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A B S T R A C T

Background

Chronic obstructive pulmonary disease (COPD) is a chronic and progressive disease, oKen punctuated by recurrent flare-ups or
exacerbations. Magnesium sulfate, having a bronchodilatory eLect, may have a potential role as an adjunct treatment in COPD
exacerbations. However, comprehensive evidence of its eLects is required to facilitate clinical decision-making.

Objectives

To assess the eLects of magnesium sulfate for acute exacerbations of chronic obstructive pulmonary disease in adults.

Search methods

We searched the Cochrane Airways Trials Register, CENTRAL, MEDLINE, Embase, ClinicalTrials.gov, the World Health Organization (WHO)
trials portal, EU Clinical Trials Register and Iranian Registry of Clinical Trials. We also searched the proceedings of major respiratory
conferences and reference lists of included studies up to 2 August 2021.

Selection criteria

We included single- or double-blind parallel-group randomised controlled trials (RCTs) assessing magnesium sulfate in adults with COPD
exacerbations. We excluded cross-over trials.

Data collection and analysis

We used standard methodological procedures expected by Cochrane. Two review authors independently selected trials for inclusion,
extracted data and assessed risk of bias. The primary outcomes were: hospital admissions (from the emergency room); need for non-
invasive ventilation (NIV), assisted ventilation or admission to intensive-care unit (ICU); and serious adverse events. Secondary outcomes
were: length of hospital stay, mortality, adverse events, dyspnoea score, lung function and blood gas measurements. We assessed
confidence in the evidence using GRADE methodology. For missing data, we contacted the study investigators.

Main results

We identified 11 RCTs (10 double-blind and 1 single-blind) with a total 762 participants. The mean age of participants ranged from 62 to
76 years. Trials were single- or two-centre trials conducted in Iran, New Zealand, Nepal, Turkey, the UK, Tunisia and the USA between 2004
and 2018. We judged studies to be at low or unclear risk of bias for most of the domains. Three studies were at high risk for blinding and
other biases.

Intravenous magnesium sulfate versus placebo
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Seven studies (24 to 77 participants) were included. Fewer people may require hospital admission with magnesium infusion compared
to placebo (odds ratio (OR) 0.45, 95% CI 0.23 to 0.88; number needed to treat for an additional beneficial outcome (NNTB) = 7; 3 studies,
170 participants; low-certainty evidence). Intravenous magnesium may result in little to no diLerence in the requirement for non-invasive
ventilation (OR 0.74, 95% CI 0.31 to 1.75; very low-certainty evidence). There were no reported cases of endotracheal intubation (2 studies,
107 participants) or serious adverse events (1 study, 77 participants) in either group. Included studies did not report intensive care unit (ICU)
admission or deaths. Magnesium infusion may reduce the length of hospital stay by a mean diLerence (MD) of 2.7 days (95% CI 4.73 days
to 0.66 days; 2 studies, 54 participants; low-certainty evidence) and improve dyspnoea score by a standardised mean diLerence of -1.40
(95% CI -1.83 to -0.96; 2 studies, 101 participants; low-certainty evidence). We were uncertain about the eLect of magnesium infusion on
improving lung function or oxygen saturation. For all adverse events, the Peto OR was 0.14 (95% CI 0.02 to 1.00; 102 participants); however,
the event rate was too low to reach a robust conclusion.

Nebulised magnesium sulfate versus placebo

Three studies (20 to 172 participants) were included. Magnesium inhalation may have little to no impact on hospital admission (OR 0.77,
95% CI 0.21 to 2.82; very low-certainty evidence) or need for ventilatory support (NIV or mechanical ventilation) (OR 0.33, 95% CI 0.01 to
8.20; very low-certainty evidence). It may result in fewer ICU admissions compared to placebo (OR 0.39, 95% CI 0.15 to 1.00; very low-
certainty evidence) and improvement in dyspnoea (MD -14.37, 95% CI -26.00 to -2.74; 1 study, 20 participants; very low-certainty evidence).
There were no serious adverse events reported in either group. There was one reported death in the placebo arm in one trial, but the
number of participants was too small for a conclusion. There was limited evidence about the eLect of magnesium inhalation on length of
hospital stay, lung function outcomes or oxygen saturation. Included studies did not report adverse events.

Magnesium sulfate versus ipratropium bromide

A single study with 124 participants assessed nebulised magnesium sulfate plus intravenous magnesium infusion versus nebulised
ipratropium plus intravenous normal saline. There was little to no diLerence between these groups in terms of hospital admission (OR
1.62, 95% CI 0.78 to 3.37), endotracheal intubation (OR 1.69, 95% CI 0.61 to 4.71) and length of hospital stay (MD 1.10 days, 95% CI -0.22 to
2.42), all with very low-certainty evidence. There were no data available for non-invasive ventilation, ICU admission and serious adverse
events. Adverse events were not reported.

Authors' conclusions

Intravenous magnesium sulfate may be associated with fewer hospital admissions, reduced length of hospital stay and improved dyspnoea
scores compared to placebo. There is no evidence of a diLerence between magnesium infusion and placebo for NIV, lung function, oxygen
saturation or adverse events. We found no evidence for ICU admission, endotracheal intubation, serious adverse events or mortality.

For nebulised magnesium sulfate, we are unable to draw conclusions about its eLects in COPD exacerbations for most of the outcomes.
Studies reported possibly lower ICU admissions and a lesser degree of dyspnoea with magnesium inhalation compared to placebo;
however, larger studies are required to yield a more precise estimate for these outcomes. Similarly, we could not identify any robust
evidence for magnesium sulfate compared to ipratropium bromide. Future well-designed multicentre trials with larger samples are
required, including subgroups according to severity of exacerbations and COPD phenotypes.

P L A I N   L A N G U A G E   S U M M A R Y

Is magnesium sulfate e5ective for chronic obstructive pulmonary disease (COPD) flare-ups?

Background

COPD is a long-standing disease of the lungs that causes airway narrowing. COPD flare-ups are episodes of worsening symptoms in people
diagnosed with COPD, described as exacerbations in this review. Magnesium sulfate is reported to be able to widen the airways to help
breathing. Magnesium sulfate can be given as an infusion into the veins or as an inhalation via a device called a nebuliser. Some studies
have shown it to be helpful as an add-on to usual care in people with COPD flare-ups. Therefore, we wanted to discover whether using
magnesium sulfate was better or worse than other alternatives, such as usual care alone or placebo. Placebo is an infusion or inhalation
of normal saline (salt water) through a nebuliser. 

Study characteristics

We included 11 studies involving 762 people with COPD flare-ups. These studies were funded by local health authorities, researchers
or universities where researchers work. Usually, neither the participants nor the people doing the research knew which treatment the
participants were getting; although in one study, treatment was known to the people who were doing the research. Studies were done in
one or two centres in many countries between 2004 and 2018. The average age of participants ranged from 62 to 76 years. Seven studies
tested magnesium infusion, three studies assessed magnesium inhalation, and one study examined both. The evidence in this review is
current to 2 August 2021.

Key results
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People who received magnesium infusion may have fewer admissions to hospital from the emergency room. Seven people with COPD
flare-ups would need to be treated with magnesium infusion to prevent one additional person being admitted to hospital. There was little
to no diLerence in terms of breathing support without intubation (putting a tube into the windpipe to help a person to breathe). None of the
participants required breathing support with intubation. Included studies did not report ICU admission or deaths. Only one trial reported
on serious adverse events, but no-one in the study experienced any. Magnesium infusion may shorten the duration of hospital stay and
reduce breathlessness. However, we were not clear about its eLect on lung function, oxygen concentration in blood or adverse events.

Magnesium inhalation (nebuliser) had little or no eLect on hospital admission or the need for breathing support (with or without
intubation) compared to placebo. Nebulised magnesium may reduce ICU admission and improve breathlessness. However, we are not
confident of these findings due to small number of participants and study limitations. There is no evidence of a diLerence for duration
of hospital stay, lung function or oxygen saturation in blood. Serious adverse events were not reported. There is no available data for
adverse events. One trial reported one death in the placebo group, but we are not confident to draw any conclusion as the trial had very
few participants.

Only one study compared magnesium sulfate inhalation and infusion versus inhaled ipratropium bromide and placebo infusion. We could
not identify any diLerences between the eLects of these treatments.

Limitations of the evidence

Magnesium infusion may reduce hospital admissions, shorten length of hospital stay and improve breathlessness compared to placebo.
We are very uncertain about its eLect on the need for breathing support, lung function or blood oxygen concentration because the studies
were small. We do not have enough information to assess any eLects on serious adverse events or deaths. The eLects of magnesium
inhalation compared to placebo or magnesium sulfate versus ipratropium bromide are unclear.

Magnesium sulfate infusion may be useful as an add-on treatment for COPD flare-ups. However, we cannot draw conclusions about
whether magnesium sulfate inhalation is helpful for use in people with COPD flare-ups.

Magnesium sulfate for acute exacerbations of chronic obstructive pulmonary disease (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   Intravenous magnesium sulfate + standard care compared to placebo + standard care for acute exacerbations of chronic
obstructive pulmonary disease

Intravenous magnesium sulfate + standard care compared to placebo + standard care for acute exacerbations of chronic obstructive pulmonary disease

Patient or population: acute exacerbations of chronic obstructive pulmonary disease
Setting: emergency department
Intervention: intravenous magnesium sulfate + standard care
Comparison: placebo + standard care

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with intravenous mag-
nesium sulfate

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Proportion of people with
hospital admissions (from
the emergency room)

593 per 1000 396 per 1000
(251 to 562)

OR 0.45
(0.23 to 0.88)

170
(3 RCTs)

⊕⊕⊝⊝

LOW a,b
 

Proportion of people requir-
ing non-invasive ventilation

382 per 1000 314 per 1000
(161 to 519)

OR 0.74
(0.31 to 1.75)

107
(2 RCTs)

⊕⊝⊝⊝

VERY LOW a,c
There were no peo-
ple who need endo-
tracheal intubation
in either magnesium
or placebo groups.
No trial assessed ICU
admission.

Proportion of people with se-
rious adverse events

There were no reported serious adverse events for mag-
nesium and placebo groups.

- 77
(1 RCT)

-  

Length of hospital stay The mean length of hos-
pital stay ranged from
5.47 to 7.33 days

MD 2.7 days shorter
(4.73 shorter to 0.66 shorter)

- 54
(2 RCTs)

⊕⊕⊝⊝

LOW a,b
 

Change in oxygen saturation
(SpO2)

The mean change in
SpO2 was 8.42%

MD 0.32% higher
(1.53 lower to 2.17 higher)

- 77
(1 RCT)

⊕⊝⊝⊝

VERY LOW a,c
 

Change in dyspnoea score The mean dyspnoea
score ranged from 1.08
to 2.05

SMD 1.4 lower
(1.83 lower to 0.96 lower)

- 101
(2 RCTs)

⊕⊕⊝⊝

LOW a,b
DSS score and Borg
dyspnoea score were
used. The lower the
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score, the lesser the
severity of dyspnoea.

Lung function: FEV1 change

from baseline at 60 min

The mean FEV1 at 60 min

was 0.043 L

MD 0.0 L
(0.04 lower to 0.05 higher)

- 30
(1 RCT)

⊕⊕⊝⊝

LOW c
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its
95% CI).

CI: confidence interval; DSS: dyspnoea severity score; FEV1: forced expiratory volume in 1 second; RCT: randomised controlled trial; OR: odds ratio; MD: mean difference;

SpO2: peripheral oxygen saturation

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for study limitations (risk of selection, performance, detection and reporting bias)
bDowngraded one level for serious imprecision (few events or wide confidence interval)
cDowngraded two levels for very serious imprecision (few events and CI includes both appreciable benefit and harm)
 
 

Summary of findings 2.   Nebulised magnesium sulfate + standard care compared to placebo + standard care for acute exacerbations of chronic
obstructive pulmonary disease

Nebulised magnesium sulfate + standard care compared to placebo + standard care for acute exacerbations of chronic obstructive pulmonary disease

Patient or population: acute exacerbations of chronic obstructive pulmonary disease
Setting: emergency department
Intervention: nebulised magnesium sulfate + standard care
Comparison: placebo + standard care

Anticipated absolute effects* (95% CI)Outcomes

Risk with placebo Risk with nebulised mag-
nesium sulfate

Relative effect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Proportion of people with hospital ad-
missions (from the emergency room)

918 per 1000 896 per 1000
(702 to 969)

OR 0.77
(0.21 to 2.82)

109
(1 RCT)

⊕⊝⊝⊝

VERY LOW a,c
 

Proportion of people requiring ICU ad-
mission

109 per 1000 45 per 1000
(18 to 109)

OR 0.39
(0.15 to 1.00)

281
(2 RCTs)

⊕⊝⊝⊝  
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VERY LOWd,e

Proportion of people requiring venti-
latory support (NIV or assisted ventila-
tion)

12 per 1000 4 per 1000
(0 to 88)

OR 0.33
(0.01 to 8.2)

172
(1 RCT)

⊕⊝⊝⊝

VERY LOW c,e
 

Proportion of people with serious ad-
verse events

          No trial as-
sessed this out-
come.

Length of hospital stay The mean length of
hospital stay was
10.2 days

MD 0.8 lower
(4.63 lower to 3.03 higher)

- 20
(1 RCT)

⊕⊝⊝⊝

VERY LOW a,c
 

Change in oxygen saturation (SaO2) The mean change in
SaO2 was 4%

MD 1.1% lower
(4.6 lower to 2.4 higher)

- 20
(1 RCT)

⊕⊝⊝⊝

VERY LOW a,c
 

Change in dyspnoea score The mean dyspnoea
score was 9.4

MD 14.37 lower
(26 lower to 2.74 lower)

- 20
(1 RCT)

⊕⊝⊝⊝

VERY LOWb,d

VAS dyspnoea
score was used.
The higher
the score, the
greater the
severity of dys-
pnoea.

Lung function: FEV1 at 60 min The mean FEV1 at 60

min was 0.81 L

MD 0.05 L lower
(0.17 lower to 0.07 higher)

- 109
(1 RCT)

⊕⊝⊝⊝

VERY LOW a,c
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its
95% CI).
CI: confidence interval; FEV1: forced expiratory volume in 1 second; ICU: intensive care unit ; RCT: randomised controlled trial; SaO2: arterial oxygen saturation; OR: odds ra-

tio; MD: mean difference; VAS: visual analogue scale

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded one level for study limitations (risk of selection and reporting bias)
bDowngraded two levels for study limitations (risk of selection, reporting bias and very small participant numbers)
cDowngraded two levels for very serious imprecision (few events and CI includes both appreciable benefit and harm)
dDowngraded one level for serious imprecision (few events or CI includes non-appreciable benefit and potential harm)
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eDowngraded two levels for study limitations (single blinded study with high risk of performance bias)
 
 

Summary of findings 3.   Magnesium sulfate compared to standard care (ipratropium bromide) for acute exacerbations of chronic obstructive
pulmonary disease

Magnesium sulfate compared to (standard care) ipratropium bromide for acute exacerbations of chronic obstructive pulmonary disease

Patient or population: acute exacerbations of chronic obstructive pulmonary disease
Setting: emergency department
Intervention: magnesium sulfate
Comparison: ipratropium bromide

Anticipated absolute effects* (95% CI)Outcomes

Risk with iprat-
ropium bromide

Risk with magne-
sium sulfate

Relative effect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Proportion of people with hospital admissions
(from the emergency room)

323 per 1000 435 per 1000
(271 to 616)

OR 1.62
(0.78 to 3.37)

124
(1 RCT)

⊕⊝⊝⊝

VERY LOW a,b
 

Proportion of people requiring endotracheal in-
tubation

113 per 1000 177 per 1000
(72 to 375)

OR 1.69
(0.61 to 4.71)

124
(1 RCT)

⊕⊝⊝⊝

VERY LOW a,b
ICU admission
or non-invasive
ventilation not
reported

Proportion of people with serious adverse
events

- - - - - Not reported

Length of hospital stay The mean length of
hospital stay was
6.6 days

MD 1.1 higher
(0.22 lower to 2.42
higher)

- 124
(1 RCT)

⊕⊝⊝⊝

VERY LOW a,b
 

Change in oxygen saturation (SaO2) - - - - - Not reported

Change in dyspnoea score - - - - - Not reported

Lung function: FEV1 at 60 min - - - - - Not reported

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
CI: confidence interval; FEV1: forced expiratory volume in 1 second; ICU: intensive care unit ; RCT: randomised controlled trial; SaO2: arterial oxygen saturation; OR: odds ra-

tio; MD: mean difference
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GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded two levels for very serious imprecision (few events and CI includes both appreciable benefit and harm)
bDowngraded one level for study limitations (risk of detection and other bias)
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B A C K G R O U N D

Description of the condition

Chronic obstructive pulmonary disease (COPD) refers to a group of
lung diseases characterised by airflow obstruction that interferes
with normal breathing (American Lung Association 2013). Clinical
diagnosis of COPD is considered in people who experience
breathlessness, chronic cough or sputum production, with a
history of exposure to known risk factors (WHO 2021). Smoking
and ambient particulate matter are the main risk factors for
COPD (GBD 2017). Confirmation of COPD requires spirometry to
demonstrate persistent airflow limitation according to the criterion
of a postbronchodilator forced expiratory volume in one second
(FEV1)/forced vital capacity (FVC) ratio of less than 0.7 (GOLD 2021).

