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Objectives: To assess the effects of intravenous magnesium on converting acute onset atrial fibrillation to sinus
rhythm, reducing ventricular response and risk of bradycardia.
Design and data sources: Randomised controlled trials evaluating intravenous magnesium to treat acute
onset atrial fibrillation from MEDLINE (1966 to 2006), EMBASE (1990 to 2006) and Cochrane Controlled
Trials Register without language restrictions.
Review methods: Two researchers independently performed the literature search and data extraction.
Results: 10 randomised controlled trials, including a total of 515 patients with acute onset atrial fibrillation,
were considered. Intravenous magnesium was not effective in converting acute onset atrial fibrillation to sinus
rhythm when compared to placebo or an alternative antiarrhythmic drug. When compared to placebo,
adding intravenous magnesium to digoxin increased the proportion of patients with a ventricular response
,100 beats/min (58.8% vs 32.6%; OR 3.2, 95% CI 1.93 to 5.42; p,0.001). When compared to calcium
antagonists or amiodarone, intravenous magnesium was less effective in reducing the ventricular response
(21.4% vs 58.5%; OR 0.19, 95% CI 0.09 to 0.44; p,0.001) but also less likely to induce significant
bradycardia or atrioventricular block (0% vs 9.2%; OR 0.13, 95% CI 0.02 to 0.76; p = 0.02). The use of
intravenous magnesium was associated with transient minor symptoms of flushing, tingling and dizziness in
about 17% of the patients (OR 14.5, 95% CI 3.7 to 56.7; p,0.001).
Conclusions: Adding intravenous magnesium to digoxin reduces fast ventricular response in acute onset atrial
fibrillation. The effect of intravenous magnesium on the ventricular rate and its cardiovascular side effects are
less significant than other calcium antagonists or amiodarone. Intravenous magnesium can be considered as
a safe adjunct to digoxin in controlling the ventricular response in atrial fibrillation.

A
trial fibrillation is the commonest cardiac arrhythmia in
clinical practice. Atrial fibrillation affects an estimated
2.2 million adults in the USA and has an estimated

incidence of 1.0 per 1000 person-years in the UK.1 2 Atrial
fibrillation is associated with significant morbidity and mortal-
ity. Patients in atrial fibrillation have a fivefold increased risk of
thromboembolic stroke and twofold increased risk of death when
compared to the general population.3 4 Atrial fibrillation can also
cause tachycardia-induced heart failure if the rapid ventricular
response is sustained for a prolonged period of time.5

Most patients in acute atrial fibrillation have no significant
haemodynamic instability and as such, pharmacological ther-
apy is usually the initial treatment of choice. A variety of
pharmacological agents can be used, either to control the rapid
ventricular response or convert the arrhythmia to sinus rhythm,
with variable results. The agents evaluated include digoxin,
beta-blockers, calcium antagonists, flecainide, propafenone,
ibutilide, and amiodarone.6 However, in patients with impaired
left ventricular function, digoxin or amiodarone is the
pharmacological agent of choice because of their minimal
negative inotropic effects.6

Magnesium has many significant physiological and pharma-
cological effects on different organ systems. The mechanisms of
its action include calcium antagonism, regulation of energy
transfer and membrane stabilisation.7 Intravenous magnesium
has a high therapeutic-to-toxic ratio and minimal negative
inotropic effects.8 9 Intravenous magnesium can reduce auto-
maticity,10 atrioventricular nodal conduction,11 12 polymorphic
ventricular tachycardia due to prolonged QT interval and
digoxin-induced arrhythmias.7 8 13 Prophylactic use of intrave-
nous magnesium can also reduce the occurrence of atrial
fibrillation after cardiac surgery.14 However, there are no large

randomised controlled studies or meta-analyses that evaluate
intravenous magnesium as an antiarrhythmic agent in the
setting of acute onset atrial fibrillation.

Rhythm control by pharmacological agents is often most
effective when the drug is initiated within 10 days of onset of
atrial fibrillation.15 We hypothesised that intravenous magne-
sium could be an effective antiarrhythmic agent in patients
with acute onset atrial fibrillation. We assessed the potential
beneficial and harmful effects of intravenous magnesium,
when compared to placebo or an alternative arrhythmic agent,
in the setting of acute onset atrial fibrillation (,7 days) in this
meta-analysis. The end-points assessed in this study included
rhythm control, ventricular response ,100 beats/minute, bra-
dycardia, hypotension, and other side effects.

