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Magnesium Sulfate Versus Ipratropium Bromide in

COPD Exacerbation: A Randomized Trial

Semir Nouira, MD,1* Bouida Wahid, MDAU2 ,1 Grissa M. Habib, MD,1

Beltaief Kaouther, MDAU3 ,1 Trimech M. Naceur, MD,1 Boubaker Hamdi, MD,1

Marghli Soudani, MD,2 Letaief Mondhor, MD,3 and Boukef Riadh, MD1

Treatment with short-acting b2-agonists for exacerbations of chronic obstructive pulmonary disease
(COPD) results in clinical improvement. It has not been established whether combining short-acting
b2-agonists to other bronchodilators is more effective than b2-agonists alone. We conducted a study
in patients presenting to the emergency department with exacerbation of COPD. They were
randomized to receive nebulized ipratropium bromide (IB group; n = 62) or combined nebulized and
intravenous bolus of magnesium sulfate (MgSO4 group; n = 62). All nebulized drugs were
administered at 30-minute intervals for 2 hours. Primary outcome included hospital admission,
endotracheal intubation, and hospital death rates. Secondary outcome measures were improvement
in peak expiratory flow, dyspnea score, and arterial blood gas changes within the first 3 hours. There
were no significant differences in primary outcome between MgSO4 and IB groups. Patients given IB
average 32 L greater improvement in peak expiratory flow rate compared with magnesium sulfate
(95% confidence interval, 19–43 L) at 180 minutes. Simultaneously, there was a significant reduction
in PaCO2 compared with baseline values in IB group but not in MgSO4 group. There was
a statistically nonsignificant trend toward a decrease in dyspnea score in both groups although
adverse events were similar. Although the improvement in peak expiratory flow rate and arterial
blood gas favored nebulized IB over magnesium sulfate, there was a nonsignificant difference
between both drugs with regard to hospital admission, intubation, and hospital death rates in
patients with COPD treated in the emergency department for acute exacerbation.

Keywords: acute exacerbation of chronic obstructive pulmonary disease, magnesium sulfate,
emergency department

INTRODUCTION

Exacerbation is a serious concern in chronic obstructive
pulmonary disease (COPD) and represents an impor-
tant cause of emergency department (ED) admission,

leading to high morbidity and mortality.1,2 Despite the
regular use of noninvasive ventilation (NIV) in the
early treatment of the COPD exacerbation, a significant
proportion of patients continue to be admitted to
medical ward and/or intensive care unit (ICU).3

Currently, short-acting inhaled b2-adernergic (SABA)
agonists are the mainstay of pharmacological therapy
in p AU5atients with ACOPD.4 However, combining SABA
agents with other bronchodilators may provide greater
improvement in pulmonary function and fewer
hospitalization than SABA agents alone. Numerous
studies have described the use of anticholinergics
with SABA agents to reverse airflow limitation in
A AU6ECOPD.5–9 Overall, patients in theses studies had
marginally shorter length of stay and proportionally
larger increase in forced expiratory volume in the first

1Emergency Department and Research Unit, Fattouma Bourguiba
University Hospital, Monastir, Tunisia; 2Emergency Department,
Tahar Sfar University Hospital, Mahdia, Tunisia; and 3Depart-
ment of Preventive Medicine, University of Medicine, Monastir,
Tunisia.
Supported by the Tunisian State Department of ResearchAU4 .
*Address for correspondence: Emergency Department and Research
Unit, Fattouma Bourguiba University Hospital, Monasitr 5000,
Tunisia. E-mail: semir.nouira@rns.tn

American Journal of Therapeutics 0, 000–000 (2012)

1075–2765 � 2012 Lippincott Williams & Wilkins www.americantherapeutics.com



second of expiration. Magnesium sulfate (MgSO4) is
a less common class of bronchodilators that could
have a possible beneficial clinical effect when associ-
ated to SABA agents.10 Its effectiveness in reversing
bronchospasm in AECOPD was determined in one
controlled clinical study.11 However, this trial failed to
show beneficial effect on hospital admission possibly
because the dose of magnesium sulfate used was not
sufficient. Consequently, the true effect of MgSO4 on
clinical outcome remains unclear. The aim of this study
was to evaluate the efficacy and safety of combination
of SABA and MgSO4 in comparison to SABA and
ipratropium bromide (IB) in patients attending the ED
for AECOPD.

MATERIALS AND METHODS

Study population

This was a prospective, randomized, double-blind,
controlled trial conducted in the ED of Fattouma
Bourguiba University Hospital (Monastir, Tunisia) and
Tahar Sfar University Hospital (Mahdia, Tunisia)
between January 2005 and June 2007. The study
protocol was registered and approved by the Indepen-
dent Ethical Committee of Fattouma Bourguiba Uni-
versity Hospital. Informed consent was obtained for
all patients.