There were an estimated 3.17 million COPD-related deaths,
accounting for 5% of total deaths globally, in 2015 (WHO 2021).
According to the Global Burden of Disease (GBD) study, 251 million
people had COPD worldwide in 2016, and it caused 2.6% of
disability-adjusted life years in 2015 alone (GBD 2017). In 2016,
chronic respiratory diseases contributed to 8.96% of worldwide
non-communicable disease deaths, of which 2.93 million deaths
were due to COPD (Ngahavi 2017). In the 1990s, COPD was the
sixth leading cause of death; it has become the fourth leading
cause since 2000 and is the third leading cause of death worldwide,
causing 3.23 million deaths in 2019 (GOLD 2021; Lopez-Campos
2016; WHO 2020). The principal causes of death in people with
mild to moderate COPD are lung cancer (26.5%) and cardiovascular
disease (21.6%), while acute respiratory failure (25.8%) is the main
cause of death in people with very severe COPD, based on the
analysis of 2826 deaths in 13 Spanish centres (Soto-Campos 2013).
Morbidity due to COPD is also high worldwide, with 29.4 million
years lost due to disability in 2015 (Lopez-Campos 2016).

The chronic and progressive course of COPD is oKen punctuated
by episodes of exacerbations. Exacerbations are defined as "an
acute worsening of respiratory symptoms that result in additional
therapy" (GOLD 2021; O'Donnell 2006; Wedzicha 2017). COPD
exacerbations are more frequent in the winter months for people
living in temperate climates (Jenkins 2012), and are mainly
triggered by respiratory infections (Wedzicha 2007). Other non-
infective causes, such as air pollution and pulmonary embolus,
can also trigger the exacerbations (Celli 2007). People experience
worsening symptoms, including breathlessness or cough with
increased sputum volume or purulence, and require increased
use of maintenance medications. Mild exacerbations can be
treated with short-acting bronchodilators only, whereas more
severe exacerbations require the addition of a course of systemic
steroids or antibiotics, hospitalisation or an emergency room
visit (GOLD 2021). These exacerbations, especially when frequent,
can compromise quality of life (Connors 1996; David 2012;
Miravitlles 2004; Seemungal 1998; Spencer 2001), accelerate lung
function decline (Anzueto 2009; Celli 2008; Donaldson 2002), reduce
physical capacity (Donaldson 2005; Pitta 2006), result in hospital
admissions (Mullerova 2015), and increase mortality (Almagro
2002; Groenewegen 2003; Soler-Cataluna 2005). In addition, severe
COPD exacerbations that require hospital admission exert a direct
and independent eLect on survival, with a reported mortality rate
of 50% within five years, similar to an oncologic mortality rate
(Garcia-Aymerich 2011; Nannini 2012).

Acute COPD exacerbations are reported to be more frequent in
people with severe disease, with an annual exacerbation frequency
of 3.43, compared with 2.68 for those with moderate disease
(Anzueto 2010). Similarly, in the ECLIPSE (Evaluation of COPD
Longitudinally to Identify Predictive Surrogate End-points) study,
exacerbation rates in the first year of follow-up were 0.85, 1.34
and 2.00 per person for people with GOLD (Global Initiative for
Chronic Obstructive Lung Disease) stage 2, 3 and 4, respectively,
while 22%, 33% and 47% were reported to have two or more
exacerbations over the same period (Hurst 2010). However, most of
the COPD exacerbation data have been estimated in populations
with moderate to severe COPD requiring hospital care, thus leading
to the possibility of a higher number of less severe forms being
under-diagnosed (Borrell 2009).

Description of the intervention

Magnesium is the second most common intracellular cation in
the body, found principally in bone (53%), muscle (27%) and
soK tissues (19%); less than 1% of total body magnesium is
present in the blood (Elin 1988; Fawcett 1999). It is involved in
many biological actions, such as energy production, glycolysis
(breakdown of glucose), synthesis of nucleic acids and proteins,
transmembrane ion flux, regulation of adenylate cyclase, muscle
contraction and neuronal activity (Costello 2016; Grober 2015;
Romani 2013). It acts as a physiological calcium channel antagonist,
stimulates prostacyclin and nitric oxide production, and diminishes
vascular reactivity to a variety of pressor agents (drugs to increase
blood pressure) (Fawcett 1999; Laires 2004). Magnesium prevents
calcium ion movement into vascular and bronchial smooth muscle
cells via voltage-dependent calcium channels, so it is believed
to play a major role in vasodilatation and bronchodilatation
(Gourgoulianis 2001; Kew 2014; Spivey 1990). Magnesium also
inhibits the release of acetylcholine from cholinergic nerve endings
and histamine from mast cells, leading to possible anticholinergic
and antihistamine eLects (Del-Castillo 1954). Furthermore, some
evidence suggests that magnesium may reduce the neutrophilic
burst of inflammatory response with a possible beneficial anti-
inflammatory eLect (Cairns 1996).

Recent clinical guidelines advise that a single dose of intravenous
magnesium sulfate can be considered for adults with severe life-
threatening asthma exacerbations, adults and children who fail
to respond to initial treatment with persistent hypoxaemia, and
children who fail to achieve 60% of predicted FEV1 value aKer one

hour of care. The recommended dosage of intravenous magnesium
sulfate for adults is 1.2 g to 2 g, delivered by infusion over 20 minutes
(BTS/SIGN 2019; GINA 2018). However, routine use of magnesium
sulfate in acute exacerbations of asthma is not recommended (GINA
2018). Similarly, nebulised magnesium sulfate is not routinely
recommended for adults with acute asthma or children with
mild to moderate asthma attacks, although 150 mg of nebulised
magnesium sulfate can be considered as an adjunct to nebulised
salbutamol and ipratropium in the first hour for children with
severe asthma exacerbations (BTS/SIGN 2019).

How the intervention might work

The characteristic response in COPD exacerbations is increased
airway inflammation, hyperinflation and gas trapping, with
reduced expiratory flow accounting for increased breathlessness.
Treatment of acute exacerbation of COPD aims to minimise the
negative impact of the episode and prevent subsequent events.

Magnesium sulfate for acute exacerbations of chronic obstructive pulmonary disease (Review)
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The current guidelines recommend the use of short-acting beta2-

agonists (SABA), muscarinic antagonists, systemic corticosteroids,
antibiotics and non-invasive ventilation for COPD exacerbations
(GOLD 2021).

Magnesium sulfate may have potential benefits as an adjunct
therapy in acute exacerbations of COPD. This is because
low serum magnesium levels are reported to be associated
with an increased risk of exacerbation in people with COPD,
according to a retrospective study (Aziz 2005), and a small
prospective study (Gumus 2014). Moreover, studies have reported
that hypomagnesaemia (low serum magnesium level) is an
independent predictor of frequent readmission for acute
exacerbations of COPD (Bhatt 2008), or exacerbation frequency in
people with COPD (Gumus 2014).

Intravenous magnesium sulfate, in addition to bronchodilators,
reduces hospital admissions and improves lung function when the
response to bronchodilators during acute asthma exacerbations
is inadequate (Kew 2014; Rowe 2000). However, evidence for the
use of inhaled magnesium sulfate during acute exacerbations of
asthma, either alone or in addition to bronchodilators, does not
demonstrate clinically important benefits, and further trials are
needed to establish its usefulness (Knightly 2017).

Over the past few years, there has been a marked interest in a
subset of people with airways disease who have features of both
asthma and COPD, known as asthma-COPD overlap (ACO) (Cosio
2018). People with asthma who smoke are reported to have more
symptoms than people with asthma who do not smoke (Leung
2017). In the absence of a standard definition for ACO diagnosis,
the prevalence estimates vary from 3.2% in the USA (Kumbhare
2016), to 11.1% in Italy (Sorino 2016). The prevalence of ACO
ranges from 6% to 55% in cohorts of people with COPD, and
from 10% to 31% in cohorts of people with asthma (Leung 2017).
People with ACO have more severe and frequent exacerbations,
and have thicker airway walls than people with COPD alone
(Hardin 2014), leading to more hospitalisations and emergency
department visits (Kumbhare 2016). Furthermore, they have a
significantly lower quality of life (Kauppi 2011), a more rapid decline
in lung function (Lange 2016), higher disease burden (including
respiratory symptoms and activity limitation) (Hines 2017), and a
higher mortality rate compared to people with asthma or COPD
alone (Gibson 2009; Sorino 2016). As some people with COPD
may also have asthmatic features, it is reasonable to assume
there may be some benefits of magnesium sulfate for acute
exacerbations of COPD, as well as for acute asthma. Moreover,
bronchodilatation (Spivey 1990), anticholinergic (Del-Castillo 1954)
and anti-inflammatory properties of magnesium (Cairns 1996)
could lead to potential therapeutic eLects for acute exacerbations
of COPD.

Why it is important to do this review

Exacerbations play a major role in the morbidity and mortality
of people with COPD, resulting in a significant health burden.
Therefore, a potentially eLective add-on treatment would
be useful for people with COPD and healthcare providers.
The potential clinical benefits of intravenous or nebulised
magnesium sulfate for acute exacerbations of COPD have been
studied; however, published studies have found conflicting
and inconclusive results for its eLectiveness. A non-Cochrane
systematic review on magnesium sulfate reported that it appeared

to potentiate the bronchodilatory eLect of inhaled beta2-agonists,

but did not find diLerences in dyspnoea scores, hospital
admission rates, or emergency department readmission rates,
compared to placebo (Shivanthan 2014). Another recent review
demonstrated a reduction in hospital admissions in people
with COPD exacerbations receiving magnesium sulfate infusion
(Jahangir 2022). Currently, standard guidelines do not recommend
magnesium sulfate as a treatment for acute exacerbation of COPD,
but it is nonetheless used by some clinicians in practice. Therefore,
we would like to establish evidence regarding its usage as an
adjunct treatment for acute exacerbations of COPD in people not
responding to conventional measures, based on current available
data from randomised controlled trials.

O B J E C T I V E S

To assess the eLects of magnesium sulfate for acute exacerbations
of chronic obstructive pulmonary disease in adults.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs) with a parallel-
group design, regardless of the language in which they were
published. We included studies reported in full text, those
published as an abstract only and unpublished data. We excluded
studies with a cross-over design, due to the carry-over eLects of the
intervention.

Types of participants

We included adults aged 35 years and over with acute
exacerbations of COPD (defined as a worsening of a previously
stable condition with increasing respiratory symptoms, particularly
dyspnoea, cough, sputum production and increased sputum
purulence). We included studies where diagnosis of COPD was
physician-diagnosed or guideline-based, according to the criteria
of the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
(GOLD 2021), the American Thoracic Society (ATS) and European
Respiratory Society (ERS) (ATS/ERS 2011), the Thoracic Society of
Australia and New Zealand (TSANZ) (Yang 2019), or the UK National
Institute for Health and Care Excellence (NICE) (NICE 2019).

We planned to include trials that assessed participants with
mixed COPD and asthma features (asthma-COPD overlap, ACO),
based on the consensus published by the Global Initiative for
Asthma (GINA) and GOLD (GOLD ACO 2015), provided that the
trials reported outcomes separately for the diLerent participant
groups. We excluded participants with the following comorbidities
or characteristics: pneumothorax, bronchiectasis, cystic fibrosis,
other chronic lung diseases or heart failure.

If we found trials in which only a subset of participants had a
diagnosis of COPD, we had planned to include these participants if
we could obtain disaggregated data from the trial authors. We also
planned to include studies that recruited participants with other
pulmonary diseases, provided the results of a subset of participants
with COPD were available to extract separately. However, we did not
encounter such studies.

Magnesium sulfate for acute exacerbations of chronic obstructive pulmonary disease (Review)
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Types of interventions

We included studies that compared magnesium sulfate
(irrespective of dose and route of administration, such as
intravenous or inhalation), as an adjunct to standard therapy for
acute exacerbation of COPD.

We compared magnesium sulfate with standard therapy
(ipratropium bromide), or with a placebo. We allowed standard
therapy as co-interventions, provided that they were not part
of the randomised treatment: e.g. systemic corticosteroids;
antibiotics; short-acting bronchodilators, such as salbutamol or
ipratropium bromide; mucolytics; intravenous aminophylline or
oxygen therapy.

For intravenous magnesium sulfate, we studied the following
comparisons.

1. Intravenous magnesium sulfate + standard care versus placebo
+ standard care

2. Intravenous magnesium sulfate + standard care versus standard
care

For inhaled/nebulised magnesium sulfate, we studied the following
comparisons.

1. Inhaled magnesium sulfate + standard care versus placebo +
standard care

2. Inhaled magnesium sulfate + standard care versus standard care

Types of outcome measures

Primary and secondary outcomes of this review are as follows.

Primary outcomes

1. Proportion of people with hospital admissions (from the
emergency room)

2. Proportion of people requiring non-invasive ventilation (NIV),
assisted ventilation or admission to intensive-care unit (ICU)

3. Proportion of people with serious adverse events

Secondary outcomes

1. Length of hospital stay (inpatients) or time to emergency room
discharge (outpatients)

2. Proportion of people with all-cause mortality

3. Proportion of people with adverse events/side eLects

4. Arterial-blood gas measurements: arterial partial pressure of
carbon dioxide (PaCO2), arterial partial pressure of oxygen

(PaO2) and pH

5. Lung function measurements: forced expiratory volume in the
first second (FEV1), if available, or peak expiratory flow rate

(PEFR) if the trial did not report FEV1

6. Symptom scores measuring breathlessness, cough and sputum
production using validated scales; e.g. Exacerbations of Chronic
Pulmonary Disease Tool (EXACT) total score

If the trial measured arterial-blood gas, lung function and symptom
scores at multiple time points, we used the data at (or as close
as possible to) 60 minutes postbaseline for meta-analysis. We
chose this time point as we expected that most participants will
have a response to treatment within an hour, and to maximise

the homogeneity of pooled results. Reporting one or more of the
outcomes listed here in the study was not an inclusion criterion for
the review.

Search methods for identification of studies

Electronic searches

We identified studies from searches of the following databases and
trial registries up to 2 August 2021, with no restriction on language
or type of publication:

1. Cochrane Airways Trials Register (Cochrane Airways 2019), via
the Cochrane Register of Studies, all years to date;

2. Cochrane Central Register of Controlled Trials (CENTRAL), via
the Cochrane Register of Studies, all years to date;

3. MEDLINE OvidSP, 1946 to date;

4. Embase OvidSP, 1974 to date;

5. US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov);

6. World Health Organization International Clinical Trials Registry
Platform (apps.who.int/trialsearch);

7. EU Clinical Trials Register;

8. Iranian Registry of Clinical Trials.

The search strategies for each database are in Appendix 1. The
Cochrane Airways Information Specialist developed and conducted
the searches, in collaboration with the authors. We followed the
Cochrane guidance for developing search strategies and applying
study design filters (Lefebvre 2021).

Searches of the Cochrane Airways Trials Register and the CENTRAL
database incorporated handsearched conference abstracts and
grey literature.

Searching other resources

We checked the reference lists of all primary studies and review
articles for additional references. We also searched on PubMed for
errata or retractions from included studies published in full text, on
8 November 2021.

Data collection and analysis

Selection of studies

Two review authors (HN and SZA) screened the titles and
abstracts of the search results independently, and coded them
as 'retrieve' (eligible or potentially eligible/unclear) or 'do
not retrieve'. We retrieved the full-text study reports of all
potentially eligible studies, and two review authors (HN and SZA)
independently screened them for inclusion, recording the reasons
for exclusion of ineligible studies. We resolved any disagreement
through discussion or, if required, we consulted a third review
author (CN). We identified and excluded duplicates and collated
multiple reports of the same study so that each study, rather than
each report, is the unit of interest in the review. We recorded the
selection process in suLicient detail to complete a PRISMA flow
diagram and characteristics of excluded studies table (Moher 2009).

Data extraction and management

We used a data collection form for study characteristics and
outcome data, which we used as a pilot on one study in the review.

Magnesium sulfate for acute exacerbations of chronic obstructive pulmonary disease (Review)
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Two review authors (HN and SZA) extracted the following study
characteristics from the included studies.

• Methods: study design, total duration of study, details of any
'run-in' period, number of study centres and location, study
setting, withdrawals and date of study.

• Participants: N, mean age, age range, gender, severity of
condition, diagnostic criteria, baseline lung function, smoking
history, inclusion criteria and exclusion criteria.

• Interventions: intervention, comparison, concomitant
medications and excluded medications.

• Outcomes: primary and secondary outcomes specified and
collected, and time points reported.

• Notes: funding for studies and notable conflicts of interest of trial
authors.

Two review authors (HN and SZA) independently extracted
outcome data from included studies. We added notes in the
characteristics of included studies table if a trial did not report
outcome data in a usable way. We resolved disagreements by
consensus as well as by involving a third review author (CN).
One review author (HN) transferred data into the Review Manager
file (Review Manager 2020) or RevMan Web 2022. We double-
checked that we entered the data correctly by comparing the data
presented in the systematic review with the study reports. A second
review author (SZA) spot-checked study characteristics for accuracy
against the study report.

Assessment of risk of bias in included studies

Two review authors (HN and SZA) assessed risk of bias
independently for each study, using the criteria outlined in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2021). We resolved any disagreements by discussion as well as
by involving another author (CN). We assessed the risk of bias
according to the following domains:

1. random sequence generation;

2. allocation concealment;

3. blinding of participants and personnel;

4. blinding of outcome assessment;

5. incomplete outcome data;

6. selective outcome reporting;

7. other bias.

We judged each potential source of bias as high, low or unclear, and
provided a quote from the study report together with a justification
for our judgement in the risk of bias table. We summarised the
risk of bias judgements across diLerent studies for each of the
domains listed. We considered blinding separately for diLerent
key outcomes where necessary (e.g. for unblinded outcome
assessment, risk of bias for all-cause mortality may be very diLerent
from a participant-reported pain scale). Where information on risk
of bias related to unpublished data or correspondence with a
trialist, we included a note in the risk of bias table.

