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Randomized study of IV prochlorperazine
plus diphenhydramine vs IV
hydromorphone for migraine

ABSTRACT

Objective: To determine outcomes among patients with migraine in the emergency department
(ED) who receive IV hydromorphone vs IV prochlorperazine 1 diphenhydramine.

Methods: This study was conducted in 2 EDs in New York City. Patients who met international
criteria for migraine were eligible for participation if they had not used an opioid within the pre-
vious month. Clinicians, participants, investigators, and research personnel were blinded to treat-
ment. Patients were randomized in blocks of 4. Participants received hydromorphone 1 mg or
prochlorperazine 10 mg 1 diphenhydramine 25 mg. Diphenhydramine was administered to pre-
vent akathisia, a common side effect of IV prochlorperazine. The primary outcome was sustained
headache relief, defined as achieving a headache level of mild or none within 2 hours of medica-
tion administration and maintaining that level for 48 hours without the requirement of rescue
medication. A planned interim analysis was conducted once 48-hour data were available for 120
patients.

Results: The trial was halted by the data monitoring committee after 127 patients had been
enrolled. The primary outcome was achieved in the prochlorperazine arm by 37 of 62 (60%) par-
ticipants and in the hydromorphone arm by 20 of 64 (31%) participants (difference 28%, 95%
confidence interval 12–45, number needed to treat 4, 95% confidence interval 2–9).

Conclusions: IV hydromorphone is substantially less effective than IV prochlorperazine for the
treatment of acute migraine in the ED and should not be used as first-line therapy.

ClinicalTrials.gov identifier: NCT02389829.

Classification of evidence: This study provides Class I evidence that for patients in the ED with
migraine, IV prochlorperazine 1 diphenhydramine is superior to IV hydromorphone. Neurology®

2017;89:2075–2082

GLOSSARY
CI5 confidence interval; ED5 emergency department; HIT65Headache Impact Test;MIDAS5Migraine Disability Assess-
ment Scale; NNT 5 number needed to treat.

Migraine patients visit US emergency departments (EDs) 1.2 million times annually.1 Parenteral
opioids are used to treat migraine in .50% of all ED visits.1 Hydromorphone, the parenteral
opioid used most commonly, is administered in 25% of all migraine visits.1

Experts caution against the use of opioids for migraine, although scant high-quality data
exist.2,3 A recent guideline statement from the American Headache Society identified no ran-
domized studies of hydromorphone for acute migraine.4 Only lower-quality evidence exists for
any parenteral opioid.4

On the basis of correlative data, some have linked ED use of parenteral opioids for migraine
with an increased frequency of return visits to an ED5 and refractoriness to standard migraine
medication during subsequent medical encounters.6 Outpatient data indicate that use of oral
opioids for migraine may be associated with progression of episodic migraine to chronic
migraine.7 These associations have never been demonstrated in randomized studies.
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Given the disconnect between expert opin-
ion and clinical emergency practice, the dearth
of high-quality data, and the very large number
of patients with migraine who present to EDs
annually, we conducted a randomized trial in
which we compared IV hydromorphone to
IV prochlorperazine, a guideline-endorsed anti-
migraine therapeutic. Our primary hypothesis
was that use of prochlorperazine would result
in a greater rate of sustained headache relief
than hydromorphone. Secondary hypotheses
related to downstream migraine outcomes: that
patients receiving prochlorperazine would visit
EDs less frequently over the subsequent month
and that 3-month migraine functional disabil-
ity scores would be better in the prochlorpera-
zine arm.

METHODS Study design. This was a randomized, double-

blind, ED-based study. Outcomes were assessed for up to 4

hours in the ED. A 48-hour phone call determined intensity of

headache since ED discharge and the patient’s overall satisfaction

with the investigational medication. Phone calls at 1 and 3

months determined the patient’s subsequent migraine course,

including the number of headache days, return visits to the ED,

and effect of migraine on the patient’s daily life. Our primary

research question was as follows: Among patients who present to

an ED with migraine, would IV prochlorperazine 1 diphenhy-

dramine cause greater rates of sustained headache relief than IV

hydromorphone (Class I evidence)?

