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Due to the healthcare burden associated with migraines, prompt and effective treatment is vital to im-
prove patient outcomes and ED workflow. This was a prospective, randomized, double-blind trial. Adults
who presented to the ED with a diagnosis of migraine from August of 2019 to March of 2020 were in-
cluded. Pregnant patients, or with renal impairment were excluded. Patients were randomized to receive
intravenous magnesium, prochlorperazine, or metoclopramide. The primary outcome was change in pain
from baseline on a numeric rating scale (NRS) evaluated at 30 min after initiation of infusion of study
drug. Secondary outcomes included NRS at 60 and 120 min, ED length of stay, necessity for rescue anal-
gesia, and adverse effects. A total of 157 patients were analyzed in this study. Sixty-one patients received
magnesium, 52 received prochlorperazine, and 44 received metoclopramide. Most patients were white
females, and the median age was 36 years. Hypertension and migraines were the most common comor-
bidities, with a third of the patients reporting an aura. There was a median decrease in NRS at 30 min of
three points across all three treatment arms. The median decrease in NRS (IQR) at 60 min was −4 (2–6)
in the magnesium group, −3 (2–5) in the metoclopramide group, and −4.5 (2–7) in the
prochlorperazine group (p = 0.27). There were no statistically significant differences in ED length of
stay, rescue analgesia, or adverse effects. Reported adverse effects were dizziness, anxiety, and akathisia.
No significant difference was observed in NRS at 30 min between magnesium, metoclopramide and
prochlorperazine.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Amigraine is a chronic neurologic disease characterized by attacks of
throbbing, often unilateral headache associated with photophobia,
phonophobia, nausea, vomiting, and cutaneous allodynia. It is the sec-
ond most disabling neurologic condition in the United States, resulting
in a $27 billion cost due to loss of productivity [1,2]. It is estimated
that there are over 1.2 million visits to emergency departments (ED)
in the United States are due to migraines [3]. Migraine, previously be-
lieved to be a vascular disorder, is caused by inflammation due to vaso-
dilation in the meninges secondary to the release of vasoactive
neuropeptides by stimulation of the trigeminal nerve [4]. This inflam-
mation can result in symptoms such as headache, nausea, vomiting, diz-
ziness, photophobia and phonophobia.
il).

. This is an open access article under
Despite migraine being a common disorder, there has yet to be a
cure. Several classes of medications have been studied for the treat-
ment of migraine. Recently, conventional therapy has shifted to the
use of anti-dopaminergics which include prochlorperazine,
metoclopramide and haloperidol, nonsteroidal anti-inflammatory
drugs (NSAIDs) such as ibuprofen and naproxen, and serotonin re-
ceptor agonists, such as sumatriptan [5]. Although intravenous (IV)
opioids have historically been the most common treatment for mi-
graines, their use has fallen out of favor due to their association
with increased recurrence of headaches and ED visits, abuse poten-
tial, and most recently severe IV opiate shortage [6]. Alternative
treatments include ketamine, propofol, dihydroergotamine, and
magnesium [5].

Magnesium is an intracellular cation that has been associated with
both the function of serotonin and regulation of vascular tone, which
are bothmechanisms that implicate its role in the treatment ofmigraine
[7]. Intravenous magnesium sulfate has been studied as a treatment for
migraine and has been compared to placebo, metoclopramide and
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. CONSORT (Consolidated standards of reporting trials) Diagram
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prochlorperazine in previous studies [7-12]. These studies have demon-
strated that magnesium is well-tolerated with a good safety profile and
may be efficacious in the treatment of migraine. Metoclopramide,
prochlorperazine, and magnesium have been recommended in clinical
practice guidelines and have commonly been used for treatment of mi-
graine in the ED. [13,14] However, no trial has evaluated all three of
these drugs within the same population. The purpose of our study was
to compare the relative efficacy of magnesium, metoclopramide, and
prochlorperazine for the treatment of headache andmigraine in the ED.
Table 1
Patient Baseline Demographics

