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ABSTRACT Magnesium sulfate has been shown to be an effective treatment in older children with
asthma exacerbations, but it has not been investigated in acute severe virus-induced wheezing in young
children.

The study enrolled 61 children aged 6 months to 4 years. Inclusion criteria were severe wheezing,
classified as a score of ⩾6 points as assessed by the Respiratory Distress Assessment Instrument (RDAI)
after initial treatment with salbutamol, and the symptoms of acute viral infection. The children were
randomly allocated to receive either an infusion of magnesium sulfate (40 mg·kg−1) or 0.9% sodium
chloride as a placebo infusion for 20 min. Primary outcome measure was mean change in RDAI scores
from baseline to 6 h after the treatment.

Change in the severity of wheezing from baseline to 6 h after the treatment, as measured by mean±SD

RDAI scores, was 4.7±2.6 in the magnesium sulfate group and 4.2±4.2 in the placebo group (difference
0.5, 95% CI −1.3 to 2.3, p=0.594).

Intravenous magnesium sulfate was ineffective in treating acute severe virus-induced wheezing in young
children, in contrast to the previous efficacy demonstrated in older children.
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Introduction
Acute wheezing during viral respiratory infections is one of the most common causes of emergency room
visits and hospital admissions among infants and preschool children [1]. Bronchodilators and systemic
corticosteroids are not as effective in young children as they are in older children with severe exacerbations
of asthma [2, 3]. The difference in the efficacy of medications according to patient age suggests that
virus-induced wheezing and asthma have different pathophysiologies.

Intravenous magnesium sulfate has been successfully used in older children with life-threatening asthma
exacerbations and in those whose symptoms remain severe after 1 h of intensive conventional therapy
[4–11]. Magnesium causes smooth muscle relaxation by blocking the release of calcium [12]. Magnesium
also acts through other mechanisms, including stabilisation of T-cells, inhibition of mast cell
degranulation, inhibition of acetylcholine release inhibition, and stimulation of nitric oxide and
prostacyclin synthesis, thereby reducing airflow obstruction [12].

Young children with acute virus-induced severe wheezing pose a significant therapeutic challenge in
emergency care settings, and there is a need for effective treatment. Magnesium sulfate has been shown to
be an effective treatment in older children with acute asthma exacerbations. Thus, we designed a
randomised, double-blind, placebo-controlled study to evaluate the efficacy of an intravenous infusion of
magnesium sulfate as an additional treatment in children aged 6 months to 4 years with severe acute
wheezing during respiratory viral infections. Children with inspiratory crackles and those with chronic
asthma symptoms between viral infection episodes were excluded because we focused on virus-induced
expiratory wheezing.

Materials and methods
Study design and study subjects
This was a randomised (1:1) double-blind placebo-controlled, parallel-group trial in children aged
6 months to 4 years with wheezing during viral respiratory infections conducted in Oulu University
Hospital, Finland (figure 1). The patients were recruited from March 2011 to December 2015 at the
Department of Children and Adolescents, Oulu University Hospital, Oulu, Finland. Oulu University

FIGURE 1 Study profile. RDAI:
Respiratory Distress Assessment
Instrument.
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Hospital is as a tertiary paediatric hospital, which serves a population of 164426 individuals aged
<18 years, and is the only paediatric hospital serving a population of 82753 children <15 years. The trial
was registered at ClinicalTrials.gov (NCT01383655). The ethics committee of the Northern Ostrobothnia
Hospital District, Finland approved the study protocol. Only children whose parents provided written
informed consent participated in the trial.

Eligible participants were children aged 6 months to 4 years with wheezing during viral respiratory
infections. Inclusion criteria were acute severe wheezing, i.e. respiratory distress classified as a score of ⩾6
points on the Respiratory Distress Assessment Instrument (RDAI), and the symptoms of acute viral
respiratory tract infection (wheezing, cough, rhinitis and fever) (table 1) [13]. The RDAI score was chosen
for this study because it was used in the earlier study evaluating children younger than 24 months with
wheezing [14]. All the patients were initially treated with a 2.4 mg dose of salbutamol using a pressurised
metered-dose spacer chamber (Babyhaler®; GlaxoSmithKline, Stockley Park, UK) with a mask. Salbutamol
was administered at a dose of 0.6 mg every 20 min for the first hour (total 2.4 mg). Each 0.6 mg dose was
administered in three 0.2 mg aliquots in the spacer, and the mask was kept in place until the child had
taken five breaths [15]. Only children who suffered acute severe wheezing symptoms (respiratory distress)
after initial treatment with salbutamol were eligible for the trial. The personnel in the paediatric
emergency clinic were instructed to immediately contact one of the three physicians involved in the study
if an eligible patient was admitted to the hospital. These physicians were responsible for recruiting the
patients and informing the parents and caregivers about the study, checking the inclusion and exclusion
criteria, evaluating the patients’ RDAI scores, and obtaining written informed consent. We used a multiple
PCR assay (Seeplex RV12; Seegene, Seoul, Korea) to analyse nasopharyngeal samples to determine the
cause of viral respiratory infection from all patients attending the study.

