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Abstract

Objective: To test the administra-
tion of intravenous (i.v.) propofol at
a procedural sedation dose com-
pared to standard therapy for initial
management of migraine in the ED.
Methods: This was an open label,
randomised controlled pilot trial. Eli-
gible patients were adults with a
diagnosis of migraine and planned
for treatment with i.v. medications.
Patients were randomised to pro-
pofol or standard therapy groups.
The primary outcome variable was
time to discharge (TTD) defined as
time from intervention to discharge
from the ED. Secondary outcomes
were safety of propofol administra-
tion and change in pain scores. A
reduction of pain by ≥50% or dis-
charge from the ED was defined as
favourable. All analyses were per-
formed on an intention-to-treat basis.
Results: Data from 29 patients were
analysed, with 15 patients in the
propofol group and 14 patients in
the standard therapy group. TTD
was significantly lower in the pro-

pofol group with median of
290 (interquartile range 162–500)
min compared to 554.5 (interquartile
range 534–639) min in the standard
therapy group (P = 0.021). The ha-
zard ratio for the defined favourable
outcome of reduction of pain scores
or discharge from the ED was 1.54
(95% CI 0.69–3.41).
Conclusions: Initial management of
migraine with i.v. propofol at proce-
dural sedation doses significantly
reduced TTD compared to standard
therapy. We did not detect any sig-
nificant safety concerns although the
study was not adequately powered
to detect safety of the intervention
and requires validation.
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Introduction
Migraine affects 1 in 10 people world-
wide and is twice as common in
females as males.1 The majority of the
patients with migraine successfully man-

age their symptoms and exacerbations
at home, but a proportion of patients
with moderate to severe migraines pre-
sent to the ED for treatment. Up to 3%
of ED visits have headache as their pre-
senting complaint.2

The treatment of migraine in
patients presenting to the ED is more
challenging than a typical attack at
home. This is because such patients
are usually the non-responders to oral
medications, with many having
already tried at least one rescue medi-
cation without adequate relief.3,4 The
severity of the headache and its associ-
ated symptoms tends to increase over
time, making it more difficult to
treat.5–7 The typical duration of head-
aches following ED presentations
ranges from 24 to 72 h.3,8 On presen-
tation to the ED, management is often
diverse, associated with long lengths
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Key findings
• Randomisation of patients

with migraine to propofol or
standard therapy required
availability of resuscitation
cubicles, greatly limiting
enrolment.

• There were 30 patients
randomised over a period of
28 months.

• Initial intravenous therapy
with propofol, using a proce-
dural sedation dose, resulted
in shorter times to discharge
from the ED for patients pre-
senting with migraine.

© 2020 Australasian College for Emergency Medicine

Emergency Medicine Australasia (2020) 32, 542–547 doi: 10.1111/1742-6723.13542

https://orcid.org/0000-0002-0508-2450
https://orcid.org/0000-0002-6889-2338
https://orcid.org/0000-0002-1720-3037
https://orcid.org/0000-0002-1443-557X
mailto:biswadev.mitra@monash.edu


of stay and patients are frequently dis-
charged with ongoing pain.9 Further-
more, the recurrent headaches can
predispose patients to the misuse of
analgesic medications contributing to
rebound headaches.
A number of small trials and

observational studies have shown
rapid relief of both chronic and
acute migraine headache using pro-
pofol, a lipid soluble short-acting
intravenous (i.v.) anaesthetic.10 It
seems that the therapeutic effects of
propofol are because of its agonist
effects on the chloride channels in
the β1 subunit of GABA receptors,
in addition to its inhibition of affer-
ent sympathetic action and cardiac
baroreceptor reflexes.11–13 As a
result, propofol’s anaesthetic effects
on the central nervous system may
diminish the central sensitisation
causing allodynia and hyperalgesia.
This may be the mechanism of pain
relief in migraine patients.14

However, current evidence is lim-
ited by the small number of studies,
heterogeneity in intervention doses
and outcome measures and study
settings. The aim of this pilot clinical
trial was to determine whether the
administration of i.v. propofol at a
procedural sedative dose (1 mg/kg)
results in a shorter time to discharge
(TTD) in the ED. Secondary aims
were to collect data on safety and
effectiveness on pain scores com-
pared to standard therapy.

