W) Check for updates

Guidelines

Cephalalgia & sz,

An International Journal of Headache

International Headache Society global
practice recommendations for the acute
pharmacological treatment of migraine

Francesca Puledda'

Cephalalgia

2024, Vol. 44(8) 145

© International Headache Society 2024
Article reuse guidelines:
sagepub.com/journals-permissions

DOI: 10.1177/03331024241252666
journals.sagepub.com/home/cep

S Sage

3

, Simona Saccoz, Hans-Christoph Diener” ©®,

Messoud Ashina*®, Haidar M. Al-Khazali®, Sait Ashina®>® ®, Rami Burstein’,

Eric Liebler®, Andrea Ciprianis"'o’I !, Min Kyung Chu'2®, Alexandra Cocores'?,
Freda Dodd-Glover'?, Esme Ekizogluls, David Garcia-Azorin'® ®, Carl Gobel'”'8,
Maria Teresa Goicochea'?, Amr Hassan??, Koichi Hirata?', Jan Hoffmann' ®,

25,26

Bronwyn jenkinsn, Katharina Kamm?3 , Mi Ji Lee** , Yu-Hsiang Ling R
Marco Lisicki27, Daniele MartinelliZ® , Teshamae S. Monteith'3 ,
Raffaele Ornello?®, Aynur Ozge”, Mario Peres®® ®, Patricia Pozo-Rosich®' ®,

34

Volodymyr Romanenko??, Todd J. Schwedt*?, Marcio Nattan P. Souza ,
Tsubasa Takizawa35, Gisela M. Terwindt“, Janu Thuraiaiyah4 ,
Mansoureh Togha®’*3 ®, Nicolas Vandenbussche***°, Shuu-Jiun Wang?>2%4! @,

Shengyuan Yu*?® and Cristina Tassorelli

43,28

'Wolfson Sensory, Pain and Regeneration Centre, Institute of Psychiatry,
Psychology & Neuroscience, King's College London, London, UK
2Department of Biotechnological and Applied Clinical Sciences,
University of LAquila, LAquila, Italy

3Department of Neuroepidemiology, Institute for Medical Informatics,
Biometry and Epidemiology, Faculty of Medicine, University Duisburg-
Essen, Essen, Germany

“*Department of Neurology, Danish Headache Center, Copenhagen
University Hospital — Rigshospitalet, Copenhagen, Denmark
*Department of Clinical Medicine, Faculty of Health and Medical Sciences,
University of Copenhagen, Copenhagen, Denmark

®Department of Neurology and Department of Anesthesia, Critical Care
and Pain Medicine, Harvard Medical School and Beth Israel Deaconess
Medical Center, Boston, USA

"Department of Anesthesia, Critical Care and Pain Medicine, Harvard
Medical School, Beth Israel Deaconess Medical Center, Boston, USA
8International Headache Society, London, UK

Department of Psychiatry, University of Oxford, Oxford, UK
'°0Oxford Precision Psychiatry Lab, NIHR Oxford Health Biomedical
Research Centre, Oxford, UK

''Oxford Health NHS Foundation Trust, Warneford Hospital, Oxford, UK
IZDepar‘tment of Neurology, Severance Hospital, Yonsei University
College of Medicine, Seoul, Republic of Korea

3Department of Neurology - Headache Division, University of Miami,
Miller School of Medicine, Miami, USA

"“Department of Medicine and Therapeutics, Korle Bu Teaching Hospital,
Accra, Ghana

|5Department of Neurology, Istanbul Faculty of Medicine, Istanbul
University, Istanbul, Turkey

'®Headache Unit, Department of Neurology, Hospital Clinico
Universitario de Valladolid, Valladolid, Spain

7Kiel Migraine and Headache Centre, Kiel, Germany

'8Department of Neurology, Christian-Albrechts University, Kiel,
Germany

'9Neuro|ogy Department, Headache Clinic, Fleni, Buenos Aires,
Argentina

2Department of Neurology, Kasr Alainy Faculty of Medicine, Cairo
University, Cairo, Egypt

2!Neurology, Dokkyo Medical University, Mibu, Tochigi, Japan

22Royal North Shore Hospital, St Leonards, Sydney, Australia
23Department of Neurology, Klinikum der Universitat Munchen, Munich,
Germany

*Department of Neurology, Seoul National University Hospital, Seoul
National University College of Medicine, Seoul, Republic of Korea
ZNeurological Institute, Taipei Veterans General Hospital, Taipei, Taiwan
%6College of Medicine, National Yang Ming Chiao Tung University, Taipei,
Taiwan

YInstituto de Investigacién Médica Mercedes y Martin Ferreyra
(INIMEC), Consejo Nacional de Investigaciones Cientificas y Técnicas
(CONICET), Universidad Nacional de Cérdoba, Cérdoba, Argentina
28|RCCS Mondino Foundation, Headache Science Center, Pavia, Italy
2Mersin University School of Medicine, Mersin, Turkey

Pnstitute of Psychiatry, HCFMUSP, Sao Paulo, Brazil

3'Headache Unit, Neurology Department, Hospital Universitari Vall
d’Hebron and Headache & Neurological Pain Research Group, Vall
d’Hebron Institute of Research, Barcelona, Spain

32y/ita Medical Center, Kyiv, Ukraine

33Department of Neurology, Mayo Clinic, Phoenix, AZ, USA

3*Hospital das Clinicas da Universidade de Sao Paulo, Sao Paulo, Brazil
¥Department of Neurology, Keio University School of Medicine, Tokyo,
Japan

36Depar"r.ment of Neurology, Leiden University Medical Center, Leiden, The
Netherlands

3Neurology ward, Sina Hospital, School of Medicine, Tehran University
of Medical Sciences, Tehran, Iran

38eadache department, Iranian Center of Neurological Research,
Neuroscience Institute, Tehran University of Medical Sciences, Tehran,
Iran

Creative Commons CC BY: This article is distributed under the terms of the Creative Commons Attribution 4.0 License (https://
- creativecommons.org/licenses/by/4.0/) which permits any use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0002-1933-4049
https://orcid.org/0000-0002-6556-8612
https://orcid.org/0000-0003-3973-6640
https://orcid.org/0000-0001-6221-1346
https://orcid.org/0000-0002-3132-1064
https://orcid.org/0000-0002-2103-9081
https://orcid.org/0000-0002-1891-1799
https://orcid.org/0000-0003-1364-1969
https://orcid.org/0000-0003-2360-0693
https://orcid.org/0000-0001-6355-7947
https://orcid.org/0000-0001-8912-252X
https://orcid.org/0000-0001-9501-4031
https://orcid.org/0000-0002-0068-1905
https://orcid.org/0000-0003-0796-4702
https://orcid.org/0000-0003-4841-4491
https://orcid.org/0000-0002-7166-0976
https://orcid.org/0000-0002-9368-6835
https://orcid.org/0000-0001-5179-5358
https://orcid.org/0000-0001-8933-088X
https://orcid.org/0000-0003-1513-2113
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/03331024241252666
journals.sagepub.com/home/cep
http://crossmark.crossref.org/dialog/?doi=10.1177%2F03331024241252666&domain=pdf&date_stamp=2024-08-12

2 Cephalalgia

Abstract

Background: In an effort to improve migraine management around the world, the International Headache Society (IHS)
has here developed a list of practical recommendations for the acute pharmacological treatment of migraine. The
recommendations are categorized into optimal and essential, in order to provide treatment options for all possible
settings, including those with limited access to migraine medications.

Methods: An IHS steering committee developed a list of clinical questions based on practical issues in the management
of migraine. A selected group of international senior and junior headache experts developed the recommendations,
following expert consensus and the review of available national and international headache guidelines and guidance
documents. Following the initial search, a bibliography of twenty-one national and international guidelines was created
and reviewed by the working group.

Results: A total of seventeen questions addressing different aspects of acute migraine treatment have been outlined.
For each of them we provide an optimal recommendation, to be used whenever possible, and an essential recommen-
dation to be used when the optimal level cannot be attained.

Conclusion: Adoption of these international recommendations will improve the quality of acute migraine treatment

around the world, even where pharmacological options remain limited.
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Introduction

Consistent with the mission of the International
Headache Society (IHS) to improve migraine manage-
ment worldwide, this document focuses on providing
practical recommendations on the pharmacological
management of migraine. Due to the inconsistent avail-
ability of medications across different regions of the
globe, these recommendations are categorized into
two levels: optimal and essential. The optimal level is
intended for settings where most drug treatments are
available. The essential level is intended for under-
served areas where treatment options are limited or
that can only count on the drugs listed in the World
Health Organization (WHO) Model List of Essential
Medicines (EML) (1).

In the first part of this IHS endeavor, we present the
recommendations for the acute pharmacological treat-
ment of migraine attacks, together with the methodol-
ogy and the evidence used to support them. The
practice recommendations for the pharmacological
preventive treatment of migraine are presented in a
companion paper. Table 1 lists the drugs with evidence
of efficacy for the acute treatment of migraine listed in
the WHO EML.

The THS practice recommendations are based on
available treatment guidelines and expert consensus.
They are intended to be a practical, quick reference, appli-
cable in all countries across different care settings, includ-
ing primary care. Given the global scope of these
recommendations we have not customized the recommen-
dations based on national registrations or specific labelling
in individual countries. Nothing in these guidelines is
designed to supersede local labelling and approvals.

These recommendations represent an instrument to
motivate and facilitate policy changes. Our goal is to
establish essential standards of migraine management
in as many countries as possible. These standards will
also serve as a reference document to drive local advan-
ces toward optimal care once essential standards of
care are met.

Methodology used for the development of
questions and recommendations

The working group panel of the present practice rec-
ommendations was nominated by the IHS board.
Members were selected based on their specific expertise
in different areas of headache, previous experience
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Table I. Drugs recommended for the acute treatment of migraine by regional and international guidelines, and their availability in the
WHO Model List of Essential Medicines, 23rd List (2023) ().

Recommended
formulations and dose

Non-steroidal On EML for On EML for Available formulation
anti-inflammatory drugs migraine other uses  and dose on EML
Acetylsalicylic acid Yes - Tablet: 300 to 500 mg
Diclofenac No No Tablet: 200 mg; 400 mg
Ibuprofen Yes - Oral liquid: 100 mg/5 mL
Tablet: 200 mg; 400 mg
Ketoprofen No No
Dexketoprofen No No
Naproxen No No
Tolfenamic acid No No
Celecoxib No No
Paracetamol/ Yes - Oral liquid: 120 mg/5 mL;
acetaminophen 125 mg/5 mL; 250 mg/5 mL
Suppository: 250 mg
Tablet: 250 mg; 325 mg; 500 mg
Dispersible tablet: 100 mg;
250 mg
Combination analgesics No No
Triptans
Almotriptan No No
Eletriptan No No
Frovatriptan No No
Naratriptan No No
Rizatriptan No No
Sumatriptan Yes - Tablet: 50 mg
Zolmitriptan No No
Ergotamine and derivatives
Ergotamine tartrate No No
Dihydroergotamine No No
Ditans
Lasmiditan No No
Gepants
Rimegepant No No
Ubrogepant No No
Zavegepant No No
Antiemetics
Metoclopramide No Yes Injection: 5 mg/mL (hydrochlo-
ride) in 2 mL ampoule
Oral liquid: 5 mg/5mL
Tablet: 10 mg (hydrochloride)
Domperidone No No
Prochlorperazine No No
Chlorpromazine No No
Promethazine No No
Droperidol No No
Ondansetron No Yes Oral liquid: 4 mg base/5 mL

Solid oral dosage form: Eq 4 mg
base; Eq 8 mg base; Eq 24 mg
base

Oral 500-1000 mg
Oral 50mg; 250 mg
Oral 400-600 mg

Oral 75-150 mg

Oral 12.5mg

Oral 250 mg; 550 mg (sodium)
Oral 200 mg

Oral 400 mg

Oral 1000 mg

Oral 12.5mg

Oral 40 mg

Oral 2.5mg

Oral 2.5mg

Oral (tablet or dispersible tablet)
5and [0mg

Oral 50 mg; 100 mg;

Nasal spray 10 & 20 mg

Subcutaneous injection 3—6 mg

Oral (tablet or dispersible tablet) 2.5 mg
Nasal spray 5mg

Oral | mg, suppository 2 mg
Nasal spray 0.725 mg
Intramuscular injection 0.5—1 mg
Intravenous infusion 0.5—1 mg

Oral 50, 100 and 200 mg

Oral (dispersible tablet) 75 mg
Oral 50; 100 mg
Nasal Spray 10 mg

Oral 10mg

Oral 10mg

Oral 10mg

Oral 50-100 mg

Oral 25mg

Intramuscular injection 2.5 mg
Oral 8 mg
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developing guidelines or recommendations, and repre-
sentation of different regions of the world. The group
was gender balanced and professional backgrounds
included neurology, methodological expertise, evidence
synthesis and statistics. Each senior member worked in
collaboration with two junior headache experts from a
different geographic origin for the analysis of the liter-
ature and the explanation of the recommendations. A.
Cipriani was specifically involved for his expertise in
the methodology of evidence-based synthesis.

