS
Digoxin 0 93 (0-66 to 1 31) NS
DC cardioversion 1.02 (0-66 to 1 57) NS
Heart block (any degree) 1 17 (0 83 to 1 65) NS
Sinus bradycardia 1 38 (1-03 to 1 85) 0 02
Atropine 1 69 (1l25 to 2 30) < 0 001
Temporary pacemaker 1 32 (0-70 to 2-51) NS

the magnesium group. Heart block, whether
analysed by grade of block or pooling all
grades, was of similar incidence in both
groups (table 1). The only difference in car-
diac rhythm that reached significance
between the groups was the documentation of
sinus bradycardia, which was recorded in
108% of the magnesium group and 8-0% of
the placebo group (p = 002). Table 2 shows
the effects as odds ratios (ORs) and their
95% confidence intervals (95% CIs).

These findings are supported by the data
on treatments used and procedures per-
formed. There was a slightly lower incidence
of the use of lignocaine, amiodarone, and
digoxin in the magnesium group but none of
the comparisons reached significance (fig 2).

Table 3 Characteristics ofpatients included in the Holter
monitornng subgroup

Magnesium Placebo
(n = 22) (n = 26)

Age (yr, SD) 65.7 (12 7) 60 2 (9 7)
Men (%) 15 (682) 19 (73 1)
Site of infarction (%):

Anterior 12 (54 5) 14 (53 8)
Inferior 7 (31 5) 10 (38 5)
Indeterminate 3 (13 6) 2 (7 6)

Mean delay from onset 4 2 3 5
to admission (h)

Peak creatine kinase (u/i, SD) 2438 (1773) 1937 (1469)
Thrombolysis (%) 14 (63 6) 17 (65 3)

Insertion of a temporary pacemaker and
direct current cardioversion were similar in
the two groups. Consistent with the signifi-
cant excess of sinus bradycardia in the mag-
nesium group, there was a correspondingly
higher rate of use of atropine (p < 0-001). A
detailed analysis of mortality and morbidity in
the trial shows no evidence that the occur-
rence of sinus bradycardia was deleterious"5;
left ventricular failure in the coronary care
unit and 28 day mortality were both signifi-
cantly lower in the magnesium group.
Among the analysable patients included in

the Holter monitoring study who had a con-
firmed acute myocardial infarction, 22
received magnesium sulphate and 26 placebo.
Table 3 shows their clinical characteristics.
The incidence of the various classes of distur-
bance of ventricular rhythm detected during
Holter monitoring (fig 3) was not significantly
different in the two groups. Because the num-
bers of events in each class were not normally

100

90

10 _

Placebo

* Magnesium

Placebo

_ Magnesium

T
80

70 e-

60
2-

GL)

c
0C0
c0

a

c
a1)

-0

50

40K

30 F-

20

10

,T

- C c-X en e e
Do La
coX co > Q

> > co

Figure 3 Cumulative incidence of ventricular rhythm
disturbances during 24 hour Holter monitoring among
patients with confirmed myocardial infarction randomised
to intravenous magnesium sulphate (n = 22) or placebo
(n = 24).

Figure 2 Use of
treatments for tachycardia
in the randomised groups of
LIMIT-2.
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Table 4 Median number of ventricular arrhythmias
n124 h (two recordings were incomplete in the placebo
group and were excluded)

Magnesium Placebo
(n = 22) (n = 24) p Value

Salvos 4 0 2-5 0-73
Triplets 5-5 3-5 0.99
Couplets 21 0 13-5 0-43
Ventricular extrasystoles 879 512 0-23

distributed, they were summarised (table 4)
by their median values and comparisons were

tested by a non-parametric method (Mann-
Whitney test). No significant differences were

found in the amount of any class of ventricu-
lar arrhythmia that occurred during the 24
hours of recording.

