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Abstract

Introduction: Magnesium sulfate has been extensively used to treat asthma exacerbations, but its efficacy remains question-
able in the chronic obstructive pulmonary disease (COPD) population. Objective is to compare the efficacy of intravenous (IV)
magnesium sulfate in COPD.

Material and methods: A systemic review search was conducted on PubMed, Embase, and the Central Cochrane Registry.
Randomized clinical trials were included with magnesium sulfate as an intervention arm in the COPD population. For continuous
variables, standardized mean difference (SMD) and difference in means (MD) were calculated. For discrete variables, the Man-
tel-Haenszel (MH) odds ratio was used. For effect sizes, a confidence interval of 95% was used. A p-value of less than 0.05 was
used for statistical significance. Analysis was done using both random and fixed effect models. Heterogeneity was evaluated
using the I statistic.

Results: Seven studies were included in the final analysis. In patients with acute exacerbations of COPD treated with IV mag-
nesium, a significant increase in forced expiratory volume in one second (FEV,) was observed (MD = 2.537 [0.717 to 4.357],
p = 0.006), as well as in peak expiratory flow rate (PEFR) (SMD = 1.073 [0.748 to 1.397], p < 0.001) using the fixed model.
Similarly, residual volume decreased significantly in the IV magnesium group (MD = -0.470 [-0.884 to -0.056], p = 0.026). The
hospitalization rate was also lower in the magnesium group, (MH odds ratio 0.453 [0.233 to 0.882], p = 0.020). No statistically
significant difference was noted in FEV, in the stable COPD population.

Conclusion: IV magnesium was associated with a favorable deviation of FEV, and PEFR, decreased residual volume, and de-
creased odds of admission in the COPD exacerbation population. Therefore, magnesium sulfate can be used as an adjunctive
therapy in the treatment of acute exacerbations of COPD.
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various subtypes, including chronic bronchitis,
chronic obstructive asthma, and emphysema [2].
Risk factors for COPD include smoking, air pol-

Introduction

“COPD is a common, preventable, and treat-
able disease that is defined as persistent respira-
tory symptoms and airflow limitation that is due
to airway and/or alveolar abnormalities usually
caused by significant exposure to noxious particles
or gases”, as per the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) [1]. COPD has

lutants, old age, female sex, genetic defects like
alpha-1 antitrypsin deficiency, poor socioeconom-
ic status, low birth weight, history of childhood
asthma, and recurrent severe lung infections [1].

COPD is a major growing cause of morbidity
and mortality globally [3]. COPD is the fourth
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most common cause of death worldwide, and
estimates extrapolate that it will be the third
most common cause by 2030 [4]. COPD causes
high healthcare resource utilization with frequent
hospitalizations due to acute exacerbations and
the need for chronic treatment [5].

GOLD suggests that COPD treatment should
be focused on improving both acute and chronic
symptoms, reducing exacerbations, and enhancing
patient function and quality of life, and that ther-
apy should be guided by disease severity [1]. The
standard of care maintenance therapy for COPD in-
cludes inhaled bronchodilators, such as -blockers
and muscarinic blockers, either alone or with the
addition of inhaled glucocorticoids. Nonphar-
macologic therapies such as smoking cessation,
nutrition, the pneumonia vaccine, and pulmonary
rehabilitation are also important [1].

Current guidelines recommend using
short-acting B-agonists, systemic glucocorticoid
therapy, short-acting muscarinic antagonists, and
antibiotics [1, 6]. The use of mucoactive agents,
methylxanthines, and chest physiotherapy has not
proven to be beneficial thus far, though prophylac-
tic N-acetylcysteine is associated with a decrease
in the incidence of COPD exacerbations [7, 8].

Magnesium sulfate has been used in both an
intravenous and nebulized form to manage severe
acute asthma exacerbations. However, the use
in severe COPD exacerbations has not been well
documented and studied so far. There is limited
evidence supporting nebulized or IV magnesium
sulfate efficacy in COPD exacerbations [9]. Hence,
we have performed a meta-analysis to study the
possible role of magnesium sulfate in COPD
patients.

Material and methods

Methodology

The databases accessed were the Cochrane
central registry of clinical trials, Embase, and
PubMed. The reference list of included studies
was also checked for any additional studies
missed in the initial search. Further, references
from included studies were also assessed for any
missed articles. Search terms used were chronic
obstructive pulmonary diseases, magnesium
sulfate, and COPD exacerbation. The deadline
for publication was set as December 20, 2020.