Exclusion criteria were presence of chronic severe asthma symptoms between viral infection episodes;
gestational age <35 weeks; current or previous diagnosis of bronchopulmonary dysplasia,
immunodeficiency, congenital heart defects, neurological disease, laryngitis or foreign body of the
respiratory tract; RDAI score <6 points; and presence of probable pneumonia based on inspiratory crackles
on auscultation. At the beginning of the study, patients with regular usage of inhaled corticosteroids were
excluded to avoid recruiting patients with chronic regular asthma symptoms between viral infection
episodes. However, the study protocol was revised after 6 months of recruitment, and these patients were
included in the trial because inhaled corticosteroids are commonly used for the prevention of recurrent
viral infection-induced wheezing episodes. Altogether, 11 patients were recruited before the revision of the
study protocol. As the aim of this study was to identify an additional treatment for severe wheezing
induced by recurrent viral infections, patients with severe chronic asthma symptoms requiring regular
usage of montelukast or a combination of inhaled corticosteroids and long-acting beta-agonists were
excluded.

After obtaining informed consent, an intravenous access tube was inserted for the study treatment, unless
already inserted by the emergency room physician. The physicians recorded the heights and weights of all
the participants at study entry to ensure that participants had normal nutritional status. All other medical

TABLE 1 Respiratory Distress Assessment Instrument (RDAI) [13] score

Points Maximum
points

0 1 2 3 4

Wheezing
Expiration None End 1/2 3/4 All 4
Inspiration None Part All 2
Location None Segmental: ⩽2 of 4

lung fields
Diffuse: ⩾3 of 4

lung fields
2

Retractions
Supraclavicular None Mild Moderate Marked 3
Intercostal None Mild Moderate Marked 3
Subcostal None Mild Moderate Marked 3

The maximum total number of points for wheezing was 8, and the maximum total number of points for
retractions was 9. All the children with silent expiratory sounds during auscultation were assigned the
maximum score for wheezing.
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treatments, including inhalations of salbutamol, systemic corticosteroids and intensive care, were decided
by the clinical paediatrician and not by the study physicians. Supplemental oxygen was provided for
patients with an oxygen saturation of ⩽92% as determined by pulse oximetry.

Study products, blinding, randomisation and data monitoring
The patients were randomly allocated to receive either an intravenous infusion of magnesium sulfate
(40 mg·kg−1) or a placebo infusion of 0.9% sodium chloride for 20 min. The maximum magnesium sulfate
dose was 2 g. At the time this study was planned, five studies evaluating the efficacy of intravenous
magnesium sulfate in the the treatment of acute paediatric asthma had been published. Those studies were
randomised double-blind trials, and the dose of intravenous magnesium ranged from 25 mg·kg−1 to
100 mg·kg−1 [4–8]. We chose the dose of 40 mg·kg−1 based on these studies. Randomisation was
performed in blocks of four by a biostatistician, using the StatsDirect v2® (StatsDirect Ltd, Cheshire, UK)
statistical program [16]. Block randomisation was used to ensure that there were similar numbers of
patients in the magnesium sulfate and placebo groups during different epidemic seasons.