We used a consensus development panel approach,
adapting the methodology described and used by the
US National Institutes of Health and WHO (2). This
method of consensus formulation was chosen as it
allows the identification of questions, development of
recommendations, and formulation of strategic plans.
An initial set of clinical questions was elaborated in the
spring of 2022 by the Steering Committee (HC-D, MA,
CT) based on the main issues that healthcare profes-
sionals may encounter when treating a person suffering
with migraine. This initial list was shared with the coor-
dinators (SS and FP) and the entire working group
(seniors and juniors) for interactive discussion and
optimization. Following subsequent iterations, the
final set of clinical questions was agreed in the fall
of 2022.

A. Cipriani the search of the published literature to
identify the National and International Guidelines and
other guidance documents for migraine treatment to be
used for elaborating the recommendations. The search
terms for each clinical question are reported in Online
Supplementary file 1. FP and SS assessed the search
output and selected a total of 16 national/international
guidelines and other guidance documents for elaborat-
ing the recommendations, based on: i) relevance of the
paper; ii) publication date of less than 15 years prior;
iil) availability in the English language. A further five
guidelines (from  German, Korean, Japanese,
Taiwanese and Hungarian societies) were subsequently
added following either an English translation being
made available or internal suggestions coming directly
from the working group. For reference please see
Online Supplementary file 2. In the kick—off meeting
held virtually on February 2023, each triad of experts,
formed by a senior and two juniors, was given the task
to elaborate a first draft of recommendations for 2-3
clinical questions. Once all the triads had elaborated
the assigned recommendations, these were shared
with the entire working group for discussion and
refinement. Several runs of discussion via virtual meet-
ings or e-mail exchanges led to the final version agreed
by all the components in December 2023.

The final list of clinical questions and the corre-
sponding recommendations are summarized in Table 2.

In the next sections we will illustrate in detail each
clinical question, associated recommendations for the
Optimal and Essential level, background for the ques-
tion and evidence used for the elaboration.

QI - Should triptans be used when
analgesics and non-steroidal anti-
inflammatory drugs are ineffective?

Recommendations
Optimal.

In people with migraine not responding* to anal-
gesics or non-steroidal anti-inflammatory drugs
taken at appropriate doses and early during the
attack, we suggest switching to a triptan for the
next attack.

Essential.

In people with migraine not responding* to anal-
gesics or non-steroidal anti-inflammatory drugs
taken at appropriate doses and early during the
attack, we suggest switching to any available trip-
tan for the next attack.

*The individual is not pain-free two hours after the
intake of the drug.

Comment: In people with migraine with severe attacks,
triptans efficacy may be superior to non-steroidal anti-
inflammatory drugs and therefore triptans can be used
as the first line treatment.

Background. Pain control is important for people with
migraine to reduce the burden and disability of
migraine attacks. Multiple drug classes and individual
drugs are available for the acute treatment of migraine
attacks. These include: simple analgesics (e.g., paracet-
amol or acetaminophen); non-steroidal anti-inflamma-
tory drugs (NSAIDs) such as ibuprofen, acetylsalicylic
acid, diclofenac or naproxen; and migraine-specific
drugs such as triptans. Triptans are a class that includes
seven different molecules (almotriptan, eletriptan,
frovatriptan, naratriptan, rizatriptan, sumatriptan
and zolmitriptan) and act as 5-HT;g and 5-HTp
receptor agonists. NSAIDs and paracetamol are
less expensive and generally more widely available
than triptans. Ergots are migraine-specific medications,
but no longer represent an option due to side-effects,
risk of overuse and availability of better options. They
can only be used in exceptional cases when all available
acute treatments are not effective or contraindicated
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and ergots themselves are not contraindicated (see Q7
below).

People with migraine who do not respond to non-
specific treatments for migraine such as NSAIDs
should be assessed for specific treatments such as trip-
tans. The efficacy of triptans for the treatment of
migraine attacks has been shown in multiple random-
ized controlled trials (RCTs), systematic reviews and
meta-analyses (3). Triptans are not effective to treat
migraine aura (4,5) and have the potential to induce
medication-overuse headache (MOH). The risk for
MOH increases with the daily frequency of triptan
use. In these recommendations we set the limit of trip-
tan use to two days per week based on data indicating
that use of triptans 10 days per month is considered
overuse (6-8).

Acute treatment strategies include step or stratified
care. Step care escalates treatment across or within

attacks according to the treatment response, safety
and costs. In stratified care, treatment selection is
based on the assessment of disorder severity.
Stratified care may lead to more effective acute treat-
ment and is more cost-effective due to a decrease in
physician office visits, emergency department visits
and medical procedures (9,10).

Evidence on the comparative efficacy of
triptans versus NSAIDs

For evidence on the comparative efficacy of triptans
versus NSAIDs see Table 3.

Eletriptan

In one observational study, poor responders to the
combination of paracetamol/acetylsalicycic acid/

Table 3. Summary of studies investigating triptans versus analgesics and/or non-steroidal anti-inflammatory drugs for the treatment
of migraine attacks with outcome of pain freedom at two hours, by triptan.

Triptan Treatment Study Design

Outcome

Result Author, year

Observational
study

Eletriptan Eletriptan 40 mg in partici-
pants non-responsive to
Paracetamol/
Acetylsalicycic acid/
Caffeine

Rizatriptan 10 mg vs
Ibuprofen 400 mg vs
Placebo

Sumatriptan 100 mg vs Lysine
Acetylsalicylate 1620 mg /
Metoclopramide 10 mg vs
Placebo

Sumatriptan 100 mg vs
Aspirin 900 mg plus
Metoclopramide 10 mg

Rizatriptan RCT

Sumatriptan RCT

RCT

Sumatriptan 50 mg vs RCT
Acetylsalicylic acid
1000 mg effervescent vs
Placebo

Sumatriptan 50 mg vs
Acetylsalicylic acid
1000 mg effervescent vs
Ibuprofen 400 mg vs
Placebo

Sumatriptan 50 mg/
Naproxen Sodium
500 mg vs Sumatriptan
50 mg vs Naproxen
Sodium 500 mg vs Placebo

Sumatriptan 85 mg/Naproxen
Sodium 500 mg vs
Sumatriptan 85 mg vs
Naproxen Sodium 500 mg
vs placebo

RCT

RCT

RCT

2-hour pain freedom

2-hour pain freedom

2-hour pain freedom

Grade | (mild headache)
or 0 (no headache)
at 2 hours

2-hour pain freedom

2-hour pain freedom

2-hour pain freedom

2-hour pain relief

41% Diamond et al. (11) 2004

38 % vs 31% vs 2% Misra et al. (12) 2007

33% vs 24% vs 11% Tfelt-Hansen et al. (13)

1995

56% vs 45% (attack |)
and 58% vs 36%
(attack 2)

The Oral Sumatriptan and
Aspirin plus
Metoclopramide
Comparative Study
Group (14) 1992

24% vs 25% vs 15% Diener et al. (15) 2004

37% vs 27% vs
33% vs 13%

Diener et al. (16) 2004

34% vs 20% vs
18% vs 6%

Smith et al. (17) 2005

34% vs 25% vs 15% vs
9% (study 1) and
30% vs 23% vs 16%
vs 10% (study 2)

Brandes et al. (18) 2007

RCT: randomized controlled trial.
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caffeine responded well to eletriptan 40 mg. Forty-one
percent of participants were pain-free at two hours with
eletriptan (11).

Rizatriptan

In one RCT two-hour headache freedom was achieved
by rizatriptan 10mg in 20 (38%), ibuprofen in
16 (31%) and placebo in one (2%) participants (no
statistical tests performed) (12).

Sumatriptan

In a trial comparing oral sumatriptan 100 mg, a com-
bination of 1620 mg lysine acetylsalicylate (equivalent
to 900 mg of aspirin) and 10 mg metoclopramide and
placebo, the treatment strategies were equally effective
in leading to resolution of migraine attacks within two
hours, and were significantly more effective than pla-
cebo. No significant difference was observed between
active treatments (13).

Another trial with sumatriptan 100 mg versus aspi-
rin 900 mg plus metoclopramide 10 mg found a higher
percentage of sumatriptan users were pain-free at two
hours after treatment compared to the aspirin-
metoclopramide combination (14).

Acetylsalicylic acid 1000 mg effervescent was tested
against sumatriptan 50 mg and placebo. The efficacy of
both drugs was comparable: 25% of people with
migraine on acetylsalicylic acid and 24% of partici-
pants on sumatriptan 50 mg became pain-free (non-sig-
nificant) (15).

In a placebo-controlled trial comparing acetylsali-
cylic acid 1000mg effervescent, sumatriptan 50 mg
and ibuprofen 400 mg, 27% of participants on acetyl-
salicylic acid 1000 mg effervescent, 33% of participants
on ibuprofen 400 mg and 37% of participants on suma-
triptan 50 mg became pain-free at two hours versus
13% for placebo (non-significant between active treat-
ments, significant versus placebo) (16).

In a study comparing naproxen 500 mg with suma-
triptan 50 mg, 45 of 248 participants (18%) using nap-
roxen 500 mg were pain-free at two hours compared to
45 of 226 participants (20%) with sumatriptan 50 mg
(17). Another study found that a numerically higher
proportion of participants using sumatriptan 85mg
become pain-free at two hours compared to naproxen
sodium 500mg (study 1: 90 out of 361 participants
(25%) on sumatriptan 50 mg vs 53 of 356 participants
(15%) on naproxen; study 2: 82 of 362 participants
(23%) on sumatriptan vs 57 of 364 participants
(16%) on naproxen) (18).

Zolmitriptan

In a double-blind RCT comparing the efficacy of keto-
profen 75mg or 150 mg with placebo or zolmitriptan
2.5mg, freedom from headache at two hours was more
frequent with the three active treatments than with pla-
cebo, with a significant difference between zolmitriptan
and ketoprofen 75mg, but not between zolmitriptan
and ketoprofen 150 mg (19).

In a randomized controlled trial comparing zolmi-
triptan 2.5mg versus acetylsalicylic acid plus metoclo-
pramide, 11% of participants in the zolmitriptan group
became pain-free after two hours versus 5% of partic-
ipants in the acetylsalicylic acid plus metoclopramide
group (odds ratio 2.19, p-value <0.01) (20).

Other NSAIDs

We found no comparative data on the efficacy of diclo-
fenac at two hours versus any triptan (21).

Based on the evidence, eletriptan, rizatriptan, suma-
triptan and zolmitriptan are at least equally or more
effective than simple analgesics and NSAIDs. There is
no evidence that people with migraine who do not
respond to simple analgesics or NSAIDs have a low
probability of responding to triptans. Therefore, if trip-
tans are available and no contraindications exist, trip-
tans should be recommended for people with migraine
not responding to simple analgesics or NSAIDs.

The relevant statements on triptan use when analgesics
and NSAIDs drugs are ineffective in the guidelines
reviewed and the guidance documents assessed are illus-
trated in Online Supplementary Table 1S.

Q2 - If a triptan is only partially effective,
should the dose be increased?

Recommendations
Optimal.

If a triptan taken early after migraine attack
onset is only partially effective®, we suggest
increasing the dose to the maximum recom-
mended dose for that triptan for the next
attack. If the response is still inadequate, we sug-
gest switching to a different route of administra-
tion (see Q3) or to a different triptan for the next
attack. If three triptans have been tried at the
appropriate dose without a satisfactory response,
we suggest switching to a different class of acute
drugs (see Q5 and Q6).
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Essential.

If only sumatriptan 50 mg oral tablets (in the
WHO EML) are available and they are only par-
tially effective, we suggest increasing the dose to
two tablets (100 mg) for the next attack.

If other triptans are available, follow above rec-
ommendations for Optimal level.

*Partial efficacy: the subject has not achieved pain
relief two hours after the intake of the drug.

Comment: Two different triptans should not be taken
in the same 24-h period. Similarly, a triptan and ergot
should not be administered within 24 hours.

