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disorder, or from smaller studies using advanced scanning methods,
blood tests or other paraclinical tests.

Conclusion

As all secondary headache disorders can be associated with a wide
range of underlying etiologies such as infection, anatomical abnor-
malities, trauma, and immunological disease or sleep disorders, it is
possible that these underlying pathophysiological processes generate
long-standing activation of nociceptive mechanisms involved in
headache. These can lead to chronification and refractoriness of the
headache symptomatology.
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Background

According to the new ICHD 3 diagnostic criteria a de novo headache
occurring with another disorder recognized to be capable of causing
it is always diagnosed as secondary. For example, when a new head-
ache occurs for the first time in close temporal relation to trauma or
injury to the head and/or neck, it is coded as a “secondary headache
attributed to the trauma or injury”. However, it may be possible, that
this headache phenomenologically appears to be a primary head-
ache. But, when a pre-existing headache with the characteristics of a
primary headache disorder becomes chronic or is made significantly
worse in close temporal relation to such trauma or injury, both the
initial (primary) headache diagnosis and a diagnosis of “Headache at-
tributed to trauma or injury to the head and/or neck (or one of its types
or subtypes)” should be given. In other words, since headache is very
prevalent, it can occur simultaneously with another disorder with
and without a causal relation. Primary or secondary headache or
both - clinically/scientifically spoken a dead end? These entities are a
challenging diagnostic problem as can be primary or secondary and
the etiologies for secondary cases differ depending on the headache
type. Secondary headache can be definitely diagnosed only when
solid evidence exists from published scientific studies that the dis-
order is capable of causing headache. Scientific evidence can come
from large clinical studies observing close temporal relationships be-
tween the disorder and headache outcomes after treatment of the
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The role of female hormones in the pathogenesis of migraine is well-
recognized [1,2]. Migraine is more prevalent in women than in men,
it usually starts after puberty and in many women improves during
pregnancy and after the menopause [1,3,4]. The menstrual phase of
the female cycle represents a trigger for migraine attacks in many
women [1,4]. Additionally, exogenous hormones may change the
course of migraine by inducing de novo migraine, inducing de novo
aura, worsening previous migraine but also improving migraine par-
ticularly those attacks related to menstruation [5,6]. Several attempts
were made to manipulate the female hormonal cycle to try to im-
prove migraine. A working group including headache experts, gynae-
cologists, stroke experts, and epidemiologists developed a first
consensus document about the safety of hormonal contraceptives in
female migraineurs of reproductive age [7]. Currently, no formal
guidelines specifically address hormonal treatment of migraine. A fur-
ther consensus document was developed by representatives of the
European Headache Federation and the European Society of Hormo-
nal Contraceptives and Reproductive Health. The aim of this consen-
sus document is to provide recommendations on the management
of migraine with the use of estrogens and progestogens in women
of reproductive age. We systematically reviewed data about the ef-
fect of exogenous estrogens and progestogens on the course of mi-
graine during reproductive age. Thereafter a consensus procedure
among international experts was undertaken to develop statements
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to support clinical decision making, in terms of possible effects on
migraine course of exogenous estrogens and progestogens and on
possible treatment of headache associated with the use or with the
withdrawal of hormones. Overall, quality of current evidence is low.
Recommendations are developed for all the compounds with avail-
able evidence including the conventional 21/7 combined hormonal
contraception, the desogestrel only oral pill, combined oral contra-
ceptives with shortened pill-free interval, combined oral contracep-
tives with estradiol supplementation during the pill-free interval,
extended regimen of combined hormonal contraceptive with pill or
patch, combined hormonal contraceptive vaginal ring, transdermal
estradiol supplementation with gel, transdermal estradiol supplemen-
tation with patch, subcutaneous estrogen implant with cyclical oral
progestogen. As the quality of available data is poor, further research
is needed on this topic to improve the knowledge about the use of
estrogens and progestogens in women with migraine. There is a
need for better management of headaches related to the use of hor-
mones or their withdrawal.
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Great enthusiasm is preceding the marketing of new treatments for
migraine prevention which act on the calcitonin gene-related pep-
tide (CGRP) pathway. This offsets the lack of significant novelties in
treatment of migraine for many years since in the 80s triptans were
marketed. Factors that contribute to the increasing enthusiasm are
that those new treatments are, as triptans, migraine specific whereas
all the other available preventive drugs were developed for indica-
tions other than migraine and have an unclear mechanism of action
considering migraine pathophysiology. Poor tolerability and side ef-
fects which may particularly troublesome for patients are important
limitations of available preventive treatments [1]. Efficacy is not al-
ways as expected by patients. Those factors are the main responsible
of medication discontinuation and poor adherence which is very often
observed with available treatments [2-4]. From a physician perspective,
comorbidities limit the possibility of using those drugs in some patients.
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We have now, four monoclonal antibodies (mAb) available acting on
the CGRP pathway: one targeting the CGRP receptor (erenumab) and
three targeting the CGRP peptide (galcanezumab, eptinezumab, and
fremanezumab).

The European Headache Federation (EHF) set up a panel of experts
to develop evidence-based guideline to clinicians for the manage-
ment of episodic and chronic migraine with mAb acting on the CGRP
or on its receptor. The guidelines included recommendations about
safety and efficacy for each of the available drug and suggestions on
how to use them in daily clinical practice. Guidelines were developed
using the GRADE approach where feasible. Additionally, experts’ sug-
gestions were provided for clinical questions which were considered
relevant for the use of mAb acting on the CGRP. Consensus among
experts was reached by using the Delphi method.

The EHF on the use of mAb acting on the CGRP will hopefully repre-
sent a useful tool for the use of those drugs in the clinical practice.
The guidelines will be systematically updated as far as new evidence
about those drugs will become available.
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Although extremely common, Post Traumatic Headache (PTH) de-
serves little attention in Headache medicine and in research. The
strict criteria for PTH, defining its onset less than 7 days from a head
trauma and the lack of specific headache phenotype limit the ability
to study clinical samples. The limited ability to evaluate traumatic ex-
posure, , and the association of PTH with multi symptom syndromes
e.g. Post Concussion Syndrome (PCS) or Post Traumatic Stress Dis-
order (PTSD), further complicate the study PTH.

We had the opportunity to study the Neuro Psychiatric sequelae in ci-
vilians residing next to missile impact sites. This population allows us to
define the level of exposure to explosion as direct (participants residing
in direct line of sight from the explosion), and indirect (residing in
500m radius of explosion but without direct line to the explosion).
Brain MRI scans of 42 participants with blast exposure (direct or indir-
ect) exhibited significant white-mater diffusion alterations, as com-
pared with 16 non-exposed participants. Notwithstanding, individuals
with direct exposure demonstrated differential white matter diffusion
characteristics as compared to individuals with indirect exposure.
Clinical evaluation using semi-structured interviews of 289 exposed
participants (direct exposure 58, 20%) demonstrated that neither
PTSD, nor PCS were associated with the degree of blast exposure.
Interestingly, they were associated with the emotional experience of
fear and helplessness felt in the explosion.

Active headache was reported by 109 participants (38%) who
expressed higher PCS and PTSD symptomatology and poorer sleep
quality compared to participants without active headache. Headache
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phenotype (migraine or tension) and severity were similarly not asso-
ciated with the degree of blast exposure.

Our data suggests that while MRI diffusion abnormalities are expos-
ure related, headache, as well as PCS and PTSD are not necessarily
so, and that the emotional experience plays an important role in its
development.
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Inflammation is likely to have a key role in the pathophysiology of mi-
graine. NSAIDs and anti-inflammatory agents have success in its treat-
ment, and inflammatory molecules such as nitric oxide, CGRP, and
cytokines are able to recreate migraine pain. Our lab has shown that cor-
tical spreading depression (CSD), the neural correlate of migraine aura,
can activate rodent dural nociceptors. Because CSD is an event that takes
place within the brain, yet dural nociceptors lie outside, there must be
some chain of events linking the two environments, which likely involves
inflammation.

To better understand how inflammation might be involved in CSD’s acti-
vation of dural nociceptors, we developed an in vivo imaging strategy
that allows us to follow inflammatory processes that begin in the brain
and end in the dura. We used a state-of-the-art 2-photon microscope to
create three-dimensional images through the lightly thinned skulls of
mice that allow us to see all the layers of the meninges and the superfi-
cial cortex at cellular resolution. We used genetically modified mice to
study the shape and behavior of macrophages and dendritic cells, im-
mune cells that are very sensitive to changes in inflammatory environ-
ment, in each meningeal layer before and after propagation of CSD.

We found that both cell types had predictable characteristics that
were modified by CSD. Macrophages at baseline had large dynamic
phagocytic cytoplasmic extensions that were pulled into the cell
body post CSD. This happened first in macrophages within the brain,
and 10-20 minutes later with the macrophages outside the brain, on
the dura. A subset of dendritic cells was found to be highly migratory
at baseline, but stopped immediately post CSD. These cells were able
to migrate freely within the subarachnoid space near the pia and the
dura. Notably both macrophages and dendritic cells exhibiting these
behaviors were found adjacent to or in contact with TRPV1-positive
fibers in the dura.

Our findings raise the possibility that activation of immune cells in
the pia and dura after CSD may be involved in the activation of men-
ingeal nociceptors, potentially by altering the environment in which
nociceptors reside — a condition shown previously as sufficient for ac-
tivation of nociceptors. Furthermore, our study underscores the abil-
ity of in vivo imaging to connect inflammatory processes within the
brain to outside the brain.
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Migraine is much more than an episodic headache disorder. It is a com-
plex brain disorder, characterized by a global dysfunction in multisen-
sory information processing. The headache is associated with one or
more symptoms indicating amplification of sensory gain and, in the
interictal period, migraineurs show several alterations in sensory infor-
mation processing. In a third of migraineurs, the headache is preceded
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by transient sensory disturbances, the so called migraine aura, whose
neurophysiological correlate is cortical spreading depression (CSD). In
animal studies CSD can activate the trigeminovascular pain network
and hence the headache mechanisms. The molecular, cellular and net-
work mechanisms of the primary brain dysfunctions that underlie mi-
graine onset, susceptibility to CSD and altered interictal sensory
processing remain largely unknown and are major open issues in the
neurobiology of migraine. To tackle these questions we studied the
functional consequences of mutations causing familial hemiplegic mi-
graine (FHM), a rare monogenic subtype of migraine with aura, in
knock-in mouse models carrying either a FHM type 1 (FHM1) or a FHM
type 2 (FHM2) mutation. FHM1 is caused by gain-of-function mutations
in the neuronal Cay2.1 channel, a voltage-gated calcium channel that
plays a dominant role in controlling neurotransmitter release at brain
excitatory and inhibitory synapses. FHM2 is caused by loss-of-function
mutations in the glial a2 Na/K-ATPase. Both FHM1 and FHM2 mouse
models have a lower threshold for induction of experimental CSD and
a higher velocity of CSD propagation. We investigated the mechanisms
underlying the facilitation of experimental CSD in FHM1 and FHM2
knock-in mice by studying synaptic transmission at different cortical ex-
citatory and inhibitory synapses and the rates of glutamate and K+
clearance during neuronal activity in slices of somatosensory cortex.
We will summarize some of our findings supporting the conclusions
that i) excessive cortical excitatory synaptic transmission and excessive
activation of NMDA receptors, due either to enhanced glutamate re-
lease in FHM1 or impaired glutamate clearance in FHM2, are the main
mechanisms underlying facilitation of experimental CSD in the genetic
migraine models; ii) the dynamic regulation of the excitatory-inhibitory
balance during thalamocortical activity is dysfunctional in FHM1 mice.
The data from our genetic migraine models are consistent with the hy-
pothesis that a reduced ability to dynamically maintain an appropriate
excitatory/inhibitory balance in specific brain networks may underlie
the dysfunctional sensory information processing in migraine and, in
certain conditions, may favor CSD ignition and the onset of a migraine
attack.
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In 1968, the first study linking prostaglandins and migraine patho-
genesis was conducted and reported that an intravenous injection of
prostaglandin E1 induced a migraine-like headache. The mechanism
of action of NSAIDs is primarily inhibition of prostaglandin formation
and inflammation. Aspirin and other NSAIDs are widely used drugs
for acute treatment of migraine and comparative randomized clinical
trials demonstrated efficacy similar to triptans. Preclinical migraine
models have suggested that migraine pain is associated with local in-
flammation in the meninges involving mast cells and subsequent ac-
tivation of trigeminal nociceptive neurons. However, definitive
evidence for inflammation in dura or perivascular space in migraine
patients is still lacking.
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Pituitary adenylate cyclase-activating peptide-38 (PACAP38), a vaso-
active signaling molecule involved in parasympathetic and sensory
signaling, belongs to the glucagon/secretin superfamily of peptides
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and is found in several key structures of interest in migraine patho-
physiology such as the trigeminovascular system. PACAP38 provokes
migraine attacks in migraine patients without aura. Interestingly, the
structurally related vasoactive intestinal peptide (VIP) does not in-
duce migraine. Both PACAP38 and VIP have affinity for at least three
different receptors: the VPAC1, VPAC2, and PACT receptors. However,
PACAP38 shows higher affinity on the PAC1 receptor than VIP. Stud-
ies suggested three potential targets of interest in migraine treat-
ment; the PAC1 receptors, PACAP38 itself, or a de novo receptor. An
ongoing phase Il trial will reveal whether targeting the PACT receptor
shows clinical efficacy in migraine treatment.
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Headache disorders are now recognized as the second cause of
disability worldwide, after low back pain. Among specific diseases,
migraine is top cause in people under 50. Disability, especially
during the productive years up to age 50, translates into lost
productivity and thence into financial cost, which is very high
wherever it has been measured.

Empirical evidence for these statements comes from various sources.
Population-based studies estimate headache prevalence. The Global
Burden of Disease (GBD) studies multiply population prevalence,
mean proportion of time in the ictal state (essentially a product of at-
tack frequency and duration) and a disability weight (DW) reflecting
the loss of health attributed, through a very large global consultation,
to the ictal state. The result, expressed in years lived with disability
(YLDs), is reported as disability but, as a measure of lost health, might
more accurately be considered as impairment. A minority of
population-based studies have simultaneously reported lost product-
ive time, using measures such as the MIDAS (Migraine Disability As-
sessment) instrument. These, too, have reported their results as
disability, although they better reflect behavioural response to impair-
ment (there is, unless headache is very bad, an element of choice in
working or not working with headache). Lost productive time is not
a measure of disability, although it might be expected to correlate
strongly with disability. However, it is not clear that an independent
measure of headache-attributed disability exists.