When considering treatment eLects, we took into account the risk
of bias for the studies which contributed to that outcome.

Assessment of bias in conducting the systematic review

We conducted the review according to the published protocol and
justified any deviations from it in the DiLerences between protocol
and review section of this systematic review.

Measures of treatment e5ect

We analysed dichotomous data as odds ratios (OR) and continuous
data as the mean diLerence (MD) or standardised mean diLerence
(SMD). For rare events, we used Peto ORs. When we combined data
from rating scales in a meta-analysis, we ensured that we entered
these with a consistent direction of eLect (e.g. lower scores always
indicate improvement).

We undertook meta-analyses only where this was meaningful;
that is, if the treatments, participants and the underlying clinical
question were similar enough for pooling to make sense.

We described skewed data narratively (for example, as medians and
interquartile ranges for each group).

If a trial reported both change-from-baseline and endpoint scores
for continuous data, we used change-from-baseline data. If a study
reported outcomes at multiple time points, we used the data
collected at or as close as possible to 60 minutes postbaseline.

We used intention-to-treat (ITT) or 'full analysis set' analyses where
trials reported these (i.e. those where trialists had imputed data for
participants who were randomly assigned, but did not complete the
study), instead of completer or per-protocol analyses.

Unit of analysis issues

For dichotomous outcomes, we used participants, rather than
events, as the unit of analysis (i.e. the number of participants with
a hospital admission rather than the number of admissions per
participant). We planned to analyse on the basis of events rather
than participants if a trial reported rate ratios; however, none of the
included studies in this review used rate ratios.

Where a single study reported multiple trial arms, we included only
the relevant arms. If we combined two comparisons in the same
meta-analysis (e.g. intravenous magnesium sulfate versus placebo
and inhaled magnesium sulfate versus placebo), we halved the
control group to avoid double-counting.

Dealing with missing data

We contacted investigators or study sponsors in order to verify key
study characteristics and obtain missing numerical outcome data
where possible (e.g. when we only identified a study as an abstract).
Where this was not possible, and we thought the missing data could
introduce serious bias, we took this into consideration in the GRADE
rating for aLected outcomes.

Assessment of heterogeneity

We used the I2 statistic to measure heterogeneity among the studies
in each analysis, and interpreted this following Higgins 2021, as:

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity;

• 75% to 100%: considerable heterogeneity.

Magnesium sulfate for acute exacerbations of chronic obstructive pulmonary disease (Review)
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When we identified substantial heterogeneity (I2 > 50%), we
reported it and explored the possible causes by prespecified
subgroup analysis.

Assessment of reporting biases

We planned to create and examine a funnel plot to explore possible
small study and publication biases if we were able to pool more
than 10 studies (Higgins 2021). Though we identified 11 included
studies, most analyses in this review included only one or two
studies.

Data synthesis

We used a random-eLects model, and performed a sensitivity
analysis with a fixed-eLect model. As we gathered data from a
series of studies performed by diLerent researchers operating
independently, the studies were not all functionally equivalent with
a common eLect estimate. Therefore, the random-eLects model
was more justified than the fixed-eLect model. We used a fixed-
eLect model for analyses using the Peto OR method as it required
this type of model.

Subgroup analysis and investigation of heterogeneity

We had planned to carry out the following subgroup analyses:

1. concomitant treatment with systemic corticosteroids (yes
versus no);

2. blood eosinophil count (≥ 300/µL versus < 300/µL);

3. COPD versus asthma-COPD overlap

In each subgroup analysis, we had planned to use the following
outcomes:

1. need for admission to hospital (from the emergency
department);

2. need for NIV, assisted ventilation or admission to ICU;

3. length of hospital stay (inpatients) or time to emergency room
discharge (outpatients).

However, we were unable to carry out subgroup analyses as none
of the included trials reported data separately for the planned
subgroups.

Sensitivity analysis

We included all trials, irrespective of risk of bias, in the primary
analysis.

We had planned to carry out the following sensitivity analyses for
the primary outcomes:

1. removing studies with unclear or high risk of performance or
detection bias due to lack of appropriate blinding;

2. comparing the results from inclusion and exclusion of imputed
data values;

3. comparing the results from a fixed-eLect model with those from
a random-eLects model.

However, we did not carry out these sensitivity analyses as they
were not applicable for this review.

Summary of findings and assessment of the certainty of the
evidence

We created three summary of findings tables, one for each
comparison, using the following outcomes:

1. proportion of people with hospital admissions (from the
emergency room);

2. proportion of people requiring non-invasive ventilation,
endotracheal intubation, ventilatory support (NIV or assisted
ventilation) or ICU admission;

3. proportion of people with serious adverse events;

4. length of hospital stay;

5. change in oxygen saturation (SaO2/SpO2);

6. change in dyspnoea score;

7. lung function: FEV1 at 60 min.

We used the five GRADE considerations (risk of bias, consistency
of eLect, imprecision, indirectness and publication bias) to assess
the quality of the body of evidence in relation to the studies
that contributed data for the prespecified outcomes. We used
the methods and recommendations described in Chapter 14 of
the Cochrane Handbook for Systematic Reviews of Interventions
(Schünemann 2021), using GRADEpro soKware (GRADEpro GDT).
We justified all decisions to downgrade the quality of studies using
footnotes, and made comments to aid the reader's understanding
of the review where necessary.

R E S U L T S

Description of studies

Refer to Characteristics of included studies; Characteristics of
excluded studies and Characteristics of ongoing studies for details.

Results of the search

We performed an initial search of the databases (Cochrane
Airways Group Register of trials, CENTRAL, MEDLINE, Embase,
ClinicalTrials.gov, WHO ICTRP) in December 2019, an updated
search in April 2021, and authors updated the search in August
2021. We also searched the reference lists of all primary studies and
review articles. From the search, we identified a total of 376 records,
of which 127 were duplicates. We screened the titles and abstracts
of the remaining 249 records, out of which we excluded 207 reports.
We assessed 42 full-text articles for eligibility and excluded 18
studies (23 references). One trial was ongoing, and 11 studies (18
references) met the inclusion criteria of our review. For details of
the search results, see Figure 1.
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Figure 1.   Study flow diagram
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Figure 1.   (Continued)

 
Included studies

For details, see Characteristics of included studies and Table 1.

Study Design

Ten included studies were double-blind randomised controlled
trials that assessed magnesium sulfate in COPD exacerbations,
while one study was a single-blind RCT (Bajracharya 2021). Eight
studies were single-centre trials (Bajracharya 2021; Comert 2016;
Hogg 2004; Jahanian 2021; Moradi 2021; Mukerji 2015; Pishbin
2018; Solooki 2014). These were conducted in Iran (Jahanian 2021;
Moradi 2021; Pishbin 2018; Solooki 2014), New Zealand (Mukerji
2015), Nepal (Bajracharya 2021), Turkey (Comert 2016) and the UK
(Hogg 2004). The other three trials were conducted at two centres
in New Zealand (Edwards 2013), Tunisia (Nouira 2014), and the USA
(Skorodin 1995). The dates of study were not available for four trials
(Hogg 2004; Pishbin 2018; Skorodin 1995; Solooki 2014), while the
other studies were performed between 2004 and 2018.

Participants

The studies randomised a total of 762 participants; Bajracharya
2021 was the largest trial with 172 participants, while Comert
2016 was the smallest with only 20 participants. The studies
included male and female adult participants over 35 years old,
with a mean age range from 62 to 76 years. Participants had
clinically diagnosed COPD and presented with an exacerbation,
precipitated by either infection or non-infective causes. Definitions
for acute exacerbations were mentioned in four studies (Comert
2016; Edwards 2013; Jahanian 2021; Nouira 2014), while other trials
did not specify these (refer to Characteristics of included studies
for details). Participants presenting to the emergency department
were included in all trials except Hogg 2004, which included
hospital inpatients. None of the trials classified the severity of COPD
exacerbations.

Interventions

Seven trials assessed intravenous magnesium sulfate infusion plus
standard care versus placebo plus standard care (Hogg 2004;
Jahanian 2021; Moradi 2021; Mukerji 2015; Pishbin 2018; Skorodin
1995; Solooki 2014). Three trials studied nebulised magnesium
sulfate plus standard care versus placebo plus standard care
(Bajracharya 2021; Comert 2016; Edwards 2013). Nouira 2014
studied nebulised magnesium sulfate plus intravenous magnesium
sulfate versus nebulised ipratropium bromide plus intravenous
normal saline. Participants in all trials received standard initial

treatment before allocation to intervention arms. The standard
care included supplemental oxygen via nasal cannula, nebulised
salbutamol or ipratropium bromide, or both. In eight trials they also
received systemic corticosteroids (Bajracharya 2021; Comert 2016;
Edwards 2013; Jahanian 2021; Moradi 2021; Mukerji 2015; Nouira
2014; Solooki 2014). Participants in four studies received antibiotics
(Comert 2016; Moradi 2021; Nouira 2014; Solooki 2014).

The dose of magnesium sulfate was 1.2 to 2.0 g infused over
20 minutes, except in Moradi 2021 where 2.5 g was infused
over 15 minutes. For inhaled magnesium sulfate, the dose
administered was 150 mg per dose. Magnesium was administered
20 minutes aKer initial standard treatment with no improvement
in lung function in four trials (Bajracharya 2021; Edwards 2013;
Moradi 2021; Skorodin 1995). It was administered concurrently
or immediately aKer the standard therapy in three trials (Mukerji
2015; Nouira 2014; Solooki 2014). Jahanian 2021 reported that
magnesium was given within the first 60 minutes of standard
therapy. There was no information on timing of magnesium
administration in the remaining three studies (Comert 2016; Hogg
2004; Pishbin 2018).

Comparison

With the exception of Nouira 2014, all trials compared intervention
to placebo, with both arms receiving standard care. Nouira
2014 compared magnesium sulfate (both nebulised and IV) with
nebulised ipratropium bromide and IV normal saline.

Primary outcomes

Four trials reported the proportion of participants who needed
hospital admission (Edwards 2013; Mukerji 2015; Nouira 2014;
Skorodin 1995), and five reported the proportion of participants
who need NIV, mechanical ventilation or ICU admission as one
of their outcomes (Bajracharya 2021; Edwards 2013; Moradi 2021;
Mukerji 2015; Nouira 2014).

Secondary outcomes

Length of hospital stay was reported in four trials (Hogg 2004;
Mukerji 2015; Nouira 2014; Solooki 2014), while only two studies
reported hospital death rate (Bajracharya 2021; Nouira 2014).
Arterial blood gas was one of the outcomes in four trials (Comert
2016; Jahanian 2021; Nouira 2014; Solooki 2014). Most trials
measured lung function as a primary outcome; five trials reported
FEV1 (Comert 2016; Edwards 2013; Jahanian 2021; Mukerji 2015;

Solooki 2014); and six reported PEFR (Bajracharya 2021; Comert
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2016; Moradi 2021; Nouira 2014; Skorodin 1995; Solooki 2014. The
trials measured dyspnoea score in various ways: a visual analogue
scale (VAS) dyspnoea score (Comert 2016); Borg dyspnoea score
(Hogg 2004; Jahanian 2021); dyspnoea severity score (DSS) score
(Moradi 2021) and unspecified (Nouira 2014; Skorodin 1995).

Funding

Included studies were funded by the researcher (Comert 2016),
aLiliated universities (Jahanian 2021; Moradi 2021; Nouira 2014),
or local health councils (Edwards 2013; Mukerji 2015; Skorodin
1995). There was no information on funding for the other four trials
(Bajracharya 2021; Hogg 2004; Pishbin 2018; Solooki 2014).

Excluded studies

We excluded a total of 18 trials during the full-text review;
six trials assessed the eLect of magnesium in people with

stable COPD (ACTRN12608000502336; Ahmed 2020; Amaral 2012;
NCT01118936 2010; NCT02680769 2016; Tagaya 2004), five studies
were not RCTs (CTRI/2018/01/011354 2018; CTRI/2018/04/013309
2018; Jenner 2004; Schenk 2001; Sternfeld 1994), two trials were
withdrawn (ISRCTN65174202 2006; NCT02498496 2015), another
two were of cross-over design (Abreu 2006; Marino 1999), one
studied magnesium aspartate (Friemann 1991), one trial had no
magnesium monotherapy arm (Skorodin 1998), and another study
assessed inhaled magnesium sulfate versus alpha chymotrypsin
atomisation inhalation (Fan 2015). See Characteristics of excluded
studies for details.

Risk of bias in included studies

Refer to Figure 2 for an overview of risk of bias assessment for the
included studies. Support for judgements for individual domains
are presented in Characteristics of included studies tables.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study
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Bajracharya 2021 ? + - ? + ? +
Comert 2016 ? ? + + + ? +

Edwards 2013 + + + ? + ? +
Hogg 2004 ? ? ? ? ? ? -

Jahanian 2021 + + + ? + + +
Moradi 2021 + + + + ? + +

Mukerji 2015 + + + + + + +
Nouira 2014 + ? + + + ? +
Pishbin 2018 ? ? ? ? ? ? -

Skorodin 1995 ? + + ? + ? +
Solooki 2014 ? ? ? ? + ? +
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Allocation

Of the 11 included studies, we judged five to be of low risk of
bias for random sequence generation (Edwards 2013; Jahanian
2021; Moradi 2021; Mukerji 2015; Nouira 2014); the remaining
six studies had an unclear risk for this domain due to limited
information about how the randomisation process was performed.
Six studies reported allocation concealment methods (Bajracharya
2021; Edwards 2013; Jahanian 2021; Moradi 2021; Mukerji 2015;
Skorodin 1995). The other trials gave no further information, so we
judged them to have an unclear risk for this domain.

Blinding

Ten included studies were double-blind RCTs, where participants
and investigators were unaware of the intervention arm they were
involved in (performance bias). However, only seven trials reported
detailed process of blinding with low risk of performance bias.
Solooki 2014 did not provide details, while Hogg 2004 and Pishbin
2018 were available as abstracts only, and we judged these to be
at unclear risk. Bajracharya 2021 was a single-blind study where
the investigator was aware of the assignment; we judged this to
be of high risk. Blinding of outcome assessors (detection bias) was
at low risk of bias for four studies (Comert 2016; Moradi 2021;
Mukerji 2015; Nouira 2014), and unclear for seven studies due to
limited information (Bajracharya 2021; Edwards 2013; Hogg 2004;
Jahanian 2021; Pishbin 2018; Skorodin 1995; Solooki 2014).

Incomplete outcome data

We rated eight studies to have a low risk of attrition bias: six
studies had no dropouts (Bajracharya 2021; Comert 2016; Jahanian
2021; Nouira 2014; Skorodin 1995; Solooki 2014), and two had a
low attrition rate (Edwards 2013; Mukerji 2015). We considered
the remaining three studies to be at unclear risk due to limited
information (Hogg 2004; Pishbin 2018), or no details about the
breakdown of dropouts across the intervention arms though the
total number lost to follow-up was reported (Moradi 2021).

Selective reporting

Three studies had a low risk of bias for selective reporting because
the trial protocol was available on registries and all outcomes
were reported as planned (Jahanian 2021; Moradi 2021; Mukerji
2015). We considered the other studies to be at unclear risk for
reporting bias for various reasons: trial could not be identified on
registry websites (Bajracharya 2021; Comert 2016; Skorodin 1995;
Solooki 2014); only available as abstract (Hogg 2004; Pishbin 2018);
registered on website with no outcomes provided in the protocol
(Nouira 2014); and failed to report one of the outcomes stated in the
trial protocol on the registry website (Edwards 2013).

Other potential sources of bias

We assumed that the risk of other bias was likely to be high for
Hogg 2004 and Pishbin 2018, as there were no full-text publications
available and the reason for not publishing was not clear. We did
not identify any other potential sources of bias for the remaining
studies

E5ects of interventions

See: Summary of findings 1 Intravenous magnesium sulfate
+ standard care compared to placebo + standard care for
acute exacerbations of chronic obstructive pulmonary disease;
Summary of findings 2 Nebulised magnesium sulfate + standard

care compared to placebo + standard care for acute exacerbations
of chronic obstructive pulmonary disease; Summary of findings
3 Magnesium sulfate compared to standard care (ipratropium
bromide) for acute exacerbations of chronic obstructive pulmonary
disease

See Summary of findings 1; Summary of findings 2 and Summary
of findings 3.

1. Intravenous magnesium sulfate + standard care compared
to placebo + standard care

Proportion of people with hospital admissions (from the
emergency room)

Three studies (170 participants) reported the number of
participants who needed hospital admission from the emergency
room. The result of the analysis suggests a reduction in
hospitalisation with intravenous magnesium sulfate compared to

placebo (OR 0.45, 95% CI 0.23 to 0.88; I2 = 0%; Analysis 1.1). In
absolute terms, there was a reduction of 197 participants per 1000
with magnesium sulfate infusion compared to placebo for hospital
admissions (95% CI 31 lower to 342 lower); the number needed to
treat for an additional beneficial outcome (NNTB) is seven. Using
GRADE, we judged the certainty of the evidence to be low due to
serious concerns about study limitations and imprecision due to
few events.

Proportion of people needing non-invasive ventilation, assisted
ventilation or admission to intensive care unit

The need for NIV and endotracheal intubation was reported by
Moradi 2021and Mukerji 2015, but no trial assessed ICU admission.
The pooled analysis for NIV indicated no evidence of a diLerence
between magnesium and placebo arms (OR 0.74, 95% CI 0.31 to

1.75; I2 = 0%; Analysis 1.2). We graded the level of certainty as very
low due to concerns over study limitations and imprecision. There
were no people who needed endotracheal intubation in either
the magnesium or placebo groups in either of the studies (107
participants).