The products used in the study were prepared in Oulu University Hospital pharmacy, using 100 mL
Ecoflac® (B. Braun, Boulogne, France) bottles containing 0.9% sodium chloride. The pharmacists in the
hospital used sterile instruments to open the bottles, and removed 10 mL of the volume. For the active
bottles, magnesium sulfate 8 mL (concentration of 246 mg·mL−1), Addex-Magnesium® (Fresenius Kabi,
Uppsala, Sweden), was then added, resulting in a magnesium sulfate solution with a concentration of
20 mg·mL−1. For the placebo bottles, 0.9% sodium chloride (8 mL) was added. The magnesium and
placebo products were packed in identical bottles. In both cases, the fluid was transparent and water-like.
The bottles were coded with the study number according to a randomised sequence, which was kept in the
pharmacy of the hospital. The pharmacy staff delivered the coded bottles in numerical order. The study
doctors, physicians in charge, nurses and caregivers were blinded to the study medication until the data
entry was complete and the data were ready for the final analysis.

During the intravenous 20-min infusion, the study physicians closely monitored the patients to record
possible side effects, such as nausea, somnolence, tachycardia, facial redness, epigastric redness and pain,
and burning or redness at the site of the cannula, all of which have been associated with intravenous
magnesium infusions [17]. The study physicians observed and recorded RDAI scores, heart rates,
respiratory rates and oxygen saturation levels, as well as patient condition (alert and calm/crying/sleeping)
and the presence of silent respiratory sounds during auscultation. The data were recorded at baseline,
20 min, 1 h, 2 h and 6 h after the treatment. After the first 6 h, the data recording continued at 12 h
intervals until the patient was discharged.

Primary outcome
The primary outcome was the change in the mean RDAI score from baseline to 6 h after the study
treatment. We reported separately the results of the mean RDAI scores from patients who tested positive
for rhinovirus, as wheezing in early childhood caused by rhinovirus has been found to be a strong risk
factor for later diagnosis of asthma [18].

Secondary outcomes
Secondary outcomes were the proportion of children needing supplemental oxygen, proportion of children
requiring treatment in the intensive care unit, duration of hospitalisation, and occurrence of revisits and
re-admissions within 30 days after the study treatment.

Sample size
The sample size calculation was based on our earlier experience of 60 children, with a mean age of 1 year,
who experienced wheezing during viral respiratory infections in our emergency room. We regarded the
difference between groups as clinically significant if the mean RDAI score at 6 h after the study treatment
was 4.0 for the children receiving magnesium sulfate and 5.4±1.7 for the children receiving placebo
treatment. We calculated that 26 children were required for both groups to identify this difference with a
type I error of 0.05 and a type II error of 0.20 (power of 80%).

Statistical analyses
Continuous variables were presented as mean and standard deviation and categorical variables were
presented as count and proportion. All the analyses were based on the intention-to-treat principle. t-test
was used to determine the statistical significance of between-group differences in the continuous variables.
The standard normal deviate test was used to compare proportions between the study groups. We
calculated 95% confidence intervals for the differences. Data on the time from baseline to revisits and
readmissions are presented as Kaplan–Meier survival curves, and the difference between the groups was
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tested by the log rank test. A logistic regression analysis, which was adjusted for the RDAI score at
study entry, was used to evaluate the impact of the magnesium sulfate treatment on the need for
supplemental oxygen, intensive care, revisits and re-admissions. Two-sided p-values are reported
throughout. The analyses were carried out with IBM SPSS Statistics for Windows, Version 22.0 (IBM
Corp., Armonk, NY).

Results
Study population
In total, 93 patients met the inclusion criteria and were invited to participate in this trial between March
2011 and December 2015. Of these, 23 families refused to participate, and nine patients had an RDAI
score of <6 points, thus, the final study consisted of 61 children who were randomly allocated to receive
either magnesium sulfate (n=31) or placebo (n=30) (figure 1). The most common reasons for parental
refusal to participate in the study were the need to insert an intravenous cannula (n=9) and the fear of
side effects of the medication (n=6). RDAI scores for the analysis of the primary outcome were available
for all randomised participants. The groups were well balanced in terms of age, sex and patient history
(table 2). In total, 44% of the parents reported smoking (table 2). The mean±SD age of the participants was
1.8±0.9 years and 53% were boys. All the participants had an acute respiratory infection at study entry,
while 90% had cough, 80% had rhinitis and 54% had fever. Rhinovirus was identified in 44 of 61 children
(72%) and any respiratory virus in 54 of 61 children (89%) (table 2). The majority of the patients had
severe wheezing, with a mean RDAI score at baseline of 11.1±2.7. The patients randomised to the
magnesium sulfate group had lower RDAI scores at study entry (tables 2 and 3).

