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Abstract

Background—Intravenous metoclopramide is effective as primary therapy for acute migraine
but the optimal dose of this medication is not yet known.

Methods—This was a randomized, double-blind, dose finding study conducted on patients who
presented to our emergency department (ED) meeting International Classification of Headache
Disorders criteria for migraine without aura. We randomized patients to 10mg, 20mg, or 40mg of
intravenous metoclopramide. We co-administered diphenhydramine to all patients to prevent
extra-pyramidal side effects. The primary outcome was improvement in pain on an 11 point
Numerical Rating Scale (NRS) at one hour. Secondary outcomes included sustained pain freedom
at 48 hours and adverse effects.

Results—In this study, 356 patients were randomized. Baseline demographics and headache
features were comparable among the groups. At one hour, those who received 10mg improved by
a mean of 4.7 NRS points (95%Cl: 4.2, 5.2); those who received 20mg improved by 4.9 (95%Cl:
4.4, 5.4), and those who received 40mg improved by 5.3(95%Cl: 4.8, 5.9). Rates of 48 hour
sustained pain freedom in the 10, 20, and 40mg groups were: 16% (95%CI:10,24%), 20%
(95%Cl:14,28%), and 21% (95%CI:15,29%), respectively. The most commonly occurring adverse
event was drowsiness, which impaired function in 17% (95%ClI: 13,21%) of the overall study
population. Akathisia developed in 33 patients. Both drowsiness and akathisia were evenly
distributed across the 3 arms of the study. One month later, no patient had developed tardive
dyskinesia.

Conclusions—20mg or 40mg of metoclopramide are no better for acute migraine than 10mg of
metoclopramide.

The majority of the two million headache patients who present to US emergency
departments (ED) annually are suffering an acute migraine [1, 2]. The goal of ED therapy is
to deliver rapid relief of pain, with a minimum of unpleasant side effects, and without
recurrence of headache after ED discharge [3]. The ideal medication would have few contra-
indications and would not exacerbate the underlying migraine disorder. Intravenous
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metoclopramide, when compared to sumatriptan, non-steroidals, opioids, and other anti-
emetics, has demonstrated many of the characteristics described above [4-10]. Additionally,
metoclopramide is inexpensive, widely available, and well known to emergency physicians
because of its use for the treatment of nausea and gastroparesis. The standard dose of
metoclopramide for treatment of migraine is 10mg. Limited clinical data suggest that 20mg
of intravenous metoclopramide is more efficacious than 10mg [11-13]. One study reported
excellent anti-migraine efficacy with doses of metoclopramide up to 60mg, administered
over 45 minutes[14]. However, the hypothesis that more metoclopramide is more efficacious
has not yet been subject to rigorous experimental design. The purpose of this study was to
compare the efficacy and safety of three different doses of intravenous
metoclopramide--10mg versus 20mg versus 40mg--for the treatment of acute migraine. We
tested three primary hypotheses, adjusting our risk of type 1 error appropriately:

1. 40mg of metoclopramide would improve the headache more than 10mg of
metoclopramide, as measured by the change in an 11 point Numerical Rating Scale
for pain between baseline and one hour

2. 20mg of metoclopramide would improve the headache more than 10mg of
metoclopramide, as measured by the change in an 11 point Numerical Rating Scale
for pain between baseline and one hour

3. 40mg of metoclopramide would improve the headache more than 20mg of
metoclopramide, as measured by the change in an 11 point Numerical Rating Scale
for pain between baseline and one hour

Study Overview

Setting

This was a randomized, double-blind, three-armed clinical trial comparing three doses of
parenteral metoclopramide for treatment of acute migraine in an emergency department.
There was no placebo arm. This trial was registered at http://www.clinicaltrials.gov and
approved by the Montefiore Medical Center IRB.

Rapid administration of metoclopramide at times causes akathisia, an extra-pyramidal side-
effect characterized by restlessness and agitation [15, 16], which can be treated with anti-
cholinergics such as diphenhydramine. Among ED migraineurs, subjective restlessness has
been reported in 20% of patients who received 20mg of metoclopramide without
diphenhydramine and in 10% who received diphenhydramine prophylactically.[17] To
prevent this side effect, 25mg of diphenhydramine was prophylactically co-administered to
all subjects. We believed prophylactic co-administration of diphenhydramine would
eliminate a dose-related incidence of restlessness, which otherwise may have resulted in a
dose-related disparity in administration of diphenhydramine by the clinical team. Since
diphenhydramine may have independent anti-migraine activity[18], administering
diphenhydramine to all subjects maintained the internal validity of this study.

