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The effect of nebulized magnesium sulfate
on asthma attacks in the children

Nebulize magnezyum sulfatin cocuklarda astim
ataklari Uzerine etkisi

Mehmet Aslan’, Hilal Karabag
Citlak?, Erdem Topal?3, Harika
G. Gozukara Bag*, Fatih

Abstract
Aim: This study aimed to determine the effect of adding nebulized magnesium sulfate to

standard treatment in children with moderate to severe acute asthma attacks.

Methods: Pediatric patients admitted to the emergency department with moderate to se-
vere asthma attacks were included in the study. The patients were divided into two groups.
Group S received standard treatment, while Group M received nebulized magnesium sulfate
in addition to standard therapy.

Results: A total of 129 patients were included in the study, 86 (66.7%) were male, and the
median (minimum-maximum) age was 4 (2-8) years. When groups were compared, oxygen
saturation at hour 1 was higher (p=0.024), and the PRAM (preschool respiratory assessment
measure) scores at the 4th hour were lower (p=0.008) in the group that received magnesium
sulfate. The groups had no differences regarding any of the other parameters at the 1st and
4th hours (p>0.05).

Conclusion: Adding nebulized magnesium sulfate to standard treatment in children with asth-
ma attacks improves oxygen saturation faster and positively affects PRAM score at hour 4.
Keywords: Adrenergic beta-2 agonists; asthma; asthmatic crisis; child; inhalers; magnesium
sulfate

Oz

Amag: Bu calismanin amaci orta ila siddetli akut astim ataklari olan cocuklarda standart teda-
viye nebulize magnezyum stlfat eklenmesinin etkisini belirlemektir.

Yontem: Acil servise orta ve siddetli astim atadi ile basvuran pediatrik hastalar calismaya
dahil edildi. Hastalar iki gruba ayrildi. Grup S standart tedavi alirken, Grup M standart tedaviye
ek olarak nebulize magnezyum sulfat aldi.

Bulgular: Calismaya toplam 129 hasta dahil edildi, 86’sI (%66,7) erkekti ve ortanca yas (mi-
nimum-maksimum) 4(2-8) idi. Gruplar karsilastirildiginda magnezyum sulfat verilen grupta
1. saat oksijen satUrasyonu daha yuksek (p=0,024), 4. saat PRAM skoru (PRAM: Okul 6ncesi
solunum degerlendirme 6lcust) daha dusukti (p=0,008). Diger parametrelerde gruplar ara-
sinda 1. ve 4. saatte fark yoktu (p>0,05).

Sonug: Astim atagi olan ¢ocuklarda standart tedaviye nebtlize magnezyum sulfat eklenmesi
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oksijen satUrasyonunu daha hizli iyilestirmekte ve 4. saatteki PRAM skorunu olumlu yénde
etkilemektedir.
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nezyum stlfat
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INTRODUCTION

Asthma is a common chronic airway disease in chil-
dren and is generally a significant burden to patients
and their parents. This chronic and inflammatory air-
way disease proceeds subclinically with periodic acute
attacks. Many stimuli, including inhaled allergens, ir-
ritants, respiratory infections, and exercise, may trig-
ger severe asthma attacks (1). A severe asthma attack is
characterized by progressive symptoms such as short-
ness of breath, coughing, wheezing, chest tightness,
and decreased lung function. Severe asthma attacks
are commonly life-threatening and frequently serious
situations. It commonly seeks care for close monitor-
ing and intensive emergency treatment.

The main feature of an asthma attack is an obstruc-
tion of airflow. The primary goal of treatment advised
a stepwise approach by the guidelines is to fix the ob-
struction of airflow to prevent hypoxemia by oxygen
and recurrence (2). The initial steps of asthma treat-
ment include oxygen, short-acting beta 2-agonists,
nebulized anticholinergic agents, and corticosteroids
in the emergency departments. However, beta 2-ago-
nists act within minutes, whereas corticosteroids re-
quire hours. Methylxanthines, such as theophylline,
are not advised due to inadequate efficacy, narrow
therapeutic index, and frequent side effects (3). Ip-
ratropium bromide, aminophylline or theophylline,
intravenous (IV) or inhaled magnesium sulfate, heli-
um, and high-dose inhaled corticosteroids can be used
in patients not responding to initial treatment (4).

Some guidelines suggest that inhaled magnesium
sulfate may benefit lung function when added to in-
haled beta 2-agonists and ipratropium bromide (3).
The advantages of using nebulized magnesium sulfate
are rapid effect and low incidence of side effects. On
the other hand, the disadvantages include reduced
medication dosage compared to the IV form and the
need for increased respiratory effort to improve drug
efficacy (5). The bronchodilator effect of IV magne-
sium sulfate has been confirmed in several studies,
but there is limited evidence about the effectiveness
of its nebulized form (6, 7). There are few studies on
pediatric patients, and the effects of nebulized magne-
sium sulfate in this age group are also controversial.
The guidelines for pediatric patients suggest that in-
travenous magnesium sulfate is safe. Still, the results of

nebulized magnesium sulfate in pediatric patients are
controversial and are not discussed in children.