Primary outcome
The mean change in the RDAI scores from baseline to 6 h was not significantly different between the
magnesium sulfate and placebo groups (figure 2), being 4.7±2.6 in the magnesium sulfate group and
4.2±4.2 in the placebo group (difference 0.5, 95% CI −1.3 to 2.3; p=0.594) (table 3).

TABLE 2 Baseline characteristics of the patient groups

Magnesium (n=31) Placebo (n=30)

Age years 1.7±0.8 2.0±1.0
6–12 months 6 (19) 5 (17)
1–2 years 16 (52) 9 (30)
2–3 years 7 (23) 11 (37)
3–4 years 2 (7) 5 (17)

Male sex 17 (55) 15 (50)
Birth weight g 3346±651 3544±469
Duration of respiratory infection days 3.1±3.7 3.0±3.6
Duration of wheezing days 1.0±0.7 1.1±1.4
Number of earlier episodes of wheezing 5.3±6.7 6.1±6.0
Regular use of an inhaled corticosteroid 7 (23) 6 (20)
Patient history of doctor diagnosed atopy 11 (36) 6 (20)
Patient history of doctor diagnosed food allergy 3 (10) 6 (20)
Parental smoking 14 (45) 13 (43)
Mother with a diagnosis of asthma 6 (19) 4 (13)
Father with a diagnosis of asthma 2 (7) 5 (17)
Pets at home 13 (42) 13 (43)
Number of doses of short-acting beta-agonists
before the study treatment

6.2±3.7 6.2±4.5

Supplemental oxygen before the study treatment 12 (39) 12 (40)
Viral aetiology of wheezing
Rhinovirus 22 (71) 15 (50)
Rhinovirus and other virus 4 (13) 3 (10)
Respiratory syncytial virus 2 (7) 3 (10)
Adenovirus 0 (0) 2 (7)
Coronavirus OC43 1 (3) 0 (0)
Bocavirus 0 (0) 2 (7)
Negative 2 (7) 5 (17)

Data are presented as mean±SD or n (%).
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Secondary outcomes
There were no between-group differences in the number of patients requiring supplemental oxygen or
treatment in the intensive care unit (table 3). The duration of hospitalisation did not differ significantly
between the two groups, being 32.9 h±19.3 in the magnesium sulfate group and 42.9±48.9 h in the placebo
group (difference −10.0, 95% CI −28.9 to 8.9; p=0.296) (table 3). One patient in the placebo group
required mechanical ventilation during hospitalisation.

Within the 30 days after discharge, there were fewer revisits (n=3; 10%) for the magnesium sulfate group
than for the placebo group (n=8;27%) (difference −17%, 95% CI −36.7 to 2.7; p=0.064). There were also
fewer readmissions (n=1l 3%) for the magnesium sulfate group than for the placebo group (n=6; 20%)
within the 30 days after discharge, (difference −17%, 95% CI −34.8 to −0.8; p=0.029) (table 3). However,
these findings were not significant when the logistic regression analysis was adjusted for RDAI scores at
study entry. In the logistic regression analysis, intravenous magnesium sulfate did not affect the need for
supplemental oxygen or intensive care.

One patient in the magnesium sulfate group had facial redness and redness around the site of the
intravenous cannula during the first 15 min of the intravenous infusion. No other adverse events were
recorded in the children in either group. Heart rate, respiratory rate and oxygen saturation measurement
did not differ between the groups at baseline or at 20 min after receiving the study treatment (table 4).

Discussion
Intravenous magnesium sulfate was not an effective additional therapy in treating severe virus-induced
wheezing in this double-blind randomised controlled trial of children aged of 6 months to 4 years.

Earlier studies and meta-analyses demonstrated the efficacy of magnesium sulfate in older children with
severe asthma exacerbations [9, 19–21]. Previous meta-analyses concluded that the use of intravenous
magnesium sulfate as an adjunct therapy in children with acute severe asthma significantly reduced the
number of hospital admissions, with a reported risk ratio for hospitalisation of 0.32–0.70 [9, 19, 21]. In
earlier studies, children with asthma also had a wide age range, from 1 year to 18 years and from 6 years to
18 years [4–8, 10, 11].