Inclusion and exclusion criteria
Papers were included, which:

— were randomized controlled trials with intra-
venous magnesium sulfate used as an inter-

vention in COPD patients with the standard
of care as the control arm;
— enrolled patients 18 years of age or older;
— were available in the English language, with-
out any restrictions regarding date or status
of publications.
Those papers which did not meet the above
criteria were excluded.

Trial selection and evaluation

Three authors independently reviewed all
articles and abstracts and excluded irrelevant
articles. The risk of bias for selected papers was
assessed using the Cochrane collaborative tool
and classified into high, uncertain, and low. Pub-
lication bias was assessed using Egger’s regression
intercept.

Data extraction

Information was extracted using a pre-spec-
ified extraction table. Information was extracted
from trials reading through text and tables, and
a second author reviewed the information col-
lected to ensure its accuracy. The extracted data
included the number of patients, post expiratory
flow rate (PEFR), forced expiratory volume in one
second (FEV,), residual volume, and admission
rate from the emergency department.

Statistical analysis

The meta-analysis was performed using
the comprehensive meta-analysis software ver-
sion 3. We calculated the mean difference for
continuous variables for treatment effect when
measurements were all made in the same unit
and scale. The standardized mean difference
was used in the case of PEFR as measurements
were made in different units. MH odd’s ratio was
calculated for discrete variables (admission rate
from emergency). Standard errors were calculated
using a 95% confidence interval, and a p-value of
0.05 was used for determining statistical signif-
icance. For analysis, results were reported from
both random-effects and fixed-effect models. Het-
erogeneity was evaluated using the I* statistic;
heterogeneity less than 40 was considered low,
40-60 moderate, and above 60 as high.

Results

Literature search

A total of 358 articles were identified in the
initial search. After the removal of duplicates,
332 articles were filtered. The first screening ex-
cluded 302 articles. 30 full texts were analyzed.
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Six articles were excluded as they were review
articles, one did not have an English translation
available, five were abstracts, five did not have
a relevant intervention, one was a case report,
and five were other articles (for example, letters to
the editor). Seven randomized control trials were
included with a total of 263 patients. The main
characteristics are provided in Table 1.

Risk of bias
The results of the risk of bias are shown in
Figure 1 and Figure 2.

Results of quantitative analysis

Forced expiratory volume in 1 second
(FEV,): Three studies [10-12] reported a change
in FEV, percentage after administering IV mag-
nesium sulfate in patients with a COPD exac-
erbation. The difference was statistically sig-
nificant when calculated with the fixed model
(MD = 2.537 [0.717 to 4.357], p = 0.006,), (I =
68.862 [high heterogeneity]) (Figure 3). The mean
difference showed a significant favorable de-
viation towards the use of magnesium but was
statistically insignificant when calculated using
the random-effects model (MD = 7.872 [-2.957 to
18.701], p = 0.154).

One study by Abreu Gonzalez et al. (2006) re-
ported a change in FEV, with salbutamol given af-
ter magnesium sulfate infusion. There was a more
significant change in FEV, (MD = 4.940 [2.599 to
7.281], p < 0.001) [10].

Two studies [13, 14] reported a change in
absolute FEV, after magnesium loading in sta-
ble COPD patients. The results leaned in favor
of magnesium sulfate use but were statistically
insignificant (MD = 0.045 [-0.003 to 0.094],
p = 0.065), (I’ = 0 [low heterogeneity]) (Figure 4).

Residual volume: Two studies [13, 14] re-
ported a change in residual volume in stable
COPD patients after loading with magnesium.
There was a decrease in residual volume (MD =
~0.470 [-0.884 t0 —0.056], p = 0.026), (I* = 0 [low
heterogeneity]) (Figure 5).

Peak expiratory flow rate (PEFR)

Three studies [13-15] reported a change
in PEFR after magnesium administration when
compared with the standard of care. Two reported
[15, 16] the change as a percentage of mean, and
the third [11] study reported the absolute differ-
ence in PEFR values. Overall, the difference was
statistically significant (SMD = 1.073 [0.748 to
1.397], p < 0.001), (I = 91.063 [high heteroge-

neity]) when calculated using the fixed effects
model (Figure 6). The random model showed
a strong deviation towards the magnesium group,
but it was not statistically significant (SMD = 1
[-0.115 to 2.115], p = 0.079).

Admission rate from emergency

Three studies [12, 15, 16] reported the per-
centage of patients requiring admission for further
treatment. The odds ratio for being admitted in
the magnesium sulfate group was significant-
ly lower compared to placebo (MH odds ratio
0.453 [0.233 to 0.882], p = 0.020), (I = 0 [low
heterogeneity]) (Figure 7).