Nebulized magnesium sulfate may have different
effects in pediatric patients. This study aimed to deter-
mine the effect of adding nebulized magnesium sul-
fate to standard treatment in children with moderate
to severe acute asthma attacks and to compare various
treatment-related characteristics to patients receiving
only standard treatment.

|
METHODS

Study protocol

The Clinical Research Ethics Committee of Inonu Uni-
versity approved this study (date: 18.02.2020, decision
no: 2020/418). The study’s aim and procedures were

explained to children or their parents, and written in-
formed consent forms for participation in the study
were obtained. This clinical study was designed by the
Consolidated Standards of Reporting Trials (8).

Eligibility criteria

This study included 129 patients, aged between 2 and
8 years, who had moderate to severe acute asthma at-
tacks and were admitted to the pediatric emergency
department of a university hospital. We excluded pa-
tients with a history of hepatic, renal failure, chronic
lung (other than asthma) and heart disease, cystic fi-
brosis, immunodeficiency, foreign body aspiration,
and those with an allergy to magnesium sulfate or
salbutamol, failure to get written informed consent
for participation in this study. A short, standardized
questionnaire was utilized in all patients to identify
and record demographic data, complaints before and
during treatment, asthma severity, and control level,
accompanying diseases, emergency treatment, and vi-
tal signs.

Study design

A total of 129 patients between 2 and 8 years of age
with moderate to severe acute asthma attacks were
divided into group magnesium (group M, n=69) and
group standardized (group S, n=60) (Figure 1. Flow
diagram). Group M was treated with one dose of
nebulized magnesium sulfate (150 mg/doz) with three
doses of nebulized 1.5 mg / 1.5 ml salbutamol and
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one dose of methylprednisolone (1 mg/kg) at 15-min-
ute intervals. Group S (n=60) was treated with three
doses of nebulized 1.5 mg/1.5 ml salbutamol and one
dose of methylprednisolone (1 mg/kg) for asthma at-
tacks. If group M or S did not respond to each treat-
ment, nebulized salbutamol was re-administered on
three occasions at 30-minute intervals. Patients with
94% and lower oxygen saturation were given oxygen
supplements with a face mask.

Initial management and assessment

First, all pediatric patients received adequate oxygen
via a face mask and a peripherally inserted intravenous
line. A trained pediatric nurse in the emergency de-
partment performed a standard physical examination.
A standardized physical examination was recorded,
including measurements of oxygen saturation, and re-
spiratory resistance, as well as vital signs (heart rate,
noninvasive blood pressure, and respiratory rate), and
identified signs of airway obstruction.

Outcome Measures

Demographic data, including age, sex, and race, were
obtained. The consciousness, respiratory rate (per
minute), peak heart rate (per minute), participation of
accessory respiratory muscles, respiratory state, lung
auscultation findings, oxygen saturation, and PRAM
(preschool respiratory assessment measure) scores of
the patients were recorded at the time of admission,
on the 1st and 4th hours of treatment (Table 1). The
PRAM score was used in this study’s clinical evalua-
tion of patients. The 12-point PRAM is a tool for as-
sessing the severity of acute asthma exacerbations in
children aged 3 to 6 years. This score has five catego-
ries: O, saturation (0-1-2), suprasternal retractions (0-
2), scalene muscle contraction (0-2), air entry (0-1-2-
3), and wheezing (0-1-2-3). This score shows the se-
verity of airway obstruction (mild: <5, moderate: >5)
and points out a clinically meaningful improvement
(change from baseline >3) (9).

Statistical analysis

All statistical analyses were performed using the Sta-
tistical Package for Social Sciences (SPSS) version 20.0
software (SPSS Inc. Chicago, IL, USA). The normal-
ity of continuous variable distribution was evaluated
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using the Kolmogorov-Smirnov test with Lilliefors
correction. Descriptive statistics were presented as fre-
quency and percentage for categorical variables and as
median (min-max) for quantitative data. Categorical
variables were compared using the Pearson chi-square
test or Fisher’s exact test. Quantitative variables were
compared by using the Mann-Whitney U test. p value
of 0.05 or lower was considered as significant.

|
RESULTS

Of the 129 patients, the median age was 4 (min-
max:2-8) years, and 86 (66.7%) were male. Of the 101
patients (78.3%) lived in the urban city center. Among

the patients, 76 (58.9) had been previously diagnosed
with asthma, and 53 (69.7%) were attending regular
follow-ups for their condition. Overall, 53 (41.1%)
of the patients had had exposure to cigarette smoke.
There was no difference between group M and group
S regarding gender, age, concomitant allergic disease,
exposure to cigarette smoke, and the number of asth-
ma attacks in the past year (Table 2).