The main reason for the lack of efficacy of magnesium sulfate in the present study may be that the
pathophysiology of asthma is different from the pathophysiology of viral wheeze in early childhood.
Biopsy studies of children with asthma have reported the presence of thickening of the epithelial reticular

TABLE 3 Outcomes of the patients in the magnesium sulfate and placebo groups

Magnesium
(n=31)

Placebo
(n=30)

Difference 95% CI for
difference

p-value#

Primary outcomes
Change in RDAI score
Baseline versus 6 h after the study treatment 4.7±2.6 4.2±4.2 0.5 −1.3 to 2.3 0.594
Baseline versus 20 min after the study treatment 1.1±2.7 0.9±2.9 0.2 −1.2 to 1.7 0.718

RDAI score at baseline 10.2±2.6 12.0±2.6 −1.8 −3.1 to −0.5 0.009
RDAI score 6 h after the study treatment 5.5±2.8 7.8±4.2 −2.3 −4.1 to −0.4 0.016
RDAI score at baseline, rhinovirus positive 10.5±2.7 12.2±2.4 −1.6 −3.2 to −0.5 0.044
RDAI score 6 h after the study treatment, rhinovirus positive 5.7±2.9 6.9±4.1 −1.2 −3.3 to 1.0 0.275

Secondary outcomes
Number of doses of a short-acting beta-agonist within 6 h
after the study treatment

2.8±1.4 3.1±1.5 −0.3 −1.0 to 0.5 0.439

Systemic corticosteroid treatment 3 (10) 7 (23) −13.3 −33.2 to 5.5 0.112
Supplemental oxygen during or after the study treatment 17 (55) 19 (63) −8.5 −32.1 to 16.1 0.453
Duration of the need for supplemental oxygen h 19.0±18.2 20.5±26.6 −1.5 −17.2 to 14.1 0.844
Treatment in the intensive care unit 3 (10) 5 (17) −6.9 −25.7 to 11.2 0.310
Duration of hospitalisation h 32.9±19.3 42.9±48.9 −10.0 −28.9 to 8.9 0.296
Revisits to the paediatric emergency clinic due to wheezing
within 30 days after the study treatment

3 (10) 8 (27) −16.9 −36.7 to 2.7 0.064

Treatment in the paediatric ward due to wheezing within
30 days after the study treatment

1 (3) 6 (20) −16.8 −34.8 to −0.8 0.029

Data are presented as mean±SD or n (%), unless otherwise stated. #: standard normal deviate test or t-test, where appropriate. RDAI:
Respiratory Distress Assessment Instrument.
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basement membrane and eosinophilic inflammation in those aged 6 years to 16 years, whereas these
characteristics are absent in symptomatic infants younger than 2 years with reversible airway obstruction
[22]. The term “wheeze” is a clinical symptom describing a continuous high-pitched sound emitted from
the chest during expiration, which is the result of narrowing the intrathoracic airways and expiratory flow
limitation [23]. The validity of the different scores in evaluating the respiratory distress in young children
is limited, and a recent study concluded that respiratory rate, oxygen need and presence of retractions are
more useful tools for predicting the need for hospital admission in young children [24]. The clinical entity
of preschool wheeze classically affects children younger than 5 years. Children with wheeze and/or crackles
during viral infection who are under the age of 12 months in Europe, or under the age of 24 months in
the USA, are often diagnosed with bronchiolitis [25]. Thus, in the present study, some of the patients
may have fulfilled the criteria for a diagnosis of bronchiolitis, as the diagnostic criteria for bronchiolitis
and virus-induced wheezing in young children are overlapping. However, we excluded patients with
inspiratory crackles and included only young children with acute severe virus-induced expiratory
wheezing, which was probably caused by reversible bronchial obstruction. These exclusion criteria would
have made smooth muscle relaxation a plausible mechanism for the efficacy of magnesium sulfate in
virus-induced wheezing in young children. A randomised controlled trial of 162 infants with a median
age of 3.7 months who had bronchiolitis found that patients who received intravenous magnesium
sulfate had similar mean bronchiolitis severity scores over time compared with the control group [26]. The
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FIGURE 2 Respiratory Distress Assessment Instrument (RDAI) scores for magnesium sulfate and placebo groups over time (a). The RDAI scores
of both the magnesium sulfate group and placebo group showed a significant difference at baseline and 6 h after the study treatment. The
changes in RDAI scores did not differ over time between the groups. RDAI scores for magnesium sulfate and placebo groups with rhinovirus
infection over time (b).

