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Background: A total of 1.2 million patients present to US emergency departments (EDs) annually with migraine
headache. Intravenous fluid (IVF) hydration is used to treat acute migraine commonly.Wewere unable to iden-
tify published data to support or refute this practice. The goal of this analysis was to determine if administration
of IVF is associated with improved short-term (1 hour) or sustained (24 hours) migraine outcomes.
Methods: This was a post hoc analysis of data collected from 4 ED-basedmigraine clinical trials in which patients

were randomized to treatment with intravenousmetoclopramide. In each of these studies, patients were admin-
istered IVF at the discretion of the treating physician. Our primary short-term outcomewas improvement in 0 to
10 pain scale between baseline and 1 hour later. Our primary sustained outcomewas the attainment of sustained
headache freedom, defined as achieving a headache level of “none” in the ED and maintaining a level of “none”
without headache recurrence throughout the 24- to 48-hour follow-up period. We compared mean improve-
ment in pain scores between baseline and 1 hour later between those patients who received IVF and those
who did not. We also compared the frequency of sustained headache freedom between both groups. We then
used regressionmodels to elucidate hownausea at baseline and the baseline pain scoremodified the relationship
between IVF and the 2 outcomes.
Results: A total of 570 patients were included in the analysis. Of these, 112 (20%) were treated with IVF. Patients
who received IVF improved by 4.5 (95% confidence interval [CI], 4.0-5.0) on the 0 to 10 scale, whereas patients
who did not receive IVF improved by 5.1 (95% CI, 4.8-5.3) (95% CI for difference of 0.6, 0-1.1). Of patients who
received IVF, 14% (95% CI, 9-22%) enjoyed sustained headache freedom vs 18% (95% CI, 15%-22%) of patients
who did not (95% CI for difference of 4%, −4% to 11%). In the linear regression model, IVF was associated with
less improvement in 0 to 10 pain score between baseline and 1 hour (B coefficient, −0.6; 95% CI, −1.1 to 0;
P = .05). In the logistic regression model, IVF administration was not associated with sustained headache free-
dom (odds ratio, 0.8; 95% CI, 0.4-1.5; P = .52).
Conclusion: Intravenous fluid did not improve pain outcomes among patients with acute migraine who were
treated with intravenous metoclopramide.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Migraine is a functionally disabling headache that affects 60 million
Americans and causes 1.2 million emergency department (ED) visits
annually [1,2]. The mechanism of migraine, a neurologic disorder
characterized by abnormal activation of cranial nerves and regions
of the brain, is incompletely understood [3]. A number of parenteral
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medications are evidence-based therapies for acute migraine in-
cluding triptans, antidopaminergic antiemetics, and nonsteroidal
anti-inflammatory drugs [4].

Intravenous fluid (IVF) hydration, an intervention commonly used
for acute migraine, has never been studied experimentally. In an
open-label study, intravenous (IV) normal saline had only a modest
benefit on pain scores [5]. Nausea and anorexia are prominent features
of acute migraine, thus suggesting that IVF may be of benefit. In clinical
practice, there is no consensus of whether to administer IVF for acute
migraine. In some emergency departments (EDs), physicians adminis-
ter this therapy to nearly 50% of patients, whereas in other EDs, it is
administered to less than 10% of patients [6]. This practice variability
demonstrates the need for clinical data.

Given the scientific uncertainty, the variability in care, and the very
large number of patients who present to US EDs annually with acute
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Table 1
Baseline characteristics

Characteristic IVF No IVF

Age (y), mean (SD) 38 (10) 38 (11)
Female, n (%) 101 (90%) 385 (84%)
Duration of symptoms in hours, median (IQR) 48 (14-144) 48 (24-96)
Baseline pain score (0-10), median (IQR) 9 (7-10) 9 (7-10)
Nausea, n (%)a 74 (66%) 237 (52%)
Aura, n (%)a 35 (31%) 170 (38%)

Abbreviation: IQR, interquartile range.
a Baseline data on nausea were not collected for 3 patients; baseline data on aura were

not collected for 6 patients.
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migraine, we conducted a post hoc analysis on data culled from 4 ED-
based acute migraine clinical trials. In each of these studies, patients
were administered IV metoclopramide as an acute therapeutic. Some
patients were also administered IVF. We determined whether adminis-
tration of IVF was associated with short-term and sustained outcomes.

2. Methods

2.1. Overview

This is a post hoc analysis of data collected previously. We culled
data from 4 distinct ED-based randomized comparative efficacy
studies, all of which used IV metoclopramide as an acute migraine
therapeutic in 1 or more study arms and administered this medication
to at least 50% of the study participants. We used the data from all
study participantswho receivedmetoclopramide to determinewhether
IVF is associated with short-term and sustained migraine outcomes.
This studywas reviewed administratively by the Albert Einstein College
of Medicine Institutional Review Board and determined to be exempt
from further review.

