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Abstract
Background: Triptans are migraine-specific acute treatments. A well-accepted definition of triptan failure is needed
in clinical practice and for research. The primary aim of the present Consensus was to provide a definition of triptan
failure. To develop this definition, we deemed necessary to develop as first a consensus definition of effective treat‑
ment of an acute migraine attack and of triptan-responder.
Main body: The Consensus process included a preliminary literature review, a Delphi round and a subsequent open
discussion. According to the Consensus Panel, effective treatment of a migraine attack is to be defined on patient wellbeing featured by a) improvement of headache, b) relief of non-pain symptoms and c) absence of adverse events. An
attack is considered effectively treated if patient’s well-being, as defined above, is restored within 2 hours and for at
least 24 hours. An individual with migraine is considered as triptan-responder when the given triptan leads to effective
acute attack treatment in at least three out of four migraine attacks. On the other hand, an individual with migraine is
considered triptan non-responder in the presence of failure of a single triptan (not matching the definition of triptanresponder). The Consensus Panel defined an individual with migraine as triptan-resistant in the presence of failure of at
least 2 triptans; triptan refractory, in the presence of failure to at least 3 triptans, including subcutaneous formulation;
triptan ineligibile in the presence of an acknowledged contraindication to triptan use, as specified in the summary of
product characteristics.
Conclusions: The novel definitions can be useful in clinical practice for the assessment of acute attack treatments
patients with migraine. They may be helpful in identifying people not responding to triptans and in need for novel
acute migraine treatments. The definitions will also be of help in standardizing research on migraine acute care.
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Background
Triptans are serotonin agonists acting on the
5-HT1B/1D(/1F) receptors, which were specifically
designed for the acute treatment of migraine. Their
vasoconstrictive properties are mediated by the 5-HT1B
receptor present in arterial smooth muscles [1]. Activation of 5-HT1D receptor on trigeminal fibers inhibits the release of peripheral vasoactive neuropeptides
such as substance P and calcitonin gene-related peptide (CGRP). Some triptans can, with varying affinity, activate the 5-HT1F receptor, which also inhibits
CGRP release and possibly nociceptive modulation and
dural neurogenic inflammation [2, 3]. Apart from their
5-HT1F receptor affinity, all triptans have similar pharmacodynamics, although second generation triptans
(almotriptan, eletriptan, frovatriptan, naratriptan,
rizatriptan, and zolmitriptan) were designed to have
an improved pharmacokinetic profile compared with
sumatriptan, including a higher oral bioavailability combined with a comparable or increased plasma
half-life or faster rapid onset of action [4, 5]. In general, triptans are presumed too hydrophilic to cross the
blood-brain barrier and thus to have a central effect.
The clinical introduction of sumatriptan was a breakthrough for acute migraine treatment. To date, seven
triptans in different formulations have demonstrated
their superiority to placebo in clinical trials and are
currently available for moderate to severe migraine
attacks [6]. Triptans are widely prescribed not only in
headache centers, and general neurology but also in
primary care [7].
In randomized clinical trials (RCTs), several endpoints
have been used to assess triptan efficacy and, consequently, response rates. Most trials focused on one single migraine attack and considered substantial pain relief
or pain freedom after 1 to 4 h as an adequate response.
Despite the general good efficacy, almost one-third of
individuals with migraine did not meet such endpoints
across trials [8]. However, the lack of response to one
triptan during one single attack is not sufficient to determine a general poor response to the whole medication
class. In fact, individuals with migraine might respond to
the same triptan during a different attack, or to a higher
dose and a different formulation of the same triptan or
another triptan type. Other factors, such as the timing of
dosing relative to the attack onset, accompanying nausea/
vomiting, or medication overuse can also contribute to
the differences in response [9].
A general definition of triptan failure does not exist.
From a clinical point of view, defining criteria for nonresponse could have several benefits:
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1. Create a standardized algorithm for migraine acute
treatment in case of failure to one triptan, i.e. recommendations of which other triptans could lead to a
positive effect;
2. Identify a population of non-responders to triptans
and provide treatment guidelines in these cases;
3. Standardize definitions for clinical trials to investigate, which factors are associated with triptan failure.
Evidence on the precise link between pharmacodynamics, pharmacokinetics, and clinical response to triptans
is limited and hindered by inconsistent findings. When
comparing responders with non-responders, one study
observed that absorption of oral sumatriptan was lower
and slower in unsatisfactory responders [10], while
other studies found no differences in pharmacokinetics nor genetic diversity of the 5-HT1B or 5-HT1F receptor [11, 12] after oral or subcutaneous sumatriptan. Yet,
some findings do suggest that pharmacokinetics plays
a role: the lack of response to one triptan does not predict responsiveness to another triptan [13], and the
highest response rates are observed after subcutaneous
sumatriptan. Of interest is a systematic review and metaanalysis which found that women have a higher drug
exposure compared with men, without their response
being higher [14].
Factors of importance for headache response to
triptans may include time of administration and rapid
onset of action, such as observed with intranasal or subcutaneous administration [10, 15]. Longer half-life and
higher 5-HT1B receptor potency also influence effectiveness as they are associated with lower headache recurrence [16]. Predictors of response to triptans also include
the normalization of elevated CGRP levels in saliva or the
extra-jugular vein after drug administration [17, 18], but
due to high inter-individual variability, such predictors
are not yet useful in the clinical context [19].
The primary aim of the present Consensus was to provide a definition of triptan failure to be used in clinical
practice and research. We acknowledge that definition
of triptan failure cannot be developed in the absence of
a definition of effective treatment of an acute migraine
attack and of a definition of triptan-responder and for
this reason we agreed upon those definitions before
establishing a consensus definition of triptan failure.