Standard protocol approvals, registrations, and patient
consents. The Albert Einstein College of Medicine Institutional

Review Board reviewed and approved this study. It was registered

at http://clinicaltrials.gov (NCT02389829). We obtained written

consent from all study participants.

Study setting. We conducted this study in 2 EDs of Montefiore

Medical Center, an urban teaching medical center located in the

Bronx, NY. Salaried research associates staffed the EDs 24 h/d, 7

d/wk during the accrual period. These research associates each

underwent individualized training on how to apply headache clas-

sification criteria and to ascertain outcomes. The training

included mock patient interviews.

Population of interest. Eligible patients were adults$21 years

of age who presented to the EDs for treatment of migraine (Inter-

national Classification of Headache Disorders 3 beta)8 rated as

moderate or severe in intensity. Patients were excluded from

participation if the treating physician had suspicion for a disease

process other than migraine, including those patients who

required emergent brain imaging, those with a temperature

$100.48F, or patients with objective neurologic findings. Pa-

tients were also excluded for allergy or contraindications to any

of the investigational medications, including pregnancy or breast-

feeding, patient-reported use of opioids within the previous

month, history of addiction to prescription or illicit opioids, or

prior use of methadone.

Investigational medications. Medications in each study arm

were prochlorperazine 10 mg IV administered over 5 minutes

1 diphenhydramine 25 mg, which was coadministered to

prevent akathisia, and hydromorphone 1 mg IV administered

over 5 minutes 1 normal saline placebo.

A second dose of the same medication was offered to each par-

ticipant 1 hour after the initial medication infusion was begun.

Patients randomized to prochlorperazine did not receive a second

dose of diphenhydramine.

When choosing doses of medications for this study, we

were limited by the absence of dose-finding studies and so

opted for the highest commonly used and well-tolerated dose.

For IV prochlorperazine, this was 10 mg. Diphenhydramine

was coadministered with the first dose of prochlorperazine

to prevent akathisia, an evidence-based strategy.9 With regard

to hydromorphone, a 1 mg 1 1 mg dosing strategy has been

shown to be highly effective and safe for the management of

acute severe pain in the ED setting and thus was incorporated

into this study.10

Participants were stratified by presenting level of pain (mod-

erate or severe) and study site. Assignment was concealed. The

research pharmacist determined assignment on the basis of a ran-

dom number sequence generated online. Randomization

occurred in blocks of 4. Research participants, clinicians, and

research personnel were blinded with the following mechanism.

The research pharmacist sent 2 vials containing clear solution

to the ED. Patients randomized to the prochlorperazine arm

received 1 vial with prochlorperazine and a second vial of diphen-

hydramine. Those randomized to the hydromorphone arm

received 1 vial with hydromorphone and a second vial with

normal saline. An equal amount of clear solution was in both

vials, which were used sequentially by the clinical nurse. The

nurse withdrew the blinded investigational solutions from the

vials, inserted the solutions into a 50-mL bag of normal saline,

and administered the 50 mL normal saline 1 investigational

medications as a rapid IV infusion over 5 minutes. A vial

containing the second dose of investigational medication

was linked by alphanumeric code to the first dose. This second

dose, if required, was administered with the same blinding

methodology.

Any further treatment, including outpatient prescriptions,

was provided at the discretion of the attending emergency

physician.

Measures and outcomes. The primary assessment used the

4-item descriptive scale recommended for use in migraine

clinical trials. With this scale, headache is described as severe,

moderate, mild, or none.11 This assessment was performed

every hour in the ED until the patient was discharged or until

4 hours had elapsed. Functional impairment was assessed with

a recommended 4-item scale: severely impaired (cannot get

out of bed), moderately impaired (great deal of difficulty

doing what I usually do), mildly impaired (some difficulty

doing what I usually do), or not impaired.11 Preference for

a specific medication is a highly patient-centered outcome in

which individuals determine for themselves the benefit of

a particular drug vs the adverse effects experienced. With this

in mind, we included in this study a simple query that has

been used in multiple ED-based trials: “The next time you

come to the ER [emergency room] for treatment of migraine,

do you want to receive the same medication again?”12 Adverse

events were assessed with an open-ended format. At the 48-

hour follow-up, participants were asked to recall 2 specific

adverse events: restlessness and drowsiness. They rated their

restless and drowsiness after investigational medication

administration using the phrases “a lot,” “a little,” or “none.”