Summary of results

IV magnesium sulfate use in COPD exac-
erbations was associated with a favorable de-
viation in FEV, when used alone and an even
more significant increase when used adjunctly
with salbutamol. Similarly, a positive deviation
favoring IV magnesium was noted in PEFR using
IV magnesium when compared to placebo. It was
also associated with significantly fewer hospital
admissions from the emergency department.
There was a significant reduction in residual
volume in the stable COPD population, but no
significant change in FEV, was noted.

Publication bias

Egger’s regression intercept was used to as-
certain publication bias. The two-tailed p-value
for change in FEV, was 0.48 and 0.83 for the
admission rate from the emergency department.
Hence, no significant publication bias was detect-
ed in the included studies.

Discussion

Magnesium sulfate, used both intravenously
and via nebulization, has been used historically to
treat severe asthma exacerbations not responding
to f-agonists or systemic glucocorticoids [17].
Magnesium sulfate is cost-effective and readily
available at most healthcare centers worldwide.
However, its mechanism of action in obstructive
lung diseases such as asthma has not been fully
understood [18]. It is suggested that it works as
a bronchodilator by inhibiting calcium influx into
the smooth muscles of bronchioles by inhibiting
voltage-dependent calcium channels [19, 20].
Furthermore, magnesium may decrease neutro-
philic degranulation during the inflammatory
phase [21]. It might play a role in releasing ace-
tylcholine from cholinergic nerve terminals and
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Figure 1. Bias in the studies included
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Figure 2. Summary of bias in studies included

histamine from mast cells [22]. Combining these
mechanisms improves airflow obstruction and
provides the theoretical basis for its efficacy [23].
Therefore, as COPD and asthma have similar first-
line treatments in exacerbations, it is reasonable
to evaluate the efficacy of magnesium sulfate in
acute COPD exacerbations.

Very few studies have explored the broncho-
dilatory effect of magnesium in COPD [9]. Some
studies have reported the efficacy of IV magne-
sium in acute exacerbations of chronic obstructive
pulmonary disease (AECOPD) reporting improved
patient symptoms, shorter length of hospital
stays [9], increased peak expiratory flow [15],
and increased FEV, [10]. Edwards et al. (2013)
found that nebulized magnesium sulfate, as an
adjuvant to salbutamol treatment in patients with
AECOPD, showed no effect on FEV, [9]. Nouira
et al. (2014) compared ipratropium bromide (IB)
versus magnesium sulfate in 124 patients and
showed improvement in secondary outcomes of
peak expiratory flow rate and arterial blood gas
in nebulized IB over magnesium sulfate [24].
However, there was a statistically non-significant
difference between both groups regarding primary
outcomes of intubations, hospital admissions,

Model

Fixed
Random

Study name
Difference
in means
Abreu Gonzalez 2006 2.100
Solooki 2014 10.000
Mukerji 2015 15.680

2537
7.872

Standard
error

0.945
13.589
5.407
0.929
5.525

Statistics for each study Difference in means and 95% CI
Lower Upper
Variance  limit  limit  ZValue p-Value
0803 0248 3952 2223  0.026 I | —.—I
184667 -16634 36634 0736  0.462
20241 5082 26278 2900  0.004 —_
0862 0717 4357 2733  0.006
30528 2957 18701 1425  0.154 ——
-8.00 4.00 0.00 4.00 8.00

Favours Control Favours Magnesium

Figure 3. Change in forced expiratory volume in one second (FEV,) post-intervention in chronic obstructive pulmonary disease (COPD) exacerbation
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Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error  Variance  limit limit  Z-Value p-Value
Do Amaral 2008 0.050 0.033 0.001 -0.015 0.115  1.501 0.133
Do Amaral 2012 0.040 0.037 0.001 -0.032 0.112  1.091 0.275
0.045 0.025 0.001 -0.003 0.094 1.845  0.065
-0.25 -0.13 0.00 0.13 0.25

Favours Control Favours Magnesium

Figure 4. Change in forced expiratory volume in one second (FEV1) post-intervention in stable chronic obstructive pulmonary disease (COPD)

Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error  Variance  limit limit  Z-Value p-Value
Do Amaral 2008 -0.470 0.315 0.099 -1.087 0.147 -1.494  0.135
Do Amaral 2012 -0.470 0.285 0.081 -1.030 0090 -1.646 0.100
-0.470 0.211 0.045 -0.884 -0.056 -2.223  0.026 ’