Methods
This was a single-centre, open label,
randomised controlled pilot trial
conducted at an adult tertiary refer-
ral hospital in Melbourne, Australia.
The Alfred Hospital Emergency and
Trauma Centre is a major metropoli-
tan centre that receives over 65 000
patients per year. The Alfred Hospi-
tal is also the state-wide referral cen-
tre for a variety of medical services.
Eligible patients were adult (age

18–65 years), had a diagnosis of
migraine after initial assessment by
the treating emergency medicine cli-
nician (emergency physician or regis-
trar) and a decision was made to
commence i.v. therapy to manage
the migraine. No objective diagnostic
criteria for migraine were mandated.

Excluded were patients with fever,
altered mental status or impairment of
conscious state, allergy to any of the
study drugs, eggs or soy products,
presence of abnormal neurological
signs or suspicion of alternate diagno-
sis, history of head trauma, failure to
provide informed consent, inability to
mark a visual analogue pain scale
(VAS), nursing home residents and
pregnant patients. In addition, prior to
randomisation, a resuscitation cubicle
had to be available with staff present
for safe delivery of the intervention. If
patients had received i.v. therapy in
the pre-hospital phase of care or in the
ED prior to consideration for the trial,
they were not eligible to be enrolled. A
pharmacist and an emergency physi-
cian had to be present and hence
enrolment was only possible during
their working hours.
Using a pseudo-random number

generator and a 1:1 allocation ratio,
eligible patients were randomised to
either propofol or standard therapy
groups. Randomisation was per-
formed by the clinical pharmacist, in
conjunction with the treating clini-
cian and/or member of the research
team. After obtaining informed con-
sent, the pharmacist and emergency
physician opened an opaque enve-
lope that determined allocation.
Patients indicated the level of their
pain on a 10 cm non-hatched VAS,
marked from ‘0’ at one end to ‘10’
at the other. Patients were verbally
instructed that ‘0’ meant ‘no pain’
and ‘10’ meant the worst pain ever.
For patients randomised to the

propofol arm, clinicians followed the
hospital protocol for procedural seda-
tion. Patients were transferred to the
resuscitation bay, placed on a cardiac
monitor, provided supplemental oxy-
gen by nasal cannula, end-tidal CO2

monitor, with 1:1 nursing care during
the sedation. Propofol was adminis-
tered at a dose of 1 mg/kg as a slow
push over 1 min through a peripheral
i.v. canula with a 20 mL syringe.15

Patients were allowed to sleep until
they woke up on their own. Patients
in the standard therapy arm were
managed as per clinician preference,
with the ED’s migraine protocol avail-
able as a reference (Appendix S1).
The first post-treatment VAS pain

score was collected from patients at

30 min following the completion of
initial therapy. The VAS pain scores
were repeated successively every half
hour until discharge of the patient
from the ED. Rescue therapy was
allowed at any time-point for
ongoing pain.
The primary outcome variable was

TTD from the ED. This was calcu-
lated as time of first i.v. medication
after randomisation to discharge
time. For patients admitted to the
Emergency Short Stay Unit (ESSU),
the discharge time was time of dis-
charge from ESSU. Overall length of
stay in the ED that included pre-
intervention, that is triage, waiting
and assessment times were also
reported.
Secondary outcome measures were

safety of propofol administration
and change in pain scores. Variables
to assess safety were the lowest
Richmond-Agitation-Sedation Scale
Score, the lowest systolic blood pres-
sure (SBP), the lowest oxygen satura-
tion and a qualitative (free text)
recording of any manoeuvres to
maintain an open airway. A
favourable outcome was defined as
≥50% reduction in VAS score or dis-
charge from the ED.
All outcome measures were

assessed on an intention-to-treat basis.
TTD was summarised using median
(interquartile ranges [IQRs]) and dif-
ferences assessed using the Wilcoxon
rank sum test. Differences in propor-
tion of patients achieving clinically
significant reduction in pain were
assessed using Fisher’s exact test. The
association between two continuous
variables was assessed using
univariable linear regression. Differ-
ences between time to favourable out-
comes were presented using Kaplan–
Meier curves and differences were
assessed using hazard ratio and 95%
confidence intervals.
Being a pilot trial, a pre-determined

sample size was not calculated and
enrolment of 40 patients was planned.
We determined this number through
consensus among the investigators, to
be enough to inform effect size for
planning of a definitive trial. A P-
value of <0.05 was defined to be sta-
tistically significant. All analyses were
conducted using Stata V 15.1 (College
Station, TX, USA). The trial was
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approved by The Alfred Hospital
Ethics Committee (Project number
328/16). The protocol for this pilot is
registered at The Australian New
Zealand Clinical Trials Registry
(ACTRN12619001595101).