METHODS
Search strategy
Two researchers searched the Cochrane Controlled Trials
Register (2006 issue 1), EMBASE (January 1990 to May
2006) and MEDLINE databases (1966 to May 2006) indepen-
dently. During the electronic database search, the following
exploded MeSH terms were used: ‘‘magnesium’’, with ‘‘atrial
fibrillation’’, ‘‘supraventricular arrhythmia’’ or ‘‘supraventricu-
lar tachyarrhythmia’’. The search was limited to clinical trials,
letters, editorials, reviews or randomised controlled trials. The
reference lists of related editorials, reviews and original articles
identified were searched for relevant trials. Finally, the websites
of the International Network of Agencies of Health Technology
Assessment and International Society of Technology
Assessment in Health Care were searched to ensure all suitable
trials were included. There were no language restrictions for
inclusion in this meta-analysis.
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Selection criteria and validity assessment
Only randomised controlled clinical trials comparing intrave-
nous magnesium with placebo or an alternative antiarrhythmic
drug to treat acute onset atrial fibrillation in adult patients were
included. In this meta-analysis, acute onset atrial fibrillation
was defined as onset of symptoms or electrocardiography
documented atrial fibrillation of less than 7 days before trial
enrolment. In trials that included patients with atrial fibrilla-
tion, atrial flutter or other supraventricular arrhythmia, only
the subset of patients with atrial fibrillation was included if the
data were available. Trials that assessed chronic atrial fibrilla-
tion or evaluated oral magnesium were excluded. Furthermore,
trials that evaluated the prophylactic use of magnesium to
prevent rather than to treat atrial fibrillation were also excluded.

Two independent reviewers examined the full text of all
identified trials to confirm they fulfilled the inclusion criteria.
They examined and recorded the trial characteristics and
outcomes independently, using a predesigned data abstraction
form. This abstraction form was used to record information
regarding the quality of the trial such as allocation conceal-
ment, randomisation method, blinding of treatment, and
inclusion and exclusion criteria. The quality of the trial was
scored according to the Jadad scale (range from 0 to 5, with the
higher scales indicating a better quality trial)16 but the
individual component that constitutes the quality of the trial
was also described. The grading of allocation concealment was
based on the Cochrane approach, that is, adequate or uncertain
or clearly inadequate. A third independent researcher checked
the completed data abstract forms and there were no
disagreements between the three independent reviewers in
the data extracted. We wrote to the leading author of an
included trial to clarify the data of the trial and received
additional information about the trial.17 Data were checked and
entered into the Review Manager (version 4.2.6 for Windows.
Oxford, England: The Cochrane Collaboration, 2003) database
for further analyses.

Outcomes of interest
The proportion of patients with atrial fibrillation converted to
sinus rhythm within 24 hours of treatment and the proportion
of patients that ventricular response slowed to less than
100 beats/minute were chosen as the main outcomes because
they are the most relevant clinical outcomes in patients with
acute onset atrial fibrillation. There were no missing data for
these two main outcomes in the trials included. The other
outcomes assessed included the proportion of patients who
developed symptoms of flushing, tingling and dizziness, the
proportion of patients with significant bradycardia or atrioven-
tricular block (pause .3 seconds, hypotension or sympto-
matic), hypotension (systolic blood pressure ,100 mm Hg or
symptomatic), and also the proportion of patients who required
rescue antiarrhythmic drugs at the end of the trial.

Statistical analysis
The differences in categorical outcomes between magnesium
and placebo or an alternative antiarrhythmic drug were
reported as odds ratio (OR) with 95% confidence interval
(CI), using a random effect model. The trials were further
stratified into trials that compared magnesium with placebo
and trials that compared magnesium with another antiar-
rhythmic agent, and the interaction between the two strata of
trials was tested by ratio of odds ratio.18 The presence of
heterogeneity between trials was assessed by the x2 statistics
and the extent of inconsistency was assessed using I2

statistics.19 One trial reported that several patients had flushing,
tingling and dizziness after intravenous magnesium treatment
but did not specify the exact number of patients and so this trial

was excluded from the analysis.28 Sensitivity analyses were
conducted by excluding trials that included some patients with
atrial flutter or other supraventricular tachyarrhythmias17 20–22 27

and trials that included patients with undocumented duration
of atrial fibrillation.20 22 23 Publication bias was assessed by
funnel plot using conversion to sinus rhythm as an end point.
All tests were two-tailed and a p-value less than 0.05 was
regarded as significant in this meta-analysis.