Methods
Preliminary systematic review

To inform the decisions of the consensus group, we
performed a systematic review based on the Preferred Reporting Items for Systematic reviews and
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Meta-Analyses (PRISMA) guidelines [20]. We launched a
database search on PubMed, Scopus, and Web of Science
on October 5th, 2021, with the following search string:
“(triptan* OR almotriptan OR eletriptan OR frovatriptan
OR naratriptan OR rizatriptan OR sumatriptan OR zolmitriptan) AND migrain* AND response*”. We applied
filters for English language and human studies. We
selected RCTs and observational studies investigating the
efficacy and effectiveness of triptans (at any dose and any
formulation) in individuals with migraine. We excluded
studies not performed in individuals with migraine (such
as Phase I trials on healthy subjects), non-original studies
(such as editorials, letters, commentaries, and reviews),
and studies without data of interest for this work (such
as those with economic evaluations or only safety data).
Two researchers (RO and BR) independently assessed
titles and abstracts for eligibility; disagreements were
resolved by consensus. After that, full texts were screened
for eligibility in qualitative synthesis by three independent Authors (BR, RO, DB); disagreements were resolved
by consensus.
For each of the included studies, a Microsoft Excel
sheet was prepared for data extraction with the following information: first author, year of publication, active
group(s) and comparator(s) (for RCTs), number of participants, number and proportion of women, rate(s)
of response to triptans, definition of non-response to
triptans, factors influencing response to triptans, previously failed triptans, number(s) and proportion(s) of
triptan responders with previous triptan failures.
Consensus development

The Consensus Panel included 16 Senior Members experienced in headache; 15 members were physicians - either
neurologists or specialists in Internal Medicine -, while
one was a pharmacologist. The Panel included three Junior Members (RO, BR, DB) who contributed to review of
the literature and group discussion but did not vote.
As a first step, an online meeting was held to agree on
the need for a new Consensus Statement and on the composition of the Consensus Panel and Junior Members. On
that occasion, the Junior Members presented the results
of the literature search. Thereafter, the process was carried out via e-mails and e-questionnaires and via webmeetings to have group discussions.
To develop the consensus definition, we used a hybrid
format including blind voting and opinion collection
according to the Delphi method [21] and open group discussions (Fig. 1). The hybrid format was adopted to benefit from the advantages of both the Delphi method and
open discussion.
In the first step, the Consensus Panel members were
assigned to multiple-choice questions, with the option
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of adding text comments. Participants were instructed
not to discuss responses among themselves at this stage.
Considering responses to questions, a first consensus
definition was drafted. This consensus definition was
submitted to all the Panel members to collect additional
comments. Comments were sent only to the facilitator (SS) who developed an updated definition. Thereafter, after a further revision of the definition to include
additional suggestions, a web meeting was organized
in order to have open discussion on the proposal. After
the group discussion a second version of the proposal
was drafted in and submitted to the entire group the get
additional comments. At this stage, participants were
again instructed not to discuss among themselves and to
send their comments only to the facilitator. Thereafter, a
final consensus version was drafted which was submitted to the panel for voting and approval by every group
member.
REDCap data capture tools [22] hosted at the University of L’Aquila, Italy, were used to collect consensus
responses.