Whether arising from impairment or disability, and whatever external
factors influence it, lost productive time is an important consequence
of headache, assumed to reduce output, with financial penalty. It
would be helpful to understand the relationships between these.
This presentation takes examples from population-based studies
conducted by Lifting The Burden, using individual-participant data
obtained contemporaneously to describe symptom severity (im-
pairment), YLDs and lost productive time. Focusing on migraine,
it explores the relationships between these variables, and shows
that past assumptions may not have been correct. There are im-
plications for cost-effectiveness analyses that value interventions
according to their expected impact on indirect financial costs.
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Increased responsivity to environmental stimuli is associated with mi-
graine attacks but is also reported interictally. The way the migraine
brain responds to sensory stimuli has been intriguing researchers for
a long time. Electrophysiology provides an evaluation of neural re-
sponses to different stimuli and thus constitutes one of the most
direct methods of sensory processing analysis. Neurophysiological
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studies demonstrated three functional features of migraine patients
compared to healthy controls: habituation modifications, cortical dys-
excitability and abnormal functional connexions and circuits within
the CNS (chiefly thalamo-cortical dysrhythmia). Whether these (con-
troversial) peculiarities are genetically determined or only result from
a favourable environment can be a matter of debate. Both genetic
and environmental factors may actually influence the electrophysio-
logical behaviour of each subject and therefore partially account for
the differences observed between subgroups. This presentation will
review the arguments in favour of an inherited hyperresponsivity of
the migraine brain.
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Summary

Seizures affect 50 million people worldwide and are followed by
headache in up to 50% of patients. These headaches are called Post-
Ictal Headaches (PIH), they are commonly migraineous in nature, can
last many hours, be very painful and since they strikes repetitively,
they drive patients to endure a significant hardship. Given that sei-
zures occur in the cortex, we hypothesized that PIH are intracranial
at origin and accordingly, aimed in this study to determine whether
and how seizures (both generalized and focal) activate peripheral
and central neurons of the meningeal sensory pathway.

Aim of investigation

To investigate the mechanism of post-ictal headache.

Methods

Single-unit electrophysiological techniques were used to study the
physiological properties and response profile of C- and AS meningeal
nociceptors and high-threshold (HT) and wide-dynamic range (WDR)
neurons in the spinal trigeminal nucleus - in response to occurrence
of seizure underneath their dural receptive fields. Cortical electrodes
were used to trace the magnitude, extent and progression of epilep-
tiform seizure.

Results

The induction of seizure triggered prolonged activation in both men-
ingeal nociceptors and central trigeminovascular neurons. In the gan-
glion, activity began to increase minutes after the seizure reached
their receptive fields and remained elevated for as long the seizure
activity continued. In the medullary dorsal horn, neurons exhibited a
biphasic response following seizure onset that consisted of an initial
inhibition of the spontaneous activity followed by a gradual increase
in activity that remained above baseline for at least 2 hours after
seizure onset. In separate experiments, we created a focal seizure
that was restricted to either the parietal or occipital cortex. Induction
of focal seizure in the parietal cortex did not produce any changes in
neuronal activity, but induction of focal seizure in the occipital cortex
produced the same neuronal changes that we observed with the
generalized seizure.

Conclusions

This study provides evidence for activation of the trigeminovascular
pathway by generalized and focal seizures. The importance of this
study is that it uses a model of abnormal cortical activity to which
there are ample of evidence in human subjects suffering epilepsy
(and PIH), and thus, it bypass the bitter debate over the validity of
studying the headache phase of migraine using the controversial cor-
tical spreading depression model — to which evidence for actual oc-
currence in humans are scarce.
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Cortical spreading depression (CSD) has long been implicated in mi-
graine attacks that begin with visual aura. Over the years, it was hotly
debated whether aura can trigger a headache. This lecture will focus
on data that show that a single wave of CSD can trigger long-lasting
activation and sensitization of peripheral and central trigeminovascu-
lar neurons in 2 manners. In the first, neurons become activated 10-
40 minutes after occurrence of CSD and in the second they become
activated immediately. These findings will be discussed in the con-
text of the headache and the possible role activation of peripheral
trigeminovascular neurons play in migraine chronification.

The process by which CSD, a cortical event that occurs within the
blood brain barrier (BBB), results in nociceptor activation outside the
BBB is complex and likely mediated by multiple molecules and cells.
This lecture will also present up-to-date data on the possible mecha-
nisms and processes that occur between the cortical aura and the
nociceptor activation.
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Migraine has long been noted to “run in families.” Studies have sug-
gested a strong familial pattern that is influenced by environmental
contributions. In this talk, | will review the population genetic studies
suggesting migraine as a genetic condition, including family and
twin studies. These observations have been further advanced by gen-
etic tools including genome wide association studies (GWAS), individ-
ual gene identification studies — especially for hemiplegic migraine,
polymorphism identification, and more recently by whole exome se-
quencing. This can be combined with genomic expression to identify
pathways that contribute to the genetic lode and the phenotypic de-
velopment of migraine. All these techniques and their stages in lead-
ing to the understanding of migraine as a genetic disease will be
discussed.
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Introduction and objectives: Headache disorders are real illnesses,
often causing lifelong disabilities. Migraine, tension-type headache
(TTH) and medication-overuse headache (MOH) are of major public-
health importance: collectively, they are the 2nd highest cause of dis-
ability in populations throughout the world, leading to much lost
productivity and very high indirect costs (>€100 billion per year in
EU). The Value of Treatment (VoT) Project is a timely and ground-
breaking initiative of the European Brain Council (EBC) in collabor-
ation with the LSE, Lifting The Burden (LTB), European Headache Fed-
eration and other partner institutions. It argues that optimizing
interventions in brain disorders can bring not only positive outcomes
for patients but also economic gains for society. As part of the VoT
project, the headache economic case study estimated cost/
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effectiveness of implementing structured headache services (SHSs)
based in primary care and supported by educational initiatives aimed
at both patients and health-care providers.

Methods: We modelled cost-effectiveness of SHSs delivering treat-
ments for each of the headache types (migraine, TTH, MOH), with ef-
ficacy known from randomized controlled trials. Three health-care
systems — of Russia, Spain and Luxemburg - brought different expe-
riences of health service delivery and financing into the model. We
made annual (short-term) and 5-year cost estimates from health-care
provider and societal perspectives (2017 figures, euros). We
expressed effectiveness as healthy life years (HLYs) gained, and cost-
effectiveness as incremental cost-effectiveness ratios (ICERs) (cost to
be invested/HLY gained).

Results: In short-term modelling from the health-care provider per-
spective, the intervention is cost effective overall and across head-
ache types - well below WHO framework thresholds. Over 5 years,
the intervention is even more cost effective. Results are consistent
across health-care systems. From the societal perspective, the inter-
vention is not only cost-effective but also cost-saving over 1 year
and 5 years, for all types of headache and across health-care systems.
The greater the country’s wage levels, the greater are the economic
savings for society (Luxemburg > Spain > Russia).

Discussion: For the first time, the effectiveness and cost effectiveness
of introducing hypothetical SHSs in Europe was evaluated across
health-care systems. Our results study showed that such services,
based in primary care and supported by patient and provider educa-
tion, are effective and cost-effective solutions to headache disorders
and the disability they cause. From the health-care provider perspec-
tive, cost-effectiveness is least (ICERs greatest) for TTH because of its
much lower disability weight compared with those for migraine and
MOH. In practice, structured headache services will not discriminate:
they must manage all headache types; however, people with TTH are
least likely to require them.
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Background. The calcitonin gene-related peptide (CGRP) family of
neuropeptides consists besides CGRP of adrenomedullin, amylin and
calcitonin (CT). They share receptor components and structure, and
have several similar biological actions. The receptors consist of either
calcitonin receptor like-receptor (CLR) or calcitonin receptor (CTR)
which for function needs an accessory protein, receptor activity-
modifying proteins (RAMPs). These define the receptor subtype and
can interact and produce different effects via signal transduction and
receptor trafficking. It is by now well known that CGRP has a pivotal
role in primary headaches but the role of the other members of the
CGRP family of peptides and their receptors is not known. Here, we
describe the expression of these molecules in the trigeminal gan-
glion (TG) to understand the role they may have in headaches.
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Methods. Single or double immunohistochemistry were applied on
frozen sections of rat trigeminal ganglia using primary antibodies
against CGRP, adrenomedullin, amylin, CT, RAMP1/2/3, CLR and CTR.
Results. CGRP and CT showed similar results with expression in TG
small to medium-sized neurons. Immunoreactive fibers were also
found. Adrenomedullin immunoreactivity was found in the satellite
glial cells (SGC) and on the fibers, probably staining of the myelinat-
ing cells. Amylin was found in the cytoplasm in many TG neurons
and in some SGC.

When it comes to the receptor components, many large neurons
showed immunoreactivity to both CLR and RAMP1, and also to fibers,
most likely neuronal processes. In addition, SGCs were immunoreac-
tive to the two receptor components. RAMP2 and RAMP3 were
expressed in all nuclei. CTR was found in almost all cells, both neu-
rons and SGCs.

Conclusion. Several of the diverse biological actions of the CGRP
family of peptides are clinically relevant. Our findings demonstrate
the specific ligand and receptor sites in the rat TG, highlighting rec-
ognition mechanisms to facilitate drug development.

Key words. CGRP peptides family, ligands, receptors
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Secondary headaches are often a huge challenge to clinicians at all
levels and there is a general lack of evidence-based managment of
secondary headaches. At the Danish Headache Center 30 % of the
patients treated suffer from secondary headaches with medication
overuse headache being the most frequent. The lecture managing
secondary headaches with a multimodal expertise will present the
approach to managing secondary headaches such as medication-
overuse headache, post-traumatic headache, headache attributed to
spontaneous intracranial hypotension and headache attributed to
idiopathic intracranial hypertension. Perspectives on how to ap-
proach the patient in tertiary headache center will be presented as
well.
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Since migraine is most prevalent during women of reproductive age,
many women with migraine will be using contraception. Further,
since some migraine medication is contraindicated in pregnancy, for
women with migraine using such medication, it is important that
contraception is highly effective and does not adversely affect mi-
graine. Indeed, irrespective of the need for contraception, several
contraceptive strategies may also benefit migraine, particularly for
women who experience exacerbation of migraine perimenstrually.
Menstruation is associated with two independent migraine triggers —
estrogen ‘withdrawal’ which typically occurs premenstrually, and
prostaglandin release, often associated with menorrhagia and/or dsy-
menorrhoea. Understanding how the different methods of hormonal
contraception affect either one, or both, of these potential mecha-
nisms is useful for management.

Hormonal methods are the most popular methods of contraception
and include combined hormonal contraceptives (combined oral
contraceptives [COC], contraceptive vaginal ring [CVR], and com-
bined transdermal patch [CTP]) and progestogen-only methods
(progestogen-only pill [POP], subdermal implant [SDI], intramuscu-
lar/subcutaneous depot medroxyprogesterone acetate [DMPA], and
levonorgestrel intrauterine system [LNG-IUS]), all of which, with the
exception of DMPA, are immediately reversible.
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Combined hormonal contraceptives contain estrogen, usually synthetic
ethinylestradiol, and a progestogen. The addition of ethinylestradiol pro-
vides greater ovarian suppression and better cycle control than
progestogen-only methods, although the incidence of breakthrough
bleeding increases as the dose of ethinylestradiol is reduced. The older
first- and second-generation progestogens, derived from testosterone,
tend to exhibit androgenic actions, counterbalancing the estrogenic ac-
tivity. Newer third- and fourth-generation progestins have been designed
to have neutral androgenic or estrogenic actions. Traditional regimens in-
clude a 7-day contraceptive-free interval (CFl) following 21-days of hor-
mones in order to mimic a monthly menstrual bleed. Hormone
‘withdrawal’ can also occur during hormone treatment as recruited folli-
cles undergo atresia, resulting in a drop in endogenous estradiol levels.
Continuous or extended regimens with a shorted CFl have the potential
to reduce the frequency and severity of estrogen-withdrawal symptoms.
The desogestrel POP and implant inhibit ovulation but do not pre-
dictably inhibit ovarian activity. This can result in fluctuating estrogen
levels and unscheduled bleeding. DMPA inhibits ovarian activity and
bleeding, although it can take 6-9 months before bleeding is fully
suppressed. The LNG-IUS allows the normal menstrual hormone cycle
fluctuations but maintains a thin endometrium, reducing menstrual
blood loss and prostaglandin release.

