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Abstract This key note lecture illustrates the role of clini-
cal developments in stimulating research and discovery in
the area of the pathophysiology of cluster headache (CH)
and other trigeminal autonomic cephalalgias (TACs),
reviewing the physiological, biochemical and neuroimag-
ing data that have suggested involvement of the hypothala-
mus in CH pathogenesis. These findings suggested the use
of deep brain stimulation as a treatment for chronic drug-
resistant CH. The typical circadian and circannual perio-
dicity of CH attacks were the fundamental clinical charac-
teristics that shifted focus from peripheral hypotheses to
the idea of central origin for this headache form. Functional
neuroimaging demonstrated that TACs are associated with
activation of the posterior hypothalamus and there is clini-
cal evidence that patients who suffer from CH have altered
biological rhythms. Furthermore, the principal seat of bio-
rhythm regulation – the hypothalamus – is known to have a
modulatory role on nociceptive and autonomic pathways,
specifically trigemino-vascular nociceptive pathways.
Future research will elucidate why neuromodulatory
approaches are effective in CH and other TACs, determine
whether the hypothalamus is itself the generator of CH
attacks, or whether it is activated in response to a generator
situated elsewhere, and identify pharmacological treat-
ments that directly target the hypothalamus.

Keywords Cluster headache · Central pain ·
Hypothalamus

Introduction

Over the last thirty years, notable progress has been made
in understanding the pathophysiology of several types of
primary headache, particularly cluster headache (CH).
Although the absence of suitable animal models for these
conditions has constituted a major impediment to progress,
the introduction of ever more sophisticated neuroimaging
techniques has greatly increased opportunities for investi-
gation. These opportunities have been exploited and as a
result not only has our understanding of several primary
headaches greatly enlarged, but an effective new therapeu-
tic modality – neurostimulation – has been established. 

Clinical aspects

One of the earliest recognisable descriptions of CH was
given in 1641 by the German physician Nicolas Tulp [1].
Later, in 1745, van Swieten [2] described patients with a
clinical syndrome that we would have no difficulty in recog-
nising as CH. The 20th century was characterised by sever-
al descriptions of strictly unilateral headaches with various
proposed names for them, as summarised in Table 1.
Sometimes these descriptions emphasised peculiar clinical
features; sometimes they reveal how the describing special-
ists (mainly otorhinolaryngologists) were struck by the vio-
lence of the pain. The pain was considered “neuralgic” and
its location was noted as in the facial area innervated by the
branches of the trigeminal nerve. The pain could be accom-
panied by parasympathetic and sympathetic manifestations.   

In 1952 Kunkle et al. [3] proposed that all these strict-
ly unilateral headache conditions were in fact one, and that
they should be subsumed under the term CH. In doing so
they emphasised characteristics that had been poorly
recognised or overlooked by other investigators, i.e., the
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circadian recurrence of the attacks and the circannual
recurrence of the attack bouts. This periodicity was the
fourth cardinal characteristic, which, in combination with
violent pain, strict unilaterality and concomitant autonom-
ic manifestations, established CH as a distinctive clinical
entity. And although CH is a condition of distinctive and
stereotyped clinical expression, it is this fourth character-
istic that the clinical researcher must bear in mind when
seeking to understand the pathophysiology of CH. 

By emphasising the periodicity of CH, Kunkle began
turning attention away from the pathogenetic theories of
headache that were in vogue at the time. These theories
had invoked vascular and peripheral nervous mecha-
nisms, but it was unclear how a vascular or peripheral
mechanism could explain the punctual recurrence of
attacks at fixed times of day or the re-appearance of
bouts of attacks at specific seasons.

In fact a new research direction was required: one that
concentrated on changes within the central nervous sys-
tem, and in particular the mechanisms regulating home-
ostasis and biological rhythms.

Peripheral pathogenetic theories

One notable theory of CH was that proposed by Horton in
1952. Horton coined the term “histamine headache” for
what he called a “new vascular headache syndrome” (in
fact CH) and suggested histamine as an abortive agent [4].
He proposed allergic and hyperergic mechanisms for the
condition and considered that histamine treatment would
work by a desensitising mechanism. Several clinical
observations in fact pointed to histamine being involved in
CH [5]: during CH pain attacks, histamine levels are
increased in blood [6] but not in urine [7]. Furthermore,
morphological studies had shown increased numbers of
mast cells in the scalp skin of patients with CH, prompting
the suggestion that local histamine release was involved in
the mechanism of the condition [8]. Whether or not these

phenomena are pathogenetically primary or simply
epiphenomena accompanying an attack, remains impossi-
ble to determine even today. It was certainly reasonable for
Horton, with the means available to him in the middle of
the last century, to suggest a cause–effect relationship
between the observed changes in blood histamine and the
headache. The error was to rely on just one blood variable,
but this was not the first time a similar mistake had been
made in the history of headache research. 

The histaminic desensitisation proposed as a treatment
by Horton proved ineffective and was soon abandoned. Anti-
histamine drugs, in particular H1 and H2 receptor blockers,
also proved ineffective in subsequent controlled trials.

Horton notwithstanding, mainstream thought back in
the 1950s and 1960s considered CH to be a variant of
migraine, and the principal pathogenetic theory of these
“vascular headaches” invoked changes in extra and
intracranial blood vessels. Vasoconstrictor ergot derivatives
were used to treat both conditions. If used promptly ergot
alkaloids are able to abort most CH attacks within a few
minutes of administration [9]. Ergotamine blocks the alpha
adrenoceptors present in the smooth muscle of extracranial
blood vessels and hence exerts a potent vasoconstrictive
action [10]. This vasoconstrictive action was considered to
explain the efficacy of rapidly acting (parenterally admin-
istered) ergot preparations to treat short-lasting headaches
[11]. It is not clear, however, that the vasoconstrictor action
of ergot alkaloids is responsible for the therapeutic effect.
One suggestion was that these substances are effective
against so-called vascular headaches because they block
neurogenically mediated plasma extravasation (giving rise
to sterile inflammation) at the level of the dura mater [12].
They would do this by the peripheral (presynaptic) block-
ing of small-calibre un-myelinated C fibres. 

The sterile inflammation theory was invoked to
explain both migraine and CH. However, even though
some headache forms have characteristics of both
migraine and CH (for example so-called “neuralgic hem-
icrania” and “cluster migraine”), these two conditions are

Table 1 The various names for cluster headache

Authors Date Name Other names

Romberg 1840 Description only
Mollendorff 1867 Red Migraine
Eulenburg 1878 Angioparalytic hemicrania
Sluder 1910 Sluder's syndrome Sphenopalatine neuralgia

Lower half headache
Bing 1913 Bing's headache Erythroprosopalgia

Bing's syndrome
Harris 1926 Migrainous neuralgia
Harris 1936 Ciliary neuralgia
Vail 1932 Vidian neuralgia
Gardner et al. 1947 Greater superficial petrosal neuralgia
Horton et al. 1939 Horton's headache Erythromelgia

1952 Horton's syndrome Histamine cephalalgia
Kunkle et al. 1952 CH



today considered separate. The International Headache
Society (IHS) views CH as clinically and pathogenetical-
ly distinct from migraine. 

In addition to parenteral ergotamine, oxygen has long
been recognised as an effective acute treatment for CH:
inhaling 100% oxygen is effective in aborting attacks in
most patients [13]. However the mechanism by which
oxygen works remains unclear. It had been suggested that
oxygen can reduce cerebral blood flow due to cere-
brovascular hyper-reactivity in headache patients [14].
More recently it was shown that oxygen has a direct
effect on inhibitory projections from the brainstem to the
central pain pathway. Oxygen also seems to normalise
the activity of hypothalamic neurons whose excitation or
inhibition may be responsible for both the pain and auto-
nomic manifestations of a CH attack [15–17].

It was not until the 1990s that attempts to unite
migraine and CH within a single pathogenetic umbrella
ceased. By that time it had come to be realised that the
vascular changes observed in the sinus cavernosus of
patients with CH were an aspecific aspect of the patho-
physiological process and only apparently of peripheral
origin. Any painful stimulation of the ophthalmic branch
of the trigeminal results in blood flow changes through
the sinus cavernosus as a result of the trigemino-
parasympathetic reflex, initially described in experimen-
tal animals [18]. The blood flow changes are therefore
secondary to the pain and not a cause of it. This realisa-
tion was important because earlier, at end of the 1980s,
another peripheral hypothesis for the genesis of CH had
been proposed, which suggested that the pain of CH was
due to inflammation within the sinus cavernosus [19, 20]. 

Sterile inflammation within the sinus cavernosus is
expected to be accompanied by the extravasation of plas-
ma proteins into the surrounding tissue. However a recent
SPECT/MRI study [21] found no indication of plasma
protein extravasation into the cavernous sinus of CH
patients undergoing an attack, providing strong evidence
against the sinus cavernosus theory.

Thus the peripheral theories failed to account satisfac-
torily for the pain and the autonomic phenomena that
accompany the pain. They also failed to account for the
predominance of CH in men, and above all for the cyclic
recurrence of cluster periods and the regular timing of
attacks during a cluster period (for example they often
develop during the REM phase of sleep, waking the
patient). Furthermore the extreme agitation and sometimes
aggression often displayed by patients during an attack
seem unlikely to be due to pain of purely peripheral origin. 

Central pathogenetic theory

One of the key observations that first directed researchers
towards the idea of a central origin of CH was the find-

ing that lithium is an effective prophylactic for both
episodic and chronic CH attacks. Ekbom and Kudrow
first proposed lithium in CH – a cyclic disorder – based
on its efficacy in cyclic affective disorders. 

In 1974 Ekbom [22] published results on five CH
patients (three with chronic CH) treated with lithium for
over 18 months. All responded dramatically to the treat-
ment, but after it was discontinued the CH attacks re-
appeared. Re-starting the treatment brought renewed
benefits. However results were better in those with the
chronic form of CH. In 1977 Kudrow [23] published a
study on the effects of lithium carbonate for around 32
weeks in 32 patients with chronic CH. Treatment was
stopped in 4 patients due to side effects, but improvement
occurred in 27 of 28 patients. Of the 26 patients who
completed the study, 11 (42%) improved by 60%–90%,
14 (54%) by over 90% and only 1 patient did not
improve.

These studies indicate that lithium carbonate is an
effective prophylactic drug for chronic CH: improvement
is generally seen within a week of starting treatment and
continues throughout the treatment period. However
some patients on lithium experience 3–4-day periods
every 3–6 weeks during which mild headaches occur. In
some cases also, patients on lithium experience recur-
rence of moderate or severe CH attacks without any
change in the lithium maintenance dose (which is deter-
mined by clinical response, side effects and lithium plas-
ma levels). Kudrow noted that lithium did not prevent
alcohol-induced attacks, suggesting that lithium blocks
the central mechanisms responsible for spontaneous
attacks, but does not interfere with peripheral mecha-
nisms [24]. Other studies have confirmed that lithium
carbonate is effective in a high proportion of patients
with both episodic and chronic CH [25]. 

How does lithium exert its effect in CH? It is known
that lithium accumulates in the hypothalamus, particular-
ly in the area concerned with the regulation of body tem-
perature [26]. There is also evidence that lithium modu-
lates the metabolism of cortical, hippocampal and hypo-
thalamic serotonin [27, 28], the encephalin system, and
the structure of sleep and sleep–wake rhythms [29].
These data point to lithium having an effect in CH and
bipolar syndrome via a direct central effect [30, 31] on
the hypothalamus, a centre that modulates the nervous,
endocrine and immune systems [32]. 

It has also been shown that verapamil is highly effec-
tive in CH prophylaxis. According to Solomon [33] the
major therapeutic advances in CH therapy over the last
25 years are: subcutaneous sumatriptan for acute attacks,
verapamil as the first-choice drug for the prevention of
both episodic and chronic CH [34], and more recently
hypothalamic stimulation effective in treating intractable
chronic CH [35]. It is intriguing that verapamil, a drug
pharmacologically so different from lithium, is so effec-
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tive in CH prophylaxis. We have noted that lithium inter-
feres with the metabolism of several neurotransmitters,
including serotonin. Long-term administration of lithium
modifies the pattern of serotonin release in the rat brain
with spontaneous serotonin release being reduced in the
hippocampus and hypothalamus [28]. Lithium also
favours tryptophan uptake in various brain areas but not
the cortex [36]. With regard to verapamil, it is notewor-
thy that it is useful in the treatment of endogenous
depression [37] and is also able to reduce anxiety and
behavioural disturbances of central origin [38].
Verapamil is a calcium antagonist that interferes with
slow calcium channels (voltage-operated channels).
Recent observations indicate that verapamil has minimal
activity on vascular structures. In patients with CH, ver-
apamil causes minimal changes in cerebral blood flow
that are smaller than those induced by other calcium
antagonists that are less effective in CH than verapamil,
suggesting that verapamil is effective in CH by exerting
effects other than those on the vascular bed [39]. Other
studies show that verapamil modulates the activity of
central neurons via interactions with muscarinic, sero-
toninergic and dopaminergic receptors [40, 41]. For
example, verapamil inhibits presynaptic receptors on
hypothalamic noradrenergic neurons, thereby increasing
norepinephrine levels in the hypothalamus; it also
inhibits the release of cerebral dopamine by antagonising
D2 receptors [42]. The opioid system appears particular-
ly sensitive to verapamil. At high doses, verapamil mod-
ifies the analgesic effect of morphine, and at low doses it
modulates the inhibitory activity of hypothalamic pep-
tides on morphine analgesia [43]. In fact verapamil
seems able, after a brief latency, to restore the correct
function of the analgesic system in the presence of excess
hypothalamic peptides [43]. 

Verapamil is more rapid in action than lithium, both
in CH prophylaxis and in relieving depression, probably
because lithium acts mainly to restore serotoninergic
tone [44], while verapamil acts mainly on the opioid sys-
tem [43]. Both serotonin and opioids are concerned with
the modulation of pain pathways and act by inhibiting
pain perception. 

Recently the locus coeruleus and dorsal raphe nucle-
us of the brainstem have been implicated in the pathogen-
esis of CH attacks [45, 46]. These nuclei function both to
modulate pain input from the trigeminal nucleus and to
modulate the vascular activity. In the rat, the hypothala-
mus receives noradrenergic fibres from the locus
coeruleus and serotoninergic fibres from the dorsal raphe
nucleus [47]. Dysfunction in these nuclei could therefore
give rise to altered monoaminergic regulation of the
hypothalamus and hence explain the onset of CH. It is
noteworthy that lesions to the dorsal raphe nucleus can
reduce serotonin levels in the hypothalamus by 70% – an
observation of particular interest given that the suprachi-
asmatic nucleus is the hypothalamic area most rich in

serotonin, and is also implicated in the neuroendocrine
alterations that occur in CH [48]. A dysfunction of the
monoaminergic pathways that links the hypothalamus to
the brainstem could explain this pathology.

The role of hypothalamus

The hypothalamus has a volume of only 4 ml (0.3% of
the entire brain) yet is involved in a plethora of functions
mainly concerned with maintaining homeostasis. These
include hormone synthesis, autonomic nervous system
regulation (and hence the cardiovascular system), tem-
perature regulation, and the control of biologic rhythms,
behaviour and arousal [49]. The hypothalamus is richly
supplied with blood and is sensitive to chemical messen-
gers (including neurotransmitters) in the blood and cere-
brospinal fluid, as well as neurotransmitter inputs from
neurons. Afferent and efferent nerve fibres connect the
hypothalamus to various other CNS structures including
the cerebral cortex, thalamus, hippocampus, amygdala,
septal area, periaqueductal grey and dorsal horn of the
spinal medulla [50]. Connections with the solitary nucle-
us, medial rostroventral medulla, periaqueductal grey
and nucleus raphe magnum integrate with cortico-limbic
structures involved in the affective and cognitive aspects
of pain [51]. The hypothalamic medial preoptic nucleus
has projections to the periaqueductal grey, raphe mag-
num and rostroventral medulla. The medial preoptic
nucleus is known to play a key role in autonomic
responses to pain and its stimulation inhibits responses of
spinal neurons to painful stimuli [52]. Stimulation of the
medial hypothalamus also inhibits responses of spinal
medulla neurons to peripheral painful stimuli [53], as
does electrical stimulation of the hypothalamic paraven-
tricular nucleus [54].

It is also known that stimulation of the anterior hypo-
thalamus suppresses responses of wide dynamic range neu-
rons in the dorsal horn to painful stimuli [53]. Finally injec-
tion of opioids into the posterior, preoptic and arcuate
nuclei of the hypothalamus provokes an increase of the
pain threshold [55]. These examples serve to emphasise the
fundamental role of the hypothalamus in pain perception. 

Modern neuroimaging studies have directly implicat-
ed the hypothalamus in CH. PET and functional MRI
studies have demonstrated that the posterior hypothala-
mus is activated during both spontaneous and provoked
attacks [52] of CH and short-lasting unilateral neuralgi-
form headache attacks with conjunctival injection and
tearing (SUNCT). It has also been shown that this brain
area has a minimal but permanent structural anomaly in
CH patients [56–58].

Based on these neuroimaging findings and on the
clinical and pharmacological data reviewed above, elec-
trode stimulation of the posterior hypothalamus was pro-
posed as a treatment of chronic CH in patients unrespon-
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sive to medication [59]. This stereotactic neurosurgical
technique has proven to be effective in controlling
headache attacks in most patients, providing further con-
vincing evidence that the hypothalamus plays a major
role in CH pathophysiology [60]. 

Conclusions

Medical knowledge is acquired piecemeal, in small steps,
and for patients it often seems that these steps are exces-
sively small. Progress comes from new findings in basic
science, from technological innovation – a good example
being the diagnostic revolution brought about by function-
al neuroimaging – and also from the observations of clini-
cians skilled in interpreting the vague symptoms reported
by their patients and in painstakingly building up an ever
more complete picture of an illness. The remarkable
progress in understanding CH in recent years is due to
close collaboration between clinicians and basic scientists.
As Louis Pasteur noted, “Science proceeds by successive
answers to questions more and more subtle, coming near-
er and nearer to the very essence of phenomena.”  It seems
that we are approaching the true essence of CH. It has
been established that the hypothalamus is intimately
involved in the pathophysiology of the CH. However a
question that future research must seek to answer is
whether the hypothalamus is itself the generator of CH
attacks, or whether it is activated in response to a genera-
tor situated elsewhere. Effort should also be directed to
understanding why and how neuromodulatory approaches
are effective in CH and other trigeminal autonomic cepha-
lalgia (TACs). We expect that this work will enable us to
relieve the suffering of almost all TAC patients, instead of
just the majority of patients, as is presently the case.
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Abstract Migraine and stroke are two common and preva-
lent diseases. The relationship between them is an ongo-
ing, intriguing matter of debate. About 40 years ago, some
different reports on this topic raised the question of the
existence of a relationship between the two diseases. To
date the existence of a comorbidity between migraine and
ischaemic stroke is supported by population and clinical
series studies. Literature data on this subject are reviewed
in this report.

Keywords Migraine · Ischaemic stroke · Comorbidity

Introduction

The search for a link between migraine and stroke became
particularly active over the last decades of the previous
century. Through differently designed and aimed pub-
lished reports [1–4], an intriguing question arose: is there
any “relationship” between “migraine and stroke”? The
ensuing immense body of research on this topic conclud-
ed with a broad international agreement on the existence
of a “comorbidity” between migraine and stroke [5]. In
fact, the term comorbidity appeared as the most appropri-
ate to define the complex and heterogeneous interrelation
between these two common and prevalent diseases.

However, is the existence of a “migraine and stroke”
comorbidity supported to date? To answer this question,
the evolution of scientific evidences on the issue will be
briefly reviewed in this report. 

Methods

The interrelation between migraine and stroke is multifac-
eted. The existence of stroke syndromes or isolated stroke
that may present themselves with clinical features typical
of migraine is well known. They are noteworthy for both
diagnostic clinical implications and pathophysiologic
mechanism suggestions.

When examining the interrelation between migraine
and stroke, a main interest is to define if and how a usual-
ly benign disease can evolve into a malignant one. In fact,
most of the studies in this issue aim to answer the follow-
ing main questions:
– Can a stroke occur during the course of a migraine

attack?
– Can migraine cause a stroke removed in time from the

migraine attack?
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– In both of the above hypotheses, does migraine act
alone or are other factors needed for stroke to occur?
Concerning this issue, we will firstly separate the lit-

erature data for migraine and haemorrhagic stroke from
that on migraine and ischaemic stroke.

Migraine and haemorrhagic stroke

A few studies have evaluated the relationship between
migraine and haemorrhagic stroke [4, 6–8]. Henrich et al.
[4], in 1986, in a community-based study including
patients of all ages, found that a history of any type of
migraine was not more common in patients with cerebral
infarction than in those with primary intracerebral haemor-
rhage. Two later studies failed to find any association
between migraine and haemorrhagic stroke in women [6,
7]; data are lacking in men [8]. So, to date the existence of
a relationship between these two entities is unproven [9].

Migraine and ischaemic stroke

Over the last two decades of the previous century, some
isolated reports [10, 11] and the Henrich et al. [4] study
prompted researchers to look for the existence of a hypo-
thetical relationship between migraine and IS. In report-
ing the study results, the literature data will separately be
reviewed for:
– migrainous infarction
– migraine as a risk factor for stroke.

Migrainous infarction

After some isolated case reports of “complicated
migraine” in migraine patients taking propranolol therapy
[10, 11], the first systematic case-control study concern-
ing “migraine stroke” was that of Bogousslavsky et al.
[12] in 1988. Twenty-two classic migraine patients who
developed an ischaemic stroke (IS) during their typical
migraine attacks were compared to two control groups:
one control group was formed by classic migraine
patients with IS occurring remotely from migraine
attacks, and the other one by IS patients without migraine.
There were 17 females and 5 males (mean age, 32.7
years) in the study group and 22 patients matched for age
and sex in each of control groups. The study and control
groups appeared to be comparable with regard to the eval-
uated vascular risk factors, whereas the evaluated poten-
tial causes of IS were significantly prevalent in control
groups. On the basis of these results the authors suggest-
ed that migraine itself was the most likely cause of IS in
their study group. Interestingly, a significantly prevalent
involvement of the posterior cerebral artery (PCA) territo-

ry was detected in the study group.
In that same year, migrainous infarction (MI) was pro-

posed by the International Headache Society [13] as a
complication of migraine, namely of migraine with aura
(MA).

In 1990 Welch and Levine [14] proposed to rename
this clinical entity “migraine-induced stroke”, thereby
stressing the potential role of migraine itself in inducing
the cerebral infarction; the proposal is asserted in a recent
textbook on headaches [9].

Actually, many features of MI support a probable
causal relationship between migraine and IS in this pecu-
liar disease:
– the occurrence of stroke during the course of a typical

migraine attack;
– the prevalent localisation of infarction in the PCA ter-

ritory, in accordance with spreading cortical depres-
sion cerebral involvement;

– the absence of all other causes of stroke.
In spite of some reports of cases of MI occurring in

migraine without aura (MO) patients [15–17], the ICHD-
II classification [18] confirmed MI as a complication of
MA alone.

So, to date a cause-effect relationship between MA
and IS in this pathologic event is supported.

From the above-mentioned and more recent reports
[19], the following picture of MI emerges: onset before 45
years, prevalence in females, possible presence of risk
factors for stroke (namely cigarette smoking and oral con-
traceptive (OC) use) and more frequent involvement of
the PCA territory.

Migraine as a risk factor for stroke

As mentioned above, when in 1986 Henrich et al. [4] per-
formed a community-based study concerning stroke and
migraine, they found that a history of any migraine was
no more common in patients with IS than in patients with
haemorrhagic stroke; however, a history of classic
migraine was somewhat more common in IS patients.

So, the same authors later addressed a search for the
existence of a relationship between migraine and IS [20].
Eighty-nine IS cases were matched to 178 control sub-
jects in a hospital-based study using more selective inclu-
sion patient criteria, such as age between 15 and 65 years
and diagnosis of classic or common migraine alone; both
sexes were included. The study resulted in a positive sig-
nificant association between classic migraine and IS
(OR=2.6), but not between common migraine and IS
(OR=1.3); 64% of the patients were men.

These data were not confirmed in 1993 by Tzourio et
al. [21] in a sample of 212 IS patients, aged 18–80 years,
and 212 controls. In fact, these authors failed to find any
association between either MA or MO and IS in the whole



sample, but suggested a significant association between
these subtypes of migraine and IS in women aged <45.

To verify this, the same authors two years later per-
formed what can be considered a basic study on this issue
[22]. The study, mainly designed to investigate the relation-
ship between migraine and IS in women aged <45, showed a
strong association between migraine and IS that persisted
after adjustment for the main vascular risk factors (adjusted
OR=3.5). MA patients were at higher risk (adjusted OR=6.2)
than MO patients (adjusted OR=3.0). Current use of OCs
and current heavy smoking significantly increased the risk.

Since then, patients aged under 45 have become the
focus of most of the following studies dealing with the
association between migraine and stroke [6, 23–25].
Overall, the results of these case-control studies have con-
firmed the existence of a significant positive association
between migraine and IS in young women, with a trend in
favour of MA. In fact, the two studies [23, 25] including
both sexes showed no significant association between
migraine and IS in young men. Recently Scher et al. [26],
in a population-based study, found a positive, but not sig-
nificant, association between migraine and IS also in
young men, but only if affected by MA.

Undoubtedly, young people appear to be more suitable
subjects in which to evaluate a potential relationship between
migraine and stroke; therefore many more studies were per-
formed in this subgroup of patients. However, available data
in older subjects [21, 27] failed to find any association
between migraine and IS in this subgroup of patients.

In this regard, the findings of two large cohort studies
[7, 28] in which the history of migraine was analysed sep-
arately from the active migraine are of interest. 

The authors, in their large samples of women aged 45
or older, failed to find any association between the history
of migraine and IS, whereas a significant association could
be seen in patients affected by active MA, and even more if
aged <55. Interestingly, in Scher et al.’s [26] study current
migraineurs, particularly with aura, showed a higher risk
profile for cardiovascular diseases compared with non-
migraine individuals; moreover, women with MA were
more likely to be current users of OCs than women without
migraine.

The prevalence of migraine varies by age, declining
sharply after the age of 50 [29]; so, to be “active
migraineurs” is less probable in the older age groups;
accordingly, as suggested, the risk of migraine-related IS
decreases with age [8, 17, 30], both in men and in women.
However, the recent MRI findings suggesting an
increased risk of subclinical brain lesions in migraine
patients [31, 32] has raised the possibility of migraine-
related consequences also in this age group.

Many more studies including only young females have
been published. Pooled together, the above data consis-
tently show that migraine, particularly with aura, is a risk
factor for IS in women under 45 years, mainly if they are
smokers and OC users.

Why MA in particular is associated to a higher risk for
IS is an intriguing, ongoing matter of debate. On this
issue, literature data will be summarised.

Migraine with aura and IS risk
Apart from some possibly distinctive pathophysiologic
mechanisms of MA, and Scher et al’s data [26] data, in
the last decade heterogeneous conditions dealing with
increased risk for IS have been associated with this sub-
type of migraine. Those most discussed are patent fora-
men ovale (PFO) and coagulation abnormalities.

PFO
A large body of scientific evidence showed a strong and
consistent association between PFO and MA [33, 34].
The complex and intriguing data concerning this issue are
discussed in other reports in this issue.

Coagulation abnormalities
Studies looking for the presence of haemostatic abnor-
malities and antiphospholipid antibodies in migraine
patients resulted in conflicting data [35]; when they were
present, however, the increased thrombotic risk was
detected mainly in MA patients [36].

Elevated values of plasma homocysteine, an athero-
genic host factor for stroke [37], were reported to be asso-
ciated with MA in two [38, 39] of the few studies [38–40]
on this topic; to date these data lack of consistency.

More interesting are the results of the studies aimed at
searching for genetic coagulation abnormalities in migraine;
among these MTHFR C677T and Factor V Leiden (FVL)
G1691A polymorphisms were the most frequently investi-
gated. Several case-control [41–44] and population-based
[39] studies agreed in showing a positive association
between the MTHFR 677TT genotype and MA, suggesting
this genetic mutation as a risk factor for MA.

To date, data to support this mutation as a risk factor
for IS are lacking [45]; interestingly, a positive associa-
tion between the mutation and IS has recently been
reported in younger subjects [46, 47]. Additionally, both
studies underlined the role of environmental factors, such
as smoking and OCs, which further increase the risk of
stroke. How carriers of MTHFR 677TT are supposed to
be at increased risk of IS is only speculative to date.

Elevation of plasma homocysteine could be a rational
link [48]; Pezzini et al. [44] suggested migraine as anoth-
er potential “link”, particularly in patients with sponta-
neous cervical artery dissection (sCAD) IS.

Studies concerning the prevalence of FVL mutation in
migraine resulted in conflicting data [36]. Interestingly,
this genetic variant significantly increased the risk of IS at
a young age when combined with OC use [47] or the pres-
ence of PFO [49].

It was recently suggested that the risk of IS, as of
migraine, increases when more unfavourable polymor-
phisms combine their effects [46, 50, 51].
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In migraine patients, Lea et al. [51] showed that the inter-
action between ACE I/D and MTHFR C677T gene variants
increased migraine susceptibility, mainly to MA. The ACE
I/D polymorphism is another potential candidate for the
pathogenesis of IS [45]. In stroke patients, the ACE D/D
genotype alone or in combination with the MTHFR 677T
allele was found to be highly specific for small deep infarcts
[50]. In migraine patients, the ACE D/D genotype was shown
to correlate with an increased MO attack frequency [52].

Finally, in recent years another interesting association
has been suggested [53, 54], between sCAD and migraine,
but mainly without aura.

Discussion and conclusions

The available literature data failed to support the existence
of any association between migraine and haemorrhagic
stroke, whereas the existence was consistently shown of a
causal association between MA and IS at a young age in
the MI category and of a positive significant association
between migraine, mainly MA, and IS at a young age,
mainly in females.

Secondary headaches with clinical features of
migraine have not been evaluated in this report.

So, ruling out haemorrhagic strokes, and not consider-
ing “secondary migraines”, noteworthy associations rise
between (primary) migraine and IS at a young age.

Therefore, what was once a questioned relationship
between “migraine and stroke” is to date a supported
comorbidity between “migraine and IS”.

Many questions remain unresolved:
– Is migraine really an “independent” risk factor for

(clinical and subclinical) IS?
– Are migraine and IS two separate phenotypic expres-

sions of shared genetic mutations or not?
– Is migraine an intermediate factor between PFO,

sCAD or genetic mutations and IS?
– How do these and the other heterogenous conditions

discussed above interact with each other and with the
pathophysiologic mechanisms of migraine?
In conclusion, the term comorbidity still appears to be

the most appropriate to define the complex association
between migraine and stroke, but it is supported only for
migraine and IS. Whether this comorbidity should now be
further restricted to migraine and IS at a young age can be
questioned [55, 56].
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Abstract The use of oral contraceptives (OCs) confers an
increased risk for ischaemic stroke (IS). This risk slightly
decreases, but remains significant, if low-dose formula-
tions are used, particularly if other risk factors, such as
hypertension or smoking, are associated. Some inherited
prothrombotic conditions (e.g., Factor V Leiden,
G20210A prothrombin or methylenetetrahydrofolate
reductase C677T polymorphism) could also greatly
increase the IS risk if present in OC users. Migraine, par-
ticularly with aura, is an independent risk factor for IS,
and the patient’s IS risk is probably affected by other indi-
vidual risk factors (e.g., age, genetic predisposition to
thrombosis, presence of patent foramen ovale or enhanced
platelet aggregation) which seem to be over-represented in
migraine patients. IS risk among migraineurs is further
increased when OCs are currently used and can become
very high if associated with smoking. Consequently, in
2004 the WHO stated in its ‘Medical Eligibility Criteria
for Contraceptive Use’ that women suffering from
migraine with aura at any age should never use OCs.
Moreover, since the exposure to the effects of OCs may
greatly increase the IS risk in some migraine subpopula-
tions with specific personal characteristic, testing for these

risk factors may allow for more accurate stratification of
the population at risk before long-term use of OCs is pre-
scribed.

Keywords Migraine · Oral contraceptives · Stroke

Introduction

The potential thrombotic risk of combined oral contracep-
tives (OCs) appears to be strictly related to their hormon-
al dosage. Consequently, the ethinylestradiol (EE) content
has been progressively decreased from 100 µg in the ear-
liest formulations to 15 µg in the last ones. Three meta-
analyses [1–3] reported an increased summary risk for
ischaemic stroke (IS) in current users of all OC formula-
tions, ranging from 2.12 (95% CI 1.56–2.86) to 2.75 (CI
2.24–3.38). The use of low-dose OCs (≤50 µg EE) was
associated with a less elevated IS risk, ranging from 1.79
(CI 1.39–2.30) to 2.08 (CI 1.55–2.80).

The progestogen types gestodene and desogestrel have
been associated with a less elevated IS risk [1, 3] as com-
pared to levonorgestrel or norethisterone. In any case,
stratification by type of OC has revealed a similarly
increased OR for both oestrogen dosages (≥50 µg and <50
µg EE), and for both generations of progestins [2].

Acquired risk factors

An increased risk of cardiovascular events is associated
with the presence of hypertension, known hyperlipi-
daemias, or smoking in OC users. Accordingly, these con-
ditions are now considered contraindications to the use of
OCs, particularly in women over the age of 35 and obese
[4]. The association of hypertension or smoking confers a
2–3 fold increased IS risk in women who use OCs [3].
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migraine with aura (MA). Moreover, the IS risk in women
with migraine is probably affected by other individual risk
factors, such as age, genetic predisposition to thrombosis,
presence of patent foramen ovale (PFO) or enhanced
platelet aggregation.

Three studies [14–16] found a higher prevalence of
FVL in MA patients compared to healthy controls; never-
theless, only one [15] found a significant association. The
MTHFR 677TT and 1298CC genotypes are over-repre-
sented in migraine patients compared to controls [17].
This datum is still being debated: the incidence of the
677TT genotype for migraine in general (12%), for MA
(9%) and for migraine without aura (MO) (18%) did not
significantly differ from controls (13%). However, the
difference was significant when the TT frequency in MA
and in MO aura was compared [18]. Moreover, among
Caucasians, stratification by migraine subtype indicates
that the association between C677T variant and migraine
is attributed specifically to MA [19].

Over the last decade, PFO has been identified as an
independent risk factor for cerebral infarcts, particularly in
young adults with cryptogenic stroke [20]. Recently,
migraine was significantly associated to PFO in compari-
son to controls. At least 50% of MA sufferers presented a
PFO, and the shunts were larger in migraineurs than in con-
trols [21]. The association between MA and PFO brings an
increased risk of brain infarction (OR 4.72; CI 1.87–11.94)

Fig. 1 Risk of IS in women with migraine with
aura (white circle) and without aura (black circle)

Inherited risk factors

Some studies found that FV Leiden (FVL), prothrombin
(PT) G20210A and methylenetetrahydrofolate reductase
(MTHFR) 677TT polymorphisms may be risk factors for
stroke; on the contrary, other Authors did not consider
any of these conditions to be associated with an increased
risk of IS.

It is probable that common unfavourable genetic fac-
tors can greatly increase the susceptibility to IS when
associated with clinical risk factors. For example, current
smokers carrying FVL show an increased IS risk when
compared with non-smoking non-carrier subjects (OR
6.3; CI: 1.3–31.1) [5].

In OC users, compared with non-OC users, the presence
of an inherited prothrombotic background (at least one of
the polymorphisms FVL, G20210A PT or C677T MTHFR,
with a synergistic effect) conferred an IS risk of 22.8 (CI
4.46–116) [6]. In particular, carriers of FVL and carriers of
the MTHFR 677TT polymorphism had an IS risk of 11.2
(CI 4.3–29.0) and 5.4 (CI 2.4–12.00) respectively [5].

OCs and IS risk in women with migraine

Migraine is an independent risk factor for IS (Fig. 1)
[7–13]; this is particularly true for women suffering from
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[22]. Moreover, the presence of FVL or PT G20210A
mutations is an independent risk factor for cryptogenic
stroke in adults with PFO compared to healthy controls,
with ORs ranging from 4.5 [23] to 14.0 [22].

IS risk among migraineurs is increased even further
when OCs are currently used (RR 8.72; CI 5.05–15.05)
[13], and can become very high when associated with cig-
arette smoking [10]. Since MA patients have a higher IS
risk than MO patients, and the frequency and recency of
auras might further influence their risk when using OCs,
in 2004 the WHO stated in its ‘Medical Eligibility
Criteria for Contraceptive Use’ that women suffering
from MA at any age should never use OCs [4].

In conclusion, the exposure to the effects of OCs may
greatly increase IS risk in migraine subpopulations with
specific personal characteristics, e.g., patients showing
inherited prothrombotic mutations and right-to-left car-
diac shunts. Testing for these risk factors may allow for
more accurate stratification of the population at risk
before long-term use of OCs is prescribed.

However, IS is fortunately very rare in women of
reproductive age: all the ORs should be interpreted in the
context of the absolute risk.
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Abstract In the last ten years a considerable bulk of evi-
dence has accumulated on the relationship between
migraine, particularly migraine with aura, and atrial septal
defects, particularly patent foramen ovale (PFO). The
increased frequency of PFO in migraine with aura, which
almost parallels that found in stroke of unknown cause, the
fact that in migraine patients PFO tends to be larger than
in non-migraine controls and some positive results on
migraine severity obtained after PFO closure have spurred
speculation on a possible causal relationship. By applying
the criteria proposed by Bradford-Hill to establish causal-
ity between associated phenomena, we try to demonstrate
that PFO is not just a further example of migraine comor-
bidity but exerts a causal effect at least in the triggering of
aura.

Keywords Migraine · Patent foramen ovale · Transcranial
Doppler · Causation

Foramen ovale is an anatomical structure allowing physi-
ologic right-to-left shunt (RLS) during foetal circulation.
In over 70% of the general population, it comes to closure
after birth. In the remaining 30% of cases, such commu-
nication is left “patent”, i.e., “open”, and represents a
potential substrate for RLS during adult life [1]. Given its
high prevalence in the general population, patent foramen
ovale (PFO) cannot be considered a pathology itself.
Nevertheless, a consistent body of epidemiological evi-
dence has been suggesting a causal relationship between
PFO and those strokes where an evident cause cannot be
found, particularly in the young population [2]. In this
subset of patients, a PFO is found in more than half of
cases. Stroke clearly is a pathological condition and sec-
ondary prevention has to be pursued by every means, par-
ticularly in younger patients. So, there is little doubt that
a PFO has to be searched for in young patients with a
stroke of unknown origin [2]. But what about the
PFO–migraine relation? Indeed, a PFO is as prevalent in
migraineurs with aura as in stroke patients of less than 55
years [3, 4]. However, both migraine and PFO are com-
mon conditions and it is possible their association is no
more than chance. Moreover, migraine is not commonly
considered a threat as much as stroke is. Therefore, there
is no current indication to screen migraineurs for a PFO.
But if a causal link between migraine and PFO was
demonstrated, would it change our way of looking at
migraine? 

In 1965, Sir Austin Bradford-Hill proposed, in a semi-
nal paper [5], his well known criteria on the concept of
causation: strength, consistency, specificity, temporality,
biological gradient, plausibility, coherence, experimental
evidence and analogy. Such criteria can be advocated to
demonstrate that the PFO–migraine connection goes far
beyond the simple association by chance of two common
conditions.

The patent foramen ovale–migraine connection: a new perspective
to demonstrate a causal relation
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Strength and consistency

The first two criteria of Bradford-Hill stipulate that to
establish a causal relationship between two variables,
their association must be strong and consistent across
studies. Compared with non-migraineurs or migraineurs
without aura, patients with migraine with aura have been
invariably shown to have a RLS in about half the cases,
with quite narrow confidence limits, the figures ranging
from about 40% to about 60% [3, 4, 6–9]. It is perhaps
worth noticing that the migraine–PFO association is of
the same order of magnitude as that between stroke and
hypertension or hypercholesterolaemia and far greater
than that between stroke and diabetes [10].

Specificity

What is specifically associated with migraine with aura is
not so much the PFO but rather the RLS caused by PFO,
as is confirmed by the high prevalence of migraine found
in RLS caused by other conditions such as pulmonary
arteriovenous malformations (PAMVs). A number of
studies demonstrated a significant association between
migraine and hereditary haemorrhagic telangiectasia-
associated PAMVs [11, 12]. The strongest case for speci-
ficity is given by the fact that the association is limited to
migraine with aura and does not include migraine without
aura or tension headache [4, 7, 9].

Temporality

Little is known on the genetic and biological bases of
migraine, and it cannot be excluded that PFO and migraine
could be manifestations of a common underlying condi-
tion, like endothelial dysfunction [13]. PFO is a physiolog-
ical condition present well before birth and hence precedes
any clinical migraine attack occurring during life.

Biological gradient

The rule of biological gradient implies that an increment
in the load of the putative causative agent increases the

likelihood of the appearance of the phenomenon under
study. Schwerzmann and colleagues [15] have shown by
means of transoesophageal echocardiography (TEE) that
large shunts are nine times more frequent in migraine
patients than in controls. By using transcranial Doppler,
which allows a more quantitative measure of the amount
of shunted blood delivered to the brain vessels, Anzola
and colleagues were able to demonstrate, in a large cohort
of more than 400 patients, that the shunt entity follows a
gradient of increasing burden from controls to migraine
without aura up to migraine with aura and that patients
with both migraine and previous stroke have, on average,
the largest shunt [16] (Table 1).

Plausibility

It may therefore be plausible to hypothesise that: as PFO is
associated with cryptogenic stroke [1, 2], and migraine
increases the risk of stroke [16, 17], the underlying mecha-
nism linking stroke and migraine is represented by the
increased propensity of migraineurs to develop a paradoxi-
cal brain embolism because of a PFO. Wilmshurst and col-
leagues specifically addressed this issue in a recently pub-
lished study that assessed the prevalence of clinically rele-
vant atrial shunts in patients with past stroke, in patients
with migraine, in patients with both conditions and in
healthy controls [19]. The results showed, in line with the
findings of Anzola et al., that patients with migraine and
stroke had the highest likelihood of exhibiting a clinically
relevant shunt, which led the Authors to conclude that
“…the increased incidence of stroke in subjects with
migraine compared with the general population is because
they have a higher prevalence of large atrial shunts and
hence an increased risk for paradoxical embolism” [18].

Experimental evidence

The evidence provided by studies reporting the effect of
percutaneous PFO and PAVM [19] closure on migraine is
quite consistent in suggesting a possible benefit. This
applies not only to the oldest, retrospective studies [14,
20–27], but also to the only published prospective case-
control study [28] and to the recently published prospec-

Table 1 Age and shunt degree according to cerebrovascular disease (CVD) and migraine condition

No migraine Migraine

CVD– CVD+ CVD– CVD+

n 100 85 139 96
Sex, M/F 40/60 38/47 21/118 18/78
Age, mean±SD 48±17 55±14 36±14 42±11
Mean bubble count (SE) 38 (5) 55 (8) 72 (8) 123 (24)



tive randomised MIST study [29]. The latter failed to
demonstrate a significant resolution of migraine in the
interventional arm when compared to the sham one.
Nevertheless, when the 50% reduction in the number of
affected days was considered as a post hoc outcome meas-
ure, a significant difference between groups favoured the
interventional arm. However, results from both retrospec-
tive and prospective studies are in a sense contradictory,
given the reported proportion of patients with migraine
worsening or occurring de novo after PFO percutaneous
closure. For these reasons, further studies are clearly
needed to confirm and possibly extend these findings and
to assess the durability of the effects. 

Analogy and coherence

In analogy to the presumed mechanism underlying PFO
mediated strokes, it seems reasonable to hypothesise that
migraine with aura may be triggered by substances that
have escaped the pulmonary clearance, be these platelets or
other chemicals. The facilitating effect might occur either
through the induction of ischaemia or by direct stimulation
of migraine-generating centres. This theory could account
even for the mentioned migraine worsening in a proportion
of stroke patients who underwent PFO occlusion. The good
therapeutical response to clopidogrel in such patients sup-
ports the biological plausibility of this hypothesis in that
platelet activation could occur on the left atrial disc of an
occlusive device [30]. The general theory of the venous to
arterial bypass could hold also for patients without PFO
when the concentration of migraine-provoking substances
in the venous circulation overwhelms the filtering capacity
of the lungs [31]. Although admittedly speculative as a
general theory, it is nonetheless to be acknowledged that
the bubble test with TCD, which replicates the presumed
native mechanism, is able to trigger a typical attack of
migraine with aura in a small proportion of patients.

Summary

Migraine with aura tends to co-segregate with PFO; PFO in
migraine sufferers is larger than in non-migraineurs; the
association with PFO could be the main determinant of the
increased risk of stroke of female migraineurs; in shunt-asso-
ciated migraine (SAM), RLS may be a trigger for aura; and
closing PFO in SAM may provide a relief (how clinically
relevant and how long sustained are presently unknown). 

We conclude, based on the Bradford-Hill criteria, that
there is a causal relationship between the RLS due to a
PFO and migraine, in the “migraine–PFO connection”. 

Thus, should migraineurs be screened for the pres-
ence of a PFO? The answer should be “yes” if we intend
to offer migraineurs with a PFO a different treatment

compared to non-PFO patients, whether it be by medical
means (antiplatelets) or surgical treatment. That would be
plausible in two cases: (1) as an extreme attempt to atten-
uate migraine when refractory to adequate therapy and
(2) to reduce the excessive risk of stroke in migraineurs.
The validity of both points is to be demonstrated by
appropriate studies. We hope that commercial interests
will not prevail over scientific and clinical ones, and that
research will make its way unhindered to answer both.
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Abstract Patent foramen ovale (PFO) is a frequent find-
ing in migraine patients. The standard technique for PFO
diagnosis is actually trans-oesophageal echocardiography
(TEE). It requires the injection of a contrast agent unable
to pass the pulmonary filter; hence, it is possible to detect
a right-to-left shunt by observing the presence of the con-
trast medium in the cardiac left compartment. The tran-
scranial Doppler (TCD) device accurately measures the
blood flow velocities in different cerebral arteries. It can
record microembolic signals (MES) backscattered by
microbubbles travelling in the cerebral circulation, and
distinguish cardiac shunts from pulmonary shunts. The
number of MES is correlated to the entity of the shunt.
The near-infrared spectroscopy (NIRS) technique tracks
the changes in the concentration of oxygenated and

reduced haemoglobin in the brain tissue. PFO is revealed
by an alteration of the normal vasoreactivity pattern of the
subject during functional stimuli. Magnetic resonance
imaging (MRI) provides, at the same time, detailed
anatomical information and functional measurements.
MRI dynamic perfusion sequences can be used to reliably
detect PFO either by visual assessment or by signal-time
curves in the pulmonary artery and in the left atrium. A
good correlation between TEE and MRI grading scores
has been demonstrated, even though the interindividual
variability of performing the Valsalva manoeuvre could
greatly reduce the sensitivity of the method. Further
prospective studies are needed to confirm the PFO MRI
grading and to assess the sensitivity and specificity of the
method. 

Keywords Magnetic resonance imaging · Migraine ·
Near-infrared spectroscopy · Patent foramen ovale ·
Transcranial Doppler

Introduction

In recent years, there has been growing interest in inves-
tigating the association between atrial septal abnormali-
ties and migraine [1]. Patent foramen ovale (PFO) in par-
ticular is a frequent finding in subjects affected by severe
cerebrovascular diseases [2]. Attention to PFO was ini-
tially caused by the increased number of clinical events in
scuba divers with an atrial right-to-left shunt (RLS) [3];
then by the high rate of PFO found in young people
affected by cryptogenic stroke [4]. 

Whether PFO constitutes a risk factor for cardiovascu-
lar or cerebrovascular pathologies is still an open clinical
question, given the wide diffusion of such defects in the
normal population. 
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The standard technique for PFO diagnosis was initial-
ly trans-thoracic echocardiography and then trans-
oesophageal echocardiography (TEE). Both techniques
require the injection of a contrast agent (an agitated mix
of saline solution, blood and air) unable to pass the pul-
monary filter; hence, it is possible to detect a RLS by
observing the presence of the contrast medium in the car-
diac left compartment. The severity of the shunt is
defined on the basis of two parameters: (i) the number of
microbubbles travelling across the RLS and (ii) the pres-
ence of a spontaneous shunt vs. a latent shunt, i.e., a
shunt that opens only after a Valsalva manoeuvre (VM).
If the presence of a spontaneous shunt is an objective
datum, often the quantification of the number of bubbles
passing through the shunt is not possible. In the litera-
ture, there is no agreement about the number of bubbles
that are required to deem a shunt “dangerous”, even
though several studies considered a shunt as “large” if 20
or more microbubbles passed it [5]. Moreover, TEE is not
suitable for repeated follow-up of a patient who has
undergone percutaneous closure of the PFO due to its
intrinsic invasivity. Critical elements of the TEE tech-
niques are the specific positioning of the probe and the
difficulty in acquiring a clear and high-resolution image
due to motion artefacts and displacements induced by the
execution of the VM.

The clinical interest in embolic events involves the
neurologist too: embolism may cause not only acute
events, but also an ischaemic suffering that could be
responsible for the onset of mild cognitive impairment
syndrome. This interest, together with the need for mini-
mally invasive diagnostic techniques, led to the develop-
ment of new methodologies to assess possible PFOs. On
one hand, the attention was shifted to the repercussions
on the brain, due to the severity of the damages it could
suffer as a consequence of embolism. On the other hand,
research moved towards techniques that could provide a
better anatomical description of the interatrial septum
and a more reliable quantification of the shunt entity.

In the following, we report supporting techniques for
the assessment of PFO and provide a thorough discussion
about their merits and limitations.

Transcranial Doppler

The transcranial Doppler (TCD) device is a low-cost
ultrasound instrumentation that accurately measures the
blood flow velocities in different cerebral arteries. It can
be easily transported, is suitable for bedside monitoring
and is highly tolerated by patients. 

By injecting in a vein a mixed solution of saline, blood
and air, the TCD can record microembolic signals (MES)
backscattered by microbubbles travelling in the cerebral
circulation. Today, MES originated by microbubbles can

be distinguished from artefacts on the basis of an accurate
power analysis of the Doppler signals; also, it is possible
to distinguish cardiac shunts from pulmonary shunts and
from emboli generated by deep venous thrombosis by
analysing the time elapsed from the injection of the con-
trast agent to the arrival of the MES. Modern devices con-
sider a valid indicator of atrial RLS the occurrence of
MES within 6 s after the contrast injection. MES can be
present immediately after the contrast injection (in this
case the shunt is considered permanent) or they can
appear only after a VM (in this case the shunt is consid-
ered latent and our clinical experience suggests VM
should be repeated twice, after another contrast injection).
The number of MES is correlated to the entity of the
shunt. If the shunt generates few MES it is possible to
count them and give an indication of “presence” when the
count passes 20 MES. In some conditions, the TCD pat-
tern is characterised by a “curtain” or “shower” appear-
ance that precludes an accurate count of MES, but this
pattern is obviously correlated to the presence of a shunt.