Results
Systematic review

Database search retrieved 2824 results; after duplicate
removal, screening of titles and abstracts, and full-text
review, 251 records were left. Fig. S1 in Supplementary
File reports the details of literature search. Supplementary
Tables S1-S7 report detailed evidence of each included
study, while an overall summary is reported in Fig. 2.
The results of the systematic review were summarized
in seven categories:
1. Pain relief at different time points. RCTs: 23.0%–
53.2% within 1 hour, 47.0–66.2% within 2 hours,
51–83.6% within 4 hours. Observational studies: 30%
–44% within 1 hour, 66% –81% within 2 hours, 87%–
91% within 4 hours.
2. Pain relief versus pain freedom within 2 hours from
triptan administration. RCTs: 23.9–91.2% pain relief,
6.0–85% pain freedom. Observational studies: 55.0–
91.0% pain relief, 25.0–75.0% pain freedom.
3. Headache recurrence within 24 hours from triptan
administration. RCTs: 6.0–42.0%. Observational
studies: 6.0–53.4%
4. Use of rescue medication. RCTs: 1.8–53.1%. Observational studies: 3.9–50.0%.
5. Response in non-responders to previous triptans.
Pain relief within 2 hours: 42.5–91.0%; pain freedom
within 2 hours: 22.0–56.0%.
6. Pain relief within 2 hours of consumption of non-oral
versus oral triptan formulations. Subcutaneous vs oral:
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Fig. 1 Consensus development process

69.0–87.0% vs 52.0–76.0%. Intranasal vs oral: 70.3–
79.2% vs 56.7–72.0%. Disintegrating tablets vs oral:
63.9–66.5% vs 52.0–61.6%.
7. Pain freedom within 2 hours of early versus late treatment with triptans. Pain freedom: 28.0–67.0% if
treated early (variously defined as within 1 hour from
onset, 4 hours from onset, or when the pain is mild)
vs 27.0–55.0% if treated later.

Consensus

The results of the multiple-choice questions, which
were submitted in the first step of the consensus process are shown in Table S8.
In the consensus we firstly provided a definition of
effective treatment of a migraine attack, then provided a
general definition of triptan-responder, and finally provided definitions of triptan failure (Figs. 3 and 4).
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Fig. 2 Summary of findings of the systematic review. Bars represent percentage ranges in the reviewed studies. Obs indicates observational
studies; RCTs, randomized controlled trials

Sacco et al. The Journal of Headache and Pain

(2022) 23:133

Page 6 of 10

Fig. 3 Decision aid to define a patient as responder or non-responder to a triptan based on the evaluation of the response to two-to-four
consecutive attacks

Fig. 4 Consensus definitions of effective treatment, triptan-responder, and triptan non-responder
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Definition of effective treatment of a migraine attack

The panel reached a consensus on the following definition of effective treatment of a migraine attack:
Reaching, within 2 h from intake of the drug, and
maintaining, for at least 24 h a well-being status as
defined by all the following:
A. Improvement of headache from severe or moderate
to mild or absent;
B. Absent or minimal disturbances due to migrainerelated non-pain symptoms;
C. No meaningful drug-related adverse events.
This definition is not specific for triptans but is applicable to any drug to treat an acute migraine attack, including
combinations such as those of a triptan plus a non-steroidal
anti-inflammatory drug. The Consensus Panel considered
that a migraine attack is treated successfully if there is a
“substantial improvement in pain”, there are “no relevant
residual non-painful migraine related symptoms” and “no
relevant adverse effects” from the drug. This definition
acknowledges that migraine is not only pain but that there
is a wide range of migraine-related non-painful symptoms.
Some are common and are acknowledged as migraine most
bothersome symptoms [23]. They include photophobia,
nausea, and phonophobia. However, the Panel recognized
that less common symptoms (e.g. cognitive disturbance)
may also have a relevant impact on single individuals.
Hence, a broader definition of “non-pain symptoms” was
preferred over a precise description of symptoms. When
a drug provides benefits on pain or other symptoms but
leads to adverse events, which are relevant for the patient
the attack is considered ineffectively treated. It is important
to note that some patients may have early recurrence of
migraine attacks despite an effective treatment.
Definition of triptan‑responder