Background. Some triptans have been investigated and
approved with multiple doses. A dose-response effect
could justify the use of a higher triptan dose if the lower
doses fail to show a response. However, adverse events
(AE) could also present in a dose-dependent manner.
Response to triptans can be complete, partial, or
absent according to different definitions. Therefore,
the advantages of triptan dose escalation when lower
doses fail to provide an effect are a matter of debate.

Evidence. For the present recommendation, we only
considered papers reporting a comparison among dif-
ferent doses of triptans currently authorised for use in
clinical practice (Table 4). For each included paper, we
considered a main efficacy outcome and a main safety
outcome; main outcomes were selected as those with
the highest number of included participants.

Triptans are currently commercialised in the follow-
ing dosages (27):

Almotriptan: oral, 12.5mg

Eletriptan: oral, 20 mg or 40 mg

Frovatriptan: oral, 2.5mg

Naratriptan: oral, 1 mg or 2.5mg

Rizatriptan: orally dissolving tablet, Smg or 10 mg
Sumatriptan: oral, 25mg, 50 mg, or 100 mg; subcu-
taneous, 6 mg; intranasal, 10 mg or 20 mg

e Zolmitriptan: orally dissolving tablet, 2.5mg or
5mg; intranasal, 5mg

The availability of each specific triptan and of their
formulations varies between countries.

Literature shows that the additional benefit of
higher doses of triptans compared with lower doses
within two hours from drug intake was 11% or less
(Table 4). A dose-response effect could be hypothe-
sized; however, the increased dose response was not

significant. The therapeutic advantage of higher vs
lower doses was modest or absent. The potentially
higher efficacy of higher doses over lower doses of trip-
tans is paralleled by an increase in AEs (28).

Overall, data suggests that lower doses of triptans
should be preferred over higher doses, if effective.
Tolerability issues should also be considered when rec-
ommending higher doses of triptans. If an individual
does not experience sufficient relief with multiple doses
of a triptan, other treatment options may be consid-
ered. For most people with migraine, switching acute
treatment is more feasible than increasing the dose of a
triptan. Therefore, increasing the dose of triptans may
be a viable option for people who do not respond to an
initial dose, but it is important to consider the potential
risks and benefits of this approach, as well as other
treatment options such as combination therapy (28).

Clinical practice considerations

Given the modest advantage demonstrated by increas-
ing the dose of a triptan to obtain clinical benefit, clin-
ical issues should be considered before considering a
dose increase.

The importance of an adequate trial of triptans

Before assessing the efficacy of a triptan, its mode of
consumption should be optimized. Triptans should be
taken as early as possible after the onset of migraine to
maximize efficacy (29). Additionally, the efficacy of
triptans should be assessed over more than one
migraine attack. The statement of the Consensus
Panel of the European Headache Federation suggested
that a triptan should be declared effective if able to
treat at least three out of four consecutive migraine
attacks (30). Vice versa, the ineffectiveness of a triptan
in treating a single attack is not sufficient to consider it
a failure.

Definition of partial response

Response to triptans can vary across different attacks.
Response to triptans — as well as that to any drug for
the acute treatment of migraine — can be defined
according to different outcomes. Headache relief, ces-
sation of associated symptoms, ability to prevent head-
ache relapse and avoidance of rescue medication,
tolerability, and patient satisfaction should all be con-
sidered. The Consensus Panel of the European
Headache Federation considered headache relief,
relief of associated symptoms, and absence of AEs
within two hours from intake to define the response
to triptans (30). According to this document, if
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headache relief is not complete, or headache recurs
once relieved, or a rescue medication is needed despite
the use of a triptan, the response is considered partial. In
a partial triptan responder, the dose of the triptan can be
increased, provided that the subject is not experiencing
side effects. Viceversa, if there is no response at all at the
tested dose, a dose increase is less reasonable, given that
the expected benefit is likely modest.

Differences among triptans in dose-response effect

The type of triptan to which people with migraine
respond might be relevant when considering a dose
increase. Pooled analyses of RCTs showed that the
100mg dose of oral sumatriptan was more effective
than the 50 mg dose, even considering the increase in
adverse events (29,31). Intranasal sumatriptan 20 mg
was also more effective than the 10mg dose (32). A
dose-response effect has been attributed to eletriptan
(33), while oral zolmitriptan 5mg had similar efficacy
compared with the 2.5mg dose (34).

Different response to triptans across migraine
attacks

A further element to consider when assessing the
response to triptans is the possible difference among
migraine attacks based on trigger factors, circadian
rhythm, seasonality, or physiological states. An exam-
ple of decreased response to triptans is menstrual
migraine, in which attacks are longer and more debil-
itating compared with non-menstrual migraine (35).
Migraine with onset during sleep is also associated
with a reduced response to triptans, as it prevents
early administration. Close monitoring of headache
intensity, timing, and trigger factors through a head-
ache diary could help in identifying different clinical
situations where the adoption of different doses of
the same triptan may be useful.

In summary, evidence indicates that increasing the
dose of a triptan may be considered if the initial treat-
ment is only partially effective. However, it is impor-
tant to note that the use of these medications should be
tailored to individual needs and medical history and
should be done under the guidance of a healthcare pro-
fessional. Therefore, the decision to consider a dose
increase should be carefully assessed based on the pat-
tern of migraine and its previous acute management.
The expected gain of benefit from increasing the dose
of a triptan is modest and more side effects can occur.

The relevant statements on triptan dose escalation in
the guidelines reviewed and the guidance documents

assessed are illustrated in Online Supplementary
Table 2S.

Q3 - If people with migraine are not
responding to the first triptan, should they
switch to another triptan?

Recommendations
Optimal.

If people with migraine are not responding™* to the
first triptan, used in adequate dosages, following
the correct route of administration, and taken at
the proper time** in two out of three attacks, we
suggest switching to another triptan. This strategy
can be repeated for up to a maximum of three
triptans, after which another drug class is suggested.

Essential.

As described in the recommendations for the
Optimal level if at least two triptans are available.

If only one triptan is available, we suggest com-
bining it with non-steroidal anti-inflammatory
drugs or antiemetics.

*Not responding: the individual has not achieved pain-
freedom two hours after the intake of the drug.
**Proper time: triptans are more effective when taken
early during the attack. Patients should be educated to
take them as early as the headache begins.

Background. Triptans are considered the first line ther-
apy for the treatment of moderate to severe migraine
attacks. An effectively treated attack can be defined by
pain freedom being achieved within two hours and last-
ing for 24-48 hours (30,41). This should include the
relief of migraine related non-pain symptoms and
absence of AEs (3). Relapse is defined as the occur-
rence of migraine within 48 hours of obtaining pain
freedom with an acute treatment (see Q10) (41). A
meta-analysis demonstrated that triptans achieved
headache relief in 42% to 76% of individuals within
two hours, sustaining headache relief in 29% to 50% of
subjects at 24 hours. Pain freedom at 24 hours was
obtained in 18% to 33% of people with migraine (42).

One of the factors affecting the response to triptans
is the timing of drug administration during the attack
(see Q8). Triptans are not effective in relieving migraine
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if administered too early during the aura phase of
migraine, as these drugs do not work on cortical
spreading depolarization (43) and are less effective
when taken too late, after central sensitization is fully
developed (44). Route of administration also has an
important effect on efficacy. Besides vomiting, delayed
absorption in the gastroenteric system occurring during
attacks may lead to slower or reduced absorption of
oral triptans (3,45). Timing of attacks is also an issue.
Many people with migraine awake with a full-blown
attack. These people will likely benefit more from sub-
cutaneous triptan (sumatriptan 3mg or 6 mg) instead
of the oral route.

Evidence. Head-to-head studies did not show clear
superiority of one triptan over another with regards
to pain relief (46). Four systematic reviews, however,
including 111 individual studies, reported that suma-
triptan, zolmitriptan and almotriptan showed similar
efficacy, while eletriptan and rizatriptan were superior
based on pain freedom at two hours, and eletriptan led
to a lower recurrence rate (47). The findings of a meta-
analysis of 133 RCTs suggested that the majority of
triptans (except frovatriptan and naratriptan) provide
similar efficacy in the acute management of migraine
attacks. The results also suggested better pain relief
with eletriptan and rizatriptan (42). Although all trip-
tans have a similar molecular structure, differences in
pharmacokinetic and pharmacodynamic profiles of
these drugs are the underlying causes of their slightly
variable efficacy and side effects, and the variability in
individual responses (48). Naratriptan and frovatriptan
have the longest duration of action due to their long
half-lives (26). Almotriptan, naratriptan and frovatrip-
tan caused fewer AEs in comparison to sumatriptan
and other triptans (3,49).

Considering these individual differences between
triptans, guidelines or guidance documents recommend
offering a different triptan to a subject who does not
benefit from one triptan (Online Supplementary Table
3S). Lack of efficacy in two attacks with a particular
triptan is considered a failure in the British Guidelines
(46), whereas other guidelines set this limit at three
attacks (25,50). The Consensus Panel of the
European Headache Federation recently provided a
definition for triptan-responders that suggested consid-
ering a triptan effective if well-being is restored in at
least three out of four migraine attacks. Failure of
triptans is set as not meeting the condition of triptan-
responder (30), with further specification of triptan
resistance (failure of at least two triptans) and triptan
refractoriness (failure of at least three triptans, includ-
ing the subcutaneous formulation). In general, guide-
lines underline the importance of timing of drug intake
as well as the route of administration.

Q4 - In people with migraine with nausea
and/or vomiting, should antiemetics be
combined with analgesics, non-steroidal
anti-inflammatory drugs or triptans?

Recommendations
Optimal.

In people with migraine with nausea and/or vomiting
that is not manageable with timely intake of an acute
attack drug, we suggest adding an antiemetic to anal-
gesics, NSAIDs or triptans, if not contraindicated.
Where available, fixed combinations of analge-
sics, non-steroidal anti-inflammatory drugs or
triptans may be considered.

Essential.

In people with migraine with nausea and/or vom-
iting that is not manageable with timely intake of
an acute attack drug, we suggest adding an antie-
metic to analgesics, non-steroidal anti-inflamma-
tory drugs or triptans, if not contraindicated.

Comment: Gastroprotection may be required in cases
with multiple doses of NSAIDs.

Background. Nausea is one of the most common symp-
toms associated with a migraine attack. The addition of
an antiemetic can improve the efficacy of migraine
rescue treatment and alleviate nausea or vomiting relat-
ed to a migraine attack.

Evidence.
Combining analgesics, NSAIDs, or triptans with antiemet-
ics may be considered to improve the efficacy of migraine
treatment, especially in indivduals with nausea and vomit-
ing. This approach is supported by several guidelines/guid-
ance documents, although the available literature is limited
(Online Supplemental Table 4S). According to the
American Headache Society, antiemetics are recom-
mended as first-line adjunctive therapy for individuals
with moderate to severe nausea or vomiting associated
with migraine, emphasizing the importance of using antie-
metics in conjunction with acute migraine treatments (53).
One study compared the effectiveness and tolerabil-
ity of a fixed combination of domperidone and para-
cetamol with sumatriptan in treating moderate to
severe migraine attacks. The results showed that both
treatments had comparable efficacy in relieving head-
ache and reducing nausea and vomiting and were well-
tolerated with no serious AEs (54). Domperidone and
paracetamol may be a more cost-effective first-line
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treatment option for people with migraine seen in rou-
tine general practice compared to sumatriptan and
other triptans. Other studies compared acetylsalicylic
acid (ASA) alone versus ASA plus metoclopramide,
suggesting a more marked effect of ASA when admin-
istered with the antiemetic (55).

Another study compared the efficacy of sumatriptan
alone versus sumatriptan combined with the antiemetic
metoclopramide and found that the combination ther-
apy was significantly more effective in achieving pain
relief and reducing nausea and vomiting (56). Further
studies are needed to determine whether initiating ther-
apy when pain is mild or using a higher dose of suma-
triptan would provide additional benefits.

Combining analgesics, NSAIDs, or triptans with
antiemetics may be a viable option to improve the effi-
cacy of migraine treatment in individuals with nausea
and vomiting. The use of antiemetics should be tailored
to individual needs and medical history and should be
conducted under the guidance of a healthcare profes-
sional. Evidence supporting the use of antiemetic drugs
in combination with analgesics, NSAIDs, or triptans is
illustrated in Table 5. Antiemetic drugs that can be
combined with analgesics are reported in Table 6.

Online Supplementary Table 4S summarizes the state-
ments of the guidelines reviewed and the guidance docu-
ments assessed on the combination of an anti-emetic with
analgesics, NSAIDs, or triptans.

QS5 - If triptans are only partially effective,
should a combination of non-steroidal
anti-inflammatory drugs and triptans

be used?