Qualifying elements of the TCD are: the possibility of
assessing the patient in a quiet and comfortable situation;
the need for a preventive instruction of the patient on the
manoeuvre he/she should perform; the probe positioning,
that is relatively easy and repeatable; the possibility of
documenting the blood flow velocity in relation to the
phases of the cardiac cycle; the possibility of monitoring
MES signals not only by insonating the middle cerebral
arteries, but also the vertebrobasilar district [6].

TCD allows a standard indication for what concerns
signal intensity and time, but it remains a semi-quantita-
tive technique when used to estimate the shunt entity. 

Near-infrared spectroscopy

The near-infrared spectroscopy (NIRS) technique is able to
track the changes in the concentration of oxygenated and
reduced haemoglobin in the brain tissue. PFO is revealed by
an alteration of the normal vasoreactivity pattern of the sub-
ject during functional stimuli [7], as reported in Figure 1.

It is a low-cost methodology that is suitable for bed-
side assessment and does not require the injection of any
contrast agent. Its use was stimulated by the work of
Karttunen et al. [8] on ear oximetry. In fact, NIRS is the
only technique that can track the ratio between O2 and
CO2 in the cortical tissues with a high temporal resolu-
tion, even in response to quick and abrupt transients.
NIRS remains a semi-quantitative technique, as it is not
possible to measure the absolute concentration of the two
kinds of haemoglobin, but only the relative concentration.

We used NIRS with a functional activation given by
breath holding. A previous study revealed that NIRS is
useful in evidencing the alterations of cerebral vasoreac-
tivity of migraineurs with respect to normal subjects [9]. In



the presence of a RLS, the behaviour of the NIRS patterns
was not easy to detect as the physiological response given
by subjects with a permanent shunt was different from that
of subjects with a latent shunt. The use of NIRS revealed
possible damage in the autoregulation mechanism, as it
evidenced the persistence of an increased CO2 concentra-
tion at cortical level during the compensatory vasodilation.
This condition could potentially trigger a migraine attack.

Hence, despite all its limitations, NIRS could be use-
ful also for monitoring of patients who have undergone
percutaneous closure of the PFO, whose CO2 level and
vasoreactivity patterns could be accurately analysed and
correlated to eventual remaining symptoms.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is currently consid-
ered one of the most powerful diagnostic techniques in the
cardiovascular field. It is capable of providing detailed
anatomical information and functional measurements
simultaneously. Furthermore, it is a noninvasive technique
that avoids the use of potentially harmful ionising radia-
tion. When needed, non-nephrotoxic contrast agents may
be administered to increase sensitivity and specificity of
the acquired images. MRI has been proposed as an alter-
native method for the diagnosis of PFO, combining
anatomic information with the detection of a RLS [10, 11].

However, when a PFO is suspected, it could be very
difficult to detect a measurable shunt, also during the VM.
Mohor and coworkers have proposed the use of MRI
dynamic perfusion sequences to reliably detect PFO
either by visual assessment or by signal-time curves in the
pulmonary artery and in the left atrium [12]. They have
also demonstrated a good correlation between TEE and
MRI grading scores, even though the interindividual vari-
ability of performing VM could greatly reduce sensitivity
of the method [13]. However, MRI is the best method to
noninvasively visualise atrial septal aneurysms [12].

Further prospective studies are needed to support
these findings, to confirm the PFO MRI grading and to
assess the sensitivity and specificity of the method.
Finally, Grebe and coworkers have demonstrated that
MRI can accurately depict the anatomy of the interatrial
septum after percutaneous closure of the defect, despite
the presence of the occluding device [14].
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Fig. 1 Time course of the oxy-
genated (O2Hb) and deoxygenat-
ed (HHb) haemoglobin during
breath holding (BH) recorded on
migraineurs with aura. Left panel
is relative to a subject without
PFO. Right panel is relative to a
subject with PFO. O2Hb is depict-
ed in black, HHb in grey. Vertical
dashed lines represent BH onset
and offset. The subject without
PFO shows a vasoreactivity char-
acterised by an abrupt increase of
the O2Hb and a constant level of
the HHb. The vasoreactivity of
the subject with PFO has a preco-
cious O2Hb increase and a mix-
ture of the haemoglobin types
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Abstract Patent foramen ovale (PFO) is associated with
ischaemic stroke and migraine with aura (MA), and has
been proposed as a cause of both. Numerous studies indi-
cate that percutaneous PFO closure can improve MA, but
they all suffer from methodological problems. It is recom-
mended that the advantages and risks of PFO closure be
carefully assessed in each individual, bearing in mind that
effective prophylactic medications are available for MA
patients with high attack frequency.

Keywords Patent foramen ovale (PFO) · Ischaemic stroke ·
Migraine with aura (MA) · Percutaneous closure

Introduction

Several retrospective studies [1–7] indicate that a history
of migraine, and in particular a history of migraine with
aura (MA), may predispose to ischaemic stroke. Pooled
data from case-control studies and cohort studies pub-
lished before 2005 [8] indicate a relative risk for
ischaemic stroke of 2.27 [95% CI 1.61–3.19] in MA
patients compared to non-migraineurs. An association of
MA with ischaemic stroke was also supported by two
large prospective cohort studies [9, 10], and a recent pop-
ulation-based follow-up study [11]. In most studies the
association was strongest for women under 45 years,
although some reports indicate the association holds for
both sexes and is independent of age [8–10].

Patent foramen ovale (PFO) has also been proposed as
a risk factor for ischaemic stroke, particularly cryptogenic
stroke [12–15]. Furthermore, the results of several studies
indicate a high prevalence of PFO in MA patients [16–23].
For these reasons, PFO has been proposed as a link
between MA and ischaemic stroke. Many studies also
indicate that PFO closure can have a beneficial effect on
MA itself [24–35].

In this paper we briefly review data on the PFO–MA
association and the results of studies suggesting that PFO
closure can benefit the migraine condition. We also review
data on PFO as a risk factor for ischaemic stroke. The aim
is to make recommendations, in the light of the currently
available evidence, regarding the efficacy and advisability
of PFO closure as a treatment for MA.

Prevalence of PFO in patients with migraine with aura

Increased frequency of PFO in migraineurs was first
reported in 1998 by Del Sette et al. in a case-control
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study [16] in which transcranial Doppler (TCD) results
in 44 MA patients (right-to-left shunt present in 41%)
were compared to those in 50 controls and 73 ischaemic
stroke patients under age 50 (right-to-left shunt in 16%
and 35%, respectively). Similar results were subsequent-
ly reported by other studies where presence of PFO was
investigated by either TCD [17, 19, 22–24] or by tran-
soesophageal echocardiography with contrast (TEE)
[18, 20].

Overall, the frequency of PFO was significantly high-
er (about two-fold) in migraineurs with aura than non-
migraineurs and migraineurs without aura. In most
reports, the PFO was generally larger in MA patients
than in non-migraineurs, with a higher prevalence of
large right-to-left shunts at rest and after Valsalva
manoeuvre [18, 20, 34–36]. Data from one of the retro-
spective studies [19] and from a recent prospective sur-
vey [23] failed to show major differences in clinical fea-
tures between MA patients with or without PFO.

PFO as a risk factor for ischaemic stroke

Two meta-analyses of case-control studies published in
2000 [12] and 2005 [13] concluded that the relative risk
of ischaemic stroke in patients younger than 55 years was
significantly higher when PFO was present. In a more
recent study the association between PFO and crypto-
genic ischaemic stroke was also evident in patients older
than 55 [14]. In the PICCS study [15] PFO was larger and
present in a significantly higher proportion of crypto-
genic ischaemic stroke patients than patients with a
known cause of ischaemic stroke. On the other hand, two
large prospective cohort studies on persons randomly
selected from general populations [37, 38] failed to con-
firm PFO as an independent risk factor for a first cere-
brovascular event, over the relatively short observation
periods of 4 and 5 years. Retrospective analysis of data
from the PICCS study [15] indicated that there was no
difference in time to primary end points (recurrent
ischaemic stroke or death) between those with and those
without PFO, both in the overall population and in the
cryptogenic subset. 

Similar findings were reported in another cohort study
on young adults with cryptogenic ischaemic stroke [39] in
which the risk of recurrent stroke after four years was not
higher in those with PFO compared to those without PFO.
The only group with a substantially higher risk was those
with both PFO and atrial septal aneurysm. 

Other data suggest that the association of right-to-left
shunting at rest with high membrane mobility determined
by contrast TEE, and large size PFO assessed by contrast
TCD, identify patients at high risk for recurrent cerebral
embolism [39, 40]. 

PFO closure as treatment for migraine with aura

Several retrospective uncontrolled studies published over
the last eight years indicate that percutaneous PFO closure
may improve MA [24–35]. Changes in MA prevalence or
attack frequency, before and after closure, have been
assessed in several studies with post-procedure follow-up
ranging from 3 to 38 months. A marked reduction in attack
frequency was evident in most cases, with complete resolu-
tion in around 50% of cases in most studies (range 29%
[24] to 92% [31]). In the study of Anzola et al. [31], only 7
of 33 MA patients who underwent closure still experienced
attacks, while all 21 patients who were medically treated
(control group) still reported attacks one year later. In a ret-
rospective survey [41] the frequency of migraine attacks
(the vast majority being with aura) and headache-related
disability were significantly lower in patients who under-
went PFO closure than a control group of migraineurs
without PFO and a group of patients who were not treated. 

The only randomised double-blind controlled trial of
transcatheter PFO closure in migraineurs performed to
date is the MIST trial, whose findings have been pub-
lished recently [32]. Patients with a history of at least 2
MA attacks, reporting at least 5 days per month with any
migraine, who had previously failed ≥2 classes of pro-
phylactic treatments, and with moderate to large PFO by
transthoracic contrast echocardiography were random-
ized to either PFO closure (74 patients) or a sham proce-
dure that included general anaesthesia (73 patients).
Complete resolution of attacks 3–6 months after closure
was observed in 3 (5%) patients in the treeatment group
and in 3 (4%) of the sham group, with no significant dif-
ference between them. Reduction in migraine frequency
(evaluated as 50% reduction in migraine days) did not
differ significantly between the groups. However when
an exploratory analysis was performed that excluded 2
patients who were statistical outliers (who between them
had over a third of total migraine attacks in the PFO-clo-
sure group) a significant reduction in the number of
migraine days in the PFO-closure group was found.

Discussion 

Published studies have consistently shown that the
prevalence of PFO is higher among individuals with MA
than control populations. Several studies have reported
that percutaneous PFO closure can markedly improve
MA. However, crucial data from prospective randomised
controlled studies on patients with “pure” MA are not
available. In most studies patients underwent PFO clo-
sure for disorders other than migraine (cerebrovascular
events, decompression illness) and cannot be representa-
tive of typical MA patients. 



Furthermore, all published studies on PFO closure
present methodological problems. The methods used to
assess headache frequency were disparate and duration of
follow-up was highly variable, rendering comparisons
problematic. More importantly, the populations studied
were small, control groups were usually lacking and clin-
ical data were collected retrospectively. Thus the presence
and frequency of migraine attacks before and after PFO
closure were assessed by interviewing patients after PFO
closure. In the Anzola et al. [31] study, assessment of
headache frequency after PFO closure was prospective,
but data on headache occurrence before treatment inter-
vention were collected retrospectively. 

These characteristics imply that outcomes could have
been influenced by major recall bias as well as by a place-
bo effect due to the treatment procedure. In two studies [31,
41] the results obtained in MA patients undergoing PFO
closure were compared to those reported in other groups: a
group of migraineurs with PFO followed medically [31]
and migraineurs without PFO or migraineurs with PFO
who received no treatment [41]. However, randomisation
was not performed in either of these studies, and the med-
ications used in the first study [31] were not specified. 

Another possible confounding factor of all published
closure studies is that aspirin or clopidogrel (anti-platelet
therapy) were administered post-PFO closure and could
have had anti-migraine efficacy [42–45].

The clinical implications of the only prospective, ran-
domized, sham procedure-controlled trial are also uncer-
tain [32]. Migraine resolved in only a small percentage of
cases who underwent PFO closure and this did not differ
from the percentage of resolutions in the sham group.
Furthermore, there was no significant difference in post
intervention attack frequency between the two groups. It is
also important to note that patients with only two aura
episodes were eligible for inclusion, and that a separate
analysis of changes in MA attack frequency (as opposed to
any migraine attack frequency) after intervention is not
available.

At present therefore it must be concluded that conclu-
sive evidence for the efficacy PFO closure as a treatment
for MA is lacking. It is vital therefore that the decision to
perform closure should be carefully weighed, taking into
account the following factors:
– Only a minority of MA patients require prophylaxis,

because the headache frequency varies irregularly,
with spontaneous remissions lasting months or years,
and a trend to melioration as the years pass, even with-
out prophylactic treatment, even in patients referred to
tertiary care centres [46].

– For the few patients who require prophylaxis, several
drugs are available (topiramate, valproate, flunarizine,
etc.) whose efficacy and tolerability have been estab-
lished in randomised, placebo-controlled, double-
blind trials in patients with MA and also migraine

without aura [47, 48]. The drug lamotrigine has also
emerged recently as an effective therapy for MA
[49–51]. Acetazolamide may be useful in MA prophy-
laxis [52], and also aspirin can reduce migraine fre-
quency [42–44] and may be particularly effective in
MA (personal unpublished data).
With regard to PFO closure as a primary prevention

measure against ischaemic stroke in MA patients, it
should be noted that:
– Although there is evidence that MA is an independent

risk factor for ischaemic stroke (particularly in young
women), the absolute occurrence rate of ischaemic
stroke among those with migraine is low: the estimat-
ed number of additional stroke cases due to this con-
dition is 18–40 per 100 000 women per year [4, 9].

– The role of PFO as a cause of ischaemic stroke, even
in cryptogenic cases, remains controversial. The
recently published Italian guidelines on ischaemic
stroke management [53] suggest that aspirin should be
considered as the first option in cryptogenic ischaemic
stroke/TIA patients who have PFO (grade C recom-
mendation), while percutaneous PFO closure (or anti-
coagulant oral treatment) should be considered only in
selected cases, i.e., those with associated atrial septal
aneurysm, peripheral venous thrombosis or throm-
bophilia, and with large shunts and multiple cerebral
ischaemic events (grade D recommendations).

– Although generally safe, PFO closure may have
adverse events and complications. Complication rates
are around 3%–8% [32, 54–57], and include cardiac
tamponade requiring surgery, pulmonary embolism,
atrial fibrillation, venous access bleeding and
retroperitoneal haematoma.

Based on these considerations we propose that before
considering PFO closure in MA patients, clinicians
should consider the classical risk factors for ischaemic
stroke (hypertension, obesity, diabetes, etc.) and the mod-
ifiable factors known to markedly increase the risk of
ischaemic stroke in MA patients: smoking and oral con-
traceptive use [4, 6]. MA patients should therefore be dis-
couraged from smoking and from using oral contracep-
tives. Contraceptive formulations with low doses of
oestrogen or progestogen should be prescribed if patients
insist on taking them [58]. Patients with MA should be
encouraged to have an extensive examination including
assessment of prothrombotic abnormalities including
genetic abnormalities, hyperhomocysteinaemia and
MTHFR polymorphisms, all of which may increase the
risk of ischaemic stroke in MA patients [59–63]. This
extensive screening is justified also because there is
increasing evidence that MA is not only a risk factor for
ischaemic stroke but also for myocardial infarction and
other ischaemic vascular events [64]. Only in selected
cases in which MA and a large PFO are associated with
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other disorders (atrial septal aneurysm, peripheral venous
thrombosis, thrombophilia) should percutaneous PFO
closure be considered. Aspirin may represent a valid alter-
native [53]. In any event careful assessment of the possi-
ble advantages and risks of PFO closure in each individ-
ual should be performed by a neurologist and a cardiolo-
gist. The patient should be provided with accurate infor-
mation and involved in the decision as far as possible.
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Abstract Because patent foramen ovale (PFO) represents a
lesion which may be repaired a number of expert clinicians
believe that mechanical closure should be the primary treat-
ment modality for patients with PFO after cryptogenic
stroke; interest has grown on percutaneous devices and in
the last years there has been great technological advance-
ment of percutaneous techniques for PFO closure.
However, we should not close a PFO before establishing the
evidence-based indications. At the same time, efforts to
develop safer and more effective closure devices are under
way. These devices include those with little or no metal
component and those with biodegradable discs. Ideally, we
should be able to identify at-risk patients before they sustain
a stroke and to prevent stroke by closing the PFO with a
device that should result in complete closure, be made of
material that conforms to both sides of the septum, and have
no risk of erosion, infection, arrhythmia, or thrombogenici-
ty. Randomised trials comparing medical and percutaneous
closure approaches are underway, but large patient enroll-
ment is necessary because of the low event rate in the
younger patients. Meanwhile, as the complication rate from
device implantation decreases and simpler devices are
developed with reliability further demonstrated, the thresh-
old for percutaneous closure is likely to decline.

Keywords Patent foramen ovale · Atrial septal aneurysm ·
Paradoxical embolism · Right-to-left shunt · Percutaneous
closure

Introduction

The management of patients with patent foramen ovale
(PFO) is controversial. Therapeutic options for secondary
stroke prevention in patients with a PFO include two major
strategies: (1) conservative long-term medical treatment
with antithrombotic therapy (platelet antiaggregating
drugs) or oral anticoagulation, and (2) invasive treatment
with surgical or interventional closure of the interatrial
communication. Until now the available evidence of both
pharmacological (antiplatelet or anticoagulant agents) and
mechanical approaches has been inadequate for assess-
ment of the relative merits of these options in secondary
prevention in cryptogenic stroke in patients with PFO. To
date, no study has randomly assigned patients with crypto-
genic stroke and PFO to different therapies.

Studies thus far have been observational, with disparate
definitions of the qualifying or recurrent cerebrovascular
event, non-uniform criteria for interatrial septal abnormalities,
absence of blinding during examination of echocardiograms
or ascertainment of end points, and incomplete accounting of
associated risk factors or the use of adjunctive therapies.

Percutaneous closure

Percutaneous PFO closure is a catheter-based technique
using atrial septal occlusion devices. It was initially advo-
cated for prevention of recurrent stroke in 1992 [1]. Since
then, safety and feasibility have been addressed in several
subsequent studies. Multiple non-randomised trials sug-
gest a potential benefit in PFO closure in patients with
cryptogenic stroke who have PFO.

The efficacy of catheter PFO closure in the abolish-
ment of right-to-left shunt (RLS) ranges between 86%
and 100%. Recurrent neurological and peripheral embol-
ic events are reported as 0%–3.8% per year.
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A systematic review found that among 1355 patients
undergoing percutaneous closure, the rate of recurrent stroke
or transient ischaemic attack was 0%–4.9% at one year. Even
though cerebrovascular recurrence rate appeared to be high-
er among 895 patients receiving medical therapy
(3.8%–12%), several considerations preclude meaningful
comparison: the non-randomised treatment assignment, dif-
ferences in the clinical characteristics of the patients treated
by the various techniques and inconsistent criteria for ascer-
tainment of outcomes. Serious complications of percuta-
neous closure (major haemorrhage, cardiac tamponade, the
need for surgery, pulmonary embolism and death) were
reported in 1.5% of the patients, and minor complications
(arrhythmia, device fracture or embolisation, air embolism,
femoral haematoma and fistula) in 7.9% [2]. Careful analy-
sis of this apparently plain operation reveals that nickel tox-
icity, thrombus formation, residual shunt, malpositioning
and erosions are still active and real problems, whereas the
pathophysiology of RLS, the role of coagulation abnormali-
ties, the significance of atrial septal aneurysm and other
sources of shunt remain unresolved issues. Aspirin and/or
clopidogrel are recommended for a period of three to six
months to prevent thrombus formation on the device, until
the endothelialisation process is fairly completed. Antibiotic
prophylaxis for six months is highly recommended.
Krumsdorf et al. [3] reported 1000 consecutive patients
undergoing ASD and PFO closure using different tran-
scatheter devices (nine different technologies). The study
reported thrombus formation in the left atrium (n=11), right
atrium (n=6) or both (n=3) in 1.2% of ASD patients and in
2.5% of PFO patients (p=NS). Thrombus was diagnosed in
14 of 20 patients at four weeks and in 6 of 20 patients later
than four weeks. The most frequent thrombus formation
occurred on the CardioSEAL device (NMT Medical,
Boston, MA) (7.1%), whereas a 5.7% incidence of thrombus
formation was observed on the STARFlex device (NMT
Medical), 6.6% on the PFO-Star device (Applied Biometrics
Inc., Burnsville, MN), 3.6% on the ASDOS device (Osypka
Corp., Grenzach-Wyhlen, Germany), 0.8% on the Helex
device (WL Gore, Flagstaff, AZ) and no thrombus formation
on the Amplatzer device (AGA Medical, Golden Valley,
MN). Limitations of this retrospective review include the
observation that the effect of heparin was often reversed by
protamine immediately after the procedure. It is worth notic-

ing that haematologic screening was not performed before
device implant. The authors concluded that thrombus forma-
tion on closure devices is low and usually resolves with anti-
coagulation therapy.

Indications for PFO closure

The American College of Chest Physicians Conference on
Antithrombotic and Thrombolytic Therapy [4] and the
American Heart Association (AHA)/American Stroke
Association Council on Stroke Practice Guidelines [5] rec-
ommend antiplatelet therapy after cryptogenic stroke in the
majority of patients. Warfarin use is suggested in the set-
ting of known deep venous thrombosis or documented
hypercoagulable state (Table 2). Scientific societies have
commented on the use of closure devices as a therapy for
cryptogenic stroke in the presence of a PFO. The American
Academy of Neurology (AAN) [6] found “insufficient evi-
dence regarding the effectiveness of either surgical or
endovascular closure of PFO” and promotes the enrolment
of cryptogenic stroke patients with PFO in randomised
controlled studies. The AHA/American Stroke Association
concluded that insufficient data exist to make a recommen-
dation about PFO closure in patients with a first stroke and
a PFO; however PFO closure may be considered for
patients with recurrent cryptogenic stroke despite medical
therapy (Class IIb, Level of Evidence C). 

General agreement exists about the necessity of ran-
domised trials to determine the efficacy of percutaneous
occluders in preventing recurrent cryptogenic stroke.
Concerning this issue, the Food and Drug
Administration (FDA) convened last March 2007 a
Meeting of the Circulatory System Devices Panel
(CSDP) to discuss the necessity of randomised trials as
well as obstacles to trial enrolment and completion [7].
Despite slow enrolment and the requests of sponsors to
discard the requirement for randomised trials, the panel
firmly asserted that randomised controlled trials are of
crucial importance in determining safety and efficacy of
PFO percutaneous closure [7]. Among the final recom-
mendations, the CSDP suggested that patients and
physicians should be alerted to the lack of evidence of
PFO closure benefit and the need for completion of tri-
als (Table 3). As long as we are waiting for the results of
randomised trials (results probably not to be expected
soon), evidence-based medicine has to be replaced by
common sense. Meanwhile, our group, according to
actual international evidence, suggest stratification of
symptomatic PFO patients with presumed PFO-related
stroke in different risk classes to different therapeutic
options (medical vs. transcatheter treatment) with a rig-
orous “decision-making strategy” that must include ce-
TCD, which likely represents the new “gold standard” to
assess the functional consequences of RLS at least at the

Table 1 New PFO closure devices

New devices

Bioadsorbable device BioSTAR, NMT Medical
Self-expanding stent Coherex FlatStent Closure System
Suturing device HeartStich Suturing device

“No device” approach

RF-based thermal energy PFX TM Closure System, Cierra, Inc.
Radiofrequency Thermal Coaptation, 

CoAptus Medical Corporation
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brain level. Whereas TEE not only can confirm the car-
diac location of the shunt and its volume, but also can
look for ASA and study other subtle cardiac abnormali-
ties (presence of Eustachian valve or Chiari network)
that can facilitate the passage of venous blood into the
systemic circulation, ce-TCD can directly assess the
shunt at the level of the brain vessels and quantify more
specifically the degree of cerebral RLS. With this com-
bined diagnostic workup it may become easier to strati-
fy patients in different risk classes with different thera-
peutic options. PFO patients who exhibit small shunts
and have no identifiable ASA are probably adequately
protected by antiplatelet therapy given the low risk of
recurrence. By contrast, in those patients with shower or
curtain pattern by ce-TCD in association with ASA, per-
manent closure of the defect may be advocated given the
significant risk of recurrence despite medical treatment,
especially in those presenting with multiple cerebrovas-
cular episodes [8]. Randomised controlled trials are
needed in other conditions just to ask the question of
what the best treatment is.

Future trends

Device-based procedures are associated with complica-
tions related to the procedure itself and the implanted
occluder devices, including thrombus formation even late
after implantation, strut fracture and embolisation [9].
Moreover, device-based therapies may fail due to residual
shunting in the mid and long-term follow-up. Current
intracardiac closure devices are also prone to cause
supraventricular arrhythmia and eventually endocarditis.
Further catheter access to the left atrial cavity for electro-
physiological procedures may be impeded. Considering
the long-term concerns of current PFO closure devices, a
variety of new devices for percutaneous PFO closure are
either under investigation or under development (Table 1).
The most important modifications aimed, on one hand, to
decrease the total amount of implant material, particular-
ly on the left atrial side (Premere™ PFO Closure System,
St Jude Medical) and, on the other hand, to use bioab-
sorbable devices (BioSTAR device, NMT Medical) [10]
and to implement devices for suture-mediated PFO clo-

Table 2 Summary of guidelines for PFO closure

Association Recommendations

American College of Chest Physicians Antiplatelet therapy after cryptogenic stroke should include 1 of the following: (1) aspirin 50 to
325 mg daily; (2) aspirin 25 mg and extended-release dipyrida-mole 200 mg twice daily; or (3)
clopidogrel 75 mg daily. Antiplatelet agents are recommended instead of oral anticoagulati nun-
less a patient has a well-documented prothrombotic disorder. After cryptogenic ischemic stroke, 
in the presence of a PFO, antiplatelet therapy is recommended instead of warfarin unless a patient 
has evidence of deep venous thrombosis.

American Academy of Neurology After cryptogenic stroke, evidence indicates the risk of recurrent stroke or death does not vary
between patients with and without PFOs who are treated medically There is insufficient eviden
ce to determine the superiority of antiplatelet agents vs warfarin. There is insufficient evidence 
regarding the effectiveness of PFO closure.

AHA/American Stroke Association After noncardioembolic ischemic stroke or TIA, antiplatelet agents rather than oral
anticoagulation are recommended to reduce the risk of recurrent stroke and other 
cardiovascular events (Class I, level of evidence A). Aspirin (50 to 325 mg/d), aspi-
rin and extended-release dipyridamole in combination, and clopidogrel are all 
acceptable options for initial therapy (Class IIa, level of evidence A). After ische-
mic stroke or TIA in patients with a PFO, antiplatelet therapy is reasonable to pre-
vent a recurrent event (Class IIa, level of evidence B). Warfarin is reasonable for
high-risk patients who have other indications for oral anticoagulation, such as underlying hyper
coagulable state or evidence of venous thrombosis (Class IIa, level of evidence C). Insufficient
data exist to make a recommendation about PFO closure in patients with a first stroke and a PFO
PFO closure may be considered for patients with recurrent cryptogenic stroke despite optimal
medical therapy (Class IIb, level of evidence C).

Table 3 Food and Drug Administration (FDA) Circulatory System Devices Panel (CSDP) Recommendations [7]

1) Randomized controlled trials of PFO closure to prevent recurrent stroke are required. 
2) A “proof of principle” trial with pooled data demonstrating that PFO closure does prevent recurrent stroke could allow this question to be

answered in a timely fashion, if sponsors are amenable to cooperating and sharing data. “Proof of device” trials demonstrating that an indi-
vidual device effectively closes a PFO could be done separately. 

3) “Off-label” closure should be discouraged. Enrollment in ongoing trials should be encouraged. 
4) Patients and physicians should be educated about the lack of evidence of benefit of closure and the need for completion of trials. 



sure (HeartStich Suturing device). Vascular stents are per-
haps the most widely used therapeutic devices in interven-
tional cardiology. Using the familiar delivery system of a
self-expanding vascular stent as a model, the engineering
team at Coherex developed the Coherex FlatStent™ PFO
Closure System, which redefines the concept of a stent.
Instead of using the outward force generated by an
expanded stent to open a structure, the FlatStent uses out-
ward force to close a structure. The implantable device is
part of a system that is designed to provide three distinct
closure mechanisms: lateral force exerted by the deployed
FlatStent to close the tunnel from within, a foreign body
response to the implant to stimulate endothelialisation
and a polymer substrate to promote cellular integration
within the tunnel. Coherex FlatStent PFO Closure System
has been designed to combine the familiarity and ease of
use of a self-expanding vascular stent with a unique
fusion of PFO closure technologies.

Finally, a novel PFO closure strategy uses radiofre-
quency (RF)-based thermal energy to seal the tunnel with-
out an implanted device. (PFX™ Closure System, Cierra
Inc.; CoAptus Medical Corporation) [10, 11]. The PFX™
Closure System is the first technology that allows closure
of an intracardiac defect without leaving anything behind.
It consists of a non-implantable system which employs
monopolar RF energy in order to weld the tissues of the
septum primum and septum secundum together and it is
performed entirely from the right side. PARADIGM I (a
single-centre FIM trial) and PARADIGM II (prospective,
non-randomised, multicentre trial) demonstrated safety
and effectiveness of the PFX™ Closure System for PFO
closure (unpublished data). Moreover, in the presence of
a significant residual RLS, treatment options remain
unchanged following RF as a second RF application is
eventually feasible and an implant closure is still viable
following RF. Further clinical research is underway.

In conclusion, these new strategies seem to be very
attractive at least theoretically and may represent device-
free alternatives for PFO percutaneous treatment in the
near future.

Conclusions

PFO as a cause of cryptogenic stroke is a diagnosis of
exclusion and is completely dependent on appropriately
ruling out all potential causes. Despite the lack of certainty
of causation, the main hypothesis involved for potential
stroke in PFO is paradoxical embolism of venous emboli to
the arterial circulation. In this regard, deep venous throm-
bosis and pelvic vein thrombosis have been reported by
several authors to be observed more frequently in young
patients who suffered from cryptogenic stroke than in those
who had stroke from other more defined causes. The asso-
ciation between PFO and paradoxical embolism and the

greater frequency of cryptogenic strokes in patients with
PFO and prothrombotic states have suggested the potential
benefit of antiplatelet therapy with aspirin and possibly
clopidogrel, or anticoagulant therapy with warfarin.
However, there is neither expert consensus nor sufficient
quality evidence to determine which approach, antiplatelet
or antithrombotic, is superior. Also, in spite of medical
therapy, up to 25% of patients with cryptogenic stroke
experience recurrent stroke or transient ischaemic attack
within 4 years of the initial event. Because PFO represents
a lesion that may be repaired, a number of expert clinicians
believe that mechanical closure should be the primary treat-
ment modality for patients with PFO after cryptogenic
stroke; interest in percutaneous devices has grown and in
the last number of years there has been great technological
advancements in percutaneous techniques for PFO closure.
We should not close a PFO before establishing the evi-
dence-based indications. Cryptogenic stroke by definition
needs thorough investigation in order to rule out all poten-
tial causes of stroke. Our goal is to differentiate patients in
whom the culprit PFO has to be closed from those who do
not need a bystander PFO to be closed. Various factors
need to be considered such as atrial anatomic variation
(PFO size, ASA, Eustachian valve anatomy), haemody-
namic parameters, presence of venous thrombus identified
through higher sensitivity tests such as lower extremi-
ty/abdominal/pelvic MRI, and the presence of hypercoagu-
lable genetic variables. At the same time, efforts to develop
safer and more effective closure devices are underway.
These devices include those with little or no metal compo-
nent and those with biodegradable discs. Ideally, we should
be able to identify at-risk patients before they sustain a
stroke and to prevent stroke by closing the PFO with a
device that should result in complete closure, is made of
material that conforms to both sides of the septum and has
no risk of erosion, infection, arrhythmia or thrombogenici-
ty. Randomised trials comparing medical and percutaneous
closure approaches are underway, but large patient enrol-
ment is necessary because of the low event rate in the
younger patients. Meanwhile, as the complication rate from
device implantation decreases and simpler devices are
developed with reliability further demonstrated, the thresh-
old for percutaneous closure is likely to decline.
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Abstract Sympathetic neural factors exert a key role in
homeostatic blood pressure control. Evidence is available
that abnormalities in sympathetic function may favour the
development and progression of the hypertensive state.
This paper will review the data collected throughout the
years on the role of adrenergic mechanisms in the patho-
physiology of the hypertensive state. It will then examine
the mechanisms and the consequences of the sympathetic
overdrive reported in hypertension, with particular empha-
sis on its role in the development of target organ damage.
Finally the therapeutic implications of hypertension-relat-
ed neurogenic abnormalities will be highlighted.

Keywords Sympathetic nervous system · Hypertension ·
Cardiovascular risk · Target organ damage · Antihypertensive
drug treatment

Introduction

Among the various hypotheses advanced throughout the
years to explain the pathophysiology of essential hyperten-
sion, a major one is the so-called “neurogenic nature of
high blood pressure” [1]. This hypothesis claims that a dys-
function in sympathetic modulation of the cardiovascular
function is responsible for the hypertensive state, actively
participating in its early development and late progression.

This paper will review the evidence collected over the
years on this pathogenetic hypothesis. It will also exam-
ine the possible mechanisms advanced to explain the neu-
rogenic abnormalities as well as the adverse effects that
the adrenergic overdrive exerts on hypertension-related
target organ damage as well as on cardiometabolic func-
tion. This will allow us to briefly address, in the final part
of the manuscript, the issue of the therapeutic implica-
tions of the sympathetic abnormalities characterising
essential hypertension.

Essential hypertension: a hyperadrenergic state

Based upon the evidence collected in several experimental
animal models, the hypothesis that an abnormality in sym-
pathetic control of the cardiovascular system participates in
the development and progression of essential hypertension
has been repeatedly tested also in humans. Much evidence
has been collected over the years on this issue. It has been
shown, for example, that a resting tachycardia, associated
with a hyperkinetic state, frequently characterises a consis-
tent fraction of juvenile hypertension [2]. These haemody-
namic abnormalities are accompanied (and probably trig-
gered) by a state of adrenergic overdrive, given the evidence
that the circulating plasma levels of the main adrenergic
neurotransmitter, i.e., norepinephrine, are increased in these
young patients [2].
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A metanalysis of the studies performed by employing
plasma norepinephrine as a marker of sympathetic drive
has shown that in a consistent number of hypertensive
patients the circulating levels of this adrenergic neuro-
transmitter are increased [3]. This increase is likely to
depend on an enhanced central neuroadrenergic drive,
given the evidence that direct recording of sympathetic
nerve traffic (i.e., the approach allowing an accurate esti-
mation of the neural discharge from the central nervous
system) has been shown to be considerably potentiated in
essential hypertensive patients [4]. This potentiation has
been demonstrated to involve the sympathetic outflow to
different cardiovascular districts, as documented by the
increased norepinephrine spillover in cerebral, coronary
and renal circulation as well [5].

Two other aspects of the adrenergic overdrive charac-
terising hypertensive disease deserve to be mentioned.
The first one refers to the evidence that sympathetic over-
activity has been detected in different clinical conditions
characterised by a blood pressure increase, such as in (a)
hypertension of the elderly, (b) pregnancy-induced
hypertension and eclampsia, (c) white-coat and masked
hypertension and (d) dipping, extreme dipping, non-dip-
ping and reverse dipping hypertension [6]. Thus, the
hyperadrenergic state occurring in hypertension is an
almost generalised phenomenon occurring independently
of any concomitant clinical condition associated with the
blood pressure elevation. This conclusion is strengthened
by the finding that when hypertension is detected in the
obese state, in heart failure syndrome, in metabolic syn-
drome or in renal failure (i.e., conditions already charac-
terised by a marked increase in adrenergic drive), the
degree of the sympathetic activation appears to be
markedly enhanced as compared to that seen in the
uncomplicated hypertensive state [6–9]. The second

aspect that deserves to be mentioned in relation to the
neurogenic nature of the essential hypertensive state is
that no sympathetic hyperactivity is detectable in second-
ary forms of hypertension, such as in renovascular hyper-
tension and primary hyperaldosteronism [6]. This is also
the case in adrenal pheochromocytoma, in which central
sympathetic outflow has been shown to be (1) inhibited
by the high levels of plasma norepinephrine and epineph-
rine secreted by the adrenal mass and (2) restored to nor-
mal firing levels when surgical removal of pheochromo-
cytoma has been performed [10]. Taken together these
findings support the notion that essential hypertension
frequently displays a neurogenic nature, which thus
becomes an important therapeutic target.

Mechanisms and consequences of hypertension-
related adrenergic activation

Despite years of investigations, the mechanisms respon-
sible for the adrenergic overactivity characterising
human hypertension remain undefined. Some hypothe-
ses, however, have been advanced (Fig. 1). It has been,
for example, suggested that the increased sympathetic
activity is due to a derangement in the sympathoinhibi-
tion exerted by reflexogenic areas (such as the arterial
baroreceptors, the cardiopulmonary receptors or the
chemoreceptors) that tonically restrain adrenergic out-
flow [6]. It has also been suggested that the metabolic
alterations frequently detectable in hypertension, such as
the hyperinsulinaemic state and the related insulin resist-
ance, may be the triggering factors. This hypothesis is
based on the evidence that insulin may have central sym-
pathoexcitatory effects which may thus be enhanced in
hypertensive patients’ (which frequently display insulin
resistance) adrenergic drive [6]. Finally, it has been

Fig. 1 Schematic drawing illustrating the possi-
ble mechanisms responsible for the sympathetic
activation of essential hypertension. SNS, sympa-
thetic nervous system; RAAS, renin-angiotensin-
aldosterone system; +, potentiation;�, increase



thought that the sympathetic activation of hypertension
depends on the renin–angiotensin system, given the evi-
dence that (1) angiotensin II exerts central sympathoex-
citatory effects and (2) pharmacologic blockade of the
renin–angiotensin system via ACE-inhibitors or
angiotensin II receptor blockers exerts sympathomodula-
tory effects [6, 11, 12].

Among the several adverse consequences of the sym-
pathetic activation occurring in hypertension, the more
relevant are those which refer to target organ damage [6].
Indeed norepinephrine has been shown to exert prohyper-
trophic effects on the myocardial tissue as well as on the
peripheral vascular district. This notion, coupled with the
evidence that the degree of sympathetic activation detect-
ed in hypertension is potentiated when left ventricular
hypertrophy is observed at the echocardiographic exami-
nation [6], strongly supports the hypothesis that the
increase in cardiac wall thickness seen in hypertension
depends not only on the haemodynamic overload but also
on sympathetic factors. Adrenergic overdrive also
unfavourably affects vascular function by reducing arteri-
al distensibility and compliance [6], i.e., two variables
whose impairment has been implicated in the genesis of
vascular atherogenesis. A number of elegant studies per-
formed in the past few years have shown that sympathet-
ic neural factors may also promote the metabolic abnor-
malities frequently detected in the clinical history of
hypertensive patients [6]. In particular it has been shown
that an increase in adrenergic activity may trigger an
insulin resistance state via a series of haemodynamic and
non-haemodynamic effects causing massive vasoconstric-
tion at the level of the skeletal muscle district, i.e., in the
organs involved in the development of insulin resistance

[6]. Finally, an increase in sympathetic drive has deleteri-
ous renal effects, by favouring a blood pressure elevation
via an increase in renal sodium reabsorption [6].

Therapeutic implications

Given the key role exerted by adrenergic factors in the
development and progression of hypertension and hyper-
tension-related end organ damage, sympathetic deactiva-
tion represents a major goal of the therapeutic approach.
Non-pharmacological interventions may indeed exert
sympatholytic effects (Table 1) [13, 14]. This is the case
for physical training, which lowers both blood pressure
and systemic and regional adrenergic drive. This is also
the case for interventions capable of reducing body
weight. In contrast, a low sodium diet, although capable
of exerting some blood pressure lowering effects, has
been shown to enhance the already elevated sympathetic
drive of hypertensive patients, presumably because it also
causes insulin resistance. 

Information on the effects of antihypertensive thera-
peutic interventions on sympathetic function are not lim-
ited, however, to non-pharmacologic approaches [13,
14]. Indeed, in the past few years a large number of stud-
ies have investigated the impact of the different classes of
antihypertensive drugs on adrenergic cardiovascular
drive. The information collected so far can be sum-
marised as follows (Table 2). Diuretic agents may trigger
some sympathoexcitatory effects, which can also be
detected with the use of short-acting calcium channel
blockers. In contrast, long-acting calcium antagonists are
sympathetically neutral, while β-blockers, ACE-
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Table 1 Effects of non-pharmacological interventions on blood pressure (BP) and sympathetic nerve activity in hypertension

Intervention BP SNS

Body weight reduction �� ��
Physical exercise � ��
Low salt diet
Marked � ��
Moderate �, = �

�, increase; =, no change; �, decrease

Table 2 Effects of different antihypertensive drugs on sympathetic function

Drug class Heart rate NE MSNA NE spillover (systemic)

Central sympatholytics � � � �
Diuretics = �,= �,= �,=
Calcium antagonist
Short-acting � � � �
Long-acting = = = =
β-blockers � � � �

ACE-inhibitors =, � =. � =, � =, �
Angiotensin II blockers =, � � � �

NE, norepinephrine; MSNA, muscle sympathetic nerve traffic; �, increase; =, no change; �, decrease



inhibitors and angiotensin II receptor blockers exert
marked sympathoinhibitory effects, which may explain
the ability of these drugs to prevent or slow down hyper-
tension-related target organ damage throughout their so-
called “ancillary properties”. 

Conclusions

The data reviewed in this paper underline the role of sym-
pathetic neural factors as promoters of hypertension. They
also indicate that these factors are involved in determining
the cardiovascular risk profile of the hypertensive patient.
This represents the rationale for considering sympatho-
modulation as an important goal of the therapeutic
approach aimed at lowering elevated blood pressure levels.
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Abstract Although the possibility of a comorbidity
between migraine and hypertension has long been sus-
pected, the epidemiologic evidence is controversial, with
studies demonstrating positive, negative or no correlation
between the two diseases. A unifying view that takes into
account the most recent evidence suggests that there
might be a different effect of diastolic and systolic pres-
sure, with the former having a positive and the latter a
negative correlation with migraine. In this paper, the
methodologic and clinical reasons for the discrepancies in
epidemiologic studies are discussed, together with the
possible biological mechanisms that might account for
the migraine–hypertension correlation. One such mecha-
nisms may be the renin angiotensin system, which is cer-
tainly involved in hypertension and has activities in the
CNS that may be relevant for migraine pathogenesis.
Despite the uncertainty still present in this field, the con-
trol of hypertension in migraine patients is an important
factor for the success of migraine treatment and to lower
cerebrovascular risk.

Keywords Migraine · Hypertension · Comorbidity
Cardiovascular risk factors

Migraine is a chronic neurologic disease characterised by
recurrent attacks of headache, associated with nausea and
phono- or photophobia. Although the disease is currently
thought to originate from neuronal hyperexcitability and
to be essentially a process driven by cerebral events, vas-
cular phenomena such as vasoconstriction and platelet
hyperactivation are still considered a relevant aspect of
the pathogenesis (for a review of migraine physiopathol-
ogy see Moskowitz [1]). These vascular aspects have
focused the interest of researchers on a possible link
between migraine and cerebrovascular risk factors, such
as hypertension.

However, the data on the relationship between
migraine and systemic blood pressure are unclear and
controversial. In facts, while some reports showed a pos-
itive association [2–6], more recent studies failed to con-
firm this result [7–9]. Two recent prospective studies even
demonstrated a negative correlation between the two dis-
orders [10, 11], with lower systolic pressure levels in
migraine patients than in controls. This contradiction
might be explained by methodological issues: earlier
studies were not based on IHS classification and therefore
lack a standardised diagnosis of migraine. The impor-
tance of a strict application of IHS guidelines is further
stressed by recent research in which elevated blood pres-
sure levels were demonstrated not just in migraine, but
also in tension tension-type and in chronic daily headache
[12]. However, the results are conflicting also in the more
recent studies, so that issues other than misclassification
must be involved. A second possible cause of confusion
may be that some studies were conducted in a hospital or
ambulatory setting, while others were carried out in the
general population. Patients referred to headache centres
are a selected subpopulation more likely to be affected by
hypertension, as high pressure levels may lead to worsen-
ing of headache (this effect is sometimes called the
Berkson bias). Therefore, the findings in hospital series
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may reflect the effect of hypertension on migraine sever-
ity, rather than a true comorbidity.

Another possible explanation of the discrepancies in
epidemiological studies may be linked to a different
effect of systolic and diastolic blood pressure on
migraine. As a matter of fact, a very recent population-
based study in Iceland demonstrated a negative correla-
tion with systolic and a positive correlation with diastolic
pressure levels [13]. As a result of this double correla-
tion, mean blood pressure levels were not correlated with
migraine, while increased pulse pressure seemed to have
a protective effect. The correlation between migraine and
blood pressure may then be a complex one, so that limit-
ing the analysis to mean levels or to a generic diagnosis
of hypertension may be an oversimplification. Finally,
one last reason for these conflicting results may be
patient heterogeneity. In fact, in a recent work which
analysed migraine comorbidity with cluster analysis,
three different groups were identified: the first showed
comorbidity with cardiovascular risk factors, including
hypertension, the second with psychiatric conditions, and
the third showed no significant correlations [14]. The
three groups did not only differ from the point of view of
the comorbidity, but also in the characteristics of the
headache; the association between migraine and hyper-
tension may then be limited to a distinct subgroups of
patients.

The concept that migraine may be associated with
cardiovascular risk factors has emerged also in another
line of research, which has focused on the relationship
with ischaemic stroke. The GEM study demonstrated a
higher cardiovascular risk profile in migraineurs, with
higher cholesterol and blood pressure levels [15].
However other large, prospective studies, such as the
Women’s Health Study [16], demonstrated an independ-
ent correlation between migraine with aura and risk of
stroke or cardiovascular events; it has not been clearly
established how this risk combines with that connected
with hypertension. 

Another, albeit indirect, indication of a link between
hypertension and migraine is suggested by the positive
results of ACE inhibitors and sartans [17, 18] for
migraine prophylaxis. Indeed, the renin angiotensin sys-
tem, a well known regulator of fluids and electrolyte
homeostasis and of systemic pressure, has other interest-
ing peripheral activities which may be relevant for
migraine, such as increase of medullary adrenaline
release, vasoconstriction and increase of sympathetic dis-
charge. Moreover, angiotensin 2 has central and neuroen-
docrine effects, as it can modulate calcium and potassium
channels of neurons [19], increases dopamine metabo-
lites in animal models [20] and regulates pineal metabo-
lism [21]. Finally, it has been shown to stimulate nitric
oxide production through induction of NF-kb nuclear
factor [22, 23]. All these mechanisms may be important

in the pathogenesis of migraine; a dysregulation of the
renin angiotensin pathway may then be the biologic basis
of an association between this disease and hypertension.
It is interesting to note that the DD mutation of the
angiotensin gene, connected with an increased activity of
the enzyme, has been shown to be more frequent in
migraine patients [24]. A second biologic mechanism
involved in migraine/hypertension comorbidity may be
related to biochemical variations in neuropeptides and
neurotransmitters. Migraine patients have been shown to
have higher blood levels of calcitonin gene related pep-
tide (CGRP) [25], but also lower platelet serotonin levels
[26], possibly in relation to platelet overactivation with
serotonin release. As CGRP and serotonin have opposite
vascular effects, as the former is a vasodilator [27] while
the latter has vasoconstrictive activity, these biochemical
alterations may account for the complexity of the corre-
lation between pressure levels and migraine.

The possibility of a correlation between migraine and
hypertension, although still poorly defined on clinical
and epidemiological grounds, has biological plausibility
and may disclose some relevant aspect of both diseases.
Further research is needed, both on the biologic and on
the clinical field; the epidemiologic studies should distin-
guish between systolic and diastolic pressure and should
probably be conducted in the general population to avoid
selection bias. Despite these limitations, accurate control
of hypertension in migraine patients is certainly an
important clinical goal, as uncontrolled hypertension
may lead to worsening of headache and to therapeutic
failure. Correct management of hypertension is also cru-
cial for the control of cerebrovascular risk, which is
already increased in patients with migraine with aura.
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Abstract A debate has been going on for many years
about whether migraine with aura and migraine without
aura are part of the same disorder or should instead be
considered as two separate disorders. Although no final
consensus has yet been reached on this issue, many clini-
cal and pathogenetic elements suggest that the second
option is true. Clinically, migraine with aura and migraine
without aura are differentiated by epidemiological fea-
tures, the characteristics of the headache phase, patient
behaviour during attacks, natural history, age at onset and
age at resolution, the recurrence pattern of attacks,
favouring circumstances and trigger factors, correlation
to female reproductive events, comorbidity and preven-
tive therapies. Moreover, several literature reports suggest
a possible different pathogenetic basis for the two forms
of migraine.

Keywords Migraine with aura · Migraine without aura ·
Migraine

If by the word “syndrome” we correctly mean the com-
plex of symptoms that characterise a disorder, then
migraine with aura (MA) and migraine without aura
(MoA) cannot be considered as a single syndrome due to
their marked clinical differences. 

On the other hand, investigators have been debating
for a long time whether these two forms of migraine
could be part of the same disorder or are two separate dis-
orders, and the debate heats up periodically. Interest in
this topic rose abruptly in the mid-1980s [1–5] in the
wake of important studies conducted by Olesen’s group
[6, 7] on regional cerebral blood flow in MA and MoA.

However, the great progress made in clinical manage-
ment and pathogenesis of migraine over the last two
decades is not enough to provide the final word on the
MA/MoA issue and the debate is still open. Many patho-
genetic elements seem to differentiate MA from MoA,
but perhaps any discussion on this issue should be preced-
ed by a careful clinical evaluation. We here try to com-
pare the different clinical features of the two migraine
forms.

Epidemiology

Based on current literature data, about 10%–12% of the
general population now appears to suffer from migraine,
with a gender (F:M) ratio of 2.5–3 to1 [8]. Most studies on
migraine prevalence, however, have not considered the two
forms separately. The few studies that specifically evaluat-
ed MA prevalence indicate rates of 1%–4% in the male
population and 3%–10% in the female population [9].