RESULTS
Study selection and description
Our electronic searches identified 202 studies of which 10
fulfilled the inclusion criteria17 20–28 and were subjected to meta-
analysis (fig 1). There was complete agreement on inclusion
assessment between the three reviewers. The 10 included trials
involved data from six countries and all were published in
English (table 1). Three trials involved patients in the
emergency department,21 23 24 three trials involved patients in
the intensive care unit,17 20 27 and three trials involved patients
in the cardiology department or ward.22 25 26 One trial did not
specify the hospital location of the patients in the trial.28 Five
trials compared magnesium with placebo.21–25 Among these five
trials, four of them used digoxin 21 23–25 and one trial used
ibutilide as the concurrent antiarrhythmic drug with both
placebo and magnesium.22 In one trial that compared magne-
sium with placebo, the first part of the trial compared
magnesium with placebo only and the second part of the trial
tested the effect of adding digoxin to both the magnesium and
placebo group. The data of the second part of this trial were pooled
separately from the first part of the trial in this meta-analysis.21

The other five trials compared magnesium with another antiar-
rhythmic drug without the use of placebo.17 20 26–28 Among the five
trials that compared magnesium with another antiarrhythmic
drug, three of them compared magnesium with intravenous
calcium antagonists 20 26 28 and two trials compared magnesium
with amiodarone.17 27 All trials except one explicitly stated that
they excluded patients who had unstable blood pressure (systolic
blood pressure ,80–90 mm Hg) and renal dysfunction.

The baseline mean serum magnesium concentrations in both
treatment arms were reported to be normal in six trials but this
information was not reported in the other four trials.17 21 22 26 The
doses of intravenous magnesium used ranged between 12 and
40 mmol (3–10 g) in all trials except one which used a prolonged
magnesium infusion over 24 hours and the total dose of
magnesium was estimated to be 100 mmol (25 g) for a 80 kg
patient.27 The period of time assessed for the selected clinical end
points after initiation of magnesium treatment ranged between
20 minutes and 24 hours (mean 7 hours, median 4 hours).

Assessment of validity
The quality of the included trials varied; the Jadad scale ranged
from 2 to 5 (mean 3.2). All trials were randomised but only five
trials were double-blinded.21–25 All the five trials that compared
magnesium with an alternative antiarrhythmic drug were not
double-blinded. All the trials except one were analysed by the
intention to treat principle and the proportion of patients lost or
excluded was less than 10% in all the included trials. The
agreement between reviewers was over 90% for different
criteria.

Effect of intravenous magnesium on rhythm conversion,
ventricular response rate, and cardiovascular and
systemic side effects
Ten trials involving 515 patients reported data on the effect of
intravenous magnesium on rhythm conversion. Adding intra-
venous magnesium to either digoxin or ibutilide did not
increase the rate of converting atrial fibrillation to sinus
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rhythm (25.3% vs 19.3%; odds ratio [OR] 1.22, 95% confidence
interval [CI] 0.56 to 2.65; p = 0.61). Intravenous magnesium
alone was also no better than calcium antagonists or
amiodarone in achieving sinus rhythm in patients with acute
onset atrial fibrillation (36.2% vs 18.2%; OR 2.82, 95% CI 0.64 to
12.43; p = 0.17) (fig 2). However, there was significant hetero-
geneity in the comparison between magnesium and an alternative
antiarrhythmic drug (I2 = 66.7%, x2 test for heterogeneity = 0.02),
likely to be due to different doses of magnesium and different
antiarrhythmic drugs used in the pooled trials.

Five trials involving 380 patients reported data on the effect
of intravenous magnesium on ventricular response rate. Adding
intravenous magnesium to digoxin increased the proportion of
patients with a ventricular response rate ,100 beats/min
(58.8% vs 32.6%; OR 3.23, 95% CI 1.93 to 5.42; p,0.001).
However, when intravenous magnesium was compared with
intravenous verapamil, magnesium was less effective than
intravenous verapamil in controlling the ventricular response
rate (21.4% vs 58.5%; OR 0.19, 95% CI 0.09 to 0.44; p,0.001)
(fig 3). There was a significant difference in the comparisons
between the two strata of trials (ratio of OR 16.9, 95% CI 6.6 to
43.4; p,0.001), suggesting that verapamil was better than
placebo in controlling the ventricular response rate.