Patients were included if (1) they are 40 years or
older; (2) they have known or suspected COPD based
on pulmonary function test, arterial blood gas, clinical
history, physical examination, and chest radiograph;
(3) they have criteria of acute exacerbation as
following: worsening of dyspnea within 2 weeks and
partial pressure of arterial carbon dioxide (PaCO2)
.45 mm Hg and at least 2 of the following criteria:
respiratory rate .24/min, arterial pH ,7.35, and
partial pressure of arterial oxygen (Pao2) ,50 mm Hg
under room air. Patients with the following conditions
were excluded: hypersensitivity to anticholinergics and
to magnesium sulfate, patients who received anticho-
linergics within 6 hours before ED admission, systolic
arterial pressure ,90 mm Hg, or need to vasoactive
drugs, and patients who required immediate endotra-
cheal intubation.

Study design

On admission to the ED, all patients were clinically
assessed and placed on cardiac monitor and the
following parameters were recorded: baseline heart
rate, respiratory rate, blood pressure, oxygen satura-
tion level, and peak expiratory flow rate (PEFR) (using

a handheld Wright’s mini-peak flow meter). Then, each
patient received a standard treatment consisting of
intravenous (IV) methylprednisolone, parenteral fluid
therapy, antibiotics, and nebulized terbutaline 5 mg in
4 mL of normal saline with systematic application
of NIV. NIV was performed in pressure support mode
delivered through a full-face mask with a starting
level of pressure support of 12 cm H2O, a positive end-
expiratory pressure of 5 cm H2O, and a FiO2 set to
keep oxygen saturation above 95%. Subsequent
changes were made according to clinical response.
After baseline measurements, patients were assigned
in a randomized double-blind fashion to receive IB (IB
group, 0.5 mg in 3 mL of normal saline) or magnesium
sulfate (MgSO4 group, 150 mg in 4 mL of normal
saline). Both treatments were delivered via aerosol
mask at 10 L/min driven by pressurized air. Simulta-
neously, additional magnesium sulfate was given in
MgSO4 group as an IV bolus (1.5 g in 10 mL), whereas
IB group received IV placebo (10 mL of normal saline).
All patients received thereafter either 4 doses of
nebulized IB with terbutaline at 30 minutes apart
(IB group) or 4 doses of magnesium sulfate with
terbutaline at 30 minutes apart (MgSO4 group). Each
nebulization required short-term cessation of NIV
during which oxygen was administered by nasal
cannula as needed. Protocol treatment preparation
and allocation were performed by the hospital phar-
macy in random sequence using a random table
and were kept identical in their appearance. The
following information was recorded for each patient:
age, sex, smoking history, comorbidity, COPD dura-
tion, number of episodes of AECOPD within the last
year, current treatment, and clinical characteristics of
the current exacerbation including dyspnea score
assessed by a visual analog scale (from 0 = no dyspnea
to 10 = maximal respiratory distress). Patients were
monitored every 30 minutes in the 2 first hours and at
the end of the third hour. The parameters monitored
were respiratory rate, heart rate, blood pressure, PEFR,
and dyspnea score. Blood gas measurements were
checked at 60 minutes and at the end of the protocol
(180 minutes). Patients were also monitored for side
effects: hypotension, arrhythmias, palpitation, head-
ache, respiratory depression, and any symptom that
developed or worsened during the course of the study.
A major side effect was defined by any event that was
fatal or life threatening. At the end of the 3-hour
assessment, patients were allowed to be discharged
home if they improved; those patients who showed
marginal improvement were assessed with a second
physician to determine the need for hospital admission.
Patients intubated during the study protocol or still
having a need for NIV at the end of the protocol based
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current practice and guidelines were transferred
to the ICU. Patients who did not require ICU were
admitted to the pneumology department. Endotracheal
intubation was decided in the presence of respiratory
arrest, respiratory pauses, a decrease of baseline
arterial pH to less than 7.25, loss of consciousness,
severe agitation requiring sedation, and/or hemody-
namic instability defined by peripheral signs of
circulatory shock or hypotension (systolic arterial
pressure ,70 mm Hg).

Primary outcome included combined hospital
admission, need for endotracheal intubation, and
hospital death rates. Secondary outcome measures
were improvement in PEFR, dyspnea score, Paco2,
hospital length of stay, and incidence of side effects.

Statistical analysis

Results are given as mean 6 SD except when otherwise
indicated. Proportions and rates were compared using
the x2 test or the Fisher exact test when appropriate.
Ordinal qualitative variables or nonnormal quantita-
tive variables were compared with the Wilcoxon rank
sum test. Quantitative normal variables were com-
pared with the Student t test. Changes in physiologic
parameters for MgSO4 and IB groups were evaluated
using repeated measures analysis of variance. Based on
the available studies, the rate of combined events
including hospital admission, endotracheal intubation,
and hospital death rates in AECOPD is around 50%. To
show a reduction in this primary outcome from 50% to
25% with a power of 0.80 and 0.05, 2-sided significance

FIGURE 1. Trial profile.
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level, 60 patients were needed in each arm. Analysis
was performed in the 2 groups as intention to treat. No
interim analyses were planned. All analyses were
performed applying a bilateral hypothesis; P # 0.05
was considered significant. Analyses were performed
using the SPSS software, version 11.0.