Magnesium
(n = 61)

Metoclopramide
(n = 44)

Prochlorperazine
(n = 52)

p
Value

Age, median (IQR) 34 (27–48) 37.5 (29.5–48) 37.5 (27–47.5) 0.67
BMI, median (IQR) 31.2

(25.5–35.9)
30.1 (26.2–34.4) 33.4 (26.5–36.2) 0.52

Female sex, No. (%) 44 (72) 33 (75) 46 (88) 0.09

Race, No.(%)
White 30 (49) 23 (52) 14 (27) 0.07
Black 25 (41) 16 (36) 28 (54) 0.19
Hispanic 6 (10) 5 (11) 9 (17) 0.47

Comorbidities, No. (%)
Migraine/Headache 17 (28) 13 (29.5) 19 (36.5) 0.59
Hypertension 15 (25) 10 (23) 15 (29) 0.78
Diabetes 8 (13) 7 (16) 5 (10) 0.65
Depression/Anxiety 7 (11.5) 5 (11) 3 (6) 0.63
Asthma 4 (6.5) 6 (14) 7 (13) 0.39
Gastrointestinal
disorders

5 (8) 5 (11) 4 (8) 0.79

Aneurysm/ICH 3 (5) 3 (7) 3 (6) 0.92
Arthritis/MSK pain 4 (6.5) 3 (7) 3 (6) 0.98

Presence of aura,
No. (%)

18 (29.5) 14 (32) 20 (38.5) 0.52

Abbreviations: BMI, body mass index; ICH, intercranial hemorrhage; IQR, interquartile
range; MSK, musculoskeletal.
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2. Methods

2.1. Study design and setting

This study was a single-center, prospective, double-blinded,
randomized-controlled, three-armed trial comparing magnesium,
metoclopramide, and prochlorperazine for the treatment of migraine.
This trial was conducted in a large, level 1 trauma, tertiary-caremedical
center ED near Chicago, Illinois from August of 2019 through March of
2020.
2.2. Selection of participants

Patients greater than or equal to 18 years of age presenting to the ED
with a chief complaint of migraine or headachewhile an ED pharmacist
was present were eligible for inclusion in this study. Migraine diagnosis
was determined by an ED physician after thorough examination to rule
outmigrainemimics or headache conditionswhere traditionalmigraine
therapy would be deemed inappropriate. Patients were required to
Table 2
Change in Median Pain Scores

Magnesium Metoclopramide Prochlorperazine p
Value

Change in pain score at
30 min, median
(IQR)

(n = 61) (n = 44) (n = 52) 0.71
−3

(1–4.25)
−3 (1–4) −3 (1–5)

Change in pain score at
60 min, median
(IQR)

(n = 56) (n = 37) (n = 39) 0.27
−4 (2–6) −3 (2–5) −4.5 (2–7)

Change in pain score at
120 min, median
(IQR)

(n = 30) (n = 16) (n = 25) 0.66
−4

(2.25–7)
−4 (2–7.25) −3 (3–7.75)

Abbreviations: IQR, interquartile range.



Table 3
Concomitant Medication Administration

Magnesium (n = 61) Metoclopramide (n = 44) Prochlorperazine (n = 52) p Value

Patient reported medication administration prior to admission, No. (%) 29 (47.5) 19 (43) 24 (46) <0.01
Received medications in ED prior to study drug, No. (%) 49 (80) 38 (86) 40 (77) 0.50
Need for rescue analgesia, No. (%) 26 (43) 15 (34) 17 (33) 0.50
Rescue analgesia between 30 and 120 minutes, No. (%) 19 (31) 11 (25) 14 (27) 0.85

Abbreviations: ED, emergency department.
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have the ability to provide informed consent. Exclusion criteria included
pregnancy, a stated history of renal impairment, allergy or sensitivity to
any of the study drugs, or receipt of any of the study drugs prior to
enrollment.