A comparison of study groups showed that group
M had significantly higher oxygen saturation at hour 1
(p =0.024) and significantly lower total PRAM score at
hour 4 (p = 0.008) compared to group S. There were no
differences between the groups in terms of any other
variables in either the Ist or the 4th-hour comparisons
(p> 0.05) (Table 3).

|
DISCUSSION AND CONCLUSION

Adding nebulized magnesium sulfate to standard treat-

ment in patients with moderate to severe asthma attacks
led to faster correction of oxygen saturation, as demon-
strated by better 1st-hour saturation values. In addition,
patients who received magnesium sulfate treatment had
lower PRAM scores at the post-treatment 4th hour.
Magnesium can improve the bronchodilator effect
to salbutamol in acute asthma by increasing B receptor
affinity or upregulation of the B2 receptor. Magnesium
also relieves bronchoconstriction by reducing calcium
intake and release in bronchial smooth muscles. It re-
duces the excitability of the muscular membrane by
inhibiting the release of acetylcholine from the cho-
linergic nerve endings. Furthermore, magnesium con-
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Table 1. The Preschool Respiratory Assessment Measure (PRAM) score

Point

O, saturation

>95%

92-94%

<92%

Suprasternal retractions

Absent

Present

Scalene muscle contraction

Absent

Present

Air entry*

Normal

Decreased at the base

Decreased at the apex and the base

Absent/minimal

Wheezing

Absent

Expiratory only

Inspiratory (+ expiratory)

Audible without stethoscope or silent chest (minimal or no air entry) 3

* If asymmetric findings between the right and left lungs, the most severe side is rated.

Table 2. Demographic characteristics of the groups

Variables

Group M’
(n:69)

Group S

(n:60) p value

Gender, male, n (%)

Age, median (min-max), year

Number of asthma attack within last year, median (min-max),
Living city center, n (%)

Diagnosed with asthma before consult to emergency, n (%)
Taking regularly controller treatment for asthma, n (%)
Exposure to smoking, n (%)

Co-exist atopic disease, n (%)

47 (68.1)
4(2-8)
3(1-10)
51 (73.9)
41 (59.4)
28 (68.3)
25 (36.2)
41 (59.4)

39 (65)
4(2-8)
4(1-10) 0.158
50 (83.3) 0.280
35(58.3) 0.9
25 (71.4) 0.963
28 (46.7) 0.307
40 (66.7) 0.505

0.851
0.665

Max: Maximum, min: Minimum, n: Number, %: Percent

*Group M: Nebulized magnesium sulfate in addition to asthma attack treatment, **Group S: Standard asthma attack treatment

tributes to reduced histamine release from mast cells
and the stimulation of nitrous oxide production and
prostacyclin synthesis (10-13).

Previous studies compared salbutamol with nebu-
lized magnesium sulfate to salbutamol-only treatment
in asthma attacks. In the study conducted by Nannini
et al. with 35 patients, a significant increase in PFR
(peak flow rate) value was found within 10 minutes
(and also at 20 minutes) in those that were given nebu-

lized salbutamol in an isotonic solution of magnesium
sulfate, compared to recipients of salbutamol in saline
(14). In another study, Mahajan et al. added a dose of
nebulized magnesium sulfate to salbutamol in treating
asthma in children and found that it was beneficial in
clinical improvement. However, they did not examine
the response to magnesium sulfate and salbutamol at
repeated doses (after the single dose) in the later stages
of the asthma attack (15). In the study conducted by
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Table 3. Comparison of study variables between groups.

Group M Group S™

Variable (n:69) (n:60) p value
Restlessness, n (%)

Baseline 14 (20.3) 16 (26.7) 0.518

First hour of treatment 5(7.2) 6 (10) 0.808

Fourth hour of treatment 6 (8.7) - NC
Tachypnea, n (%)

Baseline 59 (85.5) 53 (88.3) 0.832

First hour of treatment 60 (87) 54 (90) 0.793

Fourth hour of treatment 54 (78.3) 53 (88.3) 0.200
Tachycardia, n (%)

Baseline 59 (85.5) 58 (96.7) 0.061

First hour of treatment 62 (89.9) 55 (91.7) 0.961

Fourth hour of treatment 63 (91.3) 55 (91.7) 1.0
Wheezing, n (%)