A given triptan leads to effective attack treatment in at
least 3 out of 4 consecutive attacks. The individual with
migraine is comfortable in planning activities because, if
pain occurs, it can be controlled with the given triptan.
It is acknowledged that in some circumstances a triptan
cannot lead to recovery of well-being, but the triptan may
be considered effective in most attacks thus being associated with overall satisfaction with the drug. According to
the Consensus Panel, an individual with migraine could
be considered triptan-responder even if a rescue drug is
needed in some attacks. The Consensus Panel agreed that
not all attacks can be fully controlled; nevertheless, to be
considered satisfactory, response to the drug should be
consistent in the majority of the attacks. RCTs data showed
consistent response to triptans across multiple attacks
[24–32]. However, data could change in clinical practice.
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A proportion of at least 3 over 4 effectively treated attacks
was considered acceptable by the Panel. When assessing the response to a triptan, it is also important to ensure
prompt dosing, i.e. as close as possible to headache onset or
when the pain is still mild (Table S7), as early treatment can
enhance the effectiveness of acute drugs. Additionally, the
responder status for a given triptan may change over time.
This information cannot be captured from the literature
as it would require very long times of observation; yet it is
important from the perspective of the single individual.
Definition of triptan failure

Triptan failure includes cases where the condition of
triptan-responder is not met. Considering the number of
failed triptans, we propose the definitions reported below.
Triptan non-responder: Failure of a single triptan (not
matching the definition of triptan-responder)
Triptan-resistant: Failure of at least 2 different
triptans (each of them not matching the definition of
triptan-responder).
Triptan refractory: Failure to at least 3 different
triptans, including subcutaneous formulation (each of
them not matching the definition of drug-responder).
Triptan ineligibility: Presence of an acknowledged contraindication to triptan use as reported in the summary
of product characteristics (main contraindications
which may vary across countries and drugs: coronary
artery disease or angina, peripheral artery disease,
stroke or TIA, severe renal and hepatic insufficiency).
As stated above, the assessment of effectiveness of a
triptan should consider early administration. Individuals
with migraine also need to be instructed to take at least a
therapeutic dose. Although oral administration is usually
easier than non-oral routes, gastric absorption of orallyadministered medications can be delayed during migraine
attacks in some individuals [10]. Alternative routes of
administration, including parenteral, inhalational, buccal,
intranasal, and rectal, can be utilized when rapid action is
needed in difficult-to-treat attacks such as those with severe
nausea or status migrainosus. The Consensus Panel agreed
that subcutaneous formulations are generally more effective than oral formulations, as also reported in some trials (Fig. 2; Table S6 in Supplementary File). Although not
deemed necessary to define resistance to triptans (Table
S8 in Supplementary File), failure to subcutaneous triptans
was considered mandatory for the definition of triptan
refractoriness as subcutaneous formulations have the fastest absorption; thus, other triptan formulations with slower
absorption are not expected to lead to triptan response.
However, there are country-specific differences in the availability of triptan formulations, including the non-availability
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of subcutaneous sumatriptan in some countries. The Panel
issued a broad statement that is independent from countryspecific differences. However, this approach has the consequence that in some countries there are no individuals with
migraine that can be defined as triptan non-responders.
The Panel deemed important to grade response to
triptans in individuals with migraine to optimize acute
treatment and identify individuals with unmet needs for
acute treatment of migraine. Individuals who are triptan
resistant or refractory are highly in need of novel drug
classes to manage the acute attack; association of different drugs can also represent an option for those patients.
Therefore, those individuals might be eligible for the
upcoming acute treatments, which include ditans and
gepants [33, 34]. From the point of view of basic science,
defining a cohort of triptan-resistant or -refractory individuals could be important to define new pathophysiological mechanisms and pharmacological targets for the
acute treatment of migraine.
The Consensus Panel identified criteria for ineligibility as
well as for resistance or refractoriness to triptans. Ineligible
individuals present comorbidities that are acknowledged
contraindications to use a triptan, including a history of
vascular events or severe renal and hepatic insufficiency.
Treatment options different from triptans are advisable in
those individuals. Those options might include non-steroidal anti-inflammatory drugs, acetaminophen, or novel
upcoming drugs such as ditans and gepants.

