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It is of significant concern that the death rate from as-
thma has stabilized and not further decreased during the
last few years in most countries around the world [1]. Cur-
rently, inhaled β2-adrenergic agonists are the mainstay of
therapy in patients with acute asthma. Often they need to
be given as frequently as every 20 min, or even as a con-
tinuous nebulization along with steroids to achieve ade-
quate control [2, 3]. Theophyllines have a low therapeutic
index and frequent side-effects, making them increasingly
unpopular [4]. There is, therefore, a need for the assess-
ment of newer modalities of treatment.

Numerous recent studies and case reports have des-
cribed the use of intravenous magnesium sulphate (MgSO4)
to reverse bronchospasm in acute asthma [5–17]. A few
studies are available on nebulized MgSO4 as a helpful ag-
ent to decrease airway resistance in bronchial challenge
tests [18–20]. However, to date, no detailed, controlled clin-
ical study is available on the efficacy of nebulized MgSO4
alone in acute asthma, in spite of favourable evidence to
this effect. This randomized, double-blind, controlled study
aimed to establish the efficacy of nebulized MgSO4 as a
bronchodilator in the management of acute bronchial as-
thma.

Materials and methods

The American Thoracic Society (ATS) criteria [21] were
used to classify the patients. The study was conducted at

the Emergency Department (ED) of St John's Medical
College Hospital (St John's National Academy of Health
Sciences, Bangalore, India) after approval by the Institu-
tional Review Board and the Ethical Committee. Informed
consent was obtained from all patients.

Patients included were newly diagnosed or known cases
of bronchial asthma, aged 12–60 yrs, with a peak expira-
tory flow (PEF) <300 L·min-1. Patients were excluded if they
were febrile, had any evidence of lower respiratory tract
infection, had any history or evidence of cardiac, renal or
hepatic dysfunction, were pregnant, required ventilatory
care, or had received oral or parenteral bronchodilators in
the past 6 h, or steroids in the past 12 h. Because antiasth-
matic medication is readily available over the counter in
India, the last criterion had to be included. The most com-
monly used β2-agonists and theophyllines in India have a 6
h duration of action and the steroid preparations 12 h. This
prevented the results of the study from being confounded.

All patients received an injection of hydrocortisone,
100 mg i.v., and thereafter received either four doses of
nebulized 3 mL salbutamol (2.5 mg) 20 min apart (control
group) or four doses of nebulized 3 mL (3.2% solution, 95
mg) MgSO4 20 min apart (study group), in a randomized
and double-blind fashion. A Hudson's nebulizer (Hudson
Respiratory Care Inc., CA, USA) was used for the admin-
istration of the medications. This gives a mean particle
size of 1.6±0.5 µm and retention in the lung of 71±6%
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This was a randomized, double-blind, controlled clinical trial. Asthmatics aged 12–
60 yrs in acute exacerbation, with a peak expiratory flow (PEF) <300 L·min-1, not hav-
ing taken bronchodilators and not requiring assisted ventilation were included.
Patients were randomized to receive treatment with serial nebulizations of either 3
mL (3.2% solution, 95 mg) MgSO4 solution or 3 mL (2.5 mg) salbutamol solution. All
patients were also given 100 mg hydrocortisone i.v., and were monitored continuously
for 2 h after which they were given supplemental treatment (if and when needed) and
either discharged or admitted. Fischl index, PEF improvements (in % predicted)  and
admission rates were the outcome variables.

Thirty-three patients were studied. Fischl score improvement was comparable and
significant in both groups (4.31 to 0.43 in the MgSO4 group and 4.29 to 0.76 in the
salbutamol group). The increase in PEF was statistically significant and comparable
in both groups (by 35% pred in the MgSO4 and by 42% pred in the salbutamol
group). Two patients warranted admission in the salbutamol group and one in the
MgSO4 group.

Nebulized MgSO4 had a significant bronchodilatory effect in acute asthma. This
effect was not significantly different from that of nebulized salbutamol.
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[22]. All patients were asked to describe any discomfort
that they experienced.