2.2. Subject selection

During the years 2008 to 2014, we completed 4 ED-based migraine
randomized comparative efficacy trials in which patients presenting
to an ED with an acute migraine headache were treated with IV
metoclopramide [7–10]. These migraine clinical trials used nearly
identical inclusion and exclusion criteria and enrolled patients with
nearly identical sociodemographic characteristics. Therefore, we felt it
reasonable to combine the data from these similar studies into 1 data
set for the purpose of this analysis. All study participants were adults
younger than 70 years who presented with an acute migraine or
probable migraine, as determined by the International Headache
Society's International Classification of HeadacheDisorders, 2nd edition,
to 1 of 4 EDs in New York City [11]. All patients included in this analysis
were randomized to treatment with IV metoclopramide. In these
studies, the dose of metoclopramide ranged from 10 to 40 mg and, in
someof the studies,was administered in conjunctionwith IV diphenhy-
dramine. However, we have shown previously that neither dose of
metoclopramide [10] nor addition of diphenhydramine [12] influences
acute migraine outcomes in a clinically meaningful way.

2.3. Measures

Pain was assessed at baseline, 1 hour, and 2 hours using a verbal
numerical rating scale (0-10) as well as the following qualitative
descriptors: “severe,” “moderate,” “mild,” or “none.” We also called
every participant 24 to 48 hours after ED discharge to determine their
worst pain after ED discharge using the qualitative descriptors.

The use of IVF at any timewas recorded. Patients were considered to
have received IVF if a drip of IV crystalloid was initiated. Intravenous
fluid was given at the discretion of the treating physician. The volume
of fluids administered was not standardized. Flushes of 10 mL of fluid
or IVF containing medication were not considered to be IVF.

Aura was determined using the following 2 questions: (1) “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 (2) “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?” An affirmative
response to either question was considered aura.

2.4. Outcomes

We chose 2 complementary outcomes for this study. The short-term
outcomewas improvement in 0 to 10 pain score between baseline and 1
hour later. The sustained outcome was sustained headache freedom,
which was defined as achieving a pain level of “none” in the ED and
maintaining the level of “none” for at least 24 hours post-ED discharge
without the use of rescue medication.

2.5. Analyses

For the short-term analysis, we compared improvement in 0 to 10
pain score between baseline and 1 hour later among thosewho received
IVF and thosewhodid not. Resultswere reported asmean improvement
and difference between the groups in mean improvement (95% confi-
dence interval [CI]). For the sustained analysis, we compared rate of
sustained freedom among those who received IVF with those who did
not. Results for this analysis were also reported as rates for each group
and difference between groups with 95% CI. To account for potentially
important differences between the group who received IVF and those
who did not, wemodeled the impact of important variables on our out-
comes. For the short-term outcome, we used a linear regression model,
inwhich thedependent variablewas improvement in 0 to 10 pain score.
For the sustained outcome, we used a logistic regression model. Here,
the dependent variable was sustained headache freedom. For both of
these models, the primary predictor variable was receipt of IVF. Other
independent variables included in the model were age, sex, nausea at
baseline, and baseline pain score. We also included dummy variables
to account for dose of investigational medication received and whether
the patient was coadministered diphenhydramine. In each of these
models, all of the variables listed above were entered and maintained
in the models. To determine the influence of migraine with aura on
these outcomes, we reran both models including aura as a variable.

3. Results

A total of 570 patients were included in the analysis. Of these, 112
(20%) received IVF, which in all cases was normal saline. Baseline
characteristics are presented in Table 1. Nausea was more common
among those who received IVF. Baseline characteristics were otherwise
similar for each characteristic measured.

Patients who received IVF improved by 4.5 (95% CI, 4.0-5.0) on the 0
to 10 scale, whereas patients who did not receive IVF improved by 5.1
(95% CI, 4.8-5.3) (Table 2, Figure). Of patients who received IVF, 14%
(95% CI, 9%-22%) experienced sustained headache freedom vs 18%
(95% CI, 15%-22%) of patients who did not (Table 2). In a linear regres-
sion model, IVF was not associated with improvement in 0 to 10 pain
score between baseline and 1 hour (B coefficient, −0.6; 95% CI, −1.1
to 0; P = .05) (Table 3). In a logistic regression model, IVF administra-
tion was not associated with sustained headache freedom (odds ratio,
0.8; 95% CI, 0.4-1.5; P = .52) (Table 4). Including aura in the models
did not change the association between IVF and either of the outcomes.

4. Discussion

In this post hoc analysis of 570 patients who participated in ED-based
acute migraine clinical trials, we found no evidence of short-term or



Table 2
Outcomes

IVF No IVF Between-group
difference (95% CI)

Mean improvement in 0-10 score
between baseline and 1 h

4.5 5.1 0.6 (0-1.1)

Sustained headache freedoma 16/112 (14%) 80/446 (18%) 4% (−4% to 11%)

a Twelve patients were lost to follow-up.