Discussion
The Consensus Panel proposed a definition of response
to drugs for the acute treatment of migraine that is
patient-centered, with the pivotal concept of patient
reported “well-being”.
The initial intention of the Panel was to focus on response,
resistance, and refractoriness to triptans; however, when
considering each single drug, the same barriers to effective
care are present for any drug class. The literature search on
triptans faced a high heterogeneity in design, definition of
outcomes, and results across the available RCTs and observational studies (Fig. 2). Therefore, most of the proposed
definitions resulted from open discussion and personal
experience of the Consensus Panel. The new definitions are
primarily for use in clinical practice, to select individuals in
need for the optimization of acute treatment. However, on
the long run, these definitions can have a pathophysiological significance as the identification of group of individuals,
resistant or refractory to triptans, could lead to the identification of new pharmacological targets.
When discussing the definitions, the consensus panel
faced several issues, including the reporting of drug
response or triptan non-response, the elements of variability in response or non-response to drugs, and the
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difference between resistance and refractoriness to
triptans.
To establish efficacy of available treatments in clinic, it
is important to use an attack report form (diary). An easyto-use electronic or paper diary that captures predefined
endpoints should be used. Data for acute attack treatment
should be entered in real time to limit recall bias. Adverse
events may also be collected in the diary. Reporting the
degree of response to acute drugs could be important; however, we should be aware that complicated report forms
with detailed description of symptoms may be difficult for
subjects to fill out during attacks. The quantity and quality of collected data might be inversely proportional. Future
clinical research should focus on the balance between a
simple user friendly and an extensive complete report of
attacks, by individuals with migraine. This applies not only
to pain intensity, but also for non-pain symptoms, or adverse
events, or the other components of well-being that could be
impaired by migraine and restored by acute treatment.
As reported in Fig. 2, the proportion of response to
triptans in terms of pain freedom or pain relief was
extremely variable across studies. Studies available in the
literature assessed some factors that potentially influence
response to triptans, including the route and timing of
administration. However, other factors, including the clinical presentation of migraine attacks, external triggers such
as menstruation or stress, and pharmacogenomics should
be further studied to obtain treatment optimization. The
Consensus Panel agreed that not only pain, but also nonpain symptoms contribute to the satisfaction of individuals with migraine with their acute treatments. Considering
the “most bothersome symptom” together with headache
has become a mainstay of RCT for the acute treatment of
migraine in recent years [35–38]. RCTs and observational
studies on triptans were mostly focused on migraine pain
without considering non-pain symptoms. Migraine-related
disability and patient-reported outcomes were also poorly
assessed by those studies and should receive more attention
from physicians and researchers in the field of headache
disorders. An important issue when considering response
to drugs for the acute treatment of migraine is the duration of response, which includes the recurrence of pain and
the need for rescue medication. It is unclear whether pain
recurrence or the use of rescue medication impair the wellbeing of individuals with migraine or their satisfaction with
use of triptans. The Consensus Panel did not reach a conclusion whether these parameters should be included in the
definition of triptan response or non-response (Table S8).
Pain recurrence and use of rescue medication should be
included in the assessment of response to acute medication
in clinical practice and undergo further testing before being
considered into a definition of response or non-response.
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A further issue worth considering is consistency of
response to each triptan across multiple attacks. There
is uncertainty about the number of attacks to be treated
before declaring non-response to a triptan. The Consensus Panel suggested that a triptan could be considered
effective if restoring well-being in at least three quarters
of migraine attacks (Fig. 3). However, response to acute
drugs is influenced by many factors, many of which are
independent from the action of triptans, such as hormonal
or psychological triggers. Monitoring response to triptans
with a standardized tool such as a headache diary could
help overcoming the barriers to an optimal acute treatment of migraine. Careful monitoring of that response
might lead to the identification of novel strategies for optimization of acute migraine treatment. It could also lead
to the rapid identification of individuals eligible to novel
treatments or to experimental studies of acute treatments.
The present Consensus not only provided a definition
referring to response to each single drug, but also referred
to the individual with the introduction of “resistance” and
“refractoriness” to triptans (Fig. 4). The cutoffs for resistance and refractoriness were arbitrary and mostly based
on the Panel members’ clinical experience. Despite that,
they could give an account of clinical conditions of different individuals. In individuals who are resistant to triptans,
the drugs could still be used after optimization, while in
those who are refractory the drugs should be abandoned
in favor of other classes. The difference in response to the
drugs could reflect genetically determined differences in
the mechanisms and mediators of migraine attacks.

Conclusions
Response and non-response to acute drugs for the treatment of migraine have been historically heterogeneously
defined. The Consensus Panel provided experienced-based
definitions that simplify the assessment of response to acute
drugs and non-response to triptans in clinical practice. The
new definitions help to identify suitable individuals for novel
treatments and may support studies to gain insights into the
pathophysiology of migraine attacks.
Abbreviations
5-HT: 5-hydroxytriptamine (serotonin); CGRP: Calcitonin gene-related peptide;
PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analyses.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s10194-022-01502-z.
Additional file 1: Figure S1. PRISMA flowchart of systematic review.
Table S1. Pain relief at different timepoints. Table S2. Pain relief and
pain-free at 2 hours. Table S3. Headache recurrence within 24 hours.
Table S4. Rescue medication. Table S5. Response in triptan non-respond‑
ers. Table S6. Comparisons of different triptan formulations. Table S7.