Longer-term outcomes were assessed with 2 instruments val-

idated for use in a general migraine population. The 6-item
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Headache Impact Test (HIT6) rates the severity of the

underlying migraine disorder on a scale that ranges from 36 to

78, with higher scores indicating greater severity.13 The HIT6

asks patients with migraine to recall the effects of their

headaches over the previous 4 weeks. Similar to the HIT6, the

5-item Migraine Disability Assessment Scale (MIDAS) allows

patients with migraine to rate the influence of their headaches

on daily life over the previous 3 months. Zero indicates no

headache-related functional impairment; scores .20 indicate

severe headache-related impairment.14

The primary outcome for this study was sustained head-

ache relief. This outcome required a participant to experience

a reduction in headache level to mild or none within 2 hours

of medication administration, to not require rescue analgesics,

and to not relapse to worse than mild for 48 hours.

Secondary endpoints were need for a second dose of the per-

protocol medication, need for off-protocol rescue medication, ED

length of stay, frequency of adverse events in the ED, functional

scale at the time of ED discharge, frequency of return visits to the

ED for headache, number of headache days during the month

after study enrollment, HIT6 score at 1 month, and MIDAS

score at 3 months.

Analysis. The primary analyses addressed the following ques-

tion: “How effective in relieving acute migraine is a single dose

of prochlorperazine vs hydromorphone?” For the purpose of this

primary analysis, any study participant who requested a second

dose of medication was counted as an outcome failure. A second-

ary analysis allowed for 1 additional dose of the same medication

if requested. This second component of the analysis addressed the

question, “How effective in relieving acute migraine is 1 or 2

doses of each of these migraine medications?” For the purpose

of this latter analysis, any study participant who requested an off-

protocol medication to treat the migraine was counted as an

outcome failure. For the primary analysis, we compared the fre-

quency of sustained headache relief between those randomized to

prochlorperazine and those randomized to hydromorphone. We

report point estimates, difference (absolute risk reduction), and

number needed to treat (NNT), all bounded by 95% confidence

intervals (CIs).

Figure CONSORT flow diagram

Although 2 patients in the hydromorphone arm were lost to follow-up at 48 hours, we were able to include these patients in
the primary outcome analysis because they received rescue medication in the emergency department, thus failing the pri-
mary outcome. CONSORT 5 Consolidated Standards of Reporting Trials.
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Sample size calculation. In a randomized study of prochlor-

perazine 10 mg 1 diphenhydramine 25 mg IV for acute

migraine, 65% (95%CI 48–79) of patients experienced sustained

headache relief.15 In an open-label study of morphine 8 mg IV (an

equi-analgesic dose to hydromorphone 1 mg IV), 24% (95% CI

11–45) of patients experienced sustained headache relief.16 A

sample size calculation based on the point estimate of one of these

estimates and the proximal boundary of the 95% CI of the other

(65% vs 45%) required 94 patients in each group with a 2-sided

a of 0.05 and a b of 0.20. Adding to this 10% for lost to follow-

up and protocol violations, we determined the need for 208

patients.

A planned interim analysis was conducted after analyzable 48

hours data were available for 120 participants. The purpose of this

analysis was to identify overwhelming superiority of one of the

arms of the study on the primary outcome.

RESULTS Enrollment in the study began in March
2015. The study was halted by the data monitoring
committee in June 2016 after 127 patients had been
enrolled because of overwhelming superiority of one
of the treatment arms. Primary outcome data were
available for 126 of 127 (99%) participants (figure).

Baseline characteristics were similar between the
groups (table 1). As is common in ED-based head-
ache studies, a large percentage of study participants
were women, and many study participants did not
self-medicate before ED presentation.

