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Abstract

Atrial fibrillation (AF) is the most common heart rhythm disorder in the elderly, and it contributes
significantly to patient morbidity and mortality. A variety of medications, including amiodarone, beta-
blockers, and calcium channel blockers, are commonly used to manage AF. Often, intravenous

magnesium (IV Mg) is used as an adjunctive therapy for rate and rhythm control; however, its efficacy in
managing fast AF has been controversial, with previous meta-analyses yielding conflicting results. This
meta-analysis sought to establish the effectiveness of IV Mg in the treatment of fast AF by incorporating
data from a recently concluded randomised controlled trial (RCT) on the same subject. Six RCTs, including
480 patients, comparing IV Mg with placebo in the treatment of fast AF were retrieved after an extensive
search of electronic databases. The Mantel-Haenszel (MH) random-effects model was used to estimate the
mean effect size across all the included studies. The differences among treatment groups for nominal
variables were documented as odds ratios (ORs) with 95% confidence intervals (CIs). The pooled analysis
showed that IV Mg given as an adjunct to guidelines-recommended medications had a significant positive
impact in achieving rate control (OR: 2.15, 95% CI: 0.98, 4.73, P = 0.03), with no substantial heterogeneity
(I% = 60%) as compared to placebo. Similarly, [V Mg was superior to placebo in converting AF rhythm to sinus
rhythm (OR: 1.64, 95% CI: 0.90, 2.99, P = 0.18), with moderate heterogeneity (1% = 34%). On safety profile
analysis, flushing was more frequently observed in patients who were treated with IV Mg than in those who
were given a placebo (OR: 14.12, 95% CI: 3.16, 63.20, P < 0.001), with no statistically significant
heterogeneity detected (I2 = 0%). The overall OR numerically favoured a higher risk of hypotension with IV
Mg compared to placebo; however, the result did not reach statistical significance, and the CI was extremely
wide. In conclusion, the meta-analysis establishes that IV Mg administered as an adjunct to the standard
guidelines-recommended care is significantly effective for rate control and moderately effective for
cardioverting fast AF in adult non-post-operative patients.

Categories: Cardiology, Internal Medicine
Keywords: af rate control, af rhythm control, atrial fibrillation, intravenous magnesium, placebo

Introduction And Background

Atrial fibrillation (AF) is an arrhythmia characterised by chaotic, non-sinus activation of the atria, resulting
in fibrillation-like contraction that is ineffective at pumping blood [1]. AF is the most common heart rhythm
disorder in the elderly, and it contributes significantly to patient morbidity and mortality [2]. Clinical
confirmation of AF is done by an electrocardiogram (ECG) tracing, which is characterised by the absence of
consistent P waves and an irregular QRS complex [1]. Depending on the state of the atrioventricular node
and its reaction to the inhibitory vagus nerve and sympathetic tone stimulation, AF can lead to a rapid heart
rate or rapid ventricular response (RVR), also known as fast AF, with a typical heart rate of more than 110
beats per minute [3]. Fast AF reduces ventricular blood filling time and hence cardiac output, increases
myocardial cells' oxygen consumption, and can potentially induce tachycardia, cardiomyopathy, and

angina [3,4]. If left untreated in an acute setting, fast AF can substantially worsen patient outcomes through
rate-related cardiac ischaemia and cardiomyopathy, and may potentially precipitate cardiogenic shock [5,6].
In the acute phase, AF can cause sudden cardiac arrest, and if prolonged and chronic, it is a major risk factor
for thromboembolic stroke [2].

The treatment of fast AF is either through electrical cardioversion or chemical (medical) cardioversion, with
haemodynamic instability being the major determinant of choice [7]. Haemodynamically unstable patients
undergo direct current (DC) cardioversion, while those who are stable receive rate-limited medical treatment
[7]. A range of rate-limiting medications and antiarrhythmic agents, including digoxin, beta-blockers,
amiodarone, and calcium channel blockers, are recommended by the latest guidelines for use in the
treatment of fast AF [7]. Often, in clinical settings, intravenous magnesium (IV Mg) is used as
supplementary therapy in treating fast AF; the rationale behind its use is based on the physiological and
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pharmacological properties of the element [8]. Magnesium stabilises myocardial cells by acting directly on
myocardial potassium ion channels and also exerts voltage-dependent and indirect influences on sodium
and calcium channels, and thus regulates the electrical activity at the atrioventricular node, resulting in a
reduction in heart rate and a reduction in the frequency of arrhythmia [4]. Furthermore, magnesium can act
as a calcium antagonist, inhibiting ligand-gated calcium channels in myocardial cells. In principle, these
properties may also reduce sinus node depolarisation frequency and extend the refractory period of the
atrioventricular node, thereby reducing heart rate [9].