RESULTS

Patients

During the protocol period, 208 patients were referred
to the ED for an exacerbation of COPD. A total of 124
patients were eligible, of whom 62 were randomized to
receive IB and 62 to receive MgSO4. Three patients
withdrew consent 2 hours after the beginning of the

protocol: 2 patients in the IB group and 1 patient
in MgSO4 group. Another patient from the MgSO4

group was excluded from the per-protocol analysis
because of the presence of exclusion criteria. The
protocol was completed in 60 patients in the IB group
and 60 patients in the MgSO4 group (F F1ig. 1). Patient
characteristics at baseline are shown in T T1able 1. Patients
were similar between both groups with regard to
demographic and baseline clinical characteristics
including comorbidities.

Primary outcomes

Main results are shown in T T2able 2. Twenty-seven
(43.5%) patients were admitted in the hospital in the
MgSO4 group and 20 (32.2%) patients in the IB group;
the difference is not statistically significant (P = 0.26).

Table 1. Baseline characteristics of the study patients.

MgSO4 Group
(n = 62)

IB Group
(n = 62) P

Age, mean (SD), y 69.2 (8.6) 68.9 (7.8) 0.81
Sex: male/female, n 48/14 47/15 0.83
Duration of COPD, mean (SD), y 10.3 (4.7) 13.3 (5.6) 0.29
Current smoker, n (%) 58 (93) 52 (84) 0.09
Hospitalization for COPD within the last year, n (%) 3.6 (2.4) 3.1 (1.7) 0.48
Chronic comorbidities, n (%)

Arterial hypertension 11 (17.7) 15 (24.1) 0.51
Left heart failure 7 (11.3) 7 (11.3) 1.0
Diabetes 7 (11.3) 3 (4.8) 0.32

Admission symptoms, mean (SD)
Systolic arterial pressure, mm Hg 150 (23) 149 (26) 0.83
Heart rate, beats/min 101 (18) 100 (21) 0.98
Respiratory rate, breaths/min 30 (04) 30 (05) 0.85
Temperature, �C 37.3 (0.5) 37.4 (0.6) 0.27
Dyspnea score 5.7 (1.4) 5.5 (1.4) 0.40
PaCO2, mm Hg 57.6 (9.8) 55.2 (9.1) 0.14
White blood cell count, 3103/mm3 13.7 (6.8) 11.4 (5.8) 0.44

Concomitant treatment, n (%)
Aminophylline 9 (14.5) 15 (24.2) 0.12
Nebulized b2-agonists 13 (21) 18 (29) 0.61
Systemic steroids 8 (12.9) 7 (10.9) 0.87
Home oxygen 9 (14.5) 10 (16.1) 0.87

Table 2. Main outcomes.

MgSO4 Group
(n = 62)

IB Group
(n = 62) P

Hospital admission, n (%) 27 (43.5) 20 (32.2) 0.26
Intubated patients, n (%) 11 (17.7) 7 (11.3) 0.44
Hospital mortality, n (%) 1 (1.6) 2 (3.2) 0.56
Combined events, n (%)* 27 (43.5) 20 (32.2) 0.26
Length of hospital stay, d 7.7 (3.5) 6.6 (4.0) 0.28

*Combined events and hospital admission rates were the same as for the same patient only the worst outcome was considered.
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Eleven patients (17.7%) required endotracheal intuba-
tion in MgSO4 group and 7 patients (11.3%) in IB
group. One patient died (1.6%) in MgSO4 group and 2
patients in IB group (P = 0.56). Combined event rate
was similar in both groups.

Secondary outcomes

At 180 minutes, the mean PEFR improved significantly
more in the IB group than in the MgSO4 group
compared to baseline (

AU7

FF2 ig. 2) (58 6 19 L/mn vs. 26 6

13 L/mn, respectively, absolute difference (32 L/mn,
95% confidence interval, 19–43 L/mn]. As compared
with admission values, PaCO2 and dyspnea score
decreased significantly (P , 0.01) in both groups at 180
minutes (Fig. 2). Intergroup comparison showed that
only PaCO2 at 180 minutes was significantly different
between groups. Hospital length of stay was similar
with both treatments (Table 2). Adverse events are
summarized in TT3 able 3. Nineteen (11.6%) adverse
events were reported during the 3 hours of
the protocol, but no significant difference was found
between study groups. All adverse events were mild
and self-limiting; in no patient was the medication
discontinued because of adverse effect.