The efficacy, risk and non-contraceptive benefits of each of these
methods will be discussed.
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Cortical spreading depression and depolarization waves (CSD) are associ-
ated with dramatic failure of brain ion homeostasis, efflux of excitatory
amino acids from nerve cells, increased energy metabolism and changes
in cerebral blood flow (CBF). There is strong clinical and experimental evi-
dence to suggest that CSD is involved in the mechanism of migraine,
stroke, subarachnoid hemorrhage and traumatic brain injury. The implica-
tions of these findings are wide-spread and suggest that intrinsic brain
mechanisms have the potential to worsen the outcome of cerebrovascu-
lar episodes or brain trauma. The consequences of these intrinsic mecha-
nisms are intimately linked to the composition of the brain extracellular
microenvironment and to the level of brain perfusion and in consequence
brain energy supply. This presentation summarizes the evidence provided
by novel experiments in rodents using twophoton microscopy imaging
which reveal new mechanisms of CSD of importance for our perception
of CSD as a pathophysiological mechanism of migraine and for a group
of acute neurological disorders. Specifically, the talk will summarize
new mechanisms that implicates involvement of organelles in neurons
and the cortical microcirculation at the level of brain capillaries in CSD.
The findings are likely to have implications for how we understand mi-
graine with aura and for new strategies for migraine treatment.
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Acute pain is protective and a cardinal feature of inflammation. Chronic
pain after tissue and nerve injury is detrimental and associated with
chronic inflammation. Accumulating evidence suggests that non-
neuronal cells such as immune cells and glial cells play active roles in
the pathogenesis of pain via neuron-immune and neuro-glial interac-
tions. Neuroinflammation, as characterized by infiltration of immune
cells, activation of glial cells, and production of inflammatory mediators
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in the peripheral and central nervous system, plays an important role in
the induction and maintenance of chronic pain. | will discuss distinct
roles of inflammation, neurogenic inflammation, and neuroinflamma-
tion in the induction and maintenance of pain including headache. |
will also discuss how macrophages and specialized pro-resolving medi-
ators promote the resolution of inflammation and pain.
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The neural substrate of occipital headache in migraine and other
headaches is little understood. In theory, this type of headache
could emerge extracranially from tension, stiffness or tenderness
in neck and shoulder muscles or intracranially from activation of
meningeal nociceptors in the dura overlying the cerebellum, of
the posterior fossa. That the cerebellum is affected in migraineurs
is convincingly demonstrated by multiple imaging studies show-
ing altered activation and connectivity of the cerebellum in the
migraine brain. Yet, little is known about the role it may play in
the initiation of headache. Anecdotally, patients whose migraine
headaches involve mainly or exclusively the occipital region ap-
pear to experience vertigo — a symptom attributed mainly to the
cerebellum - more than patients whose migraine are restricted
to the periorbital and frontal regions of the head. Given the
above scenario, we sought to identify the anatomical origin and
trajectory of the sensory innervation of the cerebellar dura,
characterize the functional properties of neurons processing noci-
ceptive input from this area, and determine their susceptibility to
activation and sensitization by inflammatory agents.

In this presentation, we will revisit current understanding of the
causes of occipital headache, discuss potential pathological scenarios
for its occurrence, and provide anatomical data obtained in the rat
that shows in unprecedented detail the nerve trajectories and terminal
sensory innervation of the intracranial dura overlying the cerebellum
by C2-3 upper cervical DRGs. We will also provide electrophysiological
data from central neurons processing nociceptive input from the pos-
terior dura under experimental pathological conditions. These novel
anatomical and functional data will be discussed in the context of oc-
cipital migraine.
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Obligatory and common symptoms like phonophobia, photophobia
and allodynia clearly suggest neural hypersensitivity during a mi-
graine attack. Reliable premonitory symptoms like photophobia are
also reported in the preictal phase 24 hours before headache. How-
ever, the variety of migraine triggers is huge, and the most reliable
triggers are unspecific like “sleep” and “stress”. Hence, even from a
clinical viewpoint it is more uncertain if an interictal CNS-hyper-
responsitivity exists.

The extremely well-known theory about “deficient interictal CNS-
habituation in migraine” has regretably not been confirmed in fully
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blinded visual evoked potential (VEP) studies, neither in Norway nor
in the Netherlands. It is of course very important to blind both re-
cording and analysis to achieve a reliable confirmation of initial and
preliminary evidence.

Another measure of CNS-hyperexcitability is transcranial magnetic
stimulation (TMS). Again, results from TMS-studies in migraine are
widely divergent, although this variability is often neglected in
the literature. Also,TMS is not a natural sensory stimulus, and the
method does not convey information about “responsitivity” de-
fined as a sensory stimulus-response function.

Different modalities may have different excitability and responsitivity.
It will be of great interest to test if thalamocortical somatosensory ex-
citability changes, measured with somatosensory evoked potential
(SEP) and pain evoked potential methods can be confirmed to be
abnormal also with fully blinded methodology. It is also of great inter-
est to use other EEG-based methods like event-related synchronization/
desynchronization to confirm if frequency.specific rhythm responsivity
is abnormal in interictal and preictal phases.

The simplistic idea about a general hyper- or hypo-responsitivity for
the whole brain should be abandoned. Instead, it is likely that states
of hypo-, normal, and hyper-excitability occur in succession and dif-
fers among various brain networks. Indeed, excessive variability
within and between different networks may be hypothesized as the
most probable abnormality in migraine. Another challenge is to iden-
tify new methods that are able to reliably measure stimulus-response
functions in different CNS network subsystem in humans.
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Over the last two decades, a series of neuroimaging studies has
changed the way we understand the pathophysiology of migraine.
Conventional and advanced magnetic resonance imaging (MRI) tech-
niques have been applied extensively to the study of migraine pa-
tients, both in the course of an acute attack and during the interictal
phase. It is now accepted that migraine should be viewed as a com-
plex brain network disorder that involves multiple cortical, subcor-
tical and brainstem regions, rather than a purely vascular disorder.
Numerous studies have consistently demonstrated that patients with
migraine experience not only abnormalities of function but also im-
portant and distributed structural abnormalities of the brain gray
matter (GM) and white matter (WM). In particular, a selective involve-
ment of key brain regions and networks involved in multisensory
processing, including pain, has been shown to occur in the brain of
migraineurs. Whether such alterations represent a predisposing trait
or are the consequence of the recurrence of headache attacks is still
a matter of debate. Many studies have indicated that structural brain
abnormalities in migraineurs might be dynamic, since they differ ac-
cording to the migraine phase, attack frequency and disease dur-
ation. Recent longitudinal studies revealed that the migraine brain
changes over time and different pathophysiological mechanisms are
associated to disease severity. Other investigations have shown mor-
phometric alterations that are not influenced by migraine patients’
clinical characteristics and revealed that GM volume abnormalities
are detectable from the early stages of the disease, thus representing
a potential migraine biomarker.

Numerous conventional MRI studies have also described an in-
creased risk of harbouring brain WM hyperintensities in patients with
migraine, that might be influenced by headache frequency, disease
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duration and the presence of aura. All of this is critical not only to
improve the understanding of migraine pathophysiology, but also to
develop imaging biomarkers to be applied in treatment trials of new
experimental drugs.
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The evidence of multiple comorbidities in migraine population, especially
at cardio-cerebrovascular, psychiatric, metabolic and musculoskeletal
levels, has led to an increase in the observation in clinical practice of pa-
tients undergoing multiple pharmacological therapies. The use of differ-
ent drugs in the same migraine patient significantly increases the risk of
potentially serious adverse events (AEs). As a consequence, the develop-
ment and implementation in clinical practice of precision medicine ad-
dresses this increased clinical risk, allowing to evaluate in advance the
possible drug/drug interactions (DDIs) and guiding the clinical prescrip-
tion and monitoring. We have also to consider that in a real-world sce-
nario each migraine patient might also suffer from other (episodic or
chronic) not comorbid pathologies that require additional therapies.
These adjunctive treatments may result in additional DDIs and AEs risking
to produce a decrease in the clinical efficacy of prescribed drug(s).

The evidence of daily polypharmacy (>5 different drugs) in headache
patients have been recently reported in a large cross-sectional study
and this misuse occurs in 40.7% of this cohort. The chronic headache
patients’ subset of this cohort reached an awesome 58.8% for >5
drugs and 5% for >10 drugs administration at the same time.
Considering these complex drug-drug cross-interactions the applica-
tion of personalized medicine can help the clinician to evaluate the
individual profile of the subject and according to it to proceed to a
specific therapeutic strategy not competing with the same metabolic
pathway.

The more drugs are present in the polytherapy, the more possible in-
teractions are established. Notably, these kind of DDIs are largely pre-
dictable using open source, knowledge-based reporting the ADME
profile for each drug. A useful one is Transformer (http.//bioinforma-
tic.charite.de/transformer), which provides information on DDIs based
on drug transport and metabolism of over 3000 drugs and more
than 350 foods and supplements. Transformer analyzes an input
drug list comparing the interactions (substrate, induction or inhib-
ition) existing between each drug and different metabolic enzymes
and, through a color code, highlights potential unfavorable DDIs; fur-
thermore, through a drop-down menu, it allows to compare the
metabolic route of equivalent drugs on the same screen, providing a
tool to make an alternative prescription choice. Another web - based
database that provides updated information about drug specific
ADMEs proteins (enzymes and transporters) and the pharmacological
interactions that can occur in polytherapies is DrugBank (http://
www.drugbank.ca/). It returns information about the metabolism and
mechanism of action of 10523 molecules with pharmacological action.
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As pharmacogenomics sciences revealed that genes encoding many
important DMEs are characterized by the presence of functional poly-
morphisms affecting the enzyme activity level and thus the expected
PKs profile of drugs interacting with such enzymes, this genomic in-
formation started to be used to adjust the prediction of drug safety
and tolerability made using a simple DDIs checker.
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Migraine is a common and burdensome neurological condition
which affects mainly female patients during their childbearing years.
Valproate has been widely used for the prophylaxis of migraine at-
tacks and is also included in the main European Guidelines. Previous
(2014) European recommendations on limiting the use of valproate
in women of childbearing age did not achieve their objective in
terms of limiting the use of valproate in women of child bearing age
and raising awareness regarding the hazardous effect of valproate to
children exposed in utero. The teratogenic and foetotoxic effects of
valproate are well documented, and more recent studies show that
there is an even greater neurodevelopmental risk to children ex-
posed to valproate in the womb. The latest 2018 European review
from the European Medicines Agency, with the active participation
of the European Headache Federation, concluded that not enough
has been done to mitigate the risks associated with in utero exposure
to valproate. The review called for more extensive restrictions to the
conditions for prescribing, better public awareness, and a more ef-
fective education campaign in migrainous women.

Keywords: migraine prophylaxis, valproate, pregnancy, teratogenic risk,
foetotoxic effect, neurodevelopmental retard, pregnancy prevention
programme, clinical recommendations, education, public awareness.
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Inefficacy/safety of pharmacological treatment remain main chal-
lenges for healthcare systems. The biological inter-individual variabil-
ity in drug response is a multi-factorial phenomenon modified by
both static factors, as the genomic background, and by dynamic fac-
tors, as ageing, life-style, environment. Furthermore, polypharmacy
presents the peculiar risk of drug-drug interactions which could alter
the drug pharmacokinetics and pharmacodynamics, causing adverse
effects or low response.

The personal genomic profile is a “static” contributor of the expressed
phenotype, which is determined by a plethora of dynamic factors. The
advent of modern technologies, as Next Generation Sequencing and
mass spectrometry, has allowed to deeply characterize genomic pro-
files as well as molecular signatures that are a clue to define more
exactly the clinical phenotype of the patient.
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We developed a strategy aimed to make actionable the clinical
use of genomics and other molecular signatures. The foundation
of this strategy is the high-level integration of molecular data
with clinical and environmental data. Taking advantage from a
multi-disciplinal environment, a new cultural model in medical
practice has taken root at the Sant’/Andrea Hospital of Rome,
allowing step by step establishment of a patient-centered care
model, embedded in the workflow of the Italian National Health
System.
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Background: Neck pain associated with migraine attacks is common
and usually first noticed close to time of headache onset [1,2]. How-
ever, because it can occur prior to headache, it can be perceived as a
migraine trigger. We used a digital platform (Curelator Headache®) to
determine 1) how many individuals suspect neck pain/tension as a
migraine trigger and 2) for how many individuals an association be-
tween neck pain/tension and migraine attacks can be identified
statistically.

Methods: Individuals with migraine registered to use Curelator Head-
ache® (now called N1-Headache®) and answered questions about
which factors they suspect contribute to attack occurrence, including
neck pain/tension, and rate their importance (O=none; 10=maximal).
They then used Curelator Headache® daily for 90 days, entering de-
tails of headaches and factors possibly associated with attack occur-
rence: presence of neck pain/tension was determined by a Yes/No
response to the daily question ‘Did you notice neck pain or tension
(today)?". After 90 days all factors were analyzed and for each individ-
ual the association between neck pain/tension and migraine attacks
was determined via a univariate Cox proportional hazard model [3]
using a) all data and b) relating attack occurrence with previous day
neck pain data (lagged analysis).

Results: Table 1 shows statistical associations between neck pain/ten-
sion and attack risk according to the degree of suspicion as a trigger
in 774 individuals (non-lagged analysis).

Neck pain/tension was associated with increased risk of attacks (‘trig-
ger’) in about one-fifth of individuals, but never found as a ‘pro-
tector’. There was an association between degree of neck pain/
tension suspicion as a trigger and frequency of statistical confirm-
ation of an association with attacks. Not analyzed individuals had in-
sufficient data for analysis, due to constant or low variability in neck
pain/tension (128: 46.9%), low number of attacks or convergence
problems in the Cox model. In the lagged analysis, only 4.9% of indi-
viduals had an association between attacks and preceding day neck
pain/tension.

Conclusion: Neck pain/tension was widely suspected as a migraine
trigger. In one-third of individuals with adequate data there was a
statistical association between same day neck pain/tension and mi-
graine headache. However, neck pain/tension the day before head-
ache started was much less commonly correlated with attacks: this
supports the view that neck pain/tension is more likely a migraine
symptom rather than a trigger.

References
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Table 1 (abstract $27). See text for description

Suspected? Not Low Medium High No TOTAL

— suspected (levels (levels (levels answer n (%)
1-3) 4-6) 7-10)

Association?

!

Associated 19 13 31 92 6 161

‘trigger’ (208)

Associated 0 0 0 0 0 0

‘protector’ ©

No 56 40 81 147 16 340

association (439

Not 72 37 47 29 18 273

analyzed (353)

TOTAL 147 90 159 338 40 774

n (%) 19 (11.6) (20.5) (43.7) (52)
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According to ICHD-3, migraine with brainstem aura is defined as a
migraine with aura including at least two of the following symptoms:
dysarthria, vertigo, tinnitus, hypacusis, diplopia, ataxia and/or de-
creased level of consciousness.

Whereas the typical migraine aura symptoms are thought to be the
clinical consequence of cortical spreading depression (CSD), the
mechanisms of migraine with brainstem aura remain debated. One
hypothesis could be that “brainstem” aura does not originate in the
brainstem but in the cerebral cortex.