However, the scientific evidence supporting the efficacy of IV Mg use in the treatment of fast AF remains
weak, with currently randomised controlled trials (RCTs) showing conflicting or inconclusive results [10,11].
In a recently published RCT, the use of IV Mg in a cohort of patients with fast AF found no added benefit in
achieving rate or rhythm control compared to the standard guidelines-recommended treatment or placebo
[12]. In contrast, the results from two different RCTs concluded that IV Mg is effective for rate control early
in the treatment of patients with fast AF [13,14]. Four previous meta-analyses combining data from RCTs on
the effectiveness of IV Mg for the treatment of fast AF were performed and yielded conflicting results [15-
18]. Recently, an additional RCT on the effectiveness of IV Mg in the management of fast AF was published,
so we performed an updated meta-analysis incorporating the new available data to determine the
effectiveness of IV Mg as an adjunct in the treatment and control of both rate and rhythm in fast AF. By
combining data from individual trials, this meta-analysis aims to determine whether IV Mg provides a
clinically meaningful benefit in treating fast AF in adults and to resolve inconsistencies in the existing
evidence.

Review
Methodology

This research followed the steps and guidance outlined in the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) protocol [19]. To reduce bias, ensure transparency, and avoid
duplicating a systematic review already underway, verification by scrutinising the International Prospective
Register of Systematic Reviews (PROSPERO) database was done, and our review was also registered in the
same database (ID: CRD420261335179). A literature search was conducted in the electronic databases
PubMed, Cochrane, ClinicalTrials.gov, and Ovid Medline, with no publication date restrictions, to capture
all available RCTs. Medical Subject Headings (MeSH) and keywords like ‘magnesium’, ‘magnesium sulphate’,
‘intravenous magnesium’, ‘atrial fibrillation’, ‘atrial fibrillation with rapid ventricular rate’, and 'fast atrial
fibrillation” were used to conduct the searches in electronic databases. We also manually screened the
reference lists of the included studies to identify additional relevant randomised trials. Although major
databases such as EMBASE were unavailable, this supplementary step helped reduce the risk of selection
bias. No search restrictions were applied. Database-specific search strategies are presented in the
Appendices to support transparency and reproducibility.

Study Selection and Data Extraction

Three reviewers (KM, WC, and DPN), working independently, examined all available texts against the pre-set
inclusion and exclusion criteria. Discrepancies at both the title/abstract and full-text screening stages were
resolved through discussion and consensus, with a fourth reviewer available to adjudicate if needed. The
first step of citation review involved screening by just going through the title and abstract to determine
suitability for initial inclusion. Following this step, full-text articles were retrieved and thoroughly reviewed
to come up with suitable articles for the final inclusion in the systematic review. Studies included in the
systematic review were RCTs comparing IV Mg to placebo, in addition to the guidelines-recommended
treatment or care, with the result considered as a positive effect if there was heart rate reduction and/or
cardioversion to sinus rhythm. Several studies were discarded because either IV Mg was compared with
other fast AF management modalities other than placebo (i.e., compared with electrocardioversion or to
antiarrhythmics), the baseline pulse rate was normal or slow and not involving fast AF, patients involved
had supraventricular tachycardia or other arrhythmias not AF, patients involved had undergone a surgical
procedure, oral magnesium therapy was used to treat AF, IV Mg was used as prophylaxis against occurrence
of AF, study findings were not recorded in English, or the study had non-human subjects. Each excluded
study needed to have a reason for exclusion clearly documented. Differences in the retrieved data were
resolved through discussion among the reviewers to reach a consensus.