Table 3
Linear regression model

Variable B coefficient 95% CI

IV fluids −0.55 −1.10 to −0.01
Age (y) −0.05 −0.07 to −0.03
Female 0.15 −0.47 to 0.77
0-10 pain score at baseline 0.30 0.18 to 0.43
Nausea at baseline −0.43 −0.88 to 0.03
Any aura symptoms 0.07 −0.40 to 0.53
Medication dummy variables

Metoclopramide 20 mg with diphenhydramine −0.22 −0.82 to 0.38
Metoclopramide 10 mg with diphenhydramine −0.62 −1.32 to 0.09
Metoclopramide 10 mg without diphenhydramine −0.42 −1.12 to 0.28

This table depicts the result of a linear regression model in which we determined the
association between all the variables listed in the first column and the outcome of interest
(improvement in 0-10 pain score between baseline and 1 hour). The B coefficient repre-
sents how much of the change in the 0 to 10 pain score is accounted for by the specific
variable. If the B coefficient is positive, it means the variable is associated with improve-
ment in pain score. If the CI crosses 0, the variable is not considered statistically significant.
To account for medication received, we used “dummy” variables. The implied comparator
for each of these medication regimens is metoclopramide 40 mg with diphenhydramine.
R2 for model =0.09. The R2 is a measure of the goodness of fit of the model. A score of
1 means that the model explains the data perfectly. A score of 0 means that the data do
not at all explain the variability in the primary outcome.
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sustained efficacy among patientswhowere administered IVF in addition
to IV metoclopramide, a standard acute migraine therapeutic. Although
IVF is commonly mentioned as treatment for acute migraine, we are
aware of no other studies that addressed this contention. Clinically,
many emergency physicians give their migraine patients IVF due to the
associated nausea and vomiting and potential dehydration. Our data do
not support this practice.

A type of headache caused bywater deprivation that is responsive to
oral rehydration has been described [13]. Therefore, clinicians should be
sure to differentiate migraine from water deprivation headache and
other secondary headaches that may respond to IVF. Because migraine
is often accompanied by some degree of dehydration, we were
surprised that outcomes were not improved among patients who
received IVF. It may be that effective treatment of the headache allows
patients to drink sufficiently to overcome low levels of dehydration.
Alternatively, migraine pathophysiology may not be influenced by
intravascular volume status, or clinically significant dehydration during
an acute migraine attack may be uncommon.

This work has several limitations. First, all patients included in the
analysis received IVmetoclopramide as a first-line therapy formigraine.
Thus, we do not know whether IVF is of benefit among patients who
receive alternate therapy such as triptans or nonsteroidal anti-
inflammatory drugs. Second, in this study, patients did not receive
IVF based on random assignment. The decision about whether to
administer IVF was left to the treating emergency physician. Therefore,
confounding based on unmeasured baseline characteristics may have
biased our results. The clinical emergency physicians may have chosen
to administer IVF to patients with worse attacks. We attempted to
control for potential confounding by including baseline nausea and
severity of pain in the regression models. However, this is an imperfect
solution because these variables may not capture the relevant features
that caused the emergency physician to administer the IVF. Third, we
did not record the amount of IVF administered to patients. We only
Figure. Box and whiskers plot.
recorded whether IVF was administered, leaving us without the capa-
bility to determine whether a dose response to IVF exists. For the
purpose of this analysis, we assumed that patients were administered
an appropriate amount of IVF. Itmay be that there is a threshold amount
not achieved by some of these patients. Alternatively, smaller amounts
of fluid may be more efficacious than larger boluses. Finally, patients
were not blinded to the intervention—they could see whether they
were administered IVF. This may have served to inflate the perceived
efficacy among those who received the IVF.

Ultimately, randomized trials are needed to determine whether
IVF should be administered to patients with acute migraine. The
methodology could be as follows: a 1-L bag of normal saline attached
to amedication infusion pump is set up for all patients. The bag of saline
and the infusion pump would be covered so participants and outcome
assessors cannot see the bag emptying and cannot see the rate entered.
The control group would receive 5 mL/h, whereas the intervention
group would receive 1000 mL/h.