Page 9 of 10

Comparisons between early and late treatment with triptans. Table S8.
Agreement on questions submitted in Round 1. Table S9. Conflicts of
interest of the authors.
Acknowledgments
None.
Authors’ contributions
SS led the consensus process and drafted the manuscript. RO, BR, and DB
performed the literature search, extracted data, and prepared summary tables.
All authors except RO, BR, and DB (Junior Fellow participants) contributed to
developing the expert consensus definitions with voting and group discussion.
RO, BR, and DB checked data accuracy. All authors revised the manuscript and
the statements for content. Each author participated sufficiently in the work to
take public responsibility for appropriate portions of the content; and agreed to
be accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated.
Funding
This work is supported by a grant from the European Headache Federation to
cover publication fees.
Availability of data and materials
There are no original data.

Declarations
Ethics approval and consent to participate
Ethics approval and consent to participate was not needed for this consensus.
Consent for publication
All authors have reviewed the final version and gave their approval for
publication.
Competing interests
Competing interests are reported in Supplemental File Table S9.
Author details
1
Department of Biotechnological and Applied Clinical Sciences, University
of L’Aquila, Via Vetoio 1, L’Aquila, Italy. 2 Department of Neurology, Headache
Medical Center at the Konventhospital BHB Linz, Linz, Austria. 3 Danish Head‑
ache Center, Department of Neurology, Rigshospitalet Glostrup, University
of Copenhagen, Copenhagen, Denmark. 4 Department of Neurorehabilita‑
tion/Traumatic Brain Injury, Rigshospitalet, University of Copenhagen,
Copenhagen, Denmark. 5 Department of Neurology, Institute of Clinical
Medicine, University of Tartu; Headache Clinic, Department of Neurology,
Tartu University Hospital, Tartu, Estonia. 6 Department of Neurology Istanbul
Cerrahpasa Medical Faculty, Istanbul, Turkey. 7 Department of Neurology, Vrije
Universiteit Brussel (VUB), Universitair, Ziekenhuis Brussel, Brussels, Belgium.
8
Neurology Department, CHU de Montpellier Charles Coulomb Laboratory,
Montpellier University, Montpellier, France. 9 Neurology Department, Hospital
da Luz Headache Center, Hospital da Luz, Lisbon, Portugal. 10 Center for Inter‑
disciplinary Research in Health, Universidade Católica Portuguesa, Lisbon,
Portugal. 11 Christian Hospital, Unna, Germany. 12 University of Duisburg-Essen,
Essen, Germany. 13 Department of Clinical and Molecular Medicine, Sapienza
University, Rome, Italy. 14 Department of Neurology, Charité Universitätsmedi‑
zin Berlin, Berlin, Germany. 15 Division of Vascular Medicine and Pharmacol‑
ogy, Department of Internal Medicine, Erasmus University Medical Center,
Rotterdam, The Netherlands. 16 Headache Unit, Neurology Department, Vall
d’Hebron University Hospital, Barcelona, Spain. 17 Department of Medicine,
Headache and Neurological Pain Research Group, Vall d’Hebron Research
Institute, Universitat Autònoma de Barcelona, Barcelona, Spain. 18 Depart‑
ment of Neurology, Clinica Universidad de Navarra, Madrid, Spain. 19 Institute
of Metabolism and Sytems Research, University of Birmingham, Birmingham,
UK. 20 Department of Neurology, University Hospitals Birmingham NHS
Foundation Trust, Queen Elizabeth Hospital, Birmingham, UK. 21 Department
of Internal Medicine, Erasmus MC Medical Center, Rotterdam, The Netherlands.
22
Universitätsmedizin Greifswald, Greifswald, Germany.