Even though any symptom of brainstem aura can be observed in
patients with brainstem lesions, numerous clinical observations
and functional mapping data show that these latter symptoms
can also originate within the cortex. Vertigo can result from a ves-
tibular cortex dysfunction while tinnitus and hypacusis can origin-
ate within the auditory cortex. Diplopia can reflect a parieto-
occipital involvement. Dysarthria can be caused by dysfunctions
located in precentral gyri. Ataxia can reflect abnormal processing
of vestibular, sensory or visual inputs by the parietal lobe. Alter-
ation of consciousness can be caused by abnormal neural activation
within specific consciousness networks that include prefrontal and pos-
terior parietal cortices.

Any symptom of so-called brainstem aura can originate within the
cortex. Based on these data, we suggest that brainstem aura could
have a cortical origin. A potential cortical origin of “brainstem” aura
would explain the frequent association between symptoms of brain-
stem and of typical aura during attacks and the frequency of “brain-
stem” aura symptoms in hemiplegic migraine. Moreover, a cortical
origin of any aura symptom (e.g typical, brainstem-like and hemiple-
gic) would fit with the theory of CSD as the underlying mechanism
of migraine aura. In conclusion, patients with brainstem aura are real,
but migraine with brainstem aura is not real and could be called mi-
graine with brainstem-like aura.
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Migraine with brainstem aura has been a recognized entity for de-
cades. It was first described by Bickerstaf as basilar artery migraine.
He believed that it was caused by spasms of the basilar artery. At the
time of the first international headache classification in 1988 it was
clear that spasms do not explain any kind of migraine. The diagnosis
was therefore renamed basilar migraine. In ICHD-2 it was called
basilar-type migraine in order to get further away from the basilar ar-
tery and finally, in ICHD-3, it was renamed migraine with brainstem
aura. Formally applying the diagnostic criteria of the ICHD-II to a
large material of systematically phenotyped migraine with aura pa-
tients resulted in a surprisingly high number patients who fulfilled
the criteria [1]. While formally migraine with brain stem aura thus ex-
ists and formally is quite common, we as experts do not believe that
it is common. On the other hand we have identified a number of pa-
tients at the Danish Headache Center who undoubtedly have brain-
stem symptoms as an aura of migraine and we shall present some
cases.
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The etiology of tension type headache (TTH) is not completely under-
stood yet. Current evidence suggests a potential role of muscle re-
ferred pain, particularly trigger points (TrPs) in the development and
maintenance of pain and sensitization mechanisms in TTH. In addition,
other factors such as mood disorders or sleep disturbances are also in-
volved in the chronification process. Understanding the integration of
musculoskeletal disorders may help to develop better management re-
gimes for patients with TTH. The current lecture will provide updated
discussion of the clinical reasoning for application of physical manual
therapy approaches in TTH since different therapeutic options are cur-
rently proposed for these patients. Current evidence supports the con-
cept that not all manual therapies are equally effective for patients with
TTH and that the effectiveness of these interventions will depend on a
proper clinical reasoning. Since the pathogenesis of TTH is mainly
associated to muscular impairments, manual therapies should be
targeted to muscle trigger points and other related tissues. This
could explain the inconsistent results in the current literature in re-
lation to effectiveness of manual therapy for TTH. In addition, multi-
modal approaches including different interventions are more
effective than isolated therapeutic approaches for TTH since they
can focus on both peripheral and central mechanisms. All these
topics will be discussed in this lecture.
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Neuroimaging studies have substantially enhanced our possibilities
for investigating pathophysiological mechanisms of primary head-
ache disorders and experimental head pain. In recent years, an im-
mense number of imaging studies in headache have been published,
often with diverging findings. New technologies and imaging data
analysis methods are being developed at an increasing speed. Future
studies have the potential not only to advance our understanding of
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headache-relevant disease mechanisms, but also to improve diagnos-
tics, to elucidate the effects of treatment, and to monitor treatment
effects in an objective and non-invasive way.

This presentation focuses on highlights of studies using positron
emission tomography, functional MRI, MR angiography, and MR spec-
trometry and possible future directions of this field of research
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In 1942 Conrad Waddington defined for the first time the term “epi-
genetics”. Synthetically, it refers to environmental factors and events
that can affect gene expression or chromatin structure, for example
trough post-translational changes of the tails of histone proteins,
DNA methylation or RNA-associated silencing, resulting in changes in
DNA structure without altering the genetic code. In this contest, sev-
eral recent theories have supposed that in a disease like migraine,
epigenetic mechanisms may explicate how non-genetic endogenous
and exogenous factors and possibly influence frequency, intensity
and genesis of migraine. In fact, while there are several evidences
and studies on the role of specific genes on migraine’s development,
the impact of biological, neural, molecular and environmental factors
is still uncertain and difficult to scientifically assess without significant
bias [1]. Some studies have demonstrated, for example, that hormo-
nal changes, especially in women, sleep deprivation, skipping meals
and stress can have a high influence on the different expression of
migraine attacks. Specifically, it seems that female hormones,
through epigenetic mechanism, can change the balance between in-
hibitory and excitatory neurotransmission, increasing excitatory neur-
onal activity. Other important factors that can have an epigenetic
influence are early stressing experiences. It has been demonstrated a
high prevalence of headache and migraine and substantial changes
on neural circuits in adults who experienced a type of abuse in their
life (sexual, emotional, physical or domestic abuse) [2]. In fact, many
researchers have found how early negative adversity may have long-
term effects on hypothalamic-pituitary-adrenal (HPA) axis function
and immune system activity through epigenetic modifications, and
these mechanisms may explain how attack frequency is modulated
by non-genetic factors. Moreover, experiences like childhood mal-
treatment can lead to severe migraine manifestations which can be
also more refractory to treatment. Early negative life experiences and
female hormones are shared factors by both migraine and depres-
sion. Studies on animal models demonstrated how aberrant epigen-
etic gene regulation may be associated with the pathophysiology of
mood disorders and consequently, they could be the same pathways
of headache and migraine. So, causal pathways shared between mi-
graine and its comorbid disorders may be moderated by epigenetic
mechanisms [3]. Because of prophylactic medication used to prevent
migraine is only effective in half of the patients, more studies on epi-
genetic migraine mechanism may provide a new conception of mi-
graine pharmacotherapy, specifically acting to modulate chromatin
structure at migraine features.
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Sports are commonly associated with headaches. Concussions can
lead to post-traumatic migraines, tension- type headaches, medica-
tion overuse, occipital neuralgia, and cervicogenic. Minor head injury
can trigger migraine with aura (footballer's migraine). The usual acute
and preventive treatments can be considered for the phenotype.
Neurologists treating collegiate and professional athletes should be
familiar with prohibited substances for treatment as listed by the
World Anti-Doping Agency. Non-traumatic headaches associated
with sports include the following: exertional, cough (weightlifter's),
and external compression headaches.
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According to the new version of the International Classification of
Headache Disorders (ICHD-3), persistent headache attributed to trau-
matic injury to the head (HAIH) is among the most common head-
ache disorders. Epidemiological evidence to support this statement
has, however, been lacking. Only two previous studies using non-
injured comparison groups have investigated the causal relationship
between head injury and headache, and they show conflicting results.
Since HAIH does not differ from migraine and tension-type headache
(TTH) based on clinical characteristics, some experts are disputing its
existence, arguing that it may be nothing other than a primary head-
ache being misattributed to a head injury

The speaker will present the findings of the so far largest controlled,
population-based study on HAIH with known pre-trauma headache
status. More than one thousand traumas were classified according to
the Head Trauma Severity Scale (HISS). Adjusting for potential con-
founders, it can now be concluded that HAIH is a true secondary
headache entity. Prognostic markers at the time of admission, head-
ache phenotypes, and dose-response relationships will be reviewed.
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For a small country, Norway has made substantial contributions to
the headache field. The founder of this tradition is without doubt
professor Ottar Sjaastad, who from he started his work in the sixties,
described several new headache entities (Chronic paroxysmal hemi-
cranias, Hemicrania continua and SUNCT), was among the founding
fathers of IHS and the Scandinavian Migraine Society, was the found-
ing editor of Cephalagia which he edited for almost 10 years. In his
older days performed the Vaga study, in which he personally inter-
viewed almost all 1800 inhabitants in a Norwegian community. In
the same period, professor Tor-Erik Widerge made the first proper tri-
als proving that a beta-blocker (propranolol) was affective as mi-
graine preventative. In the same tradition, professor Harald Schrader
made the observations leading to the development of lisinioril and
later candesartan as migraine prophylactics. The large epidemio-
logical survey in Nord-Trendelag county (the HUNT study) from
around 1995 became an arena for headache epidemiological studies,
through the work of professors John-Anker Zwart, Knut Hagen, Gun-
nar Bovim and myself. This tradition in epidmiology, together with
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the establishment of The Norwegian National Headache centre from
the start of the 2000, has made the headache group at the Norwe-
gian University of Science and Technology in Trondheim the aca-
demic basis for the NGO Lifting the Burden, running the Global
campaign against headache. This has also led to the work to demon-
strate the huge societal impact of headache, as collaborators of the
Global Burden of Disease project. The group is now performing in-
novative research for treating chronic cluster headache and
migraine.
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Background: Repetitive yawning is a common premonitory migraine
symptom [1,2]. In contrast to other common premonitory symptoms
such as neck pain and tiredness, repetitive yawning is more specific
and has a high predictive value for a migraine attack [3]. We used a
digital platform (Curelator Headache® - now called N1-Headache®) to
determine 1) how many individuals recorded excessive yawning and
2) for how many individuals an association between excessive yawn-
ing and migraine attacks can be identified statistically.

Methods: Individuals with migraine registered to use Curelator Head-
ache®. They then used this daily, entering details of headaches and
factors possibly associated with attack occurrence: presence of yawn-
ing was determined by a Yes/No response to the daily question ‘Did
you notice excessive yawning (today)?. To be eligible for analysis,
data must include 90 tracked days or more, at least five migraine at-
tacks, more than 50 answers to the yawning question, and excessive
yawning must be reported on at least 5% of days, but not all days.
After 90 days all factors were analysed and for each individual the as-
sociation between excessive yawning and migraine occurrence was
determined via a univariate Cox proportional hazard model [4].
Results: Of 852 individuals with migraine, 285 (33.5%) were eligible
for analysis. Excessive yawning was associated with increased risk of
migraine attack in 72 (25.3%), with decreased risk in 4 (1.4%) and no
significant within-person association was identified in 189 (66.3%).
Risk could not be assessed in 20 (7%) due to convergence problems
in the Cox model. Of the 72 with increased risk, the median hazard
ratio was 3 (IQR=4-2.2) meaning that, for them, when yawning is
present the occurrence of migraine is about three times the rate per
unit time as when there is no yawning.

Conclusion: In some individuals excessive yawning is a discernible
symptom that is a sensitive predictor of migraine. Early identification
of migraine provides an opportunity for early intervention. Future
studies can assess effective strategies during the premonitory stage
to abort an attack.
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Background

Migraine is a pleomorphic relapsing, remitting disorders character-
ized by recurrent attacks that can be triggered or precipitated by a
large number of internal and external factors. The relationship
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between sleep and migraine has always been known, but current
knowledge on the exact nature of the link between migraine and
sleep remains incomplete and unclear.

In other primary headaches, such as Hypnic Headache and Cluster
Headache, sleep studies has shown dysfunction of arousal mecha-
nisms, associated with the brain's ability to process exogenous and
endogenous stimuli during sleep.

Different sleep studies were performed in order to define also the
complex link between sleep and migraine.

Results

Fragmentation of sleep, insomnia and hypersomnia all showed rela-
tionships with migraine. Primary sleep disorders such as insomnia,
hypersomnia, sleep breathing disorders are all associated with pri-
mary headaches, may cause headache, can worsen migraine and are
risk factors for migraine chronification. Medical, psychiatric and
rheumatic diseases are associated with sleep disorders and migraine.
Migraine is associated with modifications in sleep: circadian changes
in the sleep-wake rhythm [1], modifications of the ultradian rhythm
(more frequent than 24h, and therefore shorter than a day, the alter-
nation of NREM / REM phases in the sleep cycles) [2], changes in
arousals mechanisms [3].

Sleep-related migraine is characterized by a marked reduction in the
CAP rate in NREM sleep and a lower incidence of 'cortical' arousal in
REM sleep (cortical hypoarousability) that could predispose to the ap-
pearance of migraine episodes during sleep [4].

In migraineurs the autonomic balance during sleep changes more
evidently than in controls and the oscillations of the arousal levels
change in a concordant manner [5].

Conclusions

Migraine has close clinical correlation with sleep and sleep disorders.
Moreover, widespread pathophysiological links have been shown be-
tween migraine and sleep, expression of reduced effectiveness of the
mechanisms of processing of the incoming stimuli.

The study of sleep/wake pattern in order to know and try to change
the influence of biological rhythms, sleep and trigger factors on mi-
graine can allow the clinicians to control the frequency and intensity
of attacks and, above all, to avoid the chronicity of the disorder.
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Headache disorders are in many cases inadequately managed with
the existing treatments. Also, given the myriad side effects of trad-
itional prescriptions medications, there is an increasing demand for
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“natural” treatment like vitamins, minerals, herbal preparations and
food supplements.

The term “ nutraceutical “ was created by Defelice in 1979 and is de-
rived from “nutrition” and “pharmaceutical” industries in the idea that
some foods can be effective in treating diseases.

In the last years the use of nutraceuticals is expanding in patients
with headache and particularly with migraine. The National Health
Interview Study reported that 49,5% of the patients suffering from
migraine use nutraceutical products and do not discuss this with
their health care providers while only 33.9% of general population
use them, .

Headache Therapy Guidelines of Scientific Societies from different
countries (USA, ltaly, England, Switzerland , etc) consider these prod-
ucts with sometimes conflicting information. Although the under-
standing of migraine pathophysiology has increased dramatically in
recent years, the exact etiology remains to be defined. The current
prevailing theory is based on a hyperexcitable “trigeminovascular
complex” in patients who are genetically predisposed to migraine. In
these people, there is a lowered threshold for migraine attacks and
vulnerability to environmental triggers. In susceptible individuals, the
trigeminovascular neurons release neurotransmitters, such as calci-
tonin gene-related peptide and substance P, when headache triggers
are encountered. This lead to vasodilation, mast cells degranulation,
increased vascular permeability and meningeal edema, resulting in
neurogenic inflammation. This nociceptive information is transmitted
from the trigeminal nerve to the brainstem nuclei, thalamic nuclei,
and the cortex, where migraine pain is ultimately perceived.
Although the mechanisms of action of these molecules in migraine
prevention are poorly known, their effects on vessel wall, neurons, as
well as on specific neurotransmitters involved in migraine patho-
physiology have been hypothesized based on numerous pre-clinical
observations.

