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OBJECTIVES: The standard of care for treatment of an asthma exacerbation includes oxygen, inhaled short-
acting bronchodilators, and systemic corticosteroids; adjunctive therapies, such as intravenous magnesium
sulfate, can be used for patients who are having life-threatening exacerbations. The purpose of this study was
to analyze the prescribing patterns as well as the safety of intravenous magnesium sulfate for the treatment
of acute asthma exacerbations in pediatric patients across multiple hospitals in New Jersey.

METHODS: This retrospective chart review was conducted at 4 medical centers in New Jersey on patients
who presented to the emergency department between January 1, 2010, and December 31, 2010.
RESULTS: Fifty-three patients were included in the study. In the emergency department, 98% of patients
received inhaled albuterol plus ipratropium and 85% received systemic corticosteroids before intravenous
magnesium sulfate administration. The median dose of magnesium sulfate was 40 mg/kg with a median
time of administration of 20 minutes. One patient experienced hypotension that was thought to be related

to magnesium sulfate administration.

CONCLUSIONS: This study demonstrates that weight-based dosage, as well as time of administration of
magnesium sulfate for pediatric patients with an acute asthma exacerbation, varies across different institu-
tions in New Jersey. Magnesium sulfate use was safe in this patient population.
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INTRODUCTION

Asthma is a chronic inflammatory disorder of
the airways that is characterized by changing
and persistent symptoms, airway obstruction,
inflammation, and hyperresponsiveness.! An
asthma exacerbation occurs when symptoms are
uncontrolled, causing shortness of breath, cough-
ing, and wheezing. Less severe exacerbations
can be managed at home; however, more severe
exacerbations warrant an emergency department
visit and possibly a hospital admission. Exacerba-
tions may be life-threatening, as evidenced by the
185 children in the United States that died from
asthma in 2007.?

Upon presentation to the emergency depart-

ment, it is the standard of care to treat asth-
matic patients with oxygen, inhaled short-acting
bronchodilators, and often a short course of
systemic corticosteroids.! Furthermore, the 2007
National Institutes of Health (NIH) Guidelines
for the Diagnosis and Management of Asthma
list adjunctive therapies, such as intravenous
magnesium, to be considered for patients who
have life-threatening exacerbations, especially if
they remain in the severe category after 1 hour of
first-line therapy.! These patients have dyspnea at
rest with a loud wheeze that is heard throughout
inspiration and expiration and their oxygen satu-
ration is less than 90%.! Past studies have looked
at a variety of dosing schedules including bolus
regimens,®” as well as bolus doses followed by
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continuous infusions.® At the present time, the
asthma guidelines do not provide a specific rec-
ommendation regarding dosing and frequency of
intravenous magnesium sulfate administration in
this patient population; however, the Pediatric &
Neonatal Dosage Handbook® does provide a dosing
recommendation of 25 to 75 mg/kg/dose up to 2
g for the indication of bronchodilation, but does
not suggest what the infusion time should be.

The exact mechanism of how magnesium
sulfate benefits patients experiencing an asthma
exacerbation is still largely unknown; however,
several different mechanisms have been pro-
posed. One of these includes its ability to inhibit
the cellular uptake of calcium across smooth
muscle membranes, which leads to bronchial
smooth muscle relaxation.’ Others propose
that magnesium helps to decrease the release
of histamine by inhibiting the degranulation of
mast cells,™ or that it decreases the amount of
acetylcholine released at motor nerve terminals.'?

We have observed that the practice among hos-
pitals in New Jersey differs on the administration
of magnesium sulfate. This study was conducted
to further investigate the differences in practice
as well as the safety and efficacy of magnesium
sulfate administration for an acute asthma exac-
erbation in pediatric patients.

MATERIALS AND METHODS

This retrospective chart review was conducted
across 4 different medical centers in New Jersey.
These medical centers will be identified as A, B,
C, or D. Medical centers A, B, and D are children’s
hospitals within adult hospitals and medical cen-
ter C has pediatric units within the main hospital.
The study was approved by the institutional
review boards at each respective medical center
in addition to the Institutional Review Board at
Rutgers University. Patients were identified by
billing reports at each specific institution for the
dates of January 1, 2010, to December 31, 2010.
Owing to a change in the computer system, infor-
mation from medical center B was unable to be
obtained for the dates of January 1, 2010, to April
30, 2010. All patients aged 18 years or younger
who were treated with intravenous magnesium
sulfate for an acute asthma exacerbation in the
emergency department were included in the
study. Patients who were admitted to the hospital
before receiving intravenous magnesium sulfate

were excluded.