Recommendations
Optimal.

In people with migraine who only respond partially*
to triptans as single agents, even after triptan treat-
ment has been optimized (see Q2 and Q3), we suggest
the combination of oral sumatriptan (50-100mg)
and oral naproxen sodium (550 mg) as first choice.

Alternatively, a triptan can be combined with any
fast release oral formulation of a non-steroidal
anti-inflammatory drug.

Essential.
Combine any available triptan with available
non-steroidal anti-inflammatory drugs.

*Partial efficacy: the individual has not achieved pain
relief two hours after the intake of the drug.

Comment: Gastroprotection may be required in case of
multiple dosing of NSAIDs.

Background. Between 20% and 40% of people with
migraine who treat an acute migraine attack with a
triptan do not achieve the treatment goal of pain free-
dom after two hours. In these people, a combination of
NSAIDs and triptans could represent a valid alterna-
tive to improve efficacy of acute treatment.

Evidence. The fixed combination of sumatriptan and
naproxen sodium was investigated in 11 randomized
trials in adults (sumatriptan 85 mg, naproxen 500 mg).
Importantly, these studies were not restricted to people
with migraine who did not benefit from either suma-
triptan or naproxen alone. The combination was supe-
rior to placebo, sumatriptan or naproxen sodium
monotherapy for the endpoint of pain freedom after
two hours. Several RCTs have also investigated the
non-fixed combination, including two trials in adolescents
(sumatriptan 85 mg, naproxen 500 mg) (70-73). Available
guidelines and guidance documents on this topic are sum-
marized in Online Supplementary Table 5S.

In the absence of controlled trials investigating the
combination of other triptans and NSAIDs, we recom-
mend the combination of sumatriptan and naproxen
sodium as first choice. Combinations of other triptans
with other NSAIDs are also reasonable despite not
having been specifically investigated.

Q6 — Do gepants and lasmiditan have a
role in treating migraine attacks?

Recommendations
Optimal.

Gepants and lasmiditan are an option for treating
the acute attack in people with migraine for
whom triptan monotherapy or combination ther-
apy (see Q2, Q3 and Q5) are not effective, only
partially effective or not tolerated, or in subjects
with contraindications to triptans.

Essential.

Not applicable.

Background. In recent years, the armamentarium for
acute migraine management has increased significantly,
with a new generations of oral small molecule calcito-
nin gene-related peptide antagonists (gepants) (74), and
lasmiditan, a potent and selective agonist of the 5-HT g
receptor. These drugs have been developed and
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Table 6. Antiemetic medications for migraine that can be used in addition to analgesics. Adapted from Marmura et al. (65)

Antiemetic

Medication Class

Dosing

Notes

Metoclopramide

Domperidone

Prochlorperazine

Promethazine

Dopamine antagonist

Dopamine antagonist

Phenothiazine

Phenothiazine
Phenothiazine

5-10mg p.o.,
iv., i.m.

10mg

5-10mg p.o, i.v.

25mg p.o., p.rn.

50-100 mg p.o, p.r.n.

Level B evidence (64)

The anti-emetic with the greatest evidence for efficacy
in migraine is oral metoclopramide (10 mg) (65)

The guidelines of the British Association for the Study of
Headache recommend limited use of a
certain medication due to its cardiac side effects.

According to a review (66) combining metoclopramide
or domperidone with aspirin, tolfenamic acid, or
paracetamol did not consistently increase the
antimigraine effect compared to the analgesics alone.

RCT evidence shows that domperidone can prevent
some migraine attacks when taken during the
premonitory period (67)

Level B evidence (64)

May have higher risk for extrapyramidal side effects.

Level B evidence (64)

Chlorpromazine

10-25mg i.v.
Haloperidol First generation S5mg i.m, i.v.
antipsychotic
Droperidol First generation 2.5mg im., iv.
antipsychotic
Olanzapine Second generation 5-10mg p.o,
(atypical) sublingual

antipsychotic

“Possibly effective” (68)

“Likely effective” (68)

The side effects of haloperidol may outweigh any benefit
it may have based on the current literature (60)

According to Level B evidence (65), i.v. droperidol is less
effective than metoclopramide. However, it has the
advantage of not crossing the blood-brain barrier, and
thus does not cause extrapyramidal side effects (64).

The Canadian Guidelines state that the risk of akathisia
with droperidol is significant, which outweighs any
potential benefit it may have in the acute treatment of
migraine

IV droperidol is still considered an effective option for
the treatment of acute migraine (69). However, it is
recommended to select appropriate individuals per-
form EKG monitoring for subjects at risk of QTc
prolongation, and institute treatment if necessary due
to the risk of adverse events

According to Mogollon (59), it may be helpful to use this
medication as an add-on treatment in migraine status
or acute treatment

Atypical antipsychotics are less likely to cause extrapy-
ramidal symptoms compared to typical antipsychotics

i.m.: intramuscular; i.v.: intravenous; p.o.: by mouth; p.r.n.: as needed; RCT: randomized controlled trials.

designed specifically for migraine and do not present
the vasoconstriction issues that reduce the bandwidth
of triptan use (75).

Evidence. Lasmiditan has bene tested in three doses (50,
100 and 200 mg) for the acute treatment of migraine in
three large phase-3 RCTs: SAMURAI (76),
SPARTAN (77) and CENTURION (78), as well as
in the open label continuations of these same studies
(79-81). Overall, lasmiditan has shown superiority to
placebo in primary efficacy outcomes, including two-
hour pain freedom and freedom from the most

bothersome migraine-associated symptom at two
hours, as well as secondary endpoints such as freedom
from photo-phonophobia and sustained pain freedom
at 24 hours. Side effects associated with its activity on
the central nervous system may limit tolerability (82),
causing nausea, dizziness and fatigue (75). In some
countries, individuals are not allowed to drive or use
machinery for several hours after lasmiditan intake.
Ubrogepant was studied at the doses of 25, 50 and
100 mg in two RCTs (83,84). Only the 50 and 100 mg
formulations been approved commercially. Both RCTs
showed higher efficacy than placebo, with the most
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common AEs being nausea, somnolence, and dry
mouth. A one-year open label extension study also
showed good safety and tolerability profiles for long-
term use of the 50 mg and 100 mg doses (85).
Rimegepant is available as a 75mg orally disinte-
grating tablet and was tested in two RCTs (86,87),
where it has demonstrated efficacy and tolerability.
The drug has also induced a reduction in monthly
migraine days in an open label extension trial (88),
with nausea being the most commonly reported AE.
Zavegepant 10 mg is the only gepant available in an
intranasal formulation, and was recently approved for
use by the FDA following one large RCT (89). This
study showed efficacy in the main outcome measures of
pain freedom and freedom from the most bothersome
symptom at two hours, with side effects mostly char-
acterized by dysgeusia, nausea and nasal discomfort.
Importantly, gepants have not been shown to cause
medication overuse and seem to be useful if taken
during the prodrome, the phase of migraine occurring
prior to the onset of pain (see QS).
Given the recent availability of these compounds, only
a few guidelines guidance documents discuss their use in
the acute treatment of migraine attacks. These are sum-
marized in Online Supplementary Table 6S.

Q7 - Are ergot derivatives an option for
treating migraine attacks?

Recommendations
Optimal.

The use of ergot derivatives for treating acute
migraine attacks can be considered if all recom-
mended acute treatments with better safety profiles
have failed.

Essential.

As described in the recommendations for the
Optimal level.

Comment: The individual should be advised about the
potentially serious side effects, the possibility of head-
ache relapse and the risk of developing medication
overuse headache. The use of ergots should be limited
to no more than one day per week.

Background. Ergot derivatives are primarily used for the
acute treatment of migraine and their efficacy has been
demonstrated in several studies (57,90,91). Ergotamine
tartrate is available as an oral compound and, in some
countries, in a rectal formulation, while

dihydroergotamine (DHE) can be given via an intrana-
sal, sublingual, intravenous or intramuscular route
(92). Drawbacks of ergot derivatives are their low
oral bioavailability, the risk of inducing medication
overuse headache and the possibility of causing serious
drug interactions (7,93). Frequent side effects include
nausea and vomiting. Less frequent and more severe
AEs with frequent or regular administration include
ergotism, limb ischemia, arterial stenosis, myocardial
infarction, cardiac valve lesions, ano-rectal ulcers,
rectal stenosis and fibrosis (94). Ergots are contraindi-
cated in arterial vascular diseases. A relative advantage
of ergot derivatives may be the reduced frequency of
headache recurrence, when compared to triptans (91).

Evidence. Studies regarding efficacy of ergot derivatives
have varying methodological quality (90,91,95-109).
Studies investigating inhaled DHE 0.5-1mg, DHE
nasal spray 0.9mg or oral ergotamine tartrate 1mg
have shown significantly more pain freedom after two
hours, as well as reduced headache duration and intensity
compared to placebo (95,96,100). In other studies no effi-
cacy difference between ergot derivatives and placebo was
found when investigating ergotamine suppositories 2 mg,
DHE nasal spray 0.5-1mg and ergotamine 1mg com-
bined with caffeine 100 mg (102,103,105,107).

Ergot derivatives were also compared to other
migraine abortive medications including ketoprofen,
naproxen or tolfenamic acid (99,100,102). Ergotamine
tartrate 1-2mg (oral or suppository) was not superior
to ketoprofen 100 mg (suppository) (102), acetylsalicyl-
ic acid 500mg (100), naproxen 750mg or tolfenamic
acid 200mg (100,105). One study showed better effica-
cy for ergotamine tartrate 1 mg compared to acetylsal-
icylic acid 500 mg (99).

Four RCTs investigated the efficacy of ergot deriv-
atives vs triptans (97,101,104,109), and all studies
favored acute treatment with a triptan. Two studies
investigated the efficacy of nasal or subcutaneous
DHE 1mg compared to subcutaneous sumatriptan
6mg (104,109). Significantly more participants treated
with subcutaneous sumatriptan 6 mg reported complete
headache relief. Two further studies evaluated the effi-
cacy of the combination of 2mg ergotamine tartrate
and caffeine 200mg versus oral sumatriptan 100 mg
or eletriptan 40 mg or 80mg (97,101). The treatment
with either triptan showed significantly better headache
relief at two hours compared to oral ergotamine.

An appraisal of guidelines found that the majority
of them have cautioned against routine use of ergot
derivatives and only a minority have recognized their
utility as a last resource in refractory individuals (110).
Some of the guidelines suggesting ergotamine were
developed before new options (e.g. gepants and lasmi-
ditan) were available. The summary of statements
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about ergot derivatives used in the guidelines and guid-
ance documents considered in this manuscript are listed
in Online Supplementary Table 7S.

Q8 — What is the recommended timing of
administration of acute treatment?

Recommendations
Optimal.

Patients with migraine without aura should take
their treatment while the pain intensity is still mild,
preferably as early as possible in the headache phase.

Patients with migraine with aura should take their
treatment as soon as the headache phase starts.

Essential.

As described in the recommendations for the
Optimal level.

Comment: To avoid the risk of medication overuse,
people with migraine should be advised that frequent
use of most acute medications is considered to increase
the risk of developing such condition. Gepants have
not been associated with the risk of medication overuse
headache to date.

Background. Around 30% of people with migraine who
treat their migraine attacks with oral triptans do not
achieve pain freedom after two hours (112). It has
been suggested that taking the medication too late,
when sensitization of central trigeminovascular neurons
has developed, may be a reason for the lack of efficacy
of triptans (113). On the other hand, treating headache
pain too early might result in increased risk of medica-
tion overuse headache if attacks are frequent (114,115),
therefore careful evaluation of individual cases is
required.

Evidence. The effectiveness of treatment taken early
and/or during mild pain compared to treatment taken
during moderate to severe pain has been examined in
11 studies (116-126). All studies used pain freedom at
two hours as the primary endpoint.

The efficacy of oral sumatriptan 50mg or 100 mg
taken when pain was mild was superior to placebo in
four studies (116,117,119,120). Other studies have
shown that oral rizatriptan 10 mg, eletriptan 20 mg or
40mg, almotriptan 12.5mg, zolmitriptan 2.5mg and
frovatriptan 2.5mg are superior to placebo when
taken while the pain is mild (121-125). A post-hoc

analysis of a RCT reported that the therapeutic gain
for pain-freedom at two hours was statistically higher
when treating attacks with oral sumatriptan 50 mg
while pain was mild compared to treating when pain
was moderate-to-severe in the same participants (116).
This finding has been confirmed in an open-label study
with sumatriptan 100 mg (126). Similar findings have
been reported with oral rizatriptan 10mg and oral
almotriptan 12.5mg (118,121,123).