Discussion
The LIMIT-2 study is by far the largest ran-

domised trial in which the possible prophy-
lactic value of an intravenous magnesium salt
against ischaemic arrhythmias has been
examined. Although the identification of
arrhythmias from routine continuous moni-
toring is known to be incomplete, the likeli-
hood of detection is in proportion to the
clinical significance of the arrhythmia.
Moreover, the double blind design of the pro-

tocol and the corroboration provided by the
analysis of antiarrhythmic treatments given
support the validity of the findings from the
main study. The Holter monitoring study in a

representative group of patients with con-

firmed myocardial infarction, designed to
achieve complete and accurate ascertainment
of all disturbances of rhythm, also showed no

significant antiarrhythmic effect of magne-
sium.
The apparent discrepancy between the

findings of our study and the experimental
models of myocardial ischaemia2-6 may reflect
the difference in the extemal [Mg2 +]
reached or may be model dependent. The
published clinical trials of magnesium salts in
myocardial infarction have generally been
small and their findings inconsistent. The
inconsistency may partly arise from the retro-
spective analysis of many different classes and
measures of arrhythmias. It is a strength of
the present investigation that the categories of
arrhythmia analysed were either defined in
advance in the clinical data system (the main
study) or else were comprehensive and mutu-
ally exclusive classes describing the totality of
abnormal rhythms occurring during the study
period (the Holter study). Data derived sig-
nificance testing was therefore precluded.

Outside the context of acute myocardial
infarction, intravenous magnesium salts have
been reported to be variably effective in a

wide range of arrhythmias, including sus-

tained monomorphic ventricular tachycar-
dia,'6 polymorphic ventricular tachycardia
(torsade de pointes) of various aetiologies,'
re-entrant supraventricular tachycardia,'820
and multifocal atrial tachycardia.2' In none of
these have randomised trials of efficacy been

carried out. Torsade de pointes is the
arrhythmia that seems to be most consistently
responsive to intravenous magnesium. The
mechanism of action does not depend on pre-
existing hypomagnesaemia or on shortening
of an abnormally prolonged QT interval. The
effects of doubling of serum [Mg2 +] on
generation and propagation of the cardiac
action potential have been examined in sev-
eral clinical electrophysiological studies.22-25
There is a small but consistent prolongation
of the atrium-His interval due to slowing of
conduction through the upper AV node. This
action may account for the reported efficacy
of magnesium salts in the treatment of AV
re-entrant supraventricular tachycardia; it
seems to arise from competitive blockade of
the slow Ca2+ channel and resembles the
action of the organic calcium antagonist vera-
pamil.

Because of the reported effect of Mg2 +
on conduction through the AV node, evi-
dence was sought in our study for any associ-
ation between magnesium treatment and the
development or exacerbation of heart block;
none was found. The increased incidence of
sinus bradycardia was not predicted by elec-
trophysiological studies of intravenous Mg2 +
in humans, which have indicated a lack of
effect on the length of the sinus node
cycle.22-2426 In these studies a direct inhibition
of the sinus node by Mg2 + through an effect
on the slow Ca2 + channel or the acetylcholine
activated K + channel27 might have been off-
set by the reflex response to peripheral
vasodilatation induced by Mg2 +, but if so it is
unclear why our group of patients should
have responded differently. A more likely
explanation is that the relatively small electro-
physiological studies lacked the statistical
power to detect a modest Mg2 + effect.

These findings cannot be generalised to
patients with hypomagnesaemia, such as
commonly occurs during cardiopulmonary
bypass; a randomised placebo controlled trial
has shown that partial repletion of [Mg2 +]
with intravenous magnesium sulphate signifi-
cantly reduces the incidence of postoperative
ventricular arrhythmias in this situation.28
Further systematic study of magnesium salts
is required to clarify the extensive case reports
suggesting efficacy against a variety of
arrhythmias. In torsades de pointes, for
example, suppression of early afterdepolarisa-
tions and triggered activity by extracellular
[Mg2 +] offers a cellular mechanism in
support of the empirical clinical findings.29 In
acute myocardial infarction, however, we
have found no evidence that doubling serum
[Mg2 +] reduces the incidence of early
arrhythmias. The significant reduction of
mortality seen in LIMIT-2 and in the pooled
analysis of earlier studies'5 cannot be
accounted for by prevention of lethal arrhyth-
mias.

The LIMIT-2 study was supported by project grants from the
Leicestershire Health Authority and the British Heart
Foundation. We thank the staff of the coronary care unit of
the Leicester Royal Infirmary for their help in the collection of
data, and the staff of the electrocardiography departnent for
their help with the Holter study.
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