The final RCTs meeting the inclusion criteria were further assessed for quality using a five-point Jadad scale
(higher scores indicating higher-quality trials), which assigns scores based on parameters like
randomisation, blinding, and documentation and handling of all dropouts and the reasons [20]. In addition
to the Jadad scoring, we assessed the quality of the included studies using the Cochrane Risk of Bias 2 (RoB
2) tool [21]. This framework evaluates five domains: bias arising from the randomisation process, deviations
from the intended intervention, missing outcome data, outcome measurement, and selection of the reported
result [21]. Overall judgments were classified as low risk, some concerns, or high risk [21]. Any disagreements
in risk-of-bias assessments were resolved through discussion among the three reviewers, with a fourth
reviewer consulted when necessary.
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Outcome Evaluation

The main efficacy endpoint was successful heart rate reduction and/or rhythm reversion of AF to sinus
rhythm as specified for each individual trial, while the secondary outcome included the risk of side effects
such as bradycardia, hypotension, and flushing.

Statistical Analysis

The available data were pooled and analysed using Review Manager (RevMan) version 7.12.0 (Cochrane
Collaboration, London, UK). The Mantel-Haenszel (MH) random-effects model was used to estimate the
mean effect size across all the included studies. The differences among treatment groups for nominal
variables were documented as odds ratios (ORs) with 95% confidence intervals (CIs). ORs greater than 1.0
favoured IV Mg, while those less than 1.0 favoured placebo. Statistical heterogeneity was assessed using the

1% statistic. Values of 0-25% were considered indicative of low heterogeneity, 25-50% of moderate
heterogeneity, and greater than 50% of substantial heterogeneity. The choice of statistical model was based
on the degree of heterogeneity: fixed-effects models are generally used when heterogeneity is low, whereas
random-effects models are preferred when it is substantial. As our analysis indicated substantial
heterogeneity, we used a random-effects meta-analysis with the Mantel-Haenszel method. A Mantel-
Haenszel continuity correction was applied to account for zero-event data. Sensitivity analyses were
prespecified to assess the robustness of the findings, where appropriate, but were not conducted because too
few studies were included in the meta-analysis.

Publication bias was assessed visually using funnel plots and formally using Egger’s regression test. An
intercept with a P-value of less than 0.05 was considered indicative of either small-study effects or potential
publication bias.

Findings

In total, 1,035 publications were initially retrieved, including 137 duplicate citations (Figure ). Eventually,
47 published studies were considered suitable for further review after the initial title and abstract screening.
The full texts for the remaining 47 studies were reviewed, and 41 studies were excluded for reasons outlined
in Figure 1. There was an initial disagreement among the reviewers on whether to include or exclude one
trial; it was resolved to exclude the trial after discussion among the reviewers themselves without the need
to involve a fourth reviewer as an arbitrator.
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FIGURE 1: Flow chart visualising study extraction.

Finally, six studies were included, with a total of 480 patients, of which 242 received IV Mg, and 238 in the
control arm received placebo [12,22-26]. There was complete concurrence among reviewers regarding the
final RCTs included for review. The final six studies were published in English, and four of the six were
double-blinded, one was triple-blinded [25], and one had unknown blinding status [12,22-26]. The total dose
of IV Mg given to patients with fast AF varied from 2.5 to 10 mg. The definition of rate control varied across
studies; one study defined heart (pulse) rate control as a 20% reduction from baseline heart rate, while other
studies defined rate control as a heart (pulse) rate less than 100 beats per minute [12,22,25,26]. One study
did not specify the exact criteria used to define rate control [24]. Four studies examined both rate and rhythm
control [22,23,25,26], while two studies examined heart rate alone [12,24]. Time-to-outcome measurements
across all studies ranged from two to 24 hours [12,22-26]. Five studies were classified according to the Jadad
score as having a high quality, with a score of 3 or more: three studies had a Jadad score of 5, one study had
a score of 4, and one study had a score of 3 [12,23-26]. One study included was of poor quality with a Jadad
score of 1 [22]. The study characteristics are summarised in Table 1.
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Study (year)

Benhalla et
al. (2015)
[22]

Brodsky et
al. (1993)
[23]

Chu et al.
(2009) [24]

Davey et al.
(2005) [25]

Nogic et al.
(2022) [12]

Walker et al.

(1996) [26]

TABLE 1: Overview of study characteristics.