One of the clinical features that is most often cited to
support the theory of a single syndrome is the high prob-
ability of MA and MoA attacks coexisting in the same
patient. This theory, however, does not appear to be suf-
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ficiently corroborated by epidemiological data. If we look
at the prevalence study that is so far considered most reli-
able from the methodological point of view, because it was
conducted by directly interviewing all the recruited sub-
jects, only 13% of MA sufferers were found to also have
MoA [10], indicating that this could be a mere coincidence.
The results of a population-based twin survey on MA and
MoA co-occurrence point to the same conclusions [11].

Aura

Of course, aura is the clinical feature that most distin-
guishes MA from MoA. On this feature, at least, there is
no lack of consensus among supporters and opposers of
the single-syndrome theory. However, the overwhelming
majority of MA patients complain much more about aura
than they do about the headache phase; that is to say they
experience much more discomfort from the focal neuro-
logical symptoms preceding the headache than from the
headache itself. In MA, aura is the attack and the
headache frequently represents nothing more than an
often “banal” post-attack phase.

Headache phase

In MoA, the headache is most prominent and clearly dis-
abling, also due to the accompanying symptoms. In MA,
the headache may or may not be present, as in so-called
migraine aura without headache. When the headache is
present, it may be of either a migraine or non-migraine
type. In other words, it can have clinical features that
have nothing to do with MoA. Indeed, they may be more
similar to those of tension-type headache, even though
nobody would ever dream of considering these episodes
as tension-type headache with aura. However, the fact
that some patients may have only this kind of attack
should be enough to raise doubts among the advocates of
the single-syndrome theory. 

Moreover, the average duration of the headache phase
in MA is shorter than the duration of an MoA attack.

Patient behaviour during attacks

During MA attacks, patients often behave as if they were
experiencing a panic attack and ask for help from other
people around them: a patient’s anxiety is most acute
during aura and decreases considerably in the headache
phase. By contrast, during MoA attacks patients tend to
isolate themselves and stay still. They feel discomfort
and want to be left alone. Instead of seeming restless,
they appear to succumb to the pain and be unable to do
their normal activities.

Natural history of the disorder

Mean age at MoA onset is about 19 years, with a high
probability of onset between childhood and 35 years of
age and a very low probability of onset after age 40. In
MA, age at onset differs widely, with onset being more fre-
quent in early adulthood but not infrequent in old age [12].

Age at resolution is also very different in the two
migraine forms. While MoA tends to resolve sponta-
neously – or decrease considerably – after age 50, MA
usually disappears at an earlier age [13].

Attacks generally recur regularly for years with a fre-
quency of several a month in MoA, while in the over-
whelming majority of MA cases the attacks are much less
frequent and recur with an irregular, unpredictable and
capricious pattern.

Favouring circumstances and trigger factors

MoA attacks are more frequent over weekends and when
the patient relaxes after experiencing a stressful event or
emotion, such as passing an examination. In women of
childbearing age, a specially risky circumstance is the
perimenstrual period. Conversely, MA attacks do not
have favouring circumstances, though in some cases they
can be induced by some strong natural or artificial visual
stimulation [14].

Correlation to major female reproductive events

A clear-cut difference between the two migraine forms is
represented by the course of the attacks during the main
phases of a woman’s reproductive life. As has been hint-
ed at before, MoA is greatly influenced by menstruation,
but MA is not. Only in about one-fifth of MA cases vs.
about three-quarters of MoA cases is there an increased
risk of attacks in the perimenstrual period [15].

During pregnancy, MoA disappears in the majority of
cases, while MA tends to persist or worsen and in some
cases even to occur for the first time [15].

Oral contraceptives do not negatively affect MoA in
most cases, while they can worsen MA to the point that
some authors consider this form of migraine as a con-
traindication to the pill.

During menopause, MoA is often attenuated or ceas-
es altogether, while MA appears to be less influenced by
it. (Literature data on this subject are very scarce.)

Comorbidity

Among the many possible conditions that are comorbid
with migraine, the most widely studied over the last few
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years have been psychiatric disorders, stroke and patent
foramen ovale (PFO).

In this respect, too, there are marked differences
between MA and MoA. MoA is significantly associated
with depression [16], while MA is associated with anxi-
ety, particularly panic attacks [17].

Literature reports seem to indicate a six- to eight-fold
risk of stroke in 30–40-year-old women with MA vs.
controls, while in MoA women this risk does not appear
to be increased [18–20].

Recently, a statistically significantly higher frequency
of PFO has been reported in adults with MA (about
45%–50% of cases) compared with both non-migraine con-
trols and MoA patients (about 20%–25% of cases) [21].

Preventive therapy

Unfortunately, there are still too few pharmacological
studies on migraine dealing separately with MoA and
MA cases. In any event, both clinical experience and the
few data available from drug trials demonstrate that MoA
may benefit from preventive drug therapy with beta-
blockers, calcium-channel blockers, partial serotonin
agonists, tricyclic agents and antiepileptic agents such as
valproate and topiramate. By contrast, MA responds pri-
marily – and often dramatically – to another antiepileptic
agent, lamotrigine, which is of no use in MoA.

The clinical features of MA and MoA described in this
report appear so distinctive that even international
headache classifications – the 1988 International
Headache Society classification [22] and the 2004
International Classification of Headache Disorders [23] –
have cautiously begun to distance themselves from the
single-syndrome theory, trying instead to categorise the
two forms separately, albeit within the same chapter. 

As to the pathogenetic mechanisms of migraine, which
we briefly mentioned at the beginning of this discussion on
the MA/MoA issue, we have chosen not to deal at length
with the abundant literature data existing on this subject
and to limit ourselves to a few conclusive considerations.

Simply put, the main reason we did this is that we
should honestly admit that we know nothing about patho-
genesis, either of MoA or of MA. We have many work-
ing hypotheses – some of them very interesting – but
these are, well, just hypotheses. We have many pieces of
the migraine puzzle in our hands, but no sure pathogenet-
ic interpretation to complete the picture. Moreover, many
of the studies conducted so far did not, unfortunately,
consider the two forms of migraine separately. The few
studies that did so, not infrequently point to different, if
not entirely conflicting, results for MA and MoA. 

Examples range from the by-now dated yet still sem-
inal studies of Olesen’s group on spreading oligaemia in

MA but not in MoA [6, 7], to the more recent studies by
Chronicle at al. on cortical hyperexcitability in MA but
not in MoA [24].

In conclusion, MA and MoA present two distinct clin-
ical pictures, which – perhaps – have in common only a
slightly higher than average chance of coexisting in the
same patient. Even if they actually did, the reason could be
comorbidity rather than the existence of a single clinical
entity. Clarifying the pathogenetic mechanisms of MA and
MoA will undoubtedly be of fundamental importance to
help define their relationship. Based on present-day
knowledge, however, it is not yet possible for investigators
to postulate or even consistently hypothesise a common
pathophysiological basis for these two migraine forms.
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Abstract Migraine with aura and without aura share the
same clinical features with respect to the headache, and dif-
fer nosologically in the presence or absence of aura. The
mechanisms of aura generation are now becoming clearer,
based on imaging studies, and a common migraine patho-
physiology for all subtypes of migraine headaches now
seems reasonable, as it would seem implausible that all of
these neurological events have different pathogenic mecha-
nisms. Both major subtypes of migraine clearly represent a
perturbation of normal physiology and employ normal
anatomic pathways to generate the aura and headache, sim-
ilar to aura and a seizure.  So what is the mechanism of
migraine aura? Do migraine without aura patients have clin-
ically silent aura? Migraine is after all defined as a clinical
disorder and is the prototypic primary headache and thus its
uniform pathogenesis must underlie all that we know about
migraine clinically. This presentation will take the resolve
that the migraine with and without aura share the same
pathogenic mechanisms. 

Keywords Migraine · Aura · Mechanisms · Pathophysiology

Migraine without aura is a common disorder, whereas
migraine with aura is less common but more dramatic in
that the neurological aura is what “defines” the headache.
In migraine without aura it is the headache features that
define the disorder [1]. In practice it is the visual aura,
usually a fortification spectra or scintillating scotomata
[2], which almost makes the diagnosis pathognomonic for
migraine with aura. Neurologists have always been inter-
ested in neurological symptoms, particularly aura as it
relates to migraine or epilepsy [3]. This issue of how the
aura is generated is now becoming clearer, based on
imaging studies but also the fact that the aura is linked to
the headache in some pathophysiological manner. It is
inconceivable to this author that migraine without aura,
which has identical clinical headache symptoms to
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Fig. 1 Author’s scintillating zig-zag bright light that moves across
visual field over some 20 minutes. On about half of the occasions
it is followed by migrainous headache, while the rest of the time,
no pain follows at all. 
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migraine with aura, can be generated in any other way
except by way of the same pathogenic mechanisms. In
fact patients can have migraine aura with headache and
without headache throughout their lives and particularly
later in life, as late life migraine accompaniments, and it
would seem implausible that all of these events have dif-
ferent pathogenic mechanisms (Fig. 1). It makes no sense
whatsoever clinically to suggest that the aura of migraine
should be disconnected from the actual headache any
more than the aura of epilepsy should be disconnected
from the actual seizure. Both disorders represent pertur-
bations of normal physiology and employ normal
anatomic pathways to generate their neurological warn-
ings prior to the generic event that defines the headache
or seizure. 

What is the mechanism of migraine aura?

Aura is a clinical event in about 20% of migraine
patients, using IHS criteria [1]. Aura is typically visual
or sensory, and is accompanied by a spreading oligaemia
first reported by Olesen et al.’s pioneering studies [4],
supported and extended by the work of the Boston Group
[5, 6]. The observation of an initial hyperaemic phase [7]
secures the validity of comparisons of migraine aura
with cortical spreading depression [8], however the
headache begins even while the oligaemia is still present
[9] and thus these aura studies show that headache is not
due to reactive vasodilatation as Wolff had considered
[10]. Also it appears that the cortical spreading depres-
sion of Leao [11–13] has many similarities with aura,
and the human aura is the homologue of that process
observed in other species [14]. As only a small percent-
age of patients report aura, is it absent in most, or pres-
ent but sub-clinical? 

Fundamentally, migraine is an episodic headache
with certain associated features, in particular sensitivity
to light, sound and smells, as well as a neurological aura
in about one third of sufferers. These features give clues
to the pathophysiology of acute attacks, and any explana-
tion must account for all of these cardinal features. 

Do migraine without aura patients have clinically
silent aura?

Imaging data overwhelmingly report no change in brain
blood flow in migraine without aura [6, 15, 16], so it
seems unlikely that aura is unnoticed clinically. A case
of bilateral spreading oligaemia observed with positron
emission tomography (PET) [17] may support the pres-
ence of silent aura. This patient did not have typical
aura, but blurring, which is not uncommon in all types
of migraine. Thus is seems necessary when considering

the clinical evolution of migraine to also consider aura
as an integral part of the pathogenic mechanisms. 

Also, a recent PET study showed that posterior cere-
bral hypoperfusion accompanying migraine auras could
also be present in migraine attacks without aura [18],
suggesting a common putative pathogenic mechanism for
migraine with aura. 

This presentation will take the point of view in the
resolution that migraine with aura and migraine without
aura do share the same pathogenic mechanisms.
Migraine is a clinical disorder and current information
supports a common aetiopathogenesis for its various sub-
types. Migraine is the prototypic primary headache disor-
der and thus its uniform pathogenesis must underlie all
that we know about migraine clinically. 
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Abstract Migraines carry a substantial genetic liability,
and in families affected with the typical migraines
(migraine with, MA, and without aura, MO) linkage to
some chromosomal loci has been reported. As yet howev-
er, no genes are known for MA/MO, while the three genes
discovered as responsible for familial hemiplegic migraine
(FHM) are not involved in the typical migraines.
Accordingly, we propose to consider FHM as a syndromic
migraine and not as a variety of MA. Moreover, we sug-
gest that epigenetic mechanisms play a role in the determi-
nation of the typical migraines, and that the primary
headaches represent behavioural responses (sickness
behaviour, fight-or-flight responses), having adaptive
advantage and having been evolutionary conserved, in
which pain represents a signal of homeostatic imbalance.
Epigenetic mechanisms and this proposed genetic behav-
ioural model could be usefully incorporated into headache
genetic research.

Keywords Migraine · Genetics · Epigenetics · Linkage ·
Genetic association

Is migraine a genetic disease?

Any clinician working in the field of headaches is likely to
encounter in his/her everyday work a familial aggregation.
Migraines are however particularly prevalent among the
general population, especially among females in the age
range 30–40 years, and therefore any familial aggregation
of the disease could be due simply to chance occurrence
within the family. In this respect, careful genetic epidemio-
logical studies performed in the last decades have convinc-
ingly demonstrated that the recurrence (disease) risk for the
so-called typical migraines (by which we mean migraine
with, MA, and without aura, MO) in relatives of probands
affected with MO and particularly MA is higher than their
chance recurrence in the general population. When examin-
ing the recurrence rate among first-degree relatives of a MO
proband, the resulting risk is about twice that incurred by a
random member of the general population; even more
remarkably, first-degree relatives of probands with MA
carry a recurrence risk for MA that is nearly four times that
of any random member of the general population [1].

These findings thus establish that migraine indeed has a
familial aggregation. Being familial however is not tanta-
mount to being hereditary, as a familial aggregation could
be related to specific environmental factors acting within
the family. However, when comparing the relative disease
risk for spouses of migraine probands, no increased risk for
MA (and only a slightly, 1.4-fold, increased risk for spous-
es of MO probands) was found, implying a hereditary rather
than environmentally determined familial aggregation [1].
Comparisons of mono- vs. di-zygotic twins also indicate
that about half of the variation in the concordance rate for
the typical migraines is attributable to genetic factors shared
by the twins [2]. Thus, overwhelming genetic epidemiolog-
ical evidence favours a hereditary liability to the typical
migraines, probably stronger in the case of MA. Whether
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MA and MO represent genetically distinct disorders can-
not be ascertained with certainty, however the lack of
shared recurrence disease risk for MO among relatives of
MA probands suggests that this is indeed the case [1].

Analysis of migraine pedigrees is consequently need-
ed in order to detect the genetic transmission pattern, and
many such studies have been performed in the literature
[3–6], however with equivocal results. No consistent pat-
tern was detected, and the results of complex segregation
analysis were mostly consistent with a multifactorial
inheritance pattern, even in those families displaying an
apparently autosomal dominant transmission [6].

A multifactorial inheritance pattern is considered for
many other medical conditions that are widely prevalent
in the general population, and implies that several genes
have a role in pathogenesis, each one with a small quan-
titative effect (each a quantitative trait locus) and inter-
acting with several environmental factors. Multifactorial
traits are those that conform to a quantitative, not quali-
tative, variation, and show a quantitative distribution in
the general population. Examples of quantitative traits
that vary continuously within a quantitative range are
height, body weight, blood pressure, etc. According to
the model of multifactorial inheritance, we should expect
to detect migraine liability spread over tens or possibly
hundreds of genes, each characterised by a small quanti-
tative effect.

It remains unclear however whether migraines repre-
sent truly quantitative traits in the general population. A
brief consideration of their clinical characteristics sug-
gests that migraines are not phenotypic traits comparable
to body weight or blood pressure, but rather disorders
with intrinsically consistent clinical features of the attack
and specific natural history, and should be rather con-
ceived as behaviours implying more of a qualitative dif-
ference (see later). It is therefore likely that migraine
genes, probably several, may in fact exist, and that
migraines are polygenic (or even oligogenic) rather than
multifactorial diseases.

Genes for migraine families?

That the typical migraines are polygenic diseases, con-
forming to Mendelian patterns of hereditary transmis-
sion, is suggested by several linkage and genome-wide
scanning studies successfully performed in selected fam-
ilies with recurrence of MA or MO/MA, and in particu-
lar by the successful elucidation of the genetics of famil-
ial hemiplegic migraine (FHM), a subtype of MA having
an autosomal dominant transmission [7].

Genome-wide scans in 50 multi-generational Finnish
families with transmission of MA have identified linkage
loci to chromosome 4q24 near the marker D4S1647 [8],
a linkage locus that was later confirmed (but to 4q21) in

Icelandic families having recurrence of MO [9]. Linkage
to chromosome 6 was found by Carlsson et al. [10] in a
large family from Sweden, with multigenerational recur-
rence of MA and MO, while in Canadian families with
recurrence of MA, linkage was obtained to a locus on
chromosome 11q24 with a LOD score of 4.2 [11]. A
locus mapping to chromosome 15q11-q13 was detected
in Italian families with recurrence of MA in an autosomal
dominant pattern, to a genomic region containing three
genes encoding for subunits of the GABA-A receptor
[12] and to chromosome 14 in a large Italian family with
recurrence of MO [13]. Finally, other chromosomal
localisations (on chromosomes 1 and 19) have been pro-
posed that shall be discussed later with the FHM genetic
contribution to the typical migraines, and to chromosome
Xq24-28 in three large Australian pedigrees with recur-
rence of typical migraine [14, 15].

From the above evidence, and even though specific
genes have not yet been identified, it is nonetheless clear
that loci for genetic determination exist for the typical
migraines, possibly separated for MA vs. the more com-
mon MO. That indeed migraines can conform to a
Mendelian type of genetic transmission is highlighted by
the genetics of FHM, even though the relationship of
FHM to the genetics and the pathogenesis of the typical
migraines remains doubtful.

Familial hemiplegic migraine (FHM): not a good
model for the typical migraines

According to the Headache Classification Subcommittee
(HCS) [7], FHM is a variety of MA with an autosomal
dominant transmission. Three genes have been succes-
sively identified in FHM families, the first one,
CACNA1A, encodes for a subunit of a neuronal calcium
channel [16], while the others encode respectively for the
A2 subunit of the Na/K ATPase and for the sodium chan-
nel SCN1A [17, 18]. Accordingly, 3 types of FHM, types
1, 2 and 3, are known; FHM type 1 is moreover allelic
with two other neurological conditions, spino-cerebellar
ataxia type 6 [19] and episodic ataxia type 2 [16], reflect-
ing the long known fact that some families with FHM
display additional signs of cerebellar episodic or progres-
sive involvement. 

The discovery of the genetic basis of FHM, at least in
some families, since other families do not carry these lia-
bility genes and therefore further genetic heterogeneity is
implied, has allowed a detailed dissection of the FHM
phenotype and the consequent discovery that the FHM
mutations are implicated in phenotypes widely different
from the prototypical hemiplegic migraines. 

Indeed, besides cerebellar ataxia, FHM families may
display epileptic seizures of different types [20–23],
mental retardation [24–26], paroxysmal psychosis [27],



movement disorders [28, 29] and even a myasthenic syn-
drome [30]. Multisystem involvement may be detected
even within single families [24, 29] and is found in both
FHM types 1 and 2, FHM type 3 probably having been
reported too recently for a complete clinical dissection. 

The successful discovery of the FHM genes and the
consideration that FHM represents a variety of the typical
migraines, has brought about the proposal that the typical
migraines represent calcium channelopathies [31] and that
FHM pathogenesis is a model for the typical migraines
[32]. However, lacking from such suggested models are
any considerations of the fact that FHM may display
symptoms and signs never or very rarely found in the typ-
ical migraines, such as cerebellar atrophy, mental retarda-
tion or epilepsy, and the fact that FHM mutations may
even occur in the absence of the typical hemiplegic
migraine features.

Moreover, studies of the possible involvement of the
FHM genes in the typical migraines have mostly met with
consistently negative results [33–44] and there is no evi-
dence to date that any FHM gene is mutated in migraine
pedigrees without members affected by hemiplegic
migraine attacks.

A proposal of FHM as a syndromic migraine

The lack of any involvement of the FHM genes in the
typical migraines and the wide clinical features found in
FHM families indicating multisystem pathology argue
for a substantially different classification of the FHMs.
FHM cannot be construed as a subtype of the typical
migraine MA, but rather as an example of syndromic
migraine, a new nosological category of migraines that
we propose as useful for clinical classification and for
diagnostic purposes, along with similar categorisations

of syndromic deafness, epilepsy, mental retardation, etc.
Syndromic migraines, accordingly, are diseases, often

genetically determined, in which migraine-like attacks,
sometimes indistinguishable from attacks occurring in the
typical migraines, recur, compounded by the involvement
of other neurological or extra-neurological systems.
While the HCS [7] recognises a category of secondary
headaches, i.e., attacks of headache/migraine that are sec-
ondary to known causes rather than to a primary brain dis-
turbance, it does not recognise the concept of syndromic
migraine, which, unlike secondary headaches, refers to
clinical syndromes and not simply to a range of headache
attacks. While this may be due to the fact that the HCS [7]
classifies headache attacks and not headache diseases,
introducing the concept of syndromic migraines could be
useful not only for clinical but also for scientific reasons. 

A number of proposed and still very provisional syn-
dromic migraines, including FHM, are displayed in Table 1
for the sake of providing some examples.

Genetic and epigenetic migraine mechanisms, and a
genetic behavioural model

From the above discussion, genes for the typical migraines
seem particularly difficult to identify. This may be due to
several factors, not the least being the difficulties with
diagnosis due to the lack of recognisable laboratory mark-
ers for the disease, and the probably wide genetic hetero-
geneity of such a prevalent disorder. However, several pro-
posals can be made for a fruitful genetic quest.

As envisioned with many other complex and prevalent
diseases, epigenetic mechanisms are likely to play a rele-
vant role in the determination of the typical migraines.
Attachment styles in the early stages of the nervous devel-
opment of the infant and child seem to me particularly rel-
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Table 1 A list of proposed and still provisional syndromic migraines

Syndromic migraines Genes (chromosome) involved Migrainous features

Familial hemiplegic migraine, CACNA1A (chromosome 19p13); ATP1A2 Attacks with hemiplegic aura
types 1, 2 and 3 (FHM1,2,3) (chromosome 1q23); SCN1A (chromosome 2q24)

Mitochondrial myopathy, encephalopathy,
lactic acidosis, stroke-like episodes (MELAS) mtDNA genes MTTL1, MTTQ, MTTH, MTTK, Recurrent MA, focal neurological

MTTS1, MTND1, MTND5, MTND6, MTTS2 deficits, vomiting and convulsions

Cerebral arteriopathy, autosomal dominant, NOTCH 3 (chromosome 19p13.2-p13.1) MA/MO in 22 to 38% of those
subcortical infarcts, leukoencephalopathy affected
(CADASIL)

Retinopathy, vascular, cerebral and renal TREX1 (chromosome 3p21.3-p21.2) Migraine in 70% of those affected
involvement, Raynaud and migraine phenomena 
(HERNS)

Familial cerebral cavernous malformations CCM 1: KRYT 1 (chromosome Convulsions and migraine attacks
(CCM 1, 2, 3) 7q11.2-q21); CCM 2: CCM2

(chromosome 7p15-p13); CCM 3: 
PDCD10 (chromosome 3q25.2-q27)



evant, given the striking maternal influence on migraine
phenotypic variability in offspring. Epigenetic mecha-
nisms are those that result from changes in DNA and in
DNA-binding proteins that do not modify the nucleotide
sequence of the DNA, and result in the silencing or activa-
tion of genes. Several human genes are known to be sub-
jected to epigenetic mechanisms and in particular to
imprinting, i.e., their expression depends upon which par-
ent any particular allele is inherited from [45]. Imprinted
genes are especially involved in embryonic development
and represent susceptibility loci for functional modifica-
tions by genetic and epigenetic mechanisms. Moreover,
age and even lifestyles (such as dietary influences) have
been suggested to play a role in epigenetic mechanisms
[46]. Epigenetic factors are thus critically placed at the
interface between DNA encoded genetic variability and
environmental triggering and modifying factors, especial-
ly those acting in the early stages of life. These environ-
mental developmental and triggering factors could be use-
fully screened and incorporated into the genetic analysis of
migraines. 

Another consideration stems from a different concep-
tualisation of the typical migraines (and of the other pri-
mary headaches, such as cluster headache) as not simply
painful conditions, but rather as behavioural responses to
homeostatic perturbations of the brain metabolism that
include pain as a clinical feature (in our view migraine
pain should thus be conceived as a kind of homeostatic
pain, e.g., like the pain of angina pectoris, and surely not
as a neuropathic pain [47]). 

We therefore consider the behaviour observed during
the typical migraine attacks to represent a kind of sickness
behaviour, while that during cluster headache a type of
fight-or-flight response [48, 49]. Both types of responses
are organised by distinct neural networks that include
pain as one of various phenotypic elements, have a sur-
vival advantage [50] and represent adaptive mechanisms
that are present in all mammals under typical conditions
of perturbed homeostasis. This novel conception of the
primary headaches as evolutionary conserved behavioural
responses has been presented in more detail elsewhere
[51, 52] as a useful genetic behavioural model to be incor-
porated into the dissection of the genetics of the migraine
diseases. 
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Abstract Is migraine a genetic illness? This question was
previously controversial, but today the answer yes is gen-
erally accepted. The scientific evidence is the significant-
ly increased familial risk of migraine, and the significant-
ly higher concordance rate of migraine in monozygotic
than dizygotic twin pairs. Finally, the three identified ion-
channel genes that can cause familial hemiplegic migraine
provide very strong evidence of genetics. Mutations in
these genes can also cause sporadic hemiplegic migraine.
The next question is whether the different types of
migraine, i.e. migraine without aura, migraine with aura,
sporadic hemiplegic migraine and familial hemiplegic

migraine share a common genetic cause. This question is
at present controversial. However, the fact that all types of
migraine are paroxystic in nature suggest that a common
genetic cause could be mutations in ion channels,
although a common mutation has not yet been identified
in the more common types of migraine: migraine without
aura and migraine with aura.

Keywords Migraine without aura · Migraine with aura ·
Hemiplegic migraine · Genetics

The diagnosis of migraine relies exclusively on the
headache history and exclusion of secondary causes. The
lack of an objective marker applicable for usual clinical
practice makes case definition a challenge. The
International Classification of Headache Disorder pro-
vides explicit diagnostic criteria in order to maximise
diagnostic precision [1]. Migraine without aura is defined
by pain characteristics and accompanying symptoms. The
majority of people with migraine without aura have never
experienced an aura [2]. Migraine with aura is now sub-
classified according to headache characteristics and aura
symptoms, while the first edition of the International
Classification of Headache Disorders subclassified
migraine with aura according to the aura symptoms alone
[1, 3]. However, both the headache characteristics and
aura symptoms usually vary from attack to attack [4].
Hemiplegic migraine includes motor aura and is subclas-
sified into familial hemiplegic migraine and sporadic
hemiplegic migraine depending on whether other first-
and/or second-degree relatives have experienced motor
aura or not. Migraine without aura and migraine with aura
are common, affecting more than 10% of the general pop-
ulation, while familial hemiplegic migraine and sporadic
hemiplegic migraine are relatively rare [5–8].
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Is migraine a genetic illness?

A positive family history of migraine is imprecise, as
probands only identify about half of their affected first-
degree relatives with migraine [9]. Table 1 shows the
familial aggregation in family studies of migraine without
aura and migraine with aura. As compared to the general
population, first-degree relatives had a significantly
increased risk of the probands’ disorder in all but the
American survey [10–13]. The American survey is biased
by family members interviewed only about their most
severe type of headache by lay interviewers [13]. The diag-
nostic precision of lay interviewers is anticipated to be less
precise than interviews by a physician, especially with
regard to aura symptoms. The Italian and Greek surveys
were based on clinic populations which may be subject to
selection bias. Thus, the Danish survey conducted by one
physician whom was blinded to the diagnosis of the
probands is probably the most precise of the genetic epi-
demiological survey on migraine [11]. An increased famil-
ial risk of migraine can be caused by genetic and/or envi-
ronmental factors. The risk among spouses can be used to
evaluate this relation, because probands and spouses in part

share a common environment, but differ in genetic consti-
tution. Spouses to probands with migraine without aura
had a slightly increased risk of migraine without aura,
while spouses to probands with migraine with aura had no
increased risk of migraine with aura [11]. Thus, the genet-
ic epidemiological surveys of migraine without aura and
migraine with aura support the importance of both genetic
and environmental factors.

The literature provides information on several twin
studies on migraine. The majority are based on question-
naires and lay interview [14]. The most precise survey was
based on a population-based twin registry where the twin
pairs were blindly interviewed by physicians [15, 16]. The
probandwise concordance rate was significantly higher in
monozygotic (MZ) than same gender dizygotic (DZ) twin
pairs in both migraine without aura and migraine with aura
(Table 2). The concordance rates in MZ twin pairs were
less than 100%. The results support importance of both
genetic and environmental factors.

A classical segregation analysis analyses for
Mendelian inheritance, while a complex segregation
analysis also analyses for multifactorial inheritance, as
well as transmissible and non transmissible environmental

Table 1 Age and gender standardised risk of migraine without aura (MO) and migraine with aura (MA)

Disease in proband Study Disease in No. of affected Population 
population first-degree relative relatives relative risk 

(95% CI)

Observed Expected

Migraine without aura
Italy [10] Clinic MO 64 17.7 3.6 (1.1–6.1)

Denmark [11] General MO 102 54.8 1.9 (1.6–2.2)
MA 42 29.2 1.4 (1.0–1.9)

USA [13] General MO 30 21.0 1.4 (0.8–2.5)
MA 10 4.2 2.4 (0.9–6.4)

Migraine with aura
Italy [10] Clinic MA 13 1.9 7.0 (3.2–10.8)

Denmark [11] General MA 111 29.3 3.8 (3.2–4.4)
MO 56 54.9 1.0 (0.8–1.3)

Greece [12] Clinic MA 58 4.9 11.9 (7.0–16.7)

USA [13] General MA 3 2.4 1.2 (0.3–5.5)
MO 17 12.1 1.4 (0.7–2.8)

The population relative risk is calculated by available data from the original articles by the Author
CI, confidence interval

Table 2 The probandwise concordance rates in monozygotic (MZ) and same gender dizygotic (DZ) twin pairs with migraine without aura and
migraine with aura

Men Women Total

MZ, % DZ, % MZ, % DZ, % MZ, % DZ, % 
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Migraine without aura 29 (3–55) 15 (–19–49) 50 (41–59) 37 (31–43) 43 (37–49) 31 (26–36)
Migraine with aura 53 (35–71) 29 (15–43) 48 (32–64) 15 (4–26) 50 (38–62) 21 (12–30)

CI, confidence interval



S54 Neurol Sci (2008) 29:S52–S54

factors [17]. A complex segregation analysis of migraine
without aura and migraine with aura suggested multifacto-
rial inheritance [18].

Familial hemiplegic migraine is a rare autosomal
dominant inherited subtype of migraine with aura [19,
20]. At present three different genes have been identified
to cause familial hemiplegic migraine, which is strong
evidence of genetics in migraine [21–23].

The question is migraine a genetic disorder? was pre-
viously controversial, but today the answer yes is gener-
ally accepted regarding migraine without aura, migraine
with aura and familial hemiplegic migraine.

Do the various forms of migraine share a common
genetic cause?

The three familial hemiplegic migraine genes identified so
far encode three different ion channels. The CACNA1A and
SCNA1A genes encode the pore-forming α1 subunits of the
neuronal voltage-gated Ca2+ channels Cav2.1 and Na+ chan-
nels Nav1.1, and the ATP1A2 gene encodes the α2 subunit
of the Na+,K+ adenosinetriphosphatase [21–23]. Mutations
in CACNA1A, ATP1A2 and SCNA1A genes cause familial
hemiplegic migraine types 1, 2 and 3. The phenotypes are
quite similar, with the exception that some type 1 families
have permanent cerebellar symptoms in addition to familial
hemiplegic migraine [20]. Due to the paroxystic nature of
migraine it makes good sense that the familial hemiplegic
migraine genes encode ion channels. However, are these
genes important in other types of migraine? A systematic
analysis of 39 patients with sporadic hemiplegic migraine
identified one CACNA1A mutation, five ATP1A2 muta-
tions and one SCN1A polymorphism [24]. The CACNA1A
and ATP1A2 mutations were also carried by other family
members with non-hemiplegic migraine with aura. This
finding suggests that familial hemiplegic migraine, sporadic
hemiplegic migraine and non-hemiplegic migraine with
aura have a common genetic cause. However at present the
three identified ion-channel genes cannot explain all cases
of migraine with aura, and it is likely that several other ion-
channel genes will be identified in the future. The next ques-
tion is, what about migraine without aura? It is also a parox-
ystic disorder with a phenotype quite similar to that of
migraine with aura, with the exception that aura is not pres-
ent. It is likely that migraine without aura is also caused by
mutations in ion-channel genes. Whether these possible
mutations can cause both migraine without aura and
migraine with aura is likely to be elucidated in the future.
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Abstract Patients with chronic headache forms evolving
from a previous episodic migraine (‘chronic migraine’)
are often difficult to treat. In this paper we focus attention
on aspects we believe important for producing a definition
of “refractory” in relation to this headache form. We pro-
pose a “chronic migraine” patient should be considered
“refractory” to pharmacological prophylaxis when ade-
quate trials of preventive therapies at adequate doses have
failed to reduce headache frequency and improve
headache-related disability and, in patients with medica-
tion overuse, reduce the consumption of symptomatic
drugs. However before a definition of “refractory” chron-
ic migraine can become established, generally accepted
diagnostic criteria and treatment guidelines for this condi-
tion need to be developed.

Keywords Chronic migraine (CM) · Refractory ·
Prophylaxis

Introduction

Although much progress has been made in recent years in
the management of primary headaches, neither the acute nor
the prophylactic therapies currently available for these disor-
ders are effective in all patients. Many patients, particularly
those referred to tertiary care centres, have “refractory”
headaches. However, universally accepted definitions of
“refractory” (or “intractable”) are not available. Goadsby et
al. examined the issue of the definition of intractable
headache for use in clinical practice and trials in a recent let-
ter to Cephalalgia [1]. Although mainly concerned with
stimulating debate, the letter nevertheless made recommen-
dations regarding the use of “intractable” in relation to
headache in general and not to specific headache types,
although the authors did provide separate lists of preventive
drugs that should be tested in migraine and cluster headache
before concluding for intractable forms of these conditions. 

We believe that intractability should be established sepa-
rately for each primary headache, since the aims of therapy,
impact of the condition and response to individual drugs
varies markedly with headache type – both for the main clin-
ical types of headache (migraine, tension-type headache,
cluster headache) and for several subtypes (e.g. migraine
without aura vs. migraine with aura vs. chronic migraine;
episodic vs. chronic cluster headache). We also believe that
intractability should be specified separately in relation to
acute and preventive medications, non-pharmacological
treatments (e.g. behavioural approaches or physical tech-
niques) and also for each type of modern surgical approach
(peripheral nerve stimulation or deep brain stimulation).

What is intractable chronic migraine?

The classification of patients with daily or nearly-daily
headaches of long duration and migrainous features (in all
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or some attacks) and who usually suffered typical episod-
ic migraine attacks before chronification is still controver-
sial [2–5]. Many patients with “chronic migraine” (CM)
overuse acute medications, which may favour evolution to
a chronic form and may reduce the efficacy of preventive
treatments [6–9]. The situation is further complicated by
the finding that CM can not only develop from episodic
migraine, but can also revert to an episodic form [8, 9]
and these clinical changes can be influenced by various
factors including contraceptive pill use, mood changes,
hypertension, menopause and other life events. 

There are other important areas of uncertainty with
regard to CM, particularly when associated to symptomatic
medication overuse. Outcome measures used across differ-
ent studies [10–14] to assess the efficacy of interventions
vary (no headache at all, return to an episodic pattern, inter-
ruption of overuse, etc.), making it difficult to interpret
results and produce standardised guidelines. Most Authors
have stressed the importance of treatment plans that pro-
mote the withdrawal of overused medications and help
patients to overcome their withdrawal symptoms [6, 8,
10–17]. These plans differ across studies, and may include
use of NSAIDS, dihydroergotamine infusion, oral or intra-
venous steroids, anti-emetics, etc. Furthermore, some
authors consider patients should be admitted for these treat-
ments, others prefer a day hospital regimen; others again
consider that CM patients can be adequately treated as out-
patients. Preventive approaches also vary (no prophylaxis,
various established anti-migraine prophylactics, antidepres-
sants, etc.) [10, 11, 13, 14, 17, 18]. Few prophylactic drugs
have been evaluated for the prevention of “chronic daily
headache” and CM in randomised, double-blind, placebo-
controlled studies. The clinical relevance of results obtained
with tizanidine, fluoxetine, amitriptyline and gabapentin
[19–22] is not easy to evaluate because of methodological
problems (such as use of composite headache indices or
percentage of headache-free days to assess therapeutic effi-
cacy, and small sample sizes). More relevant data on the
efficacy of topiramate have been published. One single-cen-
tre double-blind trial [23] and two recent multi-centre, ran-
domised, double-blind, placebo-controlled studies [24, 25]
showed that topiramate significantly reduces the mean
number of headache days in patients with CM. 

In an attempt to contribute constructively to clarifying
the situation in this area, we will review the factors which
in our opinion should be considered in deciding whether
a patient with CM is “refractory” to pharmacological
prophylaxis. Since the terminology in this area is con-
fused, for the purposes of this paper we define “chronic
migraine” (CM) as a headache form characterised by
long pain duration (>4 h) and high frequency (≥15
days/month), with at least some attacks displaying typi-
cal migraine features. We add that CM as we define is
often associated with acute medication overuse. 

Reduction in frequency

A satisfactory treatment goal for most CM patients would
be return to an episodic pattern, i.e., headache on less than
15 days/month with episodes lasting no longer than 72 h. 

However such a goal would be unsatisfactory in patients
with lower frequency (15–20 headache days/month), in
whom a 50% or more reduction in headache frequency
(generally accepted goal in episodic migraine prophylaxis)
seems a more reasonable indicator of success.

Note also that CM patients usually experience attacks
whose characteristics vary (tension-type-like and migraine-
like). The migraine-like attacks are usually of greater sever-
ity and are more debilitating. The number of days with
migraine headache (and not headache in general) might be
a more realistic outcome measure in such patients.

Reduction in headache-related impact 

In agreement with Goadsby et al. [1], we feel that
“intractable” necessarily implies disability. Improvement
in patient functioning and quality of life could be assessed
by detailed interview, which investigates the patient’s atti-
tudes, and working, family and social context. However, a
more objective evaluation requires use of standard vali-
dated instruments. The headache-specific MIDAS [26],
HIT6 [27] and MSQ [28] instruments seem suitable for
assessing functional and health-related quality of life out-
comes. MIDAS and HIT6 are brief and easy to score in
clinical practice; MIDAS and MSQ have proven sensitive
to clinical changes in CM patients [17, 25, 29]. However,
there are no data regarding which threshold of score
change in these instruments should separate treatment
failure from treatment success.

Resolution of medication overuse

We propose that patients should be considered to have
failed treatment when medication consumption does not
fall below that reported in ICDH II [5] (i.e., use of ergo-
tamine, triptans or combination analgesics ≥10
days/month, or use of simple analgesics or any combina-
tion of ergotamine, triptans, analgesics and opioids on
≥15 days/month). 

Definition of adequate trial of preventive therapies in CM

Preventive drugs

We propose that the greatest possible number of drugs should
be tested and found ineffective (or intolerable) before consid-



ering a CM patient “refractory” to medical prophylaxis. We
do not consider it sufficient to try one medication of each
pharmacological class (e.g., one beta-blocker, one antiepilep-
tic, etc.) as suggested by Goadsby et al. [1]. The rationale for
this is that the members of a given class (e.g., calcium entry
blockers or anti-epileptics) may work by various mecha-
nisms. We know from clinical practice for example that a
patient unresponsive to one antiepileptic may improve with
another, and that tolerability within a class varies too.

We propose that a patient should have adequate courses of
all drugs considered as first-line prophylactics for episodic
migraine by international guidelines [30, 31], and in addition
should receive adequate courses of at least some of the drugs
considered second- or third-line prophylactic treatments.

Contraindicated drugs and those likely to cause intoler-
able side effects should be avoided. Preventive medications
used in the past with no efficacy or with intolerable side
effects could not be tested again, provided information on
duration, dose and adverse events is sufficient and reliable.

Many physicians use polytherapy on CM patients. The
use of two or more drugs may be justified by the presence
of comorbidities (see below) or by the possibility that the
effects of different drugs can “summate” to achieve effica-
cy. This latter phenomenon is well known in neurological
disorders such as epilepsy and Parkinson’s disease [32].
However there is insufficient evidence to determine
whether polytherapy is superior to monotherapy. Only two
double-blind studies [19, 33] and three uncontrolled stud-
ies [34–36] have been published in this area. In these stud-
ies different combinations of prophylactic drugs were test-
ed against the compounds used in monotherapy in small
series of episodic and/or “chronic migraine” patients. A
trend for better outcomes with polytherapies was observed
in all cases, although only in one retrospective study and in
one double-blind study was the difference between the two
approaches found to be significant [19, 34].

Trial duration and dosage 

Although there is no evidence on the optimal length of
prophylactic treatments, 3 months is usually considered
sufficient to assess prophylactic efficacy. With regard to
dose, clinical experience suggests that some patients ben-
efit from doses above the recommended range. 

We propose that a 3-month treatment period is
required to assess efficacy but it may be useful to contin-
ue for a further 3–6 months if there was some improve-
ment during the first 3 months. 

Treatment of medication overuse  

It is generally agreed that acute medication overuse
should be curtailed before starting prophylaxis in patients
with chronic headaches. Various strategies are used in ter-

tiary care centres to achieve this and control withdrawal
symptoms, as discussed above. Inpatient treatment with
infusion therapies seems to produce satisfactory reduction
even in the most difficult cases, although some data sug-
gest that treatment in day hospitals or as outpatients can
also be effective [6, 7, 10, 11, 14]. A recent randomised
controlled trial indicated that topiramate prophylaxis may
be effective in reducing headache frequency in CM
patients even when acute medication overuse is not
addressed [25], suggesting that withdrawal of overused
medications may not be an essential first step. However
the issue requires further investigation, particularly
because the study in question [25] recruited few patients,
no significant reduction in medication consumption in the
topiramate group was achieved, and the placebo effect
was very small, suggesting the possibility of un-blinding.

Treatment of comorbidities

Migraine patients often report comorbidities [37–39], the
presence of which may influence the choice and also the
outcome of preventive treatment. Conditions such as
depression, sleep disorders, epilepsy, anxiety, hyperten-
sion and obesity may increase headache frequency and
heighten pain perception. We therefore feel that the iden-
tification and appropriate treatment of all clinically sig-
nificant comorbidities is essential before declaring a treat-
ment failure in CM patients. 

Many migraine prophylactics are also useful for con-
trolling comorbidities and may be chosen for a given CM
patient with the aim of treating both disorders. As
reviewed by Silberstein at al. [39], two alternative strate-
gies could be adopted: treat both headache and comorbid-
ity with a single compound (monotherapy) or treat each
condition separately (therapeutic independence). The lat-
ter approach may be preferable in most cases, as optimal
doses may not be the same for the headache and the other
condition, and the anti-migraine drug may not be the first
choice treatment for the comorbidity. 

Concluding remarks

In this paper we have focused attention on the aspects we
believe important for producing a definition of “refractory”
in relation to chronic headache forms evolving from episod-
ic migraine, here referred to as “chronic migraine” (CM).
We propose that a CM patient should considered “refracto-
ry” to pharmacological prophylaxis when adequate trials of
preventive therapies at adequate doses have failed to reduce
headache frequency and improve headache-related disabili-
ty. CM patients with medication overuse should also be con-
sidered refractory when treatments fail to reduce the con-
sumption of symptomatic drugs. However we recognise that
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the term “refractory” in relation to CM can be conclusively
established until generally accepted diagnostic criteria,
treatment guidelines and treatment outcome measures for
this condition have been developed. 
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Abstract Chronic daily headache that does not respond or
no longer responds to prophylaxis is commonly encoun-
tered at specialist headache centres. Animal and brain
imaging studies indicate that peripheral neurostimulation
affects brain areas involved in pain modulation, providing
a rationale for its use in these conditions. We examine
problems related to the selection of chronic daily
headache patients for peripheral neurostimulation. These
conditions are often associated with analgesic (including
opioid) overuse, and psychiatric or other comorbidities,
and the terms used to describe them (chronic migraine,
transformed migraine, chronic daily headache and chron-
ic tension-type headache) are insufficiently informative
about these patients when proposed for neurostimulation.
Longitudinal studies indicate that pre-existing subclinical
depressive and anxious states play a key role in chronici-
sation and that the probability of responding to treatment
is inversely related to headache frequency. These consid-
erations suggest the need for extensive characterisation of
patients proposed for neurostimulation. We propose that
patients being considered for neurostimulation should be
followed for at least a year, and that their headache over
this time should consistently be frequent (all or most
days) and drug refractory. We also propose that only com-

pletely drug-resistant (as opposed to partially drug-resist-
ant) patients be considered for neurostimulation unless
there are other indications.

Keywords Neurostimulation · Selection criteria · Chronic
headache · Chronic migraine · Drug-resistant

Introduction

Migraine is common in western countries, with a preva-
lence of around 10%–15% [1]. It has been estimated to
be the most costly neurological disorder in the European
Community [2] and one of the most costly neurological
disorders in the United States [3]. New therapies in
headache are mainly driven by developments in
migraine, and this is the case with peripheral neurostim-
ulation, which has been proposed for the treatment of a
number of drug-resistant primary headaches [4–8].
Animal studies indicate that peripheral neurostimulation
can have an antidolorific effect (for review see Refs. 9
and 10) and may affect brain areas involved in pain mod-
ulation, providing a rationale for the use of these tech-
niques in humans [7]. Over the last decade central (hypo-
thalamic) stimulation has emerged as an effective new
treatment for drug-resistant chronic cluster headache and
other forms of trigeminal autonomic cephalalgia (TAC)
(for review see Ref. 11). The introduction of this neu-
rostimulation technique has raised a number of clinical
problems regarding patient eligibility for the procedure,
including whether the International Headache Society
(IHS) definitions of chronic cluster and other TACs are
detailed enough to appropriately select patients for neu-
rostimulation [12].

Since neurostimulation is of growing interest as a
treatment for drug-resistant primary headaches, we here
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examine some of the problems related to the selection for
the technique of patients with chronic long-lasting (≥4 h)
primary headache.

Selection for neurostimulation: focus on the headache
or on the patient?

The classification published by the IHS [13] proved to be
a landmark as it introduced for the first time a common
language for headaches and reliable criteria for their
diagnosis. Another result was that research into the caus-
es and treatment of headache was greatly stimulated:
neuroimaging studies investigated headache attacks, and
triptans as treatment for acute neurovascular headaches
(migraine and cluster headache) were developed and
introduced.

The chronic forms commonly referred to as chronic
migraine, transformed migraine, chronic daily headache
and chronic tension-type headache remain difficult to
classify and diagnose, and a widely used and accepted
terminology is still some way off [14]. These forms are
also more difficult to treat than episodic headaches, and
this is the main reason why patients with severe chronic
headaches are increasingly proposed for neurostimula-
tion. The IHS defines these forms when headache is
present for at least 15 days per month for the preceding
three months [13, 14]. Patients undergoing neurostimula-
tion or other surgery are usually characterised as having
“chronic drug-resistant migraine” or “chronic daily
drug-resistant headache” [6–8]. These terms encompass
headache forms that can be highly heterogeneous in
terms of pain localisation, duration and intensity, trigger-
ing factors, associated phenomena, association with hor-
mone levels, age of onset, chronicisation pattern, dura-
tion of chronic form, etc. Furthermore, these chronic
conditions are often associated with analgesic overuse,
including opioids, and psychiatric or other comorbidi-
ties, including hypertension and cardiovascular disease
[15]. Thus the terms chronic migraine, chronic daily
headache and chronic tension-type headache are insuffi-
ciently informative about the generally complex clinical
picture that characterises patients with chronic headache,
particularly those proposed for neurostimulation.

Not even the clinical data used to assess the effective-
ness of prophylaxis (number of days with headache, pain
intensity, number of analgesics consumed, number of
working days lost and headache-related disability) pro-
vide sufficient information about the patient to assess his
or her suitability for neurostimulation.

Although mechanisms underlying the chronicisation of
pain and headache are far from being fully understood, lon-
gitudinal studies indicate that pre-existing subclinical
depressive and anxious states play a key role in chronicisa-
tion (for review see Ref. 15). It has also been found that

patients with chronic headaches tend to develop complex
musculo-skeletal pain syndromes and such patients
respond poorly to treatment [16]. Furthermore, the proba-
bility of responding to treatment is inversely related to
headache frequency [16]. These findings, considered
together with heterogeneity and complexity of the clinical
pictures of chronic headache patients, suggest that exten-
sive characterisation of those proposed for neurostimula-
tion is necessary. This will allow identification of charac-
teristics that distinguish responders from non-responders,
and will in turn suggest hypotheses for prospective studies
to identify factors that can guide patient selection. 

Definition of chronicity for the purposes of selection
for neurostimulation 

The problem of the inadequacy of the IHS criteria as a guide
to selecting patients for surgical procedures first arose when
hypothalamic implant and stimulation was introduced to
treat chronic cluster headache [17]. Most chronic cluster
headache patients selected for surgery have daily attacks
[18], yet the IHS criteria allow a diagnosis of chronic clus-
ter headache when the patient has only 3–4 attacks per
month over the preceding year [13] and this diagnosis is
insufficient to select patients for surgery. The advantages
and limitations of these criteria have been discussed else-
where [12, 17, 18]. Regarding long-lasting (≥4 h) chronic
headaches (chronic migraine, transformed migraine, chron-
ic daily headache, chronic tension-type headache), all the
available diagnostic criteria – those included in the IHS
classification [13, 14] as well as in other classification sys-
tems [19, 20] – require that headaches should be present on
15 days or more per month for at least 3 months. The ques-
tion arises as to whether headaches present for only 15 days
a month and only for the preceding 3 months are sufficient
to justify the invasive surgical procedure of neurostimula-
tion. For example, a patient whose migraine has worsened
to more than 15 attacks a month in the preceding 3–4
months may simply be experiencing a temporary period of
exacerbation and should not therefore be considered for
neurostimulation. Migraine is a fluctuating illness in which
worsening and spontaneous improvements are not infre-
quent (for review see Ref. 16). It is also known that factors
such as stressful life events, contraceptive pill use, hyperten-
sion, mood changes and the use or overuse of certain drugs
can favour increase in headache frequency [16]. It seems
reasonable therefore that patients fulfilling IHS criteria for
chronic migraine (or more generally chronic daily
headache) should be thoroughly investigated for the above
factors, and where possible treated before considering any
kind of surgery [21]. This approach to chronic daily
headaches is usually only practised at specialist headache
centres. However it is likely that neurostimulation will
become available at other centres, and for this reason it is



important that widely accepted detailed criteria for selection
for neurostimulation are developed and applied. Based on
experience at our headache centre, we consider it reasonable
to propose that patients being considered for neurostimula-
tion should be followed for at least a year, and that their
headache over this time should consistently be frequent (all
or most days) and drug refractory (see below). Of course
there may be exceptions, for example patients who are aller-
gic, intolerant or have strong contraindications to several
medications. The principle should be that each patient is
evaluated individually and exhaustively by a multidiscipli-
nary team (neurologists, psychiatrists, psychologists and
neurosurgeons).