Many different nutraceuticals are currently used in migraine prophy-
laxis other than in patients who do not want a pharmacological trad-
itional therapy, in those cases when the pharmacological therapy
cannot be used or it is better to avoid it (children, old patients using
many different drugs, severe liver or renal diseases, pregnancy, etc),
but in any case is important to know the possible even rare side-
effects of each one of these and when it is better to avoid them.

| “
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Background. A study was carried out in ltaly with the objective of
analysing the patterns of use of drugs in subjects who entered a
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pharmacy requesting OTC medications in order to treat a headache
attack. In this context, the objective is to analyse the association of
headaches with socio-demographic and clinical characteristics and
with the pathway of care followed by the patients.

Methods. a questionnaire was administered to subjects who entered
a pharmacy requesting self-medication for a headache attack. The
questionnaire consisted of 14 items covering socio-demographic fac-
tors, pathway of care and clinical information. The clinical section in-
cluded the items of the ID Migraine TM Screener (ID-MS), resulting in a
four-level variable that classifies patients as suffering from definite mi-
graine, probable migraine, unlikely migraine, or other headaches, based
on symptoms, occurrence and severity of headaches. A single national
online training course was employed to prepare the pharmacists in
order to ensure that the data were collected as homogeneously as pos-
sible. At the end of the training course, each pharmacist had to pass a
final test before being enrolled in the project.

Results. Out of 610 trained pharmacists, 445 collected at least one
questionnaire, 4424 questionnaires had been correctly completed.
The ID-MS shows a strong association with gender. The prevalence
of definite migraines was significantly higher among the two lower
educational levels.

Our study, confirming data found in investigations carried out among
the general population, indicates that about half of headache sufferers
and about a third of migraineurs do not consider their condition as a
disease and tend to self-medicate, which leads to inappropriate treat-
ment of the condition.

Conclusions. The pharmacy can be a valuable observatory for the
study of headaches and can be the first important step in seeking to
build a good management relationship for subjects with headache.
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Introduction: Good clinical governance of headache implies efficient
and accessible diagnostic and therapeutic pathways involving differ-
ent levels of health care. Headache syndromes are often diagnosed
and treated inadequately. Information and communication technol-
ogy (ICT) can play a key role in improving access to treatment and,

Page 13 of 147

from the clinical management perspective, in increasing the levels of
quality , efficiency and prevention.The HealthSOAF ( Service-Oriented
Architecture Framework ) is a networking and interoperability tech-
nology platform, designed to assist healthcare decision making and
improve access to care at appropriate levels. The Headache Network
operating in the Italian region Calabria provide the HealthSOAF plat-
form with its first real tes bed in Europe, with the aim of helping cli-
nicians working at different levels of health care to correctly
diagnose , manage and refer headache patients.

Materials and Methods : Between December 2014 and June 2015
primary care general practitioners in Catanzaro Lido, Borgia and
Soverato , three secondary care neurologists, and one multidisciplin-
ary tertiary care team from the Headache Centre the Pugliese-Ciaccio
Hospital in Catanzaro , used the pilot client software and accessed
the HealthSOAF platform.In the period considered , GP recruited 197
patients with headache diagnoses made with the support of techo-
nological platform : 19 ( 9,64%) had a suspected diagnosis of second-
ary headache and were referred to emergency room ; 74 ( 37,56% )
were diagnosed with episodic primary headache and managed exclu-
sively by GP at primary headache level; 36 ( 18,27% ), also with episodic
primary headache, were managed by both GP and outpatient neurolo-
gists , again in the primary setting ; 68 patients ( 34,52% ) were sent to
the reference headache centre. The preliminary data from the pilot
study , showing an approximately 50% reduction in inappropriate refer-
rals to the hospital reference centre ( 15,42% vs 7,35% ), indicate en-
hanced diagnostic accuracy and appropriateness of referrals within the
coded diagnostic, therapeutic and care pathways.

Conclusion: The use of ICT support in clinical decision making and
management processes is a valuable aid in clinical practice. The
HealthSOAF project is the first at a national level and among the first
at international level to study , define, test and validate a new ap-
proach in the software development cycle, designed to guarantee
interoperability of distributed and highly heterogeneous health infor-
mation system , of the kind that are increasingly necessary to sup-
port continuity of care , diagnostic processes , integrated therapeutic
care , prevention activities and public health protection.
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Headaches are one of the most disabling disorders [1]. The 3rd edi-
tion of the International Classification of Headache Disorders
(ICHD-IIl) describes the diagnostic criteria of primary, secondary
and other headache disorder types. Interestingly, Migraine and Cer-
vicogenic Headache (CGH) , Tension Type Headache (TTH), Head-
ache attributed to temporo-mandibular disorder (TMD), Headache
attributed to cervical myofascial pain and Occipital Neuralgia share
similarities in some criteria and clinical presentation. Moreover,
Neck Pain associated disorders (NAD) and Temporo-Mandibular
Disorders (TMD) are a very common presentation in primary
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headache population as Migraine and Tension Type Headache
[2,3]. Moreover, recent knowledge have suggested that physical
examination for provocative procedures should be done on each
patient with sidelocked headaches as many of these headaches
may closely mimic primary headaches [4]. There have been identi-
fied eleven physical tests to properly assess cervical disorders.
When these dysfunctions are present, they support a reciprocal
interaction between the trigeminal and the cervical systems as a
trait symptom in migraine [6,7,8]. The ICHD-IIl also does recom-
mend the use of diagnostic criteria evolved by the International
RDC/TMD Consortium Network and Orofacial Pain Special Interest
Group to assess disorder involving structures in the temporoman-
dibular region contributing to primary headache [9,10]. In this pres-
entation, an evidence based protocol of manual tests and
rehabilitation proposal it will be provided by a physiotherapist to
assess and treat musculoskeletal disorders associated to the most
common primary headaches as Migraine and Tension Type Head-
ache. Moreover, the integration of this examination and approach
in a multidisciplinary team it will be discussed [11].
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Schaltenbrand, in 1938 first described spontaneous intracranial
hypotension (SIH). In 1991 Mokri, published the first report on diffuse
pachymeningeal enhancement (DPE) in SIH. In 1993 Ferrante,
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published the first Italian report on SIH. SIH results from spinal CSF
leaks, sometimes asociated with underlying connective tissue disor-
ders. The decrease in CSF volume is compensated by an increase in
intracranial venous blood volume according to the Monro-Kellie doc-
trine. The associated prevalence and incidence has been estimated
at 2-5:100,000. Female are affected twice to fifth as often as males.
The peak incidence is in 30-50 year [1]. The triggers for the symp-
toms can be trivial or minor; however, no clear precipitant was iden-
tified in most cases. Orthostatic headache (OH), generally occipital-
nuchal bilaterally, worsening during Valsalva manoeuvres, is the main
symptom of SIH. In our case series over 400 cases we have observed
about 70% of cases with cochlear-vestibular signs associated with
OH and seven patients who had only a Valsalva manoeuvre head-
ache. The diagnostic criteria for SIH are described in the International
Classification of Headache Disorders, (ICHD) 3rd edition. Brain CT is
often normal while brain MRI generally shows the indirect SIH signs
(DPE, subdural fluid collections, venous structures engorgement, pitu-
itary hyperemia, and sagittal sagging). Spinal MRl may show cervical
pachymeningeal enhancement, spinal epidural collection, or fluid
collection in cervical soft tissues, meningeal diverticula, dilated
nerve root sleeves, and epidural venous plexus engorgement. MRI
myelography is more sensitive to identify a spinal CSF leak. CT mye-
lography should be reserved for patients without identified leak on
spinal MRI, who have failed to respond to two or three EBPs, and in
whom a targeted EBP at the site of CSF leak is being considered. In
15-30% of cases, SIH is resolved spontaneously or with conserva-
tive treatment (bed rets and overhydration) within a period of 1-2
weeks. The success rate with each EBP is variable (30% -90%) [2]. In
our experience, the EBP success depends on the adequate volume
of blood injected, which has to be sufficient to fill the epidural
space, and on strict bed rest in Trendelenburg position for at least
8 hours after the procedure. Targeted EBP in the upper thoracic or
cervical regions or surgical approaches could be useful if two or
three attempts at a lumbar EBP have failed and the CSF leak site is
located.
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Background

Although the diagnosis of Chronic Migraine with and without Medi-
cation Overuse (CM/CM-MOH) are based on well-established criteria
(ICHD-IIl B) the definition of international guidelines for its manage-
ment is still work in progress, especially as far as the long term man-
agement and the sustainability of the cost/benefit ratio are
concerned. Thus, the present observational study was aimed to
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evaluate methods for CM management among different headache
structures with a common cultural background and SISC standards
(local resources, structural standards, operators qualification).
Methods

This study involved different neurological structures belonging to
SISC-Lombardia and operating in or for Italian National Health Sys-
tem, that boast a documented practice in headache management,
adherence to the locally approved protocols for CM, open access to
detoxification programs and to onabotulinumtoxin A treatment. As
far as the patients are concerned, they had to have a history of CM
for at least 2 years prior to screening and to be willing and able to
return to the clinic for the follow-up evaluations.

Results

We enrolled a population of 1940 patients over one year: 1140 (58.7%)
had been diagnosed with CM and 800 (41.2%) with CM-MOH. In the
CM-MOH group 685 patients (85.6%) underwent pharmacological de-
toxification treatment during the previous year. There are no great dif-
ferences in the assessment methods and treatment plans among the
structures: headache diaries are used everywhere (100%), while disabil-
ity assessments are scored with MIDAS and HIT-6 questionnaires in
62.5% and 50% respectively. A protocol for detoxification was per-
formed as inpatients (87.5%) or outpatients (12.5%). The average dur-
ation of detoxification was 5-7 days. Pharmacological methods for
detoxification and the treatment of rebound headache showed some
differences in the kind of drugs. In 3 structures (37.5%) a prophylaxis
treatment with Onabotulinumtoxin A every 3 months followed detoxifi-
cation (122 of CM-MOH, 15.25%). The follow-up methods were not
homogeneous and showed controversial results; the same methods
and parameters were used to evaluate the effectiveness of treatment
but with different scheduling: the follow up period implied a 3 (37.5%
of the Centres), 6 (25%) or 12 (37.5%) months evaluation. In one centre
the follow-up included 3-6-12 months clinical controls for each patient.
A strong variability was found in the response to treatments: the de-
toxification and prophylaxis treatment were effective from 20 to 97%;
onabotulinumtoxin A alone was effective from 40% to 70%.
Conclusion

Our data showed a similar clinical approach in management of CM/
CM-MOH. On the other hand the different therapeutic methods
showed a lower concordance both for the clinical follow-up and to
the evaluation of the treatments among the various structures. There
was more agreement in the Onabotulinumtoxin A efficacy among
the different centres.
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Presently, migraine is considered a brain disorder. Many independent
research groups have observed that the brain of migraine patients
abnormally processes information of any sensory modality. These
functional abnormalities are under continuous fluctuations following
the migraine cycle and the frequency of the attacks and are under
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the influence of endogenous and environmental factors. Recent evi-
dence provided by modern neuroimaging techniques tends to show
that plastic (mostly reversible) changes in brain metabolism, connectiv-
ity, and micro-/macro- structure accompany functional abnormalities.
However, whatever the origin of these cerebral morpho-functional
abnormalities, migraine clinical manifestation requires ignition of the
central and peripheral trigeminal system. The heterogeneous clinical
presentation of visual migraine aura symptoms runs in parallel with
heterogeneous BOLD fMRI responses within the visual areas. Malfunc-
tioning descending pain control systems in the frontal cortex and
brainstem, and abnormal thalamic and hypothalamic connectivity-
alone or in combination- seem to be major permissive interictal factors
for the preictal cascade of events that leads to sequential sensitization
of first- and/or second-order trigeminovascular nociceptors resulting in
transient (episodic migraine) or persistent (in CM) central sensitization.
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Background. The most of migraineurs patients referred to a head-
ache clinic for a specialist consultation is characterized by a middle
to high frequency of migraine attacks. These patients need prophy-
lactic treatments to reduce the burden of disease in terms of attacks,
days with headache, and symptomatic drugs consumption. So far,
pharmacologic prophylactic treatments are characterized by a sub-
optimal efficacy due to the high number of patients that do not re-
spond to the treatments, and the elevated incidence of side effects.
To match the patient needs, waiting for the next generation treat-
ments, the use of herbal medicine is very common among migraine
population. In the last years, phytoextracts of feverfew (tanacetum
partenium) were studied and adopted to treat migraineurs. In par-
ticular, there is a fixed combination of Tanacetum Parthenium,
Andrographis, Coenzyme Q10, and Riboflavin, that is widely used in
Italy. In order to verify the efficacy of that association, we designed a
randomized double blind versus placebo clinical trial. Here we
present the preliminary results of our study.

Results. Twenty-four patients were enrolled and randomly assigned
to receive the verum or the placebo treatment for 3 months. Each
treatment kit, blinded by a unique code that was coupled to each
patient, was composed by 120 pills, enough for 3 months: (1 pill
b.i.d. in the first month, 1 per day in the second and third month).
Eleven of twelve patients assigned to the verum arm of the study im-
proved their headache, with a responder rate (reduction of at least
50% of headaches) of 60%. On the contrary, only 4/12 patients that
received the placebo treatment improved their headache, with a 0%
responder rate. No side effects were reported.

Conclusions. The traditional use of herbal medicine is as old as the
history of medicine and that ancient practice is present in almost all
cultures. Our results show that the examined combination is effective
in the migraine prophylaxis if compared to placebo and safe if com-
pared with data about synthetic drugs, as they are reported in
literature.
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Background. Although migraine is a neurological disorder in which a
peripheral trigemino-vascular activation is elicited in response to cen-
tral sensitization processes, several studies payed attention on
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metabolic features among migraineurs, and their influence on mi-
graine clinical characteristics.