Data were collected by using a data collection
form and included age, race, sex, height, weight,
home medications, and the number of previous
hospitalizations for an asthma exacerbation.
Data collected from the emergency department
included medications that were administered be-
fore giving intravenous magnesium sulfate; time
until intravenous magnesium sulfate administra-
tion; and dose, frequency, length of intravenous
infusion and adverse reactions of magnesium
sulfate. Serum magnesium concentrations were
recorded, when available, and reflect levels that
were drawn after magnesium sulfate administra-
tion. To evaluate for safety, the length of the infu-
sion time was assessed to see if it was extended
owing to possible adverse drug reactions.

The primary purpose of this study was to
analyze the prescribing patterns as well as
safety of intravenous magnesium sulfate for
the treatment of an acute asthma exacerbation
in pediatric patients across multiple hospital
institutions throughout New Jersey. Secondary
outcomes included the number of patients re-
quiring intubation and/or a pediatric intensive
care unit (PICU) admission after receiving intra-
venous magnesium sulfate, magnesium dosage
regimens, the number of patients who required a
hospital admission, as well as mean magnesium
serum concentrations, when reported.

RESULTS

Across the 4 medical centers, a total of 53 pedi-
atric patients received intravenous magnesium
sulfate for the treatment of an acute asthma
exacerbation in the emergency department.
The baseline characteristics for each individual
medical center can be found in Table 1. Before the
current admission, most patients had a history of
asthma and were receiving treatment with main-
tenance and/or rescue medications at home. In
addition, approximately 95% of patients received
standard therapy for an asthma exacerbation
before receiving treatment with intravenous
magnesium sulfate (Figure 1). The weight-based
dose of intravenous magnesium sulfate differed
among the 4 medical centers, with medical
center B administering a smaller milligram-per-
kilogram dose (Table 2). Medical center D had the
longest infusion time with a mean of 120 minutes
compared to the other 3 medical centers, all of
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Table 1. Baseline Characteristics

Medical Center

C D Total

Characteristic A (n=53)
(n=15) (n=3) (n=31) (n=4) n=

Age, yr¥ 7 (1-16) 6(0.8-13) 8(1-5) 7.5(7-14) 7 (0.8-16)

Weight, kg* 22 (9.4-61.7) 46.8 (9.6-52) 28 (7.6-90.9) 473 (23.6-61) 28(7.6-90.9)

Male, No. (%) 8(53.3) 2 (66.7) 21(67.7) 4 (100) 35 (66)

ED

No. of previous ED visits for 0(0-4) 1(0-10) 0 0.5 (0-10)

asthma*

No. of patients with unknown 1 9 3 15

history

Hospital admissions

No. of previous hospital 0(0-4) 0(0-6) 1(0-3) 0(0-8) 0(0-8)

admissions for asthma*

No. of patients with unknown 0 2 0 2

history

PICU

No. of previous PICU admissions 0(0-2) 0 (0-1) 0(0-1) 0(0-2) 0(0-2)

for asthma*

No. of patients with unknown 1 1 0 2

history

Intubations

No. of previous intubations due 0 0 0 0

to asthma

Patients with unknown history 1 1 0 2

Home asthma medications

Short-acting B, agonist 12 (80%) 2 (66.7%) 27 (87%) 4 (100%) 45 (85%)

Inhaled corticosteroid 5(33%) 2 (66.7%) 14 (45%) 4 (100%) 25 (47%)

Other 1(6.7%) 2 (66.7%) 6 (19%) 1(25%) 10 (19%)

None 2 (13%) 1(33.3%) 3(9.7%) 0(0) 6 (11%)

Abbreviations: ED, emergency department; PICU, pediatric intensive care unit

* Median (range)

which had mean administration times that were
approximately 30 minutes (Table 2).

Only 1 patient, from medical center A, expe-
rienced an adverse drug reaction related to the
infusion of intravenous magnesium sulfate. This
patient experienced hypotension, which resolved
after decreasing the infusion rate (time of infu-
sion was increased from 1 hour to 5 hours). No
deaths were reported.