We performed this study in the emergency department of Montefiore Medical Center, an
urban emergency department that receives over 100,000 adult visits annually. The
emergency department is staffed around the clock by salaried, trained, bilingual (English
and Spanish) technician-level research associates who execute research studies under the
supervision of the principal investigators.
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Selection of Participants

Intervention

Adult patients younger than 70 years who had an acute exacerbation of a migraine without
aura as defined by the International Classification of Headache Disorders-2 [19] were
eligible for participation. If the acute headache met all migraine criteria with the exception
of prolonged duration (>72 hours) or insufficient duration (<4 hours) they were included in
the study. We excluded patients if they had a secondary headache (an “organic” headache),
if the patient was to receive a lumbar puncture in the ED, or for a maximum documented
temperature greater than 100.3 degrees, a new objective neurologic abnormality, allergy or
intolerance to a study medication, previous enrollment, or pregnancy. After randomization
but prior to un-blinding, it was determined that some patients received off-protocol ketorolac
at the same time as the investigational medication. We excluded these patients from all
analyses.

Arm 1) Metoclopramide 10mg + diphenhydramine 25mg, infused intravenously over 20
minutes

Arm 2) Metoclopramide 20mg + diphenhydramine 25mg, infused intravenously over 20
minutes

Arm 3) Metoclopramide 40mg + diphenhydramine 25mg, infused intravenously over 20
minutes

Randomization and Blinding

Protocol

The research pharmacist generated a randomization list in blocks of six using computer
generated random number tables available at http://www.randomization.com. This was done
in a location removed from the emergency department and inaccessible to emergency
department personnel. In an order determined by these computer-generated random number
tables, the pharmacist inserted medication into identical vials and placed these vials into
sequentially numbered identical research bags. These research bags were then used in order
by the research team. Only the pharmacist knew the assignment. Every research bag had two
vials, one containing metoclopramide and one containing 25 milligrams of
diphenhydramine. The pharmacist added normal saline to the vials containing 10mg and
20mg of metoclopramide so that each vial contained 8mL of clear solution. The two vials
from each research bag were placed in a 50cc bag of normal saline by a clinical nurse. The
50cc bag containing the medication was then administered as a slow intravenous drip.

After obtaining informed consent, we performed a brief pain assessment and then
administered the investigational medication as an intravenous drip between time zero and
twenty minutes. Research associates returned every thirty minutes to ascertain the subject’s
headache level. At one hour and two hours after medication administration, the research
associates asked a more detailed series of ten questions regarding pain, functional
limitations, and adverse events. If subjects required more pain medication at or after one
hour had elapsed, they were administered additional medication at the discretion of the
treating physician. We contacted all of our research subjects by telephone 48 hours after ED
discharge to ascertain headache status, satisfaction with treatment, and presence of adverse
events. We reviewed our medical center’s database on an ongoing basis to determine if any
study patient had returned to any clinic, medical office or ED within one month of
enrollment. If so, we performed a blinded review of the medical record to determine if an
adverse events possibly related to the investigational medication had occurred.
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Methods of measurement

As a primary measure of headache intensity, we utilized a standard, validated, and
reproducible 11-point numerical rating scale (NRS)[20]. This scale asks patients to assign
their pain a number between 0 and 10, with O representing no pain and ten representing the
worst pain imaginable. Secondary measurement tools included a standard four-point pain
intensity categorical scale, in which patients describe their pain as “severe”, “moderate”,
“mild”, or “none” and a four-point functional disability scale, in which patients describe
their headache-related disability as severe (“cannot get up from bed or stretcher”), moderate
(“great deal of difficulty doing what I usually do and can only do very minor activities ),
mild (“little bit of difficulty doing what I usually do”), or none. All of these scales are
recommended for use in migraine research by the International Headache Society[21]. One
hour after medication administration, we asked all of our patients if they needed more
medication for pain. Finally, we assessed our patients’ satisfaction with treatment by asking
each of them, 48 hours after enrollment, whether they would want to receive the same
medication the next time they visited the ED with an acute migraine. This latter question
allowed each patient to weigh for himself the relative efficacy and tolerability of the
medication.

We assessed adverse events one hour, two hours, and 48 hours after medication
administration. Because akathisia is a known side effect of metoclopramide[22, 23], this
reaction was assessed for specifically using the Short Akathisia Instrument during the one
hour following medication administration[24]. On this scale, akathisia is diagnosed by an
increase in subjective restlessness after medication administration with objective
corroboration. We considered patients to have isolated subjective akathisia if they reported
severe restlessness or anxiety at any time following medication administration without
objective signs.