Results. By a literature review, it is possible to assess that MetS is
more prevalent in migraineurs (21.8% with aura, 16.8% without aura)
than in controls (14.5%), and that it is related to the development of
a chronic form of headache, the so-called ‘medication overuse head-
ache’. These data are consistent to epidemiological studies that evi-
denced an increased risk to develop cerebrovascular disorders (CVDs)
in migraineurs patients (both with and without aura), since CVDs are
the more expected outcome of MetS. It is well known that obesity and
hypertension are risk factors for migraine development and its chronifi-
cation, while their improvement leads to a migraine improvement. Be-
sides, the most of attention was recently payed to the oral glucose
tolerance test to examine insulin sensitivity. In migraineurs patients,
after glucose load, there is a significant increase of both plasmatic insu-
lin and glucose concentrations in comparison with controls, while is
common to find in migraineurs a very late hypoglycemic response that
may trigger the migraine attack. The role of hypoglycemia, one of the
early characteristics of the so-called insulin-resistance, is indirectly con-
firmed by the observation that the development of diabetes (character-
ized by a state of stable hyperglycemia) seems to be protective against
migraine attacks. The insulin-resistance is characterized by an alteration
of insulin receptor signaling that has shown to be also altered in
migraineurs. All these metabolic abnormalities are related to the low-
grade inflammation that could, in turn, be related to release of inflam-
matory cytokines (among these, the CGRP) that lead to the migraine
attack.

Conclusions. One of the theories to explain the high prevalence of
MetS among the population is the so called “thrifty gene theory”. Ac-
cording to this theory, the high levels of well-being of western popu-
lation are related to an increase of nutritional intake that has
stressed the metabolism of people genetically fitted to survive in
famine, leading to MetS development. If common genetic and bio-
logical backgrounds underpin both migraine and MetS, according to
this theory is possible to explain the high prevalence of migraine
among general population.
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Background. Ketogenic diet (KD) is a dietetic regimen characterized
by a very low intake of carbohydrate in order to induce the meta-
bolic ketosis (the physiologic endogenous production of ketones) to
replace sugars as energetic substrate for the brain. Ketones are a
very efficient fuel for the brain, since they induce to an increase of
ATP production with a reduction of oxidative stress related to mito-
chondrial activity. On the other hand, they have an anti-inflammatory
effect and are able to modulate the cortical excitability by their direct
and indirect GABAergic effects. Several different types of KDs wer de-
veloped across the decades, all characterized by the low glycemic in-
take. They could be normo-caloric (rich in fats that have to replace
the missing carbohydrate in the caloric balance), or hypocaloric (poor
in fats to induce the lepidic metabolism from adipose tissue). Since
1921 this diet was proposed to treat drug resistant epilepsy in chil-
dren. Even if in 1928 and in 1930 two papers reported about the
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efficacy of KDs in migraineurs patients, they did not meet the ex-
pected success, since at that time several symptomatic treatments
were already available. Only in the recent years, the awareness about
symptomatic overuse related troubles, and the efforts to reduce the
number of treatment resistant patients, seems to rekindle the inter-
est in this procedure.

Results. Our group started to study the application of KDs in the field
of headache since the 2009, using both normo-caloric and hypocalo-
ric, according to patients’ exigences. We found the KD an useful tool
in the treatment of patients with migraine, both in episodic and
chronic form, and in cluster headache patients. On the contrary, KD
seems to be ineffective in tension type and cervicogenic forms of
headache.

Conclusions. According to early literature reports, KDs seem to be a
useful opportunity to improve the quality of life of our patients. One
possible application is, for instance, the weight reduction (that could
improve per se migraine), maybe induced by some prophylactic treat-
ments. Another opportunity given by KD is the improvement of
headache in drug-resistant patients. As future perspective, a there is
a wide interest in the use of exogenous ketones, the so called “keto-
genic diet in pills”.
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As in the previous version, chapter 10 of the current International
Classification of Headache Disorders (ICHD 3) [1] is dedicated to the
forms of headache attributed to disorders of homeostasis. All the
nosographic entities of the provisional ICHD 3 beta version (2013) [2]
are confirmed in this final edition, both in their digit code and in
their diagnostic criteria.

The main rehash of chapter 10 was performed in the passage from
ICHD-1 (1988) [3] to ICHD-2 (2003) [4], when the chapter was exten-
sively remodeled. Hypoxic and hypercapnic headaches were unified
in a unique headline (10.1), including High altitude headache (10.1.1),
Diving headache (10.1.2) and Sleep apnoea headache (10.1.3). More-
over, Headache attributed to arterial hypertension and its subtypes, pre-
viously collocated in chapter 6 - Headaches associated to vascular
disorders, were moved at the third digit of the first level (10.3), between
Dyalisis headache (10.2) and Headache attributed to hypothyroidism
(10.4). Headache attributed to fasting (10.5) substituted the older de-
nomination “Hypoglicemia”, and the new Cardiac cephalalgia (10.6),
a rare occurrence characterized by a close temporal relationship be-
tween the onset of headache and cardiac ischemia, appeared for
the first time.

In 2013, the provisional ICHD 3 [2] confirmed the structure of the
chapter. The main modifications regarded the merger of Headache
attributed to pre-eclampsia and eclampsia in an unique digit (10.3.4),
the disappearance of Headache attributed to acute pressor response to
an exogenous agent, and the addition of two new entities.

The first one, Headache attributed to aeroplane travel (10.1.2), placed
together with other forms of headache attributed to hypoxia and/or
hypercapnia, is characterized by very severe unilateral pain attacks
that appear during take-off or, more frequently, landing of the aero-
plane, lasting up to 30 min after the ascent or descent of the vehicle
is completed. Recently, the coexistence of headache attacks with the
same features but triggered by the rapid ascent after free/scuba div-
ing and/or the descent from high mountain altitude has been
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described and suggests a possible common causal mechanism, that
is an imbalance between intrasinusal and external air pressure [5].
Headache attributed to autonomic dysreflexia (10.3.5), the second new
entry, appears in the subchapter dedicated to Headache attributed to
arterial hypertension. These sudden-onset severe headache attacks,
accompanied by symptoms of autonomic dysfunction and triggered
by stimuli of visceral or somatic origin (including bladder or bowel
distension, pressure ulcers, trauma or surgical diagnostic procedures),
affect patients with spinal cord injury.
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According to the ICHD-3 classification primary headaches may exist
in episodic and chronic form. Chronic headaches have a significantly
greater effect on quality of life than episodic headaches. Chronic
headaches patients are more difficult to manage and more prone to
miss work or have decreased productivity. They have more comor-
bidity including psychiatric disorders and use more health resources
than the episodic ones. The most prevalent subtypes of chronic
headaches are chronic migraine and chronic tension-type headaches.
Migraine and tension-type headaches are defined as chronic when
the headache occur on more than 15 days/month for more than 3
months. In both forms the chronification of the headache is usually
the result of a process of transformation under the influence of pain
system sensitizing factors such as recurring untreated headaches,
medication overuse, comorbid pain or psychiatric disorders and
others. When the headache is chronic from the onset and very soon
unremitting the diagnosis should be oriented to the New Daily Per-
sistent Headache a syndrome that should be rapidly identified be-
cause can transform in a highly refractory headache. This review will
focus on some relevant unanswered question on chronic headaches:
1) Is the new classification of the pain disorders helpful for the man-
agement of these patients ? 2) are the mechanism of transformation
of the headache into a chronic form a potential therapeutic target ?
3) is the comorbidity a potential therapeutic target ?
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Headache and sleep disturbances represent some of the most com-
monly reported disorders in clinical practice, causing considerable in-
dividual disability and socio-economical burden. The link between
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headache and sleep includes five different possible types of relation-
ship : 1. headache disorders occurring exclusively or mainly during
sleep; 2. sleep disorders directly causing headache; 3. sleep distur-
bances caused by headache; 4. comorbidity of sleep disturbances
and headache disorders; 5. underlying disorders leading both to
headache and sleep disturbances [1]. A preferential or exclusive oc-
currence of attacks at night-time is well documented in some pri-
mary headaches, such as migraine, cluster headache (CH) and hypnic
headache (HH). In case of recent-onset nocturnal headaches, it is
mandatory to rule out a secondary form, in particular intracranial
hypertension and uncontrolled arterial hypertension. The occurrence
of attacks at night-time or in the early morning has been extensively
ascertained in migraine without aura. The preferential emergence of
migraine attacks during sleep and/or upon awakening progressively
increases in relation to the age of patients. The percentage of sub-
jects with sleep-related migraine was found to be 16% in patients
aged 20-30 and 58% in migraineurs aged 60-70, respectively [2]. The
association between CH and sleep has been long recognised, due to
the extremely frequent occurrence of attacks during nocturnal sleep.
In the majority of patients attacks occur with “clock-like regularity” at
particular times during 24 hours, often awakening patients from
sleep. Approximately 75% of CH attacks occur between 9 pm and 10
am. Attacks usually occur about 90 minutes after the patient falls
asleep, which coincides with the first REM sleep, although this is less
apparent in chronic CH [3]. HH is a primary headache that is charac-
terized by recurring headache attacks developing only during sleep
(occurring mostly between 2 am and 4 am), generally in the elderly
population. HH is significantly more common in women. The pain is
usually mild to moderate, but may be severe, whereas the duration
of attacks ranges from 15 to 240 minutes. Most HHs are bilateral and
the most mentioned location of pain are the fronto-temporal area or
holocranial/diffuse. The natural course of HH remains unknown.
Some patients show an episodic course, while other subjects present
and episodic-relapsing remitting trend over time. A history of mi-
graine is common in HH patients, possibly due to a common patho-
physiological predisposition. In some patients HH appears to be as
an evolution from a pre-existing migraine condition over time.
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Headache is the medical problem most commonly observed by neu-
rologists. Non-pharmacological treatments, particularly physical ther-
apy, are commonly demanded by individuals with headaches, but
their scientific evidence of effectiveness is conflicting. The current
lecture will provide an updated discussion on what is supported by
current scientific evidence about physical therapy for tension type
headache (TTH), migraine, or cervicogenic headache (CeH) and which
gaps there still may be in our understanding of these interventions.
Today, there are several physical therapies including spinal joint ma-
nipulation/mobilization, soft tissue interventions, therapeutic exer-
cises and needling therapies that are proposed to be effective for
the management of headaches. Current evidence has shown that the
effectiveness of these interventions will depend on proper clinical
reasoning since not all interventions are equally effective for all
headache pain conditions. For instance, since the pathogenesis of
TTH is associated to musculoskeletal disorders, particularly muscular
impairments, manual therapies targeting muscle trigger points and
other related tissues may be effective for this headache. On the
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contrary, the evidence of physiotherapy in migraine is less robust
than for TTH, which seems to be expected since migraine pathogen-
esis involves activation of sub-cortical structures and the trigemino-
vascular system. Finally, since CeH may be more related to upper cer-
vical spine, spinal manipulations or mobilizations should be the
therapeutic options. In fact, the inconsistent results in the current lit-
erature can be related to the fact that maybe not all therapeutic in-
terventions are appropriate for all patients with TTH, migraine or
CeH, or maybe not all individuals with a particular headache will
benefit from a specific intervention. In addition, multimodal ap-
proaches including different interventions are more effective than
isolated therapeutic approaches for with TTH, migraine and CeH. All
these topics will be further discussed in this plenary lecture.
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Most of the studies concerning psychiatric comorbidity in migraine
have focused on anxiety and depression disorders. According to
these investigations results, migraineurs are two to four more likely
to suffer from depression than non-migraineurs. When considering
anxiety disorders, panic disorder and generalised anxiety disorder
have been found more frequently in migraine than in non-migraine
individuals. Rates of psychiatric comorbidity are higher in chronic
when compared with episodic migraine. More recently also other
psychiatric disorders have gained attention. A meta-analysis found a
migraine prevalence of 34,8% in subjects with bipolar disorder. Post-
Traumatic Stress Disorder was found to be more prevalent in mi-
graine patients than in the general population. Psychiatric comorbid-
ity is associated with more severe migraine symptoms and disability.
Longitudinal studies demonstrated that the comorbidity with anxiety
and depression may be a risk for migraine chronification. Available
data supports a bidirectional relationship between migraine and de-
pression. Several other theories have been proposed to explain psy-
chiatric comorbidity of migraine. Migraine and comorbid disorders
might share a genetic or environmental risk factor producing a brain
state which predisposes to both disorders. Neurotransmitter dysfunc-
tions, inflammatory activity, hormonal influences, sensitization of
both sensory and emotional brain network might all contribute. Neu-
roimaging studies in migraineurs show structural, functional and con-
nectivity abnormalities of brain regions playing an role in emotional
response to pain, affectivity and mood. Similar findings were ob-
tained with analogous methods in people with psychiatric disorders.
Further investigations are needed to determine if such imaging find-
ings might express a brain state predisposing to both migraine and
psychiatric comorbidity, if they might be the result of recurrent mi-
graine attacks enhancing emotional responses and leading to psychi-
atric comorbidity or if the psychiatric disease might induce both
these brain changes and altered emotional responses to painful stim-
uli. Comorbid psychiatric conditions should always be screened by
appropriate diagnostic interviews and tools before planning a treat-
ment for a patient with migraine. In the case of psychiatric comor-
bidity, drugs that are known to be effective for migraine prevention
but also to worsen the comorbid psychiatric disorder should be
avoided (i.e. topiramate in migraine and depression). Drugs able to
control both disorders, possibly in monotherapy, should be preferred
(i.e. propranolol in migraine and mild anxiety). The migraine treat-
ment plan might need to be discussed and coordinated with a
psychiatrist. An integrated non pharmacologic and a behavioural
therapy may be combined with drug therapy to obtain a synergistic
effect with enduring benefits.
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There is high interest in blocking the actions of the neuropeptide cal-
citonin gene-related peptide (CGRP) for the treatment of migraine
and other headache disorders. Small molecule antagonists and anti-
bodies that target CGRP itself or a CGRP receptor have been devel-
oped for clinical use. Most efforts have focussed on the canonical
CGRP receptor, comprising the calcitonin receptor-like receptor (CLR)
with receptor activity-modifying protein 1 (RAMP1). However, CGRP
can potently activate a closely-related receptor; the AMY; receptor,
which is a complex of RAMP1 with the calcitonin receptor (CTR). Very
few studies have directly compared the pharmacology and expres-
sion profile of both of these receptors and the relevance of the AMY;
receptor to CGRP biology is still an open question.