Proportion of people with serious adverse events

There were no reported serious adverse events for magnesium and
placebo groups in Moradi 2021 (77 participants). Other trials did not
assess this outcome.

Length of hospital stay (inpatients) or time to emergency room
discharge (outpatients)

Two trials (54 participants) reported on the length of hospital stay
for inpatients (Hogg 2004; Mukerji 2015), but no study assessed
time to discharge from the emergency room. There was a mean
diLerence in favour of magnesium infusion of -2.70 days (95% CI

-4.73 to -0.66; I2 = 0%; Analysis 1.3). Using GRADE, we downgraded
the certainty of evidence by two levels to low due to concerns
over study limitations (Hogg 2004 is available as abstract only) and
imprecision (few events).

Proportion of people with all-cause mortality

No study reported this outcome.
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Proportion of people with adverse events/side e$ects

Mukerji 2015 and Skorodin 1995 reported on adverse events, with
no adverse events in the magnesium group in either of the trials.
However, four participants in the placebo arm reported adverse
events; one had a flushing feeling in the hands and face (Mukerji
2015), and three experienced nausea and weakness, dizziness and
increased secretions (Skorodin 1995). Though the Peto odds ratio

was 0.14 (95% CI 0.02 to 1.00; I2 = 0%; 102 participants; Analysis
1.4), the small number of participants and low event rate limit our
confidence in conclusions.

Arterial-blood gas measurements

No study measured arterial-blood gas (ABG) values. However,
Moradi 2021 (77 participants) reported the change in oxygen
saturation (SaO2). Jahanian 2021 also assessed oxygen saturation

before and 45 minutes aKer the intervention, but change from
baseline data values were not available to be included in the
analysis. The mean diLerence was 0.32% (95% CI -1.53 to 2.17;
Analysis 1.5), indicating little to no diLerence between the groups.
We graded the certainty of evidence as very low due to concerns
over study limitations and very serious imprecision (few events
and the confidence interval includes both appreciable benefit and
appreciable harm).

Lung function measurements

Mukerji 2015 assessed change from baseline in FEV1 at 60 minutes,

whereas Jahanian 2021 reported post-intervention FEV1 at 45

minutes. Two studies measured PEFR in L/min (Skorodin 1995;
Solooki 2014), and Moradi 2021 reported change in PEFR as
percentage of predicted value.

There was a mean diLerence of 0.00 L (95% CI -0.04 to 0.05)
for change in FEV1 at 60 minutes, indicating no evidence of a

diLerence between the interventions (Analysis 1.6). Using GRADE,
we downgraded the certainty of evidence two levels to low due to
very serious imprecision as the confidence interval includes both
appreciable benefit and appreciable harm and few events.

Post-intervention FEV1 was not diLerent between intravenous

magnesium and placebo at 45 minutes (MD 2.10 mL, 95% CI -0.89
to 5.09; Analysis 1.7).

Similarly, no evidence of a diLerence was noted between
magnesium and placebo for the change in PEFR (MD 9.12 L/min,

95% CI -6.20 to 24.44; I2 = 56%; 102 participants; Analysis 1.8).
However, for the change in PEFR % predicted, there was a mean
diLerence of 10.64 % predicted (95% CI 8.38 to 12.90), in favour of
magnesium sulfate infusion (Analysis 1.9).

Symptom scores measuring breathlessness, cough and sputum
production using validated scales

Symptom score was measured in three trials using diLerent
validated scales; DSS score in Moradi 2021, and Borg dyspnoea
score in Hogg 2004; Jahanian 2021. Data for change in dyspnoea
score from baseline for individual intervention arms was not
available for Jahanian 2021 so we could not include it in the
analysis. There was a reduction in dyspnoea score, with a

standardised mean diLerence of -1.40 (95% CI -1.83 to -0.96; I2 =
0%; 101 participants; Analysis 1.10), indicating a diLerence in favour
of magnesium infusion. We graded the level of certainty for this as

low due to concerns over study limitations and imprecision (few
events).

2. Nebulised magnesium sulfate + standard care compared to
placebo + standard care

Proportion of people with hospital admissions (from the
emergency room)

Edwards 2013 reported hospital admissions in 109 participants.
There was little to no diLerence between the groups (OR 0.77, 95%
CI 0.21 to 2.82). We graded the certainty of evidence as very low
due to concerns over study limitations and very serious imprecision
as the confidence interval includes both appreciable benefit and
appreciable harm (Analysis 2.1).

Proportion of people needing non-invasive ventilation, assisted
ventilation or admission to intensive care unit

Two studies reported ICU admissions (Bajracharya 2021; Edwards
2013), with no events in the study by Edwards 2013. With 281
participants, magnesium inhalation may be associated with fewer
ICU admissions compared to placebo (OR 0.39, 95% CI 0.15 to
1.00; Analysis 2.2). However, the certainty of evidence was very low
as the single-blinded study Bajracharya 2021 had a high risk of
performance bias, and there were few events.

There was little to no diLerence between nebulised magnesium
and placebo in requirement for ventilatory support (either NIV or
assisted ventilation) in Bajracharya 2021 (OR 0.33, 95% CI 0.01 to
8.20; 172 participants; Analysis 2.3; very low-certainty evidence).

There were no reported cases of NIV requirement (Comert
2016; Edwards 2013; 129 participants) or endotracheal intubation
(Comert 2016, 20 participants) for magnesium and placebo groups.

Proportion of people with serious adverse events

There were no serious adverse events for magnesium and placebo
groups (Comert 2016, 20 participants).

Length of hospital stay (inpatients) or time to emergency room
discharge (outpatients)

Comert 2016 reported length of hospital stay for inpatients,
but no studies reported time to emergency room discharge for
outpatients. There was little to no diLerence between magnesium
and placebo groups for the length of hospital stay, with a mean
diLerence of -0.80 days (95% CI -4.63 to 3.03; Analysis 2.4). The
certainty of evidence for this outcome was very low due to concerns
over study limitations and very serious imprecision (few events
and the confidence interval includes both appreciable benefit and
appreciable harm).

Proportion of people with all-cause mortality

Bajracharya 2021 reported one death in the placebo arm and no
deaths in the magnesium arm. However, the number of participants
and the event rate are too small to reach a conclusion (OR 0.33, 95%
CI 0.01 to 8.20; Analysis 2.5). There was no report on this outcome
in Comert 2016 and Edwards 2013.

Proportion of people with adverse events/side e$ects

There were no reported adverse events for either magnesium or
placebo arms (Comert 2016; Edwards 2013; 129 participants).
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Lung function measurements:

Edwards 2013 reported FEV1 at 60 minutes for 109 participants.

There was little to no diLerence between the groups, with a mean
diLerence of -0.05 L (95% CI -0.17 to 0.07; Analysis 2.6). We graded
the evidence as very low certainty due to study limitations and
very serious imprecision (few events and the confidence interval
includes both appreciable benefit and appreciable harm).

Comert 2016 reported change from baseline in PEFR at 60 minutes
in 20 participants, with a mean diLerence of 7.60 L/min (95% CI
-4.38 to 19.58) between magnesium and placebo groups, indicating
little to no diLerence between the groups (Analysis 2.7).

Bajracharya 2021 assessed post-intervention PEFR at 60 minutes
in 172 participants. Magnesium inhalation was associated with
a higher PEFR compared to the placebo group, with a mean
diLerence of 7.40 L/min (95% CI 1.81 to 12.99; Analysis 2.8).
However, data were too limited for us to be able to reach a
conclusion.

Symptom scores measuring breathlessness, cough and sputum
production using validated scales

Comert 2016 assessed improvement in symptoms using the VAS
dyspnoea score in 20 participants, and revealed a mean diLerence
in favour of nebulised magnesium of -14.37 points (95% CI -26.00
to -2.74; Analysis 2.9); the evidence had a very low level of certainty
due to concerns over study limitations and small participant
numbers. The eLect estimate of 14.37 points lower is more than
the minimal clinically important diLerence (MCID) of 10 units
for the VAS dyspnoea score (Ries 2005). However, the numbers
of participants and events were too small to reach a robust
conclusion.

Arterial-blood gas measurements:

Comert 2016 reported change in SaO2 in 20 participants, with a

mean diLerence of -1.10 (95% CI -4.60 to 2.40), indicating little to
no diLerence between magnesium and placebo (Analysis 2.10). We
graded the certainty of evidence for this outcome as very low due
to concerns over study limitations and very serious imprecision
(few events and the confidence interval includes both appreciable
benefit and appreciable harm).

3. Magnesium sulfate compared to standard care (ipratropium
bromide)

Proportion of people with hospital admissions (from the
emergency room)

There was little to no diLerence between magnesium sulfate and
ipratropium bromide for hospital admission (OR 1.62, 95% CI 0.78
to 3.37; Nouira 2014; 124 participants; Analysis 3.1). The certainty
of evidence for this outcome was very low due to very serious
imprecision (the confidence interval includes both appreciable
benefit and appreciable harm, and there were few events), as well
as concerns over study limitations.

Proportion of people needing non-invasive ventilation, assisted
ventilation or admission to intensive care unit

Nouira 2014 reported the need for endotracheal intubation in 124
participants. Analysis indicated little to no diLerence between the
groups (OR 1.69, 95% CI 0.61 to 4.71; Analysis 3.2). We graded
the certainty of evidence for this outcome as very low due to

very serious imprecision (the confidence interval includes both
appreciable benefit and appreciable harm, and there were few
events), as well as concerns over study limitations.

There was no report on non-invasive ventilation or admission to
ICU.

Proportion of people with serious adverse events

There was no report on this outcome.

Length of hospital stay (inpatients) or time to emergency room
discharge (outpatients)

There was little to no diLerence in the length of hospital stay
between the groups, with a mean diLerence of 1.10 days (95%
CI -0.22 to 2.42; Nouira 2014; 124 participants; Analysis 3.3).
The certainty of evidence for this outcome was very low due to
very serious imprecision (the confidence interval includes both
appreciable benefit and appreciable harm, and there were few
events), as well as concerns over study limitations.

Proportion of people with all-cause mortality

There was little to no diLerence between magnesium and
ipratropium in all-cause mortality (OR 0.51, 95% CI 0.05 to 4.97;
Nouira 2014; 124 participants; Analysis 3.4), but events were rare
(1/62 in the magnesium arm and 2/62 in the control arm).

Proportion of people with adverse events/side e$ects

There was no report on this outcome.

Arterial-blood gas measurements

There was no report on this outcome.

Lung function measurements

Improvement in PEFR was reported, favouring ipratropium
bromide with a mean diLerence of 32.00 L/min (95% CI 19.00 to
45.00; Nouira 2014; 124 participants; Analysis 3.5). However, data
were too limited for us to be able to reach a conclusion.

Symptom scores measuring breathlessness, cough and sputum
production using validated scales

There was no report on this outcome.

D I S C U S S I O N

This systematic review evaluated RCTs that assessed the eLects of
magnesium sulfate for acute exacerbations of chronic obstructive
pulmonary disease in adults. We included a total of 11 RCTs (10
double-blind and one single-blind) conducted in Iran, New Zealand,
Nepal, Turkey, the UK, Tunisia and the USA between 2004 and 2018.
We judged these studies to be at low or unclear risk of bias for most
of the domains. We considered three studies to be at high risk for
blinding and other biases. There were a total of 762 participants,
whose mean ages ranged from 62 to 76 years.

Summary of main results

Intravenous magnesium sulfate versus placebo

We identified seven studies that assessed intravenous magnesium
sulfate infusion versus placebo, with both arms receiving usual
care. Low-certainty evidence from three trials indicates that a
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smaller proportion of people required hospital admissions from
the emergency room in the magnesium infusion group compared
to the placebo group (170 participants, NNTB = 7). There was
no clear diLerence in the need for non-invasive ventilation.
None of the participants in either group required endotracheal
intubation or ICU admission or experienced serious adverse
events. From a pooled analysis of two trials, length of hospital
stay was shorter with magnesium infusion than placebo in 54
participants; we graded this as low-certainty evidence. However,
we could not be certain that the same benefit of reducing hospital
admissions and the length of hospital stay would be observed
in the larger population with COPD exacerbations.There was a
lack of data on all-cause mortality. Two studies reported no
adverse events in the magnesium group; however, four participants
in the placebo arm reported adverse events, with no clinically
important diLerence between the groups. No clear diLerence
was observed for lung function between magnesium infusion
and placebo, as measured by change from baseline in FEV1 at

60 minutes, post-intervention FEV1 and change from baseline

PEFR at 45 minutes. In one trial, which reported change in
PEFR as percentage predicted, magnesium infusion demonstrated
a possible improvement compared to placebo. There was low-
certainty evidence indicating that magnesium infusion reduced
dyspnoea score in two trials that used diLerent tools (Borg score
and DSS score). One other study assessed the Borg score, but the
change from baseline score was not available for meta-analysis,
which reduced our confidence in this finding. Magnesium infusion
was no better than placebo in improving oxygen saturation.

Nebulised magnesium sulfate versus placebo

Three trials studied nebulised magnesium compared to placebo
in addition to standard care for acute COPD exacerbations.
Magnesium inhalation was no better than placebo in reducing
hospitalisation. ICU admission was lower in people who received
magnesium inhalation than those in the placebo arm; however, the
certainty of evidence was very low. The proportion of people who
needed ventilatory support (NIV or assisted ventilation) and length
of hospital stay were not diLerent between nebulised magnesium
and placebo groups. There were no reported serious adverse events
in either of the groups. There was one reported death in the
placebo arm; however, we were not confident to reach a conclusion
due to the small number of participants. Little to no diLerence
was observed in lung function in terms of post-intervention FEV1

and change from baseline PEFR at 60 minutes. Post-intervention
PEFR at 60 minutes was observed to be higher with nebulised
magnesium compared to placebo in one trial, but data were too
limited for us to be able to reach a conclusion. Likewise, very low-
certainty evidence demonstrated a reduction in dyspnoea with
magnesium inhalation in a small trial with 20 participants. There
was no clear diLerence in oxygen saturation between these two
arms.

Magnesium sulfate versus ipratropium bromide

One trial assessed inhaled magnesium sulfate plus intravenous
magnesium sulfate compared to inhaled ipratropium bromide
plus intravenous normal saline. We could not determine a clear
diLerence between these groups in terms of hospital admission,
endotracheal intubation and length of hospital stay (very low-
certainty evidence). Similarly, all-cause mortality was not diLerent
for these two arms. However, change in PEFR was observed to
be greater for the ipratropium and placebo arm compared to the

magnesium sulfate arm. Due to the small number of participants,
few events and study limitations, we could not draw a robust
conclusion.

Overall completeness and applicability of evidence

We identified a total of 11 RCTs eligible for this review: seven
trials that investigated intravenous magnesium sulfate infusion
compared to placebo; three trials on nebulised magnesium sulfate
versus placebo; and one trial that assessed combined intravenous
and nebulised magnesium sulfate versus nebulised ipratropium
bromide plus placebo. All of these trials determined the eLicacy of
magnesium in COPD exacerbations as an adjunctive measure to the
usual standard care including oxygen, antibiotics, bronchodilators
and systemic corticosteroids.

The findings for magnesium infusion were based on analyses that
involved one or two small studies with few participants, which is
a limitation of the evidence. We could not determine any benefit
of magnesium sulfate compared to ipratropium bromide, due to
limited studies and relatively unreliable data. Based on a single
trial, there was little to no diLerence between magnesium and
ipratropium in hospital admission, length of hospital stay, all-cause
mortality or the need for endotracheal intubation. The trial did not
report on ICU admission, non-invasive ventilation, adverse events,
serious adverse events, dyspnoea score or oxygen saturation.

Most studies were conducted in single- or two-centre settings with
a small number of participants, which is the major limitation that
impacts our ability to apply the evidence of this review to clinical
practice in managing people with COPD exacerbations. The trials
were based in middle- to high-income countries, which may limit
the applicability of the findings to low-income countries. Current
guidelines recommend the use of a single dose of magnesium
sulfate infusion in acute exacerbation of bronchial asthma not
responding to standard care. The trials in this review included
adults over the age of 35 who were clinically diagnosed with
COPD exacerbations. There were no specific criteria described for
exclusion of people with overlap asthma features (asthma COPD
overlap), except in the study by  Mukerji 2015  which excluded
participants having asthma-type COPD. Thus, we could not rule out
the possibility that the findings in this review are partly contributed
by participants who had asthma COPD overlap features. We had
planned to do subgroup analyses by blood eosinophil count to
find out which group of people with COPD exacerbations would
benefit from magnesium sulfate, but could not do so due to limited
data. Similarly, none of the included studies reported the disease
severity of participants, so we could not investigate the eLects
of magnesium sulfate in particular groups of people with COPD
exacerbations.

Quality of the evidence

Studies that contributed to the outcomes of this review were single-
or two-centre double-blind RCTs with small number of participants,
and one single-blind trial. The majority of studies were at unclear
risk of bias in several domains due to lack of information, with the
exception of Mukerji 2015, in which reporting was suLiciently clear
for us to make low risk judgements for every domain. Comparisons
for the outcomes were direct and most of the outcomes were
based on one or two trials without any significant heterogeneity.
Reasons for downgrading were mainly due to study limitations and
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imprecision of the pooled eLect estimates (including wide or very
wide confidence intervals, and small participant numbers).