Another factor to be considered when evaluating chron-
ic headache patients for neurostimulation is disability.
Migraine – and even to a greater extent chronic migraine –
may cause severe disability and reduction in quality of life
[22]. However our experience is that many patients are
able to lead fairly full social and family lives notwith-
standing frequent headaches, because they are kept under
control by the use of acute medications (analgesics,
NSAIDs, triptans, etc.). We therefore propose that, in
patients under consideration for neurostimulation, both
disability score and number of analgesics/triptans taken
should be considered. 

Definition of drug-resistance for the purposes of selec-
tion for neurostimulation: partial and complete drug-
resistance

Chronic daily headache patients who do not respond or
who no longer respond to prophylaxis are commonly
encountered in specialist headache centres [23]. The term
drug-resistant can be applied to those who do not respond
to one or more types of drug [24], as well as to those who
do not respond to all known medications. In the former
case the patient may well be responsive to one of the
untried medications and we propose that partially drug-
resistant be used for such cases, with completely drug-
resistant used to specify patients who do not respond to all
known medications [25]. We consider this distinction use-
ful for assessing patients for neurostimulation and propose
that only completely drug-resistant patients be considered
for neurostimulation. All indicated drugs in the guidelines
[25] or wider literature should be tried at adequate dose and
for a sufficient period, and shown to be ineffective or asso-
ciated with intolerable side effects unless contraindicated.
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Abstract Improvement in the biomedical and biotechno-
logical research fields have allowed refinement of the neu-
romodulation approach in the treatment of a subgroup of
medical disorders otherwise refractory to pharmacological
treatment, such as chronic primary headaches. Chronic
pain conditions imply central sensitisations and functional
reorganisation that cannot be quickly or easily reversed. It
appears evident that conventional treatment can some-
times be unsuccessful or only partially successful, and that
relapse is common. Cluster headache (CH) is the most fre-
quent trigeminal autonomic cephalalgia (TAC) and the
most representative of this spectrum of disorders charac-
terised by the association of headache and loco-regional
signs and symptoms of facial parasympathetic activation.
The striking features of circadian rhythmicity of attacks
and circannual periodicity of cluster period, together with
the neuroendocrine abnormalities, are suggestive of a neu-
rochronobiological disorder with a central-diencephalic
pathogenetic involvement, confirmed by direct evidence in
functional neuroimaging studies of ipsilateral posterior
hypothalamic activation during cluster attack. In 2000
these findings prompted a functional neurosurgery
approach, with the first case of deep brain hypothalamic
stimulation (DBS) in a severely disabled chronic CH
patient. Since then, 18 implants in our centre and many
others in different countries have been performed.
Although the outcomes are encouraging, the invasive

nature of the technique and the occurrence of rare but
major adverse events have suggested a safer peripheral
approach with occipital nerve stimulation (ONS).

Keywords Cluster headache · SUNCT · TACs ·
Neurostimulation · DBS · Occipital nerve · ONS

Introduction

Trigemino-autonomic cephalalgias (TACs) are shortlast-
ing unilateral primary headache syndromes grouped
together in the second edition of the classification of the
International Headache Society (IHS) and comprise clus-
ter headache (CH), paroxysmal hemicrania (PH) and
short-lasting unilateral neuralgiform headache with con-
junctival injection and tearing (SUNCT) [1]. In TACs,
pain is accompanied by oculofacial autonomic phenome-
na [1]. The main differences are to be found in the dura-
tion, frequency and rhythmicity of the attacks [2], and in
the intensity of pain and autonomic symptoms, as well as
treatment options. The concept of TAC is certainly useful
for clinicians seeking a pathophysiological understanding
of the primary neuro-vascular headaches and allows us to
place the various treatments aimed at treating or prevent-
ing these headaches into context.

In TACs, pain seems to be driven by activation of
trigeminal nerve endings while autonomic phenomena are
mainly ascribable to activation of parasympathetic com-
ponents of facial nerves [3]. Contemporary activation of
trigeminal and facial nerves has been named trigemino-
facial reflex [4]. Neuroimaging activation studies have
shown increased blood flow in the posterior inferior
hypothalamic grey in CH, SUNCT and PH [5–8], lending
support to the hypothesis that the attack generator in
TACs is located at that level. Voxel-based MRI has subse-
quently shown increased neuronal density in that brain
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area [9] and MR spectroscopy have shown decreased N-
acetylaspartate/creatine in patients with CH vs. controls
[10, 11], reinforcing the hypothesis. These neuroimaging
findings suggested a new therapeutic approach to CH. By
analogy with the use of deep brain hypothalamic stimu-
lation (DBS) to treat intractable movement disorders,
stereotactic stimulation of the hypothalamus appeared
attractive as a means of interfering with the supposed
cluster generator to relieve intractable CH pain [12].
About 15% of cases suffer from chronic CH and a pro-
portion of these do not respond to drugs: such patients
are severely debilitated and represent a major clinical
problem.

Hypothalamic stimulation

Eighteen hypothalamic implants have since been per-
formed at our centre in 16 CH patients [13, 14]. All had
suffered drug-resistant daily attacks for years and were
unable to work. After a mean follow-up of over two
years, 11 (61%) are completely pain-free and over 70%
of postoperative days have been crisis-free [14]. Most
patients have resumed work. It took about six weeks
(mean value) for the benefits to appear and stimulation
parameters required frequent adjustments, mainly ampli-
tude. Typical amplitudes are 1–3.3 V; other stimulation
parameters are 180 Hz, 60 µs pulse width and continuous
unipolar mode. In all but one of the cases, when the stim-
ulator has been switched off (unknown to the patient) the
crises have returned.

Similar results were obtained at other centres [15–18].
After a mean follow-up of 14.5 months, Schoenen et al.
[15] concluded the technique was effective for intractable
chronic CH. Improvement was not immediate and frequent
adjustment of stimulation parameters was necessary. One
of the six patients died soon after the operation due to
implantation-induced intracerebral haemorrhage, and
implantation had to be stopped intraoperatively in another
patient because of panic attacks [15].

Both Starr et al. [16] and Bartsch et al. [17] reported
that at least 50% of their patients were pain-free after
more than 1 year follow-up with no serious side effects.
Two other patients with intractable chronic CH have
received hypothalamic stimulation at a third centre [18].
Mean follow-up is almost two years. Both became pain-
free after about a month. One relapsed, but improved
again after the stimulation voltage was increased [18].

Interestingly, continuous long-lasting hypothalamic
stimulation did not induce relevant alterations in hypothal-
amus-controlled functions [19]. However, as the hypothal-
amus has not previously been chronically stimulated in
humans, autonomic function, hormone levels, cardiovas-
cular function [19], behaviour, mood and sleep–waking
cycle [20] should be monitored in all patients, particularly

while the stimulator is switched on [19, 20]. 

DBS in SUNCT

Increased blood flow in the ipsilateral posterior inferior
hypothalamus, compatible with activation, has been
demonstrated during SUNCT attacks [7]. These findings
prompted us to propose hypothalamic stimulation in a
66-year-old woman with a two-year history of  drug-
refractory daily SUNCT attacks. The patient obtained
marked benefit from the procedure with no adverse
events, reinforcing the hypothesis of crucial hypothalam-
ic involvement in TAC pathophysiology [21].

Greater occipital nerve stimulation

Occipital nerve stimulation (ONS) has also shown a cer-
tain efficacy against drug-resistant daily chronic
headaches, suggesting a putative therapeutic role also in
other primary headaches, namely CH, through a non-spe-
cific mechanism [22, 23]. In one, study five of eight oper-
ated patients became pain-free or had headache frequen-
cy reduced by over 90% [24]. Overall headache attack
frequency was in this study much lower than reported in
other surgical series, making efficacy comparisons diffi-
cult. A matter of discussion is if and in which cases
patients with just one to two attacks a week should
undergo invasive surgical procedures [25]. Furthermore,
only four patients had sufficiently long follow-up (over
one year) to provide a useful indication of outcome. In
another study on greater occipital nerve (GON) stimula-
tion in chronic CH [26], only three of eight (38%) oper-
ated patients improved. Surprisingly, when asked, all
patients said they would recommend the operation to oth-
ers with CH. Factors other than pain relief per se might
lead patients to express such positive judgements, and the
discrepancy between their opinions and established
headache severity measures suggest the former might not
be the most complete way to report on the efficacy of a
surgical procedure in primary headaches [25].
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Abstract The field of neuromodulation is emerging as a
promising and alternative therapeutical option for many
drug-resistant clinical conditions, including painful syn-
dromes such as refractory chronic cluster headache (CCH)
and  trigeminal neuralgia. We here report a series of
patients who have undergone Deep Brain Stimulation
(DBS) of Posterior Hypothalamus for chronic cluster
headache, trigeminal neuralgia and atypical facial pain,
matching their corresponding clinical results and also sug-
gesting a role for Great Occipital Nerve Stimulation (which
is a much less invasive procedure) in the treatment of CCH.
According to us, the refinement of surgical techniques and
of metabolic and functional brain neuroradiological inves-
tigations will lead to a refinement of the therapeutical
strategies in such patients.

Keywords Trigeminal neuralgia · Cluster headache ·
Neuromodulation

Introduction

After the first successful operation on a patient affected
by chronic cluster headache (CCH) [1], neuromodulation
became an available procedure for patients affected by
painful syndromes of the face refractory to conservative
treatments. Chronic high-frequency stimulation of the
posterior hypothalamus (pHyp) has been the first thera-
peutic application of functional neuroimaging data [2] to
plan a restorative reversible procedure for the treatment
of an otherwise refractory neurological condition. Sano et
al. [3] were the first to report the correspondent stereotac-
tic pHyp lesional technique. The surgical techniques of
deep brain stimulation (DBS) and great occipital nerve
(GON) stimulation are reported and discussed.

Material and methods

The technique of DBS in CCH patients has been exten-
sively reported in many published papers [1, 4–10]. DBS
of the pHyp has also been performed in three patients
affected by atypical facial pain and in five patients affect-
ed by multiple sclerosis (MS) and trigeminal neuralgia
involving the first trigeminal division (paroxysmal pain
within the second and third divisions had been previously
treated by repeated selective percutaneous thermorhizo-
tomies). The risks of corneal reflex impairment and cher-
atitis led us to consider a neuromodulation procedure as
an alternative to lesional procedures in MS patients.

In spite of its long-lasting benefits, DBS of the pHyp
must be considered a major surgical procedure and so since
2005 we have also used chronic stimulation of the GON [1,
4–8, 11–17] to treat CCH and other painful syndromes of
the face before considering DBS. This procedure, in our
experience, may provide relief in about 30% of CCH
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patients, while results in other painful syndromes of the
face are promising but still limited to only five patients
who are currently under evaluation and whose follow-up is
still too short for drawing any conclusion about them. 

Surgical technique of GON stimulation

A wired quadripolar electrode lead (PISCES Medtronic,
Minneapolis, USA) is placed within the first dividing
branches of the GON on the affected side and the tip of
the electrode is secured to the fascia of the splenium
capitis muscle just laterally to the occipital protuberance.
The technique is represented in Figure 1. The lead is then
tunnelised subcutaneously to the subclavicular region
and connected to the pulse generator (Kinetra,
Medtronic, Minneapolis, USA). The stimulation parame-
ters for GON are 50 Hz, 2–4 V and 90 ms PW.

Results of posterior hypothalamus DBS

CCH series

The mean follow-up is 24 months (range 12–62 months).
The recently reported detailed results of DBS [6] are
summarised in the following remarks:
– In the whole series, 71% of postoperative days were

pain free and intensity and duration of pain bouts
were significantly reduced.

– Drugs were reduced to less than 20% of the preoper-
ative condition.

– The mean time to stable benefit (pain free or reduc-
tion) was 42 days (range 1–86 days).

– The mean stimulation amplitude was 2.4 V (range
0.6–3.3 V).
Twelve of the stimulators (9 patients) were switched

off at least once in single-blind fashion. After switching
off, pain recurred after an interval of 2 months, which
seemed to be unrelated to the duration of previous stim-
ulation; the pain improved or disappeared when the stim-
ulator was turned back on. In patients with bilateral
crises, turning the stimulation on and off abolished or
improved crises only on the ipsilateral side.

Neuropathic pain and atypical facial pain

After surgery, the 3 operated patients had no reduction in
pain. The stimulation parameters were the same as for
CCH and SUNCT patients (180 Hz, 60 ms, mean voltage
1.3 V). After four months of continuous stimulation (6, 8
and 10 months, respectively) the continuous pain was the
same as preoperatively. Increase of amplitude did not
offer any pain relief. Amplitude higher than 3 V induced
dizziness and oculomotor activation in all cases. Bipolar
stimulation did not offer any improvement. When the
internal pulse generator (IPG) was switched off with the
patient being unaware of it, the episodes of paroxysmal
pain were described by the patient as being slightly more
intense than those that occurred during stimulation.

MS trigeminal neuralgia

At 1–3 years of follow-up, two out of five operated
patients were pain free and drug free after chronic stim-
ulation, while the remaining three patients had improved

Fig. 1 Stimulation of the GON per-
formed before the pHyp electrode
implant. Note the free extension
(E) of the dual-channel Kinetra
(Medtronic inc. Minneapolis) IPG
ready for connection to the deep
brain electrode



and felt their pain was under control, though they were
still taking medication in combination with pHyp stimu-
lation. DBS had beneficial effects on pain limited to the
first trigeminal branch for an average of 23 months. After
the implant (median 20 months), three patients under-
went a further thermorhizotomy lesional procedure to
selectively alleviate the pain in the II and III branch, but
not in the first, so as to preserve the corneal reflex.

Conclusion and discussion

DBS in CCH patients has achieved a significant reduc-
tion of pain bouts. The procedure is also well tolerated.
Transient reversible diplopia is the main limitation to
increasing amplitude. Before the operation, none of the
patients were able to work. As a result of stimulation,
most patients’ lives have gradually returned to normal;
most have resumed work.

Nevertheless, some problems may be seen from our
experience. The diagnosis of CCH must be precise and
supported by the headache classification criteria [15].
Comorbidity with other painful syndromes of the face
and sometimes with personality disorders [18] may result
in wrong diagnosis. To avoid this bias in patient selection
we suggest strict cooperation with headache specialists,
psychiatrists and dedicated headache units. pHyp stimu-
lation benefits only CCH patients and is uneventful in
other pain syndromes of the face such as atypical facial
pain and neuropathic pain [4].

About 30% of CCH patients may have significant
improvement after peripheral neuromodulation procedures
(GON), suggesting the existence of different subtypes of
patients in the same nosographic class. In other words, in a
certain amount of CCH patients the peripheral pathogenet-
ic mechanisms may be more relevant than the central ones.
To fix this problem we suggested GON stimulation and
sphenopalatine ganglion local anaesthetic blocks prior to
DBS surgery. In the future PET studies and brain function-
al MRI may provide preoperative imaging of hypothalamic
involvement in individual patients affected by CCH [13],
allowing further refinement of the indication for DBS.

Although an up-to-date worldwide literature analysis
limits the percentage of DBS responder patients to about
50%–60% [9, 10], we think that refinement of the target-
ing procedure and patient selection will further improve
the success rate of pHyp stimulation in CCH patients.
Nevertheless, DBS has changed the poor therapeutical
outcomes in CCH patients we operated on.

Finally, we have to remember that CCH is a dramatic
debilitating condition leading to abuse of steroids (two
patients of the operated series were unable to walk due to
severe leg myopathy induced by chronic steroid abuse).
Also, the abuse of triptans may be life-threatening (one
patient died before the implant due to myocardial

infarct). DBS benefits this condition and the cost of the
procedure is largely compensated for within the first year
of induced remission, even if the disease cannot be defin-
itively cured by DBS.

Atypical facial pain did not respond at all. Trigeminal
paroxysmal pain attacks responded only when limited to
the first trigeminal division. These data suggest patho-
genetic and anatomic links between the pHyp, the first
trigeminal division, the reticular formation and the auto-
nomic system of the face [19]. GON stimulation allows a
less invasive way to interact with the descending nucleus
of the fifth nerve and brainstem nuclei through an
antidromic activation via the C1-C2 roots; the safety of
this procedure and the promising preliminary results sug-
gest a future role of GON stimulation in the treatment of
refractory headaches.
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Abstract Cranial neuralgias are paroxysmal painful dis-
orders of the head characterised by some shared features
such as unilaterality of symptoms, transience and recur-
rence of attacks, superficial and “shock-like” quality of
pain and the presence of triggering factors. Although rare,
these disorders must be promptly recognised as they har-
bour a relatively high risk for underlying compressive or
inflammatory disease. Nevertheless, misdiagnosis is fre-
quent. Trigeminal and glossopharyngeal neuralgias are
sustained in most cases by a neurovascular conflict in the
posterior fossa resulting in a hyperexcitability state of the
trigeminal circuitry. If the aetiology of trigeminal neural-
gia (TN) and other typical neuralgias must be brought
back to the peripheral injury, their pathogenesis could
involve central allodynic mechanisms, which, in patients
with inter-critical pain, also engage the nociceptive neu-
rons at the thalamic-cortical level. Currently available
medical treatments for TN and other cranial neuralgias
are reviewed.

Keywords Cranial neuralgias · Trigeminal neuralgia ·
Glossopharyngeal neuralgia · Physiopathology ·
Treatment · Review

Introduction

Cranial neuralgias are paroxysmal painful disorders of
the head, rarely seen in clinical practice. They are charac-
terised by some shared features, such as unilaterality of
symptoms, transience and recurrence of attacks, superfi-
cial and “shock-like” quality of pain, and the presence of
triggering factors. Although trigeminal neuralgia (TN)
and glossopharyngeal neuralgia are sustained in most
cases by a neuro-vascular conflict in the posterior fossa,
cranial neuralgias share a relatively high risk for a com-
pressive underlying cause different from the neurovascu-
lar conflict.

Classification, epidemiology and clinical aspects

The second edition of the International Classification of
Headache Disorders (ICHD-II) [1] codes the cranial neu-
ralgias in Chapter 13 and provides the diagnostic criteria
for 18 different subtypes (Table 1) including a number of
heterogeneous central causes of facial pain, which will
not be discussed here. 

Trigeminal neuralgia

Classification and epidemiology
According to the ICHD-II the diagnosis of Classical
Trigeminal Neuralgia has to fulfil the criteria listed in
Table 2. These criteria must be also present in
Symptomatic Trigeminal Neuralgia but in the latter form
additional signs and symptoms such as a mild ache
between attacks and the presence of sensorial defect in
the affected territory are admitted. The boundary between
classical and symptomatic forms of TN is therefore rather
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frail and neuroimaging investigations are highly recom-
mended, especially in the cases of recent onset.

Although TN is the most common among the cranial
neuralgias, with an incidence of 3–5 new cases for 100,000
subjects per year [2] and a prevalence of 15.5 cases per
100,000 [3], it is still to be considered a rare disease. TN
can appear at any age, but the onset is after age 40 in 90%
of the cases; women are more likely to be affected than
men, with a gender ratio of 2:1. About 2% of the patients
with multiple sclerosis (MS) can experience a pain disorder
nearly identical to TN [4]; despite the evidence of a sub-
stantial clinical overlap [5], neuralgias related to MS are
not classified among symptomatic forms, but in a specific
subgroup of the same ICHD-II chapter (13.18.3. Facial
Pain Attributed Multiple to Sclerosis).

Clinical aspects
The pain in TN usually occurs in brief paroxysmal
attacks either isolated or in short clusters. Typically, it is
felt superficially and is described as extremely severe
and of burning or “shock-like” quality. Attacks tend to
be stereotyped and are strictly confined to the territory of
distribution of one or more branches of the trigeminal
nerve of a single side. The maxillary and mandibular
nerves, in combination or alone, are more often affected
than the ophthalmic nerve, which is involved alone in
less than 5% of cases [6]. The single attack lasts charac-
teristically from less than a second to a few seconds, but
it can be present in clusters up to 2 min in length; in
many cases it is followed by a brief refractory period
during which a new stimulation is not able to evoke the

Table 1 ICHD-II classification of cranial neuralgias

13. Cranial neuralgias and central causes of facial pain
13.1 Trigeminal neuralgia

13.1.1 Classical trigeminal neuralgia
13.1.2 Symptomatic trigeminal neuralgia

13.2  Glossopharyngeal neuralgia
13.2.1 Classical glossopharyngeal neuralgia
13.2.2 Symptomatic glossopharyngeal neuralgia

13.3  Nervus intermedius neuralgia
13.4  Superior laryngeal neuralgia
13.5  Nasociliary neuralgia
13.6  Supraorbital neuralgia
13.7  Other terminal branch neuralgias
13.8  Occipital neuralgia
13.9  Neck-tongue syndrome
13.10 External compression headache
13.11 Cold-stimulus headache

13.11.1 Headache attributed to external application of a cold stimulus
13.11.2 Headache attributed to ingestion or inhalation of a cold stimulus

13.12 Constant pain caused by compression, irritation or distortion of cranial nerves or upper cervical roots by structural lesions
13.13 Optic neuritis
13.14 Ocular diabetic neuropathy
13.15 Head or facial pain attributed to herpes zoster

13.15.1 Head or facial pain attributed to acute herpes zoster
13.15.2 Post-herpetic neuralgia

13.16 Tolosa-Hunt syndrome
13.17 Ophthalmoplegic ‘migraine’
13.18 Central causes of facial pain

13.18.1 Anaesthesia dolorosa
13.18.2 Central post-stroke pain
13.18.3 Facial pain attributed to multiple sclerosis
13.18.4 Persistent idiopathic facial pain
13.18.5 Burning mouth syndrome

13.19 Other cranial neuralgia or other centrally mediated facial pain

Table 2 ICHD-II criteria for 13.1.1 Classic trigeminal neuralgia

13.1.1 Classic trigeminal neuralgia
A. Paroxysmal attacks of pain lasting from a fraction of a second to 2 minutes, affecting one or more divisions of the trigeminal nerve
B. Pain has at least one of the following characteristics:

1.   Intense, sharp, superficial or stabbing
2.   Precipitated from trigger areas or by trigger factors

C. Attacks are stereotyped in the individual patient
D. There is no clinically evident neurological deficit
E. Not attributed to another disorder



pain. The location of the pain is typically unilateral, but
it can be bilateral in patients with MS, although asyn-
chronously. Interestingly, the right side is more often
involved than the left. The disorders seldom affect more
members of the same family [7, 8]. The attacks can occur
spontaneously or they can be provoked by stimulation of
specific trigger areas. These are often localised in the
skin around the mouth and at the sides of the nose, due
to its higher sensorial innervation, and can also involve
the gums. In rare cases the attacks are evoked by extra-
trigeminal triggers, such as olfactory or gustatory stimuli
[9]. Characteristically, tactile stimuli can trigger an
attack while painful stimuli usually do not. Furthermore,
the provoking stimuli fall within a physiological range of
intensity like those arising from normal daily activities:
brushing teeth, shaving, chewing, yawning or swallow-
ing. Quite often patients can experience a muscle spasm
involving the mimic muscles occasionally associated
with other involuntary movements. The presence of
unintentional movements have led to the term “tic
douloureux”, often used to indicate this condition.
Involvement of the autonomic nervous system is not usu-
ally present, but when the ophthalmic nerve is affected it
is possible to observe a modest tearing discharge without
conjunctival injection or any other autonomic sign.
These cases create problems of differential diagnosis
with the rare primary headache coded in the ICHD-II as
sudden onset unilateral neuralgiform headache attacks
with conjunctival injection and tearing (SUNCT).
Differential diagnosis between TN and SUNCT depends
on the different intensity and variety of autonomic symp-
toms involved [10].

Clinical course
The onset of a typical TN is quite often preceded by a
painful condition affecting mandibular or maxillary
areas. The pain can be variable but it usually resembles
the pain of a sinus infection or toothache. This condition
is named pretrigeminal neuralgia [11]. It can precede the
onset of typical neuralgic symptoms by years and can
present with episodes of long-lasting facial pain some-
times triggered by chewing or drinking warm or cold
foods. Pretrigeminal neuralgia is responsive to the spe-
cific drug treatments for TN and represents a common
cause of misdiagnosis in the early phases of disease. The
clinical course of the definite disease is very often inter-
mittent; spontaneous remissions of at least 6 months are
described in 50% of cases and remissions of at least one
year in about 25% of patients [12]. Nevertheless, the
usual pattern is for a progressive worsening with
increased severity and frequency of pain, prolonged
duration of the active phases, lower response to drugs,
possible development of constant soreness between
attacks (inter-critical pain) and clinically evident defects
of trigeminal sensory function. 

Diagnosis
A clinical presentation with brief attacks of strict unilat-
eral shock-like pain within trigeminal areas and the pres-
ence of typical trigger areas makes this condition easy to
recognise. Nevertheless TN is often misdiagnosed in
patients affected by cluster headache or sometimes by a
side-locked migraine; conversely the correct diagnosis
can be delayed until the failure of inappropriate odon-
tostomatological treatments [11].

Like most typical neuralgias, TN is symptomatic in
5%–10% of symptomaticity cases [13]. The recent
ICHD-II revision of the International Headache Society
(IHS) classification considers the presence of inter-criti-
cal pain and sensory deficits as possible predictors of a
structural cause; however inter-critical pain and sensory
deficits have low specificity [14] and must be cautiously
taken into account, especially in cases with a long dura-
tion of illness [15]. A possible structural cause must be
considered in case of onset before 40 years, bilaterality of
the symptoms, presence of neurological signs or atypical
pain in terms of quality, affected area, intensity or dura-
tion. In these conditions extensive neuroimaging studies
are highly recommended. Arterial hypertension is consid-
ered a possible risk factor [16]. Included among the pos-
sible causes of secondary TN are: MS; Charcot-Marie-
Tooth disease [17], meningiomas, neurinomas and other
slow-growing tumours of posterior cranial fossa;
syringobulbia; arachnoiditis; basilar artery and internal
carotids aneurysms; fractures of the cranial base; and her-
pes zoster.

Recent evidence [18] suggests that trigeminal reflex-
es studies by blink reflex and laser evoked potentials
(LEPs) can differentiate symptomatic TN from classic
TN more reliably than any other clinical data, including
age of onset. Therefore such techniques could be per-
formed to select those patients who need to be further
investigated with neuroimaging.

Glossopharyngeal neuralgia

Neuralgia of glossopharyngeal nerve (GFN) is a rare
entity with an estimated incidence of 0.8 cases per 
100,000 [2]. As a matter of fact, authors from the Mayo
Clinic have reported only 217 cases in 55 years [19]. The
prevalence, compared to NT, is of about 1 case of GFN
for every 75 of TN [18]. As for other neuralgias, this
form is separated into Classical and Symptomatic, which
differ mostly by the presence of inter-critical pain and
sensory deficit in the territories of distribution of the
nerve. The ICHD-II diagnostic criteria for the Classic
form of GFN are shown in Table 3. The term Classical,
which is also used for TN, has been introduced to make
the diagnosis compatible with the presence of neurovas-
cular conflict in posterior fossa. Males and females are
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equally affected. Interestingly, the left nerve is more
often involved than the right one [20]. 

From a clinical point of view GFN shares the same
basic features of TN with a typical neuralgic pain occur-
ring in a paroxysmal way. Pain is habitually located in
the tonsillar region and in the back of the pharynx, with
possible transmission to the lower portion of the jaw and
to the ear. The painful attacks can be triggered by ordi-
nary activity such as swallowing, chewing, speaking,
coughing, sneezing, throat-clearing or by head rotation.
The association with NT is not rare, accounting for about
10% of cases [6]. The clinical course is usually episodic,
with active phases lasting weeks or months and off-pain
periods of different length. Pain attacks are described to
worsen in frequency or severity over time, whereas the
remission phases tend to shorten. 

The pain episodes usually last from less than a second
up to 2 min but sometimes they can occur in rapid and con-
tinuous sequence (status neuralgicus). When the pain is
triggered by swallowing, feeding can be impaired for long
periods and it is not rare for these patients to undergo a
striking weight loss. Unilaterality is a key sign and when
the pain is bilateral a possible association with MS must be
suspected. In about 2% of cases, patients can experience
severe bradycardia with subsequent lost of consciousness
[6]. Similarly to TN, the risk of an underlying cause is rel-
atively high and it is always advisable to perform a wide
diagnostic work-up in these patients.

Causes of symptomatic GFN are: tumours of the cere-
bellumpontine angle, nasopharyngeal carcinomas,
aneurysms of the carotid, abscesses of tonsils, rare neurino-
mas of the IX nerve and MS. Worth noting is the syndrome
of the stylohyoid apophysis (Eagle’s syndrome) [21], in
which the neuralgic symptoms are due to irritation of the
glossopharyngeal nerve in its esocranial path when stylo-
hyoid process is longer than normal (over 4.5 cm instead of
2.5 cm). Local anaesthesia (lidocaine 10%) of pharyngeal
and tonsillar triggers areas has diagnostic value. 

Nervus intermedius neuralgia

Also known as geniculate or Hunt’s neuralgia, this form
is among the less frequent of the series. Typical clinical
features are [22]: paroxysmal unilateral pain lasting

from seconds to a few minutes localised deeply in the
ear; radiation of pain to the external auditory meatus;
occurrence of vegetative symptoms such as abnormal
tearing and salivation, taste problems; relapsing course
with active phases of disease and symptom-free periods;
and higher prevalence in females. Geniculate neuralgia
is often correlated with shingles of the external auditory
duct.

Occipital neuralgia

Occipital neuralgia is classically characterised by unilater-
al paroxysmal pain in the areas corresponding to location
of lesser and greater occipital nerves. The pain can be asso-
ciated to inter-critical pain and dysaesthesia [23]. The dis-
ease can occur after traumas of the occipital area, even if
they are irrelevant, whereas it can be also sustained by
numerous medical conditions such as Arnold-Chiari mal-
formation, bone and joint diseases, herpetic neuropathies
and masses that can compress the nerve along its path [24].

The pure form (Arnold neuralgia) is very rare com-
pared to the countless syndromes affecting cervical
spine, with which it shares some overlapping features. A
selective tenderness after pressure on trigger points is
also reported.

Superior laryngeal nerve neuralgia

This is an extremely rare form. It is characterised by
paroxysmal pain of the lateral part of throat, of the sub-
mandibular region, around the ear and along the neck; the
paroxysms can be triggered by chewing, and head exten-
sion or rotation [25]. The superior laryngeal nerve is a
branch of the vagus nerve and it is involved in the senso-
rial-motor innervation of the larynx and in the glottic
reflex. It enters the larynx crossing the lateral aspect of
the hyoid membrane. The pain, habitually unilateral,
occurs in attacks of a few minutes that re-occur up to
10–30 times in 24 h with clustering of different length
and tendency to the remission. The attacks can be associ-
ated to an uncontrollable cough and can be triggered by
compression of the point of entry through the hyoid
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Table 3 ICHD-II criteria for 13.2.1 Classical glossopharyngeal neuralgia

13.2.1 Classical glossopharyngeal neuralgia
A. Paroxysmal attacks of facial pain lasting from a fraction of a second to 2 minutes and fulfilling criteria B and C
B. Pain has all of the following characteristics:

1. Unilateral location
2. Distribution within the posterior part of the tongue, tonsillar fossa, pharynx or beneath the angle of the lower jaw and/or in the ear
3. Sharp, stabbing and severe
4. Precipitated by swallowing, chewing, talking, coughing and/or yawning

C. Attacks are stereotyped in the individual patient
D. There is no clinically evident neurological deficit
E. Not attributed to another disorder 



membrane, sideways and immediately above the larynx.
Benefits emerging from anaesthesia of these regions are
of diagnostic value. 

Pathophysiology of the cranial neuralgias

Over the last decades cranial neuralgia pathophysiology
has been partly clarified by important research contribu-
tions supporting the causative role of a chronic irritation
of the affected nerve due to compressive or inflammato-
ry causes. Nevertheless, evidence suggests that central
factors can contribute to the development of these forms.
The following considerations refer to TN, however it is
supposed that also other typical painful diseases of the
face, such as glossopharyngeal neuralgia, share similar
mechanisms [6]. 

In 1976 Jannetta  [26] published the first extensive
case study of subjects with TN in all of which, after
investigations of posterior cranial fossa, a causative fac-
tor was documented. Besides slow-growing tumours of
the cerebellumpontine angle accounting for 6% of the
patients, and MS found in another 6% of the cases, in
88% of the subjects a compression of the proximal tract
of the root of the V nerve by one or more tortuous or
ectasic blood vessels was recognised (Fig. 1). In the site
of the neurovascular conflict a demyelination was con-
stantly present. As placing a teflon pad between the two
structures – so-called microvascular decompression
(MVD) – immediately stopped the attacks, the focal
demyelination of the nerve was proposed as the main
causative factor. The observations of these Authors have
inspired a great deal of research paving the way to impor-

tant progress on TN mechanisms which led to including
this condition, notwithstanding relevant dissimilarities,
in the broader chapter of neuropathic pain.

Much evidence sustains the causative role of a proxi-
mal compression of the trigeminal nerve root including:
high frequency of neuroimaging positive report docu-
menting a neurovascular conflict [27]; the prompt resolu-
tion of symptoms and nerve conduction defects after
MVD [28, 29]; and ultimately the gradual remission of
sensory defects of clinical relevance after surgery [30].

Mechanisms of the pain

It is noticeable that the conflict always involves the prox-
imal portion of the trigeminal root, the so-called root
entry zones (REZ). Myelin at this level is still of central
type and this could impact the resistance of the nerve to
mechanical stimuli [31]. The compression probably caus-
es a mechanical twist of the fibres and their secondary
demyelination, probably mediated by microvascular
ischaemic damages [32]. These changes can significantly
lower the excitability threshold and promote an inappro-
priate ephaptic propagation towards adjacent fibres [33].
Because of the cross-talk, the tactile signals coming from
the fast myelinic fibres (A-beta) can directly activate the
slow nociceptive fibres (A-delta) and produce repetitive
high-frequency discharges responsible for the typical
“lightening” pain triggered by tactile stimuli. After a few
seconds or minutes the repetitive discharges spontaneous-
ly run out and are followed by a brief period of inactivity
that explains the “refractory period” clinically evident in
many cases [34]. The aetiological role of the focal
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Fig. 1 A triple neurovascular conflict (Courtesy
of Prof. P. Cappabianca – Neurosurgery,
University of Naples “Federico II”, Naples, Italy)



demyelination of the REZ also explains the increased
prevalence of NT in subjects with MS, in which demyeli-
nated foci in the mid-pons and the REZ are usually
demonstrated [35, 36]. Demyelination and remyelination
processes observed in electronic microscopy studies [37]
could also explain the typical periodicity of the syndrome. 

Although these observations seem to point out that a
demyelination of the REZ secondary to tumours, neu-
rovascular conflict or MS is the causal element in all the
cases of NT, different observations suggest that the hyper-
excitability of the compressed nerve could represent a nec-
essary condition, still not sufficient to cause the disease.
Several autoptic case studies document a high prevalence
of neurovascular conflicts at the proximal level in asymp-
tomatic individuals [38–40]; a compression of REZ is not
demonstrated in all the patients [41]; at least initially the
pain is effectively treated by drugs such as baclofen, which
is considered non-active on the peripheral fibres; familiar
cases in which a neurovascular conflict is not detectable
have been reported [8]. All these observations suggest a
possible involvement of relevant central factors. 

It has been suggested that a hypersensitivity of the tac-
tile A-beta nerve fibres, initiated by the same nerve injury,
leads to a sensitisation of the wide dynamic range neurons
(WDRn) [42]. These peculiar nociceptive neurons are
placed both in the V lamina of the dorsal horns and in the
trigeminal nerve nuclei and are characterised by a progres-
sive facilitation of excitability following repeated stimula-
tion. Since these peculiar nociceptive II order neurons
receive convergent information from both tactile A-beta
and nociceptive A-delta and C fibres, their sensitisation
can ultimately facilitate nociceptive input at the central
level while promoting the perception of pain in response to
tactile stimuli, a phenomenon called allodynia. The high
prevalence of neurovascular conflicts in autoptic studies of
asymptomatic subjects suggests that an individual predis-
position to allodynic pain could be of great relevance in
TN mechanisms. Noteworthy, allodynic sensitisation of
thalamic nociceptive neurons has been recently document-
ed in NT patients presenting with a continuous pain
between attacks [14], a condition associated with a poor
medical and surgical outcome [43]; interestingly, in this
study the illness duration was not related to the presence of
inter-critical pain, confirming its low specificity as a mark-
er of symptomatic form or of protracted diseases. 

Findings from recent studies on animal models point to
dorsal root ganglia as a new site possibly involved in neu-
ropathic pain and TN mechanisms [44]. At this level, a
chemically mediated cross-talk between somata of both
tactile A-type and nociceptive C-type sensory neurons has
been recorded in physiologic conditions [45]. The mecha-
nism results in a reciprocal excitability threshold modula-
tion probably aimed to balance pain and tactile excitabili-
ty in different physiologic conditions. In the presence of an
injury-driven nerve sensitisation, the threshold for a cross-
excitation between sensitised A and C fibres can be

reached at the dorsal root ganglia level [46] and this may
lead to pain generation in response to tactile stimuli. A
possible involvement of Gasser ganglion in TN pathogen-
esis is supported by the finding of histological changes at
this level both in Classic TN patients [47] and in subjects
with TN associated to MS [48]. 

These observations link the pathophysiology of TN to
a hyperexcitability of the trigeminal circuitry sustained
by peripheral and central mechanisms. If the aetiology of
TN and other typical neuralgias must be brought back to
the peripheral injury, their pathogenesis could involve
central allodynic mechanisms, which, in patients with
inter-critical pain, also engage the nociceptive neurons at
the thalamic-cortical level. 

Treatment

TN can be treated with drugs or surgical procedures;
many patients end up with both treatments, although at
different times. As a matter of fact, medical therapy
works very well at the beginning and reaches almost
complete control of symptoms in more than 80% of
patients. As time passes, drugs progressively lose effica-
cy even if they are in multiple therapy. In these cases pos-
sible surgical options must be taken into account.
Interestingly most of the drugs that are effective in TN
have anti-epileptic activity or, in the case of baclofen,
have effect on the central transmission of pain. This fact
supports the hypothesis of the hypersensitivity of trigem-
inal circuitry following a nerve injury in the pathogene-
sis of TN. Historically phenytoin, used for the first time
in 1942 by Berguignon, was the first drug to be reported
to be effective in the treatment of TN. Only in 1962 with
the introduction of carbamazepine did patients with TN
begin to benefit from a truly effective treatment with a
satisfying tolerability [6].

Despite the lack of randomised and controlled studies
of large samples, due to the rarity of the disease and eth-
ical difficulties in using placebo in such a devastating
condition, the spectrum of available drugs has grown in
time, adding several other anti-epileptic drugs (AED).
Recently, medications that inhibit the transmission of the
pain to the central II order neurons such as subcutaneous
sumatriptan [49], or treatments with possible action
against allodynia like the botulinum toxin [50, 51] have
been found effective in pain control. Following is a list of
the evidence on the efficacy of the main drugs used in
clinical practice for the treatment of these forms.

Anti-epileptic drugs

Carbamazepine (CBZ)
Carbamazepine is considered the mainstay for treating
these disorders. It is also the only molecule for which
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there is a great deal of evidence (1 systematic review and
4 RCT studies) [52]. Carbamazepine reduces sodium-
channel conductivity, stabilising the membrane of pre-
and post-synaptic neurons and making trigeminal
mechanoceptors less prone to respond to peripheral
input. About 80% of patients benefit from this treatment
and in 94% of patients there is relief from symptoms in
the first 48 h of treatment [53, 54]. As time passes how-
ever, the efficacy tends to be lower [55]. The recom-
mended starting dose is 100 mg twice a day; this can be
increased by 50–100 mg every 3–4 days up to a final dose
of 400–1000 mg to continue until symptoms persist. The
most common side effect is drowsiness, however this
tends to decrease after a few days of treatment. 

Other side effects are cerebellar symptoms, double
vision, haematological changes, liver disease, skin rash,
nausea and vomiting [56]. Intolerance is seen in 5%–19%
of patients. 

Oxcarbazepine
Oxcarbazepine is structurally a derivative of carbazepine,
therefore it shares carbamazepine’s mechanism of action.
It can be used if intolerance to carbamazepine is present,
or alternatively as the drug of choice [57]. Clinical trials
on small groups of patients report that the drug is effec-
tive in 24 h and some report a greater efficacy and toler-
ability compared to carbamazepine [58]. The initial dose
is 150 mg, which can be increased every 3 days of by
150–300 mg up to a therapeutic dose of 1200 mg three
times a day. 

Phenytoin
This is a drug of second or third choice and can added in
case of intolerance or low efficacy to carbamazepine. The
suggested mechanism of action is stabilisation of the
CNS neuron’ membrane, modulating sodium channels.
Initially the drug is reported to be effective in 60% of
patients, but after two years of treatment the efficacy is
reduced to about 30%. The recommended starting dose is
200 mg, to be increased to a therapeutic dose of 300–500
mg twice a day. Injectable formulation, with a dose of
250 mg can be used for acute treatment of pain attacks
and reaches a pain-free period of 4–72 h [59]. Side
effects include double vision, ataxia, liver disease, gum
hyperplasia, haematologic disturbance, hirsutism and
memory defects. 

Gabapentin
Gabapentin is widely used in the treatment of TN
although its efficacy has been reported in few non-con-
trolled studies. It has been empirically used because of its
proven efficacy in pain control in post-herpetic and dia-
betic neuropathies [60]. It has been suggested that
gabapentin acts by increasing GABA availability in the
CNS and modulates the voltage-gated sodium channel,
resulting in a reduced discharge of excitatory neurotrans-

mitters. About 50% of patients respond to therapy after
3–4 days of treatment. A full remission from symptoms
is achieved after about 2 weeks. The initial recommend-
ed dose is 300 mg, which can be doubled every 2–3 days
to reach the maximum dose of 900–2400 mg/day.
Adverse effects include drowsiness, weakness and abnor-
malities of kidney function. These effects are lesser and
usually better tolerated in old patients compared to those
observed with carbamazepine and phenytoin. 

Pregabalin
Pregabalin shares the same activity of gabapentin, with
better pharmacokinetics. Besides its efficacy in pain con-
trol in post-herpetic and diabetic neuropathies, recently
pregabalin has been proven to be effective in an open
pharmaceutical study showing that 74% of patients
improve up to 50% and that efficacy reduction over a
year is minor [61]. This study also highlights that
patients with a concomitant chronic facial pain are less
prone to benefit from treatment. Initially pregabalin can
be administered at 75 mg and can be increased up to 600
mg in two separated daily doses. Drowsiness and dizzi-
ness are the most common side effects and they tend to
recede after a few days of treatment. Higher doses can
cause headache, peripheral oedema and dry mouth. 

Lamotrigine
Lamotrigine is effective both alone and in combination
with carbamazepine or phenytoin [62, 63] especially in
elderly patients and in patients with MS with mild symp-
toms. The drug acts on sodium channels and it stabilises
the plasma membrane, preventing neurotransmitter
release, especially glutamate. Therapeutic dose is
between 100 and 400 mg/day, which needs to be slowly
achieved. Side effects are skin rashes, dizziness, consti-
pation, nausea and drowsiness. 

Topiramate
Topiramate has been proved effective in isolated clinical
trials, in patients with MS and TN [64, 65]. It has a mul-
tiple mechanism of action including: blockage of sodium
channels; and enhancement of GABA activity in the CNS
via interaction with a specific site of action of the GABA
A receptors, which is different from the benzodiazepine
site of action. Topiramate also inhibits glutamergic exci-
tatory activity through blockage of the AMPA/kainate
receptor. Moreover, it inhibits specific carbonic anhy-
drase isoenzymes. The starting dose is 25 mg/day, which
can be increased by 25 mg every week up to a dose of
100–400 mg/day. Side effects include dizziness, double
vision, cognitive impairment, weight loss and high
endocular pressure. 

Baclofen
Baclofen deserves particular attention. It is not an anti-
convulsant agent, rather it can be risky for targeting
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epilepsy when abruptly stopped. Mechanism of action is
at the central level and not on the peripheral nerve.
Baclofen mimics GABA and acts on GABA receptors,
slowing the influx of calcium ions, therefore decreasing
the release of excitatory neurotransmitters. It is slightly
less potent than carbamazepine and can be used as first
choice or in combination with carbamazepine and pheny-
toin (synergism) [66]. 

Starting dose is 5–10 mg/day, which can be slowly
increased until a satisfactory clinical response is
achieved, which is usually 50–75 mg three times a day.
Side effects are usually transient and appear at the begin-
ning of treatment. They include postural hypotension,
muscle weakness and gastroenteric discomfort. About
10% of patients show intolerance to the drug. Patients
with MS also experience extra benefit from the anti-spas-
tic effect of baclofen. 

Other medications

Subcutaneous sumatriptan
Sumatriptan and zolmitriptan showed efficacy in control-
ling allodynic pain following nerve injury in an animal
model for trigeminal neuropathic pain. Both medications
have agonistic action on 5-HT1B, which results in inhibi-
tion of neurons of the trigeminal nucleus localised in the
medulla. Therefore these drugs are thought to act on the
central nervous system [67]. These data were confirmed
in another clinical single-blind study of subcutaneous
sumatriptan vs. placebo. Results proved efficacy of
sumatriptan on pain symptoms in patients with TN after
15 and 30 min compared to placebo. Benefits lasted for
7 h on average and this limits the clinical use of the drug.
Potential side effects from subcutaneous injection of
sumatriptan include increased blood pressure, nausea
and weakness, which are not dangerous [49]. 

Botulinum toxin
BoNT-A has been used for a long time in the treatment
of disorders characterised by pathologically increased
muscle tone. Early observations in dystonia also demon-
strated an analgesic effect of BoNT-A [68], which led to
further investigation on its efficacy for painful condi-
tions including neuropathic pain [50], low back pain
[69] and headaches [70]. Evidence shows that BoNT-A
reduces the local release of nociceptive neuropeptides
such as substance P, glutamate and calcitonin gene-relat-
ed peptide and inhibits peripheral sensitisation, which
would result in decreased central sensitisation [51].
Hence it can be hypothesised that BoNT-A prevents
peripheral sensitisation and subsequently central sensiti-
sation. There are reports of isolated cases of NT
responding to BoNT-A. In another open study, 13
patients showed significant relief from symptoms after
treatment with BoNT-A [71].
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Abstract Trigeminal neuralgia is an invalidating disease
when become drug-resistant. The only possible treatment
is surgery with different modalities, percutaneous, open
surgery or radiosurgery. The thirty years experience at the
Fondazione Istituto Neurologico C. Besta, Milano, Italy
suggests that these surgical strategies are successful in
pain control in short and long term period in more than
90% of cases, with a low rate of side effects and high
improvement of quality of life. The type of surgery should
be tailored on the particular patient considering age, gen-
eral physical condition, neuroradiological assessment in
which MRI with dedicated sequences are mandatory, and
also patient’s attitude.

Keywords Trigeminal neuralgia · Microvascular 
decompression · Radiofrequency thermorhyzothomy ·
Balloon microcompression · Radiosurgery

Introduction

Trigeminal neuralgia (TN) is characterised by attacks of
recurring, paroxysmal, shock-like pain within the distri-
bution of one or more branches of the trigeminal nerve
[1]. Even though new drugs have recently been intro-
duced in the treatment of TN, about half of all patients
eventually require surgery for pain relief, because of
drug resistance or drug intolerance [2, 3]. The neurosur-
gical armamentarium of the third millennium includes
more traditional treatment options, either percutaneous
such as radiofrequency thermorhizotomy (TRZ) and bal-
loon microcompression, or open such as microvascular
decompression (MVD), along with novel radiosurgical
techniques. Since all these treatment options seem to
have a good success rate with low risks, the ideal algo-
rithm of treatment is still under debate. In this chapter
the authors report on their experience in the treatment of
this painful condition and present their own treatment
algorithm.

Microvascular decompression

The concept of MVD of the trigeminal nerve was a mile-
stone in the management of medically intractable TN. In
the past 30 years thousands of patients have undergone
successful MVD and today it represents one of the most
widely used surgical options for TN. Our experience with
MVD started in 1990 and so far more than 600 patients,
including 40 patients affected by multiple sclerosis (MS),
have been operated upon. All patients who do not want to
experience any sensory disturbance undergo this kind of
surgery as a first option. Advanced age per se is not con-
sidered a contraindication.
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Results and prognostic factors

At long-term follow-up (3–10 years) 76% of patients are
completely pain-free without medication, 5% are pain-
free with a dosage of drugs lower than in the pre-opera-
tive period and 15% require repeated surgery or high
dosage of drugs. The outcome in the MS group is much
worse, with only 39% of patients completely pain-free
without medication at long-term follow-up. Several prog-
nostic factors were tested (patient’s age and sex; involved
side and branch; duration of symptoms; history of previ-
ous trigeminal ablative procedures; kind of neurovascular
conflict; post-operative numbness; hypertension) and
only long duration of clinical history (>84 m) was found
to be predictive of a worse outcome.