Sacco et al. The Journal of Headache and Pain

(2022) 23:133

Received: 3 August 2022 Accepted: 21 September 2022

References
1. Maassen Van Den Brink A, Saxena PR (2004) Coronary vasoconstrictor
potential of triptans: a review of in vitro pharmacologic data. Headache.
44(Suppl 1):S13–S19
2. Labastida-Ramirez A, Rubio-Beltran E, Haanes KA, Chan KY, Garrelds
IM, Johnson KW et al (2020) Lasmiditan inhibits calcitonin generelated peptide release in the rodent trigeminovascular system. Pain.
161(5):1092–1099
3. Ramirez Rosas MB, Labruijere S, Villalon CM, Maassen Vandenbrink
A (2013) Activation of 5-hydroxytryptamine1B/1D/1F receptors as a
mechanism of action of antimigraine drugs. Expert Opin Pharmacother
14(12):1599–1610
4. Tfelt-Hansen P, De Vries P, Saxena PR (2000) Triptans in migraine: a com‑
parative review of pharmacology, pharmacokinetics and efficacy. Drugs.
60(6):1259–1287
5. Ahn AH, Basbaum AI (2005) Where do triptans act in the treatment of
migraine? Pain. 115(1–2):1–4
6. Ferrari MD, Goadsby PJ, Roon KI, Lipton RB (2002) Triptans (serotonin,
5-HT1B/1D agonists) in migraine: detailed results and methods of a metaanalysis of 53 trials. Cephalalgia. 22(8):633–658
7. Steiner TJ, Jensen R, Katsarava Z, Linde M, MacGregor EA, Osipova V et al
(2019) Aids to management of headache disorders in primary care (2nd
edition) : on behalf of the european headache federation and lifting
the burden: the global campaign against headache. J Headache Pain.
20(1):57
8. Diener HC, Limmroth V (2001) Advances in pharmacological treatment of
migraine. Expert Opin Investig Drugs 10(10):1831–1845
9. Viana M, Genazzani AA, Terrazzino S, Nappi G, Goadsby PJ (2013)
Triptan nonresponders: do they exist and who are they? Cephalalgia.
33(11):891–896
10. Ferrari A, Pinetti D, Bertolini A, Coccia C, Sternieri E (2008) Interindividual
variability of oral sumatriptan pharmacokinetics and of clinical response
in migraine patients. Eur J Clin Pharmacol 64(5):489–495
11. MaassenVanDenBrink A, Vergouwe MN, Ophoff RA, Saxena PR, Ferrari MD,
Frants RR (1998) 5-HT1B receptor polymorphism and clinical response to
sumatriptan. Headache. 38(4):288–291
12. Mehrotra S, Vanmolkot KR, Frants RR, van den Maagdenberg AM, Ferrari
MD, MaassenVanDenBrink A (2007) The phe-124-Cys and A-161T variants
of the human 5-HT1B receptor gene are not major determinants of the
clinical response to sumatriptan. Headache. 47(5):711–716
13. Dahlof CG (2006) Infrequent or non-response to oral sumatriptan does
not predict response to other triptans--review of four trials. Cephalalgia.
26(2):98–106
14. van Casteren DS, Kurth T, Danser AHJ, Terwindt GM, MaassenVanDenBrink
A (2021) Sex differences in response to Triptans: a systematic review and
Meta-analysis. Neurology. 96(4):162–170
15. Yates RA, Tateno M, Nairn K, Ikegami A, Dane A, Kemp J (2002) The phar‑
macokinetics of the antimigraine compound zolmitriptan in Japanese
and Caucasian subjects. Eur J Clin Pharmacol 58(4):247–252
16. Geraud G, Keywood C, Senard JM (2003) Migraine headache recurrence:
relationship to clinical, pharmacological, and pharmacokinetic properties
of triptans. Headache. 43(4):376–388
17. Goadsby PJ, Edvinsson L (1993) The trigeminovascular system and
migraine: studies characterizing cerebrovascular and neuropeptide
changes seen in humans and cats. Ann Neurol 33(1):48–56
18. Cady RK, Vause CV, Ho TW, Bigal ME, Durham PL (2009) Elevated saliva
calcitonin gene-related peptide levels during acute migraine predict
therapeutic response to rizatriptan. Headache. 49(9):1258–1266
19. Ferrari A, Tiraferri I, Neri L, Sternieri E (2011) Why pharmacokinetic differ‑
ences among oral triptans have little clinical importance: a comment. J
Headache Pain 12(1):5–12
20. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD
et al (2021) The PRISMA 2020 statement: an updated guideline for report‑
ing systematic reviews. J Clin Epidemiol 134:178–189
21. Dalkey NC, Helmer-Hirschberg O (1962) An experimental application of
the Delphi method to the use of experts. Rand Corp, Santa Monica