We rated the certainty of evidence for intravenous magnesium
sulfate infusion to be low for hospital admission, length of hospital
stay, symptomatic improvement and lung function (FEV1); and

very low for non-invasive ventilation and oxygen saturation. As
for inhaled magnesium, the level of certainty was very low
for all outcomes. Therefore, we have very little confidence in
the eLect estimates for magnesium inhalation compared to
placebo. Similarly, the level of certainty was very low for the key
outcomes (hospital admission, endotracheal intubation and length
of hospital stay) for comparison between magnesium sulfate and
ipratropium bromide.

Pooled eLects for nebulised magnesium were based on data from
three trials, which we judged to be of poor quality with unclear risk
for selection, detection and reporting biases. One trial was a single-
blinded study where investigators were unblinded, and another
trial included only 20 participants (10 in each arm). The eLects
of nebulised magnesium sulfate on hospital admission, need for
ventilatory support (NIV or assisted ventilation), length of hospital
stay, lung function and oxygen saturation were of very low-certainty
evidence. No clear benefit could be demonstrated in improving
these outcomes with the use of nebulised magnesium sulfate as an
adjunctive therapy to usual standard care in COPD exacerbations
compared to placebo. ICU admission was reportedly lower in
participants who received magnesium inhalation compared to
those in the placebo group. Likewise, dyspnoea measured by
VAS score was observed to improve with nebulised magnesium
compared to placebo in 20 participants. However, we are not
confident of these findings, and data from larger multicentre
trials are required to provide more robust evidence. We could not
identify enough evidence to say that magnesium inhalation was
not associated with important harms such as all-cause mortality,
adverse events or serious adverse events. Similarly, there is very
limited evidence to support the eLicacy of nebulised magnesium
sulfate as an adjunctive therapy for COPD exacerbations.

We planned to perform subgroup analyses if we found high levels
of heterogeneity; however, this was not necessary as there was low
heterogeneity. We could not investigate publication bias because
of the small number of studies in analyses. Overall, we are not
confident in the pooled eLect estimates of this review, since the
majority were calculated using data from one or two single/double
centre trials that determined the eLect of magnesium sulfate on a
relatively small number of participants with COPD exacerbations.
Additional information from further multicentre trials in a larger
population is very likely to alter our confidence in these results and
provide a better evidence for clinical practice.

Potential biases in the review process

This review was based on a published protocol (Ni 2020), and any
deviations from the published protocol were noted in DiLerences
between protocol and review. Incomplete identification of studies
for this review is unlikely as we performed a comprehensive search
of databases, websites, clinical trial registries and reference lists.
However, there are areas which may have introduced bias into the
review. We identified one trial registered in the Iranian Registry of
Clinical Trials (IRCT) that planned to start in 2016. We contacted
the trial investigators for its current status but received no reply.
We also contacted the authors of included trials for details of study

characteristics and clarification on data. Only Moradi 2021 replied
and provided the necessary information about the trial. Jahanian
2021 assessed some outcomes relevant to this review, but only
lung function data were available; dyspnoea score and oxygen
saturation could not be included in the analyses. Bajracharya 2021
was a single-blinded study, unregistered on a trial registry, with
limited information on the conduct of the trial, which downgrades
our confidence in its data. Moreover, two included trials were only
available as abstracts with no full text publication (Hogg 2004;
Pishbin 2018), resulting in high risk of bias. In addition, assessment
of publication bias through examination of funnel plots was not
possible because only one or two trials were included in the
analyses.

Recently, the European Respiratory Society issued a statement
on core outcomes for clinical trials assessing AECOPD (acute
exacerbations of COPD) management, which included mortality
(any cause or due to COPD exacerbations), treatment success, need
for higher level of care (hospital or ICU admission), arterial blood
gases, patient-reported outcomes (breathlessness, quality of life,
activities of daily living), disease progression, future exacerbations
and hospital admissions, treatment safety (adverse events) and
adherence (Mathioudakis 2022). The intended outcomes of this
review are included in this recommended outcome set, except for
length of hospital stay and lung function improvement. However,
we were not able to synthesise evidence for all the planned
outcomes since most of the COPD exacerbation trials assessed lung
function as the primary outcome and clinically relevant outcomes
were usually not included. Therefore, it is likely that this review
is lacking in evidence for patient-centred, clinically important
outcomes.

Agreements and disagreements with other studies or
reviews

There is limited evidence for the role of magnesium sulfate in
acute COPD exacerbations, with very few published reviews to date.
We could only identify three similar published systematic reviews
focusing on the eLects of magnesium in COPD exacerbations (Alzaid
2021; Jahangir 2022; Shivanthan 2014). Intravenous magnesium
reduced hospital admission in our analysis with a NNTB of seven.
Two of the earlier published reviews failed to detect this (Alzaid
2021; Shivanthan 2014), possibly due to their searches predating
the publication of the latest trial included in our analysis (Moradi
2021, which had a relatively large number of participants. However,
the recent review by Jahangir 2022 identified a reduction in
hospital admissions with intravenous magnesium, reporting the
same summary statistics as our review. Shortening of hospital stay
and improvement in dyspnoea score with magnesium infusion
were not detected in these reviews. Variable severity of COPD
exacerbations in the included trials could aLect our findings
on hospital admissions and length of hospital stay; however,
the available baseline characteristics are comparable across the
intervention arms.

Low serum magnesium level is an important predictor of
frequency of acute COPD exacerbations (Aziz 2005; Gumus 2014;
Kshirsagar 2021). Furthermore, low serum magnesium level at the
time of admission was reported to be an independent predictor of
readmission for AECOPD (Bhatt 2008). Since the participants in our
analyses had normal serum magnesium levels, which were similar
for both groups, we are quite confident that serum magnesium
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level at the time of presentation to the emergency room had no
significant impact on our finding of hospital admission.

Our review failed to yield a positive eLect of magnesium infusion
on lung function in terms of FEV1 or oxygen saturation. This finding

was shared by Jahangir 2022, which also showed no significant
change in FEV1 using a random-eLects model, though the fixed-

eLect analysis demonstrated a significant eLect. In our review,
there was a possible improvement in PEFR, calculated as change
from baseline percentage of predicted value. A similar finding
was reported by Shivanthan 2014 as an increase in PEFR, with a
mean percentage change of 24%. Due to considerable variability
between FEV1 and PEFR, especially when expressed as percentage

of predicted value (Llewellin 2002), FEV1 is the preferred measure

of airway obstruction in COPD exacerbations (Emerman  1996).
Thus, this finding is not strong enough for clinical use and requires
further data for assessing the role of magnesium for lung function
improvement.

None of the previous reviews supported the eLicacy of magnesium
sulfate inhalation in COPD exacerbations compared to placebo,
which is not altered by the results of our review. Similarly, evidence
for nebulised magnesium versus ipratropium bromide is limited,
with only one available trial. This consolidates the need for further
well-designed trials that extensively investigate the eLects of
magnesium sulfate, to yield better certainty evidence for its clinical
use in COPD exacerbations.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

We have limited confidence to conclude a possible beneficial
eLect of intravenous magnesium sulfate infusion in reducing the
number of people admitted to hospital from the emergency room,
shortening length of hospital stay and improving dyspnoea. We
could not identify evidence for intensive care unit (ICU) admission
or endotracheal intubation. We had very little confidence in
the eLect of magnesium infusion on the need for non-invasive
ventilation (NIV), or for improving lung function and oxygen
saturation. Since the data on adverse events, serious adverse
events and mortality were limited, further safety data are required
before using intravenous magnesium infusion as a routine addition
to standard care in people with chronic obstructive pulmonary
disease (COPD) exacerbations.

Current evidence for inhaled magnesium sulfate is very uncertain,
and could not demonstrate that it is beneficial in reducing hospital
admissions, the need for ventilatory support, length of hospital stay
or all-cause mortality, or in improving lung function and oxygen
saturation. Fewer ICU admissions were noted with nebulised

magnesium, and a small trial favoured inhaled magnesium over
placebo in improving dyspnoea, though we graded both these
outcomes as very uncertain evidence.

Similarly, evidence from a single trial was very uncertain and could
not demonstrate a clear benefit of magnesium over ipratropium
bromide on the need for hospital admission or endotracheal
intubation, length of hospital stay or all-cause mortality.

Overall, the evidence in this review should be interpreted with
caution as larger studies are required to demonstrate the eLects of
magnesium sulfate in COPD exacerbations.

Implications for research

Further research is indicated, including multicentre trials in larger
populations with COPD exacerbations (better-powered trials) using
robust methods, which should be reported transparently. Trialists
should define and categorise participants according to severity of
COPD exacerbations and, if possible, provide disaggregated data
for diLerent groups. It is also recommended to include COPD
phenotypes of participants to delineate the possible impact of
asthma/COPD overlap on the evidence. Further trials assessing the
eLects of magnesium sulfate with participant-related outcomes
(e.g. ICU admission, need for NIV or mechanical ventilation, length
of hospital stay and dyspnoea score) as primary endpoints rather
than lung function improvement would be more appropriate for
applicability to clinical practice in people with COPD exacerbations.
Follow-up data would be beneficial, especially to identify any
impact of magnesium sulfate on recurrent exacerbations and
readmissions. Since currently available evidence did not identify
any study on cost-eLectiveness, future research on this outcome is
also required.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Study design: single-blinded randomised control trial of parallel design

Number of study centres: single centre

Study location: Tribhuvan University Teaching Hospital, Kathmandu, Nepal

Study setting: emergency room

Date of study: December 2016 to March 2017

Withdrawals: none

Participants Number screened: 200

Number randomised: 172
Numbers in treatment group: 86
Number in placebo group: 86
Numbers of withdrawals: 0
Numbers completing trial: 172

Mean age (years): 70.01 (SD 10.39) (magnesium); 68.58 (SD 14.71) (placebo)

Gender (male/female): 43/43 (magnesium); 37/49 (placebo)

Diagnostic criteria: clinical diagnosis

Inclusion criteria

• clinical diagnosis of an AECOPD

• more than 40 years
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• PEFR < 300 L/min, measured 20 min after commencement of the initial salbutamol/ipratropium neb-
ulisation

Exclusion criteria

• referred case from other hospitals with prior management

• people who received premedication with bronchodilator 6 hours prior and steroid 12 hours prior to
trial

• contraindications to magnesium sulfate (hypersensitivity, diabetic coma, heart block, myocardial
damage, hypomagnesaemia, hypercalcaemia)

• people unable to perform spirometry

• systolic blood pressure < 100 mmHg

• evidence of pneumothorax

• people with chronic kidney disease

• pregnant women

• those with motor neuron diseases

Interventions Intervention: 3 ml isotonic magnesium sulfate (50% solution, 8.30 mosm/mL, 500 mg/mL) by nebuliser
+ 5 mg nebulised salbutamol

Comparator: 3 mL normal saline by nebuliser + 5 mg nebulised salbutamol

Concomitant medications

• 5 mg salbutamol by nebulisation

• 250 μg ipratropium bromide by nebulisation

• 200 mg hydrocortisone)

• oxygen (2 L/min nasal prongs) if oxygen saturations on room air were < 90%

Outcomes • PEFR

• ICU admission

• ventilatory support (NIV/invasive ventilation)

• mortality

Notes Funding: not mentioned

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: only mentioned as a randomised control trial without further de-
tails on random sequence generation.

Allocation concealment
(selection bias)

Low risk Quote: "patients were randomised by drawing lots to receive one of two se-
quences of treatment"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Comment: single-blinded trial; only participants were blinded; medications
were prepared by the investigator.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: no details provided for outcome assessment.

Incomplete outcome data
(attrition bias)

Low risk Comment: all participants completed the study with no withdrawals.
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All outcomes

Selective reporting (re-
porting bias)

Unclear risk Comment: trial protocol was unavailable, unclear if outcomes were reported
as planned.

Other bias Low risk Comment: no other apparent biases identified.

Bajracharya 2021  (Continued)

 
 

Study characteristics

Methods Study design: randomised placebo-controlled trial of parallel design

Number of study centres: single centre

Study location: Turkey University hospital

Study setting: ambulatory care unit, Department of Pulmonology, School of Medicine, Istanbul Univer-
sity

Date of study: December 2004 to September 2005

Withdrawals: none

Participants Number randomised: 20
Numbers in treatment group: 10
Number in placebo group: 10
Numbers of withdrawals: 0
Numbers completing trial: 20

Mean age (years): 62.1 (SD 12) (magnesium); 71.3 (SD 5) (placebo)

Gender (male/female): 8/2 (magnesium); 10/0 (placebo)

Diagnostic criteria: clinical diagnosis

Mean duration of COPD (years): 11.4 (magnesium); 13.5 (placebo)

History of hospitalisation in recent year, n (%): 3(30) (magnesium); 4(40) (placebo)

History of ICU in recent year, n (%): 0 (magnesium); 0 (placebo)

Long-term oxygen use, n (%): 2 (20) (magnesium); 6 (60) (placebo)

Corticosteroid use in last 6 months, n (%): 3 (30) (magnesium); 4(40) (placebo)

Inclusion criteria

• diagnosis of COPD (shortness of breath, chronic cough, sputum, exposure to known COPD risk factors,
and FEV1/FVC < 70% measured after bronchodilator administration at a stable disease period)

• symptoms compatible with infectious COPD exacerbation according to Anthonisen criteria (increase
in 2 of the following: shortness of breath, sputum purulence and sputum amount) – hospitalisation
criteria (RR > 25/min, HR > 110 bpm, cyanosis, use of accessory respiratory muscles, drowsiness, PEFR
< 100 L/min, FEV1 < 1 L, in arterial blood gas analysis PaO2 < 60 mmHg, PaCO2 ≥ 45 mmHg, SaO2 < 90%)

Exclusion criteria

• presence of ICU indication

• presence of NIMV indication

• suspicion of pneumonia, pulmonary embolism, or pneumothorax
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• known history of severe heart failure, renal, or hepatic disease

• suspicion of a mass lesion on CXR

• history of systemic corticosteroid use

• uncooperative patients

• severe loss of sight

• did not consent to participate

Interventions Intervention: 2.5 mL isotonic magnesium sulfate (250 mmol/L, 151 mg/dose) by nebuliser + standard
care

Comparator: 2.5 mL isotonic saline solution by nebuliser + standard care

Concomitant medications

• Nasal oxygen to increase SO2 > 90%

• Methyl prednisolone 32 mg PO

• Sulbactam/ampicillin 4g/day IV or cefuroxime 1.5 g/day

• 500 μg ipratropium bromide

Outcomes At 24 and 48 hours: FEV1, ABG (PaO2, PaCO2, pH, SaO2), VAS dyspnoea score (0 - 100), serum magne-

sium level

10, 30, 60 and 120 mins after each nebule treatment: PEFR

10, 30, and 120 mins after each nebule treatment: BP and HR

Notes Funding: researcher

Full text article in Turkish; translation done by Cochrane Airways.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: "1:1 randomisation in two groups" with no further information.

Allocation concealment
(selection bias)

Unclear risk Comment: no details reported.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Comment: authors stated that all measurements were made by a single re-
searcher; participants and the researcher who made the measurements did
not know in which group the participant was.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Comment: blinding of participants and researcher who made the measure-
ments.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Comment: all participants completed the study with no withdrawals.

Selective reporting (re-
porting bias)

Unclear risk Comment: trial protocol was not available, unclear if outcomes were reported
as planned.

Other bias Low risk Comment: no other apparent biases identified.
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Study characteristics

Methods Study design: randomised double-blind placebo-controlled trial

Number of study centres and location: two university hospitals in New Zealand (Wellington Regional
Hospital and Hutt Hospital)

Study setting: emergency departments

Withdrawals: stated

Date of study: June 2008 to November 2011

Participants Number screened: 161
Number randomised: 116
Number allocated in treatment group: 52
Number allocated in placebo group: 64
Numbers of withdrawals: 0
Numbers excluded from analysis: 4 (magnesium); 3 (placebo)

Number included in analysis: 109

Number included in analysis: 48 (magnesium): 61 (placebo)

Mean age/SD (years): 73.2/9.8 (magnesium); 69.5/11.9 (placebo)

Gender (male/female): 27/21 (magnesium); 31/30 (placebo)

Diagnostic criteria: clinical diagnosis

Baseline lung function:

Mean FEV1 at presentation (% of predicted): 28.2 (magnesium); 29.7 (placebo)

Mean FEV1 at presentation: 0.69 L (magnesium); 0.72 L (placebo)

Smoking history:

Mean amount of smoking (pack-years): 41.3 (magnesium); 45 (placebo)

Current smokers: 18 (magnesium); 22 (placebo)

Never smokers: 1 (magnesium); 2 (placebo)

Average number of hospital admission in last year: 1 (magnesium); 1.3 (placebo)

Serum magnesium level (mmol/L) mean/SD: 0.81 (SD 0.08) (magnesium); 0.78 (SD 0.1) (placebo)

Inclusion criteria: age ≥ 35 years with a doctor diagnosis of COPD, FEV1/FVC < 70% and an FEV1 ≤ 50%

predicted 20 min after initial treatment with 2.5 mg salbutamol and 500 mg ipratropium bromide by
nebulisation.

Exclusion criteria: those who required intubation or NIV, were unable to perform spirometry or had ev-
idence of pneumothorax, hypotension, any other serious medical condition that would prevent their
participation in the trial or were pregnant.