The results of the secondary outcome looking
at disposition of patients can be found in Figure
2. Two patients, both from medical center C,
required intubation after receiving intravenous
magnesium sulfate, and a total of 39 patients

across the 4 medical centers required a PICU
admission. Figure 2 also shows that, when
combining all 4 medical centers, a total of 94%
of patients required hospital admission. Only 3
patients were discharged directly from the emer-
gency department and all of these patients were
from medical center A. Not every patient had a
magnesium serum concentration drawn (Table
3), but for those who did, the serum concentra-
tions were similar among the 4 medical centers
and most were slightly above the normal range
of 1.5 to 2.5 mg/dL. These values reflect serum
concentrations that were drawn after magnesium
sulfate administration.
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DISCUSSION

Our study results demonstrated that most of
the New Jersey medical centers that were evalu-
ated currently use the bolus method of magne-
sium sulfate administration. The weight-based
doses differed within institutions depending on
the ordering emergency department physician;
however, dosages were within the previously
published range of 25 to 100 mg/kg/dose*”
and also reflect what is currently recommended
within the Pediatric & Neonatal Dosage Handbook.?
Medical center D has adopted a policy of using
continuous infusion magnesium sulfate in its
PICU, while not routinely using a bolus dose in
the emergency department.

Despite the lack of concrete data regarding its
mechanism of action, intravenous magnesium
sulfate has been used to treat patients with
asthma for more than 25 years, with the first
study being published in 1987 by Okayama and
colleagues.” They evaluated the bronchodilat-
ing effects of magnesium sulfate in 10 adult
asthmatic patients by measuring lung function
after the administration of 250 mg of intravenous
magnesium sulfate. Their results led them to con-
clude that intravenous magnesium sulfate pro-
duces rapid and marked bronchodilation when
given to patients with mild asthma. This was
followed by the first randomized, double-blind,
placebo-controlled study by Skobeloff and col-

in adult patients, there
have been a number of studies conducted in
pediatric patients that have evaluated a variety
of weight-based doses as well as frequencies of
magnesium sulfate administration.*” Patients in
these studies were classified as having moder-
ate to severe asthma, and magnesium sulfate
doses ranged from 25 to 100 mg/kg/dose.*”
Following the practice of the earlier studies, the
magnesium sulfate for these patients was given
as a single dose over a period of either 20 or 35
minutes. While most studies have demonstrated
a clinical benefit when using magnesium sulfate
for the treatment of an acute asthma exacerba-
tion, 1 study” did not reach the same conclusion.
This study was unique in that all patients with
a moderate to severe asthma exacerbation were
randomized to receive either 75 mg/kg/dose
of intravenous magnesium sulfate or placebo
instead of administering it only to patients who
were B -agonist unresponsive. They found no
statistically significant difference in their primary
outcome, which was the degree of improvement
as assessed by pulmonary index scores over a
120-minute period.

The practice of continuous infusion is sup-
ported by 1 retrospective study in children® as
well as some case reports in adult patients''®
and focuses on maintaining constant magnesium
concentrations instead of peaks and troughs. The
retrospective chart review, conducted by Glover
and colleagues,® evaluated a total of 40 patients
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Table 2. Magnesium Sulfate Administration

Medical Center

Dosing and Administration Time A B C D Total
(n=15) (n=3) (n=31) (n=4) (n=53)
Dosing
Weight-based dose, mg/kg* 45 (20-50) 22.5(20-25) 40 (25-40) 40 40 (20-50)
Patients given adult dose, No. (%) 2(13.3) 1(33.3) 8(25.8) 2 (50) 13 (24.5)
Administration time, min* 30 (20-120) 20 (20-60) 20 120 (60-180) 20 (20-180)
Time until magnesium sulfate 128 (19-549) 240 (186-299) 70 (18-254) 138 (36-333) 91 (18-549)

administration, min*

* Median (range)

who were treated with intravenous magnesium
sulfate for an acute asthma exacerbation. They
found that patients who weighed less than or
equal to 30 kg received a mean magnesium dose
of 21.6 + 6 mg/kg/hr after receiving a mean bo-
lus dose of 35.3 + 12.7 mg/kg and patients who
weighed more than 30 kg received a mean magne-
sium dose of 14.6 + 4.2 mg/kg/hr after receiving
a mean bolus dose of 21.9 + 9.9 mg/kg. Major
cardiovascular adverse drug reactions were not
reported during magnesium sulfate infusion. Al-
though target magnesium serum concentrations
during a continuous infusion have not yet been
established, the authors of this study targeted a
magnesium serum concentration between 3 and 5
mg/dL. Similarly, medical center D targets mag-
nesium serum concentrations of 3.5 to 5.5 mg/dL.