The patients were monitored every 20 min for the first
hour (the study period) and twice in the second hour (the
observation period) (i.e. at 0, 20, 40, 60, 90 and 120 min).
The parameters monitored were: PEF, with a hand-held
Wright's mini-peak flow meter, pulsus paradoxus (PP),
respiratory frequency (fR), blood pressure (BP), cardiac
frequency (fC), clinical examination, and Fischl index [23]
(at 0 and 120 min only). The Fischl index takes into
account dyspnoea, accessory muscle use, wheeze, fR >120
beats·min-1, fR >30 breaths·min-1, PP >18 mmHg and a
PEF <120 L·min-1. The presence of each scores 1 point and
a total of more than 4 points implies severe asthma. The
patients were monitored for hypotension, arrhythmias,
loss of deep tendon reflexes and respiratory depression
be-fore and after each dose was administered.

Patients whose PEF or Fischl scores did not show any
improvement at the end of the 1 h study period were given
supplemental treatment immediately, unless they were
given treatment for significant distress earlier. All patients
assessed at the end of 2 h were also given supplemental
treatment, if warranted. Those patients showing marginal
improvement were assessed by another physician to deter-
mine the need for admission, in order to avoid any biased
opinion of the investigator. For patients requiring supple-
mental treatment, their status at the time of intervention
was used as the end-study status for data analysis. Sup-
plemental treatment administered consisted of salbutamol
nebulization, regular doses of oral or intravenous steroids
and aminophylline infusion.

The Fischl index was used rather than the PEF alone as
the primary outcome measure since it includes six objec-
tive parameters that can help to define asthmatic patients'
status and it is felt to be a more accurate measure of ass-
essment than PEF alone. The PEF may not accurately
reflect the degree of airway obstruction and may be con-
founded by factors such as patient fatigue and poor effort.
However, an analysis of the PEF was also performed. The
PEF measurements were also compared as a percentage of
the predicted value as per the standards of the Indian pop-
ulation [24]. The improvements in PEF and admission rates
were the other outcome measures.

The STATISTICA software package (Statsoft Inc., OK,
USA) was used to calculate statistical inferences. The bas-
al and final Fischl indices were compared by first ranking
the indices and then applying the t-test for independent
samples. The improvement in the Fischl index within each
group was compared using the Wilcoxon paired-sample
test. The improvement in the Fischl index in the two
groups was compared by first ranking the improvement in
the index and then applying the t-test for independent sam-
ples. The other data were analysed using analysis of vari-
ance (ANOVA) with repeated measures. A value of p<0.05
was taken as significant.

Results

Out of the 63 patients screened over a period of 6
months, only 33 patients met the study criteria and were
included. Most of the patients not included were those
who had premedicated themselves with various antiasth-
matic medications. The inability of most patients to recall

correctly the medication taken prevented their inclusion in
order to avoid confounding the results of the study. Only
single visits were considered. Patients who revisited the
emergency department during the 6 months of the study
were not included to avoid patient bias. There were 17
patients in the salbutamol group (controls) and 16 patients
in the MgSO4 group (study group). The subjects in the two
groups were comparable with respect to all demographic
data (table 1) and baseline clinical data (table 2).

Of the 17 patients treated with salbutamol, two did not
improve, required supplemental treatment after 60 min and
later warranted admission (table 3). Two of the 16 patients
treated with MgSO4 required supplemental therapy. One
improved and was discharged, while the other required
admission (table 3). The Fischl index improvement in the

Table 1.  –  Profile of the study population

           Group
MgSO4 Salbutamol

Age  yrs*
Sex  M/F
Height  cm*
Weight  kg*
Atopic patients  n
Smokers  n
Duration  yrs
Duration of asthma  yrs
Newly diagnosed cases

33.4±10.9
12/4

169±4
58.0±9.2

12
5

10
5.5
1

36.1±15.3
11/6

164±8
57.2±13.4

8
1

15
7.7
3

*: mean±SD. M: male; F: female.