Baseline 9(13) 15 (25) 0.13

First hour of treatment 1(1.5) 5(8.3) 0.098

Fourth hour of treatment 2(2.9) 3(5) 0.665
Use of accessory respiratory muscles, n (%)

Baseline 43 (62.3) 47 (78.3) 0.075

First hour of treatment 46 (66.7) 29 (48.3) 0.054

Fourth hour of treatment 51(73.9) 39 (65) 0.364
O, saturation, median (min-max)

Baseline 93 (85-94) 93 (86-94) 0.892

First hour of treatment 93 (89-96) 93 (87-96) 0.024

Fourth hour of treatment 94 (87-97) 94 (86-97) 0.393
PRAM score, median (min-max)

Baseline 4(2-11) 4(2-10) 0.282

First hour of treatment 3(2-11) 4(2-10) 0.061

Fourth hour of treatment 1(0-9) 2(0-9) 0.008

Max: Maximum, min: Minimum, n: Number, %: Percent

*QGroup M: Nebulized magnesium sulfate in addition to asthma attack treatment, **Group S: Standard asthma attack treatment

Aggarwal et al. with 100 patients, 50 patients received
magnesium sulfate combined with salbutamol, while
the remaining 50 received salbutamol treatment only.
The patient’s heart rate, blood pressure, and PEFR (peak
expiratory flow rate) were measured at baseline and on
the 15th, 60th, 75th, and 120th minute. In addition,
the patients serum magnesium and blood gas values
at baseline and 120th minutes were measured in both
groups. PaO, values in blood gas were higher at the
120th minute in both groups, and their results did not
demonstrate a significant difference between the groups
(16). In our study, oxygen saturation values at the 1st
hour of the treatment were significantly higher in the
patients who received magnesium sulfate in addition to
salbutamol than those who received only salbutamol.
In acute asthma attacks of the pediatric population,
lung function tests, such as peak expiratory flow rate
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or spirometry, are generally used to evaluate the sever-
ity of asthma attacks (17). However, it is almost impos-
sible to assess these lung function tests in the preschool
age group (due to poor coordination) and in 35-50% of
school-age children (due to disease severity and unfa-
miliarity with the technique) (18, 19). One-quarter of
children with asthma, representing more than half of
preschool children and patients receiving acute asthma
treatment, cannot perform the standard lung function
tests under emergency conditions (20). Finding alter-
native ways to apply clinical asthma guidelines and
evaluating disease severity and treatment response in
children aged 2-17 years is essential. The clinical scores
can be used as simple and inexpensive tools to assess
asthma severity for children in different age groups.
In an independent study conducted by Birken et al,,
the PRAM (Preschool Respiratory Assessment Mea-
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Flow Diagram

[ Enrollment ]

Assessed for eligibility (n=130)

Excluded (n=1)

+ Not meeting inclusion criteria (n=1)
» + Declined to participate (n=0)

+ Other reasons (n=0)

Randomized (n=129)

|

Figure 1. Flow diagram

sure) score was developed and validated in preschool
children as one of the two measures of asthma attack
severity that demonstrated reliable assessment charac-
teristics in this age group. The PRAM score proved reli-
able for respiratory resistance in children between 3 - 6
years and was sensitive and distinctive to changes (9,
21). In our study, we evaluated children with an asthma
attack who were aged between 2-8 years. The age group
of children in this study was unsuitable for measuring
lung function tests; thus, the PRAM score was used
along with other metrics for assessing patients. The
PRAM scores of patients were calculated and recorded
at baseline and on the 1st and 4th hours of treatment.

y [ Allocation 4
Allocated to intervention (n=69) Allocated to intervention (n=60)
+ Received allocated intervention (n=40) + Received allocated intervention (n=40)
+ Did not receive allocated intervention (give + Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)
v [ Follow-Up ] ¥
Lost to follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
Y [ Analysis ] 3
Analysed (n=69) Analysed (n=60)
+ Excluded from analysis (give reasons) (n=0) + Excluded from analysis (give reasons) (n=0)

The PRAM score of the patients receiving salbutamol
with magnesium sulfate was significantly lower than
the PRAM score of the patients receiving salbutamol
only at the 4th hour of treatment.

The limited number of patients, the conduct of the
study in a single center, and not performing double-
blind randomization (even though they were random-
ized to groups) are among the limitations of this study.
Studies involving more patients and multicenter de-
signs are needed to confirm our findings and general-
ize results.

This study shows that adding nebulized magne-
sium sulfate to standard asthma treatment improves
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oxygen saturation faster and positively affects the
PRAM score in children with asthma attacks. There-
fore, nebulized magnesium sulfate can be used in ad-

dition to the standard asthma treatment in pediatric

patients with moderate to severe asthma attacks.
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