The chief safety concern during the admin-
istration of intravenous magnesium sulfate is
hemodynamic instability, mainly hypotension."”
Only 1 patient in our study experienced hypoten-
sion during a bolus dose of magnesium sulfate.

100 ~

1
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40

20

Patients who received
magnesium sulfate (%)

The patient’s 40 mg/kg dose was being infused
over a 1-hour period when the patient became
hypotensive. This 1-hour infusion time is twice
as long as what has been reported in the litera-
ture for this indication®*” as well as the median
administration time of the patients evaluated in
this study. However, it is still faster than what is
recommended in the package insert'” and in the
Pediatric & Neonatal Dosage Handbook® for general
intravenous magnesium sulfate administration.
This patient’s hypotension resolved after slow-
ing the infusion rate and no further intervention
was necessary.

Figure 1 demonstrates that pediatric patients
in this study received the standard-of-care treat-
ment for an asthma exacerbation, including a
short-acting bronchodilator in combination with
ipratropium as well as systemic corticosteroids
as outlined in the 2007 NIH asthma guide-
lines.! Greater than 90% of patients received
albuterol plus ipratropium. One patient did not
receive the combination and was immediately
given continuous alb-
uterol upon presenta-
tion to the emergency
department and was
later admitted to the
PICU. In addition, 8 pa-
tients received systemic
corticosteroids before
emergency department
admission. All of these
patients were eventual-
ly admitted to the PICU
and 1 patient required
intubation. These data

0 ] em

Intubation
Figure 2. Primary and secondary outcomes.

[OHospital A; [ Hospital B; @ Hospital C; E Hospital D; M Total
Abbreviation: PICU, pediatric intensive care unit

PICU admission Hospital admission

indicate that intrave-
nous magnesium sul-
fate was appropriately
used in these 4 medical
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Table 3. Serum Magnesium Concentrations

Medical Center

A B C D Total
(n=2) (n=1) (n=28) (n=1) (n=32)
Magnesium concentration, 2.6 (2.3-2.8) 2 2.2(1-3.6) 2.6(2.3-3.3) 2.2(1-3.6)
mg/dL
* Median (range)

centers as an adjunctive therapy in patients who
did not respond to the standard-of-care treatment
options.

Forty of 53 patients required intubation and/or
a PICU admission. Since this retrospective chart
review did not contain a control group, we were
unable to determine if the use of intravenous
magnesium sulfate prevented hospital or PICU
admissions. We were also limited with data col-
lection from medical center B owing to a change
in the computer system. In addition, owing to the
lack of patients from medical center B as well as
D, 87% of patients included were from medical
centers A and C and could be a source of bias in
the results. Other limitations include determining
the accurate timing of magnesium sulfate admin-
istration and the decision regarding disposition
of the patient. Many times the decision to hospi-
talize a patient is made before the administration
of intravenous magnesium sulfate. This decision
process may also be reflected in the results of
the secondary outcome that looked at the total
number of patients hospitalized. In this study,
only 3 patients (5.6%) were discharged home
after receiving intravenous magnesium sulfate.

Another secondary outcome evaluated was
mean magnesium serum concentrations. When
comparing the magnesium serum concentrations
that were obtained, it is evident that this practice
also differs among the medical centers. Medical
centers A and C both administer intravenous
magnesium sulfate as a bolus dose; however,
medical center A does not routinely check mag-
nesium serum concentrations, while medical
center C does. Across all 4 medical centers, most
patients had a measured serum concentration
above the normal value of 1.5 to 2.5 mg/dL. The
significance of these higher serum concentra-
tions, as well as what the target serum concentra-
tion should be, still requires further investigation.

Prescribing practices and monitoring of intra-
venous magnesium sulfate varies among institu-
tions in New Jersey. Regardless of the regimen,

administration of intravenous magnesium sulfate
for the treatment of an asthma exacerbation in
pediatric patients was generally well tolerated.
Further prospective studies are needed to deter-
mine the optimal dosage regimen of magnesium
sulfate by using objective measures and disposi-
tion of patients, based on dose and regimen of
magnesium sulfate that was administered.
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