Surgical technique and side effects

Our experience shows that a learning curve is present in
this kind of surgery and that some tricks reduced morbid-
ity almost to zero in the last 400 patients. The invasivity
of surgery, its duration and length of hospital stay have all
been reduced and now patients are generally discharged
home on the third post-operative day after surgery lasting
about one hour. Exploration of the cerebello-pontine
angle is performed through a small (less than 20 mm in
diameter) retromastoid craniectomy, in the supine posi-
tion with the head rotated to the opposite side of neural-
gia. Sitting position and park-bench position were used at
the beginning of our experience, but the supine position
was soon found to be the easiest and most straightfor-
ward. The craniectomy must be exactly placed in the cor-
ner between transverse sinus and sigmoid sinus. Image
guidance is of great help to avoid any mistakes due to the
interindividual variation of the bony surface landmark
positions (asterion, mastoid tip and emissary mastoid
vein). The margins of the transverse and sigmoid sinuses
are minimally exposed and the dura opened along the line
bisecting their angle. Mastoid air cavities, if encountered,
must be immediately sealed prior to dural opening. Any
attempt to reach the nerve through an imperfectly posi-
tioned craniectomy must be avoided. The surgical corri-
dor must be the natural supracerebellar corridor created
by gravity and CSF suction beneath the tentorium and the
superior petrosal sinus. This corridor leads directly to the
fifth cranial nerve without any other cranial nerve along
the working path. The only anatomical structure that is
invariably encountered along this path is the petrosal vein
complex that covers the access to the nerve. Delicate
arachnoidal dissection depicts the anatomy of these mul-
tiple collectors well and greatly increases the working
space, making venous sacrifice unnecessary in many
cases. When it is necessary to sacrifice some veins, care
should be taken to save at least the main collector (espe-

cially if it is very big), which, when freed of the arach-
noid, can be moved away from the trajectory.
Immediately beyond these veins the trigeminal nerve is
always found, sometimes in conflict with these veins
themselves. Key to this surgery is wide arachnoidal sharp
dissection under direct visual control that allows for care-
ful nerve exploration and safe vessel replacement without
any traction. Any injury to exposed cerebellar surface,
brainstem, arterial vessels and their small perforators is a
potentially dangerous mistake. Compressive arteries are
fixed away from the nerve by the use of small pieces of
fibrillar oxidised cellulose (Fibrillar Surgicel). The aim of
surgery is to free the nerve from any unnecessary contact,
including that with the material used to fix the compres-
sion. An inflammatory tissutal reaction can, in fact, recre-
ate the nerve adhesion and distortion responsible for
recurrent pain. Compressive veins are electrocoagulated
and divided. A watertight dural closure obtained by rein-
forcing the suture with dural sealants or muscle fragments
and fibrin glue is mandatory to reduce the risk of CSF
leakage. Perioperative steroids (desamethazone) are used.
Post-op headache and sometimes nausea due to intraoper-
ative CSF suction are common on the first post-operative
day but well controlled by drugs and rehydration.
Mobilisation is encouraged on the first post-operative day.
Home discharge is generally permitted on the third post-
operative day. Aseptic or more rarely bacterial meningitis
(0.7% in our institution) can delay discharge. Mortality or
permanent morbidity have been reported in some early
series but their incidence can be greatly minimised when
the surgical technique is standardised and accurate [4–9].
Since we were unable to find any age-related difference in
the incidence of surgical complications, we perform
MVD without any absolute age limit.

Percutaneous methods

Since Hartel [10] introduced his simple and direct percu-
taneous approach to the foramen ovale and gasserian gan-
glion in 1914, lots of different methods of creating thera-
peutic damage to the trigeminal root and ganglion have
become available (heating, cooling, chemicals, etc.). Due
to an unfavourable recurrence rate and a high incidence of
side effects, most of these techniques were progressively
abandoned in favour of controlled radiofrequency thermal
rhizotomy and mechanical balloon microcompression.

Radiofrequency retrogasserian controlled thermorhizoto-
my

The efficacy of radiofrequency retrogasserian controlled
TRZ has been confirmed by many authors in large series
of patients [11–24]. More than 1700 patients have so far



been treated at the Istituto Nazionale Neurologico Carlo
Besta since 1974. We followed up 97% of the patients for
a time ranging from 2 to 15 years (mean follow-up 72
months): 71% of patients were found to be completely
pain-free without medication, 11% were pain-free with
low dosage of antineuralgic drugs, while 15% were still
experiencing severe pain requiring high dosage of drugs
or surgery. Regarding the amount of the inflicted sensory
deficit, our data suggest that induced post-operative anal-
gesia prevents the recurrence of pain in most patients. In
other words, patients with post-operative hypalgesia have
a pain recurrence probability of 41% vs. 7.5% for patients
with post-operative analgesia. In all patients the sensory
deficit tends to recover with time, nevertheless a high per-
centage of patients with the more severe sensory post-
operative deficit (analgesic patients) complain of dysaes-
thesias. The total percentage of patients who required
drugs for severe dysaesthesia was 5%, with 1.5% with
painful anaesthesia that we were never able to definitive-
ly alleviate by any of the more advanced surgical antalgic
techniques (open or percutaneous trigeminal tractotomy,
trigeminal stimulation, cortical stimulation, deep brain
stimulation, CSF direct drug infusion). These complica-
tions are clearly related to the technique itself and cannot
be completely avoided even with a meticulous surgical
technique, above all in repeated procedures.

By monitoring the corneal reflex during the procedure,
however, major ocular deafferentation complications can be
generally avoided and keratitis requiring tarsorrhaphy was
observed in only 0.5% of patients, even though the involve-
ment of the first branch was not considered as a contraindi-
cation to this kind of surgery. Masseter weakness with
minor chewing impairment appeared in 10% of patients,
and ocular palsy and diplopia in 0.5%. Major neurological
morbidity due to intracranial bleeding was observed in one
case. Mortality was null. This method can be proposed to
patients who accept the risk of sensory disturbances, when
previous less aggressive procedures have failed.

Balloon microcompression of the gasserian ganglion

In 1978 Mullan and Lichtor developed a percutaneous
technique for controlled compression of the trigeminal
ganglion that could be carried out under short general
anaesthetic [25]. The results that we were able to obtain by
using balloon microcompression of the gasserian ganglion
(PMC) in 235 patients operated upon since 1992 were the
following: completely pain free without medication:  136
cases (58 %);  requiring low dosage of drugs: 28 (12%);
requiring high dosage of drugs or surgery: 71 cases (30%).
Side effects were: permanent diplopia 1 patient; dysesthe-
sia requiring medical treatment 10 patients. Painful anes-
thesia and cheratitis were never observed. The end point
for compression was the achievement of a “pear”-shaped

balloon in the cavum Meckel. The balloon is then kept
inflated for approximately 1 min. A longer compression
resulted in a profound hypoaesthesia that often led to
complaints of dysaesthesias. This method appears to have
the same limitations that characterise trigeminal surgery
whatever the lesional procedure used, that is: the more the
sensorial deficit, the longer the pain-free interval but the
higher the rate of severe dysaesthesia.

However, PMC is easy to perform and the recurrence
rate is acceptable, with a low rate of complication even in
the case of repeated surgery. Diplopia was sometimes
observed but it is generally transient. Since painful anaes-
thesia and keratitis are, in our opinion, too high a price to
be paid for pain relief, this is now the method we prefer
when MVD fails or is refused by the patient.

Radiosurgery

Radiosurgery is an old modality of treatment [26] that
now can be performed by using very sophisticated and
precise methods of targeting such as Cyberknife. In our
institution it has been available since March 2004 and 40
patients have undergone this procedure, but the follow-up
is too short to allow for a comparison of the efficacy with
other radiosurgical and surgical treatment modalities.
However, from the analysis of the literature and our initial
experience, the following conclusions can be drawn:

Radiosurgery should be considered as a lesional pro-
cedure.

A strong correlation between the development of new
facial sensory loss and achievement and maintenance of
pain relief after this procedure has been described [27].

Quality of data is generally poor: case series have dif-
ferent patient populations, varying doses of radiation and
targets, a variety of assessment methods and differing fol-
low-up.

70%–80% of patients are pain-free in the short term,
although up to 50% may relapse.

Side effects include facial dysaesthesia (up to 12%),
corneal irritation, vascular damage, hearing loss and facial
weakness, varying with the dose plan and target area. 

Follow-up is short and uncertainty persists about pos-
sible late complications of radiation therapy.

Conclusions

MVD is the only surgical option that allows long-term
pain relief to be obtained while avoiding any sensory dis-
turbance. In our opinion it remains the treatment of choice
for all patients with drug-resistant typical TN. Old age
and central demyelination do not constitute absolute con-
traindications to this kind of surgery. Since sensorial
deficits can be far from negligible and well tolerated in
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some patients treated with lesional procedures, our policy
is to delay destructive surgery as much as possible. When
these procedures cannot be avoided, PMC appears to be
the easiest to perform with a low complication rate and
good long-term results. In cases requiring more aggres-
sive treatment because of recurrent pain, TRZ can be per-
formed. The use of radiosurgery is still under investiga-
tion and further studies are required to clarify its role in
the treatment of TN. In MS patients, unfortunately neither
MVD nor lesional procedures can prevent pain recurrence
due to MS-related evolving demyelination. Thus, new
treatments aiming to modulate the activity of central
trigeminal pathways should be investigated to improve the
quality of life of these unfortunate patients.
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Abstract The eating disorders (ED) anorexia nervosa
(AN) and bulimia nervosa (BN) are important psychiatric
and somatic conditions occurring mainly in young
women. The aetiology is unknown, but there are social,
biological and psychological factors that play a relevant
role in the pathogenesis, along with multiple endocrine
abnormalities. Hypothalamic monoamines (especially
serotonin), neuropeptides (especially neuropeptide Y and
cholecystokinin) and leptin are involved in the regulation
of the human appetite. ED share with migraine the same
metabolic profile and aspect of psychiatric and psycho-
logical conditions. In support of this hypothesis in one
study, it has been shown that the incidence of migraine is
high in these patients; and it has been shown that the inci-

dence in a female group that suffers from migraine was
greater than in the normal population. In order to under-
stand the possible relationship between migraine and ED,
we have investigated the incidence of primary headache
in a group of AN and BN patients. The result of this study
shows that the prevalence of migraine in women affected
by AN and BN is very high (75%) in comparison to the
general population (12.5% headache incidence in normal
population). In most patients the onset of migraine
attacks began before or at the same time as the symptoms
of AN and BN. We suggest that migraine is a predispos-
ing condition for the occurence of AD in young women. 

Keywords Eating disorder · Anorexia · Bulimia ·
Migraine · Headache · Amines

Introduction

The eating disorders (ED) anorexia nervosa (AN) and
bulimia nervosa (BN) are important psychiatric and
somatic conditions occurring mainly in young women [1].
Their aetiology is unknown, but there are many social,
biological and psychological factors that play a relevant
role in their pathogenesis [2]. To understand the causality
of ED it is necessary to consider that many factors corre-
late to this disorder [3]. Our knowledge of correlate and
risk factors is increasing daily. Over 30 risk factors for
ED have been identified thus far with a reasonable degree
of evidence. However it remains very difficult to demon-
strate causality. There is a statistically significant chance
of their being associated with ED (e.g., depression).
Longitudinal studies have underlined that risk factors
clearly precede the onset of the illness. In the bio-psycho-
social model there are biological, psychological and
socio-cultural factors that sustain the onset of ED:
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Among women, the lifetime prevalence of AN is 3–5
in 1000, and the lifetime prevalence of bulimia is 10–15
in 1000 considering the general population. AN is typi-
cally found in teenage girls, while for BN the typical age
is slightly higher, at 16–35 years. ED are primarily found
in females: in AN for 19 females there are 2 males, and
in BN for 29 females there is 1 male [4].

Fifty percent of patients with AN go on to develop
BN and about a third of patients with BN have had a pre-
vious episode of AN. 

AN and BN are different pathologies. In the DSM-IV
there are diagnostic criteria to distinguish the two
pathologies:
– Anorexia nervosa (AN)

– Body weight <85% of expected weight 
– Intense fear of gaining weight 
– Undue emphasis on body shape or weight 
– Amenorrhoea (in girls and women after menar-

che) for three consecutive months
– Bulimia nervosa (BN)

– Recurrent binge eating (at least two times per
week for three months)

– Recurrent, inappropriate, compulsive behaviour to
prevent weight gain such as self-induced vomit-
ing, abuse of laxatives, diuretics or other medica-
tions, or excessive exercise

– Persistent overconcern with body shape and/or
weight

– Absence of AN 

In the category of ED is possible to identify another
pathology called:
– Binge eating disorder (BED)

– Recurrent episodes of binge eating. An episode is
characterised by
1. Eating a larger amount of food than normal

during a short period of time (within any two-
hour period).

2. Lack of control over eating during the binge
episode (i.e., the feeling that one cannot stop
eating). 

– Binge eating episodes are associated with three or
more of the following:
1. Eating until feeling uncomfortably full.
2. Eating large amounts of food when not physi-

cally hungry.
3. Eating much more rapidly than normal.
4. Eating alone because you are embarrassed by

how much you are eating.
5. Feeling disgusted, depressed, or guilty after

overeating.
– Marked distress regarding binge eating is present
– Binge eating occurs, on average, at least two days

a week for six months
– The binge eating is not associated with the regular

use of inappropriate compensatory behaviour (i.e.,
purging, excessive exercise, etc.) and does not
occur exclusively during the course of BN or AN. 

In general it is possible to affirm that in AN the Body

Biological factors

Genetic basis Twin, family and adoption studies ED are not monogenic disorders
Candidate gene studies There is a complex interplay between genetic

predisposition and environmental factors
Neurodevelopmental basis Neuroimaging techniques It is unclear to what extent hippocampal atrophy 

might reflect a cause or an effect of the illness
Neuropsychological testing Perinatal risk factors Mild hypoxia affecting hippocampal

Retrospective and prospective studies and cortical brain development
Puberty Epidemiological and biological studies Early-onset menarche

Increase in fat mass
Oestrogen hormones and serotonin receptors

Psychological factors

Temperament Psychometric and clinical studies Harm avoidance
Novelty seeking
Persistence
Reward dependence
Self-directedness

Attachment Psychometric and clinical studies Insecure attachment
Self-esteem Psychometric and clinical studies Low self-esteem
Traumatic and change events Psychometric and clinical studies Abuse, neglect, changes, cultural transitions

Socio-cultural factors

Obesogenic environment Studies on abundance of cheap, high-calorie foods Globesity
Studies on low physical activity

Pressure to be thin Studies on fashion magazines, dolls,  ED can no longer be thought of as
commercial images, diet industries, etc. culture-bound syndromes 



Mass Index (BMI) is inferior to 17.5, in the BN the BMI
is normal and in the BED the BMI is often elevated. 

A lot of physical and psychological inconveniences
characterise the “fast syndrome”, for example depres-
sion, obsession, anxiety, apathy and reduction of cogni-
tive capacity; physiologically there is hypotension, diffi-
culty sleeping, gastrointestinal trouble, reduced libido,
etc. In accordance with the data reported from studies in
anorexic animals [5], ED seems characterised by the mal-
function of neurotransmitters.

A very interesting study of the relationship between
migraine and ED relation has shown the incidence of ED
in a group of female migraine sufferers to be greater than
that in a normal population [6]. In this study a modified
version of the Eating Disorder Inventory (EDI) and
Diagnostic Survey of Eating Disorders (DSED) was
administered to a group of female migraine patients.
Eighty-eight percent of these reported dieting behaviour,
59% reported binge eating and 26% reported self-induced
vomiting. Moreover, they had an elevated score on four of
the eight subscales of EDI (body dissatisfaction, perfec-
tionism, interpersonal distrust and ineffectiveness).

Migraine shares with ED the same metabolic profile [7]
and the same psychiatric and psychological conditions. The
high level of elusive amines such as tyramine and
octopamine in plasma and platelets recently found in
migraine patients suggest that a hypothalamic and limbic
dysfunction contributes to migraine physiopathology as trace
amine associate receptors (TAARs) are mainly localised in
such brain areas [8]. Indeed the altered psychological behav-
iour of ED patients suggests that abnormalities of these brain
centres may also play a role in ED pathophysiology.

We have studied the prevalence of migraine in a group
of AN and BN patients consecutively treated as inpa-
tients in our ED unit.

Methods

We have examined 109 female inpatients treated in the
Unit for ED of the Villa Margherita Neurology and

Psychiatric Clinic; 76 were affected by AN and 33 by BN
according to the DSM IV criteria [9]. The patients were
consecutively treated in our inpatient programme during
2006–2007. Mean age, BMI, duration of illness and other
parameters are reported in Table 1. The diagnosis of
migraine or other primary headaches was made using a
questionnaire that includes questions about the presence
of migraine in the patients’ first-degree relatives, the
diagnostic criteria of the IHS classification [10] (pro-
posed in 1988 by the International Headache Society)
and characteristics of headache attacks and their frequen-
cy and duration. The questionnaire interviews, adminis-
tered in the first 20 days of admission, were performed
by a neurologist specialised in migraine problems.

Fifty-six percent of patients investigated consumed
drugs used in the treatment of mental conditions (antidepres-
sives, antipsychotics, benzodiazepine), while 44% patients
were without medication therapy. There is no significant
influence of this element on the incidence of headache.

For 22.9% of patients the illness duration was less
than four years, for 34.9% illness duration was between
four and eight years, and for the majority of patients
(42.2%) it was more then eight years

Chi-squared, t-test and Mann–Whitney test were used
to evaluate the possible statistical significant differences
between the control and patient groups or between the
patients sub groups.

Results

As shown in Table 2, many patients (in=91, 83.5%) com-
plained of primary headaches. The majority of these suffer
from migraine (n=81, 89%). Only 3 (2.8%) women satisfied
IHS criteria for the diagnosis of migraine with aura (MwA)
but 60 (55%) women satisfied the criteria for migraine with-
out aura (MwwA); 5 (4.6%) women suffered from probable
MwwA and 8 (7.3%) from possible MwwA. Only 6 (5.5%)
patients were affected by tension headache; 4 (3.7%) sub-
jects showed an unclassifiable headache. Finally, only 18
subjects (16.5%) had no headache symptoms.
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Table 1 Characteristics of the female population studied

ED AN BN C p
n=109 n=76 n=33 n=27 t-test
100% 69.7% 30.3%

Age, years
Mean±SD 26.6±8.5 26.2±8.1 26.1±8.8 27.7±6.3
Range 16–58 16–58 17–56 20–53
BMI±SD 17.4±4.6 15.1±2.1 22.8±4.2 AN vs. BN:

<0.001
Patients treated 61 (56.0%) 42 (54.7%) 19 (58.1%)
Patient without medication 48 (44.0%) 34 (45.3%) 14 (41.9%) 27

C, control subjects; ED, eating disorders; AN, anorexia nervosa; BN, bulimia nervosa



Referring to the issue of the beginning of headache
(Table 3), in 56.9% of patients the migraine attacks
began before the onset of ED symptoms, in 13.8% of
subjects the attacks of migraine and the symptoms of ED
began in the same period. In the minority of the women
studied (12.8%) migraine developed after the onset of
the ED. There is no significant difference for this aspect

between AN and BN subjects.
There is no significant difference in the incidence of

headache disorders between the AN and BN groups that
we have studied, as can be seen from Table 4.

Also, frequency and duration of attack do not seem to
be meaningfully different between the two diagnostic
groups (Tables 5 and 6).
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Table 2 Prevalence of headache patients among ED sufferers

Patients with headache 91 (83.5%)
Migraine 81 (89%) MwA 3 (2.8%)

MwwA 60 (55%)
MwwAps 8 (7.3%)
MwwApr 5 (4.6%)
CM 5 (4.6%)

Tension headache 6 (6.6%) ETH 3 (2.75%)
CTH 3 (2.75%)

Other headaches 4 (4.4%)
Patients without headache 18 (16.5%)
Total no. patients 109

MwwAps, possible migraine without aura; MwwApr, probable migraine without aura; CM, chronic migraine; ETH, episodic tension headache;
CTH, chronic tension headache

Table 3 The beginning of headache compared to ED

Total patients AN BN Migraine Tension headache Other headache

Before DCA 62 (68.1%) 46 (73.0%) 16 (57.1%) 56 (69.1%) 2 (33.3%) 4 (100%)
Contemporary DCA 15 (16.5%) 10 (15.9%) 5 (17.9%) 14 (17.3%) 1 (16.7%)
After DCA 14 (15.4%) 7 (11.1%) 7 (25.0%) 11 (13.6%) 3 (50.0%)

Table 4 Incidence of different headaches types in AN and BN groups

Migraine Tension headache Other headache Without migraine Total patients for 
diagnosis group

AN 55 (72.3%) 4 (5.3%) 4 (5.3%) 13 (17.1%) 76
BN 26 (78.8%) 2 (6.1%) 0 (0.0%) 5 (15.1%) 33

Total patients for headache 81 6 4 18 109
group

Table 5 Headache attack duration in AN and BN

0–4 h 4–8 h 9–24 h More than 24 h Constant Total
patients for
ED group

AN 20 (31.8%) 15 (23.8%) 17 (27.0%) 9 (14.3%) 2 (3.2%) 63
BN 11 (39.3%) 4 (14.3%) 7 (25.0%) 5 (17.9%) 1 (3.6%) 28

Total patients 31 19 24 14 3 91
for attack length

Table 6 Frequency of headache attack in AN and BN groups

Less than 1 1–4 More than 1 Every day Total patients
per month per month per month or nearly of AN and

AN 13 (20.6%) 22 (34.9%) 17 (27.0%) 11 (17.5%) 63
BN 4 (14.3%) 7 (25.0%) 13 (46.4%) 4 (14.3%) 28

Total patients 17 29 30 15 109
of AN and BN groups



Discussion

The prevalence of migraine in women affected by AN and
BN is very high (83.5%) in comparison to the general pop-
ulation (12.5% as reported in the normal population). In
most (68.1%) of the patients the onset of migraine attacks
began before or at the same time as the symptoms of AN
and BN. This suggests that migraine could be a patholog-
ical condition favourable to the occurrence of these psy-
chiatric diseases. The pathophysiology of AN and BN are
not definitively understood. The excessive control of feed-
ing and the low body weight together with reduced sexual
desire and disappearance of menstrual cycle suggest that a
dysfunction of the hypothalamus [11], limbic [12] and
amygdala [13] areas may play an important role in the
determination of the disease. The results of our biochemi-
cal studies support this hypothesis. The levels of tyramine
and dopamine are significantly elevated in the plasma of
our patients [14]. It is known the TAARs, possible recep-
tors of elusive amines, are localised in the limbic circuitry,
amygdala, hypothalamus, extrapyramidal system and
other brain stem nuclei. The high levels of tyramine,
octopamine and dopamine suggest an activation of all
these CNS centres in this psychiatric syndrome. 

Migraine may share pathophysiological aspects and
biochemical abnormalities with ED. It has been hypothe-
sised that dysfunctions of the frontal lobe, amygdala,
hypothalamus and extrapyramidal system are involved in
migraine pathogenesis. The increased amount of neuro-
modulators and abnormal amount of neurotransmitters in
the synaptic clefts cause an anomalous neurotransmis-
sion at the different levels of CNS such as the hypothal-
amus, limbic and connected centres, which may play a
role in the pathogenesis of EDs and migraine.

In conclusion, this study shows a comorbidity between
ED and migraine; a high percentage of ED patients suffer
from migraine. The data suggest that migraine may be con-
sidered, on the basis of similar neurotransmitters amines in

the two pathological conditions, a predisposing factor for
the occurrence of ED.
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Abstract In order to understand the possible role of tyro-
sine metabolism and in particular that of elusive amines
in the pathogenesis of eating disorders (ED), we meas-
ured the plasma levels of dopamine, noradrenaline, tyra-
mine (Tyr) and octopamine (Oct) in a large group of
anorexic and bulimic patients. In comparison to the con-
trol group, the levels of nordrenaline were significantly
lower and those of dopamine and Tyr higher in the ED
patients. The plasma levels of Oct were in the same range
in both subject groups. However when comparing the
bulimic vs. the anorexic group, the Oct levels were signif-
icantly lower in the anorexic group, whereas those of Tyr
were significantly higher in the bulimic patients, suggest-
ing that different activation in the metabolism of elusive
amines may underlie the shift from the anorexic into the
bulimic state. These biochemical findings raise the possi-
bility that abnormalities of the limbic and hypothalamic
circuitries play a role in the pathogenesis of ED. In addi-
tion, the very high prevalence of migraine (>75%) in our

group of ED sufferers, and the biochemical profile(s)
reported in migraine, which appear similar to that found
in ED patients, suggest that migraine constitutes a risk
factor for the occurrence of ED in young females. 

Keywords Eating disorder · Migraine · Noradrenaline ·
Dopamine · Trace amines

Introduction

Eating disorders (ED), such as anorexia and bulimia nervosa,
constitute a severe psychiatric and somatic condition occur-
ring mainly in the female population in younger age groups
[1]. The aetiology of ED is poorly understood, although bio-
logical and psychological factors seem to play a relevant role
in the physiopathology of the disorder. Among biological
factors, abnormalities of serotonin (5-HT), noradrenaline
(NE) and dopamine (DA) metabolism have been reported in
anorexic animal models [2] and some human studies [3]. The
anomalous eating behaviour, the absence of menses and the
sexual appetite that characterise ED suggest that anomalies
in these neurotransmitters are localised in the limbic, hypo-
thalamic and dopaminergic circuitries [4].

Intriguingly, migraine presents the same metabolic cate-
cholamine dysfunction as that of ED [5]. In addition, the
high level of elusive amines, such as tyramine (Tyr) and
octopamine (Oct), in plasma and platelets, recently found in
migraine patients, suggests that anomalies of hypothalamic
and limbic areas contribute to migraine physiopathology, as
trace amine associated receptors (TAARs) are mainly
localised in these brain areas [6]. However, whilst these
findings suggest that migraine and ED may, to some degree,
share similar underlying physiopathological aspects, no
information is available with regard to the possible preva-
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lence of migraine in ED subjects and it is unknown whether
anomalies in the metabolism of trace amines play a role in
the pathogenesis of ED. To ascertain this hypothesis we
here evaluate plasma levels of NE, DA, Tyr and Oct in a
large group of ED sufferers. We also assess the prevalence
of migraine in the same patient sample. 

Methods

NE, DA Tyr and Oct were measured in plasma of 125
patients affected by anorexia (n=89, 71.2%) or bulimia ner-
vosa (n=36, 28.8%) and 27 healthy control subjects
matched for age and sex with the patients. The diagnosis of
each type of ED syndrome was, in accordance with the
DSM-IV criteria [7], made utilising body mass index (BMI)
(below 17.5 for anorexia under 17.5 for bulimia). Forty-
eight patients were free from pharmacological treatment
(44%); 61 (56%) patients were under antidepressant thera-
pies (Table 1). In the subjects, peripheral venous blood 
(25 ml) was drawn by the same operator from the antecu-
bital vein, following overnight fasting, at 9 a.m. in supine
position and collected in fr/10 volume citric acid/citrate
dextrose as anticoagulant for estimation of the biochemical
markers. Platelet-poor plasma (PPP) was obtained as
described elsewhere [8]. An aliquot of perchloric acid was
added to PPP (total volume 4 ml) for the deproteinisation.
After brief centrifugation (14000 rpm for 5 min), the super-
natant was passed through an ultrafilter membrane. The lev-

els of NE, DA, Tyr and Otc were evaluated using an HPLC
coulometric method.

Statistical analysis was conducted by SPSS version
13. Sample distributions were evaluated by a
Kolmogorov–Smirnov test. Groups with Gaussian distri-
bution were compared by Welch’s t-test, while groups
displaying non-parametric distribution were compared
by the Mann–Whitney test. 

Results

Biochemical results

NE was detected in plasma of 103 out of 125 patients and
in all controls subjects; DA in 74/107 patients and 13/26
controls; Tyr in 106/107 patients and 25/27 controls; and
Oct in 62/107 patients and 19/26 controls. In comparison
to the control subjects, the plasma levels of DA and Tyr
were significantly higher in ED patients (p=0.05,
p<0.001), whereas the plasma levels of NE were lower in
the patient group (p<0.04). The levels of Oct were in the
same range in both subject groups (Table 2).

Upon comparison of the NE, DA, Tyr and Oct levels
of the anorexic with those of bulimic patients and of each
group of those of the control subjects, we found that DA
and NE plasma levels were in the same range in the two
patient groups. In contrast, Tyr plasma levels were signif-

Table 1 Characteristics of the population studied

ED AN BN C
n=125 n=89 (71.2%) n=36 (28.8%) n=27

Gender All females All females
Age (years)

Mean±SD 26.56±8.498 26.18±8.128 26.06±8.778 27.73±6.247
Range 16–58 16–58 17–56 20–53

BMI±SD 17.29±4.816 14.93±2.488 22.53±4.130
Patient treated 61 (55.96%) 42 (54.7%) 19 (58.1%)

Antidepressivea 54 38 16
Antipsychoticb 16 9 7
Benzodiazepinec 37 26 11

Patient without pharmaceutical therapy 48 (44.04%) 34 (45.3%) 14 (41.9%) 27

ED, eating disorders patient; AN, anorexia nervosa; BN, bulimia nervosa; C, control subjects
aantidepressive (SSRI 20 mg/d, valproic acid 400–600 mg/d); b(benzodiazepine 5–10 mg/d); c(bromazepan 3–6 mg/d)

Table 2 Plasma levels of Tyr, Oct, noradrenalin and DA in ED patients and control subjects

ED (n=109) C (n=27) p
Mean±SD Mean/SD

Tyr 0.85±0.61 0.69±0.34 0.05**
Oct 1.18±1.74 1.29±1.35 NS*
NE 104.26±115.51 153.18±73.20 0.039**
DA 14.00±17.02 2.877±4.12 <0.001*

Values are expressed as ng/ml. M, mean; SD, standard deviation; ED, eating disorders patient; C, control subjects
*Mann–Whitney 2-tailed unpaired test; **t-test
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icantly higher in the bulimic patient group when com-
pared to levels found in both the anorexic and control
groups (p=0.02, p=0.03 respectively). The Oct plasma
levels were more elevated in the anorexic group than in
the bulimic group (p=0.03) and the Oct levels of the
bulimic group were significantly lower than those of the
control subjects (p=0.05) (Table 3). 

Prevalence of primary headaches among ED patients 

One hundred and nine patients affected by either anorex-
ia (n=76, 70%) and/or bulimia nervosa (n=33, 30%) is
referred to the ED Center of Eating Disorders (Casa di
Cura Villa Margherita, Arcugnano, Vicenza) were
enrolled in the study. All subjects were female and their
age ranged between 18 and 32 years (mean age=25). The
diagnosis of migraine with and without aura or other pri-

mary headaches was made in accordance with IHS criteria
[9] utilising a questionnaire that included questions about
the presence of migraine in parental first-degree relatives
of the patients and characteristics of the headache attacks,
i.e., frequency and duration. Ninety-one ED patients com-
plained of primary headaches (84.4%). Eighty-one ED
patients satisfied IHS criteria for the diagnosis of migraine
(89%), of which 16 (55%) presented migraine without
aura (MwwA), 3 (2.8%) presented migraine with aura
(MwA), 5 (4.6%) with probable MwwA, 8 (7.3%) with
possible MwwA and 5 (4.6%) presented a chronic
migraine. Six (6.6%) ED patients were affected by ten-
sion-type headache and 4 (4.4%) patients presented non-
classifiable headache. Twelve ED patients did not suffer
from migraine (11%) but had a first-degree relative affect-
ed by MwwA. In 62 patients (68.1%) the migraine attacks
had begun prior to the onset of ED symptoms, in 15
patients (16.5%) the attacks began at the same time and in

Table 3 Plasma levels of Tyr, Oct, noradrenalin and DA in anorexic, bulimic patients and control subjects

AN BN C p
Mean±SD Mean±SD Mean±SD

Tyr 0.77±0.56 1.09±0.70 0.69±0.34 AN vs. ctrl: NS**
BN vs. ctrl: 0.035*
AN vs. BN: 0.026*

Oct 1.34±1.90 0.71±1.02 1.29±1.35 AN vs. ctrl: NS**
BN vs. ctrl: 0.05**
AN vs. BN: 0.03**

Noradrenalin 105.41±122.76 101.19±95.34 153.18±73.20 AN vs. ctrl:<0.001*
BN vs. ctrl: 0.028**
AN vs. BN: NS*

DA 12.85±16.54 17.26±2.88 2877±4.12 AN vs. ctrl: 0.006*
BN vs. ctrl: <0.001*
AN vs. BN: NS*

Values are expressed as ng/ml. M, mean; SD, standard deviation; AN, anorexia nervosa; BN, bulimia nervosa; C, control subjects
*Mann–Whitney 2-tailed unpaired test; **t-test

Table 4 Prevalence of headache patients among ED sufferers

Total no. patients 109
Patients with headache 91 (84.4%)
Migraine 81 (89%)

MwA 3 (2.8%)
MwwA 60 (55%)
MwwAps 8 (7.3%)
MwwApr 5 (4.6%)
CM 5 (4.6%)

Tension headache 6 (6.6%)
ETH 3 (2.8%)
CTH 3 (2.8%)

Other headaches 4 (4.4%)

Onset of headache ED AN BN

Before ED 62 (68.1%) 46 (73.0%) 16 (57.1%)
Corresponding to ED 15 (16.5%) 10 (15.9%) 5 (17.9%)
After ED 14 (15.4%) 7 (11.1%) 7 (25.0%)
Total patients 91 76 33

MwwAps, migraine without aura possible; MwwApr, migraine without aura probably; CM, chronic migraine; ETH, episodic tension headache;
CTH, chronic tension headache
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the minority (14 patients, 15%) migraine appeared after
the onset of ED symptoms (Table 4). The frequency of the
attacks in ED patients affected by migraine ranged
between 1 and 15 attacks/month and the duration as 8–72
h or more. No statistical differences in the frequency and
duration of migraine attacks were found between the
anorexic and bulimic patients.

Discussion

The data presented here support the possibility that ED is
characterised by an anomalous tyrosine metabolism. In
comparison to control subjects, DA plasma levels are
several fold higher, whereas NE, derived from its precur-
sor DA via the activation of DA symbol
β-hydroxylase enzyme activity [10], is significantly
lower in plasma of ED sufferers. The plasma levels of
Tyr, a product of tyrosine decarboxylase enzyme activity,
with tyrosine being the substrate [11], are significantly
higher in ED vs. controls, whereas those of the Oct are
apparently similar in both patient groups. However when
these data, witch includes both the anorexic and bulimic
patient groups, are disaggregated, their profiles change.
The anorexic patients show Tyr and Oct plasma levels in
the same range as those of controls. The only relevant
data in this patient group are that the plasma levels of Oct
are inversely correlated with BMI (Pearson test, p<0.04),
suggesting that the higher levels of Oct are related with
the severity of the anorexia. In contrast, in comparison to
controls and anorexic subjects, Tyr is significantly high-
er and Oct is significantly lower in the bulimics. The
interpretation of this anomaly of tyrosine levels in ED
patients is uncertain; however the large accumulation in
plasma of DA and the low levels of noradrenalin strong-
ly suggest that the activity of dopamine β-hydroxylase
(DBH) is reduced in both anorexic and bulimic patients.
The different profiles of Tyr and Oct plasma levels may
indicate that the possible shift from anorexia to a bulim-
ic state may be related with differences in the metabolism
of trace amines. It is, in fact, known that Oct regulates the
body mass through glucose and lipid metabolism [12,
13]. The low levels of Oct in the bulimic group may
favour glucose and lipid synthesis with an increase of
body mass in these patients. 

The pathophysiology of anorexia and bulimia is not
completely understood, however, the obsessive control of
the feeding behaviour and the change in body weight, a
reduced sexual appetite and disappearance of menstrual
cycle suggest that a dysfunction of the hypothalamus
[14], limbic centres [15] and amygdala [16] may play an
important role in the pathogenesis. BOLD NMR studies
show that these CNS structures are activated in ED
patients when adequately stimulated with different kinds
of foods [17]. Moreover, recovery from ED symptoms

seems to be accompanied by activation of the lateral and
apical prefrontal cortex, part of the limbic structure [15].
The increase of DA and Tyr along with a decrease of Oct
in bulimic patients support this hypothesis, as DA and
elusive amine synthesis and their receptors (DA and
TAARs) are localised in the limbic, amygdala and hypo-
thalamic circuitries [18]. The activation of dopaminergic
pathways, which is also reported in obses-
sive–compulsive syndromes, may play an important role
in the fixation of the repetitive behaviour repertoires that
characterise ED patients [19] and in the abnormal feeling
of satiety in anorexic sufferers [2].

The biochemical results together with the prevalence
of migraine among ED sufferers suggest a strong corre-
lation between ED and migraine. First, in comparison to
the general population (12.5%), the prevalence of
migraine in the group of ED patients is very high (75%)
and, in addition, many of the non-migraine ED sufferers
have first-degree relatives affected by migraine. Second,
as in ED patients, migraine patients show, in comparison
to control subjects, higher DA and lower NE levels in
plasma and platelets [20]. In these patients an anomalous
activity of DBH has been demonstrated, along with a
polymorphism in the gene that controls the function of
this enzyme [21]. In addition, metabolism of elusive
amines is also deranged in migraine patients [20]. All
these findings suggest that migraine and ED share the
same anomalies in tyrosine metabolism that may consti-
tute, for the migraine patients, a risk factor for the occur-
rence of ED. In support of this hypothesis we observed,
in this study, that in the majority of ED patients the
migraine attacks occurred prior to or in concomitance
with the onset of ED symptoms.

In conclusion, the data shown here indicate that ED is
characterised by an anomalous tyrosine metabolism, with
very high circulating levels of DA and Tyr and low levels
of noradrenalin and Oct (the latter amine at least in the
bulimic group). These findings support the hypothesis
that a metabolic derangement in the limbic, amygdala
and hypothalamus centres plays a role in the aetiology of
ED. This biochemical profile is similar to that of
migraine and prevalence of migraine is overwhelming
among ED sufferers. We suggest that migraine may con-
stitute a risk factor for the occurrence of ED.
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Abstract The role of psychological factors related to
headache, particularly tension-type headache (TTH), has
long been a focus of investigation. The subject at issue is
a complex one, with some aspects that are still being
debated by experts. In episodic TTH, it is possible to
hypothesise that headache is not only a “primary”
headache that causes gratuitous pain to sufferers. In fact, it
might represent an improper mode of communicating the
sufferers’ intimate discomfort, caused by an inadequate
relationship between their personality profiles and events
in their lives. As in migraine, in TTH, too, evidence has
been found of comorbidity between headache and psychi-
atric disorders, including depression and anxiety disorder.
Such evidence will have to be confirmed by further stud-
ies on the general population. As regards behaviour and
personality traits, subjects with TTH had significantly
higher scores than healthy controls on measures of auto-
matic thoughts and alexithymia, and lower scores on
assertiveness. Patients with chronic TTH had higher auto-
matic thoughts scores than patients with episodic TTH.
These findings suggest that people with TTH may have
difficulty in expressing their emotions. Finally, psycholog-
ical factors and emotional disturbances have been indicat-
ed as risk factors for TTH. Indeed, stress and mental ten-
sion are the most common factors that cause TTH.

Keywords Tension-type headache · Psychological factors ·
Stress · Trigger factors · Comorbidity

Tension-type headache (TTH) has been included in Group
2 of the International Classification of Headache
Disorders (ICHD-II, 2004) [1]. Three TTH subtypes are
coded at the two-digit level. Infrequent episodic TTH
(coded 2.1) and frequent episodic TTH (coded 2.2) are dif-
ferentiated from each other by frequency of attacks.
Chronic TTH (coded 2.3) has a frequency of attacks
exceeding 15 a month, the headache may be accompanied
by an autonomic symptom, such as photophobia, phono-
phobia or mild nausea, and pain may persist for a few
hours or be continuous. The role of psychological factors
related to headache, particularly TTH, has long been a
focus of investigation [2, 3]. The subject at issue is a com-
plex one, with some aspects that are still being debated by
experts. In summary, this report will discuss the following
aspects:
a) the pathogenetic role of psychological factors in

episodic TTH;
b) comorbidity between TTH, psychiatric disorders and

personality traits; and
c) psychological factors as triggers of TTH.

The pathogenetic role of psychological factors in
episodic TTH

Traditionally, TTH has always been considered a form of
primary headache, where the pain is gratuitous, useless
and purposeless. Where the argument of the supposed gra-
tuitousness of primary headache appears especially ques-
tionable is in patients with episodic TTH. Often in these
patients it may happen that a careful evaluation of their
past medical histories taking into account the different
characteristics of their headaches will clearly point to
TTH, and that a thorough examination aimed at research-
ing any possible pathological signs will rule out the pres-
ence of an organic basis for their disorder. Then, face-to-
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face interviews with them, supplemented by the collection
of data about the events that occurred to them in close
temporal relation to headache onset, may reveal life situ-
ations that amply justify the appearance of the disorder. 

Frequently, episodic TTH seems to spring from an
inadequate relationship between sufferers’ personality
profiles and events in their lives. Not infrequently, there is
a clear-cut cleavage between what we could define –
broadly speaking – as patients’ personal abilities and the
requirements of their surrounding environments.
Sometimes, these requirements are too much for patients
to cope with or the patients are unable to confront them
properly. Thus, episodic TTH may represent a clear signal
that something is not right in the lives of those who suffer
from it, an indication that their skills and abilities are not
adequate to sustain their ways of life. In this respect,
headache cannot certainly be considered as gratuitous or
useless. On the contrary, it is an important symptom that
both patients and their doctors should discuss together to
try to understand its meaning. This is an all-important
process and one that a correct therapeutic approach cer-
tainly cannot do without.

Thus, in many cases, episodic TTH eventually
becomes a symptomatic headache, which is secondary not
to an organic disease, but to an inappropriate lifestyle.
The issue is anything but academic and calls for an ade-
quate therapeutic attitude: a concerted effort will have to
be made to try to interpret the signal that the headache is
sending, because no treatment will be effective if the ori-
gin of the disorder – which is only apparently mysterious
– is not revealed in the first place [3]. 

Comorbidity between TTH, psychiatric disorders and
personality traits

Comorbidity between headache and psychiatric disorders
is a broad and, in some respects, still unexplored subject.
The headache subtype that has been most extensively
investigated for psychiatric comorbidity is migraine [4,
5]. Unlike that between migraine psychiatric disorders,
comorbidity between TTH and psychiatric disorders has
been investigated only in clinical populations. Puca et al.
[6] studied a sample of 217 patients with chronic (n=109)
and episodic (n=108) TTH, who were followed at 10
Italian headache centres. Psychiatric comorbidity was
more frequent in chronic than in episodic TTH patients
and depression was the psychiatric disorder most fre-
quently associated with the headache. Holroyd et al. [7]
measured psychosocial correlates in 245 chronic TTH
sufferers by employing the Primary Care Evaluation for
Mental Disorders: 35% of cases were diagnosed with anx-
iety disorder and 29% with a mood disorder. Based on
these data, it can be assumed that the frequency of psychi-
atric disorders in subjects with TTH is increased three- to

15-fold compared with “healthy” controls (who had fewer
than 10 headache days per year). Of the three studies con-
ducted in clinical samples, none reported any significant
differences between migraine and TTH in terms of psy-
chiatric comorbidity [8–10]. Recently [11], psychiatric
comorbidity was tested in a naturalistic sample of adult
patients with pure migraine without aura, and in two con-
trol groups of patients, one experiencing pure TTH and
the other combined migraine and TTH. The study popula-
tion included 374 patients (158, 110 and 106) from nine
Italian secondary and tertiary centres. Psychiatric comor-
bidity was recorded through structured interviews and
also screened with the Mini International
Neuropsychiatry Interview (MINI). Only anxiety and
depression were investigated. Psychiatric disorders were
reported by 49 patients (14.6%; 10.9% of patients with
migraine, 12.8% of patients with TTH and 21.4% of
patients with combined migraine and TTH). The MINI
interview detected a depressive episode in 59.9% of
patients with migraine, 68.3% of patients with TTH and
69.6% of patients with combined migraine and TTH.
Depression subtypes were significantly different across
groups (p=0.03). Anxiety (mostly generalised) was
reported by 18.4% of patients with migraine, 19.3% of
patients with TTH and 18.4% of patients with combined
migraine and TTH. The values for panic disturbance were
12.7, 5.5 and 14.2, and those for obsessive-compulsive
disorders were 2.3, 1.1 and 9.4%, respectively (p=0.009).
The authors conclude that psychopathology of primary
headache can be a reflection of the burden of the disease
rather than a hallmark of a specific headache category.

As regards behaviour and personality traits, Yücel et
al. evaluated automatic thoughts, alexithymia and
assertiveness in 105 patients with TTH and in 70 healthy
controls. Compared with healthy controls, headache
patients had significantly higher scores on measures of
automatic thoughts and alexithymia, and lower scores on
assertiveness. Patients with chronic TTH had higher auto-
matic thoughts scores than those with episodic TTH.
These findings suggest that subjects with TTH may have
difficulty in expressing their emotions [12].

Psychological factors as triggers of TTH

Careful monitoring of the trigger factors of headache could
be an important step in treatment, because their avoidance
may lessen the frequency and severity of attacks. In clini-
cal practice, subjects with TTH very frequently report nerv-
ous tension, stress, mental fatigue, and prolonged attention
and concentration efforts as trigger factors for their
headaches. In the medical literature as well, several authors
[13, 14] have indicated stress and nervous tension as major
trigger factors for TTH attacks. Indeed, these trigger factors
are described as such by a proportion of subjects ranging in



the different studies from 56.0% [15] to 70.1% [16].
Zivadinov et al. [17] performed a population-based survey
using a “face-to-face door-to-door” interview method in the
adult population of Bakar (Croatia) to estimate the preva-
lence of TTH and to establish the frequency of precipitat-
ing factors in subjects with migraine and TTH. They iden-
tified 1319 patients affected by TTH and stress was a pre-
cipitating factor for TTH attacks in 651 of them (49.4% –
odds  ratio 1.4; 95% CI 1.17–1.69). 

Clinical data and literature reviews confirm the exis-
tence of multiple relations between the human psyche and
TTH. In a recent review, emotional disturbances have
been indicated as risk factors for TTH and the authors
conclude that stress and mental tension are the most com-
mon factors that cause TTH [18].
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Abstract The challenges in managing the more complicat-
ed headache patients are discussed and reviewed in this
article. These patients often have chronic daily headache
or high-frequency disabling headache. Some of these
patients have problems adhering to treatment regimens,
which may reduce treatment efficacy and sometimes lead
to medication overuse. Medication overuse itself may
induce a transformation of headache to daily by reducing
the effectiveness of acute and preventive therapies.
Biobehavioural factors are important in the assessment
and treatment of headache patients. Also the biobehav-
ioural aspects involved in headache patients will provide a
model for integration of behavioural therapies into clinical
practice. The purpose of this article is to highlight behav-
ioural/psychological factors important to consider for cli-
nicians managing this particular category of patients.

Keywords Chronic migraine · Medication overuse ·
Behavioural approach

Introduction

A biobehavioural approach to headache management has
emerged from psychobiological models of headache [1].
This approach is based on the concept that psychological
and biological processes are interactive: behaviour, envi-
ronmental influences and learning are able to modify the
biology of organic functions. Psychobiological models
suggest that conditions controlling chronic headache are
multidimensional, involving cognitive, emotional and
behavioural factors as well as neurobiological mecha-
nisms that may change with chronicity.

As a primary headache disorder becomes more severe
and chronic, complex processes involving learning and
behaviour become important maintenance factors [2].
Risk factors for transformation of migraine from episodic
form include obesity, high frequency of attacks, medica-
tion overuse, psychiatric comorbidity and stressful life
events [3]. Patients with chronic forms are difficult to
manage: the challenges include noncompliance to therapy
regimens, medication overuse and psychiatric comorbidi-
ty. Also, these patients have been refractory to usually
effective treatment, and require careful assessment and
comprehensive treatment including both pharmacological
and non-pharmacological interventions, in particular a
behavioural approach [4, 5].

Assessment

Headache patients, in particular patients with a chronic
form of headache, present with a history of experiences
and expectations with respect to medical and other treat-
ment. For this reason, effective treatment begins with
building a therapeutic relationship with patients at the
time of the initial consultation. It is important to establish
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realistic expectations and the patients have to be actively
involved in the management of their headache disorder.

A careful history is necessary for achieving a correct
diagnosis and behavioural interviews are important for
assessing symptoms. Behaviourally, data are collected
with respect to how many days of the month the patient is
dysfunctional. It is important to record the impact that
severe headache has on the patient’s ability to function.
The manner in which symptoms are described may pro-
vide critical clues as to the underlying psychopathology.

Regarding chronic patients, medication history is a
crucial point. It is important to assess what the patient is
taking and at what point in the pain process that the
patient medicates. The patients’ feelings regarding the
medication efficacy are important as well as the extent of
pain relief.

Headache recurrence should be noted. Medication over-
use issues should be evaluated, as this negatively impacts
treatment [6]. With respect to past medications, dose levels
need to be assessed, whether there was an adequate thera-
peutic trial previously and whether the medication was
taken in the presence of medication overuse headache. The
patients’ subjective sense of what medication has been the
most effective in the past may be revealing.

History of habits, diet and sleep disturbances should
be evaluated. A history of psychiatric symptoms and
treatment has to be noted. Previous treatment for sub-
stance abuse or psychiatric problems, or psychotherapy
have to be considered.

Patients are asked how headache affects socialisation,
pleasure activities and family life. In particular, absences
from the work place and degree of disability should be
noted.

Symptom markers begin to emerge that could reflect
comorbid aspects that may require pharmacological and
also behavioural treatment. Both pharmacological and
non-pharmacological treatment have to be considered, as
the treatment philosophy is based on the concept of the
patient being an active participant in his or her treatment
process [7].

Treatment plans 

It has to be emphasised that non-pharmacological treat-
ment is not anti-pharmacological. The combination of
both pharmacological and non-pharmacological treatment
has been shown to be superior to each individually [8] and
appears to improve long-term therapeutic effectiveness
[9]. Moreover, non-pharmacological treatments help to
improve pharmacological therapy compliance, which is
crucial with chronic migraine patients [10, 11].

From the clinical point of view, it has been determined
that behavioural treatments are effective. There are more
than 100 empirical studies that examined the efficacy of

biobehavioural strategies for headache management.
Relaxation training, thermal and EMG biofeedback, and
cognitive behaviour therapy have been shown to be effec-
tive for headache and migraine treatment, and this has
also been confirmed by metanalytic reviews [8].

A model of behavioural treatment included in a thera-
peutic strategy for chronic migraine patients has to con-
sider some important steps. Most important is patient edu-
cation; this is a relevant aspect to consider in the thera-
peutic programme. Education is a key component at this
point regarding not only the clinical diagnosis, but also
the proposed treatment options. A detailed education will
be helpful for patients, including an emphasis on the com-
plex nature of headache difficulties and explanations of
the pathophysiology of headache. This information
improves the patients’ understanding of the rationale for
pharmacological and non-pharmacological choices.

The daily card is a useful instrument to help patients
to record headache frequency, intensity, possible relation-
ship between headache attacks and life events, and, most
important for chronic migraine overusers, to record the
analgesic intake and to note the real efficacy of different
compounds.

Education should encourage identification of life
habits that can easily induce headache or migraine
episodes, and consequently to modification of particular
behavioural factors in an effort to decrease headache fre-
quency and severity. Educational intervention includes
teaching the correct use of abortive medications, in partic-
ular in patients with chronic forms and history of overus-
ing medications, teaching the management of prodromal
symptoms, following instructions for preventing rebound
induced by overuse of medications and becoming more
conscious about the use of medications.

Different clinical programmes have been designed for
taking care of these problematic patients. Withdrawal,
although with some controversy, is considered the first
and principal step so that the migraine can return to a reg-
ular pattern and a preventive therapy can be effective; also
it is necessary to educate the patients to correctly use the
aborting medications, becoming more conscious of their
clinical situation.