Table 2.  –  Comparison of the data before and after
treatment of patients in the two groups

                  Group
MgSO4 Salbutamol p-value

PEF  L·min-1

Basal
Final
p-value

PEF  % pred
Basal
Final
p-value

Increase in PEF  %
Fischl index

Basal
Final
p-value

Improvement in Fischl
Index
fR  breaths·min-1

Basal
Final
p-value

fC  beats·min-1

Basal
Final
p-value

MAP  mmHg
Basal
Final
p-value

166.87±61.39
309.37±111.26

0.000*

41.88±18.70
77.03±31.89

0.000*
35.14±20.33

4.31±1.35
0.43±0.89

0.000*
3.87±1.74

31.31±6.51
22.87±2.82

0.000*

112.50±12.57
99.37±12.01

0.006*

110.31±17.74
106.56±13.75

0.251 NS

133.52±49.99
295.88±90.76

0.000*

34.35±10.59
76.45±22.13

0.000*
44.48±20.96

4.29±1.64
0.76±1.25
0.000*

3.52±1.87

30.94±6.86
22.76±6.34

0.000*

110.41±16.12
103.41±15.39

0.078 NS

113.29±15.89
104.64±12.55

0.000*

0.096 NS

0.704 NS

0.161 NS

0.951 NS

0.341 NS

0.762 NS

0.544 NS

0.767 NS

0.874 NS

0.949 NS

0.682 NS

0.409 NS

0.614 NS

0.678 NS

Data are presented as mean±SD. PEF: peak expiratory flow; fR:
respiratory frequency; fC: cardiac frequency; MAP: mean arte-
rial pressure. *: significant difference; NS: nonsignificant differ-
ence.



NEBULIZED MgSO4 IN ACUTE BRONCHIAL ASTHMA 343

MgSO4 group (4.31 to 0.43) was significant and similar to
that seen in the salbutamol group (4.29 to 0.76) (table 2).
The improvements in the PEF also shows similar im-
provement in the two groups with an increase by 35%
pred in MgSO4 and by 42% pred in the salbutamol group
(p=0.341) (table 2). The mean final PEF were not signifi-
cantly different between the two groups (309 L·min-1 in
the MgSO4 group versus 295 L·min-1 in the salbutamol
group) (table 2). A correction was made for the difference
in the basal PEF of the two groups and there was no statis-
tically significant difference in the final bronchodilator
response (p=0.609). The rate of increase in the PEF of the
two groups was also similar (fig. 1).

The adverse effects commonly associated with MgSO4
administration are nausea, vomiting, flushing, thirst, hypo-
tension, drowsiness, confusion, loss of deep tendon re-
flexes, muscle weakness, respiratory depression and cardiac
arrhythmias, which can lead to coma and cardiac arrest [25].
However, during the 2 h that the patients were monitored
in the emergency department, only one of the patients in
the MgSO4 group developed mild transient hypotension,
which resolved spontaneously. A similar case of hypoten-
sion was also seen in the salbutamol group, and two patients
developed fine tremors of the hand and one experienced
palpitations. None of the patients in the MgSO4 group
showed depressed deep tendon reflexes, which is one of
the first clinical signs of magnesium toxicity.

Discussion

The results of this study show that nebulized MgSO4
has a significant bronchodilatory effect which is compara-
ble to that of salbutamol. Two patients in the salbutamol
group showed no response and warranted admission, while
one patient in the MgSO4 group required admission.

Magnesium has long been thought to be a vital ion for
maintaining the homeostasis of the bronchial musculature.
MgSO4 is thought to act by inhibiting smooth muscle con-
traction [26] by facilitating calcium uptake into the sarco-
plasmic reticulum [27], inhibiting the slow inward calcium
current [28], and inhibiting calcium-induced calcium release
[29]. It has also been suggested to inhibit histamine re-
ease from mast cells [27] and acetylcholine release from
cholinergic nerve terminals [30] and to act via a central
sedative action [26].