2.3. Interventions

Following assessment for study eligibility, patients were consented
by the ED pharmacist. Patients were randomized to receive one of
three study drugs (magnesium sulfate 2 g, metoclopramide 10 mg, or
prochlorperazine 10 mg) via computer randomization. Study drug ran-
domization and preparationwas the responsibility of the IV room phar-
macist who was not part of the study. The ED pharmacists, physicians,
and nurses participating in administration of the medications were
blinded to which drug was selected. Magnesium sulfate 2 g/50 mL
D5W, prochlorperazine 10 mg/50 mL D5W, or metoclopramide
10mg/50mLD5Wwas then administered as an IV infusion over 20min.

2.4. Measurements and outcomes

The primary outcome of this studywas change in pain from baseline
to 30 min after initiation of infusion. Pain was assessed by the ED
Fig. 2.Median pain scores at baselin
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pharmacist using the 11-point Numeric Rating Scale (NRS) and re-
corded on a data collection tool. NRS is a validated tool commonly
used to measure different types of pain [15].

Secondary endpoints included change in pain score from baseline to
60min and 120min after initiation of infusion (as defined on a 11-point
NRS), ED length of stay, and necessity for rescue analgesia at any time
following the study drug administration. Safety endpoints included
monitoring for common adverse effects related to the study drugs—pri-
marily hypotension, flushing, akathisia, dystonia, nausea, vomiting, diz-
ziness, drowsiness, or other self-reported adverse effects [16-18].
Patient baseline characteristics were also collected, which included
patient-reported past medical history and analgesic use prior to pre-
senting to the ED.

2.5. Analysis

A sample size of 264 subjects (88 subjects per treatment arm) was
calculated to detect a difference of 1.4 points in theNRS between groups
to achieve a power of 80% [19]. Statistical significance was defined a
priori as p < 0.05, and normality was assessed using the Shapiro-Wilk
test. Descriptive statistics were used for nominal data, while ordinal
and categorical data were evaluated using Mann-Whitney U and
e, 30 min, 60 min, and 120 min.



Table 4
ED Length of Stay

Magnesium (n = 61) Metoclopramide (n = 44) Prochlorperazine (n = 52) p Value

ED LOS (min), median (IQR) 325 (274–410) 308 (263.5–403) 332 (268.5–391) 0.84
Time from study drug administration to discharge (min), median (IQR) 139 (98–208) 122.5 (93–175) 140.5 (92.8–230.3) 0.39

Abbreviations: ED, emergency department; IQR, interquartile range; LOS, length of stay.
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Pearson's χ2, respectively. Between-group comparisons were made
using one-wayANOVAand Kruskal-Wallis, as appropriate for all contin-
uous data. A post hoc non-inferiority analysis of the primary endpoint
was conducted using Welch's t-test with a non-inferiority margin of
1.4 [20]. Data analysis was performed through SAS software for Win-
dows (Version 9.4) [21].

3. Results

During the study period, a total of 163 patients were consented for
enrollment (Fig. 1). Due to COVID-19, enrollment was terminated pre-
maturely and only 157 patients were included in the final data analysis.
No significant differences between baseline demographics were ob-
served (Table 1). The majority of the patients were white, female, and
the median age was 36 years. The most common comorbidities were
hypertension and a history of migraines or headaches. Approximately
one third of the patients presented with an aura, and there were no dif-
ferences in baseline vital signs on presentation. (See Table 1.)

Approximately 50% of patients reported taking medications to
abort their migraine prior to presenting to the ED. The most com-
mon medications taken prior to presentation to the ED were acet-
aminophen and NSAIDs (Table A1). Upon admission to the ED,
more than two-thirds of the patients received medications prior
to receiving the study medication (Table 3). Over 70% of patients
received a dose of IV diphenhydramine prior to the study medica-
tion to prevent potential adverse effects such as akathisias. Other
concomitant therapies included acetaminophen, IV NSAIDs, dexa-
methasone, and ondansetron (Table A2).