Interventions Intervention: jet nebulisation 2.5 mg salbutamol (GlaxoSmithKline, London, UK) mixed with 2.5 ml iso-
tonic magnesium sulfate (250 mmol/L, tonicity 289 mosmol; 151 mg per dose) on 3 occasions at 30 min
intervals

Comparator: jet nebulisation 2.5 mg salbutamol (GlaxoSmithKline, London, UK) mixed with 2.5 mL iso-
tonic saline (placebo) on 3 occasions at 30 min intervals
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Concomitant medications:

• Supplemental oxygen via nasal prongs during the nebuliser (1–2 L/min)

• Standard initial treatment with 2.5 mg salbutamol and 500 mg ipratropium bromide by jet nebulisa-
tion and 40 mg prednisone

Outcomes Primary outcomes

• FEV1 at 90 min

Secondary outcomes

• FEV1 at 30 and 60 min

• hospital admission

• episodes of NIV

• admission to ICU

Notes Funding for studies: The Health Research Council of New Zealand.

Conflicts of interest of trial authors: Declared "None"; trial registry: ACTRN12608000167369

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The study statistician performed block randomisation with a block
size of eight using a computer-generated random sequence"

Allocation concealment
(selection bias)

Low risk Quote: "Patients were randomly allocated in a double-blind fashion to re-
ceive one of the treatment regimens. This was administered by a third-party
process"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Participants and investigators were unaware of treatment allocation
through provision by the hospital pharmacy of pre-prepared identical syringes
containing the study drug or placebo according to random allocation"

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Not reported

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Comment: 3 (4.9%) from magnesium group and 4 (8.3%) from placebo group
were excluded from the analyses, with reasons provided.

Selective reporting (re-
porting bias)

Unclear risk Comment: Trial was registered on website and results for most of the out-
comes were reported, except for mortality at 30 days.

Other bias Low risk Comment: no other apparent biases identified.

Edwards 2013  (Continued)

 
 

Study characteristics

Methods Study design: double-blind placebo-controlled pilot study

Number of study centres and location: single centre, UK
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Study setting: hospital inpatients

Withdrawals: not stated

Date of study: not stated

Participants Number randomised: 24
Numbers in treatment group: not stated
Number in placebo group: not stated

Mean age: not stated

Gender: not stated

Diagnostic criteria: not stated

Baseline lung function: not stated

Inclusion criteria: known COPD patients presenting with an exacerbation

Exclusion criteria: not stated

Interventions Intervention: intravenous infusion of 1.2 g magnesium sulfate over 20 minutes

Comparator: intravenous infusion of normal saline as placebo

Concomitant medications: standard treatment

Outcomes Modified Borg dyspnoea score, length of inpatient stay

Notes Abstract only; full text not available.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: only described as a randomised study, without details

Allocation concealment
(selection bias)

Unclear risk Comment: only described as a randomised study, without details

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Comment: only described as a double-blind study, without details

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: only described as a double-blind study, without details

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: no details provided, no full-text publication

Selective reporting (re-
porting bias)

Unclear risk Comment: trial protocol was not accessible; unclear if all the outcomes were
reported as planned.

Other bias High risk Comment: as there is no full-text publication of this study, publication bias
cannot be excluded

Hogg 2004  (Continued)
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Study characteristics

Methods Study design: phase 3 randomised double-blind placebo-controlled trial with parallel assignment

Number of study centres and location: single centre; Imam Khomeini Hospital in Sari, Mazandaran
Province, Iran

Study setting: emergency department (ED)

Withdrawals: stated

Date of study: September 2016 to February 2018

Participants Number screened: 72
Number randomised: 60
Number in treatment group: 30
Number in placebo group: 30
Mean age (years): 62.9 (SD 7.3) (magnesium); 65.8 (SD 3.1) (placebo)

Gender (male/female): 5/25 (magnesium); 9/21 (placebo)

Diagnostic criteria: physician diagnosed

Disease duration of less than 5 years (n): 20 (magnesium); 18 (placebo)

Smoking history

Current smokers: 16 (magnesium); 17 (placebo)

Inclusion criteria: adults with known clinically diagnosed moderate COPD (FEV1/FVC < 70%, 30 < FEV1 <

50, often symptomatic with shortness of breath) with the acute attack symptoms including changes in
the severity of shortness of breath, cough, and sputum volume

Exclusion criteria

• required tracheal intubation or noninvasive ventilation on admission to ED

• had a history of cardiac disease

• were not able to cooperate or undergo spirometry and with reduced level of consciousness

• were pregnant

• had diseases that mimic the clinical features of COPD such as pneumonia, pleural or pericardial effu-
sion, pneumothorax, heart failure, renal failure, sepsis, or a past history suggestive of asthma.

• use of intravenous magnesium sulfate in the past 24 hours

• systolic blood pressure < 100mmHg

• using medications that contain magnesium

• presence of hyperkalaemia or hypocalcaemia with ECG abnormalities

• respiratory rate < 16

• use of magnesium hydroxide or aluminium-magnesium hydroxide syrups during the past 24 hours.

Interventions Intervention: intravenous infusion of magnesium sulfate (2 g in 100 mL of normal saline) over 30 min-
utes

Placebo: intravenous infusion of 0.9% normal saline (100 mL) over 30 minutes

After receiving standard treatment for COPD exacerbation:

• nasal-cannula oxygen therapy (2 to 3 L/min);

• inhaled salbutamol and ipratropium (6 puLs every 20 minutes for a maximum of 3 times);

• intravenous hydrocortisone (100 mg).
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Outcomes FEV1, RR, PR, SpO2 and 0 to 10 Borg dyspnoea scale at 45 minutes and 6 hours after the commence-

ment of intervention

Notes Funding for studies: Clinical Research Development Unit of Imam Khomeini Hospital, Mazandaran Uni-
versity of Medical Sciences, Sari, Iran

Conflicts of interest of trial authors: declared none

Clinical Trials Registry: IRCT20150315021480N8 (Iranian Registry of Clinical Trials Database)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was done using a computer-generated random numbering
system with the help of a nurse who was blinded to the study groups.

Allocation concealment
(selection bias)

Low risk Randomisation was done using a sealed envelope technique with the help of a
nurse who was blinded to the study groups.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk All drugs were prepared in syringes in the same size, colour, volume, and
shape. The syringes were labelled as A or B by a pharmacist and were admin-
istered by a nurse. Particpants were unaware of the type of medication they
were receiving.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk No details provided for outcome assessment.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk There were no dropouts from either arm.

Selective reporting (re-
porting bias)

Low risk Trial was registered on website, all outcome measures were reported as
planned. Moreover, the authors stated their willingness to share the data upon
request.

Other bias Low risk None identified.

Jahanian 2021  (Continued)

 
 

Study characteristics

Methods Study design: randomised double-blind placebo-controlled trial

Number of study centres and location: single centre; Emam Reza hospital in north-east of Iran, affiliat-
ed with Mashhad University of Medical Sciences

Study setting: emergency department (ED)

Withdrawals: stated

Date of study: October 2017 to March 2018

Participants Number screened: 167
Number randomised: 77
Number in treatment group: 39
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Number in placebo group: 38

Mean age (years): 71.9 (SD 7) (magnesium); 69.8 (SD 8.2) (placebo)

Gender (male/female): 20/19 (magnesium); 22/16 (placebo)

Diagnostic criteria: physician diagnosed

Baseline lung function:

Mean PEFR at presentation (% of predicted): 27.3 (magnesium); 28.1 (placebo)

Smoking history

Current smokers: 5 (magnesium); 7 (placebo)

Ex smokers: 19 (magnesium); 20 (placebo)

Non-smokers: 15 (magnesium); 11 (placebo)

Inclusion criteria: adults with the initial diagnosis of AECOPD

Exclusion criteria: people who:

• need immediate endotracheal intubation or mechanical ventilation;

• were haemodynamically unstable;

• were uncooperative or unable to perform peak flow meter;

• were pregnant;

• had other conditions or complications contributing to dyspnoea, such as pneumonia, pleural or peri-
cardial effusion, pneumothorax, heart failure, renal failure, sepsis, or a past history suggestive of asth-
ma.

Interventions Intervention: intravenous infusion of 2.5 g of MgSO4 (5 mL of 50% solution) in 50 mL of normal saline

over 15 minutes

Comparator: intravenous infusion of 5 mL sterile water in 50 mL of normal saline over 15 minutes as
placebo

Concomitant medications: standard treatment with supplemental oxygen to maintain SpO2 > 90%,

nebulized salbutamol, nebulized ipratropium, IV hydrocortisone, IV ceftriaxone and oral azithromycin

Outcomes Primary outcomes

• changes in PEFR

• DSS

• RR

Secondary outcomes

• need for endotracheal intubation after randomisation

• ED discharge rate

Notes Funding for studies: Mashhad University of Medical Sciences

Conflicts of interest of trial authors: declared none

Clinical Trials Registry: IRCT2014111519962N1

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomisation was performed by block randomisation (blocks of 4)
by a third party."

Allocation concealment
(selection bias)

Low risk Quote: "patients were randomly allocated to either group A (MgSO4) or group
B (placebo) by a third party process so that patients and researchers were un-
aware of allocation."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "Patients, treating physician, and investigators were blinded to the
treatment. A nurse who was not involved in patients’ care prepared the
MgSO4/placebo vials by filling similarly appearing vials with 5 mL of MgSO4
(50% solution) or sterile water daily and kept the codes for content of each
bottle in a log not accessible by the investigators until the completion of the
study"

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Comment: "Participant, care provider, investigator and outcome assessor"
were masked.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comments: 4 participants lost to follow-up (5.2 %), reasons not provided.

Selective reporting (re-
porting bias)

Low risk Comment: trial was registered on website, all outcomes were reported as
planned.

Other bias Low risk Comment: no other apparent biases identified.

Moradi 2021  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blind, parallel-group, placebo-controlled trial

Number of study centres and location: single centre; Palmerston North Hospital, New Zealand

Study setting: emergency department (ED)

Withdrawals: stated

Date of study: July and October 2013

Participants Number screened: 37
Number randomised: 33

Numbers in treatment group: 14
Number in placebo group: 19

Numbers of withdrawals: 1 (magnesium), 2 (placebo)
Numbers completing trial: 13 (magnesium), 17 (placebo)
Number included in analysis: 30

Mean age SD (years): 76.1 (SD 12.47) (magnesium), 72.9 (SD 9.39) (placebo)

Gender (male/female): 11/2 (magnesium), 10/7 (placebo)

Diagnostic criteria: clinically by the attending physician who was not one of the investigators

Baseline lung function
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Mean FEV1 at presentation: 0.637 L (magnesium); 0.691 L (placebo)

Number of participants with FEV1 at presentation < 50% of predicted: 13 (magnesium); 17 (placebo)

Smoking history

Mean amount of smoking (pack-years): 40.0 (magnesium); 38.8 (placebo)

Current smokers: 4 (magnesium); 5 (placebo)

Never smokers: 1 (magnesium); 1 (placebo)

Serum magnesium level (mmol/L) mean/SD: 0.79/0.1 (magnesium); 0.78/0.1 (placebo)

Inclusion criteria: non-infective and infective cases of AECOPD in people above the age of 35 years, who
had a previously documented diagnosis of COPD by either their general practitioner or in-hospital res-
piratory specialists

Exclusion criteria:

• people requiring mechanical ventilation or NIV at presentation;

• anyone who was unable to do spirometry or had evidence of pneumothorax or hypotension or any
other serious medical condition that would prevent their participation;

• responders or ‘asthma-type’ COPD patients;

• those with a history of asthma.

Interventions Intervention: 2 g IV magnesium sulphate made up to 20 mL in 0.9% sodium chloride solution (saline) +
standard therapy

Comparator: 20 ml of IV saline as placebo + standard therapy

Concomitant medications

5 mg of nebulised salbutamol

Standard therapy
5 mg salbutamol and 500 mcg ipratropium

Bromide by jet nebulisation
• 60 mg of oral prednisone or 100 mg of IV hydrocortisone
• Oxygen: 2 L per min via nasal prongs if the patient’s pulse oximetry revealed saturations of < 90%

Outcomes Primary outcomes

percentage change in FEV1 and FVC at 0, 60 and 120 minutes

Secondary outcomes:

• hospital admission;

• episodes of NIV/mechanical ventilation;

• length of stay.

Notes Funding for studies: Midcentral District Health Board, Palmerston North, New Zealand.

Conflicts of interest of trial authors: declared "nil"

The trial was registered with Australian New Zealand Clinical Trials Registry: (ANZCTR) (AC-
TRN12613000837729).

Risk of bias

Bias Authors' judgement Support for judgement

Mukerji 2015  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk Quote: "The senior ED pharmacist performed block randomisation. A block
size of 20 was used with a 1:1 allocation ratio"

Allocation concealment
(selection bias)

Low risk Quote: "The senior ED pharmacist provided identical numbered pre-made sy-
ringes with either trial drug or placebo"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "The senior ED pharmacist provided identical pre-made syringes with
either trial drug or placebo, as per randomisation, to maintain investigator
and patient masking"

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Comment: participants, investigators, outcome assessors were all masked.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Comment: attrition rates were similar in both groups (7.1% vs 5.2%).

Selective reporting (re-
porting bias)

Low risk Comment: trial was registered on website, all outcome measures were report-
ed as planned.

Other bias Low risk Comments: no other apparent biases identified.

Mukerji 2015  (Continued)

 
 

Study characteristics

Methods Study design: randomised, double-blind, controlled trial

Number of study centres and location: 2; Fattouma Bourguiba University Hospital (Monastir, Tunisia)
and Tahar Sfar University Hospital (Mahdia, Tunisia)

Study setting: emergency department (ED)

Withdrawals: stated

Date of study: January 2005 and June 2007

Participants Number screened: 208
Number randomised: 124
Numbers in treatment group: 62
Number in placebo group: 62
Numbers of withdrawals: 2 (magnesium); 2 (ipratropium)
Numbers completing trial: 60 (magnesium); 60 (ipratropium)

Number included in analysis: 62 (magnesium); 62 (ipratropium)

Mean age (years): 69.2 (SD 8.6) (magnesium), 68.9 (SD 7.8) (ipratropium)

Gender (male/female): 48/14 (magnesium), 47/15 (ipratropium)

Diagnostic criteria: clinical

Smoking history: current smokers: 58 (magnesium); 52 (ipratropium)

Hospitalisation for COPD within the last year, n (%): 3.6 (2.4) (magnesium); 3.1 (1.7) (ipratropium)

Inclusion criteria:

Nouira 2014 
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• 40 years or older;

• known or suspected COPD based on pulmonary function test, arterial blood gas, clinical history, phys-
ical examination, and chest radiograph;

• have criteria of acute exacerbation as: worsening of dyspnoea within 2 weeks and PaCO2 > 45 mmHg

and at least 2 of the following criteria:
◦ respiratory rate > 24/min;

◦ arterial pH < 7.35;

◦ PaO2 < 50 mmHg under room air.

Exclusion criteria:

• hypersensitivity to anticholinergics and to magnesium sulfate;

• those who received anticholinergics within 6 hours before ED admission;

• systolic arterial pressure < 90 mmHg or need of vasoactive drugs;

• those who required immediate endotracheal intubation.

Interventions Intervention: magnesium sulfate 150 mg in 4 mL of normal saline delivered via aerosol mask at 10 L/
min driven by pressurised air plus IV magnesium sulfate 1.5 g in 10 mL, followed by 4 doses of magne-
sium sulfate with terbutaline at 30 min apart

Comparator: ipratropium bromide 0.5 mg in 3 mL of normal saline delivered via aerosol mask at 10 L/
min driven by pressurised air plus IV 10 mL of normal saline as placebo, followed by 4 doses of nebu-
lized ipratropium bromide with terbutaline at 30 min apart

Concomitant medications: standard treatment consisting of intravenous methylprednisolone, par-
enteral fluid therapy, antibiotics, and nebulised terbutaline 5 mg in 4 mL of normal saline

Outcomes Primary outcomes

• hospital admission

• need for endotracheal intubation

• hospital death rates

Secondary outcomes

• improvement in PEFR, dyspnoea score, PaCO2

• hospital length of stay

• incidence of adverse events

Notes Funding for studies: University of Monastir

Conflicts of interest of trial authors: not described; proposal was approved by the Ethic committee

Clinical Trials Registry: NCT01136421

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "treatment preparation and allocation were performed by the hospital
pharmacy in random sequence using a random table"

Allocation concealment
(selection bias)

Unclear risk Comment: not reported in detail.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "patients were assigned in a randomised double-blind fashion; treat-
ment preparation performed by the hospital pharmacy were kept identical in
their appearance"

Nouira 2014  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Comment: masking includes participant, care provider, investigator and out-
comes assessor.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Comment: there were no dropouts from the study arms.

Selective reporting (re-
porting bias)

Unclear risk Comment: trial was registered on website; however, outcomes were not pro-
vided on the website so unclear if all outcomes were reported as planned.

Other bias Low risk Comment: no other apparent biases identified.

Nouira 2014  (Continued)

 
 

Study characteristics

Methods Study design:randomised controlled trial

Number of study centres and location: Iran

Study setting: emergency department (ED)

Withdrawals: not stated

Date of study: not stated

Participants Number randomised: 34

Numbers in treatment group: 17

Number in placebo group: 17

Mean age: not stated

Gender: 16 male; 18 female

Diagnostic criteria: not stated

Baseline lung function: not stated

Smoking history: not stated

Inclusion criteria: acute exacerbation of COPD

Exclusion criteria: not stated

Interventions Intervention: standard treatment plus 2 g of IV magnesium sulfate

Comparator: standard treatment plus placebo

Outcomes Admission rate, intubation rate, changes in PEFR, SpO2 and dyspnoea severity score

Notes Funding for studies: not provided

Conflicts of interest of trial authors: not declared

Abstract only; full text not available

Pishbin 2018 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: stated as "randomly allocated into two groups" without further in-
formation.