The primary outcome, sustained headache relief
for 48 hours after 1 dose of investigational medication,
was achieved in the prochlorperazine arms by 37 of 62
(60%) participants and in the hydromorphone arm by
20 of 64 (31%) participants (difference 28%, 95% CI
12–45, NNT 4, 95% CI 2–9). The secondary out-
come of sustained headache relief after 1 or 2 doses of
medication was achieved in the prochlorperazine
arm by 37 of 62 (60%) participants and in the

hydromorphone arm by 26 of 64 (41%) participants
(difference 19%, 95% CI 2–36, NNT 6, 95% CI 3–
52). Other in-ED outcomes are reported in table 2.
There were large between-group discrepancies in
functional impairment, need for additional medica-
tion, and ED length of stay. The most common
adverse symptom reported in open-ended question
format by patients receiving prochlorperazine was
anxiety or restlessness, which was reported by 3
(5%) patients. For hydromorphone, the most com-
mon adverse event was dizziness or weakness, re-
ported by 9 (14%) patients. No more than 2 study
participants reported any other side effect in this
open-ended format.

Outcomes during the 48 hours after discharge
are reported in table 3. Among patients who
improved after receiving the investigational medi-
cations, there was a similar frequency of headache
relapse. Of the 52 patients who received only
prochlorperazine 1 diphenhydramine in the ED
and improved to pain levels of mild or none before
discharge, 15 (29%) reported a moderate or severe
headache within 48 hours of ED discharge vs 13
(33%) of the 39 patients who improved to mild or
none after receiving only hydromorphone (95% CI
for difference of 4% 215 to 23). As depicted in
table 3, the frequency of functional impairment
after ED discharge was similar between the groups.
Restlessness was not reported more frequently in
either arm. Similarly, drowsiness was equally dis-
tributed between the groups. Desire to receive the
same medication again during a subsequent ED
visit was reported by nearly three-fourths of the
prochlorperazine group and two-thirds of the
hydromorphone group.

Table 1 Baseline characteristics

Variable
Prochlorperazine
(n 5 63)

Hydromorphone
(n 5 64)

Female sex, n (%) 50 (79) 56 (88)

Age, mean (SD), y 32 (9) 35 (11)

Days with-activity limiting headaches in the previous 3 mo, median (IQR) 2 (1–4) 2 (1–5)

Duration of headache, median (IQR), h 72 (24–96) 48 (24–96)

Experienced aura symptoms, n (%)a 23 (37) 35 (55)

Used medication for headache before ED presentation, n (%) 43 (68) 38 (59)

Used preventive medication, n (%) 1 (2) 2 (3)

Pain at baseline, n (%)

Moderate 15 (24) 14 (22)

Severe 48 (76) 50 (78)

Abbreviations: ED 5 emergency department; IQR 5 interquartile range.
a Participants were asked the following 2 questions: “Some people have changes in their vision with their headache. Before
your headache began, did you see things like spots, stars, lights, zig-zag lines, or heat waves?” And “Some people have
changes in their skin sensation with their headache. Before your headache began, did you have numbness or tingling in your
face or arms?”
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One- and 3-month follow-up data are reported in
the supplemental data at Neurology.org. There were
no between-group differences in these longer-term
outcomes, including a comparable number of head-
ache days, return visits to EDs, and functional dis-
ability scores.

DISCUSSION In this randomized, comparative effec-
tiveness study, IV hydromorphone was substantially less
effective than IV prochlorperazine for the treatment of
acute migraine. Twice as many patients who received
single-dose prochlorperazine achieved sustained head-
ache relief compared with those who received single-
dose hydromorphone. Hydromorphone was also

associated with longer ED throughput times and an
increased requirement of additional medication to treat
headache and related symptoms.