The model of in-patient withdrawal is generally more
comfortable, but other kinds of treatment such as day-hos-
pital withdrawal or, in very motivated patients, out-patient
withdrawal are possible. In the latter conditions, the patients
are invited to call the doctors regarding any problems or to
visit the clinic for regular checks of the daily card and, once
more, encouragement, education and support are critical
elements in patients reaching their target [12].

The patients also benefit from learning behavioural
strategies to help control their headache: improving time
management, increasing aerobic exercise and increasing
pleasurable activities. It is important to teach the patients
coping skills designed to alleviate both the sensory and
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reactive component of the pain experience. The former
component involves the perception of pain and other
physical symptoms, while the latter includes thoughts
and feelings accompanying headache and consequently
problematic behaviours, such as overuse of analgesic for
aborting attacks.

In this sense cognitive-behavioural interventions help
to modify the reactive component with specific skills
increasing the patient’s ability to cope with pain and to
decrease headache-related distress [13].

Relaxation therapies and biofeedback include several
techniques that aim to enable patients to develop greater
body awareness, so as to achieve an overall relaxed state
and confidence concerning physiological control and are
helpful for patients for learning to bring biological
processes normally beyond patients’ awareness and con-
trol. These therapies enhance the role of thoughts, percep-
tions, belief systems and self-evaluation. These pro-
grammes are step-by-step approaches for teaching
patients the skills over a series of sessions.

Also, the patients have to be encouraged to use audio-
cassettes for practising at home and to become familiar with
the relaxation exercises. The patients learn to identify and
modify distress-related thoughts and maladaptive styles of
thinking that can contribute to headache susceptibility.
Also, they can learn to develop alternative cognitive
responses to the pain experiences; they try to develop man-
agement skills to reduce the anxiety that often increases the
symptom itself [4]. Many of these patients with chronic
forms need psychotherapeutic support for anxiety and
depression, often comorbid aspects with chronic migraine.

The correct and multidisciplinary integration of differ-
ent therapies such as pharmacological treatment, behav-
ioural techniques and psychotherapeutic approaches can
deliver a good outcome of therapeutic strategy, a decrease
in symptoms and avoidance of relapses in medication
overuse.

Conclusions

Patients with chronic migraine and medication overuse
need a comprehensive headache evaluation including
screening for behavioural and psychiatric issues.
Effective interventions for medication overuse headache
and reinforcement of coping skills are necessary to pre-
vent relapse.

These difficult patients need to be seen frequently and
for longer time periods to make sure they are getting com-
prehensive treatment with maximum adherence. Educating
patients about headache mechanisms and treatments
favours a collaborative relationship between patient and cli-
nician. Education and support to correctly and adequately
use the aborting medications is a crucial point in the treat-
ment plan. Behavioural strategies help patients to take an
active role in managing their headache disorder and in
managing the therapeutic programme.

References

1. Bakal DA (1982) The pathophysiology of chronic headache.
Springer, New York

2. Baskin SM, Weeks RE (2003) The biobehavioral treatment of
headache. In: Moss D, McGrady A, Davies TC,
Wickramasekera I (eds) Handbook of mind-body medicine for
primary care. Sage Publications, London, pp 205–222

3. Bigal ME, Lipton RB (2006) Modifiable risk factors for
migraine progression. Headache 46:1334–1343

4. Weeks R (2007) Integration of behavioral techniques into clini-
cal practice. Neurol Sci 28[Suppl 2]:S84–S88

5. Baskin S (2007) Managing the “difficult” headache patient.
Neurol Sci 28[Suppl 2]:S78–S83

6. Lake AE (2006) Medication overuse headache: biobehavioral
issues and solutions. Headache 46[Suppl 3]:S88–S97

7. Weeks R, Weier Z (2006) Psychological assessment of the
headache patient. Headache 46:110–118

8. Holroyd KA, O’Donnell FJ, Stensland M, Lipchik GL (2001)
Management of chronic tension-type headache with tricyclic
antidepressant medication, stress-management therapy and their
combination. A randomized controlled trial. JAMA
285:2208–2215

9. Grazzi L, Andrasik F, D’Amico D et al (2002) Behavioral and
pharmacologic treatment of transformed migraine with anal-
gesic overuse: outcome at three years. Headache 42:483–490

10. Rains JC, Lipchik GL, Penzien DB (2006) Behavioral facilita-
tion of medical treatment for headache. Part I: Review of
headache treatment compliance. Headache 46:1387–1394

11. Rains JC, Penzien DB, Lipchik GL (2006) Behavioral facilita-
tion of medical treatment for headache. Part II: Theoretical
models and behavioral strategies for improving adherence.
Headache 46:1395–1403

12. Grazzi L, Andrasik F (2006). Medication-overuse headache:
description, treatment and relapse prevention. Curr Pain
Headache Rep 10:71–77

13. Lipchik GL, Smitherman TA, Penzien DB, Holroyd KA (2006)
basic principles and techniques of cognitive-behavioral thera-
pies for comorbid psychiatric symptoms among headache
patients. Headache 46[Suppl 3]:S119–S132



Abstract Clinical complexity encompasses multiple lev-
els, including all the disorders and conditions experienced
by a person along cross-sectional and longitudinal con-
texts, the diversity of severity levels and courses of clini-
cal conditions, but also the plurality of values of people
experiencing health problems and seeking help for them.
The term comorbidity refers to the association of two dis-
tinct diseases in the same individual at a rate higher than
expected by chance. Looking systematically to comorbid-
ity represents the main road to approach patients’ clinical
complexity. Once epidemiologically established through
population or community surveys, the study of the comor-
bidity direction and of the chronological patterns of asso-
ciated clinical entities may offer relevant information
from both a clinical and a scientific point of view.
Comorbidity profiles of migraine and tension-type
headache offer a paradigmatic example to appraise and
highlight headache patient clinical complexity, allowing
the conversion of diagnosis from a validated cluster of
symptoms to a person-centred clinical diagnosis.

Keywords Comorbidity · Migraine · Tension-type
headache · Person-centred diagnosis · Clinical complexity

Introduction

A debate on comorbidity is a debate of both clinical and sci-
entific interest. More than 40 years ago Feinstein [1], who is
credited with coining the term, defined comorbidity as “any
distinct additional clinical entity that has existed or may
occur during the clinical course of a patient who has the
index disease under study”. It is quite obvious that the broad-
ness of “additional clinical entities” under the Feinstein con-
cept of comorbidity included even physiological conditions
requiring clinical monitoring, such as pregnancy.

The original concept has undergone a historical evolu-
tion: comorbidity should be regarded today as a non-casual
association of clinical entities [2] or of a clinical entity with
a physiological condition requiring clinical monitoring. 

Looking systematically to comorbidity represents the
main road to converting the diagnosis of a disease into a
person-centred clinical diagnosis. This way of looking at
the patient underlines clinical complexity as “a pointed
indicator of the conceptual and empirical richness of gen-
eral medicine” and even more so of neurology and psy-
chiatry [3].

The work group on comorbidity of the Word Health
Organization has taken into account even the model con-
cept of hypercomorbidity, extending comorbidity to the
involvement of clinically relevant social conditions. The
concept of hypercomorbidity highlights the complexity of
clinical medicine, and at the same time the unicity of
humanistic, sociological and clinical culture [4].

Let us, however, leave hypercomorbidity on the back-
stage and, as stated before, highlight comorbidity with a
few examples on migraine and tension-type headache
(TTH) as appraised from evidence-based data.

The choice of migraine and TTH allows us to describe
comorbidity with reference to a disease (migraine) or a
syndrome (tension headache).
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Comorbidity: a key for approaching clinical complexity

As accepted in modern practice, the term comorbidity
refers to the statistical association of two distinct dis-
eases in the same individual at a rate higher than expect-
ed by chance [2]. 

Comorbidity may emerge from population- or com-
munity-based studies as well as from clinical series or
case control studies. Results from the latter design sur-
veys must be cautiously taken into account due to some
methodological biases that can lead to an overestimation
of the comorbidity link, such as Berkson’s and selection
biases.

According to Berkson [5], if an individual is affected
by two different diseases at the same time then it is more
probable that he will require a medical consultation. This
fact impacts on both clinical outpatient and inpatient
series and can lead to a significant comorbidity overesti-
mation. Probably the most striking example of Berkson’s
bias comes from the comparison between the rates of
psychiatric comorbidity shown by migraine and tension-
type patients in clinical vs. population or community
comorbidity studies. Epidemiological data from popula-
tion-based studies demonstrate [6] that, contrary to the
common perception, migraineurs have greater neuroti-
cism than TTH patients. Although much more prevalent
than migraine, due to the mildness of symptomatology
only a minority of pure TTH patients require a medical
consultation; among those seeking medical help, a severe
psychiatric comorbidity is often present.

In a large clinical series, at least one psychosocial
stress event or psychiatric disorder was detected in
84.8% of the patients [7]. In such cases the psychiatric
comorbidity is responsible for both the emerging need
for medical care and the wrong perception by the physi-
cian of a high neuroticism in TTH patients.

In association studies the selection bias can overesti-
mate comorbidity of diseases presenting a symptomato-
logic overlap and therefore carrying a partial sharing of
diagnostic criteria sets (example: migraine with aura and
transient ischaemic attacks).

Once epidemiologically established through popula-
tion or community studies, a closer evaluation of the
comorbidity link characteristics may offer relevant infor-
mation from both a clinical and a scientific point of view,
thus representing indeed the main road to approach clin-
ical complexity. 

If properly assessed, a comorbidity link may indicate
that a condition is causally involved with the other. The
causative effect may be direct (atrial fibrillation? stroke)
or indirect (migraine? medication overuse? medication
overuse headache).

Alternatively, it may suggest the existence of a shared
physiopathological mechanism independently promoting
the development of both diseases in the same individual.

The shared mechanism can be genetically determined
(ionic channel disfunctions can lead to a brain hyperex-
citability that can promote both migraine and epilepsy) or
acquired (a head trauma can lead to both migraine and
epilepsy).

The assessment of the unidirectional or the bidirec-
tional course of the statistical association is the key to
interpreting the epidemiological link of associated dis-
eases. Comorbidity may be unidirectional (many coeliac
individuals suffer from migraine but only a small minor-
ity of migraineurs are coeliac) [8, 9], indicating that a
condition could promote the other but not vice versa, or
bidirectional, indicating that a common pathogenetic fac-
tor is probably present.

Depending on the study design and the expected
course (acute or chronic) of indexed diseases, direction
of comorbidity may also be seen as the ratio between the
probability shown by each condition to onset before the
other. In the presence of a bidirectional link this ratio
approximates unity, indicating that neither disease is
involved in the aetiology of the other but that they prob-
ably share one or more pathogenetic factors and, there-
fore, each condition is to be considered as a risk factor
for the development of the other. This, again, is the case
regarding migraine and epilepsy where observations on
wide community samples led to the finding of a statisti-
cally significant association in which neither condition
has higher probability of onset before the other [10]. 

A strict chronological association between symptom
presentation of conditions with a known comorbidity
reduce the probability of a coincidental association and
may support a causative link, as in migralepsia, where an
epileptic attack occurs during or soon after a migrainous
aura. 

In the light of exploring clinical complexity, the
awareness of the comorbidity profile of a disease can be
crucial for prompt identification of the related condi-
tions. Since epilepsy attacks dramatically overwhelm
headache, migraine is frequently under-diagnosed and
under-treated in epileptic patients [11]. Therapeutically,
a known comorbidity may help in preventing inappro-
priate drug prescription. For example, arterial hyperten-
sion and allergic asthma are both considered to be
linked to migraine by a comorbidity relation; although
beta-blockers are of first choice to prevent migraine in
hypertensive migraineurs, in those also affected by asth-
ma they can precipitate bronchoconstriction. Moreover,
negative influences of putative clinical relevance
between coexistent conditions may result in poor
response to treatments if the associated conditions are
not diagnosed and treated, as is the case of migraine and
depression [12].

Finally, studies on comorbidity are of great scientific
interest as they can contribute to the definition of new
pathogenetic hypotheses to be tested experimentally.



Comorbidity: lessons from migraine and tension-type
headache

Migraine comorbidity has been extensively studied in
the last few decades. In Table 1, a list of known
migraine comorbidities supported by population and
clinical series studies is presented. Based on population
or community studies, migraineurs are at a greater risk
of stroke, epilepsy and psychiatric disturbances.
Evidence from clinical series studies identifies a number
of other possible comorbid disease, ranging from arteri-
al hypertension to Marfan syndrome; however, these
findings need to be confirmed by population-based
observations.

Although much more prevalent, TTH has been less
studied than migraine. TTH is characterised by a less
detailed clinical picture that reduces specificity of diag-
nostic criteria and increases the risk of overlooking an
underlying disease [13]. The impact on patient’s quality
of life is very low in episodic forms (ETTH) but can be
relevant in chronic forms (CTTH) [14]. TTH comorbidi-
ty studies are mainly focused on associated psychiatric
conditions. While surveys based on clinical series con-
firm a high prevalence rate of affective and anxiety dis-
turbances in TTH as well as in migraine outpatients [15],
available data on a community sample confirm this find-
ing only in migraineurs, while TTH patients do not differ
from controls with respect to affective or anxiety disor-
der prevalence [6]. According to Berkson’s bias, this
probably means that a coexistent psychological or psy-
chiatric condition increases the probability of a medical
consultation request. Nevertheless, this finding also sug-
gests that, when associated, affective or anxiety disorders
and TTH mutually interact, leading to a worsening of
both conditions [16]; therefore, that psychiatric comor-
bidity should always be diagnosed and therapeutically
addressed.

Conclusions

Looking at comorbidity is crucial to highlight clinical
complexity since comorbidity is reported in 79% of all ill
people [3].

The complexity needs to be appraised, understood and
formulated to adequately inform the development of cru-
cial clinical tools such as an effective diagnostic model. A
broad model relevant to this concern is outlined under the
term person-centred integrative diagnosis. Clinical com-
plexity is indeed a protean term encompassing multiple
levels and domains; it includes all the disorders and con-
ditions experienced by a person along cross-sectional and
longitudinal contexts, the diversity of severity levels and
courses of clinical conditions, but also the plurality of
values of people experiencing health problems and seek-
ing help for them. No doubt that relevant social and finan-
cial-related conditions should also be considered in
patient’s clinical complexity appraisal  [3].
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Abstract Patients presenting to the emergency depart-
ment (ED) with a chief complaint of headache are com-
mon and are frequently clinically challenging. The pri-
mary role of ED physicians is to discriminate between the
most common primary benign headaches and secondary
potentially life-threatening headaches. There are several
tools at the physician’s disposal to corroborate the diag-
nosis (anamnesis, examination, neuroimaging, lumbar
puncture), but in the busy setting of the ED they are often
inadequately used with respect to published standards and
recommendations. In 2004 a multidisciplinary work-
group of the Emilia-Romagna region proposed a consen-
sus-based diagnostic algorithm structured in four clinical
scenarios aimed at reducing the variability exhibited by
ED physicians in management of non-traumatic
headache, improving clinical decision-making and opti-
mising the use of limited resources.

Keywords Emergency · Headache · Diagnostic workup ·
Management

Background

Headache is one of the commonest neurological symp-
toms and a complaint for which patients often seek
emergency department (ED) care. Studies have shown
that of all patients referring yearly to an ED, 0.5% [1] to
4.5% [2–4] report non-traumatic headache as a major
medical problem. There is also evidence that most of
these subjects will be finally diagnosed with a benign
primary headache, while a lower but noteworthy per-
centage (up to 19%) [1] are diagnosed with a secondary
headache, including life-threatening conditions such as
subarachnoid haemorrhage (SAH), central nervous sys-
tem infections and tumours. The primary objective of
the ED physician is to determine whether a patient has a
secondary headache attributed to an urgent medical con-
dition in order to promptly start the right treatment.
However, in the atypical setting of the ED, where time is
limited and emergencies are unpredictable and drive the
complex organisation of the staff, the management of
non-traumatic headache is often challenging.
Furthermore, headache clinical presentation may vary
from easily recognisable conditions to others that are
vague and misleading, making the diagnosis of malig-
nant headache even more difficult.

In particular, when considering a diagnosis of SAH
in the ED, which represents a cause of ongoing concern
among emergency physicians because of the high risk of
related mortality, recent data confirmed it is still signif-
icantly missed in about 5% of patients [5].

The need for feasible evidence-based clinical guide-
lines to improve headache management in the ED has
often been emphasised, but these guidelines are still
lacking.
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Diagnostic tools available in the emergency department

Several tools are at the ED physician’s disposal to cor-
roborate the headache diagnosis:

History. A careful anamnesis is essential to make an
inventory of salient features of the headache presentation
and determine whether there are worrisome features that
might point toward a diagnosis of malignant headache [6].

Examination. All patients presenting with headache
should have a physical examination including assess-
ment for neck stiffness, rash, a full neurological and
ETN examination, and blood pressure measurement.
Examination also includes funduscopy, which should be
performed when increased intracranial pressure is sus-
pected [6].

Blood chemistry. Raised inflammatory indexes (ESR,
C-reactive protein) can strengthen the clinical suspicion
of temporal arteritis.

Computed tomography. To determine whether imag-
ing is indicated, the physician should classify the
headache presentation to derive a pretest probability of
serious intracranial pathology; patients presenting with
thunderclap headache are at sufficient risk of SAH and
therefore should undergo investigations irrespective of
associated clinical features. Patients with migraine with
or without typical aura do not usually require neuroimag-
ing [7].

Lumbar puncture. This is used to confirm the suspi-
cion of central nervous system infections and should be
mandatory for patients with clinical suspicion of SAH
and a negative head CT scan.

Despite these concrete possibilities, previous findings
[1] have shown that in the ED setting history and exam-
ination were inadequate when compared with published
standards, and CT scan and lumbar puncture were under-
used with respect to published recommendations.

Causes of non-traumatic headache in the emergency
department

The clinical heterogeneity of patients attending the ED
for headache as the chief complaint is wide, varying
from common primary benign headaches (mainly
migraine, tension-type headache, cluster headache) to
less frequent secondary headaches. Moreover, secondary
headaches can be the predominant or the accompanying
symptom either of benign medical pathologies (e.g., drug
side effects, systemic illness, dental/ENT pathologies) or
of serious life-threatening conditions (e.g., SAH, menin-
gitis, tumours, cerebral infarcts).

An exemplification of the “headache spectrum” seen
in the ED as it results from a prospective study conduct-
ed over a 14-month period by Locker and colleagues [8]
is shown in Table 1.

The utility of clinical features in patients presenting
to the emergency department with non-traumatic
headache

According to Edmeads [9], there are three main reasons
for patients with headache to attend the ED: (1) they may
have experienced a severe headache, unlike any previous
one, (2) they may have associated features that are worri-
some (altered mental status, fever, focal neurology) or (3)
they are experiencing “last straw syndrome”, in a history
of recurrent headaches that are unresponsive to treatment.

When evaluating patients with headache the anamne-
sis should be directed at disclosing some crucial informa-
tion: premonitory symptoms, the onset, character, loca-
tion and severity of the pain, precipitating factors, asso-
ciated symptoms and past medical history [10]. This
information, together with an appropriate general and
neurological examination, can be used to guide the physi-
cian in the diagnostic and management processing of
headache.

Several authors tried to assess the utility of some clin-
ical features associated to headache as independent fac-
tors predictive of malignancy, but with inconclusive
results. The prospective observational study conducted
by Locker et al. [8] identified 3 features as independent
predictors of serious pathology which, in combination,
can rule out the presence of such pathology in adults pre-
senting to the ED with non-traumatic headache: age
greater than 50, sudden onset and an abnormal neurolog-
ical examination.

The importance of identifying patients with benign
headache who can be easily dismissed from the ED and

Table 1 Headache diagnosis of patients attending the ED

Diagnosis %

Primary headaches 54.1
Cluster headache 2.7
Migraine 22
Unspecified primary headache 17.6
Tension-type headache 11.1
Trigeminal neuralgia 0.7

Secondary headaches 42.1
Benign pathologies 28.8
Systemic illness 15.8
Dental/ENT cause 6.3
Cervicogenic headache 3.8
Drug side effect 1.2
Serious pathologies 13.3
Subarachnoid haemorrhage 3.4
Cerebral infarct 2.9
Transient ischaemic attack 2
Meningitis (bacterial and viral) 1.3
Intracerebral haemorrhage 1.3
Neoplasia (primary and secondary) 0.8
Carbon monoxide poisoning 0.4
Temporal arteritis 0.2

Adapted from Locker et al. [8]



managed appropriately in an outpatient setting means
avoiding inappropriate admission and focusing on
patients suspected of being at risk of serious medical
conditions.

The proposal of the multidisciplinary group of
Emilia-Romagna 

In 2004 a multidisciplinary work-group of the Emilia-
Romagna region including neurologists, ED physicians,
neurosurgeons, neuroradiologists, infectivologists and
epidemiologists proposed a consensus-based diagnostic
algorithm structured in four clinical scenarios in which a
patient presenting to ED for non-traumatic headache may
be included according to history and clinical features
[11]. The four scenarios correspond to common situa-
tions encountered in clinical practice and each one guides
the physician towards the most appropriate diagnostic
procedures to be performed in that situation with respect
to what is actually recommended in the literature on that
topic (Table 2).

In brief, scenario 1 aimed to include sudden stabbing
headache attacks associated to SAH or other causes of
“thunderclap headache”; scenario 2 aimed to include
headaches that may be the expression of central nervous
system or systemic infections; scenario 3 aimed to
include long-lasting and/or worsening headache possibly
associated to brain tumours or temporal arteritis; sce-

nario 4 aimed to include benign headaches that are
referred to the ED because attacks fail to respond to usual
therapy. 

It is important to remember the existence of some
malignant causes of headache such as the cerebral
venous sinus thrombosis, which can present with a thun-
derclap headache but which may not be identified by
head CT scan or cerebrospinal fluid analysis. In these
cases very often only the clinical experience of the physi-
cian may suggest other diagnostic investigations like
brain MRI [12].

In 2005, the tool was applied for a 30-day period to
adult patients referring consecutively to eight EDs of the
Emilia Romagna region for non-traumatic headache as
major complaint. The distribution of patients recruited in
the study (256 over a total of 302 eligible patients; mean
prevalence rate: 0.7%) through the four scenarios, plus an
undetermined scenario that was chosen when none of the
four applied, is illustrated in Fig. 1. The data confirm the
majority of patients accessing the ED have potential
benign headaches (scenario 4).

Conclusions

An algorithm structured in clinical scenarios could repre-
sent a useful tool for improving the physician initial eval-
uation and management of patients with non-traumatic
headache in the busy setting of the ED. The instrument
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Table 2 The four clinical scenarios proposed by the Italian multidisciplinary work-group for the management of non-traumatic headache in
the ED [11]

Scenario Clinical features Recommended diagnostic procedures

1 Adult patients admitted to ED for severe headache * Head CT must be performed
(“worst headache”)
* with acute onset (thunderclap headache), or * If the result of TC scan is negative or uncertain or

of poor quality, lumbar puncture is indicated.
* with neurological signs (or non-focal as decreased * If lumbar puncture shows no abnormality, the patient
level of consciousness), or should be evaluated by a neurologist within 24 h.
* with vomiting or syncope at the onset of headache.

2 Adult patients admitted to ED for severe headache * Head CT and lumbar puncture must be performed
* with fever and/or neck stiffness.

3 Adult patients admitted to ED for * Head CT and
* headache of recent onset (days or weeks), or * Routine blood tests, including flogosis indexes (ESR and

C-reactive protein) must be performed
* progressively worsening headache, or * Neurological evaluation should be performed within 7
persistent headache. days if tests are negative

4 Adult patients with a previous history of headache * Evaluation of vital parameters, neurological
examination and routine blood tests are indicated

* complaining of a headache very similar to previous * If tests are negative the patient may be discharged from
attacks in term of intensity, duration and associated ED with indication to her/his general practitioner about
symptoms. the management of primary headaches and a prescription

for a symptomatic headache treatment
* Referring the patient to a neurological service or to a
headache centre for long-term follow-up is recommended



could reduce the variability exhibited by physicians in
headache management, improve clinical decision-making
and optimise the use of limited resources (e.g., head CT
scan). The importance of recognising not only malignant
headaches that need prompt management but also benign
headaches that can be safely dismissed and managed
appropriately in an outpatient setting means avoiding inap-
propriate admission and reducing the number of repeat
visits to the ED for headache. Further studies of validation
are needed to assess the instrument’s utility in practice.
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Abstract Headache is a critical problem in the emergency
department (ED). The main aim for the ED doctor is to
distinguish primary forms of headache from secondary
forms. In this paper we will briefly review epidemiologi-
cal data regarding headache in ED, consider the role of
diagnostic alarms and “warning symptoms” in differential
diagnosis and describe some “dangerous headaches”.

Keywords Headache · Emergency department ·
Diagnostic alarms · Guidelines and recommendations

Introduction

In an ED setting it is important to distinguish the primary
forms of headache from the secondary forms, which can
conceal life-threatening conditions (e.g., tumours, bleed-
ing, CNS infection).

Epidemiology

Headache accounts for 1%–3% of total admissions to the
ED [1, 2]. The proportion of primary and secondary
headaches differs in various studies. In an ED in Turin,
Luda [3] categorised 56% of all headaches as primary.
Bigal reported that 77% of ED headache patients in Brazil
had a primary headache [4]. Friedman reported 64% pri-
mary and 25% secondary headaches in a group of 408
patients attending the ED [5]. In these studies the preva-
lence for migraine varies from 15% to over 30%. A lot of
patients, however, were discharged with a diagnosis of
headache “not otherwise specified”. An Italian study
investigated the agreement between ED doctors and neu-
rologists in evaluating a series of headache patients [6].
Agreement was fair between the ED physician and the
headache expert, however lower agreement was found for
cases presenting with a first attack.

Critical issues in headache evaluation

Anamnestic data and clinical examination are fundamen-
tal for a differential diagnosis between primary and sec-
ondary headaches. A list of signs and symptoms requiring
prompt referral to the neurologist was originally provided
by the NMCA [7]. Some of these items were then
grouped under the heading of “headache diagnostic
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alarms” and include: (1) age at onset after 50 years, (2)
sudden onset, (3) accelerating patterns, (4) new onset in
a patient with cancer or HIV, (5) headache with systemic
illness, (6) focal neurological signs or symptoms other
than typical aura and (7) papilloedema [8]. A further con-
tribution was released by the ACEP in 2002 [9]. This
guideline is defined according to the strength of evidence
(Class I–III) and classified by level of recommendation
(Level A–C). In particular it is recommended that
patients with headache and abnormal findings on neuro-
logical examination should undergo emergent non-con-
trast CT scan, the same procedure being recommended
for acute sudden-onset headache (Level B). HIV-positive
patients with a new type of headache should be consid-
ered for an urgent neuroimaging study (Level B). Cases
with a thunderclap headache who have negative findings
in both CT scan and lumbar puncture (LP) do not need
emergent angiography (Level C). 

Cortelli identified 4 clinical scenarios of headache
patients presenting at the ED [10]. The first scenario
includes sudden stabbing headache attacks that could be
linked to focal neurological symptoms and to vomiting
or syncope at onset. An urgent CT brain scan followed
by LP if the CT is negative is indicated in this case. The
second scenario includes headache with fever and/or
possible signs of meningitis. In this case CT brain and
LP are required. The third scenario identifies patients
with a long-standing headache lasting weeks or months,
which has gradually worsened. These patients should
have a CT brain, measurement of inflammatory indices
(ESR, C-reactive protein) and a neurological assessment.
In the last scenario, patients with a history of headache
present at the ED complaining of headache with the
usual characteristics, which has failed to respond to ther-
apy. In addition to neurological examination, on dis-
charge these patients are referred to a headache clinic for
follow-up.

Dangerous headache

Subarachnoid haemorrhage (SAH)

Bleeding of a cerebral aneurysm is the cause of sponta-
neous SAH in about 2/3 of cases. Headache is present in
about 97% of cases and is usually of sudden onset, excru-
ciating, diffuse and described by patients as “the worst
headache of my life” (thunderclap headache) [11]. It may
arise during daily rest or in relation to a physical strain.
Increased intracranial pressure is the cause of many asso-
ciated symptoms like photophobia, nausea, vomiting and
loss of consciousness. Meningismus and focal neurolog-
ical signs may be present. Focal neurological deficits
occur when an aneurysm compresses a cranial nerve or
bleeds into the brain parenchyma, or from focal

ischaemia due to acute vasoconstriction after aneurysmal
rupture. Neck stiffness is important but not essential for
the diagnosis of SAH and appears 24–48 h after the haem-
orrhagic event. Ocular haemorrhage may be found in
20%–40% of cases, usually in association with aneurysms
of the anterior circulation. A CT scan performed within
48 h allows visualisation of recent blood in more than
95% of cases. When SAH is strongly suspected on clini-
cal ground but CT is negative, LP is indicated. 

Headache associated with infection

Inflammation of any pain-sensitive structures in the cra-
nial cavity can produce headache. Meningitis and menin-
goencephalitis both have headache as a major symptom.
The characteristic of head pain depends on whether the
infection is acute or chronic. Acute meningitis produces
a severe headache with neck stiffness, photophobia and
irritability. Pain is often retro-orbital and worsened by
eye movement. Chronic meningitis can also lead to
headache that may be severe and unrelenting. 

Intracranial hypertension

An intracranial mass lesion (tumoral, vascular, inflam-
matory) can cause intracranial hypertension. Headache is
a cardinal symptom of this condition and is usually grav-
ative, worse on awakening, aggravated by coughing and
straining, and associated with nausea and vomiting.
Supratentorial masses generally produce frontal or tem-
poral head pain because of the trigeminal nerve supply to
the anterior and middle cranial fossae. Mass lesions of
the posterior fossa generally cause occipito-nuchal pain
because the meningeal nerve supply is largely through
the upper cervical nerves.

Cerebral vein thrombosis (CVT)

Headache is the most frequent (80%–90%) and often the
presenting symptom of CVT. Early diagnosis of CVT is
essential because the potential for recovery is high if
anticoagulant therapy is started early in the course of dis-
ease. Headache associated with CVT has no specific fea-
tures: it can be of any grade of severity and more fre-
quently diffuse (58%) [12]. Its onset is usually subacute
over a few days, but it can also be acute or chronic. Pain
is mostly persistent, worse on recumbency and is aggra-
vated by a short-term rise in venous pressure as in stoop-
ing or coughing [12]. According to IHS classification,
headache attributed to CVT is most often diffuse, pro-
gressive, severe and associated with other signs of
intracranial hypertension [13].
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Temporal arteritis

This condition typically affects elderly patients (>50
years), with a prevalence of 133 per 100,000 [14].
Headache is dull, gravative, progressive and located in
the temporal region. Skin surrounding the temporal
artery is flushed and swollen, pain can be stressed by pal-
pation of the artery and jaw claudication is frequently
present. A prompt diagnosis and cortisone treatment are
mandatory to avoid the ischaemic degeneration of tissues
involved in the arteritic process, especially the retina.
Blindness occurs in 50% of untreated cases. An increase
of inflammatory indices (ESR, reactive C protein) can be
useful in diagnosis but the most important diagnostic
procedure is biopsy of an involved artery. Temporal
arteritis must always be suspected when a persistent
headache occurs in an otherwise asymptomatic adult
patient. 

Artery dissection

The commonest clinical syndromes associated with
carotid dissection include: (1) hemicranial pain plus ipsi-
lateral oculosympathetic palsy, (2) hemicranial pain and
delayed focal cerebral ischaemic symptoms, (3) lower
cranial nerve palsies, usually with ipsilateral headache or
facial pain.

The most common symptom of vertebral dissection is
headache and neck pain, followed after a delay by focal
CNS ischaemic symptoms.

Pituitary apoplexy

Pituitary apoplexy is due to necrosis and haemorrhage of a
pituitary adenoma. Haemorrhage and necrosis of the ade-
noma induces: (1) a sudden increase of volume inside the
sellar region with a consequent straining of walls of cav-
ernous sinuses and of the cranial nerves within it, (2)
straining and raising of diaphragma sellae, (3) discharge of
necrotic tissue and blood from the sellar region to the sub-
arachnoid space and (4) an acute pituitary insufficiency.
Clinically the patient has: (1) deep headache with acute
onset, localised to the frontal region or to one or both eyes,
(2) sudden appearance of ophthalmoplegia, (3) meningis-
mus, hyperthermia and haematic cerebrospinal fluid, due
to effusion of blood into the subarachnoid cisterns, (4)
sudden worsening of sight because of acute compression
of the optic nerve and (5) severe hypotension and alter-
ations of the level of consciousness, due to pituitary

apoplexy and consequent acute hypocorticosurrenalism.
The diagnosis is relatively easy when a pituitary adenoma
has already been diagnosed; CT scan clearly shows the
presence of a mass located in the sellar region.

Conclusions

Management of headache in the ED is an important prob-
lem and requires a careful assessment and a well orient-
ed diagnostic algorithm. Current guidelines and recom-
mendations may help in selecting the appropriate series
of diagnostic procedures and their timing.
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Abstract Herein I will present general principles of acute-
care and preventive therapy of migraine, both in the pres-
ent and the future. Details of currently used migraine
acute-care therapies with their contraindications,
drug–drug interactions and adverse events will be present-
ed. Details of migraine preventive therapies with their
adverse events and drug–drug interactions will be dis-
cussed. Some over-the-counter vitamins, minerals and
herbs, used as preventive therapy in migraine, will be dis-
cussed. Future treatments in the pipeline will be briefly
detailed.

Keywords Migraine · Migraine acute therapy · Migraine
preventive therapy · Headache treatment

Introduction

This paper will address the pharmacological therapy of
migraine, both acute care and prevention. Prior to pre-
scribing medication, it is critical for the physician to make
an accurate set of diagnoses, to establish a good doc-
tor/patient relationship, review the details of previous
treatment regimens, go over the various therapeutic
options with the patient (including the nonpharmacologic
ones), and reassure the patient that on the basis of the his-
tory, examination and appropriate testing, no other signif-
icant neurological problems exist. Helping to educate
patients as to how to identify and avoid headache triggers
and to understand how medications work (including
avoidance of adverse reactions and drug–drug interac-
tions) are also essential parts of successful management.

Pharmacotherapy for primary headache disorders is
traditionally divided into acute and preventive therapies.
Acute treatment (also called abortive treatment) is intend-
ed to reverse attacks once they begin, limit disability and
to reduce and hopefully stop the pain and associated
symptoms, such as nausea, vomiting, photophobia, phono-
phobia and increased pain with movement. Some patients
use only occasional acute treatments and obtain fairly
rapid and complete relief when needed. For example, evi-
dence exists that when a migraine attack is treated shortly
after the pain has begun and is still of mild intensity, the
medication is more effective, often leading to a pain-free
state [1]. This treatment approach is also more likely to
cause fewer adverse reactions and reduce the chance of a
recurrent headache developing within the next 24 h.

Preventive treatment (also called prophylactic treat-
ment) is used in patients with migraine or other headaches
who have more than 4–8 significant headaches per month
or two or more days of headache-related disability per
month; it is also used in those patients who are not rapid-
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ly responsive to or cannot take acute-care treatment.
Today it may not even be necessary to use preventive
medication for patients who have up to 4–8 migraine
attacks per month, providing their treatment with acute-
care medications (i.e., triptans) is rapidly and completely
effective without significant adverse events or recurrence.
Prevention is also appropriate for patients who have very
frequent headache of any intensity or to treat or avoid
medication overuse with resultant rebound headache (now
termed medication overuse headache). Patients who have
two or more severe migraine attacks per month and a poor
response or contraindications to acute treatment, or much
disability with their attacks, may also benefit from pre-
ventive medication. Even when patients are treated with
effective preventive medications, most require acute-care
medications for breakthrough headaches. Preventive
treatment is commonly used in frequent tension-type
headaches, and is almost obligatory when treating both
episodic and chronic cluster headache.

Principles of pharmacologic treatment

Once a clinical diagnosis of headache is made, the next
task is to develop a successful treatment plan. The goals
of such a treatment plan are to:
– reduce headache attack frequency, severity, and dura-

tion;
– avoid headache escalation;
– prevent headaches completely, if possible;
– reduce disability;
– rapidly return the patient to normal functioning;
– improve the patient’s quality of life;
– avoid medication overuse; 
– educate the patient about managing their illness (e.g.,

trigger avoidance, careful use of acute-care medica-
tion to prevent trips to the emergency department and
lifestyle changes such as sleeping and eating on time
and exercising regularly) [2].

Choosing from the myriad of pharmacotherapies currently
available for headache treatment can be difficult. Selecting
a first-line treatment is dependent upon a comprehensive
evaluation of several clinical factors including: assessment
of the severity of illness (e.g., measuring disability or
impact of illness), frequency and intensity of attacks and
time to peak intensity, pattern of associated features (nau-
sea, vomiting, photophobia, phonophobia, osmophobia and
worsening of pain with movement), presence of coexisting
conditions (e.g., asthma, allergy, hypertension, depression,
anxiety, sleep disorders, pregnancy, etc.) and knowing the
efficacy, side-effect profile, drug–drug interactions and
contraindications of the medications being considered.
Designing the treatment goals with patient input will help
to ensure a plan that the patient is willing to follow.

Managing patient expectations will help reduce patient
frustration early in the course of treatment. To achieve this,
it is especially important to understand which features of
the attack are most disturbing to the patient (e.g., pain, dis-
ability or certain associated symptoms).

In designing the most appropriate treatment plan for
each patient, discussion regarding potential adverse
events, frequency and timing of dosing as well as patient
preference and lifestyle considerations (e.g., alcohol con-
sumption, sleeping and eating patterns, use of OTC prod-
ucts, use of herbal or vitamin supplements, among others)
will help ensure the patient receives treatment modalities
and medications he or she will take as prescribed. Women
of childbearing age should be asked if there is any chance
they are pregnant, or if they are planning to become preg-
nant in the near future, as this will significantly impact
treatment choices.

Migraine treatment

Acute-care migraine therapy

Management of patients with migraine requires individu-
alised acute-care therapies that follow several basic prin-
ciples [2, 3]:
1. Engage the patient in their treatment plan and manage-

ment of their own illness so there will be a true
patient–physician partnership.

2. Tailor treatment to meet individual headache needs
based on severity of illness (disability), prior response
to specific medications (including efficacy and pres-
ence of adverse events) and presence of coexisting
medical conditions.

3. Educate headache sufferers about their specific condi-
tion and current theories of pathophysiology. 

4. Use migraine-specific agents (not analgesics) as first-
line treatment when possible.

5. Select a route of administration appropriate for the
attack characteristics and patient preferences. Be
aware that injections and nasal sprays, by bypassing
the gastrointestinal (GI) tract, usually work faster than
tablets and are optimal for nauseated and vomiting
patients and those whose poorly functioning GI tracts
preclude rapid absorption of oral medication.

6. Follow the patient closely and frequently to help
improve efficacy and give useful tips about taking med-
ication early and repeating it when needed, manage
medication side effects and avoid overuse syndromes.

7. Give the patient a headache calendar (diary) and ask
them to fill it in daily and bring it to each office visit
for review.

There are over 40 different medications currently pre-
scribed for acute treatment of migraine (of which only
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25% have approved indications by regulatory authorities).
Some are scientifically proven to be clinically useful in
migraine, and others are known to be empirically useful
but either lack evidence-based, published supporting data
or have it but no indication approved by the FDA or other
regulatory authorities. Consequently, choosing a medica-
tion for acute therapy is a complex, multi-step process
that requires a good understanding of the patient’s overall
health, the range of appropriate treatment options,
patient-specific migraine characteristics and patient pref-
erences. 

Simple analgesics

Some patients can successfully treat a migraine attack by
taking simple analgesics, especially if treatment is taken
early in the course of the attack when the pain is of mild
intensity and not associated with severe nausea [1].
Studies suggest that aspirin monotherapy in selected
patients, at a dose of 650 mg, may be helpful in alleviat-
ing headache. Conflicting evidence in the literature sug-
gests acetaminophen as monotherapy may not be an ideal
first-line treatment choice; however, for selected patients
with contraindications to other therapies (e.g., pregnancy,
easy bruisability or aspirin hypersensitivity), a trial of
acetaminophen 1000 mg with a repeat in 2 h may be jus-
tified. Sometimes the efficacy of simple analgesics has
been supplemented by the co-administration of metoclo-
pramide (5 mg or 10 mg orally, given prior to or concomi-
tantly with oral analgesics); this addition may improve
absorption of the aspirin, decrease nausea and improve
the therapeutic response. Aspirin can cause GI problems
and bleeding, acetaminophen can cause liver toxicity and
metoclopramide can cause anxiety and dyskinesia.

Combination analgesics

Caffeine acts as an analgesic adjuvant and vasoconstrictor
in the treatment of headache and other pain disorders.
Off-the-shelf combination medications that contain caf-
feine (e.g., 250 mg aspirin, 250 mg acetaminophen and 
65 mg caffeine in one preparation, or 325 mg aspirin and
32 mg caffeine in another) are sometimes helpful, but
there is an increased risk of overuse in patients who have
frequent headaches. At doses of 300–500 mg/day (the
equivalent of drinking 3–5 small cups of coffee), several
days per week, caffeine can exacerbate the headache syn-
drome causing caffeine rebound and withdrawal
headaches. I usually take my patients off all caffeine grad-
ually at the start of their treatment. Too much caffeine
also causes insomnia, tachycardia and jitteriness. Other
combination medications contain opiates such as codeine
or stronger substances. Often these combinations are tried

if migraine-specific medications are ineffective or con-
traindicated. Care must be taken to avoid overuse with
resultant dependency and increase in headache (rebound).
I rarely prescribe opiates for migraine, but would limit
their use to 2–4 times per month if they were necessary.
The main side effects are dependency and sleepiness with
decreased ability to function.

Another analgesic, tramadol, is found as a combina-
tion of this centrally acting analgesic and acetaminophen
(Ultracet), which may help when used sparingly. It should
not be used on a regular basis, as it can cause rebound.

Nonsteroidal anti-inflammatory agents

Nonsteroidal anti-inflammatory agents (NSAIDs) have
been proven to be clinically effective for acute treatment
of migraine [2, 3]. Lack of response to one agent does not
preclude response to another. Clinical evidence has shown
that diclofenac-K (50–100 mg), flurbiprofen (100–300 mg),
ibuprofen (200–800 mg), naproxen sodium 
(550–1100 mg), piroxicam SL (40 mg) and tolfenamic
acid (200–400 mg) are effective in migraine treatment [2].
Ketorolac 15 mg IV or 30 mg IM can be very effective in
an office or ER situation. Diclofenac sodium IM also was
reported to be clinically useful in migraine [2]. Most of
the other NSAIDs have been shown empirically to work
on certain patients with migraine. 

Indomethacin, which works especially well in several
specific headache syndromes (e.g., chronic paroxysmal
hemicrania (CPH), episodic paroxysmal hemicrania,
exertional headache and hemicrania continua (HC)), can
be given by mouth or compounded by a pharmacy into a
50-mg rectal suppository, which can also be very helpful
in acute care of migraine.

Rofecoxib, celecoxib and valdecoxib, the COX II
inhibiting (COX-1-sparing) NSAIDs, are also options [4].
Despite studies showing that rofecoxib 25 mg is less
effective than a triptan, other studies show that a combi-
nation of both can be used to reduce recurrence and
enhance effectiveness, achieving a better-sustained
response [5, 6]. Rofecoxib and valdecoxib have been
removed from the market, leaving only celecoxib.

Opiate analgesics

Opiate analgesics have been used for centuries to control
pain. Efficacy studies in migraine are limited, but do sup-
port a therapeutic role. 

Codeine-containing medications and all other opioids
and opiates may be used to reduce the pain of migraine.
They are not usually as effective at getting rid of headache
as triptans. They do not usually reduce the disability from
migraine as well as triptans do, and they often cause
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drowsiness and decreased cognitive sharpness. However,
opiates may be useful as rescue medications when used
on an occasional basis, especially when other medications
have failed.

Other opiate medications used mostly for rescue and in
emergency room settings include: fentanyl by injection,
dermal patch or transmucosal “lollypop”, hydrocodone,
hydromorphone, levorphanol, meperidine, methadone,
morphine, oxycodone, pentazocine and propoxyphene. If a
patient comes to an emergent care setting and a vasoactive
medication has either failed or is contraindicated, then an
opiate may be used either alone or in combination with
promethazine or another antiemetic. Although meperidine
is commonly used, it should be avoided as it may cause a
paradoxical reaction and beneficial effect is often inade-
quate and short in duration. Opiates should not be given to
patients who must drive home. Patients should also be
advised of the risk of sedation associated with opiate anal-
gesics when working or operating heavy equipment. 

A far better choice in an emergent setting is an IV
treatment as described below, rather than an opiate. An
oral or parenteral steroid would also eventuate in quicker
and more complete improvement.

Ergot alkaloids

Ergotamine tartrate
Ergotamine tartrate is recognised as a migraine-specific
medication as it has pharmacological actions at the sero-
tonergic receptor, which is involved in the pathophysiolo-
gy of migraine. Ergotamine was originally discovered and
used over 50 years ago, and has been available in oral,
sublingual, injectable, inhaled, nasal and rectal prepara-
tions. Prior to the availability of the triptans in the early
1990s, it was the only vasoactive medication in wide-
spread use for migraine and cluster headache. Oral ergot-
amine tartrate is erratically and poorly absorbed, and its
bioavailability is less than 5% of the ingested dose. Rectal
administration of ergotamine leads to slightly better
absorption and better treatment efficacy [7].

Currently the most commonly used ergotamine tar-
trate preparations are tablets and suppositories. Selected
combination tablets contain 1 mg ergotamine tartrate and
100 mg caffeine. The rectal suppositories contain 2 mg
ergotamine tartrate and 100 mg caffeine. Because ergota-
mine is better absorbed rectally, a smaller dose should be
given. It is not uncommon to start with only one quarter
of a suppository, which can be repeated in 1 h if needed.
The maximum dose of ergotamine is 4 mg/day, and it
should be used only 1 or 2 days/week to prevent ergota-
mine-induced rebound headache.

The side effect profile of ergotamine tartrate limits it
use as a regular acute-care migraine treatment. The poten-
tial adverse events include exacerbation of nausea or vom-
iting associated with a migraine attack, abdominal pain,

distal paraesthesias and muscle cramps. If used more than
two times per week, even in low doses, ergotamine tartrate
dependency and rebound headaches may develop.
Ergotamine is contraindicated in pregnancy, uncontrolled
hypertension, coronary artery disease, peripheral vascular
disease, sepsis, and liver and kidney disease. It should not
be given to a patient on erythromycin or other macrolide
antibiotics (which decrease metabolism and raise blood
levels). Today in the United States there are few patients
who are started on ergotamine tartrate preparations for
migraine treatment unless triptans have failed. The triptans
work more quickly and completely and also can reduce
nausea instead of exacerbating it. 

Dihydroergotamine 
Dihydroergotamine (DHE) is a hydrogenated ergot
preparation that has been available since the early 1940s.
Although it is considered a weaker arterial constrictor
and a stronger venoconstrictor than ergotamine tartrate,
it carries the same contraindications (should not be used
in pregnancy, uncontrolled hypertension, coronary artery
disease, peripheral vascular disease, sepsis, and liver and
kidney disease, or in conjunction with erythromycin or
other macrolide antibiotics). DHE has been tested clini-
cally and proven useful when administered IV, IM, sub-
cutaneously and intranasally for acute treatment of
migraine. Pretreatment with an antinausea medication
such as metoclopramide, promethazine, prochlorper-
azine or ondansetron is not usually needed unless it is
given IV. Because DHE is most effective by parenteral
administration, it is less convenient than an oral triptan,
but is often quite effective. Although there is no pub-
lished scientific evidence, it appears clinically to work
well into the migraine attack, even if the patient has
developed central sensitisation and allodynia. The half-
life of DHE is 10 h, which may contribute to its long-
lasting effect and low recurrence rate – although vaso-
constriction lasts longer also.

The use of DHE for acute treatment of migraine out-
side the clinic setting is limited to the nasal spray formu-
lation in the USA (Migranal), which is administered as a
0.5 mg dose in each nostril, repeated 15 min later for a
total of 4 sprays (2 mg total dose). The nasal spray is well
tolerated, with some patients developing nasal stuffiness.
DHE given by injection in an emergent care or clinic set-
ting is very effective in reducing migraine pain. The start-
ing dose is often 0.25–0.5 mg given by slow IV push over
5 min through a heparin lock, following administration of
an antiemetic. Another 0.5 mg can be given in 60 min if
there are no significant side effects. If the patient is hos-
pitalised for repetitive intravenous DHE, the usual dose is
between 0.5 and 1 mg given slowly through a heparin lock
every 8 h over a period of 3–5 days. An effective way to
use DHE is 1 mg IM with or without an antiemetic such
as PO or IM promethazine or prochlorperazine. A 4-mg
dose of dexamethasone also can be given PO, IM or IV
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concomitantly, although there is no good evidence in the
literature for its effectiveness. Empirically it has been
used effectively for years.

Triptans 

Triptans are the most highly selective, migraine-specific,
acute-care treatment currently used in the outpatient setting
[2, 3, 8]. There are seven triptans available in tablet form.
In order of their clinical development and approval by the
FDA, the tablets are sumatriptan, zolmitriptan, naratriptan,
rizatriptan, almotriptan, frovatriptan and eletriptan.
Different triptans are available in various strengths and for-
mulations including oral tablets, orally disintegrating
tablets, nasal sprays and subcutaneous injection. In Europe,
sumatriptan is available as a suppository and some coun-
tries do not have all the tablets and melt tablets that are
available in the USA. In some countries sumatriptan is
available as a generic tablet. Specific differences among the
triptans appear to exist as evidenced by different pharmaco-
kinetic profiles including half-life, Tmax, Cmax, AUC,
metabolism and drug–drug interaction profiles, among oth-
ers. How these differences translate to clinical efficacy and
tolerability differences is not well understood.
Consequently, clinical distinctions among these agents are
subtle and require attention to the specific characteristics of
the patient as well as individual features of the drug and its
tolerability profile. In certain patients, such as those with
nausea and vomiting, delivery systems and route of admin-
istration may be more critical than which triptan is used.

The delivery system plays an important role in the
onset of action of triptans. Subcutaneous delivery of
sumatriptan offers the most rapid and complete pain relief
of the triptans beginning as early as 10–15 min, with a
high percentage of attacks improved by two hours; yet it
also is associated with a higher incidence of adverse
events and a high recurrence rate. The second most rapid
onset of action of the triptans is achieved through nasal
spray deliveries of sumatriptan and zolmitriptan nasal
spray. Sumatriptan nasal spray has been shown to begin to
work in 15 min in 3 of 5 double-blind, placebo-controlled
studies, but many patients do not like the taste.
Zolmitriptan nasal spray, which has a more neutral taste,
has been shown to work in 10 min in one study and 
15 min in another. All seven of the triptans are available
as conventional tablets, and two (rizatriptan and
zolmitriptan) are also available in an orally disintegrating
formulation. These formulations are more convenient to
use and can be taken when the patient is nauseated, but
they do not work faster than tablets in most patients.