In conclusion, in this post hoc data analysis, there was no evidence of
short-termor sustained efficacy amongEDmigrainepatients administered
IVF. A randomized trial is required to answer this question definitively.
Table 4
Logistic regression model

Variable OR 95% CI

IV fluids 0.80 0.44-1.47
Age (y) 0.98 0.95-1.00
Female 0.58 0.33-1.04
0-10 pain score at baseline 0.81 0.71-0.91
Nausea at baseline 0.74 0.46-1.19
Any aura symptoms 0.83 0.50-1.37
Medication dummy variables

Metoclopramide 20 mg with diphenhydramine 0.72 0.40-1.30
Metoclopramide 10 mg with diphenhydramine 0.40 0.18-0.87
Metoclopramide 10 mg without diphenhydramine 0.55 0.26-1.13

This table depicts the result of a logistic regressionmodel inwhich we determined the as-
sociation between all the variables listed in the first column and the outcome of interest
(sustained headache freedom). The odds ratio is the likelihood of achieving the outcome
of interest—values greater than 1 imply a greater likelihood of achieving sustained head-
ache freedom, whereas those between 0 and 1 imply less likelihood. To account for med-
ication received, we used “dummy” variables. The implied comparator for each of these
medication regimens is metoclopramide 40 mg with diphenhydramine.
The Hosmer and Lemeshow test P value for this model was 0.12, indicating that we failed
to reject the following null hypothesis: Themodel is exactly correct. This is conventionally
interpreted as the model is a reasonable explanation of the data.
Abbreviation: OR, odds ratio.



716 J.E.B. Balbin et al. / American Journal of Emergency Medicine 34 (2016) 713–716
References

[1] Lipton RB, Bigal ME, Diamond M, Freitag F, Reed ML, Stewart WF, et al. Migraine preva-
lence, disease burden, and the need for preventive therapy. Neurology 2007;68:343–9.

[2] Friedman BW, West J, Vinson DR, Minen MT, Restivo A, Gallagher EJ. Current
management of migraine in US emergency departments: an analysis of the National
Hospital Ambulatory Medical Care Survey. Cephalalgia 2015;35:301–9.

[3] Pietrobon D, Moskowitz MA. Pathophysiology of migraine. Annu Rev Physiol 2013;
75:365–91.

[4] Sumamo Schellenberg E, Dryden DM, Pasichnyk D, Ha C, Vandermeer B, Friedman
BW, et al. Acute migraine treatment in emergency settings Rockville, MD: Agency
for Healthcare Research and Quality ; 2012.

[5] Richer L, CraigW, Rowe B. Randomized controlled trial of treatment expectation and
intravenous fluid in pediatric migraine. Headache 2014;54:1496–505.

[6] Richer LP, Laycock K, Millar K, Fitzpatrick E, Khangura S, Bhatt M, et al. Treatment
of children with migraine in emergency departments: national practice varia-
tion study. Pediatrics 2010;126:e150–5.

[7] Friedman BW, Adewunmi V, Campbell C, Solorzano C, Esses D, Bijur PE, et al. A ran-
domized trial of intravenous ketorolac versus intravenous metoclopramide plus di-
phenhydramine for tension-type and all nonmigraine, noncluster recurrent
headaches. Ann Emerg Med 2013;62:311–8 [e4].

[8] Friedman BW, Esses D, Solorzano C, Dua N, Greenwald P, Radulescu R, et al. A ran-
domized controlled trial of prochlorperazine versus metoclopramide for treatment
of acute migraine. Ann Emerg Med 2008;52:399–406.

[9] Friedman BW, Garber L, Yoon A, Solorzano C, Wollowitz A, Esses D, et al. Random-
ized trial of IV valproate vs metoclopramide vs ketorolac for acute migraine. Neurol-
ogy 2014;82:976–83.

[10] Friedman BW, Mulvey L, Esses D, Solorzano C, Paternoster J, Lipton RB, et al.
Metoclopramide for acute migraine: a dose-finding randomized clinical trial. Ann
Emerg Med 2011;57:475–82 [e1].

[11] Headache Classification Subcommittee of the International Headache S. The
International Classification of Headache Disorders: 2nd edition. Cephalalgia
2004;24(Suppl. 1):9–160.

[12] Friedman BW, Cabral L, Adewunmi V, Solorzano C, Esses D, Bijur PE, et al. Diphenhy-
dramine as adjuvant therapy for acute migraine: an emergency department–based
randomized clinical trial. Ann Emerg Med 2015.

[13] Blau JN, Kell CA, Sperling JM. Water-deprivation headache: a new headache with
two variants. Headache 2004;44:79–83.

http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0005
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0005
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0010
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0010
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0010
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0015
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0015
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0020
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0020
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0020
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0025
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0025
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0030
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0030
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0030
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0035
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0035
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0035
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0035
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0040
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0040
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0040
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0045
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0045
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0045
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0050
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0050
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0050
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0055
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0055
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0055
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0060
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0060
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0060
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0065
http://refhub.elsevier.com/S0735-6757(15)01162-6/rf0065

	Intravenous fluids for migraine: a post hoc analysis of clinical trial data
	1. Introduction
	2. Methods
	2.1. Overview
	2.2. Subject selection
	2.3. Measures
	2.4. Outcomes
	2.5. Analyses

	3. Results
	4. Discussion
	References