The efficacy of treating a migraine attack during the
aura phase has been investigated, with contradictory
findings. Three studies found that subcutaneous suma-
triptan 6 mg, oral eletriptan 80 mg and oral zolmitrip-
tan 20mg were not effective at treating migraine
headache when the medication was taken during the
aura phase (127-129). In another trial, people with
migraine were given oral sumatriptan 200 mg (non-
approved dose) or placebo at the onset of migraine
aura for three attacks. During the first attack, the
reduction of migraine severity was superior with suma-
triptan compared to placebo, however no difference
was found for the subsequent two attacks (130). The
statements on this topic from the guidelines and guid-
ance documents reviewed are summarized in Online
Supplementary Table §S.

A recent study has shown that ubrogepant was effec-
tive in preventing headache when administered during
the prodrome, the phase of migraine occurring prior to
the onset of pain (131). This could represent a signifi-
cant advance for the treatment of migraine attacks for
individuals with reliable prodromal symptoms, partic-
ularly since gepants do not appear associated with
medication overuse (74).

Q9 — Which treatment options are
available for individuals who experience
early vomiting during a migraine attack?

Recommendations
Optimal.

In individuals with early vomiting, we suggest non-
oral formulations of acute medications, such as
subcutaneous injections, intranasal sprays or sup-
positories, based on availability, subjective prefer-
ence, and medical history. Orally disintegrating
tablets may also be considered.

Alternatively, we suggest a combination of simple
analgesics, non-steroidal anti-inflammatory drugs
or triptans with antiemetics.
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Essential.

As described in the recommendations for the
Optimal level, for available treatments and
formulations.

Comment: Gastroprotection may be required in cases
with multiple doses of NSAIDs.

Background. More than 60% of people with migraine
experience nausea and vomiting during their attacks.
These symptoms may be more disabling than the head-
ache itself. Vomiting early in an attack impairs the
effectiveness of abortive oral treatment — leading to
poor management of the attack.

Evidence. Non-oral treatments, including intranasal,
subcutaneous or rectal administration, is preferred in
individuals who vomit early in an attack. Antiemetics,
in combination with simple analgesics or triptans, may
also be efficient in some cases.

Intranasally administered sumatriptan, zolmitriptan,
zavegepant or DHE are good alternatives as they
mostly by-pass abdominal absorption (132). Intranasal
sumatriptan and zolmitriptan have been shown to be as
effective or superior to oral triptans and superior to pla-
cebo at achieving pain freedom two hours postdose (133~
136). Studies show that oral sumatriptan and zolmitrip-
tan are as good as the combination of an antiemetic
(metoclopramide) and acetylsalicylic acid at reducing
the incidence of nausea and vomiting (137,138).
Furthermore, intranasal DHE is significantly better
than placebo at relieving migraine pain (139-141). In a
clinical trial comparing the efficacy of intranasal suma-
triptan 20mg and intranasal DHE 1mg (with optional
second dose), the treatment with sumatriptan resulted in
significantly greater pain relief than treatment with DHE
(142). Intranasal zavegepant was developed for the acute
treatment of migraine attacks. Two phase 3 trials have
shown that the rate of pain freedom at two hours post-
dose was higher following treatment with intranasal zave-
gepant 10mg or 20mg compared to placebo (143,144).
As an alternative, oral disintegrating tablets (e.g., rizatrip-
tan, zolmitriptan and rimegepant) can also be recom-
mended (145). These options provide faster onset of
action than traditional tablets and are superior to placebo
at treating migraine attacks (87,146—14%).

Subcutaneous sumatriptan is a fast-acting option
due to its route of administration and therefore an
ideal formulation for treating the migraine headache
associated with early vomiting. Multiple clinical trials
have shown that subcutaneous sumatriptan 6mg is
superior to placebo for pain freedom at two hours
(149). Subcutaneous sumatriptan may also be effective
at the dose of 3mg (150). One study reported that

subcutaneous sumatriptan 6 mg was superior to place-
bo at reducing the incidence of nausea, vomiting and/
or photo-/phonophobia (151).

Alternatively, antiemetics in combination with either
a simple analgesic or a triptan may be used. In a
double-blind, randomized, crossover study, the combi-
nation of sumatriptan 50mg and metoclopramide
10 mg was more effective than sumatriptan 50 mg and
placebo at reducing pain, nausea and vomiting (56).
A Cochrane subgroup analysis concluded that metoclo-
pramide combined with aspirin was superior to aspirin
alone in relieving nausea and vomiting (55).

Even though available guidelines and guidance docu-
ments on the topic (summarized in Online Supplementary
Table 9S) are consistent, current evidence is limited due to
the small number of participants in clinical studies reporting
vomiting. In the absence of head-to-head studies, we recom-
mend either intranasal sumatriptan, zolmitriptan, zavege-
pant, DHE or subcutaneous sumatriptan as first line
treatment based on availability, cost and patient preference.
Alternatively, oral disintegrating tablets (e.g., rizatriptan,
zolmitriptan and rimegepant) can be recommended. If the
optimal-mentioned treatments are not available, antiemetics
in combination with a triptan or NSAID can be considered
based on availability and patient preference.

Q10 - How can headache relapse be
treated following the initial successful
treatment of a migraine attack?

Recommendations
Optimal.

In people with migraine with headache relapse™® after
the initial successful treatment of a migraine attack,
we suggest taking a second dose of the same medi-
cation within the recommended dose limit. If this
approach is not effective, we suggest switching to
another drug, possibly belonging to a different class.

If early headache relapse occurs in most of the
attacks, we suggest switching to a different treat-
ment option.

Combining a triptan with a non-steroidal anti-
inflammatory drug may also be a viable option.
It is important to wait at least two hours from the
first dose before repeating a combination treatment.

Essential.

In people with migraine with headache relapse*
after the initial successful treatment of a migraine
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attack, we suggest taking a second dose of the same
medication within the recommended dose limit.

If this approach is not effective, we suggest switch-
ing to another drug belonging to a different class
or, if not available, to use a combination of a trip-
tan with a non-steroidal anti-inflammatory. It is
important to wait at least two hours from the first
dose before repeating a combination treatment.

*Relapse is defined as the recurrence of migraine of
any intensity within 48 hours of obtaining pain freedom
with an acute treatment.

Comment: Gastroprotection may be required in cases
requiring multiple dosing of NSAIDs.

Background. Relapse is a phenomenon that has been
well described and investigated after the availability
of triptans. About 15-40% of the people with migraine
taking an oral triptan experience relapse.

Evidence. One RCT showed that about one-fourth of
participants with migraine experience a headache
relapse within 16h after successful treatment of a
migraine attack with sumatriptan. In the same study,
sumatriptan 100 mg was superior to placebo when treat-
ing headache recurrence: 70-74% vs 30-49% (152).

If relapse with triptans occurs frequently, one option
is to switch to a triptan with a longer half-life, such as
naratriptan and frovatriptan (153). It should be noted,
however, that these drugs may have a slower onset of
effect and lower efficacy than other triptans (154). An
alternative option, especially if single drug options do
not work or are not available, is the combination of a
triptan with an extended release NSAID. An appraisal
of the statements provided in the guidelines and guid-
ance documents assessed in these practice recommen-
dations is reported in Online Supplementary Table 10S.

QIl - How should migraine attacks that
persist for more than 72 hours (status
migrainosus) be treated?

Recommendations
Optimal.

Although there is a lack of reliable evidence, in
subjects with attacks lasting more than 72 hours
(status migrainosus), we suggest intramuscular or
other forms of administration of non-steroidal
anti-inflammatory drugs or subcutaneous suma-
triptan, or oral/intranasal dihydroergotamine (in
combination with antiemetics).

In the emergency room setting, we suggest con-
sidering the following medications, preferably
using intravenous formulations: non-steroidal
anti-inflammatory drugs or acetylsalicylic acid,
with or without an antidopaminergic agent (e.g.
prochlorperazine, metoclopramide, and
chlorpromazine).

Steroids, peripheral nerve blocks, intravenous
magnesium, sodium valproate or dihydroergota-
mine can be offered to individuals not responding
to the previous options.

Opioids should be avoided at all times.

Essential.

As described in the recommendations for the
Optimal level, utilizing available treatments and
formulations.

Intravenous dexamethasone (on the WHO list of
available medications) can be considered.

Comment: Gastroprotection may be required in cases
requiring multiple dosing of NSAIDs.

Background. Status migrainosus is defined by ICHD-3
criteria as a debilitating migraine attack lasting for
more than 72 hours in an individual with migraine
(with or without aura) (6). It is consistent with previous
attacks except for its duration and severity. Status
migrainosus presents with pain and/or associated
symptoms that are debilitating and unremitting for
more than 72 hours (remissions of up to 12 hours
due to medication or sleep are accepted).

Evidence. Specific clinical trials focusing on status
migrainosus are lacking (61). Several studies and rec-
ommendations, however, analyze the acute treatment
of migraine attack in the emergency department and/or
using parenteral medications and we therefore refer to
these studies to guide our recommendations.

Oral medications, including triptans are usually not
helpful when standard acute medications have failed to
abort an attack (155). Evidence supports the use of
subcutaneous sumatriptan and parenteral prochlorper-
azine or metoclopramide for the treatment of acute
migraine attacks in an emergency room setting. A
total of 14 trials of sumatriptan in the emergency
department setting were found, and a meta-analysis
showed consistent evidence favoring sumatriptan over
placebo (60). It should be noted, however, that not all
participants included in those studies had status
migrainosus and that sumatriptan is frequently not
available in the emergency room in many regions. A
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meta-analysis of 11 trials on prochlorperazine versus
placebo showed the superiority of prochlorperazine
(156). Six trials have compared parenteral metoclopra-
mide to placebo and yielded positive results, although
the studies could not be fully meta-analyzed due to
significant heterogeneity (157-163). Efficacy of chlor-
promazine i.v. was tested in comparison with placebo
in a small randomized controlled trial and recom-
mended by the Canadian and TOP guidelines (Online
Supplementary Table 11S). Parenteral NSAIDs such as
ketorolac 30 mg intravenously and lysine acetylsalicylic
acid are reasonable first-line choice and recommended
by several guidelines. DHE can be used as alternative
to parenteral triptans. Opioids are not recommended
due to the absence of placebo-controlled trials and risk
of long-term overuse, relapse or abuse.

Recommendations regarding parenteral steroids are
conflicting across guidelines. A meta-analysis of seven
randomized controlled studies of dexamethasone
added to the standard abortive therapy reported a sig-
nificant benefit favoring dexamethasone to prevent
recurrence of migraine headache (164). The guidelines
of the American Headache Society report a meta-
analysis of three class I RCTs that showed a small ben-
efit of dexamethasone over placebo in preventing relapse
(68). While controversy exists, experts generally recom-
mend steroids, including dexamethasone or predniso-
lone, as adjunctive therapy in cases where all first-line
therapies have failed as the side effect profile of single-
use steroids is favorable, unless contraindicated (22).

Evidence for the use of nerve blocks, intravenous
magnesium or sodium valproate is scarce. These treat-
ments can be evaluated if all other options are unavail-
able, contraindicated, or ineffective.

Q12 -= What is the maximum number of
days that acute medications can be
administered without increased risk of
developing medication overuse headache?

Recommendations
Optimal.

We suggest limiting the use of analgesics, non-
steroidal anti-inflammatory drugs or lasmiditan
to 2-3 days per week and to less than 10 days
per month.

For combined analgesics and triptans we suggest
limiting the intake to 2 days per week and to less
than 8 days per month.

Essential.

We suggest limiting the intake of analgesics and
non-steroidal anti-inflammatory drugs to 2-3
days per week and to a maximum of 10 days
per month.

For combined analgesics and triptans we suggest
limiting the intake to 2 days per week and to less
than 8 days per month.

Comment: Gepants have not been associated to medi-
cation overuse headache and may therefore become the
preferred choice in people with migraine that require
frequent use of acute drugs.

Background. Excessive acute medication use is associated
with an increase in headache pain and associated symp-
toms and medication overuse headache. One of the major
concerns for clinicians is whether the frequent use of
acute medications can accelerate the development of
high-frequency/chronic headache. Unfortunately, there
is no definitive evidence on the exact amount of acute
medications that can be used without causing MOH,
defined by ICHD-3 as a headache on 15 or more days
per month and intake of acute medication 10 or 15 or
more days per month depending on the drug class (6).