Blinding

UK

DB

DB

B

DB

DB

Treatment

VS.

placebo

Mg3g

Mg10g

Mg25g

Mg5g

Mg5g

Mg5g

Number of patients
involved in the

study

30

48

199

144

41

Placebo

24

97

73

20

Mg

14

10

24

102

71

21

Inclusion

rhythm

AF with
HR > 100
bpm

AF with
HR 100-
200 bpm

AF with
HR >100
bpm

AF with
HR > 120
bpm

AF with
HR > 120
bpm

AF with
HR > 100
bpm

Definition of rate control

HR < 100 bpm

HR < 90 bpm for > 60 minutes
orat 24 hrs

Decrease in ventricular rate

HR <100 bpm at 2.5 hrs or 15

bpm reduction in heart rate

HR < 100 bpm at 4 hrs or 20%
reduction in heart rate from

baseline

HR < 100 bpm

Time to
Outcome

outcome
measured

in hours
Rate

N/A
rhythm
Rate

24
rhythm
Rate 2
Rate

25
rhythm
Rate 4
Rate
rhythm

UK: unknown; DB: double blind; TB: triple blind; N/A: not available; AF: atrial fibrillation; HR: heart rate; IV: intravenous; Mg: magnesium; bpm: beats per

minute.

Using the Cochrane RoB 2 tool, three studies were rated as low risk of bias [12,24,25]. Two studies raised
some concerns, mainly because of missing outcome data [23,26]. One study was rated as high risk of bias due
to concerns about both missing outcome data and outcome measurement [22]. Missing outcome data was the
most common source of concern. Table 2 summarises the risk of bias across the included studies. There was
no disagreement among the reviewers during the assessment of bias in the included studies.
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Bias arising from

Study
(year)

the randomisation

process

Benhalla et
al. (2015)
[22]

Low

Brodsky et
al. (1993)
(23]

Low

Chu et al.

Low
(2009) [24]

Davey et
al. (2005)
(25]

Low

Nogic et al.

Low
(2022) [12]

Walker et
al. (1996)
[26]

Low

TABLE 2: Summary of Cochrane Risk of Bias (RoB 2) assessment of the included trials.

Bias due to deviations

from the intended

intervention

Low

Low

Low

Low

Low

Low

Bias due to
missing
outcome data

Some concerns

Some concerns

Low

Low

Low

Some concerns

Bias in the

measurement of

outcome

Some concerns

Low

Low

Low

Low

Low

Bias in the
selection of the
reported result

Low

Low

Low

Low

Low

Low

Overall

High risk

Some
concerns

Low risk

Low risk

Low risk

Some
concerns

Age in
Study (year)

years
Benhalla et al.

NA
(2015) [22]
Brodsky et al.

56 (59)
(1993) [23]
Chu et al. (2009)

58 (47)
[24]
Davey et al. (2005)

73 (72)
[25]
Nogic at al. (2022

e ( ) 71(71)

[12]
Walker at al. (1996)

NA

[26]

The baseline characteristics of patients included in the final review are displayed in Table 3. Serum
magnesium levels, which were all within normal ranges, were reported in three studies, while mean serum
potassium levels, which were again all within the normal range, were reported in two studies [23-25].
Cardiovascular risk factors like smoking and diabetes were infrequently reported, unlike the number of
patients with hypertension, which was recorded in three studies [12,23,24].

Male Female
% %
NA NA
63

37 (50)
(50)
71

29/21
(79)
45

55 (54)
(46)
58

42 (45)
(55)
NA NA

Smoker
%

NA

NR

NA

NA

34 (24)

NA

HTN
%

NA

38
(50)

25

NA

59
(54)

NA

CCF

NA

NA

NR

(10)

NA

CHD Diabetes
% %
NA NA
13
NA
)
NA NA
NA NA
10 14 (18)
()]
NA NA

TABLE 3: Characteristics of patients involved in the study.