Results
There were 30 patients randomised
in the trial over a period of
28 months. Data from one patient
were missing, leaving 29 patients for

analysis (Fig. 1). Most exclusions
(n = 39; 54.2%) were secondary to a
resuscitation cubicle not being avail-
able. There were 7 (9.7%) patients
who declined consent to be
randomised. Demographics, time of
presentation, initial pain scores and
vital signs are listed in Table 1 and
were similar except for sex distribu-
tion. All patients were admitted to
the ESSU as part of their care.
Among patients in the propofol

arm, median TTD was 290 (IQR
162–500) min compared to 554.5
(IQR 534–639) min in the standard
therapy arm (Fig. 2; P = 0.021).
There was no association between
TTD and time of presentation to the
ED (P = 0.47). There was no associa-
tion between TTD and initial pain
scores (P = 0.63). Overall ED length
of stay was also significantly
shorter in the propofol arm of
335 (207–545) min compared to
595 (572–705) min for standard
therapy (P = 0.01). There was no dif-
ference in TTD between males and
females (P = 0.34).
Among patients managed in the

standard therapy arm, nine patients
received chlorpromazine at doses of
12.5–25 mg with crystalloids (range
700 mL to 2.2 L). Two patients were
managed with i.v. metoclopramide
(10 mg), ondansetron (8 mg) and
fluids only. One patient receivedFigure 1. Patient enrolment and randomisation.

TABLE 1. Baseline characteristics

Standard therapy arm (n = 14) Propofol arm (n = 15)

Age 37.9 (SD 9.4) 32.9 (SD 10.3)

Male sex 1 (11.1%) 8 (53.3%)

Presentation time

08.00–16.59 hours 4 5

17.00–21.59 hours 7 8

22.00–07.59 hours 3 2

Initial pain score 7.5 (7–9) 8 (7–9)

Initial heart rate (/min) 71.1 (SD 8.6) 74.1 (SD 15.4)

Initial systolic BP (mmHg) 123.1 (SD 14.1) 124.3 (SD 13.8)

Initial resp. rate (/min) 15.4 (SD 2.7) 14.5 (SD 3.3)

Initial temperature (�C) 36.5 (SD 0.3) 36.3 (SD 0.3)

Initial oxygen saturations (%) 98.5 (SD 1.8) 99.4 (SD 1.2)
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i.v. lignocaine (4.8 g) with crystalloids
(2 L), one received magnesium sul-
phate (10 mmol) with crystalloids
(1 L) whereas the remaining patient
was treated with i.v. morphine and
i.v. ondansetron.
Among the 15 patients who

received propofol, there were
six patients who required additional
analgesia. Of these, two patients
were managed with oral analgesia

only, whereas four patients were
managed with i.v. chlorpromazine
(12.5–25.0 mg). Among patients
who received propofol, the median
lowest sedation score achieved was
−4 (IQR −3 to −5). There were no
patients who recorded SBP
<100 mmHg during procedural seda-
tion. There was one episode (6.7%;
95% CI 1.7–32.0) of desaturation
recorded with lowest oxygen

saturation of 88%. This patient
required assisted manual ventilation
for less than 1 min prior to improve-
ment in oxygen saturations. There
was one additional patient who
required temporary jaw thrust to
maintain oxygenation, but no epi-
sodes of hypoxia were recorded.
There were no patients who were
diagnosed with an alternative diag-
nosis during the index presentation.
Change in VAS scores of patients

remaining in the ED at the listed
time points are illustrated in
Figure 3. All patients had recovered
to normal conscious state following
administration of propofol and pain
scores were available for all patients
at 30 min. Time to favourable out-
come, that is pain reduction of
≥50% or discharge from the ED is
illustrated in Figure 4. The hazard
ratio for the defined favourable out-
come was 1.54 (95% CI 0.69–3.41).

Discussion
Initial i.v. therapy with propofol,
using a procedural sedation dose
resulted in shorter times to discharge
from the ED for patients presenting
with migraine. There appeared to be
favourable improvements in pain
scores and shorter times to
favourable outcomes. Management
of patients with i.v. propofol is feasi-
ble but requires incorporation into
clinical practice to facilitate avail-
ability of a safe environment. Fur-
ther validation of these results and
ongoing surveillance regarding safety
are indicated.
This pilot randomised study

required 28 months to enrol
30 patients and was stopped early
because of the slow enrolment rate.
However, at conclusion, the trial
had 91% power to detect the
observed difference of TTD of
264 min with SD of 190 min. A key
barrier to enrolment was the avail-
ability of a resuscitation cubicle. In a
busy tertiary referral hospital, resus-
citation cubicles are often occupied.
In standard clinical practice, when a
critically unwell patient presents, a
cubicle is made available after trans-
ferring a relatively more stable exis-
ting patient to the next safest
location. However, in the setting of

Figure 2. Difference in time to discharge (primary outcome).