Data collection and processing

Data acquisition was performed by the research associates, supervised by the principal
investigator. Research associates entered data directly in real time onto a standardized paper
data collection instrument. A trained research secretary then transcribed the data into SPSS
Data Entry V.4.0 (SPSS Inc., Chicago, Illinois). The principal investigator, who remained
blinded during the process, double-checked all data for accuracy.

Outcome measures

The primary outcome for this study was a comparison of change in numerical rating scale
score between baseline and one hour for every pairing of the three investigational arms.
Although two hours is a more standard endpoint for outpatient migraine trials[21], we have
found in previous work that many of our patients are eager to be discharged before the two
hour endpoint has arrived.

Secondary outcomes include desire to receive the same medication at the next ED visit for
migraine, sustained headache freedom (defined as achieving a headache-free state within
two hours of medication administration and maintaining it for 48 hours without use of
additional medication), sustained headache response (defined as achieving headache
intensity of “mild” or “none” within two hours of medication administration and
maintaining it for 48 hours), achieving a normal functional status by two hours, patient
request for rescue medication, and dwell time in the ED.

Sample size calculation

This was a three-armed study with three pair-wise comparisons. Using the conservative
Bonferroni correction for multiple comparisons, we set a=.017. A review of our recent acute
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migraine studies revealed a typical standard deviation of 2.8 NRS points. For the sample
size calculation we assumed a normal distribution and a between group difference of 1.3
units on the numerical rating scale. 1.3 NRS units is a validated and reproducible minimum
clinically significant difference in pain severity [25, 26]. With these parameters, we
calculated the need for 100 subjects in each arm, for a total of 300 subjects. After adding to
this a 10% rate for protocol violations, we planned to enroll 330 subjects (110 patients per
arm).

The primary outcome is mean change in NRS score within each group, bounded by
unadjusted 95%Cls. Student’s t-test for independent sample was used to compare mean
differences in pain scores between each of the three arms. We report all proportions with
95%CI and compared them using a chi-square test. We included patients who received
rescue medication in all analyses.

Enrollment commenced in May of 2008 and continued for 21 months. We screened 869
patients with non-traumatic headache for enrollment and ultimately randomized 356. Please
see CONSORT flow diagram, Figure 1. We excluded from all analyses 13 patients who
received the investigational medication because blinded chart review revealed they were
ineligible due to fever or recent lumbar puncture. We excluded seven patients from the study
post-randomization because blinded chart review revealed concurrent administration of off-
protocol analgesic medication. Including these 20 patients in the primary analysis did not
alter the primary or secondary outcomes.

Baseline demographics and headache features were comparable among the three groups
(Table 1). Of note, more than 1/3 of patients took no medication before presenting to the
ED.

One hour after medication administration the 10mg metoclopramide group improved by 4.7
NRS units (unadjusted 95%CI: 4.2, 5.2), the 20mg metoclopramide group improved by 4.9
(unadjusted 95%Cl: 4.4, 5.4), and the 40mg metoclopramide group improved by 5.3
(unadjusted 95%Cl: 4.8, 5.9). Most patients improved by more than 50% and 75% improved
by at least 1/3 (Figure 2). Pairwise comparison after adjustment of alpha did not reveal
differences between any two groups that surpassed established minimum clinically
significant differences for acute pain [25, 26]. An ANOVA analysis was not statistically
significant (p=0.19). The 95%CI for the 0.2 NRS unit difference between the 10mg and
20mg group was —0.5, 0.9. The 95%CI for the 0.4 NRS unit difference between the 20mg
and 40mg group was —0.3, 1.1. The 95%CI for the 0.6 NRS unit difference between the
10mg and 40mg group was —0.1, 1.3. We report secondary outcomes in Table 2.

Akathisia developed in 33 patients (9% [95%CI: 6, 12%]) and was evenly distributed across
the study arms. This included 18 with subjective restlessness and anxiety, and 15 with
objective akathisia that caused them to elope from the emergency department or to be
treated with additional diphenhydramine. Altogether, clinicians administered
diphenydramine to 23 patients for subjective or objective akathisia: eight patients in both the
10mg and 20mg groups and seven patients in the 40mg group. One hour after medication
administration, 69% (95%CI: 64, 74%) of the sample reported drowsiness, which was
evenly distributed across the study arms. One-third of these, or 17% (95%Cl: 13, 21%) of all
patients reported that the drowsiness impaired function. No patient required admission to the
hospital due to drowsiness. Dizziness after medication administration was reported by 29
patients (8%, 95%CI: 6, 11% ), including 14 in the 10mg arm, 10 in the 20mg arm, and 5 in
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the 40 mg arm. Weakness and myalgias were each reported by four separate patients. No
more than two patients reported any other specific side effects. No patient was diagnosed
with tardive dyskinesia within one month of medication administration. No patient
developed a clinically relevant dysrhythmia. One patient randomized to the 20mg dose
developed de novo status epilepticus 1.5 days after investigational medication administration
and was ultimately diagnosed with encephalitis. It seems most plausible that this was related
to an underlying inflammatory process in the brain and not the investigational medication.