These results are similar to those of an earlier
nonexperimental study of hydromorphone vs
metoclopramide in which hydromorphone was asso-
ciated with less relief of headache, more frequent use
of rescue medication, and longer ED throughput
times.17 Meperidine, the parenteral opioid studied
most commonly, affords less relief than
dihydroergotamine-based protocols but is compara-
ble in efficacy to antidopaminergics and parenteral
ketorolac.18 One other ED-based study of opioids for
migraine followed up patients systematically after the

Table 2 In-ED outcomes

Outcome
Prochlorperazine
(n 5 63)

Hydromorphone
(n 5 64) Difference (95% CI)

Headache level 1 h after study medication, n (%) 234% (249 to 19)a

Severe 1 (2) 11 (17)

Moderate 8 (13) 20 (31)

Mild 24 (39) 17 (27)

None 29 (47) 16 (25)

Missing 1 0

Functional impairment 1 h after study medication, n (%) 233% (246 to 220)a

Severe 0 (0) 6 (9)

Moderate 3 (5) 18 (28)

Mild 25 (41) 25 (39)

None 33 (54) 15 (23)

Missing 2 0

Requested a second dose of study medication, n (%)

No 58 (92) 44 (69) 23% (10 to 36)

Yes 5 (8) 20 (31)

Required off-protocol analgesic medication, n (%)

No 59 (94) 41 (64) 30% (16 to 43)

Yes 4 (6) 23 (36)

Required off-protocol medication to manage other symptoms,
n (%)

No 62 (98) 55 (86) 13% (3 to 22)

Yes 1 (2) 9 (14)

Required naloxone, n (%)

No 63 (100) 64 (100) 0% (24 to 4)

Yes 0 (0) 0 (0)

Length of stay, median (IQR), min 105 (77–135) 193 (114–277) 282 (2122 to 243)b

Adverse events, n (%)

No 56 (89) 51 (80) 9% (23 to 22)

Yes 7 (11) 13 (20)

Abbreviations: CI 5 confidence interval; ED 5 emergency department; IQR 5 interquartile range.
Percentages have been rounded to nearest integer.
aSevere/moderate vs mild/none.
bMean difference.
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ED visit. That randomized study of meperidine vs
dihydroergotamine demonstrated comparable rates
of headache recurrence after initial successful treat-
ment and comparable rates of functional impairment
after ED discharge.19

IV prochlorperazine is a guideline-endorsed, first-
line acute migraine therapeutic.4 It is more efficacious
than sumatriptan and, compared to placebo, has an
NNT of 3 with regard to relief of headache in the
ED.20 In our study, 86% of patients reported head-
ache levels of mild or none 1 hour after prochlorper-
azine administration, and 96% of patients reported
mild or no functional impairment at 1 hour. These
very successful results are typical of IV prochlorper-
azine and other IV antidopaminergics, which have
emerged as a first-line treatment of acute migraine
in the ED.4

Post-ED outcomes of patients in this study were
typical. More than one-fourth of patients who experi-
enced initial relief of headache reported a moderate or

severe headache within 48 hours of discharge.21

Follow-up of patients 1 and 3 months later revealed
persistent suffering. MIDAS scores .5, indicating
persistent headache-related functional impairment,
were reported by nearly 50% of the study population.
MIDAS scores .20, indicating persistent severe
headache related disability, were reported by 20%
of the study population. Although beyond the scope
of typical ED care, the high frequency of persistent
functionally impairing headaches should be under-
stood so that patients can be directed to appropriate
outpatient care.

While this study demonstrates the overwhelming
superiority of prochlorperazine over hydromorphone
for initial management of acute migraine, these data
do not provide a rationale to avoid hydromorphone
for patients with a history of nonresponse to antido-
paminergics, nor do they suggest that treatment with
a parenteral opioid leads to long-term sequelae. It is
widely believed that treatment in the ED with

Table 3 Outcomes at 48 hours

Outcome
Prochlorperazine
(n 5 62), n (%)

Hydromorphone
(n 5 62), n (%)

Difference,
% (95% CI)

Functional impairment after ED discharge 28 (219 to 3)a

Severe 1 (2) 4 (6)

Moderate 3 (5) 5 (8)

Mild 15 (24) 18 (29)

None 43 (69) 35 (56)

Same medication againb 25 (221 to 11)c

No 12 (19) 14 (24)

Not sure 4 (7) 5 (8)

Yes 46 (74) 42 (68)

Missing 0 1

Restlessnessd 3 (28 to 14)e

No 42 (68) 47 (76)