Allocation concealment
(selection bias)

Unclear risk Comment: stated as "randomly allocated into two groups" without further in-
formation.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Comment: no details provided for blinding.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: no details provided for blinding

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: no information on withdrawals.

Selective reporting (re-
porting bias)

Unclear risk Comment: abstract only, protocol not available, so unclear if outcomes were
reported as planned.

Other bias High risk Comment: there is no full-text publication of this study; publication bias can-
not be excluded

Pishbin 2018  (Continued)

 
 

Study characteristics

Methods Study design: double-blind randomised controlled trial

Number of study centres and location: 2; Edward Hines Jr. Veterans Affairs Hospital, Hines, Illinois and
Augusta (GA) Veterans Affairs Medical Center

Study setting: emergency department (ED)

Withdrawals: not stated

Date of study: not stated

Participants Number randomised: 72
Numbers in treatment group: 36
Number in placebo group: 36

Mean age (years): 62.8 (SD 9.0) (magnesium); 66.5 (SD 7.3) (placebo)

Gender (male/female): 35/1 (magnesium); 35/1 (placebo)

Diagnostic criteria: ATS

Mean duration of COPD (years): 11 (SD 10.6) (magnesium); 11 (SD 13) (placebo)

Baseline lung function:

Mean PEFR at presentation (L/min): 122.8 (magnesium); 119.7 (placebo)

Skorodin 1995 
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Smoking history:

Mean duration of smoking (years): 39.7 (magnesium); 39.5 (placebo)

Serum magnesium level (mmol/L) mean: 0.94 (SD 0.16) (magnesium); 0.98 (SD 0.16) (placebo)

Inclusion criteria: people aged 35 years or older who presented with acute exacerbation of COPD

Exclusion criteria:

• temperature > 37.9º C;

• systolic blood pressure < 100 mmHg;

• history of kidney disease;

• clinical evidence of pneumonia;

• initial PEFR > 250 L/min.

Interventions Intervention: IV 1.2 g of magnesium sulfate in 150 mL of normal saline over 20 minutes

Comparator: IV 2.5 mL of saline in 150 mL of normal saline over 20 minutes as placebo

Concomitant medications:

• nebulised albuterol 2.5 mg in 3 mL of normal saline;

• supplemental oxygen 2L/min via nasal cannula if SpO2 less than 88%;

• standard treatment.

Outcomes Dyspnoea score, PEFR, hospital admission, emergency department visit in next two weeks, MIP and
MEP

Notes Funding for studies: Veterans Affair Health Services Research & Development grant 90-091; magnesium
sulfate was donated by Abbot Lab

Conflicts of interest of trial authors: not declared

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: stated as "coded from a randomised list", with no elaboration on
how sequence generation was performed.

Allocation concealment
(selection bias)

Low risk Quote: "placebo and magnesium sulfate solutions were prepackaged and cod-
ed from a randomised list"

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "randomised in a double-blind fashion"

Quote: "placebo and magnesium sulfate solutions were prepackaged in iden-
tical vials in the pharmacy and added to the normal saline in the pharmacy be-
fore delivery to the emergency department"

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: no details provided for outcome assessment.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Comment: there were no dropouts from the study arms.

Selective reporting (re-
porting bias)

Unclear risk Comment: unclear if all outcomes were reported as planned since trial proto-
col was not available.

Skorodin 1995  (Continued)
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Other bias Low risk Comment: no other apparent biases identified.

Skorodin 1995  (Continued)

 
 

Study characteristics

Methods Study design: double-blind randomised controlled trial

Number of study centres and location: single centre; Imam Hussein Hospital affiliated to Shahid Be-
heshti University of Medical Sciences in Eastern Tehran, Iran

Study setting: emergency department (ED)

Withdrawals: not stated

Date of study: not stated

Participants Number randomised: 30
Numbers in treatment group: 15
Number in placebo group: 15
Mean age (years): 67 (SD 10) (magnesium), 70 (SD 8) (placebo)

Gender (male/female): 11/4 (magnesium), 10/5 (placebo)

Diagnostic criteria: not stated

Baseline lung function:

Baseline mean FEV1 (% of predicted): 26 (magnesium); 35 (placebo)

Baseline mean PEFR (L/min): 126 (magnesium); 142 (placebo)

Smoking history:

Mean amount of smoking (pack-years): 23 (magnesium); 22 (placebo)

History of admission, n (%): 9 (60) (magnesium); 10 (67) (placebo)

Serum magnesium level (mEq/L) mean/SD: 2.11/0.28 (magnesium); 2.05/0.40 (placebo)

Inclusion criteria: 40 years or older with COPD exacerbation

Exclusion criteria:

• patients with contraindications for use of IV magnesium sulfate;

• patients unable to perform spirometry;

• presence of pneumonia;

• oral temperatures of 38 °C or more;

• systolic blood pressure < 100 mmHg.

Interventions Intervention: 2 g of magnesium sulfate diluted in 100 ml normal saline, infused over 20 min, concurrent
with standard treatment

Comparator: placebo of 100 mL normal saline with standard treatment

Concomitant medications:

• standard treatment

• oxygen for appropriate SpO2

• salbutamol 2 puLs every 6 hours

Solooki 2014 
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• ipratropium bromide 2 puLs every 6 hours

• IV methylprednisolone 60 mg every 12 hours

• azithromycin 500 mg first day then 250 mg/day for 4 days

Outcomes PEFR, FEV1, SaO2, duration of hospital stay

Notes Funding: not mentioned

Conflicts of interest of trial authors: not explicitly described, but the proposal was approved by the re-
search ethic board

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Comment: stated as "patients were randomly divided" with no further details.

Allocation concealment
(selection bias)

Unclear risk Comment: stated as "randomised-control double blind study" with no further
details.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Comment: stated to be a double-blind study, but no further details provided.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: stated to be a double-blind study, but no further details provided.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Comment: there were no dropouts form the study arms.

Selective reporting (re-
porting bias)

Unclear risk Comment: study protocol was not available; unclear if all outcomes were re-
ported as planned.

Other bias Low risk Comment: no other apparent biases identified.

Solooki 2014  (Continued)

ABG: arterial blood gas; AECOPD: acute exacerbations of COPD; ATS: American Thoracic Society; BP: blood pressure; bpm: beats per
minute; COPD: chronic obstructive pulmonary disease; CXR: chest X-ray; DSS: Dyspnea Severity Score; ED: emergency department; ECG:
electrocardiogram; FEV1: forced expiratory volume in one second; FVC: forced vital capacity; HR: heart rate; ICU: intensive care unit; MIP:

maximal inspiratory pressure; MEP: maximal expiratory pressure; mmHg: millimetre of mercury; NIMV: noninvasive mechanical ventilation;
NIV: non-invasive ventilation; PaO2: partial pressure of arterial oxygen; PaCO2: partial pressure of arterial carbon dioxide; PEFR: peak

expiratory flow rate; PO: per oral; PR: pulse rate; RR: respiratory rate; SaO2: arterial oxygen saturation; SD: standard deviation; VAS: visual

analogue scale.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abreu 2006 cross-over design

ACTRN12608000502336 study of people with stable COPD

Magnesium sulfate for acute exacerbations of chronic obstructive pulmonary disease (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

48



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study Reason for exclusion

Ahmed 2020 study of intraoperative magnesium sulfate infusion in people with stable COPD

Amaral 2012 study in people with stable COPD

CTRI/2018/01/011354 2018 not an RCT

CTRI/2018/04/013309 2018 not an RCT

Fan 2015 study of magnesium sulfate inhalation versus alpha chymotrypsin atomisation inhalation

Friemann 1991 study of magnesium aspartate hydrochloride

ISRCTN65174202 2006 study was stopped due to participant recruitment issues

Jenner 2004 not an RCT

Marino 1999 cross-over trial

NCT01118936 2010 study in people with stable COPD

NCT02498496 2015 study was withdrawn due to financing delays

NCT02680769 2016 study in people with stable COPD

Schenk 2001 not an RCT

Skorodin 1998 study of magnesium sulfate and ipratropium bromide combination versus salbutamol and nor-
mal saline without magnesium sulfate monotherapy arm

Sternfeld 1994 not an RCT

Tagaya 2004 study in people with stable COPD

 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Nebulised magnesium sulfate treatment in acute exacerbation of chronic obstructive pulmonary
disease

Methods Study design: phase 2 to 3 randomised double-blind placebo-controlled trial of parallel assignment

Participants Inclusion criteria

1. known history of chronic obstructive pulmonary disease (COPD) based on previous clinical history
and spirometry;

2. presenting to emergency department with at least two of following symptoms: shortness of
breath, increase in the amount of sputum/purulent pattern of the sputum;

3. age > 40 years;

4. within 24 h of hospital admission;

5. smoking history > 20 pack-years;

Exclusion criteria

1. patient with unstable vital signs;

IRCT2016012420024N3 2016 
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2. intubated patient;

3. associated comorbidity (pneumothorax, pulmonary embolism, pneumonia, acute coronary syn-
drome, congestive heart failure, neuromuscular disease, active malignancy and etc.);

4. unconscious patient;

5. inability to perform spirometry;

6. nursing/pregnant women;

7. previous history of allergy to magnesium sulfate;

Age minimum: 40 years

Age maximum: no limit

Gender: both

Interventions Intervention: 2.5 mLmagnesium sulfate Vial 20% by nebulizer mask

Placebo: 2.5 mLsodium chloride 0.9%

Outcomes Primary outcomes

• Lung volumes

• Arterial oxygen saturation of haemoglobin

• COPD Assessment Test (CAT) questionnaire, Persian version

Secondary outcomes

• Duration of hospitalisation

Starting date 22 January 2016

Contact information Dr. Besharat Rahimi

Advanced Thoracic Research Cente, Imamkhomeini medical complex, Keshavarz blvd.Tehran Iran
(Islamic Republic of)

besharatrahimi@yahoo.com

Notes Sponsor: Vice chancellor for research, Tehran University of Medical Sciences

IRCT2016012420024N3 2016  (Continued)

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Intravenous magnesium sulfate + standard care versus placebo + standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Proportion of people with hos-
pital admissions (from the emer-
gency room)

3 170 Odds Ratio (M-H, Random,
95% CI)

0.45 [0.23, 0.88]

1.2 Proportion of people with need
for non-invasive ventilation (NIV)

2 107 Odds Ratio (M-H, Random,
95% CI)

0.74 [0.31, 1.75]

1.3 Length of hospital stay (days) 2 54 Mean Difference (IV, Random,
95% CI)

-2.70 [-4.73, -0.66]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.4 Proportion of people with ad-
verse events

2 102 Peto Odds Ratio (Peto, Fixed,
95% CI)

0.14 [0.02, 1.00]

1.5 Change in SpO 2 (%) 1   Mean Difference (IV, Random,
95% CI)

Totals not selected

1.6 FEV 1 change from baseline at

60 min (L)

1   Mean Difference (IV, Random,
95% CI)

Totals not selected

1.7 FEV 1 at 45 min (mL) 1   Mean Difference (IV, Random,
95% CI)

Totals not selected

1.8 Change in PEFR (L/min) 2 102 Mean Difference (IV, Random,
95% CI)

9.12 [-6.20, 24.44]

1.9 Change in PEFR (% predicted) 1   Mean Difference (IV, Random,
95% CI)

Totals not selected

1.10 Change in dyspnoea score 2 101 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-1.40 [-1.83, -0.96]

 
 

Analysis 1.1.   Comparison 1: Intravenous magnesium sulfate + standard care versus placebo +
standard care, Outcome 1: Proportion of people with hospital admissions (from the emergency room)

Study or Subgroup

Moradi 2021
Mukerji 2015
Skorodin 1995

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.21, df = 2 (P = 0.90); I² = 0%
Test for overall effect: Z = 2.34 (P = 0.02)
Test for subgroup differences: Not applicable

Magnesium sulfate
Events

14
11
9

34

Total

39
13
32

84

Placebo
Events

22
16
13

51

Total

38
17
31

86

Weight

52.7%
7.0%

40.3%

100.0%

Odds Ratio
M-H, Random, 95% CI

0.41 [0.16 , 1.02]
0.34 [0.03 , 4.27]
0.54 [0.19 , 1.55]

0.45 [0.23 , 0.88]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours magnesium sulfate Favours placebo

Risk of Bias
A

+
+
?

B

+
+
+

C

+
+
+

D

+
+
?

E

?
+
+

F

+
+
?

G

+
+
+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
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Analysis 1.2.   Comparison 1: Intravenous magnesium sulfate + standard care versus placebo +
standard care, Outcome 2: Proportion of people with need for non-invasive ventilation (NIV)

Study or Subgroup

Moradi 2021
Mukerji 2015

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.14, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Not applicable

Magnesium sulfate
Events

18
0

18

Total

39
13

52

Placebo
Events

20
1

21

Total

38
17

55

Weight

93.1%
6.9%

100.0%

Odds Ratio
M-H, Random, 95% CI

0.77 [0.32 , 1.89]
0.41 [0.02 , 10.83]

0.74 [0.31 , 1.75]

Odds Ratio
M-H, Random, 95% CI

0.001 0.1 1 10 1000
Favours magnesium sulfate Favours placebo

 
 

Analysis 1.3.   Comparison 1: Intravenous magnesium sulfate + standard care
versus placebo + standard care, Outcome 3: Length of hospital stay (days)

Study or Subgroup

Hogg 2004
Mukerji 2015

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.14, df = 1 (P = 0.71); I² = 0%
Test for overall effect: Z = 2.60 (P = 0.009)
Test for subgroup differences: Not applicable

Magnesium sulfate
Mean

4.27
3.18

SD

1.6281
3.19

Total

12
13

25

Placebo
Mean

7.33
5.47

SD

4.6765
5.03

Total

12
17

29

Weight

52.6%
47.4%

100.0%

Mean Difference
IV, Random, 95% CI

-3.06 [-5.86 , -0.26]
-2.29 [-5.24 , 0.66]

-2.70 [-4.73 , -0.66]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours magnesium sulfate Favours placebo

 
 

Analysis 1.4.   Comparison 1: Intravenous magnesium sulfate + standard care versus
placebo + standard care, Outcome 4: Proportion of people with adverse events

Study or Subgroup

Mukerji 2015
Skorodin 1995

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.02, df = 1 (P = 0.90); I² = 0%
Test for overall effect: Z = 1.96 (P = 0.05)
Test for subgroup differences: Not applicable

Magnesium sulfate
Events

0
0

0

Total

13
36

49

Placebo
Events

1
3

4

Total

17
36

53

Weight

25.2%
74.8%

100.0%

Peto Odds Ratio
Peto, Fixed, 95% CI

0.17 [0.00 , 8.94]
0.13 [0.01 , 1.27]

0.14 [0.02 , 1.00]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.002 0.1 1 10 500
Favours magnesium sulfate Favours placebo

 
 

Analysis 1.5.   Comparison 1: Intravenous magnesium sulfate + standard
care versus placebo + standard care, Outcome 5: Change in SpO 2 (%)

Study or Subgroup

Moradi 2021

Magnesium sulfate
Mean

8.74

SD

4.35

Total

39

Placebo
Mean

8.42

SD

3.92

Total

38

Mean Difference
IV, Random, 95% CI

0.32 [-1.53 , 2.17]

Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours placebo Favours magnesium sulfate
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Analysis 1.6.   Comparison 1: Intravenous magnesium sulfate + standard care versus
placebo + standard care, Outcome 6: FEV 1 change from baseline at 60 min (L)

Study or Subgroup

Mukerji 2015

Magnesium sulfate
Mean

0.046

SD

0.052

Total

13

Placebo
Mean

0.043

SD

0.067

Total

17

Mean Difference
IV, Random, 95% CI

0.00 [-0.04 , 0.05]

Mean Difference
IV, Random, 95% CI

-0.05 -0.025 0 0.025 0.05
Favours placebo Favours magnesium sulfate

 
 

Analysis 1.7.   Comparison 1: Intravenous magnesium sulfate + standard
care versus placebo + standard care, Outcome 7: FEV 1 at 45 min (mL)

Study or Subgroup

Jahanian 2021

Magnesium sulfate
Mean

58.06

SD

5.75

Total

30

Placebo
Mean

55.96

SD

6.08

Total

30

Mean Difference
IV, Random, 95% CI

2.10 [-0.89 , 5.09]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours placebo Favours magnesium sulfate

 
 

Analysis 1.8.   Comparison 1: Intravenous magnesium sulfate + standard
care versus placebo + standard care, Outcome 8: Change in PEFR (L/min)

Study or Subgroup

Skorodin 1995
Solooki 2014

Total (95% CI)
Heterogeneity: Tau² = 68.48; Chi² = 2.25, df = 1 (P = 0.13); I² = 56%
Test for overall effect: Z = 1.17 (P = 0.24)
Test for subgroup differences: Not applicable

Magnesium sulfate
Mean

25.1
7

SD

35.7
19

Total

36
15

51

Placebo
Mean

7.4
5

SD

33.3
17

Total

36
15

51

Weight

45.4%
54.6%

100.0%

Mean Difference
IV, Random, 95% CI

17.70 [1.75 , 33.65]
2.00 [-10.90 , 14.90]

9.12 [-6.20 , 24.44]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours placebo Favours magnesium sulfate

 
 

Analysis 1.9.   Comparison 1: Intravenous magnesium sulfate + standard care
versus placebo + standard care, Outcome 9: Change in PEFR (% predicted)

Study or Subgroup

Moradi 2021

Magnesium sulfate
Mean

15.67

SD

3.35

Total

39

Placebo
Mean

5.03

SD

6.29

Total

38

Mean Difference
IV, Random, 95% CI

10.64 [8.38 , 12.90]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours placebo Favours magnesium sulfate
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Analysis 1.10.   Comparison 1: Intravenous magnesium sulfate + standard
care versus placebo + standard care, Outcome 10: Change in dyspnoea score