It is also difficult to separate frequent intake of acute
medications due to an increase in migraine frequency
from the increase of migraine frequency due to frequent
intake of acute medication. The present recommenda-
tions have been developed based on evidence describing
acute medication involvement in migraine chronification,
and not necessarily on MOH-specific studies.

Evidence. The majority of acute medications have the
potential to cause MOH. Some products appear to be
more hazardous than others. The retrospective study of
Limmroth et al. provided the correlation between
MOH and each acute medication (166). With the short-
est mean critical duration until the onset of MOH and
lowest mean critical monthly intake frequency, people
with migraine overusing triptans demonstrated the
highest tendency to develop MOH, followed by ergot
derivatives, then analgesics (including simple and com-
bination analgesics).

NSAIDs are unique amongst acute treatments as
they can play a positive role in inhibiting the progres-
sion of MOH. In some of the studies, overuse of
NSAIDs showed protective effects against developing
MOH (167,168). However, this does not mean NSAIDs
can be used on an unlimited basis. Based on a nation-
wide, large sample size, longitudinal study by Lipton
et al. (169), the relationship between NSAID consump-
tion and headache chronification interfered with the
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headache frequency of an individual. In people with
<10 headache days per month, the use of NSAID
was protective against migraine chronification. In con-
trast, in people with headache on >10 days per month,
the risk for migraine chronification increased along
with NSAID consumption. Therefore, we recommend
prescribing NSAIDs as acute medication on less than
10 days per month, and approximately on no more
than 2-3 days per week. This limit seems sufficiently
lower than the threshold for defining NSAIDs overuse
(intake on 15 or more days per month) (6).

As for ergots, paracetamol/acetaminophen, and
combined analgesics (e.g., consisting of paracetamol/
acetaminophen, aspirin, and caffeine), there is no
direct evidence providing the critical level of use for
developing MOH. The study by Bigal et al. (170),
which investigated the association between the acute
medication use and migraine chronification, provides
hints at reasonable limitations on acute medication use.
Two hundred and nine (2.5%) out of the 8219 people
with episodic migraine (EM) had transformed to chron-
ic migraine (CM) during the one-year follow-up. Those
who remained episodic reported fewer monthly days of
exposure to acute medications. The average monthly
days of exposure to ergots, acetaminophen, and combi-
nation analgesics (acetaminophen + aspirin + caffeine)
in EM were 4.3, 6.4, and 5.4 days, whereas the CM
counterpart reported 8.6, 12.8, and 10.0 days. It is diffi-
cult to generate a definite upper limit for acute medica-
tions use from these data. This well-designed and large-
scale observational study does suggest that it is safe to
confine the use of ergots, and combined analgesics to no
more than eight days per month.

The current evidence regarding the association
between MOH and gepants or lasmiditan is limited.
Preclinical studies in rodents (171-173) reveal that persis-
tent exposure to lasmiditan, but not gepants, may cause
cutaneous allodynia, a possible indicator of migraine
chronification and MOH (168,174). In the case of
gepants, a long-term, open label study has suggested
that rimegepant may not be associated with MOH
(175). This observation, when combined with the efficacy
of rimegepant in the preventive treatment of migraine,
suggests that frequent rimegepant use may not be associ-
ated to an increased risk of developing MOH.

The recommended limits for acute medication use to
prevent MOH vary across guidelines and consensus
statements. Most of them suggest that acute medica-
tion use should not exceed 2—-3 days per week, i.e., 8-10
days per month (Online Supplementary Table 12S).
The Danish Headache Society recommends the limit
of simple analgesics use is up to 14 days per month
while combined analgesics should be limited to no
more than nine days per month. A national awareness
campaign to prevent MOH conducted in Denmark

recommended a maximum intake of analgesics with
two days per week (176). These suggestions are based
on experts’ consensus. Individual heterogeneity should
be considered in clinical practice and the thresholds
should be modified individually (8).

We recommend that the use of triptans, ergots or
combination analgesics be kept to less than 2-3 days
per week and no more than 10 days per month, to
minimize the risk for developing MOH. If more fre-
quent use is required, it should be limited to less than
three consecutive months. Gepants may be preferable
in individuals with higher risk for MOH.

QI3 - Which treatment options are
preferable during pregnancy and
breastfeeding?

Recommendations
Optimal.

In pregnant women whose attacks cannot be ade-
quately managed with non-pharmacologic
approaches, paracetamol/acetaminophen and
triptans can be used with caution across the
three trimesters of pregnancy.

Metoclopramide may be added if needed for
nausea or vomiting, or in women with inadequate
pain relief.

During breastfeeding, paracetamol/acetaminophen
is the preferred choice. Diclofenac, naproxen, trip-
tans and gepants can be used with caution, such as
withholding breastfeeding for 8-12 hours.

Essential.

As described in the recommendations for the
Optimal level, utilizing available treatments and
formulations.

Background. In up to 90% of cases, migraine progressively
improves or remits during pregnancy (178). Approximately
8% of women, however, experience worse attacks or an
increase in their frequency during pregnancy (179).
Migraine also typically recurs shortly after delivery or ces-
sation of breastfeeding (180). Acute management options
are therefore needed for this population.

Evidence.

Paracetamol/acetaminophen. The European Medicines
Agency (EMA) investigated whether paracetamol use
during pregnancy is associated with neurodevelopmental
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problems in children (181). The authors concluded that
acetaminophen exposure during pregnancy has no neg-
ative effects on neurodevelopment (181). More recently,
a large cohort analysis showed that paracetamol, when
used alone, is not associated with adverse neonatal out-
comes (182). Low amounts of paracetamol are excreted
in breast milk. Newborns and adults have roughly the
same capacity for acetaminophen metabolism (183,184).
Recent evidence, however, suggests that paracetamol/
acetaminophen may be associated with urogenital/
reproductive disorders in the offspring, possibly due to
the endocrine effect of the drug, which suggests avoiding
uncontrolled use in pregnancy, until more reliable
evidence is made available (185-187). Paracetamol/acet-
aminophen is considered relatively safe during breast-
feeding (188).

NSAIDs. AEs following NSAIDs use differ accord-
ing to the trimester of exposure. NSAIDs use during
the first trimester has been associated with miscarriage
(189-191) and congenital malformations (192-194) in
some studies, while other studies did not find increased
risk of miscarriage after NSAIDs use (195-197).
Similarly, some population-based studies suggest that
NSAIDs use during the third trimester and prenatal
period is associated with congenital malformations
(192-194), while other population-based studies do
not confirm these results (198-200).

NSAIDs are considered compatible with breastfeed-
ing, and no AEs have been documented in breastfed
infants (184). Ibuprofen is therefore recommended as
the drug of choice, due to its low amount of excretion
in breast milk and short half-life (23,201). Newer evi-
dence also supports the use of diclofenac and naproxen
when breastfeeding (202). In regard to the potential
risks of miscarriage and congenital malformations, we
recommend limiting use of NSAIDs to the second tri-
mester, as well as after birth. We emphasize that the use
of NSAIDs is only justifiable when non-
pharmacological therapy provides no benefits in the
acute treatment of a migraine attack.

Triptans. Of the seven available triptans, most avail-
able data relate to the use of sumatriptan during preg-
nancy. Cohort studies have shown no risks of
congenital malformations following triptans use (203—
208). In support, one meta-analysis investigated preg-
nancy outcomes following prenatal exposure to trip-
tans from 1991-2013 (209). The meta-analysis
included six studies and a population of 4208 infants
of mothers with migraine who used triptans (sumatrip-
tan was the mostly used triptan), compared to
1,466,994 infants of mothers with migraine who did
not use triptans during pregnancy. The authors found
no significant increase in the incidence of congenital

malformations ([OR]=0.84 [0.61-1.16]), prematurity
(JOR]=0.90 [0.35-2.30]), or spontaneous abortions
([OR]=1.27 [0.58-2.79]), when comparing the
triptan-exposed infants to the control group. The
data suggests that use of sumatriptan is safe during
pregnancy, while knowledge regarding other triptans’
safety remains limited. If necessary, we recommend
sumatriptan as the first choice of treatment with trip-
tans, however this must be under strict supervision of a
headache specialist. Recommendations for triptan use
during breastfeeding is hindered by the lack of data.

Antiemetics. For nausea and vomiting associated
with migraine during pregnancy, metoclopramide can
be used (23,210). Safety data on the use of domperi-
done during pregnancy is scarce, but pediatric use
of domperidone has shown QT prolongation in
newborns (211).

Metoclopramide use during lactation is not associ-
ated with any adverse effects in breastfed infants (212).

Combination formulations with butalbital or other
opioids should be avoided during pregnancy and
breastfeeding.

As reliable evidence is lacking, there is some dispar-
ity across published guidelines and guidance docu-
ments regarding the preferred options of acute
medication that can be used during pregnancy
(Online Supplementary Table 13S). A reliable source
for reference is represented by the Drug and
Lactation Database ((LactMed®) https://www.ncbi.
nlm.nih.gov/books/NBK 501922/, which is regularly
updated.

Q14 — What drugs can be used in children
and adolescents with a migraine attack?

Recommendations
Optimal.

We suggest paracetamol/acetaminophen (15 mg/kg;
maximum 60 mg/kg per day) or ibuprofen (10 mg/
kg; maximum 30mg/kg per day) to treat acute
migraine attacks in children and adolescents.

If those drugs are not effective, triptans can be
used as second line therapy for adolescents.
Among triptans, rizatriptan (S5mg for a body
weight <40 Kg, 10mg for body weight >40Kg)
or sumatriptan nasal spray 10mg are preferable
as these are the most studied triptans in
adolescents.

Metoclopramide might be added in cases with
nausea or vomiting or in very disabling attacks.


https://www.ncbi.nlm.nih.gov/books/NBK501922/
https://www.ncbi.nlm.nih.gov/books/NBK501922/
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Paracetamol (15 ma/kg)

Ibuprofen (7.5-10 mg/kg)

Oral E
@

Intranasal

Rizatriptan (5mg)

Sumatriptan (5mg)

Zolmitriptan (Smg)

(]

Sumatri 0.06 mgfkg or 3-6
Subcutaneo% umatriptan (0,06 mgfkg or 3-6mg)

Ketorolac (0.5 mg/fkg)

Prochlorperazine {0.15 mg'kg)

|ntra\,renouf Dihydroergotamine (0.5-1mg)

Valoroate (1000mg in SOmL)

Magnesium (30mefke)

Age range (years)

Evidence fram
randomized
trials

Evidence from
non-randomized
trials

Figure |I. Summary of drugs recommended or suggested for the acute treatment of migraine in children and adolescents. For
dihydroergotamine and valproate, the available studies did not specify a lower age limit; thus, the corresponding bars were

represented as fading.
Essential.

As described in the recommendations for the
Optimal level, utilizing available treatments and
formulations.

Comment: Gastroprotection may be required in cases
requiring multiple dosing of NSAIDs.

Background. The characteristics of migraine in the pedi-
atric age may be different from those in adulthood.
Attacks tend to be shorter, bilateral, and with promi-
nent gastrointestinal symptoms (213,214). Different
drugs for the acute treatment of migraine have been
used in children and adolescents, including non-specific
analgesics, triptans, ergotamine derivatives, and antie-
metics. The present practice recommendations only
refer to drugs and exclude non-pharmacologic treat-
ments for the acute management of migraine.

Another difference between pediatric and adult pop-
ulations is the placebo response, which is much higher
in children and adolescents, especially in parallel trials
(215). Placebo response is so high in children and ado-
lescents with headache that it might influence the
results of placebo-controlled trials, even when the
response to the active drug is high. For this reason,

the effectiveness of drugs in real-world settings could
be better than shown in RCTs.

Evidence. Table 7 presents a summary of available ran-
domized placebo-controlled trials of acute treatments
of migraine in childhood and adolescence. Paracetamol
and ibuprofen were more effective than placebo in
treating migraine in an age range including infancy
(216,217). Figure 1 illustrates the drugs recommended
or suggested for the acute treatment of migraine in
children and adolescents.

Triptans studies have shown conflicting results likely
due to the high placebo response. Most triptans were
not formally tested or approved in children.
Rizatriptan was effective in adolescents (12—17 years)
according to one study, but not in children (age <12
years) (218,219). Sumatriptan and zolmitriptan nasal
sprays can be considered safe and effective options
for adolescents. Combined treatment with sumatriptan
plus naproxen has been evaluated in one placebo-
controlled trial and was effective (220). This combina-
tion could be considered in adolescents (age 12-18
years) not responding to analgesics or to triptans alone.