The median (IQR) baseline pain score for patients in the magne-
sium group was 8 (7–10), 8 (7–9.5) in the metoclopramide group,
and 9 (7–10) in the prochlorperazine group. Although the baseline
pain scores were slightly higher in the prochlorperazine group, this
was not statistically significant (p = 0.52). Fig. 2 highlights the
Fig. 3.Magnesium versus prochlorperazine and meto
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median pain scores for patients at baseline, 30, 60, and 120 min
after the study drug infusion. Based on the results of the Mann-
Whitney U analysis, the changes in pain scores from baseline to
30 min within each group were statistically significant (p < 0.01).
However, the Kruskal-Wallis one-way analysis for variance demon-
strated that differences in median pain scores between each treat-
ment arm were not statistically significant (Table 2). While
prochlorperazine did appear to have a greater effect on pain reduc-
tion at one hour, this was not statistically significant (p = 0.27). It
is worth noting that the sample sizes of each group decreased as
time progressed, presumably due to patients being discharged
prior to the full duration of data collection. Interestingly, there was
no difference in ED length of stay between groups (Table 4).

More patients in themagnesiumgroup required rescue analgesia, de-
fined as the necessity for additional medications following the adminis-
tration of the study drug. Approximately one third of patients received
a dose of rescue analgesia between 30 and 120 min after receiving the
study drug (Table 3). The most commonly administered rescue analge-
sics were IV NSAIDs, anti-dopaminergic agents, and acetaminophen.
Other agents included opiates, ondansetron, and the combination of
acetaminophen, butalbital, and aspirin (Table A3). Finally, adverse
events were reported in 5% of patients in the magnesium group, 4.5%
in the metoclopramide group, and 11.5% in the prochlorperazine group
(p=0.51). Themost commonly reported adverse effects were dizziness,
akathisias, and anxiety. The akathisias occurred in the prochlorperazine
group, requiring treatment with diphenhydramine.

No statistically significant differences in change in pain scores were
foundbetweenall three treatmentarms;however, apost hocnoninferior-
ity analysis revealed that when compared to prochlorperazine and
metoclopramide, IVmagnesiumwas non-inferior (Fig. 3). The difference
between themean pain score in themagnesiumgroup compared to the
prochlorperazine group was 0.08, which was well below the non-
inferioritymargin (p<0.01). Similarly, the difference between themean
clopramide noninferiority experiment outcomes.
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pain score in the magnesium group compared to the metoclopramide
groupwas 0.18—also below the noninferioritymargin (p<0.01).

4. Discussion

The results of theMAGraine study demonstrated that IVmagnesium
sulfate, metoclopramide, and prochlorperazine were effective in de-
creasing pain scores for migraines at 30, 60, and 120 min, however
one agent was not superior to the rest. Although prochlorperazine
trended towards a greater decrease in pain scores at 60min, this poten-
tial benefit may be offset by the increased adverse effects, mainly
akathisias. Our results suggest that magnesium may have had a faster
onset, which is consistent with the results of Shahrami and colleagues
[12]. However, Shahrami compared magnesium sulfate to concomitant
administration of metoclopramide and dexamethasone, and therefore
the dexamethasone may have contributed to the delayed effects of
metoclopramide. Corbo and colleagues reported that combination ther-
apy of magnesium sulfate with metoclopramide resulted in decreased
efficacy of metoclopramide, however the results of our non-inferiority
analysis demonstrated that magnesium sulfate was non-inferior to
metoclopramide [8].