Study or Subgroup

Hogg 2004
Moradi 2021

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.52, df = 1 (P = 0.47); I² = 0%
Test for overall effect: Z = 6.23 (P < 0.00001)
Test for subgroup differences: Not applicable

Magnesium sulfate
Mean

-2.33
-3.69

SD

0.9699
1.07

Total

12
39

51

Placebo
Mean

-1.08
-2.05

SD

1.1778
1.11

Total

12
38

50

Weight

25.3%
74.7%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-1.12 [-1.99 , -0.25]
-1.49 [-2.00 , -0.98]

-1.40 [-1.83 , -0.96]

Std. Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours magnesium sulfate Favours placebo

 
 

Comparison 2.   Nebulised magnesium sulfate + standard care versus placebo + standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Proportion of people with hospi-
tal admissions (from the emergency
room)

1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

2.2 Proportion of people who need
ICU admission

2 281 Odds Ratio (M-H, Random,
95% CI)

0.39 [0.15, 1.00]

2.3 Proportion of people who need
ventilatory support (non-invasive
ventilation or assisted ventilation)

1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

2.4 Length of hospital stay (days) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

2.5 All-cause mortality 1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

2.6 FEV 1 at 60 min (L) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

2.7 PEFR change from baseline at 60
min (L/min)

1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

2.8 PEFR at 60 min (L/min) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

2.9 Change in dyspnoea score 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

2.10 Change in SaO 2 (%) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed
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Analysis 2.1.   Comparison 2: Nebulised magnesium sulfate + standard care versus placebo + standard
care, Outcome 1: Proportion of people with hospital admissions (from the emergency room)

Study or Subgroup

Edwards 2013

Magnesium sulfate
Events

43

Total

48

Placebo
Events

56

Total

61

Odds Ratio
M-H, Random, 95% CI

0.77 [0.21 , 2.82]

Odds Ratio
M-H, Random, 95% CI

0.1 0.2 0.5 1 2 5 10
Favours magnesium sulfate Favours placebo

 
 

Analysis 2.2.   Comparison 2: Nebulised magnesium sulfate + standard care versus
placebo + standard care, Outcome 2: Proportion of people who need ICU admission

Study or Subgroup

Bajracharya 2021
Edwards 2013

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 1.97 (P = 0.05)
Test for subgroup differences: Not applicable

Magnesium sulfate
Events

7
0

7

Total

86
48

134

Placebo
Events

16
0

16

Total

86
61

147

Weight

100.0%

100.0%

Odds Ratio
M-H, Random, 95% CI

0.39 [0.15 , 1.00]
Not estimable

0.39 [0.15 , 1.00]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours magnesium sulfate Favours placebo

 
 

Analysis 2.3.   Comparison 2: Nebulised magnesium sulfate + standard care versus placebo + standard care,
Outcome 3: Proportion of people who need ventilatory support (non-invasive ventilation or assisted ventilation)

Study or Subgroup

Bajracharya 2021

Experimental
Events

0

Total

86

Control
Events

1

Total

86

Odds Ratio
M-H, Random, 95% CI

0.33 [0.01 , 8.20]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours magneisum sulfate Favours placebo

 
 

Analysis 2.4.   Comparison 2: Nebulised magnesium sulfate + standard care
versus placebo + standard care, Outcome 4: Length of hospital stay (days)

Study or Subgroup

Comert 2016

Magnesium sulfate
Mean

9.4

SD

4.8

Total

10

Placebo
Mean

10.2

SD

3.9

Total

10

Mean Difference
IV, Random, 95% CI

-0.80 [-4.63 , 3.03]

Mean Difference
IV, Random, 95% CI

-10 -5 0 5 10
Favours magnesium sulfate Favours placebo

 
 

Magnesium sulfate for acute exacerbations of chronic obstructive pulmonary disease (Review)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

55



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.5.   Comparison 2: Nebulised magnesium sulfate + standard
care versus placebo + standard care, Outcome 5: All-cause mortality

Study or Subgroup

Bajracharya 2021

Experimental
Events

0

Total

86

Control
Events

1

Total

86

Odds Ratio
M-H, Random, 95% CI

0.33 [0.01 , 8.20]

Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours magnesium sulfate Favours placebo

 
 

Analysis 2.6.   Comparison 2: Nebulised magnesium sulfate + standard
care versus placebo + standard care, Outcome 6: FEV 1 at 60 min (L)

Study or Subgroup

Edwards 2013

Magnesium sulfate
Mean

0.76

SD

0.31

Total

48

Placebo
Mean

0.81

SD

0.31

Total

61

Mean Difference
IV, Random, 95% CI

-0.05 [-0.17 , 0.07]

Mean Difference
IV, Random, 95% CI

-0.2 -0.1 0 0.1 0.2
Favours placebo Favours magnesium sulfate

 
 

Analysis 2.7.   Comparison 2: Nebulised magnesium sulfate + standard care versus
placebo + standard care, Outcome 7: PEFR change from baseline at 60 min (L/min)

Study or Subgroup

Comert 2016

Magnesium sulfate
Mean

8.6

SD

17.5

Total

10

Placebo
Mean

1

SD

8.2

Total

10

Mean Difference
IV, Random, 95% CI

7.60 [-4.38 , 19.58]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours placebo Favours magnesium sulfate

 
 

Analysis 2.8.   Comparison 2: Nebulised magnesium sulfate + standard
care versus placebo + standard care, Outcome 8: PEFR at 60 min (L/min)

Study or Subgroup

Bajracharya 2021

Magnesium sulfate
Mean

97.6

SD

19.1

Total

86

Placebo
Mean

90.2

SD

18.3

Total

86

Mean Difference
IV, Random, 95% CI

7.40 [1.81 , 12.99]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours placebo Favours magnesium sulfate

 
 

Analysis 2.9.   Comparison 2: Nebulised magnesium sulfate + standard care
versus placebo + standard care, Outcome 9: Change in dyspnoea score

Study or Subgroup

Comert 2016

Magnesium sulfate
Mean

-23.77

SD

13.58

Total

10

Placebo
Mean

-9.4

SD

12.95

Total

10

Mean Difference
IV, Random, 95% CI

-14.37 [-26.00 , -2.74]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours magnesium sulfate Favours placebo
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Analysis 2.10.   Comparison 2: Nebulised magnesium sulfate + standard
care versus placebo + standard care, Outcome 10: Change in SaO 2 (%)

Study or Subgroup

Comert 2016

Magnesium sulfate
Mean

2.9

SD

3.4

Total

10

Placebo
Mean

4

SD

4.5

Total

10

Mean Difference
IV, Random, 95% CI

-1.10 [-4.60 , 2.40]

Mean Difference
IV, Random, 95% CI

-4 -2 0 2 4
Favours placebo Favours magnesium sulfate

 
 

Comparison 3.   Magnesium sulfate versus standard care (ipratropium bromide)

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Proportion of people with hospi-
tal admissions (from the emergency
room)

1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

3.2 Proportion of people with the
need for endotracheal intubation

1   Odds Ratio (M-H, Random,
95% CI)

Totals not select-
ed

3.3 Length of hospital stay (days) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

3.4 All cause mortality 1   Peto Odds Ratio (Peto, Fixed,
95% CI)

Totals not select-
ed

3.5 Change in PEFR (L/min) 1   Mean Difference (IV, Random,
95% CI)

Totals not select-
ed

 
 

Analysis 3.1.   Comparison 3: Magnesium sulfate versus standard care (ipratropium bromide),
Outcome 1: Proportion of people with hospital admissions (from the emergency room)

Study or Subgroup

Nouira 2014

Magnesium sulfate
Events

27

Total

62

Ipratropium bromide
Events

20

Total

62

Odds Ratio
M-H, Random, 95% CI

1.62 [0.78 , 3.37]

Odds Ratio
M-H, Random, 95% CI

0.2 0.5 1 2 5
Favours magnesium sulfate Favours ipratropium
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Analysis 3.2.   Comparison 3: Magnesium sulfate versus standard care (ipratropium
bromide), Outcome 2: Proportion of people with the need for endotracheal intubation

Study or Subgroup

Nouira 2014

Magnesium sulfate
Events

11

Total

62

Ipratropium bromide
Events

7

Total

62

Odds Ratio
M-H, Random, 95% CI

1.69 [0.61 , 4.71]

Odds Ratio
M-H, Random, 95% CI

0.2 0.5 1 2 5
Favours magnesium sulfate Favours ipratropium

 
 

Analysis 3.3.   Comparison 3: Magnesium sulfate versus standard care
(ipratropium bromide), Outcome 3: Length of hospital stay (days)

Study or Subgroup

Nouira 2014

Magnesium sulfate
Mean

7.7

SD

3.5

Total

62

Ipratropium bromide
Mean

6.6

SD

4

Total

62

Mean Difference
IV, Random, 95% CI

1.10 [-0.22 , 2.42]

Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours magnesium sulfate Favours ipratropium

 
 

Analysis 3.4.   Comparison 3: Magnesium sulfate versus standard
care (ipratropium bromide), Outcome 4: All cause mortality

Study or Subgroup

Nouira 2014

Magnesium sulfate
Events

1

Total

62

Ipratropium bromide
Events

2

Total

62

Peto Odds Ratio
Peto, Fixed, 95% CI

0.51 [0.05 , 4.97]

Peto Odds Ratio
Peto, Fixed, 95% CI

0.02 0.1 1 10 50
Favours magnesium sulfate Favours ipratropium

 
 

Analysis 3.5.   Comparison 3: Magnesium sulfate versus standard
care (ipratropium bromide), Outcome 5: Change in PEFR (L/min)

Study or Subgroup

Nouira 2014

MD

32

SE

6.6328

Mean Difference
IV, Random, 95% CI

32.00 [19.00 , 45.00]

Mean Difference
IV, Random, 95% CI

-50 -25 0 25 50
Favours magnesium sulfate Favours ipratropium
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A D D I T I O N A L   T A B L E S

Study ID Study
centres

Study lo-
cation

Num-
ber ran-
domised

Intervention Comparison Concomitant treatment Hospitali-
sations
in the last
12
months, n
(%)

ICU ad-
mission in
the last 12
months

Serum mag-
nesium level:
mean (SD)

Ba-
jracharya
2021

Single Nepal 172 Nebulised MgSO4 +

Nebulised salbuta-
mol

Placebo +
nebulised
salbutamol

Oxygen, ipratropium, hy-
drocortisone

NR NR NR

Comert
2016

Single Turkey 20 Nebulised MgSO4 +

standard care

Placebo +
standard care

Oxygen, steroids, antibiotics
and ipratropium

MgSO4: 3

(30)

Placebo: 4
(40)

MgSO4: 0

Placebo: 0

NR

Edwards
2013

Two New
Zealand

116 Nebulised MgSO4 +

Nebulised salbuta-
mol

Placebo +
nebulised
salbutamol

Oxygen MgSO4: 1

Placebo: 1.3

NR mmol/L

MgSO4: 0.81

(0.08)

Placebo: 0.78
(0.10)

Hogg 2004 Single UK 24 IV MgSO4 infusion Placebo NR NR NR NR

Jahanian
2021

Single Iran 60 IV MgSO4 infusion Placebo Oxygen, inhaled salbuta-
mol and ipratropium, intra-
venous hydrocortisone

NR NR NR

Moradi
2021

Single Iran 77 IV MgSO4 infusion Placebo Oxygen, nebulised salbuta-
mol, nebulised
ipratropium, IV hydrocorti-
sone, IV antibiotics

NR NR NR

Mukerji
2015

Single New
Zealand

33 IV MgSO4 infusion Placebo Nebulised salbutamol NR NR mmol/L

MgSO4: 0.79

(0.1)

Placebo: 0.78
(0.1)

Table 1.   Overview of included studies 
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0

Nouira
2014

Two Tunisia 124 Nebulised MgSO4 +

IV MgSO4 infusion

Nebulised
ipratropium
+ IV normal
saline

IV methyl prednisolone, an-
tibiotics,
and nebulised terbutaline

MgSO4: 3.6

(2.4)

Ipratropi-
um: 3.1 (1.7)

NR NR

Pishbin
2018

Single Iran 34 IV MgSO4 infusion +

standard care

Placebo +
standard care

NR NR NR NR

Skorodin
1995

Two USA 72 IV MgSO4 infusion Placebo Nebulised albuterol NR NR mmol/L

MgSO4: 0.94

(0.16)

Placebo: 0.98
(0.16)

Solooki
2014

Single Iran 30 IV MgSO4 infusion

+ standard treat-
ment

Placebo +
standard
treatment

Bronchodilators, oxygen,
corticosteroid and antibi-
otics

MgSO4: 9

(60)
Placebo: 10
(67)

NR mEq/L

MgSO4: 2.11

(0.28)

Placebo: 2.05
(0.40)

Table 1.   Overview of included studies  (Continued)

Abbreviations: MgSO4: magnesium sulfate; NR: not reported
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A P P E N D I C E S

Appendix 1. Database search strategies

Cochrane Airways Register & CENTRAL (searched via Cochrane Register of Studies)

#1 MeSH DESCRIPTOR Pulmonary Disease, Chronic Obstructive Explode All
#2 MeSH DESCRIPTOR Bronchitis, Chronic
#3 (obstruct*) near3 (pulmonary or lung* or airway* or airflow* or bronch* or respirat*)
#4 COPD:MISC1
#5 (COPD OR AECOPD):TI,AB,KW
#6 #1 OR #2 OR #3 OR #4 OR #5
#7 MESH DESCRIPTOR Magnesium
#8 MESH DESCRIPTOR Magnesium Sulfate
#9 magnesium*:ti,ab,kw
#10 (MgSO4 or MG SO4):ti,ab,kw
#11 #7 OR #8 OR #9 OR #10
#12 #11 AND #6

MEDLINE (Ovid) ALL

1 Lung Diseases, Obstructive/
2 exp Pulmonary Disease, Chronic Obstructive/
3 emphysema$.tw.
4 (chronic$ adj3 bronchiti$).tw.
5 (obstruct$ adj3 (pulmonary or lung$ or airway$ or airflow$ or bronch$ or respirat$)).tw.
6 (COPD or AECOPD or AECB).ti,ab.
7 or/1-6
8 Magnesium/
9 Magnesium Sulfate/
10 magnesium$.tw.
11 (MgSO4 or MG SO4).tw.
12 or/8-11
13 7 and 12
14 (controlled clinical trial or randomized controlled trial).pt.
15 (randomized or randomised).ab,ti.
16 placebo.ab,ti.
17 dt.fs.
18 randomly.ab,ti.
19 trial.ab,ti.
20 groups.ab,ti.
21 or/14-20
22 Animals/
23 Humans/
24 22 not (22 and 23)
25 21 not 24
26 13 and 25

Embase (Ovid)

1 exp chronic obstructive lung disease/
2 obstructive airway disease/
3 (obstruct$ adj3 (pulmonary or lung$ or airway$ or airflow$ or bronch$ or respirat$)).tw.
4 (chronic$ adj3 bronchiti$).tw.
5 emphysema$.tw.
6 (COPD or AECOPD or AECB).ti,ab.
7 or/1-6
8 magnesium/
9 magnesium sulfate/
10 magnesium$.tw.
11 (MgSO4 or MG SO4).tw.
12 or/8-11
13 7 and 12
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14 Randomized Controlled Trial/
15 randomization/
16 controlled clinical trial/
17 Double Blind Procedure/
18 Single Blind Procedure/
19 Crossover Procedure/
20 (clinica$ adj3 trial$).tw.
21 ((singl$ or doubl$ or trebl$ or tripl$) adj3 (mask$ or blind$ or method$)).tw.
22 exp Placebo/
23 placebo$.ti,ab.
24 random$.ti,ab.
25 ((control$ or prospectiv$) adj3 (trial$ or method$ or stud$)).tw.
26 (crossover$ or cross-over$).ti,ab.
27 or/14-26
28 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/
29 human/ or normal human/ or human cell/
30 28 and 29
31 28 not 30
32 27 not 31
33 13 and 32

ClinicalTrials.gov

 

Search field Search terms

Study type Interventional

Condition COPD

Intervention magnesium

 

 
WHO ICTRP

 

Search field Search terms

Condition COPD

Intervention magnesium
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

In the protocol, we had defined adults as ≥ 40 years; however, three of the included studies in this review defined adults as ≥ 35 years
(Edwards 2013; Mukerji 2015; Skorodin 1995).

We could not compare between intravenous magnesium sulfate + standard care versus standard care as we identified no studies reporting
this comparison. We added the comparison of magnesium sulfate versus ipratropium bromide, which is the standard therapy of COPD
exacerbations. In data analysis, we used Peto OR for rare events. We could not perform subgroup and sensitivity analyses as planned in
the protocol as the trials did not report data on prespecified groups of people. We analysed oxygen saturation as both arterial (SaO2) and

peripheral (SpO2).

We edited two of the outcomes in the Methods section 'Summary of findings and assessment of the certainty of the evidence' to be more
specific: ‘arterial blood gas measurements (e.g. PaCO2)’ became oxygen saturation; and 'symptom scores, as measured by validated scales;
e.g. EXACT total score’ became dyspnoea.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Disease Progression;  Dyspnea  [drug therapy]  [etiology];  Ipratropium  [therapeutic use];  Magnesium  [therapeutic use];  *Magnesium
Sulfate  [adverse eLects];  *Pulmonary Disease, Chronic Obstructive  [drug therapy];  Randomized Controlled Trials as Topic

MeSH check words

Humans
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