Stroke
%

NA

NA

NA

NA

3(4)

NA

Pulse

mean

NA

131
(133)

140
(125)

143
(142)

137
(135)

145
(144)

SBP Serum Mg
mean (mmol/l)
NA NA
NR 0.9 (1.1)
120

0.8 (0.86)
(125)
NA 0.88 (0.85)
NA NA
NA NA

Serum K

(mmol/l)

NA

4.1(4.2)

3.8(3.9)

NA

NA

NA

CHD: coronary heart disease; CCF: congestive cardiac failure; HPT: hypertension; HTN: hypertension; Mg: magnesium; NA: not available; K: potassium;

SBP: systolic blood pressure; ( ): % that received an intervention.
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The medication given to control fast AF as per treatment guidelines recommendation and the timing of
administration after giving either placebo or IV Mg (intervention) are illustrated in Table 4. Rate and
rhythm-control agents used varied across studies, though one study did not record the medication used in
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addition to IV Mg or placebo [22]. Digoxin, beta-blockers, calcium channel blockers, and amiodarone were
used in most studies, with digoxin emerging as the main primary agent in controlling fast AF [12,23,25,26].
Three studies enforced an initial lockout period in which antiarrhythmic medications other than placebo or
IV Mg administration were not allowed [12,24,25], while the other three studies had no lockout period, with
standard antiarrhythmic medications being given at the same time, with IV Mg or placebo [22,23,25].

Study (year) Lockout period in hours Digoxin % Beta-blocker % Calcium channel blocker % Amiodarone %
Benhalla et al. (2015) [22] 0 NA NA NA NA

Brodsky et al. (1993)[23] 0 100 (100) 0(0) 0(0) 0(0)

Chu et al. (2009) [24] 2 0(0) NA NA 8 (4)

Davey et al. (2005)[25] 0 84 (75) 9 (11) 2(4) NA

Nogic et al. (2022) [12] 2 8 (13) 74 (58) 4 (4) 11(7)

Walker et al. (1996) [26] 0.5 95 (67) 0(0) 0(0) 0(0)

TABLE 4: lllustration of the standard antiarrhythmic medication used in the study and the lockout
time enforced.

NA: not reported; ( ): % that received an intervention.

Assessment of Efficacy Outcomes

In all six studies reviewed, IV Mg significantly improved ventricular rate control compared to placebo in
patients with fast AF (OR: 2.15, 95% CI: 0.98, 4.73, P = 0.03), and there was substantial heterogeneity among
the results (1% = 60%) [12,22-26]. The overall OR favoured IV Mg, indicating consistent findings across all six
studies [12,22-26]. Additionally, magnesium showed a statistically significant advantage over placebo for
rhythm control, measured by the return to sinus rhythm, across all studies (OR: 1.64, 95% CI: 0.90, 2.99, P =
0.18), with moderate heterogeneity (1% = 34%) [12,22-26]. These results are summarised in Figure 2.

(A)
Study IV Magnesium Placebo Weight 0Odds Ratio

Events Total Events Total M-H M-H Random, 95% CI

Random, %
Benhalla et al. (2015) [22] 9 14 5 16 15.2% —— 3.96[0.87, 18.12)
Brodysky et al. (1993) [23] 10 10 4 8 5.4% J— 21.00 (0.92, 477.23]
Chu et al. (2009) [24] 0 24 0 24 36% 1.00 [0.02, 52.44]
Davey et al. (2005) [25] 63 102 32 97 29.3% —— 3.28[1.83, 587]
Nogic et al. (2022) [12] 34 7 38 73 28.1% —.— 0.85[0.44, 1.63]
Walker et al. (1996) [26] 14 21 11 20 18.4% —.- 1.64 [0.46, 5.80]
Total events: Mg = 130; Placebo = 90
Heterogeneity: *=0.46; Chi*=12.57, df=5 (P=0.03); I’=60% — 2.15[0.98, 4.73]
Test for overall effect: Z=1.9 (P=0.0572)
Odds:Ratio
Favours Placebo Favours IV.
r T T
0.01 0.1 1 10 100