Beside delivery options, other clinical distinctions to
consider among the triptans are pharmacokinetic differ-
ences, the duration of action, the percentage of patient
attacks attaining either headache relief or a pain-free state

at 2 h, and frequency of recurrence or headache persist-
ence. Sumatriptan has been available for the longest time
(since 1993 as an injection in the USA and 1991 in
Europe and Canada) and has been given successfully to
the most number of patients. Zolmitriptan is the only trip-
tan proven effective when repeated for a persistent
headache and the new nasal spray seems to be rapidly
effective, with a long-lasting effect and well tolerated.
Naratriptan has a slower onset of action but a longer half-
life, and possibly a longer duration of action, which may
help address the clinical challenges of treating migraine
associated with menses or migraine in patients who have
a history of long duration attacks. Rizatriptan has the
highest 2-h pain-free rates and the fastest response rate for
an oral tablet. Almotriptan has a slightly better side-effect
profile than sumatriptan with fewer side effects of chest
pain. Frovatriptan is a slower acting triptan with the
longest half-life (26 h) in the class and may also be useful
in menstrual migraine and other long-lasting headaches.
One third of patients studied on frovatriptan have an early
response and remain early responders in subsequent dos-
ing. Eletriptan is the newest triptan tablet available and
works rapidly with a low recurrence rate. 

In spite of these differences, the triptans are more sim-
ilar than different, and one cannot predict which triptan
will work best for any given patient [7]. If the first triptan
tried is not ideal in all clinical respects, a second or third
should be tried. The patient should be questioned careful-
ly to determine if the triptan they are taking is the right
one for them in terms of rapid onset of action, complete
response, lack of recurrence and minimal side effects. If it
is not, but has been given in the maximum dose at an early
time point in the attack on at least two occasions, then
another triptan should be tried. 

Adverse event profiles also may be helpful in determin-
ing which triptan is best matched for a particular patient.
Sumatriptan, rizatriptan and zolmitriptan should not be
used with MAO inhibitor antidepressants. Rizatriptan
requires a dose reduction to 5 mg in patients taking propra-
nolol; clearance of naratriptan is reduced with concomitant
administration of oral contraceptives, and zolmitriptan may
require dose reduction in patients taking cimetidine and
oral contraceptives. Eletriptan should not be used with 7
contraindicated CYP3A4 inhibitors.

As a class, triptans are all vasoconstrictive agents caus-
ing peripheral and central arterial wall narrowing. Each one
stimulates serotonin1B,1D receptors. In vitro studies report
that the vasoconstriction associated with coronary arteries
is minimal with therapeutic doses [9]. However, as a safety
precaution, patients with specific vascular risk factors or on
other vasoconstrictive medications should not take triptans.
Triptan contraindications includes: coronary artery disease
and risk factors for coronary artery disease that have not
been carefully evaluated (such as smoking, obesity, family
history of early or severe coronary disease, diabetes, lack of
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exercise, high cholesterol, peripheral vascular or cere-
brovascular disease, uncontrolled hypertension and con-
duction pathway disorders). Triptans should be used cau-
tiously in Raynaud’s disease. Triptans should not be used in
patients with unusual or prolonged auras, basilar migraine
or hemiplegic migraine.

If triptans are given to patients with migraine who
have no contraindications or cardiac risk factors, they are
very safe drugs. No single triptan has been reported as
being any safer than another, even though some (such as
almotriptan, frovatriptan and naratriptan) appear to have
caused fewer side effects in clinical trials.

Corticosteroids

The mechanism of action of steroids in migraine is not
clearly understood but probably relates to their effect on the
perivascular neurogenic inflammation in the meninges
thought to be one of the neuropathologic mechanisms caus-
ing the pain of migraine. Although scientific evidence is
limited supporting the use of corticosteroids for acute
migraine treatment, several headache specialists and
headache centres use it as an oral rescue medication when a
triptan is not effective in controlling a migraine attack. Use
of oral corticosteroids may decrease the chance of recur-
rence within 24 h and often for several days. When corticos-
teroids work, they gradually decrease both the headache and
the associated symptoms. The literature contains a few stud-
ies suggesting possible efficacy when steroids are given IV
as a rescue medication in status migrainosus. Specifically,
studies using dexamethasone (with or without an anti-emet-
ic) and hydrocortisone suggest a possible clinical response
to treatment [10]. Recent studies show that corticosteroids
may work during withdrawal procedures but not acutely in
the emergency room to prevent recurrence.

Physicians should always consider the large number of
side effects from long-term use of corticosteroids when
choosing this option. Although there is no consensus, it
appears clinically that two days a month of steroids or a
one-week burst given every 2–3 months are safe in per-
sons at no risk of using corticosteroids. Steroids may also
be amongst the safest medications to terminate a migraine
attack in a pregnant woman after the first trimester,
although there is no evidence for this in the literature.
There are few adverse events from short-term use of high-
dose steroids, the most common being inability to sleep,
hyperactivity and unmasking of psychological conditions.

Preventive treatment of migraine 

Principles of preventive treatment

The decision to initiate preventive migraine therapy
should be based on individual clinical judgement com-

bined with the patient’s willingness take daily medication
and comply with the treatment regimen. Patients with
frequent, prolonged or debilitating headaches often ben-
efit from preventive therapies. However, defining these
parameters for a typical patient is not an easy task. Some
patients have very infrequent, yet severely debilitating
and prolonged migraine attacks and are better managed
with preventive therapies. In contrast, other patients have
more frequent headaches that respond well to acute-care
medications, and they may prefer to avoid daily medica-
tion regimens. As a result of these patient preferences
and attack differences, clinical decision making regard-
ing use of preventive therapies is often complex and
requires individualised consultation with the patient and
an in-depth understanding of the impact of the illness on
the patient’s life [11].

The most frequent indications for daily preventive
migraine therapy are high-frequency headaches, great dis-
ability associated with individual attacks, contraindica-
tions to triptans and other vasoactive medications, and
existence of significant triptan side effects. Preventive
medications can be chosen based on coexisting medical
conditions such as depression, hypertension or asthma. If
the correct medication is chosen, the patient may benefit
from a daily therapy that treats an underlying medical
condition and is also effective in the treatment of
migraine. For example, giving a β-blocker, calcium antag-
onist or angiotensin receptor blocker (ARB) to a severe
migraineur with hypertension, or a tricyclic antidepres-
sant to a migraineur who is depressed or having difficulty
sleeping, may benefit both medical conditions. The
reverse is also true. Certain preventives shoul β-blockers
in depression, asthma and hypotension, or carbonic anhy-
drase inhibitor membrane stabilisers (topiramate and zon-
isamide) in patients with kidney stones.

Once a decision has been made to initiate preventive
pharmacotherapy, several general principles of manage-
ment may prove helpful:

– Begin treating with preventive medications at a low
dose and gradually increase over an extended period of
time. If you reach a reasonable therapeutic dose without
the desired clinical response being achieved, and if no
adverse events emerge, then the dose can be escalated
further.

– Manage the patient’s expectations regarding when
they can anticipate clinical benefit. Many preventive
medications take 3–6 weeks for a therapeutic response
at the appropriate dose (which is often more than two
months of therapy), and some take longer. Patients
must understand that they have to be on an adequate
dose for one to three months before deciding that the
medication is ineffective. Most patients will need to
remain on a preventive medication for 6–12 months,
or longer.

– Establish a comprehensive migraine management plan
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that includes long-term goals, tips on when the med-
ication needs to be changed, a schedule of regular
office visits, and specific information on adverse reac-
tions and when to contact the office.

Note: Only 5 medications have been approved by the FDA
for prevention of migraine:

– methysergide (no longer available in the US)
– propranolol
– timolol
– divalproex sodium
– topiramate

Beta Blockers

Acting at the post-synaptic receptor site, β-blockers are
among the most commonly used class of drugs for pre-
vention of migraine. Propranolol, the first β-blocker
approved for migraine treatment, was accidentally found
to prevent migraine when a patient being treated for angi-
na pectoris noted that his long-standing migraine
headaches improved [12]. Both the lipophilic beta block-
ers that readily pass into the central nervous system
(CNS), such as propranolol and metoprolol, and the
hydrophilic atenolol and nadolol, which do not appear to
enter the CNS, are effective in the prevention of migraine.
Cardioselectivity also appears to have no bearing on effi-
cacy. The presence of intrinsic sympathomimetic activity
may be related to effectiveness. The exact mechanism of
action in migraine is unclear.

To date, over 75 controlled clinical studies have been
reported in the literature testing the efficacy of β-blockers
in the prevention of migraine [11]. Propranolol is the most
extensively studied, with additional reports for metopro-
lol, acebutolol, atenolol, bisoprolol, nadolol, pindolol and
timolol [12]. Meta-analyses of these studies report that
propranolol provides a moderate reduction in headache
frequency or index [9]. Comparative studies among the
different β-blockers reported few differences in efficacy
between propranolol, metoprolol, timolol, atenolol and
nadolol. Long-acting drugs or extended-release formula-
tions also do not appear to confer additional clinical ben-
efits for migraine prevention over regular formulation, but
do improve patient compliance. Only propranolol and
timolol have been approved for migraine prevention by
the FDA in the United States.

For all these agents, lower doses are started during
initial treatment and the dose is gradually increased over
time. β-blockers as a class may be associated with sev-
eral adverse events including depression, fatigue,
reduced tolerance for physical activity, nausea, dizziness
and insomnia. Some patients have reported increased
coldness in the extremities, dizziness on standing and

abnormal dreaming. These medications are contraindi-
cated in certain disorders such as asthma, chronic lung
disease, diabetes, hypoglycaemia, bradycardia, hypoten-
sion, Raynaud’s disease, peripheral vascular disease and
severe depression. Additionally, β-blockers probably
should not be used in hemiplegic migraine and cautious-
ly, if at all, in frequent attacks of migraine with aura.
When deciding to discontinue therapy, it is essential that
the dose be gradually tapered over a period of more than
a week or there may be reflex tachycardia. Note that if a
patient is taking propranolol for any reason and they are
given rizatriptan for acute treatment of migraine, the
dose of rizatriptan should be reduced to 5 mg, not the
usual 10 mg.

Calcium channel antagonists

Calcium channel antagonists have been used for several
years for prevention of migraine, but none have been
approved for that condition by the FDA. Over 45 clinical
studies report on the efficacy of several different agents
including: verapamil, flunarizine (not available in the
United States), nimodipine, nifedipine, cyclandelate and
nicardipine. Flunarizine (10 mg/day) has been the most
extensively studied and has been proven to be clinically
effective in multiple controlled trials [13]. Clinical studies
of verapamil (240 mg/day) and nimodipine (120 mg/day)
report modest clinical benefits; there are conflicting
results in the literature with some studies showing signif-
icant benefits vs. placebo, and other studies showing little
or no improvement in preventing headache [14]. Other
agents that are used clinically but have not been tested in
clinical trials include diltiazem (Cardizem) (at a starting
dose of 30 mg tid, with gradual treatment escalation to 
60 mg tid), nisoldipine (Sular®, with a starting dose of 
10 mg qd and a maximum of 40 mg qd) and amlodipine
(Norvasc®, at a starting does of 2.5 mg qd with gradual
increase to a high of 10 mg qd). Newer calcium channel
antagonists also may offer therapeutic benefits for
migraine prevention including isradipine and nicardipine.
Nifedipine may actually worsen headache as it is a strong
vasodilator.

The most common side effects reported with calcium
channel antagonists are constipation and fluid retention in
the ankles. Less frequent but more significant side effects
are cardiac dysfunction, hypotension, drowsiness and
dizziness. Calcium channel antagonists are contraindicat-
ed in congestive heart failure, heart block, bradycardia,
sick sinus syndrome and other cardiac problems.
Flunarizine is associated with depression, weight gain and
secondary Parkinson’s syndrome. It should be used with
caution in elderly patients. Contrasting with the other cal-
cium channel antagonists, flunarizine produces a syner-
gism when used with propranolol.
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Antidepressants

Four major types of antidepressants are available:
monoamine oxidase inhibitors (MAOIs), selective sero-
tonin re-uptake inhibitors (SSRIs), serotonin norepineph-
rine re-uptake inhibitors (SNRIs), and tricyclic antidepres-
sants (TCAs). All have been used extensively for preven-
tion of migraine. Several of these agents have been specif-
ically tested and proven effective; others are used empiri-
cally [15]. None are approved for migraine prevention by
the FDA in the USA. One important clinical benefit of
these agents is their usefulness in patients with migraine
and coexisting depression – a condition previously report-
ed to have a higher prevalence in migraine than in the nor-
mal population. Antidepressant use in migraine prevention
can also be helpful in patients with coexisting sleep disor-
ders and anxiety. I always warn my migraineurs on SSRIs,
however, that their headaches could worsen.

Monoamine oxidase inhibitors
MAOIs appear to work well for frequent or daily
headache and depression, as well as transformed migraine
with daily milder headache and intermittent migraine.
More than 80% of migraine sufferers report an improve-
ment of at least 50%. However, despite their efficacy,
MAOIs are not widely used for prevention of migraine
because they require significant dietary limitations and
extreme caution regarding drug–drug interactions. There
are strict rules about giving them with other types of anti-
depressants, and they can never be given with vasoactive
amines such as isometheptene mucate (contained in
Midrin®), pseudoephedrine and other vasoconstrictors
frequently found in off-the-shelf cold preparations. The
consequence of such simultaneous drug use may be seri-
ous, including intracerebral haemorrhage and, at the very
least, hypertension producing severe headache. Other
possible side effects include orthostatic hypotension,
weight gain, insomnia, constipation, increased perspira-
tion, peripheral oedema and, less commonly, inhibition of
ejaculation or reduced libido. One commonly used MAOI
is phenelzine, an MAO-A inhibitor. Given the fact that
there are many other effective preventive medications for
migraine, MAOIs are often saved for last or ruled out
entirely as a treatment. 

Tricyclic antidepressants (TCAs)
To date, three agents have been tested in controlled clini-
cal studies: amitriptyline, clomipramine and opipramol
(not currently available in the United States).
Amitriptyline is the most commonly studied and used
TCA treatment for migraine prevention and has been
shown to reduce headache severity and frequency [15].
Most of the TCAs including nortriptyline, doxepin,
desipramine, imipramine and protriptyline have been suc-
cessfully used clinically in the United States. There are

few good studies showing evidence for therapeutic bene-
fit in migraine prevention [9].

As most of the TCAs are available in a 10-mg dose (as
the lowest dose available), a typical regimen for
amitriptyline (or nortriptyline and similar medication)
begins with 10 mg given at least 60 min before bedtime.
The dose may be escalated in 10 mg increments every 5–7
nights as tolerated. The average dose is 50–75 mg, and
some patients may require up to 150 mg if they have coex-
isting conditions including a sleep disorder or depression.
Nortriptyline has a narrow therapeutic window and should
not be given in too low or too high a dose. Side effects
associated with TCAs include weight gain, drowsiness in
the morning, dry mouth, constipation, blurred vision,
reduced libido, other sexual disturbances and urinary
retention. These drugs are contraindicated in the presence
of cardiac arrhythmias, glaucoma and urinary retention.
Special caution must be taken when using these drugs in
elderly patients. The least sedating of these drugs are nor-
triptyline, desipramine, imipramine and protriptyline.

Selective serotonin reuptake inhibitors (SSRIs)
SSRIs tested for prevention of migraine include fluoxe-
tine and fluvoxamine, with controversial results [15, 16].
Paroxetine, sertraline and citalopram have been shown in
some smaller open studies to be helpful but have not been
shown to work conclusively in well designed, multicentre
studies. Some reports suggest that the SSRIs help in ten-
sion-type but not migraine headache. SSRIs can be tried
in migraineurs who have a significant coexisting problem
with sleep, depression or anxiety.

Serotonin norepinephrine re-uptake inhibitors
Venlafaxine (Effexor) (dose ranges from 37.5 to 
225 mg/day, in divided doses or in the long-acting XR
form) and mirtazapine (Remeron) (doses range from15 to
45 mg at bedtime) are two selective serotonin and norep-
inephrine reuptake inhibitors that can be tried in treat-
ment-resistant migraine cases that are complicated by
coexisting depression. A newer one, duloxetine
(Cymbalta), is approved for both depression and diabetic
neuropathy and may prove to be helpful in different types
of headache. Its most frequent early adverse event is nau-
sea, which can be made less likely by starting with 20 or
30 mg for a week. The dose for depression is 30 mg for
the first week and 60 mg thereafter.

Adverse events often associated with SSRIs are fewer
in number, but different in nature from those reported
with the TCAs. They include nausea, agitation (which
often improves within 1–2 weeks), insomnia, tremor,
anorgasmia and other sexual dysfunction. A small per-
centage of patients have an increase in headaches so
patients must be warned about the risk of this adverse
event. Although the SSRIs are usually weight neutral,
some patients may actually gain weight. 



Miscellaneous antidepressants
Some antidepressants fall into the miscellaneous category
such as bupropion (Wellbutrin), which stimulates
dopamine receptors and is used under a different brand
name as a smoking cessation aid; trazodone (Desyrel),
which has an active metabolite that may cause headaches,
but is very helpful for middle insomnia; and nefazodone
(Serzone), which theoretically has an excellent receptor
profile for migraine as both a 5-HT2 antagonist and a sero-
tonin and norepinephrine reuptake inhibitor, and has been
shown in clinical studies to be helpful in chronic daily
headache. Note that it is one of the 7 CYP-3A4 inhibitors
that is contraindicated with the use of eletriptan.

Membrane stabilisers (anticonvulsants)

Membrane stabilisers frequently used in the prevention of
migraine include: divalproex sodium (Depakote) [17]
(500–1500 mg/day, also available and approved in an
extended release form which is given only once per day
with a therapeutic serum level of 70–120 mg/l), sodium
valproate (800–1500 mg/day with a therapeutic serum
level above 50 mg/l), topiramate [18] (50–200 mg/day)
and gabapentin (900–2400 mg/day) [19]. Additionally,
limited studies with carbamazepine (Tegretol) 
(600 mg/day) and lamotrigine (Lamictal) have less con-
clusive clinical evidence regarding their efficacy in pre-
vention of migraine [20, 21]. Lamotrigine has been shown
in studies to be useful in the treatment of migraine with
aura, but not in migraine without aura. Several other med-
ications in this category such as levetiracetam (Keppra)
and zonisamide (Zonegran) have shown promise as
migraine preventive medications in open trials [21–23].
Only divalproex sodium in its two available forms and
topiramate have been approved by the FDA in this catego-
ry of drug for migraine prevention.

Dosing regimens for divalproex sodium include start-
ing at a low dose of 250 mg or 500 mg at hour of sleep. A
typical dose would be approximately 750 mg/day. If the
patient continues to have breakthrough migraine attacks
after titration, and there are no significant side effects, the
dose can be gradually raised up to 1000–2000 mg; but
most patients will not have added improvement over
1000–1500 mg/day. The new long-acting form of dival-
proex sodium (Depakote® ER) can be given once per day
in the evening. The starting dose is usually 500 mg and
most patients take 1000 mg hs. There may be fewer side
effects from the extended release form. Possible side
effects may include weight gain, brittleness of the hair
shaft and tremor. Possible endocrine effects in young
females may occur [17, 24].

Gabapentin is an anticonvulsant structurally related to
the inhibitory neurotransmitter gamma-aminobutyric acid
(GABA). Although gabapentin was developed as a struc-

tural analogue of GABA that would penetrate the
blood–brain barrier (unlike GABA) and mimic the action
of GABA at inhibitory neuronal synapses, the drug has no
direct GABA-mimetic action, and its precise mechanism
of action has not been elucidated. Gabapentin seems to be
particularly effective in treating chronic pain syndromes.
A recent double-blind trial for migraine prevention that
used 1800–2400 mg/day of gabapentin showed it to be
superior to placebo in reducing frequency and intensity of
migraine pain. Gabapentin was effective as a migraine
preventive in 46% of patients vs. 14% of placebo patients
[19]. Other than drowsiness at high doses and occasional
weight gain, it is usually well tolerated and there are no
significant drug–drug interactions.

Pregabilin (Lyrica), which is related to gabapentin,
was approved for epilepsy and diabetic neuropathy and
has been tried for migraine prevention. The dose usually
ranges from 150 to 300 mg daily. It has recently been
approved for treatment of fibromyalgia.

Topiramate is a structurally unique anticonvulsant that
is rapidly and almost completely absorbed. It differs chem-
ically from other currently available anticonvulsive agents.
It has many beneficial properties including inhibiting volt-
age-gated sodium and T-type calcium channels, glutamate
blockade via ampa-kainate receptors, GABA potentiation
and carbonic anhydrase inhibition. The spectrum of topira-
mate’s anticonvulsive activity resembles that of carba-
mazepine and phenytoin, but it is much more efficacious as
a migraine preventive. It has been associated with weight
loss, making it an almost unique migraine preventive med-
ication. Most of the other anticonvulsants cause weight
gain, or, at best, are weight neutral, with the exception of
zonisamide, which also causes weight loss. The majority of
patients on topiramate (51% in controlled trials) complain
about slight peripheral paraesthesias in the hands and feet,
which usually become intermittent and often disappear.
One much less common side effect, but one that the patient
must be warned about, is cognitive dysfunction that is fully
reversible when the medication is discontinued. There is a
possible interaction between topiramate and oestrogen-
based birth control pills at doses of 200 mg or more, with
some women developing breakthrough bleeding as their
oestrogen levels decrease. Kidney stones have been report-
ed. Rare cases have been reported of reversible, acute,
open-angle glaucoma associated with topiramate use.
Oligohydrosis, especially in children, is a rare adverse
event that patients should be aware of. Most patients devel-
op a clinically insignificant metabolic acidosis, so blood
work is usually abnormal. A double-blind study showed
that topiramate produced more than 50% decrease in pain
in 46.7% of patients vs. 6.7% of placebo [18]. Topiramate
must be gradually increased from a 15 or 25 mg/day hs
dose and no faster than 25 mg/week in order to avoid side
effects. In our experience patients who reach 100 mg over
one month and remain at that dose for a sec     ond month
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without beneficial effect, but who have no significant
adverse events, can be raised slowly to 200–400 mg/day,
usually without significant adverse events. Some of these
patients note better efficacy at these higher doses. The
approved target dose is 100 mg/day in divided doses and
200 mg/day is shown to be just as effective.

Zonisamide, an anticonvulsant introduced into the US
from Japan, has a unique combination of pharmacological
actions: it inhibits voltage-gated Na+ channels and also
blocks T-type calcium channels. Both of these mecha-
nisms may play a role in headache and pain modulation,
possibly via neuronal stabilisation. It also acts as a car-
bonic anhydrase inhibitor. Open-label studies suggested
that zonisamide may be an option in the preventive treat-
ment of migraine, particularly in refractory cases. Usual
doses range from 100 to 400 mg/day. Due to its long half-
life, it can be started as a 100 mg dose every third day and
increased slowly to 100–400 mg qd. I typically start dos-
ing at 25 mg hs and increase 25 mg weekly to 100 mg. If
that is not effective I continue to increase the dose slowly
up to 400 mg as tolerated. Possible side effects include
kidney stones, weight loss, coordination problems,
paraesthesias, somnolence, dizziness and nausea [12].

Levetiracetam, a pyrrolidine derivative, is an anticon-
vulsant that is structurally unrelated to other currently
available anticonvulsants in the class. The mechanism of
anticonvulsant action of levetiracetam is unknown and
does not appear to be related to any known mechanisms
involved in excitatory or inhibitory neurotransmission. It
has recently been shown to bind to the synaptic vesicle
protein SV2A. Levetiracetam is not extensively
metabolised in humans, with 66% of an administered dose
excreted unchanged in the urine. About 24% of an admin-
istered dose is metabolised to an inactive metabolite by
enzymatic hydrolysis of the acetamide group, which does
not depend on hepatic cytochrome P-450 (CYP) isoen-
zymes. Open-label studies show that levetiracetam, in
dosages ranging from 2000 to 4500 mg/day (bid or tid
dosing regimens), could be an option in the treatment of
refractory headaches [15]. In an open study presented by
our group during the 2004 meeting of the AAN, levetirac-
etam may work to relieve chronic headache. Side effects
are uncommon and include somnolence, dizziness, ataxia
and anxiety.

Side effects associated with anticonvulsants as a class
include weight gain, hair loss, tremor, gastrointestinal
upset, sedation, asthenia, dizziness and cognitive changes.
Topiramate and zonisamide are unique as they have been
associated with weight loss. 

If side effects occur, dose reduction or even drug dis-
continuation is recommended. Most anticonvulsants are
contraindicated in pregnancy. Specifically, sodium val-
proate has been associated with neural tube defects and
should be used very cautiously in women of child-bearing
potential. The risk of neural tube defects is decreased with
administration of supplemental folic acid. The use of

sodium valproate in children under age 2 or patients with
hepatic disease is not recommended. Sodium valproate
interacts with barbiturates and benzodiazepines, so cau-
tion is required if these medications are combined
because patients may become drowsy. The commonly
used butalbutal containing analgesics must be given cau-
tiously if administered with anticonvulsants. Valproate
has been associated with pancreatitis and polycystic ovary
syndrome [16]. Topiramate is associated with renal stones
and rarely narrow angle glaucoma. Zonisamide has been
associated with renal stones and ataxia.

Alpha2-agonists

Clinical studies testing the efficacy of centrally acting
alpha2-agonists for migraine are limited and report mixed
results regarding their therapeutic benefits. Specifically,
alpha2-agonists tried for preventive treatment of migraine
include clonidine and guanfacine and only report minimal
therapeutic benefits. Clonidine has been used successful-
ly in some women with increased headache and vasoac-
tive symptoms associated with perimenopause [14]. Side
effects from the alpha2-agonists such as drowsiness,
orthostasis and hypotension may limit their use. 

Nonsteroidal anti-inflammatory drugs

NSAIDs, often used in acute treatment, also can prevent
migraine. A meta-analysis of seven placebo-controlled
studies of naproxen (500 mg/day) or naproxen sodium
(1100 mg/day) suggest a modest but clinically significant
improvement in headache index and reduction in fre-
quency [9].

For migraine associated with menses, NSAIDs may be
helpful if started 3–4 days before menses begins (a time
of increased risk for headache). One possible treatment
regimen includes naproxen sodium 275 mg tid with meals
starting three days before menses, and continuing until
the third day of the menstrual cycle or until the increased
susceptibility to headache is over. Rofecoxib and valde-
coxib are COX II inhibitors that were removed from the
market as they could cause cardiovascular problems in
older patients who took them for extended periods of
time. Celecoxib is still available in 100 and 200 mg
strengths for bid dosing. When there were 3 COX II
inhibitors on the market, all were used empirically for
migraine mini-prophylaxis [5, 6, 14].

Serotonergic agents

Methysergide
Methysergide (Sansert) is one of the original medications
used for migraine prevention, having become available



over 50 years ago; but its use is limited due to its risk of
retroperitoneal and peripleural fibrosis associated with
extended use. It has not been available in the US since
2003, but it is in Canada. Several studies report that
methysergide is effective as a preventive treatment for
migraine. Comparative studies suggest that methysergide
confers similar clinical benefit in reducing headache fre-
quency to propranolol [25, 26].

An initial methysergide dose is 2 mg daily, which can
be gradually increased to 6 mg/day in 3 divided doses. It
is usually well tolerated. Possible side effects include
nausea, dizziness, muscle cramps, weight gain, abdomi-
nal pain, diarrhoea, psychiatric symptoms, giddiness,
drowsiness and paraesthesias. The drug is contraindicat-
ed in coronary artery and peripheral vascular disease,
hypertension, pregnancy, peptic ulcer, phlebitis, lung dis-
ease, liver disease and kidney disease. Manufacturer’s
labelling suggests that methysergide be discontinued for
a 3–4 week washout period following every 6 months of
therapy. The risk of developing retroperitoneal or
peripleural fibrosis appears to be approximately 1 in
1500 [27]. As it is an ergot, methysergide should not be
given concomitantly with triptans or other ergots such as
ergotamine tartrate or DHE.

In its absence we use a metabolite methylergonovine
(Methergine) at a dose of 0.2 mg qd up to a maximum of
2 tablets tid. We also give drug holidays every 6 months
and warm about the same adverse events. 

Cyproheptadine
The antihistamine cyproheptadine is a 5-HT2 antagonist
with calcium channel blocking properties. Although its
clinical efficacy has not been proven in double-blind, ran-
domised studies, clinical experience suggests that it may
confer some benefit in the prevention of migraine, espe-
cially in children. Cyproheptadine is contraindicated in
closed-angle glaucoma and prostatic hypertrophy [26].

Pizotifen
Pizotifen is a 5-HT2 antagonist structurally related to
cyproheptadine. Although not available in the United
States, it is frequently used in several countries. Studies
show this drug to be of benefit in 40%–79% of patients
when given in doses ranging from 1.5 to 3.0 mg at bed-
time [22]. The main side effects are drowsiness and
weight gain – similar to cyproheptadine.

Miscellaneous preventive treatments

Lisinopril
Lisinopril (LSN) is a dicarboxyl-containing angiotensin
converting enzyme (ACE) inhibitor that has been proven to
be effective in the treatment of hypertension and heart fail-
ure. LSN has various pharmacological effects that may be
relevant in migraine. In addition to blocking the conversion

S120 Neurol Sci (2008) 29:S110–S122

of angiotensin I to angiotensin II, it also alters the sympa-
thetic activity, inhibits free radical activity, increases prosta-
cyclin synthesis and blocks the degradation of bradykinin,
encephalin and substance P. Of particular relevance to LSN
efficacy in migraine prevention is the recent findings that
(1) migraine without aura seems to be more common in
people with the ACE DD gene and (2) migraineurs with this
gene also have higher ACE activity and a higher frequency
of attacks than other migraine sufferers [28].

LSN was studied in a randomised, placebo-controlled,
crossover trial for the preventive treatment of migraine,
showing moderate efficacy. The main side effects are
cough, hypotension and fatigue. The suggested oral doses
of LSN for use in hypertension range from 5 to 40 mg
daily (in single or divided doses), with 10 mg daily being
appropriate for the initiation of therapy.

Candesartan
Candesartan (Atacand) is an angiotensin receptor blocker
(ARB) used for treating hypertension. In January of 2003
it was reported in a double-blind, controlled, crossover
study to be more effective than placebo in preventing
migraine at a dose of 16 mg qd. Clinically it appears to
work well in about half the patients who take it and it
causes few side effects [29].

Botulinum toxin 
Botulinum toxin type-A (Botox) injections often reduce
the pain associated with conditions such as cervical dys-
tonia, achalasia, rectal fissures and myofascial pain syn-
drome. Some open-label, non-controlled studies of botu-
linum toxin type-A suggested benefits for patients with
migraine and several other headache types. A double-
blind study, evaluating 25-Unit and 75-Unit doses,
showed that, compared with vehicle treatment, subjects in
the 25-Unit botulinum toxin type-A treatment group had
significantly fewer migraine attacks per month, a reduced
maximum severity of migraine, a reduced number of days
using acute migraine medications and reduced incidence
of migraine-associated vomiting [30]. Other open and
controlled trials seem to support this first evidence, but
definitive results have not been forthcoming. There is cur-
rently a multicentre trial in frequent migraine sufferers
who are not on other preventive drugs underway. Many
neurologists and headache specialists use the drug off-
label and say that it works well in certain patients with
few adverse events, in spite of the paucity of evidence.

Hormonal therapy
Hormonal therapy can be tried in both the menstruating
females with menstrually related migraine, and the peri-
menopausal and menopausal female [31]. For women who
have either pure menstrual migraine or marked worsening
of their migraine perimenstrually (MRM or menstrually
related migraine), a burst of oestrogen starting 3–4 days
before menses and until the end of menses can be achieved
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with an oestradiol gel dermal patch (1.5 mg/day) or pure
oestradiol orally or sublingually. Importantly, lower dose
studies (50 mcg per day) were not proven effective in
reducing migraine frequency or intensity. Giving oestrogen
to perimenopausal women with irregular menses and esca-
lating headaches is more likely to worsen the headache syn-
drome, but can occasionally be very effective. 

Herbs, vitamins and supplements

Feverfew
Feverfew (Tanacetum parthenium) is a herb that is avail-
able as an off-the-shelf remedy, and is used for treatment
of mild depression. A few small clinical studies reported
feverfew (50–82 mg/day) to decrease the frequency of
migraine attacks when used on a daily basis. 

Petasites hybridus
Petasites in an extract from the plant Petasites hybridus
(butterbur) which has been marketed in Germany for the
last 25 years. Lipton et al. conducted a double-blind
study, showing that petasites 75 mg, given twice a day,
was significantly superior to placebo in all parameters in
treating migraine [32].

Magnesium
Low levels of magnesium in migraineurs are associated
with the cascade of events that trigger migraine attacks.
Studies have demonstrated low intracellular magnesium
in the migraine brain [33, 34]. Magnesium has been stud-
ied in 6 clinical trials for migraine prevention with con-
flicting but very promising results. The doses tested
included 400–600 mg/day and suggest possible therapeu-
tic benefits in some patients.

Riboflavin
A mitochondrial dysfunction resulting in impairment of
oxygen metabolism and low cellular energy levels may
play a role in migraine pathogenesis [35]. Riboflavin (vit-
amin B2) is the precursor of flavin mononucleotide and
flavin adenine dinucleotide, which are required for the
activity of flavoenzymes involved in the electron transport
chain in the mitochondria of the cell. Given to patients
with mitochondrionopathies, riboflavin improved some
clinical and biochemical parameters.

Coenzyme Q 10
Coenzyme Q 10 was shown to be effective in an open
study by Rozen at a dose of 150 mg/day. The only con-
trolled study by Sandor showed 300 mg to be the effective
dose [36]. There were minimal adverse events.

Melatonin
Melatonin was shown by Peres in an open trial to be effec-
tive in migraine prevention at a dose of 3 mg. We have tried

up to 15 mg hs empirically and find it may be somewhat
more effective for sleep disorders than the headache itself.

Future therapy

We may see Trexemet launched as a tablet in the US in
2008; it is a combination of sumatriptan 85 mg and naprox-
en sodium 500 mg. MK-0974 is a CGRP antagonist tablet
in phase 3 trials, which may be an effective acute-care med-
ication, working as well as a triptan at 2 h, and better at 24
h. It is reported to not constrict blood vessels and to have
few of the adverse effects of triptan. When sumatriptan
goes generic in the US, there will be a sumatriptan skin
patch. There may be an inhaled form of prochlorperazine
and also DHE. There may be a nitric oxide synthase
inhibitor and an AMPA/kainate antagonist. Many other
compounds are in the pipeline at earlier stages. Memantine
(Namenda) is available for Alzheimer’s disease therapy and
has been shown in open-label trails to be helpful in various
types of headaches, mainly migraine. The usual dose is 10
mg bid, but higher doses have been tried.
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Abstract The pathogenesis of migraine is obscure. A
hyperexcitable brain state has been postulated. Cortical
spreading depression (CSD) is the most suggestive argu-
ment for the brain hyperexcitability. It has been showed
that valproate, topiramate, amitriptyline and propranolol
inhibit CSD in rats, which suggests that most preventative
treatments of migraine act by normalising neuronal firing
and increasing a genetically lowered and environmentally
modified threshold for neuronal discharge. It has also
been suggested that some antimigraine prophylactic drugs
(i.e., amitriptyline, candesartan and magnesium) may act
by restoring central nociceptive dysmodulation.

Keywords Migraine · Cortical spreading depression ·
Hyperexcitability · Central action · Prophylactic drugs

Introduction

The exact pathogenesis of migraine remains to be deter-
mined. Welch et al. suggested in 1990 that multiple causal
factors for migraine converge onto a common hyperex-
citable brain state, which constitutes the fundamental sus-
ceptibility to migraine attacks [1]. Various causes for
hyperexcitability of the migrainous brain have been sug-
gested. These include low concentrations of glutamate,
mitochondrial abnormalities, dysfunctions related to
nitric oxide or a calcium channelopathy [2, 3]. Cortical
spreading depression (CSD) is a spontaneous neuronal
depolarisation moving slowly (3 mm/min) on the occipi-
tal cortex, which has a clinical counterpart in the scintil-
lating contour (positive scotoma). Neurophysiological
and biochemical studies support the hypothesis that neu-
ronal hyperexcitability is the predisposing factor that
causes the initial cortical event. CSD (or a similar depo-
larising event) activates brainstem and gives rise to depo-
larisation of ascending and descending pathways, peri-
meningeal vasodilatation and neurogenic inflammation
[4, 5]. Therefore, in migraine the excitatory events are
believed to be proximal, whereas the neurovascular
events that lead to pain production are distal [6].
Repeated episodes of hyperexcitability could parallel, or
cause, dysmodulation of nociception pathways, with a
resultant chronic state, potential disease progression and
the refractoriness to therapy that some patients experi-
ence [4]. Central sensitisation, associated with abnormal
neuronal excitability in the trigeminal nucleus caudalis,
may also play a critical role in migraine pathogenesis,
especially in the latter stages of an acute attack, and in the
development of chronic forms of the disorder [7, 8].
Nevertheless, progressive damage to the brain’s most
powerful antinociceptive centre, the periaqueductal grey
matter, may also explain some aspects of central sensiti-
sation or change in phenotypic expression of episodic to
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chronic headache [9]. Recently, Ayata et al. demonstrat-
ed that established preventative drugs, such as valproate,
topiramate (TPM), amitriptyline and propranol, inhibit
CSD in rats, which argues in favour of the hypothesis that
migraine preventive drugs suppress the mechanism of
CSD, the main neurobiological marker for the brain
hyperexcitability [10]. Therefore, most preventive treat-
ments are thought to act, at least in part, by normalising
neuronal firing and increasing a genetically lowered and
environmentally modified threshold for neuronal dis-
charge, by blocking excitatory glutamate-mediated or
inhibiting gamma-aminobutyric acid (GABA)-mediated
central activities [11, 12]. It has also been suggested that
some antimigraine prophylactic drugs (amitriptyline,
candesartan and magnesium) may act by restoring central
nociceptive dysmodulation [13].

Neuromodulators

Numerous neuromodulators (antiepilectic drugs) have
demonstrated efficacy in migraine prophylaxis.
Neuromodulators exhibit multiple mechanisms that may
contribute to reduce the neuronal hyperexcitability in
various areas of the brain, both in epilepsy and migraine.
TPM and valproic acid (VPA) suppress CSD frequency
by 40%–80% and longer treatment durations produce
stronger suppression. Direct and indirect effects on inhi-
bition of glutamate release and on blocking NMDA
receptors may be relevant for modulating this migraine
susceptibility [10].

TPM is used in the treatment of partial-onset and pri-
mary generalised tonic–clonic seizures [14]. TPM has
emerged recently as a treatment for migraine and is now
approved for migraine prevention in several countries.
Large, multicentre, randomised, double-blind, placebo-
controlled trials have demonstrated the efficacy of TPM
in migraine prophylaxis in adults [15–17]. A recent study
showed a significant improvement in health-related qual-
ity of life in a migraine population [18]. Recent studies
showed a significant effect also in paediatric migraine
[19, 20]. Adverse central side effects, generally mild,
include memory impairment, emotional lability and
dysarthria. TPM has multiple mechanisms of action,
including: (1) state-dependent blockade of sodium chan-
nels, (2) enhancement of GABAa receptor-mediated inhi-
bition, (3) antagonism of glutamate at α-amino-3-
hydroxy-5-methylisoxazole-4-propionic acid/kainite
(AMPA/kainite) receptors, (4) inhibition of high-voltage-
activated (L-type) calcium channels and (5) weak inhibi-
tion of some isozymes of carbonic anhydrase [21].

VPA is widely used for the treatment of partial and
generalised seizures [22]. The efficacy of VPA in
migraine prevention has been shown in several double-
blind, randomised, placebo-controlled studies [23–26].
Its more frequent central side effects are tremor, somno-

lence, dizziness and headache. VPA increases GABA lev-
els in the brain and potentiates GABA-mediated respons-
es. One possibly important action of VPA is the blockade
of the degradation of GABA by GABA transaminase,
thereby increasing GABA concentrations in both axon
and in glial cells. VPA has been found to block voltage-
dependent sodium ion channels, thereby modulating
release of excitatory amino acids, and to block low
threshold T-type calcium ion channels [22].

Various studies suggest that lamotrigine (LTG) consti-
tutes a specific prophylactic treatment of migraine with
aura [27–30]. LTG acts by blocking voltage-sensitive sodi-
um channels, leading to an inhibition of the neural release
of glutamate [31, 32]. Therefore, if high glutamate levels
were responsible for CSD and the clinical symptoms of
migraine aura, LTG might suppress this phenomenon and
thus prevent aura development. LTG also attenuates calci-
um influx via its effect on high-voltage-activated calcium
channels and prevents calcium overload in neurons. The
effective suppression of aura symptoms of LTG may be due
to the potent presynaptic and postsynaptic inhibition of glu-
tamate, indicating that LTG would act as a non-competitive
NMDA antagonist [33].

Amitriptyline

Serotonin (5-HT) and norepinephrine (NE) signalling has
been part of some models of migraine pathophysiology.
Amitriptyline is the prototypical tricyclic antidepressant
that has well demonstrated efficacy in pain and in
migraine [4, 34]. It has mixed serotoninergic and nora-
drenergic reuptake inhibitor (SNRI) properties, which
enhances activity of diffuse noxious inhibitory control.
Amitriptyline has other pharmacological mechanisms.
These include: adenosine-A1 agonism, which would
enhance descending modulation of rostro-ventromedial
nucleus (RVM) neurons; increasing GABA-mediated
inhibition by positively modulating GABAa receptor and
inhibiting the GABA transporter types 1 and 3 (GAT-1
and GAT-3). Recently, it has been shown that amitripty-
line inhibits CSD in rats [10].

Propranolol 

Evidence has consistently shown the efficacy of propra-
nolol for the prophylaxis of migraine [35]. Its more fre-
quent central side effects are drowsiness, sleep disorders,
depression and memory disturbance. Its mechanism of
action is not certain. In the rat brainstem, delayed reduc-
tion of the locus coeruleus neuron firing rate has been
demonstrated after propanolol administration [36]. The
central action of propranolol is probably mediated by
inhibition of central β-receptors interfering with the vig-
ilance-enhancing adrenergic pathway, interaction with 



5-HT receptors and cross-modulation of the serotoniner-
gic system [37]. Propranolol inhibits CSD in rat by
blocking glutamate release [38].

Flunarizine

Flunarizine (FZ) has proven efficacy in the prevention of
migraine and is commonly used in countries where it is
available. A recent review about the pharmacological
treatment of migraine headache in children and adoles-
cents by the American Academic of Neurology found that,
from 12 anti-migraine preventive drugs evaluated, FZ is
probably the only effective agent, but it is not available in
the USA [39]. It has also been reported that FZ could be a
useful add-on treatment in therapy-resistant forms of
epilepsy [40, 41]. It has been suggested that the FZ effect
on the central nervous system is due to a stabilising action
on the membrane electrical activity of nerve cells close to
firing, the so-called burst neurons. The primary pharmaco-
logical mechanism of FZ on burst potentials has been
attributed to the blockage of calcium/and or sodium ion
channels. Studies showed that the FZ reduces the ampli-
tude of the fast phases of vestibular nystagmus in healthy
volunteers and hypothesised that FZ acts on the vestibular
nystagmus of normal subjects by “suppression of reticular
burst neurons or their connections”. Because the appear-
ance of abnormal burst activities has been linked to the
pathophysiology of migraine and epilepsy, Casucci et al.
suggested that the therapeutical effect of FZ on both con-
ditions may be due to a stabilising action on abnormal
burst activities of the brainstem [42]. 

Pizotifen

There is consistent evidence to support pizotifen’s effica-
cy in migraine prevention. Drowsiness is the most fre-
quent central side effect [43, 44]. Its mechanism of action
is not certain. It has potent 5-HT2 activity but the selec-
tive 5-HT2 receptor antagonist ketanserin (the principal
agent used to identify 5-HT2 receptor-mediated actions)
seems to be ineffective in migraine. These agents have
additional antagonistic effects at histamine H1, mus-
carinic cholinergic, α-1-adrenergic, α-2-adrenergic and
dopamine receptors, but drugs which are selective for
these non-5-HT receptors appear to be of no benefit in
migraine. An action of pizotifen on 5-HT2 receptors has
also been postulated in migraine [45].

Candesartan

Candesartan is an angiotensin II type-1 inhibitor that has
demonstrated efficacy in migraine prophylaxis. The

mechanism of action in migraine prevention is poorly
understood. It presynaptically inhibits GABA release,
which theoretically would enhance excitation. However,
the co-localisation of AT1, glutamate and GABA recep-
tors on medullary rostral ventromedial neurons suggests
a nociceptive modulatory role [46].

Magnesium (Mg)

The possible mechanism of high-dose oral Mg in migraine
prevention remains elusive. Open-label and clinical trials
have evaluated the role of high-dose oral Mg (up to 
600 mg) in migraine prevention, and the results have been
conflicting. Mg has a stabilising role on the sodium potas-
sium pump. Dysfunction of the sodium/potassium pump
may have relevance in terms of increased glutamate in the
synaptic cleft. Low levels of magnesium may also be
responsible for release of NMDA receptors, which may
lead to spontaneous discharge and CSD [47, 48].

Acetazolamide

Acetazolamide response has been described in familial
hemiplegic migraine with associated ataxia and in
migraineurs without cerebellar symptoms [49, 50]. It is
interesting that TPM shares with acetazolamide the prop-
erty of carbonic anhydrase inhibition [51]. Also, it was
recently reported to suppress susceptibility to CSD in
experimental animals [10].
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Migraine is a visceral pain. According to current theories,
activation of trigeminocervical nerve endings releases
calcitonin gene-related peptide and substance P, inducing
vasodilation and plasma protein extravasation, leading to
‘neurogenic’ inflammation. Activation of the trigemino-
vascular system is followed by sensitisation of
trigeminocervical fibres, maintaining a condition of
hypersensitivity to non-noxious stimuli that support per-
sistent pain during migraine attack. Other neurotransmit-
ters (nitric oxide, bradykinins, 5-HT, etc.) play a role in
regulating this complex mechanism. In this brief review,
we consider the effect of drugs that, acting on the differ-
ent transmitters involving in pain perception, can stop or
inhibit these pathogenetic mechanisms.

Keywords Migraine · Peripheral action · Prophylactic
drugs

Introduction

Migraine has the characteristics of a visceral pain [1].
The dura mater, together with vessels supplying the
meninges, receives a dense sensory and autonomic inner-
vation. Noxious stimulation originating from these struc-
tures is referred to the forehead, neck or occipital skin
areas because nociceptive fibres coming from the
intracranial structures converge on the same pool of sec-
ond-order sensory neurons within the trigeminal nucleus
caudalis or upper cervical dorsal horns together with
nociceptive inputs from the above-noted cutaneous areas.
Ascending fibres from second-order neurons to thalamus
send collaterals to autonomic nuclei in the brainstem and
to the hypothalamus, which may account for autonomic
symptoms and fatigue, appetite disturbances and malaise
frequently observed in migraineurs [1, 2]. 

According to current theories of migraine, initial activa-
tion of meningeal nociceptors releases calcitonin gene-
related peptide (CGRP) and substance P from trigeminocer-
vical nerve endings and, hence, induces vasodilation and
plasma protein extravasation in dura mater, leading to “neu-
rogenic” inflammation with the participation of resident
macrophages and mast cells [3, 4]. Supporting this hypoth-
esis, CGRP levels were found to be increased in jugular
vein of patients during migraine attacks [5]. 

It has been proposed that sensitisation of peripheral
sensory nerve endings, later followed by sensitisation of
central trigeminocervical neurons, may render the nocicep-
tive fibres sensitive to arterial pulse and head movements,
which may account for the throbbing nature of migraine
pain and its worsening during coughing, bending over and
rapid head movement [6]. Basic and clinical pharmacolog-
ical observations also share several similarities, suggesting
involvement of the trigeminovascular system during
migraine. The clinically proven potent antimigraine drugs
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dihydroergotamine and sumatriptan are effective in block-
ing neuropeptide release and neurogenic inflammation
induced by electrical stimulation of the trigeminal ganglion
in rodents [7]. Inhibition of peptide release within trigeminal
nucleus caudalis has also been inferred [8]. 

Stimulation of the trigeminal ganglion causes CGRP
release in the plasma obtained from cerebral venous blood in
experimental animals and humans. Another trigger of
headache (and migraine) in migraineurs is nitric oxide (NO).
NO is a potent endogenous vasodilator with an impressive
array of biological actions [9]. NO causes headache and
migraine in both control volunteers and headache patients,
and will also cause a delayed headache that fulfils the
International Headache Society criteria for migraine [10] in
sufferers several hours after the NO infusion [11–13].

NO-induced migraine can be prevented or alleviated by
certain established antimigraine compounds. In non-
migraineurs, NO-induced headache is attenuated by suma-
triptan when administered prior to the NO infusion [14].
Sumatriptan also inhibits the regional cerebral blood flow
increase that was found in the rat in response to NO donor
infusion [15], although changes in cerebral blood flow itself
are not seen in humans with NO donor infusion [16].
Migraine occurs in afflicted individuals when sensitised
nociceptors begin to barrage the spinal cords with stimuli of
increasing intensity (peripheral sensitisation), which then
leads to central sensitisation and further amplification of the
pain. Peripheral sensitisation is due to neuroinflammation of
the dural and meningeal trigeminal nociceptors. NO is con-
sidered the key molecule in migraine pathogenesis [17, 18],
being involved in the activation of the trigeminovascular sys-
tem and in the regulation of the cerebrovascular tone [19]. 

Neuromodulators

Numerous novel anti-epileptic drugs (AEDs) have been
developed in recent years, and several have demonstrated
efficacy in migraine prophylaxis. Neuromodulators or AEDs
may contribute to reduced neuronal hyperexcitability in var-
ious areas of the brain but recent studies have shown that the
AEDs have a peripheral mechanism in migraine prevention.
Topiramate (TPM) is a derivate of the naturally occurring
monosaccharide D-fructose. It has antiepileptic activity, and
established efficacy as a migraine preventive [20, 21].