TABLE 4 Patient monitoring

Magnesium
(n=31)

Placebo
(n=30)

Difference 95% CI for
difference

p-value#

Patient condition at baseline
Awake and calm 18 (58) 18 (60) −2.0 −26.0 to 22.4 0.999
Sleeping 11 (36) 2 (7) 29.4 8.9 to 47.9 0.006
Crying 2 (7) 10 (33) −26.8 −46.2 to −7.4 0.006

Patient condition 20 min after the study treatment
Awake and calm 17 (55) 10 (33) 21.5 −3.6 to 44.1 0.082
Sleeping 5 (16) 13 (43) −27.2 −48.0 to −4.2 0.016
Crying 9 (29) 7 (23) 5.7 −16.8 to 27.6 0.578

Heart rate at baseline 144.7±13.8 150.3±14.8 −5.6 −13.0 to 1.7 0.129
Heart rate 20 min after the study treatment 145.0±15.7 145.2±14.5 −0.2 −7.9 to 7.5 0.959
Respiratory rate at baseline 50.1±11.2 51.4±8.9 −1.3 −6.5 to 3.9 0.608
Respiratory rate 20 min after the study treatment 48.2±11.5 48.6±9.8 −0.4 −5.9 to 5.1 0.883
Oxygen saturation at baseline % 92.9±3.0 93.1±3.1 −0.2 −1.8 to 1.3 0.768
Oxygen saturation 20 min after the study treatment % 92.0±3.6 93.3±3.0 −1.3 −3.1 to 0.3 0.113

Data are presented as mean±SD or n (%), unless otherwise stated. #: standard normal deviate test or t-test, where appropriate.
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same study found that the infants who received magnesium sulfate were more often readmitted in the
2 weeks post treatment [26].

Nearly 30% of all children experience a wheezing episode by the age of 3 years, and 30% of preschoolers
with recurrent wheeze are diagnosed with asthma by the age of 6 years [27, 28]. There are overlapping
areas between infants with bronchiolitis, children with recurrent viral wheezing episodes and patients with
a clear asthma presentation. We excluded patients with severe chronic asthma symptoms between viral
infection episodes, as well as all infants with inspiratory crackles. In the present study, among the patients
who received intravenous magnesium sulfate, there were significantly fewer readmissions due to wheezing
in the 30 days post treatment, pointing to a possible long-lasting effect of magnesium sulfate. This finding
has not been reported in earlier studies. However, this finding was not statistically significant when the
analysis was adjusted for RDAI scores at study entry.

Exposure to cigarette smoke is a major risk factor for virus-induced acute respiratory tract infections in
children younger than 3 years and for recurrent wheezing at the age of 3 years [29]. In the present study,
this risk factor was also present in a relative large number of cases, with 44% of parents reporting
smoking. Currently, up to 16% of working-aged Finns smoke daily [30]. Exposure to cigarette smoke
blunts the response of airway epithelial cells to rhinovirus infection, leading to increased viral replication
and production, potentially by interfering with the interferon pathway and the transcriptional activation of
antiviral genes [31].

The strength of the present study is its randomised double-blind and placebo-controlled design. An
additional strength is that we were able to collect data on outcome measurements from all the participants
randomised to the study treatment. We successfully reached the sample size calculated before the study,
but a larger sample size might have detected smaller differences between the groups. To take account of
the sample size, the differences between the groups were expressed with 95% CIs. In addition, the patients
randomised to the magnesium sulfate group had more rhinovirus infections but less severe wheezing
episodes compared with the placebo group. The intravenous magnesium dose was 40 mg·kg−1 in this
study. After we had completed our study, a retrospective pharmacokinetic study was published suggesting
that a dose of 50–75 mg·kg−1 intravenous magnesium should be administered to achieve a hypothesised
target therapeutic range [32].

In the present study, intravenous magnesium sulfate administered in the early course of the infection to
children aged 6 months to 4 years with severe virus-induced wheezing episodes conferred no additional
benefit in terms of wheezing severity, need for supplemental oxygen, need for intensive care or duration of
hospitalisation. Therefore, intravenous magnesium sulfate should not be administered to treat
virus-induced wheezing among preschool children. The pathophysiology of virus-induced wheeze in
infants and preschool children is likely to be different from the pathophysiology of asthma in older
children. This would explain the difference in the efficacy of intravenous magnesium sulfate in different
age groups with wheezing-related diseases.
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