(B)
Study IV Magnesium Placebo Weight 0Odds Ratio

Events Total Events Total M-H M-H Random, 95% CI

Random, %
Benhalla et al. (2015) [22] 4 14 2 16 85% —_—— 2.80 [0.43, 18.38]
Brodysky et al. (1993) [23] 6 10 3 8 8.3% —— 2.50 [0.37, 16.89)]
Chu et al. (2009) [24] 2 24 6 24 9.9% —_—— 0.27[0.05, 1.52)
Davey et al. (2005) [25] 25 102 1 97 27.9% ——— 2.54[1.17, 5.50]
Nogic et al. (2022) [12] 31 7 29 73 31.8% — 1.18[0.61, 2.28]
Walker et al. (1996) [26] 9 21 4 20 13.6% [ — S— 3.00[0.74, 12.11]
Total events: Mg =77, Placebo =55
Heterogeneity: £2=0.18; Chi?=7.6, df=5 (P=0.18); I’=34% — 1.64[0.90, 2.99]
Test for overall effect: Z=1.62 (P=0.1047)
Odds:Ratio
—Favours Placebo Favours IV Mg
0.01 0.1 1 10 100

FIGURE 2: Forest plot diagrams comparing the effect of IV magnesium
(Mg) vs. placebo for (A) rate control and (B) rhythm control for all six
studies.

In studies that used a lockout period in which guidelines recommended antiarrhythmic medications could
not be given for a specified period of time, the positive effect of IV Mg on rate control was less pronounced
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compared to the overall pooled results (OR: 0.97, 95% CI: 0.55, 1.73, P = 0.92), and there was low
heterogeneity among these particular studies (12 = 0%) [12,24,26]. Likewise, magnesium appeared to be
slightly better than placebo for rhythm control, but the evidence was not strong because the CIs were wide
due to the small number of studies and events (OR: 1.10, 95% CI: 0.39, 3.15, P = 0.85), with significant
heterogeneity between studies (I% = 56%) [12,24,26]. Figure 3 below is a summary of these findings.

(A)
Study IV Magnesium Placebo Weight Odds Ratio
Events  Total Events  Total M-H M-H Random, 95% CI
Random, %
Chu etal. (2009) [24] 0 24 0 2 24% 1.00 [0.02, 52.44]
Nogic et al. (2022) [12] 34 7 38 73 77.2% . 0.85[0.44, 1.63]
_ Walker etal. (1996) 1261 14 21 " 20 20.7% —— 1.64[0.46, 5.80]

Total events: Mg = 48; Placebo = 49
Heterogeneity: 12=0; Chi*=0.82, df=2 (P=0.66); I>=0% ——— 0.97[0.55, 1.73]
Test for overall effect: 2=-0.09 (P=0.9263)
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FIGURE 3: Forest plots comparing the effect of IV magnesium (Mg) vs.
placebo on (A) rate control and (B) rhythm control among patients with
a defined initial lockout period.

In three studies, there was no lockout period, i.e., [V Mg was given at the same time as treatment guidelines-
recommended antiarrhythmic medications [22,23,25]. In those studies, IV Mg significantly improved both
heart rate (OR: 3.55, 95% CI: 2.08, 6.06, P < 0.001) with low heterogeneity (IZ = 0%) and reversion to rhythm
(OR: 2.57,95% CI: 1.31, 5.01, P = 0.006) in patients with fast AF compared to placebo, with no notable
heterogeneity (1% = 0%) [22,23,25]. These results reinforced IV Mg’s efficacy for rate and rhythm
management even when lockout restrictions were not applied. Figure 4 below summarises these findings.
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FIGURE 4: Forest plots comparing the effect of IV magnesium (Mg) vs.
placebo (A) rate control and (B) rhythm control in patients without an
initial lockout period.

IV Mg Safety Overview

Flushing occurred significantly more frequently among patients receiving IV Mg than among those given
a placebo (OR: 14.12, 95% CI: 3.16, 63.20, P < 0.001) [24-26]. This result was consistent across all three
studies, with no statistically significant heterogeneity observed (I% = 0%, P = 0.81), suggesting a uniform
treatment effect [24-26]. The pooled analysis addressing hypotension included only two studies, with zero
events recorded in both arms in Chu et al. (2009) [24]. The double zero events are managed through the
implementation of the Mantel-Haenszel continuity correction. Although the overall OR indicated a
numerically higher risk of hypotension with IV Mg relative to placebo, statistical significance was not
achieved, and the CI remained notably broad. The minimal number of events considerably limits the
reliability of this estimate. Figure 5 presents forest plots illustrating these findings.
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FIGURE 5: Forest plots comparing IV magnesium (Mg) vs. placebo on
the likelihood of causing the side effects of (A) flushing and (B)
hypotension.