We profiled the affinity of a peptide antagonist (CGRPg_3,) and four
small molecule antagonists (olcegepant, telcagepant, MK-3207 and
rimagepant) at both CGRP-responsive receptors. Selectivity of these
antagonists between these two receptors varied but was generally
lower than expected. We developed a novel high affinity peptide an-
tagonist of both CGRP-responsive receptors to use as a probe for global
blockade of CGRP receptor activity. We also expanded the molecular tool-
box for studying both CGRP receptors through the synthesis of fluores-
cent peptides and validation of antibodies for CTR and RAMP1. Using
these tools, we have been probing the brain for AMY; receptor
expression.

The data show that many CGRP receptor antagonists are not highly
selective for the CLR/RAMP1 CGRP receptor and have significant af-
finity at the CTR/RAMP1 AMY; CGRP-responsive receptor. Our studies
are providing new insights into the pharmacology and spatial rela-
tionships of CGRP receptors in physiologically relevant tissues, and
collectively suggest that the AMY; receptor could be of importance
to CGRP activity in migraine.
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Objectives: Atogepant is a novel, oral CGRP receptor antagonist in
development for the prevention of migraine. This study evaluated
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the efficacy, safety, and tolerability of atogepant versus placebo for
the prevention of episodic migraine.

Methods: Multicenter, randomized, double-blind, placebo-controlled,
parallel-group study (NCT02848326). Adult patients with a history of
migraine, with or without aura, were included. Patients with 4-14 mi-
graine days in the 28-day baseline period were randomized 2:1:2:1:2:1
to placebo, atogepant 10 mg QD, 30 mg QD, 30 mg BID, 60 mg QD, or
60 mg BID, respectively, and treated for 12 weeks for the prevention of
episodic migraine. Primary efficacy endpoint was change from baseline
in mean monthly migraine days across the 12-week treatment period.
Safety and tolerability were evaluated.

Results: Of patients randomized (n=834), 825 were in the safety
population, and 795 were included in the primary efficacy popula-
tion. Mean age was 40.1 years; majority white (76.1%), female
(86.5%), and had not taken preventive treatment for migraine in the
past (n=593, 71.9%). At baseline, patients reported an average 7.67
(SD=2.49) migraine days. Mean change in migraine days across the 12-
week treatment period (adjusted p-values for comparisons versus pla-
cebo): placebo (-2.85), atogepant 10 mg QD (-4.00, p=0.0236), 30 mg QD
(-3.76, p=0.0390), 60 mg QD (-3.55, p=0.0390), 30 mg BID (-4.23,
p=0.0034), 60 mg BID (-4.14, p=0.0031). A total of 480 patients (58.2%) re-
ported treatment-emergent adverse events (AEs); 170 (20.6%) were con-
sidered treatment-related. The most common treatment-emergent AEs
were nausea, fatigue, constipation, upper respiratory tract infection, naso-
pharyngitis, urinary tract infection, and blood creatine phosphokinase in-
crease (reported in >5% of patients in at least one treatment group).
Seven patients (0.8%) reported serious AEs; none were considered related
to treatment. Following daily dosing, 11 cases of ALT/AST elevations >3x
the upper limit of normal were reported; the number of cases were bal-
anced across treatment groups (placebo [n=3], 10mg QD [n=2], 30mg
QD [n=1], 60mg QD [n=3], 30mg BID [n=1], 60mg BID [n=1]).
Conclusions: All 5 atogepant treatment arms showed statistically sig-
nificant differences from placebo in reductions from baseline in
mean migraine days across the 12-week treatment period. Reduc-
tions in mean migraine days and treatment differences versus pla-
cebo were clinically relevant. Atogepant was well-tolerated with no
treatment-related serious adverse events.
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Background and aim: A key element in the cluster headache (CH) at-
tack is activation of the trigemino-autonomic reflex of which the
vasoactive peptides calcitonin gene-related peptide (CGRP), vaso-
active intestinal polypeptide (VIP) and pituitary adenylate cyclase-
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activating polypeptide-38 (PACAP38) are known mediators. Here, we
investigated these peptides during CGRP induced CH attacks.
Methods: We included patients with episodic CH in bout (eCHa)-, in
remission (eCHr) and chronic patients (cCH). The study was con-
ducted as a randomized, double-blind, placebo controlled, two-way
cross-over study during which we measured CGRP, VIP and PACAP38
at baseline, in response to CGRP and placebo infusion. In addition,
we compared our baseline findings with historical data on migraine
patients and healthy controls.

The study was approved by the Regional Committee on Health Re-
search Ethics of the Capital Region (H-15006836) and registered at
clinicaltrials.gov (identifier NCT02466334).

Results: In total 31 (9 eCHa, 9 eCHr and 13 cCH) patients completed
the study. Blood samples from 11 CGRP induced CH attacks were col-
lected. At baseline CGRP levels were significantly higher in eCHr pa-
tients compared to cCH patients (100.6 + 36.3 pmol/l vs. 65.9 + 30.5
pmol/l, p=0.0114), and post-hoc analyses revealed significantly higher
CGRP levels in eCHa (88.4 + 29.1 pmol/l, p<0.0001), eCHr (p<0.0001)
and cCH (p=0.0202) compared to controls (448 + 11.4 pmol/l).
PACAP38 levels in eCHa patients were significantly higher compared to
cCH patients (4.0 + 0.8 pmol/l vs. 3.3 £ 0.7 pmol/l, p=0.0326). We found
no change in PACAP-38 levels in response CGRP infusion or to CH at-
tacks. There was no difference in baseline levels of VIP in between CH
group. CGRP infusion caused a significant increase in VIP (p<0.0001),
but no additional increase was seen in response to attack.

Conclusion: This is the first study to investigate CGRP, PACAP38 and
VIP in all three disease states. The lower baseline levels of CGRP in
cCH patients suggest basic pathophysiological differences in be-
tween phenotypes.
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Background: Galcanezumab, a humanised monoclonal antibody
that selectively binds to the calcitonin gene-related peptide, was
superior to placebo in the prevention of episodic and chronic mi-
graine in three phase 3 studies. Medication overuse is common
among migraine patients. This study investigated medication over-
use in a post-hoc analysis of phase 3 placebo-controlled studies of
galcanezumab.

Methods: This post-hoc analysis comprised EVOLVE-1 and -2
(pooled), and REGAIN, which were phase 3, double-blind, rando-
mised, placebo-controlled studies in patients with episodic mi-
graine (4 to 14 monthly migraine headache days [MHDs]; EVOLVE-1
and -2) and chronic migraine (=15 monthly MHDs per month for >3
months; REGAIN). Patients in each study were randomised 2:1:1 to
monthly subcutaneous injections of placebo or galcanezumab 120
or 240 mg/month for 3-6 months. Headache medication overuse
was collected in the electronic patient-reported outcome diary and
determined using criteria adapted from the International Classifica-
tion of Headache Disorders third edition. Mean changes in MHDs
and the proportion of patients with medication overuse after ran-
domisation were estimated via mixed modelling.

Results: The number of patients with baseline medication overuse
in the placebo, galcanezumab 120-mg or galcanezumab 240-mg
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groups, respectively, was: 298 (39.5%), 140 (18.8%), and 139 (19.5%)
for EVOLVE-1 and -2, and 353 (79.5%), 178 (66.0%), and 177 (62.0%) for
REGAIN. Both galcanezumab doses demonstrated a statistically signifi-
cant improvement compared with placebo (p<0.001) for overall least
square mean change in monthly MHD in patients with baseline medi-
cation overuse (EVOLVE-1 and -2: placebo = -3.07; galcanezumab 120
mg = -5.89; galcanezumab 240 mg = -5.42; REGAIN: placebo = -2.46;
galcanezumab 120 mg = -5.29; galcanezumab 240 mg = -4.74). Patients
with baseline medication overuse had significantly lower average
monthly medication overuse rates for both galcanezumab doses rela-
tive to placebo (p<0.001) in all three studies (EVOLVE-1 and -2: placebo
= 39.5%; galcanezumab 120 mg = 18.8%; galcanezumab 240 mg =
19.5%; REGAIN: placebo = 79.5%; galcanezumab 120 mg = 66.0%; gal-
canezumab 240 mg = 62.0%). These findings were consistent with
those in patients without baseline medication overuse, as well as in the
overall intent-to-treat population in all three studies.

Conclusions: Both doses of galcanezumab significantly improved
mean monthly MHDs compared with placebo in patients with
baseline medication overuse. Average monthly medication over-
use decreased with galcanezumab compared with placebo in pa-
tients with baseline medication overuse. Galcanezumab is at least
as efficacious in patients who overuse acute medications as in
those who do not.

Trial registration: ClinicalTrials.gov Identifiers: NCT02614183, NCT02614
196, NCT02614261

Ethics approval

This study was conducted in accordance with the International
Conference on Harmonization Guidelines for Good Clinical Prac-
tice, the Declaration of Helsinki, and with approval by each insti-
tution’s ethical review board. Patients provided written informed
consent.
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Objective: We assessed the efficacy and safety of galcanezumab, a
humanized monoclonal antibody that selectively binds to calcitonin
gene-related peptide (CGRP), in individuals with episodic cluster
headache.

Methods: This study comprised a screening period; a prospective
baseline period; an 8-week, double-blind, placebo-controlled treat-
ment period; and a washout period. We present findings from the
double-blind treatment period. Participants were randomized 1:1 to
galcanezumab 300 mg (N=49) or placebo (N=57) subcutaneously
(SC) once monthly. The primary endpoint was overall mean change
from baseline in weekly cluster headache attack frequency across
Weeks 1- 3. The key (gated) secondary endpoint was the proportion
of participants achieving a reduction from baseline of >50% in
weekly cluster headache attack frequency at Week 3.

Results: The mean change in weekly cluster headache attack fre-
quency across Weeks 1-3 was -8.7 for galcanezumab versus -5.2 for
placebo (treatment groups difference in mean change, -3.5 [95% CI
-6.7, -0.2]; p=0.036). The percentage of participants achieving >50%
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reduction in weekly cluster headache attack frequency at Week 3
was 76% for galcanezumab versus 57% for placebo (p=0.04). Four
participants (8%) in the galcanezumab group discontinued during
the double-blind period versus 12 (21%) in placebo. In the placebo
group, 8 (14%) discontinued due to lack of efficacy versus 1 (2%)
with galcanezumab (p=0.036). There were no clinically meaningful
differences between treatment groups on tolerability or safety pa-
rameters except for a greater incidence of injection site pain with
galcanezumab versus placebo (8.2% vs 0%, p=0.043).

Conclusion: In individuals with episodic cluster headache, galcanezu-
mab reduced the weekly cluster headache attack frequency across
Weeks 1-3 and resulted in a greater percentage achieving a >50% re-
duction in the weekly cluster headache attack frequency at Week 3.
The safety profile of galcanezumab in this population was similar to
that seen previously in patients with episodic or chronic migraine.
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Introduction: Migraine with prolonged aura (PA - defined as an aura
including at least one symptom for >1hr) it is considered to be a
rare phenomena. Indeed, while the first version of the ICHD in-
cluded migraine with PA, the subsequent two versions of the ICHD
removed PA from the classification. Those auras with at least one
symptom lasting more than 60 minutes and less than 7 days are
classified as “probable migraine with aura (PA)”. The term “prob-
able” used in such classification indicates suspicion as to whether
the symptom is migraine aura and we feel it does not help to cat-
egorise auras of a longer duration. Moreover there is limited litera-
ture on PA with no prospective studies. The aim of this study is to
characterize prospectively the phenotype and prevalence of PA.
Results: Two hundred and twenty-four patients suffering from mi-
graine with aura were recruited from the Headache Centers of Pavia
and Trondheim. Patients prospectively described, on an ad hoc diary,
each aura symptom (AS), the duration of AS and headache, and head-
ache features. Seventy-two patients recorded three consecutive auras
in their diaries. 19 (26%) of patients suffered at least one PA. Out of 216
recorded auras, 38 (17%) were PAs. We compared PAs with non-PAs
with respect to 20 features (Table 1); PAs were characterized by a
higher number of non-visual symptoms (non-VS) (p<0.001). No other
differences were found. We obtained similar results when we compared
auras with at least one symptom with a duration of >2 hrs (n=23) or >4
hrs (n=14) with the the others (n=193 and n=202 respectively). Five per
cent of aura symptoms were longer than four hours.