DISCUSSION

The aim of the present study was to investigate the
clinical effects of MgSO4 given as an IV bolus combined
to multiple nebulizations compared with repeated
doses of nebulized IB in patients with AECOPD.
Although the results for main clinical outcomes
(hospital admission and death and intubation rates)
did not demonstrate any difference between both study
drugs, we found a statistically significant difference
in the improvement of PEFR and hypercapnia in
favor of IB.

The beneficial effects of MgSO4 in the treatment of
bronchospasm has been shown since many decades.12

They are the results of the inhibition of contractile
tension of bronchial smooth muscle.13,14 In addition, it
has been shown that hypomagnesemia is associated
with increased airway hyperreactivity.15–17 Several
studies have addressed the potential of MgSO4 to
reduce bronchospasm and improve dyspnea in
patients with acute asthma.12,18 A recent systematic
review was undertaken to estimate its effect on both
hospital admission and pulmonary function in adults
and children with acute asthma.10 It was demonstrated
that only IV MgSO4 is effective in children but not
in adults. Nevertheless, regarding the low risk of
serious side effects from magnesium sulfate, it was
concluded that IV MgSO4 could be helpful in adults

FIGURE2. Changes in physiologic parameters over time
for patients receiving magnesium sulfate (MgSO4) or IB.
A, Peak expiratory flow, (B) PaCO2, (C) dyspnea score.
§P , 0.05 for difference between groups; *P , 0.05 for
difference from baseline values in each group.
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with life-threatening features. In patients with AECOPD,
this issue is less clear because only a few studies
have been performed to assess MgSO4 in this setting. In
one controlled, randomized, and double-blind study
including 72 patients who came to ED with AECOPD,
Skorodin et al11 have demonstrated that IV MgSO4 is
associated to a modest bronchodilator effect when
given after b2-agonists. However, there was a statisti-
cally nonsignificant trend toward reduced need for
hospitalization between MgSO4 and placebo. Given the
low dose used in that study, it was suggested that
higher doses would yield more significant bronchodi-
lation. However, although MgSO4 is remarkably safe,
serious cardiovascular toxic reactions and respiratory
depression may occur when high doses are given.19,20

Consequently, to avoid toxic blood levels, we choose to
use MgSO4 as a combination of IV bolus and repeated
nebulizations. In our study, no major adverse reactions
were observed that support the safety of this admin-
istration method. A more recent Spanish,21 random-
ized, controlled trial study conducted in patients with
AECOPD demonstrated that IV administration of
MgSO4 (1.5 g) has no significant bronchodilator effect.
Nevertheless, this study demonstrated that the effect
of inhaled b2-agonists was significantly enhanced
after MgSO4 administration, suggesting a synergistic
action.22 In the present study, we were unable to show
any superiority of MgSO4 compared with IB; however,
we found that both drugs provide a significant
bronchodilator effect when added to SABA agents. In
addition, dyspnea score significantly improved from
baseline in both groups. This is an important finding
because most of previous randomized studies com-
paring SABA alone with SABA plus anticholinergics
during AECOPD did not demonstrate a difference in
lung function changes between treatment groups.5–8

Our results could be regarded as one of the few
evidence supporting combination therapy in AECOPD.
Our method of drug administration could explain this
beneficial effect as, in contrast to the above-mentioned
studies, we used serial repetitive nebulizations that
may provide a significant additive effect compared
with conventional administration.23

Limitations

First, an underpowered study with a sample size not
large enough (type 2 error) may explain the absence of
difference between groups in main outcome. In fact,
the rate of primary outcome was lower than that
hypothesized for the sample size calculation, possibly
because patients were less sick than that was expected.
Second, because patients who required an immediate
intubation were not included in our study, we cannot
comment on the effect of both protocol treatments in
patients who present with this degree of severity.
Whether a significant difference between both protocol
treatments would exist in more severe patients is an
issue that warrants further investigations. Third, we
acknowledge that the use of PEFR as a measure of
bronchospasm severity is not perfect. Nevertheless,
PEFR was combined to other outcome measures
such as PaCO2, and both parameters demonstrated
consistent changes, which suggest that clinical changes
in our patients may be reliably reflected in PEFR
measurements.

In conclusion, when added to nebulized SABA,
MgSO4 and IB seem equivalent in terms of hospital
admission and intubation and death rates but IB
seemed more effective in terms of bronchodilator
effect and arterial blood gas improvement in
AECOPD.
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Table 3. Adverse events.

MgSO4 Group (n = 62) IB Group (n = 62) P

Adverse events, n (%)* 11 (17.7) 8 (12.9) 0.22
Skin, n 3 0
Headache, n 3 3
Cardiovascular, n 3 1
Tremor, n 2 4

*Some patients had more than one adverse event.
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