An analysis of publication bias showed the absence of substantial publication bias. The funnel plot for
studies using rate control as the endpoint appeared broadly symmetrical [12,22-26]. Egger’s test was not
statistically significant (z = 0.47, p = 0.660), indicating no strong evidence of publication bias. However, the

substantial heterogeneity (1%= 60%) suggests that the slight funnel plot asymmetry may partly reflect true
differences between studies rather than bias alone. The funnel plot for studies using rhythm control as the
endpoint was symmetrical, with study effects clustered closely around the pooled estimate [12,22-26].
Egger’s test also showed no evidence of publication bias (z = 0.002, p = 0.988), suggesting that the pooled
estimate is unlikely to be materially influenced by publication bias or small-study effects. Figure 6 shows the
funnel plot diagrams of all included trials for both rate and rhythm endpoints.
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FIGURE 6: Funnel plots using rate control (A) and rhythm (B) as
endpoints for six included trials.
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Discussion

We conducted a meta-analysis evaluating the effectiveness of IV Mg in the management of acute fast AF in
non-surgical adult patients. The meta-analysis reviewed six RCTs [22-26], one of which was recently
published in 2022 [12].

Across all six included studies, IV Mg demonstrated a statistically significant improvement in ventricular
rate control compared with placebo in patients with rapid AF [22-26]. The pooled OR favoured IV Mg, and
heterogeneity across studies was within acceptable limits [22-26]. The inclusion of Chu et al. (2009), which
reported zero events in both study arms, was addressed through continuity correction, resulting in minimal
impact on the overall estimate [24]. These findings support the efficacy of IV Mg as an adjunct for rate
control in AF, aligning with prior meta-analyses conducted on this topic [15,16,18,27]. These findings are
theoretically consistent with magnesium's physiological effects on cardiac function. Magnesium stabilises
myocardial cells by acting directly on myocardial potassium ion channels and also exerts voltage-dependent
effects and indirectly influences sodium and calcium channels, and thus regulates the electrical activity at
the atrioventricular node, resulting in slowing of heart rate and reduction of frequency of transmission of an
arrhythmia across the heart [27]. Furthermore, magnesium can act as a calcium channel antagonist by
inhibiting ligand-gated calcium channels in myocardial cells. In principle, these additional magnesium
properties may also reduce sinus node depolarisation frequency and extend the refractory period of cells of
the atrioventricular node, thereby reducing heart rate [9].

IV Mg showed a statistically significant advantage over placebo for rhythm control, as evidenced by
reversion to sinus rhythm across all studies included in the analysis [22,24-26]. The pooled OR favoured IV
Mg, with moderate heterogeneity reported among studies, likely attributable to variations in patient
populations, study design, and concurrent medications. Despite this variability, the direction of effect
remained consistent, supporting the use of IV Mg as a pharmacological strategy for rhythm conversion to
sinus rhythm in AF. This finding aligns with a previous meta-analysis conducted, which demonstrated that
IV Mg increases the likelihood of cardioversion from AF to sinus rhythm [18]. However, some preceding
RCTs presented conflicting outcomes regarding the restoration of sinus rhythm; two earlier meta-analyses
suggested IV Mg had no significant effect on conversion of fast AF to sinus rhythm [15,16].

With respect to the side effect profile, flushing was observed significantly more frequently in

patients receiving IV Mg than in those receiving placebo [24-26]. This observation was consistent across all
three included studies, with no statistically significant heterogeneity detected (1% = 0%, P = 0.81), indicating
a uniform treatment effect [24-26]. Although the CI was broad due to the relatively limited number of events,
the direction and significance of the outcome were clear; therefore, clinicians should recognise that flushing
is a predictable and common adverse effect after IV Mg administration. The pooled analysis of hypotension
included only two studies [24,25], and both arms of Chu et al. (2009) [24] reported zero events. The overall
OR numerically indicated a higher risk of hypotension with IV Mg compared to placebo; however, this
finding did not achieve statistical significance, and the CI was exceptionally wide. These results suggest that
hypotension occurs infrequently, and the evidence base remains insufficient to support definitive
conclusions, as the very limited number of events substantially constrained the reliability of the findings.
Consequently, larger studies are needed to adequately characterise hypotension as an adverse effect of IV
Mg in the treatment of fast AF. In general, our systematic review and meta-analysis showed that the adverse
events associated with magnesium administration were relatively rare and mild, corroborating the findings
of previous meta-analyses suggesting that side effects of IV Mg were insignificant and inconsequential
[15,16,18,27]. In those few patients who develop side effects to IV Mg, both flushing and hypotension are
hypothesised to occur through several mechanisms, including vasodilation, reduced calcium efflux from