Conclusion: PAs are quite common representing 17% of all auras and
occurring in 26% of patients. PAs phenotypically are similar to other
auras except for a higher number of non-visual symptoms (non-VSs).
This latter finding is not surprising if we consider that an AS with a lon-
ger duration is likely related to a cortical spreading depression (CSD)
that proceeds along a longer path on the respective brain area. Such
CSD therefore will involve more easily other adjacent brain areas, con-
ferring a higher number of non-VSs to PA. The substantial phenotypical
similarities between PA and the other auras is maintained also when
we increase the limit of duration to 2 and/or 4 hrs.
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Table 1 (abstract 06). Characteristics of PA (auras with at least 1
symptoms lasting >1 h) and NON-PA

Variable PROLONGED NON-PA Sig.
AURAS (PA)
Number 38 178
Visual symptoms (VS) 37(97) 175 (98) 069
- DVP 19 (50) 77 (43) 044
« Positive 23 (60) 119 (67) 045
« Negative 12 (31) 70 (39) 037
- Number of elementary visual 197 (1.05) 1.94 (0.93) 0.83
disturbance/ per aura
Sensory symptoms (SS) 26 (68) 49 (27) <0.0001
Dysphasic symptoms (DS) 12 31) 10 (7) <0.0001
Number of symptoms (VS, SS, DS)/aura <0.0001
.1 10 (26) 127 (71)
.2 19 (50) 46 (26)
-3 9(23) 503)
Time relation between aura symptoms 028
in one aura
« B* starts simultaneously with A* 11 (42) 14 (27)
« B starts during A 11 (42) 18 (37)
« B starts when A ceased 2(8) 5(10)
« B starts after an interval of time after A 2(8) 12 (24)
has ceased
Headache 38 (100) 159 (83) 0.10
« Started before/together with Aura (n=157) 7 (22) 27 (21) 0.88
« Intensity (n=192) 23(08) 22(08) 059
« Unilateral pain (n=192) 27 (75) 100 (64) 0.21
« Throbbing pain (n=187) 17 (47) 71 (47) 0.98
« Pain aggravated by physical activity 27 (73) 98 (65) 032
(n=189)
- Associated symptom: nausea (n=192) 23 (62) 101 (65) 073
« Associated symptom: vomiting 8(23) 25 (16) 035
(n=189)
« Associated symptom: photophobia (n=192) 29 (78) 126 (81) 0.68
- Associated symptom: phonophobia (n=191) 23 (62) 99 (64) 081
« Associated symptom: osmophobia (n=189) 6 (43) 53 (34) 031

Data are presented as means (SD) for continuous data and as n (% of column) for categorical
data. DVP: disturbances of visual perception (i.e. blurred/foggy vision, ‘like looking through
heat waves or water, deformed images,...). . Aln the analysis, the authors dissected every visual
into elementary disturbance as reported by Viana et al. 2017 (Cephalalgia 37: 979-989). *A and
B can be referred to 1st and 2nd aura symptoms or 2nd and 3rd aura symptoms (67 auras had
at least 2 symptoms, 14 auras had 3 symptoms). When two symptoms started simultaneously,
we designated the first completing symptom as A
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Introduction: Factors implicated in the evolution of episodic mi-
graine (EM) into chronic migraine (CM) are mostly elusive. Medication
overuse (MO) is considered to be one of the main determinants, but
other possible clinical and psychological factors can play a role. The
aim of this study was to identify some of these factors.
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Method: We enrolled consecutive migraine patients in two groups: long
history of episodic migraine (EM) and CM with medication overuse (CM-
MO) and compared their clinical (n=49) and psychological variables (n=8)
in a cross-sectional study. The study was approved by the Local Ethic
Committee (on 5™ March 2014) and informed consent was obtained
from all the patients.

Results: Three hundred and eighteen patients were enrolled, of
which 156 were EM and 162 were CM-MO patients. The mean age
was 42.1+10.3, 80.8% were female. The duration of migraine (before
CM-MO onset in the CM-MO group) was 24.6 years in EM and 24.0
years in CM-MO (p=0.57). After the multivariate analysis (Table 1), the
factors associated to CM-MO were: age of onset of migraine (earl-
ier), use of at least one migraine preventive medication, marital
status (married or separated/divorced/widowed marital status ver-
sus unmarried), physical inactivity, history of depression, insomnia
associated to use of hypnotics (versus absence of insomnia), previ-
ous use of migraine preventive medications, traumatic head injur-
ies, snoring, use of combined oral contraceptives and childhood
traumas.

Conclusion: We considered several aspects that may be involved in
the development of CM-MO. A multivariate analysis identified ten
factors belonging to five different areas (migraine history, socio-
demographic/lifestyle habits, medical history, gynaecological and
psychological factors), meaning that CM-MO onset is likely influenced
by a complex mixture of factors. This information is useful when
planning strategies to prevent and manage CM-MO.

Funding
This work was supported by grants of the Italian Ministry of Health to RC
2013-2015.

Table 1 (abstract 07). Second multivariate logistic regression equations
performed for predicting the tendency to be a CM-MO versus EM patient

Variable Sign OR 95% Cl
SOCIO-DEMOGRAPHIC and LIFESTYLE VARIABLES
Marital Status
- Single Ref
- Married 0.002 365 (1.63-8.19)
- Separated/divorced/Widowed 0.031 419 (1.13-1547)
Physical Activity 0.029 042 (0.19-091)
MIGRAINE CHARACTERISTICS
Age of onset 0.016 0.94 (0.89-0.98)
Use of at least one migraine preventive medication (whenever for EM, 0.014 236 (1.18-4.71)
before chronification + MO onset for CM-MO)
OBSTETRICIAN AND GYNECOLOGICAL HISTORY
Combined Oral Contraceptives (previous/current use vs absent use) 0.031 338(1.10-10.3)
FAMILY HYSTORY
Family history for headache 0.082 2.63 (0.88-7.86)
MEDICAL HYSTORY
Depression 0.012 291 (1.25-6.73)
Traumatic head injuries 0.002 354 (1.57-7.99)
Insomnia
-no Ref
- only insomnia 0.94 1.02 (0.47-2.20)
- insomnia + use of hypnotic drugs 0.006 5.59 (1.65-1893)
Snoring 0.036 224 (1.05-4.79)
PSYCHOLOGICAL VARIABLES
Childhood Trauma Questionnaire (total score) 0.012 148 (1.09-2.02)
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Background

Although botulinum toxin A is an established preventive treatment
for migraine, its toxicity and the unwanted muscle paralysis are
major limitations of the achieved efficacy. Recombinant botulinum
Clostridial chimeras that lack this paralytic effect, have been recently
developed. Of them, BiTox preserves its inhibitory actions on neuro-
transmitter release from sensory neurons, while it lacks muscle para-
lytic effects. In this project we aimed to investigate the long-term
actions of BiTox in the trigeminal ganglia and trigeminocervical sys-
tem (TCC) in migraine animal models.

Methods

In male rats, Bitox (200 ng) or saline were injected over the peri-
orbital areas (100 nl). Seven days later, mechanical (von Frey) and
electrical trigeminovascular activation thresholds were assessed bilat-
erally on first order neurons in the trigeminal ganglia by means of
extracellular electrophysiology, by a researcher blinded to experi-
mental groups. In a separate set of experiments, seven days follow-
ing injections, the superior sagittal sinus was electrically stimulated
and TCC tissue was collected and processed for the presence of Fos
-positive cells, using a standard immunohistichemistry protocol. Cell
counting was performed by a researcher blinded to experimental
groups.

Results

In first order neurons in the trigeminal ganglia, BiTox significantly in-
creased the mechanical thresholds of Ad-fibers compared to saline (P
< 0. 005). Electrical activation thresholds, assessed as the minimum
voltage required to induce evoked action potentials, were signifi-
cantly increased in the BiTox treated group compared to saline in
both A8- and C-fibers (P < 0. 005). The number of Fos-positive cells
was significantly lower in the TCC tissue collected from animals
treated with BiTox, compared to the saline treated group (P < 0. 05).
Conclusion

Non-paralytic botulinum-like molecules can be important modulators
of trigeminovascular nociceptive processing, offering a promising
and significant advancement in the preventive therapeutic options
for migraine patients.

Ethics Approval

All experiments were conducted under UK Home Office project li-
cence in accordance with the Animal (Scientific Procedures) Act
(1986) and conformed to the ARRIVE guidelines. All researchers in-
volved in the conduction of experiments were personal licence
holders and approval was granted by the King's College London Ani-
mal Welfare and Ethical Review Board.
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OBJECTIVES: Migraine can be associated with increased risk for
stroke and white matter (WM) abnormalities, though the linking
mechanisms remain unknown. Diffusion MRl is a powerful method to
study microstructural changes in WM non-invasively. Diffusion tensor
imaging (DTI) studies have revealed conflicting whether WM integrity
is altered in migraine patients. We investigated the normal-appearing
WM in migraineurs using diffusional kurtosis imaging (DKI), a clinically-
feasible extension of DTI, which also examines the non-Gaussian diffu-
sion effects of water known to occur in the brain.

METHODS: The local institutional review board approved a retro-
spective analysis of 3-T MRI diffusion data (1.7x1.7mm in-plane reso-
lution, 3.0mm slice-thickness,50 slices, b = 0, 250, 1000, & 2000 s/
mm? along 84 diffusion directions, TR/TE = 3500/95ms) of 49 mi-
graine patients (age range 21-65, mean 40.65 +/- 12.77 years; 8 male)
and 37 non-migraine controls (age range 18-64, mean 41.16 +/-
13.11 years; 11 male). Migraine diagnosis was assigned using ICHD-3
criteria. Patients were also divided in 2 groups: episodic migraine
(EM) and chronic migraine (CM). Diffusion data was processed to
generate parameter maps of standard DTl metrics (mean, radial, axial
diffusivity and fractional anisotropy), as well as mean, radial and axial
kurtosis (MK, RK & AK). Using Tract-Based Spatial Statistics (TBSS),
skeletonized voxel-wise analysis was performed to identify areas of
differences between the groups for the diffusion metrics using FSL's
'randomise’ feature while co-varying for age and gender.

RESULTS: Of the 49 migraine patients, 20 reported chronic migraine
(CM) (age range 21-58, mean 40.05 +/- 11.84 years; 4 men), and 29
reported episodic migraines (EM) (age range 22-65, mean 41.07 +/-
13.60 years; 4 men). Sixteen patients, with age ranging from 22 to 65
(mean 36.87 +/- 13.32; 3 men), reported migraine with aura. TBSS
analysis revealed significantly (p < 0.05) decreased RK and increased
AK in migraineurs compared to controls. Secondary TBSS analysis
also found significantly increased AK, and decreased RK in EM com-
pared to controls, while we found no differences between CM and
controls, or between EM and CM. TBSS also found increased AK and
MK between migraineurs with aura (MA) and without aura (MO),
while RK was decreased in both MA and MO compared to controls
and MA. No changes were found in any DTl metric.

CONCLUSION: This cross-sectional study found DKI parameters being
more sensitive than DTl parameters in detecting WM alterations in
migraineurs compared to controls. Changes were found in the genu
corpus callosum, corona radiata and internal capsule, regions previ-
ously (with DTI) shown to be affected in migraine. Remarkably, the
observed increase in AK in migraineurs versus controls is the same
directional change (increase), though to a smaller extent, as seen in
acute stroke infarcts compared to normal appearing white matter,
and potentially could be explained here by changes in the intra-
axonal environment. The decrease in RK, on the other hand, may
suggest myelin breakdown or atrophy. A prospective longitudinal
study to explore the role of DKI in predicting migraine course, dis-
ease progression and development of comorbidities is warranted.
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The origin of migraine pain is unknown but possibly implicates the
dura mater, which is pain sensitive in proximity to the meningeal ar-
teries. Therefore, subtle changes in vessel caliber on the head pain
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side could reflect activation of dural perivascular nociceptors that
leads to migraine headache. To test this hypothesis, we measured
circumference changes of cranial arteries in patients with cilostazol-
induced unilateral migraine without aura using 3T high-resolution
magnetic resonance angiography (MRA). The middle meningeal ar-
tery (MMA) was of key interest, as it is the main supply of the dura
mater. We also measured the superficial temporal (STA) and external
carotid (ECA) arteries as additional extracranial segments, and the
middle cerebral (MCA), the cerebral and cavernous parts of the in-
ternal carotid (ICA erepral aNd ICA avernous), and the basilar (BA) arteries
as intracranial arterial segments. MRA scans were performed at base-
line, migraine onset, after sumatriptan, and >27 hours after migraine
onset.A total of 30 patients underwent MRA scans, of which 26 pa-
tients developed unilateral attacks of migraine without aura and
were included in the final analysis. Eleven patients treated their mi-
graine with sumatriptan while the remaining 15 patients did not
treat their attacks with analgesics or triptans.

At migraine onset, only MMA exhibited greater circumference in-
crease on the pain side (0.24 + 0.37 mm) compared to the non-pain
side (0.06 = 0.38 mm) (p=0.002). None of the remaining arteries re-
vealed any pain-side specific changes in circumference (p>0.05), but
exhibited bilateral dilation. Sumatriptan constricted all extra-cerebral
arteries (p<0.05). In the late phase of migraine, we found sustained
bilateral dilation of MMA.

In conclusion, onset of migraine is associated with increase in MMA
circumference specific to the head pain side. Our findings suggest
that vasodilation of MMA may be a surrogate marker for activation
of dural perivascular nociceptors, indicating a meningeal site of mi-
graine headache.
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Background: Erenumab has recently been approved by the US Food
and Drug Administration as a monoclonal antibody against the calci-
tonin gene-related peptide (CGRP) receptor for migraine-specific pre-
ventive treatment. Identifying those patients with the greatest
potential to benefit from erenumab treatment could have a major
impact on clinical practice. CGRP provokes migraine attacks and the
question is whether hypersensitivity to CGRP infusion might be a
predictor of erenumab efficacy, serving as a biomarker of treatment
efficiency.

Obijective: To explore a possible correlation between individual effi-
cacy of anti-CGRP treatment and susceptibility to migraine induction
by CGRP.

Methods: Thirteen migraine patients, previously enrolled in erenu-
mab anti-CGRP receptor monoclonal antibody trials, received CGRP
in a double-blind, placebo-controlled, randomized design to investi-
gate their susceptibility to migraine induction. A standardized ques-
tionnaire was used to assess efficacy of antibody treatment. The
patients were stratified into groups of high responders and poor
responders.

Results: Ten high responders and three poor responders were in-
cluded. CGRP induced migraine-like attacks in ten (77%) patients,
whereof two were poor responders, compared to none after placebo
(p=0.002). The area under the curve for headache intensity was
greater after CGRP, compared to placebo, at 0-90 min (p=0.009), and
2-12 h (p=0.014). The median peak headache intensity score was 5
(5-9) after CGRP, compared to 2 (0-4) after placebo (p=0.004).
Conclusions: Patients with an excellent effect of erenumab are highly
susceptible to CGRP provocation. A large-scale prospective CGRP
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provocation study in patients should confirm whether hypersensitiv-
ity to CGRP could be a biomarker for predicting antibody treatment
efficacy.

Trials Registration number: ClinicalTrials.gov identifier: NCT03481400.
Ethics approval and consent

The study was approved by the Ethics Committee of the Capital Re-
gion of Denmark (H-16014580) and is registered at ClinicalTrials.gov
(NCT03481400). All participants provided written informed consent
to participate in accordance with the Declaration of Helsinki of 1964,
with later revisions.
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Background:

Post stroke headache (symptomatic headache, ICHD 6.1-6.2.) has not
been investigated in Germany. According to previous European and
American studies it is a common accompanying sym