Limitations of the study include the unexpected premature termina-
tion of recruitment, which ultimately lead to unequal treatment arms
and the study being underpowered. This makes it difficult to draw con-
clusions with regards to whether one agent fared better for migraine
abortion. Furthermore, there was no uniform protocol for time to initi-
ation of medications in the ED prior to study drug administration or
for rescue therapy. This ultimately could have confounded the results
of this study since it is unknown if pain relief was related to the admin-
istration of the study drug versus adjunctive therapies. Additionally, the
choice of adjunctive therapieswas at the physician's discretion. Approx-
imately one third of patients received additional therapies prior to
120 min, which may have also confounded migraine relief. Finally,
A
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although there was no difference in ED length of stay between groups,
the length of stay may have varied due to the timing of presentation
to the ED, and prioritization for high acuity patients.

5. Conclusion

There was no statistically significant difference in change in median
pain scores between IV magnesium, metoclopramide, and prochlo-
perazine. However, IV magnesiumwas not inferior to prochlorperazine
or metoclopramide at 30 min when treating headaches and migraines
in the ED—despite patients requiring greater rescue analgesia. Although
prochlorperazinemay be more effective at controlling pain at one hour,
it may also result in greater adverse effects. IV magnesiummay be used
as an adjunctive agent for the treatment of migraines, or may serve as a
safe alternative when agents such as prochloperazine or metoclo-
pramide are not appropriate.
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A. Appendix
Table A1

Medications administered prior to admission.a
Magnesium (n = 61)
 Metoclopramide (n = 44)
 Prochlorperazine (n = 52)
 p Value
cetaminophen
 12 (41)
 9 (47)
 10 (42)
 0.99

SAIDs
 15 (52)
 13 (68)
 9 (37.5)
 0.36

PAP/ASA/caffeine
 10 (34.5)
 2 (10.5)
 3 (12.5)
 0.07

piates
 19 (31)
 11 (25)
 14 (27)
 0.85

riptans
 0 (0)
 1 (5)
 2 (8)
 0.52

PAP/butalbital/caffeine
 0 (0)
 1 (5)
 2 (8)
 0.32
A
Abbreviations: APAP, acetaminophen; ASA, aspirin.

a Patient-reported.
Table A2

Concomitant medications administered in the ED.
Magnesium (n = 61)
 Metoclopramide (n = 44)
 Prochlorperazine (n = 52)
 p Value
cetaminophen
 7 (14)
 7 (18)
 8 (20)
 0.76

SAIDs
 9 (18)
 11 (29)
 6 (15)
 0.19

iphenhydramine
 41 (84)
 30 (79)
 29 (72.5)
 0.35

piates
 1 (2)
 2 (5)
 1 (2.5)
 0.61

examethasone
 9 (18)
 11 (29)
 6 (15)
 0.81

ndansetron
 8 (13)
 6 (16)
 8 (20)
 0.94
O
Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs.
Table A3

Rescue analgesia.
Magnesium (n = 61)
 Metoclopramide (n = 44)
 Prochlorperazine (n = 52)
 p Value
cetaminophen
 4 (15)
 6 (40)
 4 (24)
 0.42

SAIDs
 11 (42)
 6 (40)
 5 (29)
 0.44

etoclopramide
 4 (15)
 0 (0)
 2 (12)
 0.22
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able A3 (continued)
O
P
A
O

Magnesium (n = 61)
 Metoclopramide (n = 44)
33
Prochlorperazine (n = 52)
 p Value
piates
 6 (23)
 5 (33)
 5 (29)
 0.44

rochlorperazine
 5 (19)
 0 (0)
 2 (12)
 0.22

PAP/ butalbital/ ASA
 2 (8)
 0 (0)
 0 (0)
 0.20

ndansetron
 4 (7)
 2 (5)
 0 (0)
 0.19

ntidopaminergicsa
 12 (20)
 6 (14)
 8 (15)
 0.69
A
Abbreviations: APAP, acetaminophen; ASA, aspirin; NSAIDs, nonsteroidal anti-inflammatory drugs.

a Diphenhydramine, droperidol, haloperidol.
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