Page 10 of 10

22. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG (2009)
Research electronic data capture (REDCap)--a metadata-driven method‑
ology and workflow process for providing translational research informat‑
ics support. J Biomed Inform 42(2):377–381
23. Munjal S, Singh P, Reed ML, Fanning K, Schwedt TJ, Dodick DW et al (2020)
Most bothersome symptom in persons with migraine: results from the
migraine in America symptoms and treatment (MAST) study. Headache.
60(2):416–429
24. Almas M, Tepper SJ, Landy S, Schweizer E, Ramos E (2014) Consistency
of eletriptan in treating migraine: results of a randomized, within-patient
multiple-dose study. Cephalalgia. 34(2):126–135
25. Ashford E, Salonen R, Saiers J, Woessner M (1998) Consistency of response
to sumatriptan nasal spray across patient subgroups and migraine types.
Cephalalgia. 18(5):273–277
26. Dahlof CG, Dodick D, Dowson AJ, Pascual J (2002) How does almotriptan
compare with other triptans? A review of data from placebo-controlled
clinical trials. Headache. 42(2):99–113
27. Dahlof CG, Lipton RB, McCarroll KA, Kramer MS, Lines CR, Ferrari MD
(2000) Within-patient consistency of response of rizatriptan for treating
migraine. Neurology. 55(10):1511–1516
28. Dowson AJ, Charlesworth BR, Purdy A, Becker WJ, Boes-Hansen S, Farkkila
M (2003) Tolerability and consistency of effect of zolmitriptan nasal spray
in a long-term migraine treatment trial. CNS Drugs 17(11):839–851
29. McGinley JS, Buse DC, Shulman KJ, Wirth RJ, Hugentobler E, Lipton
RB (2019) Evaluating mean level and within-person consistency in
migraine pain intensity and migraine-related disability for AVP-825 vs
Oral Sumatriptan: results from the COMPASS study, A Randomized Trial.
Headache 59(7):1002–1013
30. Pascual J, Falk RM, Piessens F, Prusinski A, Docekal P, Robert M et al (2000)
Consistent efficacy and tolerability of almotriptan in the acute treatment
of multiple migraine attacks: results of a large, randomized, double-blind,
placebo-controlled study. Cephalalgia. 20(6):588–596
31. Silberstein S, Winner PK, McAllister PJ, Tepper SJ, Halker R, Mahmoud RA
et al (2017) Early onset of efficacy and consistency of response across
multiple migraine attacks from the randomized COMPASS study: AVP825 breath powered((R)) exhalation delivery system (Sumatriptan nasal
powder) vs Oral Sumatriptan. Headache. 57(6):862–876
32. Tuchman M, Edvinsson L, Geraud G, Korczyn A, Mauskop A, Pfaffenrath V
(1999) Zolmitriptan provides consistent migraine relief when used in the
long-term. Curr Med Res Opin 15(4):272–281
33. Capi M, De Angelis V, De Bernardini D, De Luca O, Cipolla F, Lionetto L
et al (2021) CGRP receptor antagonists and 5-HT1F receptor agonist in
the treatment of migraine. J Clin Med 10(7):1429.
34. de Vries T, Villalon CM, MaassenVanDenBrink A (2020) Pharmacological
treatment of migraine: CGRP and 5-HT beyond the triptans. Pharmacol
Ther 211:107528
35. Croop R, Goadsby PJ, Stock DA, Conway CM, Forshaw M, Stock EG et al
(2019) Efficacy, safety, and tolerability of rimegepant orally disintegrat‑
ing tablet for the acute treatment of migraine: a randomised, phase 3,
double-blind, placebo-controlled trial. Lancet. 394(10200):737–745
36. Dodick DW, Tepper SJ, Friedman DI, Gelfand AA, Kellerman DJ, Schmidt
PC (2018) Use of Most bothersome symptom as a Coprimary endpoint
in migraine clinical trials: a post-hoc analysis of the pivotal ZOTRIP rand‑
omized, Controlled Trial. Headache 58(7):986–992
37. Goadsby PJ, Wietecha LA, Dennehy EB, Kuca B, Case MG, Aurora SK et al
(2019) Phase 3 randomized, placebo-controlled, double-blind study of
lasmiditan for acute treatment of migraine. Brain. 142(7):1894–1904
38. Lipton RB, Dodick DW, Ailani J, Lu K, Finnegan M, Szegedi A et al (2019)
Effect of Ubrogepant vs placebo on pain and the Most bothersome
associated symptom in the acute treatment of migraine: the ACHIEVE II
randomized clinical trial. JAMA. 322(19):1887–1898

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