Seven trials involving 446 patients reported data on the risk
of significant bradycardia or atrioventricular block. Intravenous
magnesium was less likely to induce bradycardia or atrioven-
tricular block (0% vs 9.2%; OR 0.13, 95% CI 0.02 to 0.76;
p = 0.02) and hypotension (0% vs 8.2%; OR 0.09, 95% CI 0.01 to
0.77; p = 0.03) when compared to intravenous calcium antago-
nists or amiodarone (fig 4, 5). Adding magnesium to digoxin
was not associated with a significant risk of bradycardia or
atrioventricular block (3% vs 0%; OR 3.47, 95% CI 0.54 to 22.22;
p = 0.19) and hypotension (3.7% vs 1.0%; OR 3.92, 95% CI 0.43
to 35.69; p = 0.23). There was a significant difference in the
comparisons between two strata of trials in both cardiovascular
side effects suggesting that calcium antagonists or amiodarone
were more likely than placebo to cause bradycardia or
atrioventricular block (ratio of OR 26.7, 95% CI 2.0 to 361.4;

p = 0.01) and hypotension (ratio of OR 44, 95% CI 2.0 to 972.0;
p = 0.02). The use of intravenous magnesium was associated
with transient minor symptoms of flushing, tingling and
dizziness in about 17% of the patients (OR 14.5, 95% CI 3.7
to 56.7; p,0.001) (fig 6). There was no significant difference in
the proportion of patients requiring rescue antiarrhythmic drug
when magnesium was compared to placebo or an alternative
antiarrhythmic drug (overall OR 0.84, 95% CI 0.25 to 2.81). A
cost analysis was reported in two trials25 27 but none reported a
formal cost-effectiveness analysis.

Sensitivity analyses and publication bias
We could not completely identify data of the patients with atrial
fibrillation only in five studies. Excluding these trials that
included a small proportion of patients with atrial flutter or
other supraventricular tachyarrhythmias17 20–22 27 (p = 0.21) or
three trials that included patients with undocumented duration
of atrial fibrillation20 22 23 (p = 0.44) did not change the effect of
magnesium on rhythm control when it was compared to
placebo. However, excluding trials that included some patients
with atrial flutter or other supraventricular tachyarrhyth-
mias17 20–22 27 showed that intravenous calcium antagonists were
more effective than magnesium in converting atrial fibrillation
to sinus rhythm (OR 6.4, 95% CI 2.1 to 19.6; p = 0.001). A
funnel plot showed a slight asymmetry in the distribution of
the mean estimates of the trials. This could be due to the small
number of trials included in this meta-analysis42 or a small
publication bias that favoured the publication of trials that
showed an alternative antiarrhythmic drug was better than
intravenous magnesium on rhythm control (fig 7).

DISCUSSION
This meta-analysis shows that adding intravenous magnesium
is more effective than placebo in reducing the fast ventricular
response rate when added to digoxin but not in achieving sinus
rhythm in patients with acute atrial fibrillation. With the
limited data available, the effects of intravenous magnesium on
the ventricular response rate and the risk of bradycardia,

Figure 1 Flow chart showing trial inclusion
and exclusion in this meta-analysis.
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Figure 2 Forest plot showing the effect of intravenous magnesium on conversion of atrial fibrillation to sinus rhythm as compared to placebo or an
alternative antiarrhythmic drug.

Figure 3 Forest plot showing the effect of intravenous magnesium on reducing ventricular response rate to less than 100 beats/min when compared to
placebo or an alternative antiarrhythmic drug.
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atrioventricular block or hypotension are less significant than
intravenous calcium antagonists or amiodarone. Minor tran-
sient symptoms such as flushing, tingling and dizziness are not
uncommon (17%) after the use of intravenous magnesium.

While previous meta-analysis has shown that magnesium is
effective in preventing the occurrence of atrial fibrillation after

cardiac surgery,14 our study shows that adding intravenous
magnesium to either digoxin or ibutilide is not effective in
achieving sinus rhythm once atrial fibrillation has occurred.
The difference in our results and the previous meta-analysis
that assessed prophylactic use of magnesium could be due to
different underlying causes of atrial fibrillation and different

Figure 4 Forest plot showing the effect of intravenous magnesium on the risk of bradycardia or atrioventricular block when compared to placebo or an
alternative antiarrhythmic drug.