Figure 3. Pain scores among patients remaining in the ED.
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this clinical trial, it was not consid-
ered ethical to move a patient to
facilitate procedural sedation. Addi-
tionally, if there was any doubt
regarding the final diagnosis of
migraine, such as consideration
given to imaging of the brain, the
patient was not eligible for the trial.
Therefore, a large proportion of
patients with provisional diagnoses
of migraine were either not screened,
or upon screening, considered ineli-
gible because of lack of a suitable
location to deliver procedural seda-
tion dose propofol. The requirement
of a clinical pharmacist and an emer-
gency physician to be present prior
to randomisation also limited the
time during which a patient could be
randomised. Results of this trial,
therefore, are only applicable to situ-
ations where a resuscitation cubicle
is available for safe administration of
the intervention.
Procedural sedation with propofol

has been proven to be a safe practice
within EDs and requires strict adher-
ence to clinical practice guidelines.
Key recommendations are to pre-
oxygenate and use supplemental
oxygen during the procedure to min-
imise hypoxia during brief periods of
potential apnoea. Additionally, one
provider should be dedicated to
administering the agent; monitoring
vital signs (cardiac monitoring, pulse
oximetry, capnography, and blood

pressure and respiratory rate every
5 min); and performing any needed
resuscitation, with a separate pro-
vider to perform any procedures.16

Strict adherence to procedural
sedation guidelines was maintained
during this trial but may have intro-
duced confounders in the association
between propofol and favourable
outcomes. For example, treatment of
patients with headache using inhaled
high-flow oxygen has been suggested
to be efficacious.17 Additionally, it is
well established that participation in
clinical trials improves outcomes,
and it is possible that the propofol
group received a higher level of clini-
cal care because of the ratio of care-
givers to patient, at least in the initial
phase of care.18–20 This may have
resulted in more prompt medication
administration, earlier transfer to the
ESSU and more efficient discharge
planning.
A key issue in migraine manage-

ment that was not adequately
assessed was recurrence of headache.
In the short term, there was some
suggestion of worsening headache at
90 min after therapy with propofol
(Fig. 3). However, on discharge, pain
scores appeared lower than in the
standard therapy group. The change
in pain scores over time demonstrates
that most patients after management
with propofol were not pain free and
a pain-free status is perhaps an

unreasonable target outcome. Rather,
including propofol in the manage-
ment regime achieved a favourable
outcome in a shorter time-period
than standard therapy. In addition,
migraine recurrence after discharge
was also not assessed. Re-
presentations with migraine have
been frequently reported and mainte-
nance of favourable outcomes should
be the aim of effective management.
Future studies can improve the

methodology by more standardised
management of the two groups being
in similar management settings such
as cubicle, clinical staff and delivery
of oxygen. Dosing protocols have
varied, with incremental small doses
also associated with favourable out-
comes.21 The optimal dose and fre-
quency therefore require further
investigation.
In recognition of the chronic

nature of migraine, varied levels of
pain and that patients with migraine
are often discharged with substantial
pain, we chose the pragmatic pri-
mary outcome measure of TTD. This
was determined to be a proxy vari-
able for favourable outcome from
both the patient and clinician per-
spective, without pre-empting a satis-
factory level of pain for all patients
with migraine. In future studies, out-
come measures can be expanded to
include longer term follow-up after
discharge. Clinical practice guide-
lines for migraine vary across institu-
tions. It is possible that the
differences observed may not gener-
alise when compared to other guide-
lines or when pre-hospital
i.v. analgesia has been administered
and ongoing external validation
remains essential. Finally, we
observed a significant imbalance in
distribution of sex among the two
arms. This was a random effect and
we remain unsure if the results were
biased by this imbalance. Stratifica-
tion of randomisation by sex may be
considered in future studies.

Conclusions
In this small pilot study of patients
who were clinically diagnosed with a
migraine on presentation to the ED,
initial management with
i.v. propofol at procedural sedation

Figure 4. Time to favourable outcome. ( ) Standard therapy; ( ) propofol.

© 2020 Australasian College for Emergency Medicine

546 B MITRA ET AL.



doses significantly reduced TTD. The
study was under-powered to assess
safety and the intervention requires
further evaluation. When considered
as a therapeutic option for acute pre-
sentations with migraine, strict
adherence to clinical practice guide-
lines for procedural sedation in the
ED remains essential.
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