the sarcoplasmic reticulum, accelerated synthesis of prostacyclin, and inhibition of angiotensin-converting
enzyme activity, with an overall effect of diverting blood from systemic circulation into veins and the skin,
resulting in hypotension and flushing [28,29].

This study has several notable limitations. Firstly, the meta-analysis includes a relatively small number of
studies of varying quality; specifically, four of six RCTs have limited sample sizes, ranging from 18 to 48
participants [22-24,26]. Some studies date back over 25 years and do not report baseline patient information
in accordance with current standardised conventions [12,23,25]. Furthermore, details such as baseline
potassium levels and the number of patients with heart failure or pre-existing AF were not documented
[12,22,25,26]. Allocation concealment was unclear in several studies, with reported Jadad scores ranging
from 1 to 5. One study lacked information on allocation concealment and blinding and received a Jadad
score of 1 [22]. Additionally, the standard-of-care medications included in our analysis may not accurately
reflect the contemporary clinical practice. A significant proportion of patients received digoxin, which is no
longer recommended as a first-line agent for rate control monotherapy unless there is concomitant heart
failure [30]. Digoxin is now typically reserved for individuals unresponsive to beta-blockers or calcium
channel blockers; it remains considered first-line for special cases of heart rate control in patients with fast
AF and hypotension or left ventricular dysfunction due to its beneficial positive inotropic effects [30]. The
predominance of older studies in this analysis likely explains the higher use of digoxin observed in the
studies reviewed. Sensitivity analyses were not conducted because too few trials were included in the meta-
analysis, resulting in this meta-analysis being highly vulnerable to distorted effect sizes, misplaced
confidence, and unaddressed biases.

2026 Mupunga et al. Cureus 18(6): e110978. DOI 10.7759/cureus.110978 11 0of 14


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

The results of this meta-analysis will help clarify the effectiveness of IV Mg in non-surgical adult patients
with fast AF. AF is a growing public health issue, and its occurrence is expected to keep rising [31]. Offering
more treatment options could ease the overall impact, and magnesium, which is affordable and readily
accessible, might offer benefits. Nevertheless, larger RCTs conducted under current research standards are
needed before reaching a consensus on the use of IV Mg in the treatment of patients with fast AF.

Conclusions

The meta-analysis examined the clinical effectiveness of IV Mg sulphate for treating acute fast AF in non-
surgical adult patients. When administered alongside standard care, IV Mg was significant in controlling
heart rate and showed modest effectiveness in restoring sinus rhythm in patients with fast AF. These
findings add further support to the evidence of IV Mg use in the setting of acute AF. Although the side
effects of IV Mg were generally not clinically significant, flushing occurred more frequently than
hypotension, and clinicians should remain aware of these potential adverse effects. The main limitation of
the meta-analysis was the relatively small number of total participants in studies, with some of the studies
categorised as low quality as assessed using the Jadad score. In future, larger RCTs are needed to provide
more conclusive and reliable evidence for the use of IV Mg in managing adult patients with fast AF.

Appendices

Source Search strategy Filters/limits Date of search
Cochrane (magnesium OR magnesium sulphate or MgSO4) AND (atrial fibrillation or af) and No 26 February
Library randomised restrictions 2026
Ovid Medline (magnesium OR magnesium sulphate or MgSO4) AND (atrial fibrillation or af) and No 26 February
Vi i
randomised restrictions 2026
PubMed (magnesium OR magnesium sulphate or MgSO4) AND (atrial fibrillation or af) and No 26 February
u
randomised restrictions 2026
. . (magnesium OR magnesium sulphate or MgSO4) AND (atrial fibrillation or af) and No 26 February
ClinicalTrials.gov . o
randomised restrictions 2026
No 26 February

Manual search Reference lists of included studies

restrictions 2026

TABLE 5: Summary of search strategies utilised.
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