ROSELLO and PLA [7] and HAURY [8] conducted clinical
investigations into the role of MgSO4 in asthma as early as
1936 and 1940, respectively. Since then, constant progress
has been made by the multitude of studies on this subject.
Notably, SKOBELOFF et al. [12] demonstrated a significant
increase in PEF with MgSO4 and a concomitant lower rate
of admission, in a study using 1.2 g i.v. MgSO4 versus a
placebo, in patients failing to respond to 1 h of β2-agonist
inhalational therapy. Numerous case reports [6–11] have
also highlighted dramatic responses to intravenous MgSO4
in patients with acute severe asthma who were unrespon-
sive to conventional treatment. In 1987, ROLLA et al. [19]
demonstrated that, in a histamine challenge test, the dose
required to produce a 20% decrease in forced expiratory
volume in one second (FEV1) from control values was
significantly increased when the patients were pretreated
with aerosolized MgSO4. In a separate study, ROLLA et al.
[20] observed a similar attenuation of methacholine-
induced bronchoconstriction in asthmatics. In 1992, CHANDE

and SKONER [18] conducted a similar trial, in which neb-
ulized MgSO4 was administered following a bronchial chal-
lenge with methacholine. However, in this study, the authors
noted no bronchodilation and concluded that nebulized
MgSO4 played no role in the treatment of bronchospasm
due to cholinergic stimulation. The authors explained this
failure as a result of a possibly unstable nature of MgSO4
in the respiratory mucosa, a topical irritant effect, a site of
action inaccessible by the inhalation route or a low-dose
compared to the intravenous studies. However, the differ-
ence between the results of the two studies could be ex-
plained by the fact that MgSO4 has an inhibitory effect
only on the release of acetylcholine [30] and does not have
a proven anticholinergic effect on the released acetylcho-
line, hence the negative result of the study by CHANDE and
SKONER [18].

In contrast to the above studies, in the present study,
nebulized MgSO4 was used in the clinical setting of acute
asthma where the provocative stimuli are multifactorial
and do not act alone. In addition, serial repetitive doses of
MgSO4 were used in order to administer an effective ther-
apeutic dose, a hinderance encountered by CHANDE and
SKONER [18]. Nebulized MgSO4 was observed to have a clin-
ically and statistically significant bronchodilator effect. On
comparison of the Fischl indices, a similar improvement
was seen in both groups (table 2).

The present conclusions, therefore, differ from the op-
inion of CHANDE and SKONER [18], in that the inhalational

Table 3.  –  Profile of the response and management of
the patients in the two groups

Patients  n

Enrolled Needing
no additional

treatment

Needing
additional
treatment

Warranting
admission

MgSO4
Salbutamol

16
17

14
15

2
2

1
2
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Fig. 1.  –  Improvement in the peak flow rates of the patients in terms of
their peak expiratory flow (PEF) (in % predicted) over the 2 h of the
study.  Data are shown as mean±SE. ●: salbutamol; ■: MgSO4.
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route did not adversely affect the action of MgSO4. This is
also supported by the results of ROLLA et al. [20]. Nebulized
MgSO4 may play a role as an adjunct to β2-agonists in
acute asthma, as also suggested by BLOCH et al. [17]. The
low response of severe asthmatics to nebulized MgSO4 in
the present study may have been due to the much lower
dose used (95 mg × 4 doses), compared with the higher
dose used in the intravenous studies (1.2–2g).

In conclusion, this study indicated that serially nebulized
MgSO4 had a clinically significant bronchodilatory effect,
which was not significantly different from that of salbuta-
mol, in acute asthma. No side-effects were noted, probably
owing to a greater therapeutic ratio through the inhalation
route. These results suggest MgSO4 to be a feasible bron-
chodilator and would support the use of nebulized MgSO4
as an adjunct in the management of acute asthma. How-
ever, the optimum dose-response relationship needs to be
addressed by future studies.
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