Age had a small negative correlation with the primary outcome, which was not statistically
significant after adjustment for multiple comparisons. Otherwise, the primary outcome was
not associated with gender, baseline nausea, aura symptoms, duration of headache, use of
medication at home, or use of prophylactic medications.

Limitations

This study has several limitations. We did not include a placebo arm. However, the efficacy
of metoclopramide for acute migraine has been so well established that a placebo arm
seemed unnecessary.[7]

We did not measure the efficacy of metoclopramide alone—in all arms of this study it was
combined with diphenhydramine. We used diphenhydramine to minimize the risk of
metoclopramide induced akathisia, which otherwise may have resulted in a dose-related
disparity in administration of diphenhydramine by the clinical team. Since diphenhydramine
may have independent anti-migraine activity[18], administering diphenhydramine to all
research patients was necessary to maintain the internal validity of this study. Thus, we
believe our conclusion is valid, though our estimates of the efficacy of metoclopramide may
be inflated. We cannot rule-out an important dose-dependent effect of metoclopramide
blunted by the co-administration of diphenhydramine.

We conducted this study in one urban ED, serving a large Latino population. Women were
over-represented in this study compared to expected prevalence rates [36, 37]. However, we
are not aware of gender or ethnicity differences that should limit the generalizability of this
data to other populations.

We searched our medical center database to identify any cases of tardive dyskinesia that
occurred beyond our 48 hour follow-up phone call. It is possible that a patient visited
another hospital in our area and was not captured in our hospital’s database.

We did not determine serum levels of metoclopramide.

There are some differences in baseline variables but as none of these baseline variables are
associated with the primary outcome we do not believe they confound our results.

Discussion

In this randomized, double-blind, three-arm dose-finding clinical trial, we found no evidence
of increased efficacy of 40 mg or 20 mg of IV metoclopramide when compared head-to-
head to the standard 10mg dose. We therefore recommend 10mg as the initial dose of
intravenous metoclopramide for treatment of acute migraine in the ED. This study was not
designed to determine whether or not diphenhydramine should be co-administered with
metoclopramide.

We were surprised by the results, although it is in keeping with dose-finding studies of
parenteral droperidol and prochlorperazine [27, 28], other anti-dopaminergics with
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demonstrated efficacy in acute migraine. The efficacy of droperidol peaked at a relatively
low dose—2.75mg--in a randomized dose-finding study. In a quasi-experimental study,
increasing the dose of prochlorperazine beyond 3.5mg, in combination with
dihydroergotamine 1.0mg, did not result in increased efficacy.

We found relatively low rates of sustained headache freedom in this trial, similar to other
ED-based trials [12, 29, 30]. The goal of sustained headache freedom remains elusive for
many ED patients, though many patients are satisfied with only a modest 1/3 reduction in
headache intensity[3].

Failure to achieve sustained headache freedom was mediated partly by incomplete response
to the medication in the ED and partly by recurrence of headache after ED discharge.
Headache after ED discharge is quite common—21/3 of migraineurs report moderate or
severe headache in the 24 hours following ED discharge and % remain functionally
disabled[31]. Emergency physicians and others who treat acute headaches are urged to
provide their patients with appropriate treatment options for use following discharge. Oral
naproxen and oral sumatriptan are comparably and modestly effective for the treatment of
recurrent headache post-ED discharge [32]. Dexamethasone has a small benefit with a
number needed to treat of nine to ten [33, 34].

Drowsiness was a common side effect in all three treatment arms in this study. Given that all
patients received diphenhydramine in addition to the metoclopramide, this is not surprising.
However, drowsiness or functional impairment is common in ED migraine patients, even
when administered medications not expected to cause this symptom, such as subcutaneous
sumatriptan. In fact, drowsiness or sedation has been as common in patients randomized to
sumatriptan as in those who received high-dose metoclopramide + diphenhydramine [9] or
prochlorperazine + diphenhydramine [35].

As far as we could determine, none of our patients were diagnosed with tardive dyskinesia
within one month of study enrollment. This is consistent with the absence of any reports of
development of tardive dyskinesia after isolated parenteral doses of metoclopramide. There
were no occurrences of clinically relevant dysrhythmias in our study. Although there are
isolated case reports of cardiac arrest after metoclopramide, a causal relationship has not
been established.