Figure 5 Forest plot showing the effect of intravenous magnesium on the risk of hypotension when compared to placebo or an alternative antiarrhythmic
drug.
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sample size. Magnesium deficiency is common after cardiac
surgery7 17 and there is a suggestion that patients who have
both hypomagnesaemia and atrial fibrillation are more likely to
respond to intravenous magnesium.17 41 Six of the 10 trials in
this meta-analysis included patients with a normal baseline
serum magnesium concentration before magnesium treatment.
This factor could have selected the group of patients that were
less likely to respond to intravenous magnesium in achieving
sinus rhythm. Furthermore, the sample size of this meta-
analysis (n = 515) is still relatively small and could only show a
significant effect on rhythm control if intravenous magnesium
can increase the conversion rate from 20% to at least 30%.
Nevertheless, the average rhythm conversion rate in the
magnesium group of this meta-analysis was only 25% and this
was still far below the 60% spontaneous rhythm conversion rate
of acute onset atrial fibrillation reported in the literature.43 44

Similarly, we could not exclude a small increase in risk of
hypotension and bradycardia with intravenous magnesium
when compared to placebo because of the relatively small
number of patients included in the trials.

Our results show that the therapeutic effect of intravenous
magnesium is mainly on reducing the fast ventricular response
rate in patients with acute onset atrial fibrillation. Its
effectiveness and also the associated cardiovascular side effects
are less significant than intravenous calcium antagonists or
amiodarone. Magnesium has many physiological effects and
one of the possible mechanisms for its action may include the
calcium channel blockade effect on the atrioventricular
node.7 11 12 If this is the main mechanism how intravenous
magnesium works in patients with atrial fibrillation, then our
results suggest that intravenous magnesium can be regarded as
a ‘‘weak’’ intravenous calcium antagonist in both effectiveness
(ie, slowing the ventricular rate) and toxicity (ie, bradycardia
and hypotension) when compared to verapamil and diltiazem.
However, minor transient side effects including flushing,
tingling and dizziness are not uncommon and appear to be
specifically associated with magnesium but not other calcium
antagonists. Because magnesium has multiple pharmacological
actions other than calcium antagonism on the atrioventricular
node, some of these minor side effects could be due to the other
actions of magnesium including its peripheral vasodilating
effect and antagonistic action on the N-methyl D-aspartate
receptor.7 It should also be noted that magnesium can
accumulate in patients with renal failure and a very high
serum magnesium concentration (.5.0 mmol/l) can cause
neuromuscular blockade and respiratory depression, although
these side effects were not reported in the pooled studies.7

There are some limitations with this study. First, although
serum magnesium concentrations were normal and comparable
in both treatment groups in six of the included trials, this did
not exclude subclinical imbalance in magnesium deficiency
between the two treatment groups because of the poor
correlation between serum and myocyte magnesium concen-
trations.45 This could represent a potential confounder that we
could not exclude with the data of the trials. Second, this study
included trials that evaluated different doses of intravenous
magnesium and also compared magnesium to different
alternative antiarrhythmic drugs in different patient cohorts.
The results of the comparison between intravenous magnesium

Figure 6 Forest plot showing the effect of intravenous magnesium on the risk of symptoms of flushing, tingling and dizziness.

Figure 7 Funnel plot using rhythm control as an end point shows the
possibility of a small publication bias.
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and placebo were homogenous but there was significant
heterogeneity in the comparison between intravenous magne-
sium and another antiarrhythmic drug. This was likely due to
different doses of magnesium and different types of antiar-
rhythmic drugs used in this stratum of trials. Third, multiple
statistical testing was performed in the comparison between
magnesium and placebo because one trial was analysed twice.21

However, using the Bonferroni correction, the significance of
the results in assessing the effects of magnesium on rhythm
control and ventricular rate ,100 beats/min remains
unchanged.

In conclusion, intravenous magnesium, when compared to
other antiarrhythmic agents or with digoxin, is not effective in
converting acute onset atrial fibrillation to sinus rhythm in
patients with a normal serum magnesium concentration.
Adding intravenous magnesium to digoxin reduces the fast
ventricular response but this effect and its associated cardio-
vascular side effects are both less significant than other calcium
antagonists or amiodarone. Intravenous magnesium can be
considered as a safe adjunct to digoxin in controlling the
ventricular response in patients with acute onset atrial
fibrillation. A large randomised controlled trial is needed to
confirm our findings.
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