Several acute pharmacologic treatments for
migraine have been studied in non-randomised trials
or in trials that did not have a placebo-controlled
design and mostly refer to parenteral drugs used in
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an emergency care or inpatient setting to treat status
migrainosus or attacks that are resistant to common
medications. Although the quality of these studies is
lower than that of randomized placebo-controlled
trials, they are relevant for clinical practice.

A single-blind, parallel group randomized trial
including 49 participants aged 5-17 years assessed the
efficacy of the administration of intravenous fluids as
an adjunct to medication. The trial did not find a signif-
icant effect of intravenous fluids on migraine (221). In an
emergency setting, the administration of intravenous
fluids can rapidly rehydrate subjects without provoking
any relevant AE and can therefore be considered as an
adjuvant to acute migraine treatment.

Parenteral administration of antiemetics can also
provide relief especially in individuals with severe
nausea and/or vomiting who did not respond to anal-
gesics. Retrospective single-center studies with a limited
number of participants showed the potential effective-
ness of intravenous prochlorperazine for the acute
treatment of migraine (222,223). A subsequent pro-
spective, randomized, double-blind trial compared
intravenous prochlorperazine (0.15mg/kg; maximum
10 mg) with intravenous ketorolac (0.5 mg/kg; maximum
30 mg) for migraine treatment in people aged 5-18 years.
The trial included 62 children and adolescents and found
50% pain relief after one hour in 84.2% of subjects
treated with prochlorperazine and 55.2% of those
treated with ketorolac (224). This study also showed
the potential efficacy of intravenous ketorolac for
migraine treatment. It lacked a placebo arm, however
and therefore cannot be considered conclusive. The effi-
cacy of intravenous metoclopramide in the acute treat-
ment of migraine in children and adolescents has not
been proven. A trial in adults showed that prochlorper-
azine is more effective than metoclopramide, even if
both drugs were superior to placebo (160). For this
reason, intravenous prochlorperazine should be consid-
ered the antiemetic of choice for pediatric migraine treat-
ment in an emergency setting. Treatment with
antiemetics in children and adolescents should be
reserved to migraine attacks resistant to commonly
used medications, as the use of antiemetics could be
associated with extrapyramidal AEs such as dystonic
reactions. Those events could be more frequent with
prochlorperazine than with metoclopramide (225).
Non-randomised studies suggest the potential effective-
ness of other intravenous compounds including DHE
(226), valproic acid (off-label) (227,228), and magnesium
(229). As well as antiemetics, those compounds could be
useful in the emergency setting and to manage status
migrainosus (230,231).

Subcutaneous sumatriptan is a very effective treat-
ment for migraine in adults, but in children this has

been tested only in non-randomised, observational
studies (232,233).

Among the guidelines and guidance documents
reviewed, three explicitly address the topic of the acute
treatment of migraine in children and adolescents (Online
Supplementary Table 14S). Overall, the guidelines and
recommendations agree that pharmacologic treatment
should be reserved for children and adolescents who do
not respond to non-pharmacologic measures and need
rapid resolution of the most disabling migraine attacks.
Paracetamol and ibuprofen are preferred by all guidelines
and recommendations. Triptans could be considered with
preference for nasal spray formulations.

Q15 - What drugs are preferred in people
over 65 years of age with a migraine
attack?

Recommendations
Optimal.

In people over 65 years of age with normal liver
function, we suggest paracetamol/acetaminophen
as first line therapy. Combinations of paraceta-
mol with caffeine can also be used, but caution is
advised to avoid risks related to excessive caffeine
use, including medication overuse headache and
caffeine withdrawal headache.

As a second line option, we suggest acetylsalicylic
acid and non-steroidal anti-inflammatory drugs
with monitoring of potential adverse events relat-
ed to gastrointestinal bleeding and renal and
hepatic insufficiency.

In individuals without uncontrolled hypertension or
serious cardiovascular or cerebrovascular disease,
we suggest the use of triptans as a third line treat-
ment option. Lasmiditan and gepants are alterna-
tive options for subjects with contraindications, or
not responding, to triptans. When using lasmiditan,
the subjects should be advised about the potential
central side effects and risk of falls due to dizziness.

Adjunctive therapy with antiemetics can be helpful,
with a preference for non-centrally acting options
due to the increased risk for sedation and extrapy-
ramidal side effects of centrally acting antiemetics.

Essential.

In people with migraine over 65 years of age with
normal liver function we suggest paracetamol/
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acetaminophen as  first  line  therapy.
Combinations of paracetamol with caffeine can
also be used, but caution is advised to avoid
risks related to excessive caffeine use, including
medication overuse headache and caffeine with-
drawal headache.

As second line option, we suggest acetylsalicylic
acid or non-steroidal anti-inflammatory drugs
with monitoring of potential adverse events relat-
ed to gastrointestinal bleeding and renal and
hepatic insufficiency.

In people without uncontrolled hypertension or
serious cardiovascular or cerebrovascular disease,
we suggest the use of triptans as third line treat-
ment option.

If triptans alone are not effective, a combination
of a triptan with a non-steroidal anti-inflamma-
tory drug can be used.

Adjunctive therapy with antiemetics can be help-
ful, but caution should be applied due to the
increased risk for sedation and extrapyramidal
side effects.

Comment: In otherwise healthy people with migraine
>65 years of age who have no known comorbidities
that could specifically alter drug pharmacokinetics, rec-
ommendations can follow those of younger age groups,
with closer monitoring of side effects.

Background. Even though migraine tends to remit with
older age (188), it continues to have a one-year preva-
lence of between 3.0-10% in the elderly population
(>65 years) (242,243). Given the worldwide increase
in life expectancy, migraine in the elderly is destined
to become a more prevalent public health issue. In gen-
eral, advancing age occurs with an increased suscepti-
bility to additional diseases. Therefore, management of
migraine in the elderly is likely to be influenced by
other health problems and consequent association
with polypharmacy (244). In addition, general physio-
logical changes such as slowing of gastric emptying,
changes in rates of liver metabolism of drugs, and
reduced renal mass and glomerular filtration rate
which occur with age can directly impact pharmacoki-
netics and pharmacodynamics (245).

Evidence. In the majority of migraine treatment trials,
subjects over 60—65 years old have been excluded (246),
and thus little rigorous evidence exists in this popula-
tion. More recent studies on new acute treatments
(gepants, ditans) did not exclude older individuals

(247). According to general expert consensus, however,
in the absence of contraindications, triptans and other
acute treatments should not be withheld simply due to
age (246). The statements regarding this population in
the guidelines and guidance documents reviewed are
summarized in Online Supplementary Table 15S.

Paracetamol/acetaminophen is generally considered
the first-line option: liver function monitoring is recom-
mended in elderly individuals, especially at higher
doses, given the risk for hepatic insufficiency (248—
252). The suggested daily dose is <3000 mg per day.
In subjects with renal or hepatic dysfunction, it is
advisable to reduce the dose by 50-75% (246,249).

Acetylsalicylic acid and NSAIDs should be used
with caution in this population given the increased
risk for NSAID-induced hypertension, renal impair-
ment, upper gastrointestinal bleeding and ulceration,
particularly among more elderly individuals and those
with a history of peptic ulcer disease or gastrointestinal
bleeding (245,249). Concurrent proton pump inhibitor
use (251) and monitoring of renal and hepatic function
can help minimize these AEs (248), noting that the reg-
ular intake of proton pump inhibitors has been linked
to headache worsening (253). Frequent intake of
NSAIDs requires intermittent monitoring of kidney
function, as well as following any harmful effects on
the gastro-intestinal and cardiovascular systems
(248,252).

Antiemetic dopamine receptor antagonists may be
helpful adjunctive treatments and should be used with
caution in the elderly, given the increased risk of anti-
cholinergic effects, extrapyramidal effects, drowsiness,
dizziness, and additive sedation with other depressants
of the central nervous system (252,254). They should be
avoided in people with Parkinson’s disease (250).
Domperidone does not cross the blood-brain barrier
and therefore is not associated with extrapyramidal
AEs or other central effects (252).

The use of ergotamine derivatives and triptans can
be limited by their vasoconstrictive effects (254,255).
Triptans can be used in elderly people without medical
contraindications (uncontrolled hypertension, cardio-
vascular, cerebrovascular, or peripheral vascular dis-
ease) (248,256). The recent Guidelines of the
European Society of Hypertension, endorsed by the
International Society of Hypertension, provide a clear
definition of optimal and normal blood pressure, as
well as of different grades of hypertension (257). In
the absence of specific evidence, and considering the
increase in blood pressure associated with the intake
of triptans (0-10 mmHg), a reasonable approach is to
use triptans in elderly subjects falling in the optimal
(systolic blood pressure <120mmHg and diastolic
blood pressure <80 mmHg) or normal (systolic blood
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pressure <129 mmHg and diastolic blood pressure
<85mmHg) blood pressure category, with/without
anti-hypertensive treatment. Age itself is not a
contraindication to triptan use, however, age and
vascular risk factors should be considered before pre-
scribing triptans in people older than 65 years. There
is no evidence from clinical experience that triptans
are less safe after age 65 when prescribed appropriate-
ly (256).

Lasmiditan does not cause vasoconstriction and
therefore can be used in elderly people with vascular
disease or risk factors (250). It should, however, be
used with caution as there is potential for side effects
related to its central effects, including drowsiness, diz-
ziness and fatigue (75). Clinical studies of lasmiditan
did not exclude people with migraine based on the
upper limit of age: about 4% of subjects were >65
years. There was an increase in dizziness and paresthe-
sia in older adults. Side effects were similar regardless
of uncontrolled hypertension, coronary artery disease,
or arrhythmia (76,77). Driving a motor vehicle or oper-
ating machinery is discouraged until eight hours after
taking lasmiditan (258).

Gepants do not have vasoconstrictive activity and
could be a safer option in the elderly including people
with cardiovascular disease or risk (250), although they
may impair vasodilation or have effects on blood pres-
sure. They can be used in older adults, when appropri-
ate (254). A clinical trial examining rimegepant for the
acute treatment of migraine did not exclude older sub-
jects (259). A post hoc analysis comparing the safety
and tolerability of rimegepant between younger (aged
>18 and <45 years) and older participants (aged >65
years) found that rimegepant was equally well tolerated
in both cohorts and that the pharmacokinetics did not
differ significantly between older and younger individ-
uals (260). Clinical trials examining ubrogepant for the
acute treatment of migraine included participants up to
age 75 years and reported no clinically significant phar-
macokinetic differences between older and younger
subjects (84); these clinical studies did not include suf-
ficient numbers of individuals >65 years of age to
determine if they respond differently (247).
Ubrogepant should be avoided in people with migraine
with end-stage renal disease and the dose should be
adapted in individuals with severe hepatic or renal
impairment. Ubrogepant and rimegepant interact
with strong CYP34A inducers and concomitant use
should be avoided (247).

Patients should be encouraged to identify and avoid
triggers (252) which can include irregular lifestyle (e.g.
poor sleep patterns or irregular food intake) and the
intake of triggering food items, although there is no
clear evidence for this (25).

Q16 - What is the recommended
approach to the acute treatment of
migraine in people with a history of
stroke, other vascular diseases or
uncontrolled hypertension?

Recommendations
Optimal.

In people with an acute migraine attack who have
a history of stroke, cardiovascular diseases or
uncontrolled hypertension, we suggest paraceta-
mol as first line treatment, with lasmiditan or
gepants as second line options.

Non-steroidal anti-inflammatory drugs can be
used, but administration should be limited con-
sidering the concomitant use of antithrombotic
therapy.

Adjunctive therapy with antiemetics can be
helpful.

Triptans can be used with caution if the above
conditions are under control in people with
migraine who did not benefit from paracetamol,
lasmiditan or gepants.

Dihydroergotamine and ergotamine should be
avoided at all times.

Essential.

In people with an acute migraine attack who have
a history of stroke, cardiovascular diseases or
uncontrolled hypertension, we suggest paraceta-
mol as first line treatment, and non-steroidal anti-
inflammatory drugs as a second line option. The
administration of non-steroidal anti-inflammato-
ry drugs should be limited, however, considering
the concomitant use of antithrombotic therapy.

Adjunctive therapy with antiemetics can be
helpful.

Available triptans can be used with caution if the
above conditions are under control in individuals
who did not benefit from paracetamol.

Dihydroergotamine and ergotamine should be

avoided at all times.