-2.00 -1.00 0.00 1.00 2.00

Favours Magnesium Favours Control

Figure 5. Change in residual volume post-intervention in stable chronic obstructive pulmonary disease (COPD)

Model stud! name Statistics for each Sllld! Std diff in means and 95% Cl
Stddiff Standard Lower Upper
inmeans error Variance limit  limit 2-Value p-Value
Skorodin 1995 0730 0245 0060 0250 1.211 2979  0.003 E 3

Solooki 2014 0.111 0.365 0.134 -0605 0827 0304 0.761
Vafadar 2020 2119 0.285 0.081 1.561 2678 7.441  0.000

Fixed 1.073 0.166 0.027 0748 1.397 6.477  0.000 ‘
Random 1.000 0.569 0324 -0.115 2115 1758 0.079

Favours Control Favours Magnesium

Figure 6. Change in peak expiratory flow rate post-intervention

Study name Statistics for each study MH odds ratio and 95% CI
MH odds Lower Upper
ratio limit limit Z-Value p-Value
Skorodin 1995 0.542 0.190 1.549 -1.143 0.253
Mukerji 2015 0.362 0.029 4472 -0.793 0.428
Vafadar 2020 0407 0.163 1.020 -1.918 0.055
0453 0.233 0.882 -2.328 0.020 ’

0.01 0.1 1 10 100

Favours Magnesium Favours Control

Figure 7. Admission rate from emergency
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Figure 8. PRISMA figure depicting selection of studies

and hospital death rates in patients with acute
COPD exacerbations managed in the emergency
department [24].

In our study, cumulative data showed a sig-
nificant positive deviation towards an increase
in FEV, percentage and PEFR after infusion
of magnesium sulfate in patients with COPD
exacerbations. The difference in FEV, became
more significant when magnesium was used as
an adjunct to salbutamol. Given the excellent
safety profile of magnesium, these results can
be practice-changing. The addition of a cheap,
readily-available agent with minimal side effects
can lead to improved lung function. The change
in lung function was significantly beneficial as
lower hospital admissions from the ER (emer-
gency room) were noted in patients treated with
magnesium sulfate. Prior, the evidence available
on magnesium’s efficacy was equivocal, and its
practice remains mostly institution and physician
preference-based. Hopefully, with our findings,
physicians will be more confident in prescribing
magnesium when faced with a challenging patient
population experiencing COPD exacerbations.

Even though our study showed a reduction
in residual volume in stable COPD patients

treated with magnesium, which is a new finding
compared to earlier available data, it was none-
theless associated with no significant change in
FEV,. Nevertheless, in terms of FEV,, it is also
important to note that there was a favorable de-
viation towards the magnesium arm when used
in stable COPD populations, but it did not reach
statistical significance probably secondary to
a small patient population. Therefore, it is hard to
recommend the regular use of magnesium in sta-
ble COPD patients taking into account the current
evidence. However, there is a strong possibility
that a larger trial may be able to reach statistical
significance. Even though the differences in
clinical improvement might not appear hugely
significant, they will likely positively impact pa-
tients and the healthcare system when translated
over a large patient population.

As a meta-analysis, this study remains a ret-
rospective chart review and creates the possibility
for bias. The small number of trials and a lesser
number of people enrolled leads to publication
bias. Overall, the utmost effort was undertaken to
search, randomize, and extract data from all the
published studies. A variety of co-interventions
were used with magnesium sulfate in different
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trials, affecting the results. Furthermore, the
time to measure various respiratory variables in
order to observe the treatment response was not
standardized and can possibly skew the results
in either direction. With meta-analysis, we can
overcome some of these limitations by increasing
the population size (n) and magnifying the effect
of interventions not seen before. We can infer that
magnesium can be a good adjunctive therapy in
acute exacerbations given the minimal side effect
profile and significant bronchodilatation. It is
readily available, cheap, and has minimal side
effects [9]. This study opens further avenues to
study the use of readily available magnesium
sulfate in managing COPD exacerbations and
standardizing it as part of the treatment regimen.

Conclusion

The use of IV magnesium sulfate in AE-
COPD likely positively affects FEV, and PEFR
while significantly reducing hospital admis-
sions. Therefore, we advocate for the regular use
of IV magnesium sulfate as an adjunct to therapy
with bronchodilators in AECOPD. However, there
is currently insufficient evidence to support the
routine use of IV magnesium in the stable COPD
patient population.
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