Variability in response to the investigational medication is marked and easily seen in the box
and whiskers plot (Figure 2). Baseline clinical features such as nausea or duration of
headache do not predict response and therefore cannot be used to guide therapy.

This study did not assess the benefit of re-dosing in those who do not achieve a satisfactory
response to the initial dose. Previous studies has suggested higher rates of sustained
headache freedom and medication satisfaction among patients treated with sequential IV
doses of 20mg of metoclopramide[9, 30]. This is a hypothesis left for future work.

In conclusion, we found no evidence that administration of parenteral metoclopramide in
doses greater than 10mg were any more efficacious for treatment of acute migraine than the
standard 10 mg dose. Therefore, we recommend 10mg of intravenous metoclopramide as the
initial dose for the treatment of acute migraine.
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Figure 1.

CONSORT flow diagram
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Not eligible: 390
Not migraine: 66

Age >69: 71

Allergy, intolerance, or contraindication to investigational medication: 22
Secondary headache: 206

Pregnant: 20

Previously enrolled: 5

Not randomized: 123
» MD refused: 57

48 hour follow-up completed

Metoclopramide 20mg
Completed primary endpoint

Patient refused: 47

Logistical: 19
RANDOMIZED
n=356 Protocol violation: 7
Concurrent administration of off
protocol analgesic medication
n=118 n=118

} T~

Metoclopramide 40mg
Completed primary endpoint
(n=117) (n=117)

48 hour follow-up completed
n=111 n=108
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Figure2.

Box and whiskers plot demonstrating median (bold line), inter-quartile range (hatched box),
and complete range of the percent improvement in pain by 1 hour (whiskers). 3/4 of patients
improved by >33%. Most improved by >50%.
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Table 1

Baseline Characteristics
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Variable

M etoclopramide 10mg (n=113)

M etoclopramide 20mg
(n=118)

M etoclopramide 40mg
(n=118)

Age in years (mean, SD)

39 (11)

37 (10)

38 (12)

Female

83% (75, 89%)

87% (80, 92%)

82% (74, 88%)

Race ™
Black/African American
Latino/Hispanic

Asian/Pacific Islander

28% (21, 37%)
70% (61, 78%)
0% (0, 4%)

28% (21, 37%)
70% (61, 78%)
1% (0, 5%)

20% (14, 28%)
76% (68, 83%)
1% (0, 5%)

White 18% (12, 26%) 20% (14, 28%) 19% (13, 27%
Headache duration in hours (median, IQR) | 48 (19, 72) 68 (24, 96) 24 (14,72)
Aura symptoms | 27% (20, 36%) 32% 27% (20, 36%)
Median pain score (0-10) at baseline (IQR) | 8(7,10) 9(7,10) 9 (8, 10)

presentation

Took migraine/headache medication prior to ED

57% (48, 66%)

68% (59, 76%)

64% (55, 72%)

Median days of functional disability (IQR) ** | 4(2,10)

4(1,9)

4(2,7)

Reported as percent and 95%CI unless otherwise noted

*

Race: Some patients were multi-racial

Hok

“How many headaches have you had in the last 90 days that were so severe you were unable to do most of your usual daily activities?”
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Secondary outcomes

Table 2

M etoclopramide 10mg

M etoclopramide 20mg

M etoclopramide 40mg

Wish to receive this medication the next ER visit

771204
74% (65, 81%)

83/108~
77% (68, 84%)

80/104
77% (68, 84%)

2 hour headache relief

93/113
829 (74, 88%)

94/117%
80% (72, 86%)

100/117*
86% (79, 91%)

2 hour headache freedom

49/113
43% (34, 52%)

53/117
45% (36, 54%)

51/117%
44% (35, 53%)

2 hour normal functional status

70112
63% (54, 71%)

68/117*
58% (49, 67%)

80/115*
70% (61, 78%)

Sustained relief

58/107
549 (45, 63%)

63/116
549 (45, 63%)

69/106
65% (56, 73%)

Sustained pain free

18/111%
16% (10, 24%)

23/116*
20% (14, 28%)

24/113%
21% (15, 29%)

Time to discharge, minutes (median [IQR])

160 (108, 275)

154 (97, 226)

158 (114, 254)

Requested rescue medication one hour later

23/113"
20% (14, 28%)

18/116 ™
16 % (10, 24%)

21114
18% (12, 26%)

Reported as percent and 95%CI unless otherwise noted
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*
Some secondary outcome data is missing either because patients were lost-to-follow-up or because they refused/couldn’t answer the question
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