Background. There are several types of cardiovascular
diseases (CVDs) including atherosclerosis, peripheral
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artery disease, coronary artery disease, cerebrovascular
disease, aneurysms, venous thromboembolism, and
systemic hypertension. Over the last four decades,
numerous studies have demonstrated a connection
between primary headaches and conditions such as
stroke or ischemic heart disease, with a pooled preva-
lence among the several studies available of 5% (95%
confidence interval (CI) 3-7%) for stroke and 7%
(95%CI 5-10%) for ischemic heart disease, which are
higher in people suffering from primary headache than
the general population. Hypertension is also highly
prevalent in poeple living with headache (24% [95%
CI 22-26%]), atrial fibrillation and flutter (2% [95%
CI 1-3%]) as well as other CVDs (9% [95%CI 7-11%])
(261). It is important to consider that certain drugs
commonly used to treat migraine attacks may have
potential impacts on vascular functions, as they can
induce vasoconstriction or increase blood pressure
(262), which should be taken into account when man-
aging individuals with significant vascular diseases.

Evidence. Oral acetaminophen/paracetamol represents
a safe option in CVD people living with migraine
even though intravenous paracetamol is well-
documented to cause hypotension and special attention
is warranted (263).

Frequent intake of NSAIDs is associated with an
increased risk of bleeding, mostly gastrointestinal,
because they can inhibit platelet aggregation and secre-
tion by inhibiting cyclo-oxygenase 1 (COX-1) (264).
Although NSAIDs use is generally discouraged in indi-
viduals with cardiovascular diseases (265), their use
may be considered when no other pharmacologic
options are available. This should be done only after
a thorough evaluation of the potential risks involved.
Several special conditions should be considered, in
particular:

e Long-term antithrombotic therapy is commonly pre-
scribed in subjects with CVDs. In this setting,
NSAID therapy further increases the risk of gastro-
intestinal bleeding and therefore the use of proton
pump inhibitors is recommended (266). It is impor-
tant to counsel all people who are prescribed
NSAIDs along with one or more antithrombotic
agents about the potential negative interaction. In
people receiving antithrombotic drugs, such as clo-
pidogrel, ticagrelor, and cilostazol, the intake of
NSAIDs increases the risk of bleeding;

e Concurrent use of NSAIDs (mainly ibuprofen but
also naproxen) may, however, inhibit the antiplatelet
effect of aspirin (267), which is commonly prescribed
at low doses for primary and secondary prevention
of CVDs and therefore increase the risk of ischemic
events;

e Among people receiving antithrombotic therapy, the
frequent use of NSAIDs is associated with an
increased risk of bleeding and increased thrombotic
events, even after short-term treatment. Physicians
should therefore exercise appropriate caution when
prescribing NSAIDs, preferably avoiding them in
subjects who have recently experienced myocardial
infarction or stroke (268);

e Finally, NSAIDs can increase blood pressure (BP)
or interfere with BP control (269,270). There are
differences between nonselective NSAIDs with
regard to their effect on BP. Indomethacin, nap-
roxen, and ibuprofen have been associated with clin-
ically significant changes in BP and a higher
incidence of new-onset hypertension, albeit only if
taken on a daily basis (271). We therefore advise
against their use in people with hypertension or
severe CVDs.

Among the migraine-specific abortive medication
available, triptans have significantly changed the treat-
ment landscape for migraines over the past 30 years
(57). These drugs are potent agonists of the 5-HT1B/
1D receptor and, due to their activity on the 5-HT1B
subtype, can be considered vasoconstrictive agents
(272). Widespread concern regarding their potential
cardiovascular side effects has limited their use in sub-
jects with cardiovascular or cerebrovascular disease,
despite decades of real-life experience showing their
safety and effectiveness in people with vascular diseases
(273). Moreover, a systematic review of the most rele-
vant observational studies published in 2015 (42) found
no association between triptan use and risk of cardio-
vascular events. This is due to the pathophysiology of
vascular diseases, in which the vasoconstrictive mech-
anism plays a minor role (274). Additionally, a cohort
study conducted by Hall et al. in 2004, which included
63,575 subjects with migraine, 13,664 of whom treated
with a triptan, did not find any connection between
triptan prescription and stroke, other cardiovascular
incidents, or mortality (275). It should be noted, how-
ever, that the subjects who received triptans were clas-
sified as having a low cardio or cerebrovascular risk,
which limits the certainty of these findings.

As summarized in Online Supplementary Table 168,
existing guidelines and guidance documents recom-
mend against triptan use in subjects with hemiplegic
migraine, basilar migraine, recent ischemic stroke,
ischemic heart disease, vasospastic angina, and uncon-
trolled hypertension. The lack of evidence that triptans
increase the risk of heart attacks or stroke should be
acknowledged (276).

DHE is an ergot alkaloid that acts on serotonergic
(SHT-1A, -1B, 1F, -2A, and -2C), dopaminergic (DA-1
and -2) and adrenergic (alpha-1 and -2) receptors. DHE
has a prominent vasoconstriction effect and affects
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extracranial vessels more than the intracranial ones,
with no significant effects on cerebral blood flow
(277). Intense consumption of ergot derivatives may
be associated with an increased risk of serious ischemic
complications including ergotism and therefore DHE is
contraindicated in individuals with CVDs (278).

Lasmiditan is a selective serotonin SH-1F receptor
agonist, part of the ditan class. It has been shown to be
effective in the acute treatment of migraine attacks,
even in people with cardiovascular risk factors (279).
Available evidence suggests that lasmiditan has a low
risk of cardiovascular side effects, due to its lack of
vasoconstrictive properties (280) and can thus be pre-
scribed in individuals with comorbid CVDs (281).

Due to its vasodilating properties, calcitonin gene-
related peptide (CGRP) plays an important role not
only in migraine but also in physiological and patho-
logical cardiovascular conditions. Antagonising the
CGRP receptor for the acute treatment of migraine is
now possible using second and third generation
gepants, such as ubrogepant, rimegepant, and zavege-
pant (282). Specifically, gepants have demonstrated
efficacy in relieving migraine in clinical trials without
causing direct vasoconstriction, and there is no contra-
indication in their labels to use in people with stroke or
myocardial infarction (283,284). Consequently, at this
time, there is insufficient evidence that gepants should
be avoided in those with CVDs including stroke or
myocardial infarction. Vasodilation may be an impor-
tant CGRP-mediated mechanism of ischemia, especial-
ly in people with small vessel disease, therefore CGRP
antagonists should be used with caution in this context
(285).

Guidelines have started to include comments on
gepant use including those released by the American
Headache Society or the Taiwan Headache Society,
which highlighted that gepants do not cause vasocon-
striction, hence they could be used in the subjects with
cardiovascular contraindications to triptans. The
German Headache Society is taking the contrary posi-
tion and advising caution in their use. Overall, it is wise
to carefully consider the use of gepants in people with a
high risk of vascular accident or who are already pre-
senting symptoms of vascular impairment, Raynaud
phenomenon or small vessel disease (286).

Q17 - What are possible treatment
approaches to menstrual migraine?

Recommendations

Optimal.

In women with menstrual migraine we suggest
non-steroidal anti-inflammatory drugs or triptans

as first-line drugs. The combination of triptans
with non-steroidal anti-inflammatory drugs, or
triptans with antiemetics, as well as of non-
steroidal anti-inflammatory drugs with antiemet-
ics can be used in case of failure of individual
drugs.

Lasmiditan and gepants may represent an addi-
tional option to consider.

If these options are not successful, we suggest
short-term prevention® with naproxen or frova-
triptan in women with regular cycles.

When all of the above are ineffective, hormonal
treatment with a continuous regimen of com-
bined hormonal contraceptives or progesterone-
only contraceptives can be considered in migraine
without aura, as well as a lower threshold of
monthly headache days to start regular preven-
tive treatment.

Essential.

In women with menstrual migraine we suggest
non-steroidal anti-inflammatory drugs or triptans
as first-line drugs. The combination of triptans
with non-steroidal anti-inflammatory drugs, or
triptans with antiemetics, as well as of non-
steroidal anti-inflammatory drugs with antiemet-
ics can be used in case of failure of individual
drugs.

In case of failure of the above, in women with
regular cycles, we suggest short-term prevention*
with naproxen or, if available, frovatriptan.

When all of the above are ineffective, hormonal
treatment with a continuous regimen of com-
bined hormonal contraceptives or progesterone-
only contraceptives (if available) can be consid-
ered in migraine without aura, as well as a lower
threshold to start regular preventive treatment.

*Short-term prevention should be started 2-3 days
prior to the first day of menses and continued during
menstruation.

Background. Menstrual migraine includes pure menstru-
al migraine (MM) and menstrually related migraine
(MRM), which may occur with or without aura.
Changes in hormone levels, typically oestrogens, are
associated with both MM (occurring exclusively on
day 1+2 [i.e.,, days —2 to +3 of menstruation] in at
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least two out of three menstrual cycles and at no other
times of the cycle) and MRM (occurring on day 142
[i.e., days —2 to +3] of menstruation in at least two out
of three menstrual cycles, and additionally at other
times of the cycle) (6,287). MM most frequently
occurs in the second decade of life around the onset
of menarche but may change over a woman’s repro-
ductive cycle. MM prevalence varies from 4% to 70%
of women with migraine, peaking around 40 years and
declining towards menopause (288).

MM tends to be more severe (with associated nausea
and vomiting, photophobia and phonophobia), longer
lasting, more disabling and refractory to treatment
than non-MM attacks (289). A headache diary is
important in the diagnosis of MM. Prospective docu-
mentation of headache days, the severity of attacks,
and the relationship of headaches to menses is critical.
Acute treatment has proven effective in randomized
clinical trials. In women with regular menstrual peri-
ods, the short-term preventive treatment is a reasonable
approach (see below) (290).

Evidence

Pharmacologic therapy. Acute treatment options used
for all types of migraines can also be used to treat MM.
Barring contraindications, most people should be pre-
scribed migraine-specific agents (triptans) as first-line
therapy (290). Other treatment options include various
analgesics and antiemetic agents, NSAIDs, COX-2
inhibitors and ergot derivatives, and some guidelines
include them all (291). Combination drugs could be
used for those in whom monotherapy does not work
effectively.

Several studies evaluating triptans for the acute
treatment of MM showed good evidence for sumatrip-
tan and combination sumatriptan-naproxen (85—
500 mg), zolmitriptan, rizatriptan, frovatriptan, or
almotriptan with pain relief at 1-4 hours and a
responder rate ranging from 30% to 81% (289).
Various triptans can be recommended for treating
MM attacks, particularly long-lasting triptans such as
frovatriptan and naratriptan (292-294). These can also
be prescribed as a short-term prevention, to be started
two days before the expected first day of menstruation
and continued for five days (188).

Combination therapies should also be recommended
due to their good response, high tolerance and accessi-
bility. Common combinations of drugs include a trip-
tan with an NSAID (such as sumatriptan 85mg and
naproxen sodium 500 mg), or an NSAID or acetamin-
ophen with metoclopramide. DHE 2mg nasal spray
may also be offered (295-298).

A post-hoc analysis of two RCTs found that treat-
ment of perimenstrual migraine attacks with lasmiditan
was associated with freedom from migraine pain at two

hours, early onset of efficacy, and sustained efficacy.
Lasmiditan 200 mg produced the best effect compared
to other doses, particularly among subjects with
migraine with cardiovascular or asymptomatic cerebro-
vascular disease (299). Ditans exert central inhibitory
effects, which may impair the patient’s ability to assess
their driving competence and the extent of drug-induced
harm. Patients should be advised to refrain from driving
for at least eight hours after taking the medication (40).

Short-term prevention of menstrual migraine. Women
suffering from MM who do not receive a complete
benefit from abortive therapies may be candidates for
preventive treatment. Women with a regular menstrual
cycle and MM may benefit from short-term prevention
with drugs administered a few days before the start of,
and continuing through, menses. Naproxen sodium
proved superior to placebo in reducing the impact of
MM in two RCTs (300,301). Mefenamic acid (500 mg
three times daily) may be considered for the treatment
of MM (302). Gastrointestinal side effects may limit
NSAID use in some subjects.

Triptans have been used for the short-term preven-
tion of menstrual migraine but are not approved for the
indication. Naratriptan (1 mg bid per day for five days
starting two days prior to the expected onset of menses)
and frovatriptan (2.5mg bid given for six days peri-
menstrually) showed superiority over placebo
(26,293,303-305). There is also some evidence for oes-
trogen replacement therapy using, for instance, trans-
dermal estradiol (<100ug given for six days
perimenstrually as a gel or a patch) (306,307). The evi-
dence is however inconclusive as another study failed
to detect efficacy of hormone replacement with respect
to attack frequency during the whole menstrual cycle
(308).

The recommendations and statements addressing
the treatment of MM in the guidelines and guidance
documents assessed in this manuscript are reported in
Online Supplementary Table 178S.
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