A little 12 (19) 9 (15)

A lot 8 (13) 6 (10)

Drowsyf 3 (214 to 20)e

No 17 (27) 13 (21)

A little 22 (35) 24 (39)

A lot 23 (37) 25 (40)

Abbreviations: CI 5 confidence interval; ED 5 emergency department.
Percentages have been rounded to nearest integer.
aSevere/moderate vs mild/none.
bAt the 48-hour follow-up telephone call, participants were asked if they wished to receive the same medication during
a subsequent migraine visit to the ED.
cYes vs no/not sure.
dAt the 48-hour follow-up, participants were asked, “Did the medication you received in the ER [emergency room] make you
feel restless?”
eA lot vs a little/no.
f At the 48-hour follow-up, participants were asked, “Did the medication you received in the ER [emergency room] make you
feel drowsy?”
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parenteral opioids leads to addiction in some patients
by initiating a cycle of return visits and increasingly
frequent treatment with parenteral opioids. In our
data, we found no evidence of this cycle among pa-
tients randomized to hydromorphone.

In nonrandomized studies, use of opioids has been
linked to detrimental post-ED sequelae, including
increased frequency of ED headache visits5 and sub-
sequent less responsiveness to standard migraine med-
ication.6,22 The data from this study do not support
an association between administration of opioids and
1- or 3-month outcomes. The most plausible expla-
nation for this discrepancy is that the nonrandomized
studies did not control for potential confounders such
as severity of the underlying headache disorder, con-
comitant medication-overuse headache, and use of
opioids at baseline. Mechanistically, it seems unlikely
that 1 or 2 doses of opioids would lead to any sequelae
beyond the 48-hour time frame, although theoreti-
cally, if the opioid caused the patient to experience
euphoria, the patient may be more likely to visit sub-
sequently. This would initiate a cycle in which the
patient would present to the ED with increasing fre-
quency. However, our data do not indicate that pa-
tients receiving opioids were more likely to revisit the
ED. Entry criteria for this study required patients not
to have used opioids during the previous month and
to have no personal history of addiction to prescrip-
tion or illicit opioids. Therefore, patients included in
this study consisted of a population of migraineurs at
lower risk for subsequent problems with opioid use.
These data cannot be generalized to an unselected ED
population. Similarly, we enrolled patients from 2
distinct neighborhoods in the Bronx, NY. These data
are therefore most appropriately generalizable to
urban US EDs.

Other limitations of this work are that we did not
ascertain whether study participants had previously
been exposed to hydromorphone or prochlorperazine.
Prior exposure to one of these medications may have
unblinded the study participant. We did not exclude
patients who also met analgesic overuse criteria. In
addition, we did not account for the use of preven-
tives or migraine medication in the time period after
ED discharge. Our failure to account for this may
have biased the 1- and 3-month outcomes toward
the null hypothesis.

In this randomized, double-blind study, we found
that IV hydromorphone is substantially less effective
than IV prochlorperazine 1 diphenhydramine for
the treatment of acute migraine.
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BrainPAC
BrainPAC is the American Academy of Neurology’s (AAN) federal political action committee.

• Since its inception, more than 3,600 AAN members have contributed $2,000,000 to
BrainPAC.

• BrainPAC contributed more than $600,000 to individuals who ran for election in 2016,
including several first-time candidates.

• During the 2016 congressional election, 92% of candidates supported by BrainPAC won
election to the US Congress.

BrainPAC supports both Democrats and Republicans who support issues important to the practice
of neurology and the care of patients with neurologic conditions. US AAN members are invited to
learn more at BrainPAC.org.

Register for January Breakthroughs in Neurology
Conference in Florida

Mark your calendars for the 2018 Breakthroughs in Neurology Conference set for January 12–15
at the Caribe Royale in Orlando, FL. Don’t miss this unique opportunity to earn up to 25.25
valuable CME credits (11.25 of which qualify for self-assessment CME) in one convenient
weekend while getting a year-in-review of the best neurology science and education through
exciting programming led by 14 experts in the field. Early registration savings end January 3,
2018. Visit AAN.com/view/Breakthroughs today.
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