It is not known by what mechanism TPM acts as a
migraine preventive. Storer and Goadsby showed that TPM
inhibits neurons of the trigeminocervical complex after supe-
rior sagittal sinus stimulation [22]. Akerman and Goadsby
demonstrated that this drug was also able to inhibit NO-
induced dural blood vessel dilation [23]. It is thought that
NO activates trigeminovascular neurons and causes the
release of CGRP from the nerve endings, which contributes
to the dural blood vessel dilation, as well as the NO acting
directly on the dural blood vessels themselves. NO-induced

dural and cerebral vasodilation is inhibited by application of
a CGRP receptor blocker [24]. Indeed, it is thought that
CGRP and NO behave synergistically in promoting trigemi-
novascular activation, as NO synthase inhibitors are able to
inhibit CGRP-induced dilation [25]. Akerman and Goadsby
demonstrated that TPM is able to attenuate the NO response,
presumably inhibiting the release of CGRP from trigeminal
neurons, but there is still the NO–cGMP interaction that pro-
duces dilation of blood vessels. It seems unlikely that TPM
is acting directly on the dural blood vessels, as it is unable to
inhibit CGRP-induced dilation [23].

Amitriptyline 

Amitriptyline is the prototypical tricyclic antidepressant that
has well demonstrated efficacy in pain and migraine [26]. It
has mixed serotoninergic and noradrenergic reuptake
inhibitor (SNRI) properties, which enhance activity of diffuse
noxious inhibitory control. Amitriptyline has other pharma-
cological properties. These include: (1) blockade of Na chan-
nels thereby inhibiting peripheral sensitisation; (2) reduction
of nociceptive discharges starting from myofascial tissues,
explaining the control of chronic pain originating in these
structures; and (3) 5-HT2 receptor down-regulation [27].

Flunarizine (FZ)

FZ is largely used in migraine prophylaxis because of its
effectiveness in limiting frequency of attacks and pain sever-
ity [28, 29].

FZ is tested in migraine on the assumption that vasocon-
striction initiates the migrainous process, and preventing it
could be achieved by maintaining a cerebral vasodilatatory
tone. Its antimigraine efficacy has been attributed to inhibi-
tion of hypoxia in cerebral neurons, the contraction of vascu-
lar smooth muscles, the blockade of the release of 5HT relat-
ed to neurovascular inflammation anoxia and its ability to
block intracranial vasoconstriction [30]. The antimigraine
activity of FZ, primarily linked to relief of cerebral
vasospasm, possibly depends on its influence on NO gener-
ation through a reduction of neuronal NO-synthase activity
and of calcium influx in perivascular cranial nerve terminals
[31, 32]. It has been suggested that FZ may act as a migraine
prophylactic drug by inhibiting Ca2+-dependent enzymes
involved in prostaglandin biosynthesis in the modulation of
cerebral and extracerebral vasomotion and, possibly, in
blocking the release of 5-HT [33]. Besides, FZ, which cross-
es the blood–brain barrier and modulates several nerve func-
tions [34], may also prevent neuronal hypoxia and neurovas-
cular inflammation [33, 35]. Therefore, the antimigraine
activity of FZ might involve its counteraction of the NO pro-
duction mechanisms and the underlying vascular phenome-
na taking place in migraine. Making the assumption that



vasoconstriction initiates the migrainous process, preventing
it could be achieved by maintaining a cerebral vasodilatato-
ry tone. It is now clear that calcium channel blockers act on
many other mechanisms in the migraine cascade. Verapamil
inhibits neuronal NOS, blocks hyperalgesia and potentiates
analgesia from opioids and acetaminophen [36].
Furthermore, L-type calcium channels are located on neu-
rons containing CGRP in the neurons that innervate the
trigeminal vasculature, and are thought to participate in the
release of CGRP [37].

Beta-blockers

Beta-blockers have been employed for migraine prevention
since the 1980s [38]. The mechanism of action is not certain,
but it appears that their antimigraine effect is due to inhibi-
tion of the ?-1-mediated mechanism. Beta-blockers result in
inhibition of norepinephrine (NE) release by blocking pre-
junctional beta receptors. In addition, they result in a delayed
reduction in tyrosine hydroxylase activity (the rate-limiting
step in NE synthesis) in the superior cervical ganglia. In the
rat brainstem, delayed reduction of the locus coeruleus neu-
ron firing rate has been demonstrated after propranolol
administration [39]. The use of novel beta-blockers, such as
carvedilol, for migraine prevention is a new concept because
it offers additional ?-1 blocking and antioxidant properties.
?-1 and ?-1 antagonism reduce blood pressure by reducing
peripheral vascular resistance with no alteration of heart fre-
quency or cardiac debit [40, 41].

Botulin toxin (BTX)

BTX is a bacterial neurotoxin approved for the treatment of
strabismus, blepharospasm, spasticity, tremor, dystonia and
other neuromuscular disorders. In the literature, there are
conflicting reports on the efficacy of botulin toxin for
migraine prevention [42, 43]. Botulin toxin cause muscle
relaxation and paralysis by blocking presynaptic acetyl-
choline release into the neuromuscular junction. The mecha-
nism of action in migraine is highly speculative. It may act
via inhibition of peripheral release of proinflammatory and
nociceptive mediators such as substance P, glutamate and
CGRP [44]. 

Angiotensin-converting enzyme (ACE) inhibitors

A single, small (60 patients), positive, randomised control
trial indicated that lisinopril is modestly effective and well
tolerated in migraine as a preventive therapy.

ACE inhibitors, such as lisinopril, modulate vasoreactiv-
ity, alter sympathetic tone and promote degradation of pro-
inflammatory factors such as substance P, enkephaline and

bradykinin [45]. 

Simvastatin

Statins, know as 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors, are effective lipid-lower-
ing agents, and are largely used to reduce the risk of initial
and recurrent adverse ischaemic cardiovascular and cere-
brovascular events. A recent study reported a reduction not
only of the frequency of migraine attacks during the preced-
ing 30-day treatment period compared to the baseline phase,
but also decreased migraine frequency within each month
during the trial. The pleiotropic effects of statins, including
anti-inflammatory properties and regulation of endothelial
cell function and vasomotor reactivity, provide a plausible
mechanism for a potential therapeutic effect in migraine
[46]. 

Acetylsalicylic acid (ASA)

ASA seems to act peripherally upon cyclooxygenase at the
vessel site (especially the endothelium), blocking the painful
inflammatory process, which is caused by the release of
vasoactive neuropeptides from free C-fibre endings [47].
Recent investigations showed that ASA can reduce de novo
protein synthesis of NO [48]. Various clinical studies con-
firm efficacy of ASA in migraine prophylaxis [49].

Conclusion

Migraine pathogenesis is a very complex mechanism that
shares central and peripheral activation of pain control path-
ways. The peripheral mechanism is the final common step
that leads to head pain. Many drugs act on this final pathway
by regulating and/or blocking CGRP, substance P, %-HT,
encephalins, bradykinins, and NO release and action. In this
way these drugs can decrease cerebral vascular reactivity and
inhibit peripheral sensitisation, reducing migraine attack fre-
quency and severity.
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Abstract Migraine is a frequent episodic condition that
often requires prophylaxis treatment to reduce the severi-
ty, frequency and duration of attacks and to ameliorate
disability. Migraine can be interpreted as a disorder of
pain modulation, which involves the trigeminovascular
system and central nervous system modulation of pain-
controlling structures. Antiepileptic drugs (neuronal sta-
bilising drugs, NSD) have been increasingly recommend-
ed for migraine prophylaxis because of several well con-
ducted studies confirming their efficacy. Valproate,
Topiramate and Gabapentin are indicated as useful drugs
for migraine preventive therapy according to the results of
randomised double-blind, placebo-controlled trials. Due
to these positive results, neuronal stabilisation may be
considered as a pivotal approach for headache therapy.

Keywords Antiepileptic drugs · Headache · Therapy ·
Prophylaxis

Introduction

Antiepileptic drugs are widely used to treat a great num-
ber of non-epileptic pathologies, both in neurological and
psychiatric fields. The FDA has approved several
antiepileptic drugs for the treatment of neuropathic pain
and mania in adults [1]. In the last decade, antiepileptic
drugs have found a specific role among first-choice
headache prophylaxis, due to a peculiar activity on corti-
cal hyperexcitability.

The hypothesis that cortical hyperexcitability may play
a key role in physiopathology of migraine has led to a great
number of large, randomised clinical trials to evaluate the
efficacy and safety of antiepileptic (neuronal stabilising
drugs, NSD) drugs in headache prevention. Actually
migraine can be defined as an aberrant physiological state
with low threshold for intermittent neuronal excitability [2].

The goals of prophylaxis therapies are to optimise
quality of life, decreasing the frequency, severity and
duration of attacks and to improve the responsiveness to
acute therapy.

Patients with migraine considered for preventive treat-
ment have to show recurrent and frequent headaches
interfering with one’s daily life (more than three/month),
failure or overuse of acute therapy, or concern for conver-
sion to chronic daily headache. Up to now, prophylaxis
has not been prescribed to the extent that it should be,
considering that only 5% of patients are using preventive
drugs to reduce the impact of the disease [3].

Although NSDs are generally able to target the gluta-
mate-mediated and/or the gamma-aminobutyric acid
(GABA)-mediated systems in conjunction with a modula-
tion of voltage-gated sodium and calcium channels,
decreasing glutamate levels and enhancing GABA activi-
ty [4], it is not clear why so few of them have a good effi-
cacy in migraine prophylaxis.
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Recent reports have suggested a role of NSD in clus-
ter headache and chronic headache prophylaxis,
although controlled studies on larger samples are recom-
mended [5].

The role of neuronal stabilising drugs in headache
prophylaxis

Cortical hyperexcitability is due to an imbalance between
neuronal excitement, mainly mediated by excitatory
aminoacids, and neuronal inhibition mediated by GABA.
When glutamate binds to non-NMDA receptors, this
causes an influx of sodium ions and an excitatory effect,
with displacement of magnesium and influx of calcium
and sodium and depolarisation of the postsynaptic mem-
brane. Furthermore, GABA binding causes an influx of
chloride ions and efflux of potassium ions, resulting in
hyperpolarisation and inhibition of postsynaptic neurons.
It can be argued that this imbalance may be selectively
expressed in local brain areas specifically involved in
pathophysiology of migraine, i.e., cortical regions or
brainstem structures. Other processes postulated as
pathogenetic steps in migraine are central sensitisation
(due to abnormal plastic change inducing a lower thresh-
old for subsequent attacks) and cortical spreading depres-
sion (neuroglial depolarisation wave).

NSD may act both by suppression of neuronal hyper-
excitability and by modification of the abnormal activities
of voltage-dependent ion channels. They inhibit repeated
firing (kindling) of pain-processing structures and modu-
late excitatory pathways mediated by glutamate receptors
(Table 1).

Valproic acid was the first NSD studied in migraine
prophylaxis, both in open-label and double-blind, ran-
domised, cross-over studies [6, 7] showing efficacy. So
far, many other drugs of this class have been increasingly
used in prophylaxis of migraine and other headaches as

potential new therapies. The doses of NSD for migraine
prophylaxis are generally much lower than those suggest-
ed for epilepsy.

Sodium valproate (SV)/divalproex (DV)

Significant responder rates (the percentage of patients
experiencing 50% or more reduction in attack frequency)
derived from published, large, controlled, randomised,
double-blind trials with sodium valproate (SV) or dival-
proex (DV) in migraine prophylaxis (12 weeks of treat-
ment) ranged from 50 to 44% (18–21% with placebo)
[8–10]. Only in one study with DV [11] was the respon-
der rate (30%) not significantly greater than that report-
ed in the placebo group (24%). Daily dose ranged from
500 to 1500 mg/day. In long-term treatment (up to 6
years as single or add-on therapy) of patients with chron-
ic headaches, DV was able to reduce (in a retrospective
study) the headache frequency by at least 50% in about
2/3 of treated patients [12]. In one multicentre (one week
run-in period, 2 weeks treatment, 95 patients enrolled, 50
in active group), double-blind, controlled, parallel-group
trial, SV (1000–2000 mg/day) was not able to reduce the
attack frequency in cluster headache if compared with
placebo (responders rate 62% in placebo group vs. 50%
in SV group, p=0.23) [13].

Gastrointestinal disturbances (nausea and dyspepsia,
with lower incidence after 3 and 6 months of treatment),
hair loss, changes in cognitive performances, tremor,
weight gain and fatigue are the most common adverse
reported event. Ovarian dysfunction, hyperandrogenism
and increase of liver enzymes are occasionally described.
Discontinuation rates caused by drug intolerance were
8%–13% in controlled trials.

Divalproex sodium has been approved by the US
Food and Drug Administration for the prophylaxis of
headache in adults.

Table 1 NSD specific activity

NSD Na chan. block Ca chan. block Glu recept. antag. GABA enhance. Carb Anhid. inhib.

Levetiracetam X
Gabapentin X X
Lamotrigine X X
Topiramate X X X X X
Valproate X X X

Table 2 Prophylaxis: what must be considered for treatment?

Recurring and disabling migraine that interferes with daily routine despite adequate acute therapy (failure or side effects from acute medications)
Frequent headaches (more than three/month)
Specific contraindications to acute therapy
Patient preference
Uncommon and special migraines (hemiplegic migraine, basilar migraine)



Topiramate (TPM)

Topiramate (TPM) was introduced as an anticonvulsant
in 1996. The first large, positive, randomised, multicen-
tric, placebo-controlled, double-blind trials with TPM in
migraine were published in 2004: 100 mg/day was eval-
uated as the adequate treatment dose, considering the
balance between tolerability and efficacy [14, 15].
Reduction in migraine frequency was significantly
greater in the TPM arms (100 and 200 mg/day) if com-
pared with placebo arms. Responder rates were 54% and
49% respectively (23% placebo, p<0.001). Pooled data
results [16] demonstrated both a significant decrease in
mean monthly migraine period (p<0.001 vs. placebo) and
a higher responder rate (p<0.001 vs. placebo).

The 8-month open-label extension study showed a
sustained reduction in migraine frequency [17].

TPM (100 or 200 mg/day) was compared to
propanolol (160 mg) in a randomised, double-blind, mul-
ticentre trial: improvement rates were similar in both
groups (37% with TPM, 43% with propanolol, difference
significant vs. placebo) [18].

In a single-centre, randomised, double-blind, placebo-
controlled, phase 4 cross-over trial, low-dose TPM (50 mg)
was efficacious in migraine prophylaxis as compared to both
placebo (responders rate 63% vs. 30% placebo) and lamot-
rigine 50 mg (63% vs. 46%) in terms of headache intensity,
duration and frequency. The small number of recruited
patients (n=60) and short duration of follow-up (one month)
were limitations of this study [19].

More recent studies showed that TPM (target dose 
100 mg within a range of 50–200 mg/day) is able to reduce
headache days in chronic migraine (defined as >15 monthly
migraine days): in a randomised, double-blind, placebo-con-
trolled trial TPM significantly reduced the mean number of
monthly migraine days if compared with placebo (p<0.05),
even in the presence of medication overuse [20]. Another
study in 559 patients (dose adjusted in the range of 
50–200 mg/day, stable for the final 4 weeks) showed that dis-
continuation of TPM treatment in a double-blind, placebo-
controlled study after 6 months of therapy is associated with
persistent benefits (26-week phase) in terms of migraine
days and quality of life if compared with placebo group [21].

Pooled data from 3 trials in patients with episodic
migraine (756 total number) showed that treatment with
TPM (100 mg) may reduce the risk of developing chron-
ic forms of headache, with particular efficacy in poten-
tially higher risk patients (greater headache frequency) if
compared to the placebo group [22].

Efficacy and safety of TPM was evaluated in a dou-
ble-blind, parallel-group, dose comparison pilot study in
basilar-type migraine in children (14 patients, 6–18
years). Preventive therapy was able to reduce the overall
migraine frequency and the specific frequency of basilar-
migraine attacks at both 25 and 100 mg doses [23].

Regarding cluster headache, TPM was evaluated in 80
patients (55 episodic and 35 chronic, daily doses ranging
from 25 to 200 mg) included in five different open-label
studies. In three reports positive results were obtained,
whereas in two studies no significant change in mean
headache frequency before and after treatment was found
[24–28].

A single case report showed efficacy of low-dose
TPM in hypnic headache [29].

The cost-effectiveness of TPM depends on utility
gains associated with a reduced frequency of migraine
attacks: economic savings in cost of acute treatment and
work loss offsets 68% of the expected monthly costs of
TPM in a pharmacoeconomic model [30].

TPM 100 mg is able to significantly improve daily
activities and patient functioning (outcome measures:
Migraine Specific Questionnaire and SF-36) in a pooled
analysis of three pivotal large randomised, double-blind,
placebo-controlled migraine trials [31].

TPM is not licensed for the prophylaxis of headache
in children and adolescents. A recent post-hoc analysis of
three previously conducted randomised, double-blind,
placebo-controlled trials using data collected from the 51
enrolled patients [32] demonstrated a reduction both in
monthly migraine frequency and monthly mean number
of migraine days, although this was not statistically sig-
nificant.

Specific treatment-emergent adverse events with
TPM 100 mg/day include: paraesthesia (usually transient
and self-limiting) in 50.5%, mild to moderate in severity
and leading to withdrawal from the trials in 8%, fatigue
in 15% leading to withdrawal in 4.7%, anorexia in
14.5%, leading to withdrawal in 4.7%, nausea in 13.2%,
leading to withdrawal in 2.3%, weight loss in 9.1%, lead-
ing to withdrawal in 2.1%, taste perversion (due to car-
bonic anhydrase properties causing carbonate drinks to
taste different) in 7.8%, leading to withdrawal in 1%, dif-
ficulty with memory (dose-related) in 6.7%, leading to
withdrawal in 2.6%, language problems such as word-
finding difficulties (dose-dependent, generally resolved
over time, often after adjustment of dosage) in 6.5%,
leading to withdrawal in 1.6%, difficulty with concentra-
tion and attention in 6%, leading to withdrawal in 2.1%,
and mood disturbances in 6%, leading to withdrawal in
1.3%. A low incidence of kidney stones occurrence
(0.8%) is reported: it is important to emphasise the
importance of abundant hydration during therapy.
Individuals with a positive history of renal stones should
not be treated with TPM. Serum bicarbonate may be
monitored to evaluate the rare development of metabolic
acidosis. Acute myopia and angle closure glaucoma are
rarely reported as idiosyncratic reversible reactions.
Prompt discontinuation of TPM and ophthalmologic
evaluation are suggested. Contraceptive advice is impor-
tant, as the effect on foetal outcome is currently
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unknown. TPM is an enzyme inducer: it accelerates
metabolism of oestrogens and progesterones, lowering
contraceptive efficacy [16].

In a recent study [33], patients using TPM over a 
12-month period were less likely to utilise triptans (both
if high or low triptan users) with a 7.5% reduction at 6
months and 19.6% at 12 months and less likely to visit
both the emergency room for severe attacks (46% at 6
and 12 months) and to be admitted to hospital (33% at 6
months and 61% at 12 months).

TPM is licensed for prophylaxis of migraine.

Lamotrigine (LTG)

Lamotrigine (LTG) was introduced in 1995 as a broad-
spectrum anticonvulsant. Despite the fact that the result
of the first trial in migraine prevention (3 months, ran-
domised, placebo-controlled, double-blind parallel group
in 74 patients, active group on 200 mg/day) was negative
[34], some open-label studies have demonstrated that
LTG may be effective in patients affected by migraine
with aura. In two small studies [35, 36] the frequency of
migraine with aura attacks was significantly reduced by
100 mg/day of LTG, particularly in patients with high
frequencies. After cessation of therapy an increase in
aura frequency was noticed during a 3-month observation
period [36]. A 3-year prospective, open study in 59
patients affected by migraine with aura demonstrated a
significant reduction both in mean frequency of aura
(p<0.001 with a 75% rate of responders) and in frequen-
cy of migraine attacks (p<0.001).

LTG was effective in the treatment of four cases with
SUNCT syndrome [37, 38].

An allergic skin reaction (a simple morbilliform rash)
can occur in 10% of patients, usually in the first two
months of therapy. The incidence of reported Stevens-
Johnson syndrome in clinical trials for diseases other
than headache is 1 in 1000, with an increasing incidence
when LTG is used as an add-on therapy with VPA
(0.3%). LTG should be stopped in patients who develop
a rash during treatment, but this side effect can be
reduced if the drug is started at very low dosage and
slowly increased every week. Other reported side effects
were insomnia (more common), nausea, constipation,
ataxia and diplopia.

Gabapentin (GBP)

GBP showed Level I evidence (based on at least one well
conducted randomised controlled trial) of efficacy in
migraine prevention. GBP was particularly studied in two
controlled trials [39, 40]. In the first study (single-centre
trial on 63 patients) a significant reduction of frequency
and intensity of migraine was achieved in 47.6% of

patients at 1200 mg/day (no patients withdrew from the
trial), whereas in the second study (multicentre, 4-week,
single-blind, placebo baseline period followed by a 
12-week double-blind treatment period in 143 patients,
98 in active group) responder rate at 2400 mg/day titrat-
ed from 300 mg/day (at least 50% reduction in monthly
migraine rate) was 46.4% in the GBP group vs. 16.1% in
the placebo group. A statistically significant decrease in
the average number of migraine monthly days was
observed in the active group. The most common adverse
events (somnolence in 24.5% of patients and dizziness)
were causes for withdrawal (13.3%) in this trial. 3.1% of
patients reported an increase in body weight.

In a multicentre, randomised, placebo-controlled,
cross-over study [41], GBP at 2400 mg/day showed a sig-
nificant efficacy both in headache day-free rates
(p=0.0005, 9.1% difference) and in quality of life in
chronic headache patients if compared with placebo (95
patients out of 133 enrolled completed the study).
Analgesics overuse was not considered in the results.

An open-label pilot study in a small group of refrac-
tory (drug-resistant) cluster headache patients showed
remission in all patients with a GBP daily dose of 900 mg
after a few days of therapy, with a persistent free period
(4 months follow-up) after discontinuation of GBP [42].

Levetiracetam (LTC)

Levetiracetam (LTC) has been evaluated in some open-
label trials. In the first study [43] a reduction in migraine
frequency and severity was reported (>50%) in 14 out of
30 patients affected by refractory headaches and treated
with doses up to 1000 mg twice a day for 3 months. A sec-
ond study [44] in 50 patients affected by migraine and 12
suffering from chronic daily headache showed encourag-
ing results (at 500–1500 mg/daily). Ten patients discontin-
ued LTC because of adverse events (nausea and drowsi-
ness). In a prospective study (open-label, 36 patients, max-
imum dose 3000 mg) LTC demonstrated efficacy in trans-
formed migraine with a significant reduction in mean
headache frequency per month after one month of therapy,
confirmed at two and three months (p<0.001) [45]. LTC
has been evaluated in paediatric migraine, particularly in
an open-label prospective study in 20 patients (mean age
10.65 years, mean duration of migraine headache diagno-
sis 3.15 years). Dosage was 40 mg/kg/day twice daily after
an initial period (one month) at half dose. Results showed
a decrease in migraine frequency in 18 out of 20 patients
(>50% reduction in monthly headache frequency) and
PedMIDAS (a validated questionnaire for disability
assessment in paediatric headache) showed significant
decrease in disability scores. LTC was generally well tol-
erated and no patients discontinued drug use due to
adverse events. Irritability, aggressiveness and mild mem-
ory problems were reported in 3 patients [46].
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Conclusions

The specific goals of migraine prophylaxis are to reduce
frequency, severity and duration of headache attacks,
improve responsiveness to acute treatment, reduce
patients’ disability and finally reduce the costs of health
care (Table 2). The results of clinical trials support the
use of NSD for the prophylaxis of migraine, particularly
for SV/DV, TPM and GBP. These drugs have shown effi-
cacy in double-blind, controlled trials and have demon-
strated a good tolerability and long-term efficacy. For
other NSD there is insufficient evidence of efficacy in
treating migraine. The choice of a particular NSD should
take into account the safety, tolerability and spectrum of
efficacy of a particular drug, considering the characteris-
tics of individual patients such as comorbid conditions
and concomitant drug interactions.

Homogeneous schemes have to be adopted in order to
permit comparisons and to confirm the correct efficacy of
therapeutic approach. A general approach with NSD is
suggested: start slow and go slow, give an adequate trial
of at least six weeks at a correct dosage and consider that
a complete therapeutic effect can take as long as 12
weeks to achieve; if a significant improvement is
obtained (reduction in migraine frequency of 50% or
more), medication should be tapered after 6 months.
Dosage should be tailored to individual patient needs and
realistic expectations should be set by discussing the
treatment benefits in terms of reasonable headache fre-
quency reduction. It is also important to discuss the
importance of adherence.

The future of the treatment of migraine may lie in the
direction of modulating neuronal excitability to achieve a
better neuronal stabilisation. Future targeted clinical tri-
als dealing with the efficacy and tolerability of NSD in
migraine prophylaxis, particularly in specific subgroups
of patients (chronic headache forms, paediatric migraine,
cluster headache) are strongly suggested to confirm the
activity of NSD both on patients’ overall functional
capacity and health perception.
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Abstract Botulinum toxin type A (BT-a) has been shown
to effectively treat several types of neurological disorders.
For over 15 years it has been used clinically also for the
prophylaxis and treatment of various types of primary
headache disorders. Although BT-a efficacy has not been
proven in tension-type headache, its use in migraine con-
tinues to cause controversy. There is adequate data to sup-
port the hypothesis, beside its well known effect on
acetylcholine release, of an additional antinociceptive
effect related to a block in the local release of nociceptive
neuropeptides.

Keywords Botulinum toxin type A · Headache · Pain ·
Prophylaxis

Introduction

Recent studies demonstrating the effectiveness of botu-
linum toxin type A (BT-a) in treating several disorders
related to muscle spasticity and pain suggest a potential
role for this agent in headache treatment [1]. The efficacy
of BT-a in headache patients was first noted by William
Binder, an otolaryngologist, who noted that patients with
migraine headaches recovered from their attacks following
BT-a injections for the treatment of facial wrinkles [2].
Exactly why BT-a is effective in relieving headache is not
clear, but mechanisms of actions include direct effects at
the neuromuscular junction and direct antinociceptive
effects on nerves in the face, head and neck [3].

BT-a and mechanisms of action

The ability of BT-a to cause muscle paralysis by blocking
acetylcholine release at the neuromuscular junction is well
known. The toxin produces this effect by proceeding
through a sequence of four steps: (a) binding to receptors
on the plasma membrane, (b) penetration of plasma mem-
brane by receptor-mediated endocytosis, (c) penetration of
the endosome membrane by pH-induced translocation and
(d) intracellular expression of an enzymatic action that
culminates in blockade of exocytosis [4]. BT-a not only
reduces acetylcholine release from the alpha motor neuron
endings, but also decreases the activity of the muscle spin-
dles by inhibiting the signals from gamma motor neurons
and subsequently reduces the Ia afferent signals [5]. In
addition, an inhibitory effect on the central pain pathways
such as trigeminal ganglion or trigeminal cervical complex
in the brainstem have been implicated because suppression
of the release of substance P from the dorsal root ganglion
[6] or calcitonin gene-related peptide (CGRP) from the
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trigeminal ganglion [7] has been shown in animal studies.
Focussed on an evidence-based method, most of the initial
open-labelled reports on BT-a in tension-type headache
and migraine were positive. Most recently, these results
were, unfortunately, not reproduced as well in controlled
trials, suggesting that widespread clinical use of BT-a in
headache is not recommended [8].

Methodology

Selection of appropriate candidates for preventive therapy
begins with accurate headache diagnosis and classifica-
tion. According to these rules, BT-a therapy may be
appropriate for: patients with disabling primary
headaches, patients who have failed to respond adequate-
ly to conventional treatments, patients with unacceptable
side effects (from existing treatments), patients in whom
standard preventive treatments are contraindicated,
patients in special populations or situations, patients mis-
using, abusing or overusing medications, patients with
coexisting jaw, head or neck muscle spasm and patients
who prefer this treatment [9]. There is no established or
standardised methodology for the injection of BT-a for
migraine and tension-type headache. BT-a is administered
either at fixed injection sites, at sites of pain or tenderness
(“follow the pain”) or a combination of both [10]. The
clinical dose of BT-a commonly used for migraine thera-
py is between 25–200 units (Botox) and 100–500 units
(Dysport); the number of injected sites may vary from 10
to 25. However, the total dosage of toxin administered,
the number of units per site of injection, dilution of toxin
and sites of injection varied widely between studies.
Current data do not appear to indicate a dose response
benefit [11, 12]. Therefore, there is a need for further
studies in order to identify the minimal effective dosage
and optimal individualised dosing regimen. On the other
hand, some data report a greater efficacy with repeated
dosing [13]. This may be because repeat injections have a
step-like therapeutic effect: the consecutive therapeutic
effect of each injection builds on the effect previously
achieved [14].

Conclusions

Focussed on an evidence-based method, most of the ini-
tial open-labelled reports on BT-a in tension-type
headache and in migraine were positive. Most recently,
these results were, unfortunately, not reproduced as well
in controlled trials [15].

The efficacy and safety profile of BT-a suggest that it
is an effective, well tolerated prophylactic treatment in
migraine patients with chronic daily headache who are
not using other prophylactic headache treatments. The

data also suggest that assessment of the frequency of
headache is a sensitive measure of efficacy in this patient
population and that future studies to confirm these find-
ings are needed. The optimal dosing and injection regi-
mens are not yet known. The dosage ranges usually
administrated are effective and adverse side effects,
which are often mild to moderate, are transient; however
they appear to be dose-dependent. A combination of
fixed anterior injections with a follow-the-pain approach
appears to be optimal, but further studies are necessary to
determine the most effective injection regimens. Another
aspect is the frequency of treatment, which seems to have
a cumulative effect with subsequent injections [15].

The data at this time do not support the efficacy of
BT-a for the treatment of episodic migraine or tension-
type headache. Two large studies with a total of 1.057
patients investigated the efficacy of BT-a in the treatment
of chronic daily headache, but it seems likely that most,
if not all, patients enrolled actually had chronic migraine
according to the latest iteration of the International
Headache Society criteria [16]. In both studies, BT-a
failed to increase the frequency of headache-free days
(primary endpoint) [17, 18]. Subgroup analysis suggest-
ed that headache frequency was reduced in patients who
were not taking other preventive medications [19]. Two
phase III studies of BT-a in chronic migraine are ongoing
and the results are awaited with considerable interest.

Further evidence is needed to determine whether this
agent can serve as a first-line therapy for patients with
less refractory headaches, and to determine optimal
injection sites, doses and frequency of treatment. 
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Abstract Topiramate (TPM) is a new antiepileptic drug
approved for the prevention of migraine headache.
However its use is limited by treatment-emergent adverse
events; in particular, therapy can exert profound impact
on language function. In this investigation, we used func-
tional magnetic resonance imaging (fMRI) to study the
anatomofunctional correlates of language disturbances in
TPM patients experiencing subjective cognitive impair-
ment. Ten right-handed individuals receiving therapy
(five with and five without language disfluency) and five
matched healthy control subjects took part in this study.
During fMRI subjects alternately rested and performed a
word-generating task. The task comprised the silent gen-
eration of words beginning with a different input letter
visually presented. The activation paradigm consisted of
six activation blocks alternating with six baseline rest
blocks. The main fMRI measure was the pattern activa-
tion of the prefrontal regions (Brodmann’s areas 44, 45,
and 46) in both left and right hemispheres. Patients
receiving TPM (50–100 mg/day) significantly reduced

mean monthly migraine frequency. However several dif-
ferences in fMRI activation were evident in the subject
group comparison. Notably, changes in brain activity
were observed during the phonemic task in patients with
language disturbances. It is likely that TPM therapy is
associated with a “remapping” of the language cerebral
network.

Keywords Migraine · Topiramate · Language · Verbal
fluency · Functional magnetic resonance imaging

Introduction

Preventive medications can serve an important role in the
treatment of migraine by reducing migraine frequency,
severity and disability [1, 2], however the emergence of
adverse events is a major issue in the pharmacological
treatment. A number of studies suggested that patients
treated with topiramate (TPM) show cognitive impair-
ment and, in particular, neuropsychological examination
documented a significant negative effect on verbal fluen-
cy [3]. So, it has been hypothesised that TPM may affect
brain regions related to speech. A means to validate this
hypothesis is now available using functional magnetic
resonance imaging (fMRI). This technique has enabled
the investigation of the neural bases of language in the
normal human brain. Therefore the amount of informa-
tion coming from this approach offers the opportunity to
elucidate the mechanisms underlying pharmacologically
induced language impairment. Using this paradigm we
sought to test the hypothesis that TPM-emergent verbal
disfluency is associated with alterations of fMRI activa-
tion in language-related brain regions. In this brief paper,
we report preliminary data regarding only frontal areas of
the language cerebral network.
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Methods 

Subjects

Ten right-handed patients receiving TPM as monotherapy
and five matched healthy control subjects took part in this
study. Patients were required to have an established history
of migraine with or without aura, as assessed by
International Headache Society criteria. All patients were
selected during their visits to the outpatient neuroscience
department: they started TPM at a dose of 25 mg/day; the
daily dose was increased by 25 mg weekly until it reached
either the assigned dose of 100 mg/day or the maximum tol-
erated dose, whichever was less. The frequency, severity and
symptoms of all headaches or auras were recorded in a diary
including a baseline phase of at least 30 days. All patients
underwent neuropsychological testing including language
assessment. Five of them experiencing cognitive dysfunc-
tion (group A) were included in the fMRI study together
with another five patients without cognitive complaint
(group B) and five healthy subjects (group C). The three
groups did not differ with respect to demographic character-
istics (group A: 1M/4F, age mean 37.4, range 26–52 years,
education mean 14.6, range 13–18 years; group B: 5F, age
mean 41.4, range 21–49 years, education mean 14.4, range
13–18 years; group C: 1M/4F, age mean 31.2, range 25–48
years, education mean 17.6, range 13–19 years).
Handedness was assessed by the Edinburgh Inventory.
FMRI was performed at least six months after TPM therapy.

Image acquisition parameter

The functional studies were performed on a 1.5-T Philips
using a whole-brain single-shot 3D blood oxygen level-
dependent echoplanar imaging sequence, with repetition
time 3 s, echo time 50 ms, flip angle 90°, voxel size

3.59x3.59x4 mm, matrix 64x64, field of view 230 mm.
Head immobilisation was established by head pads and a
firm chin strap to immobilise the head in flex-
ion–extension. Thirty-four contiguous slices per volume
and 84 volumes per acquisition were obtained.

Cognitive language task

During fMRI subjects alternately rested and performed a
word-generating task. The task comprised the silent gen-
eration of words beginning with a different input letter
visually presented. The activation paradigm consisted of
six activation blocks (21 s each) alternating with six
baseline rest blocks (21 s each).

Data analysis

The data were analysed with statistical parametric map-
ping (SPM2) implemented in MATLAB. Specific
hypotheses (activation>rest) were tested with a t-value
[SPM (t)] at each voxel. In this preliminary report, an
anatomically based region of interest (ROI) analysis
method was used to detect pharmacologically induced
changes in language-related activation, i.e., the number
of activated voxels was determined in predefined brain
regions including the bilateral inferior and middle pre-
frontal cortex (Brodmann’s areas 44, 45 and 46).

Results

Clinical evaluation using information from the personal
diary of each patient shows that TPM is associated with a
very great reduction in mean monthly migraine frequency

Table 1 Number of voxels (k) and peak height (z=maximum z-values) of activations in Brodmann’s areas 44, 45 and 46 evoked by a silent word-
generation task

Controls TPM-treated patients

With language Without 
disfluency language disfluency

x Range x Range x Range

BA 44 left
k 167.20 78–297 57.80 3–124 491 148–657
z 6.76 5.93–7.99 5.47 4.03–6.54 9.76 7.55–12.32
BA 44 right
k 33.80 0–169 18.20 0–29 115.40 0–197
z 1.10 0–5.50 4.04 0–5.79 5.00 0–7.25
BA 44,45,46 left
k 443 197–770 212.60 103–343 861.80 171–1364
z 8.15 7.59–9.63 6.80 5.64–8.22 10.07 8.70–12.42
BA 44,45,46 right
k 43 0–135 52.40 0–224 247.60 94–545
z 4.51 0–5.87 4.22 0–5.80 6.43 5.41–7.49



(from 6.5±2.9 at baseline to 2.5±1.6 during the treatment
phase). The median daily dose of TPM was 80.7±20.5 mg,
without differences between the two subgroups. In our
patients therefore the emergence of cognitive side effects
seems to be not related to dosage of TPM.

With regard to fMRI, Table 1 reports quantitative analy-
sis of changes in prefrontal activation during the language
task. Relative to the control group, the TPM group shows a
different pattern of activation. In fact, in patients with lan-
guage dysfunction, “Broca’s area” (BA 44) was significant-
ly underactivated; furthermore peak height of activation
was generally localised in areas outside BA 44. On the con-
trary, patients without language dysfunction showed a more
general overactivation in speech areas.

Discussion

The preliminary data derived by our study suggest that lan-
guage disturbances experienced during TPM treatment are
associated with a “remapping” of the language cerebral
network. Our findings expand on previous data based on
examination of epileptic patients [4]: there is an obvious
correspondence between the type and severity of cognitive
impairment and the areas observed to have decreased acti-
vation. It is noteworthy that changes are observed in
patients taking TPM at a low dose level, on a shown titra-
tion schedule and with significant clinical effect. An
explanation of the high sensitivity of the language-related
cerebral regions to TPM remains to be given. In our opin-

ion the different pattern of activation may be linked to dif-
ferent individual ability of cerebral structures to compen-
sate for the abnormalities induced by TPM on the whole
brain’s functions [5]. Indeed patients with language dys-
function show a marked activation decrease of language
network, whereas patients without language dysfunction
show a general overactivation, likely linked to a cerebral
compensation. Further work is needed to investigate the
relationship between individual variables (such as pre-
treatment level of language performances) and emergence
of cognitive side effects. Moreover fMRI may prove a use-
ful tool for screening compounds that are being developed
to treat neuropsychiatric disorders. 
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Abstract Case series have demonstrated an increased
incidence of white matter lesions (WMLs) in patients
with migraine. It is controversial whether the evidence of
subclinical brain lesions relates to a higher risk of cere-
brovascular disease. The objective of this study was to
evaluate the association between magnetic resonance
imaging (MRI) subclinical brain lesions and cerebrovas-
cular risk factors (hyperhomocysteinaemia, MTHFR
genotype, patent foramen ovale, hypertension, smoking
and hypercholesterolaemia). From our database of 1201
patients followed at our Headache Clinic since September
2003 we analysed the MRI findings of 253 individuals.
All MRI were blindly analysed by a second neuroradiol-
ogist (C.A.) and patients with WMLs (study group) were
evaluated. In order to assess the association of WMLs
with specific vascular risk factors, patients with WMLs
were matched, according to age, sex and ICHD II diagno-

sis, with an equal number of individuals with normal MRI
(control group). Headache was classified by the
International Classification of Headache Disorders
(ICHD 2004) criteria. We did not find any statistically
significant difference between the two groups with regard
to the presence of the cerebrovascular disease risk factors
considered. Our results confirm that the WMLs are not
related to the cerebrovascular disease risk factors.

Keywords Migraine · White matter lesions ·
Cerebrovascular risk factors

Introduction

Migraine is a common chronic disease, characterised by
the recurrence of disabling attacks and autonomic nerv-
ous system dysfunction, and it is associated with transient
focal neurological symptoms in up to one out of three
patients.

In a subgroup of patients the disease has a malignant
evolution and the attacks tend to evolve into a chronic
daily headache [1]. Evidence is growing that the recur-
rence of headache attacks may be associated with perma-
nent changes in the CNS structure [2]. 

It has been suggested that migraine is an independent
risk factor for stroke [3].

White matter lesions (WMLs) on magnetic resonance
images (MRI) have been found in patients with migraine,
particularly in migraine with aura individuals. They typi-
cally occur in the deep or periventricular white matter and
are visualised on T2-weighted or fluid-attenuated inver-
sion-recovery (FLAIR) sequences.

The meaning of these abnormalities is still unclear
[4–6]. However, a few studies indicate that these abnormal-
ities have been linked to an increased risk of stroke [2, 7].
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Methods

From our database of 1201 patients followed at our
Headache Clinic since September 2003 we analysed MRI
findings in 253 individuals. All MRI were blindly
analysed by a second neuroradiologist (C.A.) and
patients with WMLs were evaluated. The presence of
other MRI abnormalities and a stroke and head trauma
history were considered exclusion criteria. In order to
evaluate the association of WMLs with specific vascular
risk factors, patients with WMLs (study group) were
matched by age, sex and ICHD II diagnosis with an equal
number of individuals with normal MRI (control group).
The presence of cerebrovascular disease risk factors was
analysed in all patients. In particular, we evaluated
hyperhomocysteinaemia, MTHFR genotype, the pres-
ence of hypertension, smoking, hypercholesterolaemia
and oral contraceptives. The presence of right-to-left
shunt was evaluated by a transcranial Doppler. Headache
was classified by the International Classification of
Headache Disorders II (ICHD 2004) criteria. A χ2 test
statistical analysis was carried out. Results were evaluat-
ed at a p<0.05 level of significance within 95% confi-
dence interval.

Results

The age of the 253 patients (60 males and 193 females)
ranged from 15 to 71 years (mean 40±12 years, median
40 years), with a duration of disease ranging between 1
and 57 years (mean 19±12 years).

In the 50 patients (10 males and 40 females) with
WMLs (study group, SG), age ranged from 16 to 63
years (mean 44±10 years) and the duration of disease
ranged from 1 to 44 years (mean 18±11 years).
According to the ICHD II, 23 individuals had migraine
with aura (MA), 15 migraine without aura (MO) and 12
chronic daily headache (CDH). In the SG, 45 individuals
reported more than one monthly attack (90%). WML
individuals were matched by sex, age and ICHD diagno-
sis with 50 control patients without WMLs (control
group, CG).

No patient in the two groups reported a history of
stroke or transient ischaemic attack or showed relevant
abnormalities at standard neurological examination.

In the SG, hyperhomocysteinaemia was present in 11
patients (22%) and MTHFR mutation in 25 (50%). A
patent foramen ovale, such as a right-to-left shunt, was
found in 22 (44%), and hypertension was reported in 5
(10%), smoking in 8 (16%) and hypercholesterolaemia in
17 (34%). Thirteen (33%) females out of the 40 reported
taking an oral contraceptive.

In the CG, hyperhomocysteinaemia was present in 10
patients (20%, p>0.05) and MTHFR mutation in 22

(44%, p>0.05). A patent foramen ovale was found in 19
patients (38%, p>0.05), hypertension was reported in 3
(6%, p>0.05), smoking in 13 (26%, p>0.05) and hyperc-
holesterolaemia in 11 (22%, p>0.05). Seventeen (42%)
females out of the 40 reported taking an oral contracep-
tive (p>0.05).

Conclusions

In accordance with the literature, our results confirm a
higher frequency of WMLs in both females and patients
affected by MA [3]. A frequency of attacks higher than one
per month was reported in the majority of our WML group,
confirming what has been reported in several studies [2].

The two study groups showed a similar frequency of
the cerebrovascular disease risk factors assessed. In par-
ticular, the presence of WMLs was independent of a his-
tory of hypertension, smoking, hypercholesterolaemia
and oral contraceptive use. Moreover, no evidence of a
higher frequency of hyperhomocysteinaemia, MTHFR
mutation and patent foramen ovale has been found in the
study group. These data confirm what is reported in the
literature [2].

Similar lesions may have a similar pathogenetic
mechanism. The absence of a correlation between these
lesions and cerebrovascular risk factors in our and other
studies may suggest the existence of a common patho-
genetic mechanism, currently unknown. 

This also supports the theory that WMLs may be a
specific marker of migraine or of its evolution towards
stroke. Prospective studies are necessary in order to
assess whether migraine patients with WMLs run a high-
er risk of stroke than migraine patients without WMLs.
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Abstract The aim of this study was to explore the associ-
ation between different types of headache (HA) and the
clinical features of multiple sclerosis (MS). The relation-
ship between HA and MS-specific therapies was also
analysed. A total of 102 MS patients were recruited at the
MS Centre of S. Andrea Hospital in Rome. According to
International Headache Society criteria, the lifetime
prevalence of primary HA was 61.8%. Migraine was
observed more often in young relapsing–remitting MS
patients, whilst tension-type HA was associated with older
age, male gender and a secondary progressive course.
Sixty-four patients had a history of ongoing or past inter-
feron beta (IFNb) exposure. Of these, 17 subjects did not
have a history of HA, while 24 complained of an increase
in frequency of migraine attacks and 7 reported an IFNb-
induced HA. Investigating and treating HA in MS patients
starting IFNb therapy may improve MS-specific medica-
tion compliance.

Keywords Migraine · Headache · Multiple sclerosis ·
Interferon beta

Background

The link between multiple sclerosis (MS) and primary
headache (HA) is poorly understood and studies investi-
gating their relationship have produced conflicting results.
The prevalence of HA in MS patients has been reported to
be between 4% and 58% and the frequency of HA as an
onset symptom of MS between 1.6% and 26% [1–4].
Several studies suggested that Interferon beta (IFNb) treat-
ment may induce de novo HA and exacerbation of pre-
existing HA [3, 5, 6].
The primary goal of this study was to investigate the asso-
ciation between MS and HA. The secondary aim of the
study was to evaluate the correlation between different
types of primary HA and the clinical features of MS. The
relationship between HA and MS-specific medication for
MS was also evaluated.

Methods

Between October 2006 and January 2007 we prospective-
ly recruited consecutive MS patients, according to the
McDonald criteria [7], regularly attending at the MS
Centre of S. Andrea Hospital in Rome. We collected
demographic and clinical variables for each patients: gen-
der, age at MS onset, previous and ongoing therapy for
MS, duration of MS-specific treatment and level of dis-
ability assessed by the Expanded Disability Status Scale
(EDSS) [8].

All patients underwent: the ID migraine, a semistruc-
tured interview guided by a questionnaire based on
International Headache Society (IHS) criteria [9] to evalu-
ate and classify HA, the Beck Depression Inventory (BDI)
and the Toronto Alexithymia Scale (TAS-20). Patients
diagnosed as affected by HA also underwent the Migraine
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DIsability Assessment Scale (MIDAS) and the Headache
Impact Test-6 (HIT-6) for the assessment of migraine dis-
ability.

Data have been analysed using SPSS software.
Statistical significance was calculated by the Pearson’s
Chi-squared test or the Student’s independent-samples t-
test, when appropriate. p-values less than 0.05 were con-
sidered significant.

Results

A total of 102 MS patients (71 females, 31 males) were
recruited. Mean age was 38.7±9.5 years (median 38,
range 15–68); mean MS duration was 8.8±7.6 years
(median 6, range 1–41). Eighty-three patients had a
relapsing–remitting form, while 19 had a secondary pro-
gressive (SP) course. Mean EDSS score of whole study
population was 2.4±1.6 (median 2.0, range 0–7.0).
Twenty patients did not receive any specific MS treat-
ment, while 82 subjects were on therapy with MS-specif-
ic drugs: 37 with an IFNβ formulation, 22 with immuno-
suppressant agents, 18 with natalizumab and 5 with glati-
ramer acetate.

According to IHS criteria, 63 patients suffered from a
primary HA, while 11 patients had a secondary form (7

reported an IFNβ-induced HA as a part of flu-like symp-
toms, 4 had an atypical neuralgia).

The lifetime prevalence of primary HA in the whole
population was 61.8%. HA started at younger age com-
pared with MS onset (21.7±11.9 vs. 29.7±8.8 years;
p=0.002). Migraine was observed more often in RR than
SP MS patients. Conversely, tension-type HA (TTH) was
associated with older age, male gender and progressive
course of MS. No relationship between MS duration, age at
MS onset, EDSS score and HA was detected (see Table 1).

Sixty-four patients had a history of ongoing or past
IFNβ exposure. Among these, 17 (26.5%) did not have a
history of HA, 7 (11%) reported an IFNβ-induced HA, 16
(25%) migraineurs reported no changes in frequency of
migraine attacks, 24 (37.5%) complained of an increase in
frequency (10.5±9.5 vs. 6.5±6.5 days/month; p=0.05) and
a slightly higher HIT-6 score (53.6±13.6 vs. 44.0±19.6;
p=0.08). We also observed that frequency and intensity of
HA was not significantly related with IFNβ dosage, type
of molecule (i.e., IFNβ-1a or -1b) and frequency of
administration. However, the migrainous subjects taking
IFNβ thrice per week or every other day had a higher
median number of attacks (2/month vs. 6/month, p=0.05)
and higher BDI score (9.6±6.0 vs. 5.3±4.6, p=0.05) than
patients treated once weekly.

Table 1 Demographic and clinical characteristics of study population according to subtypes of HA

Migraine Chronic HA TTH Secondary HA No HA Pooled
(n=46) (n=8) (n=9) (n=11) (n=28) (n=102)

Gender*
Female 38 8 3 8 14 71
Male 8 0 6 3 14 31

Current age**
<30 years 13 0 1 2 4 20
30–40 years 17 5 0 3 13 38
>40 years 16 3 8 6 11 44

Education
≤8 years 6 0 2 2 3 13
9–13 years 29 6 5 6 19 65
>13 years 11 2 2 3 6 24

MS course**
RR 40 8 5 9 21 83
SP 6 0 4 2 7 19

MS onset
<20 years 7 0 0 0 3 10
20–30 years 23 3 3 5 11 45
>30 years 16 5 6 6 14 47

MS duration
<2 years 6 2 1 3 5 17
2–10 years 23 6 4 5 14 52
>10 years 17 0 4 3 9 33

EDSS score
≤1.5 21 3 3 3 12 42
2.0–3.5 16 4 2 7 9 38
≥4.0 9 1 4 1 7 22

No HA, patients without headache; RR, relapsing–remitting MS; SP, secondary progressive MS
*p<0.01 and **p=0.05
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Conclusions

Our study shows that HA is common in people with MS:
the lifetime prevalence (61.8%) of HA was the highest
reported in the literature. We confirmed high prevalence
of pre-existing migraine and low prevalence of TTH,
which represented the most common type of HA in older
males affected by a SP course of MS. Although migraine
preceded MS onset by about 8 years, this study cannot
rule out the hypothesis that migraine might represent a
first symptom of the disease. Further efforts are required
to clarify the real link between migraine and MS.

In patients treated with IFNβ we performed an accu-
rate classification of HA aimed to differentiate HA due to
flu-like syndrome from primary HA. Treatment with
IFNβ triggered de novo HA in few subjects, while the
majority of patients showed an increased frequency of
pre-existing HA. In particular, subjects receiving high-
frequency IFNβ treatment had a greater number of
migraine attacks and higher BDI score than those on ther-
apy with once weekly administration. 

Because of the small number of subjects considered,
these finding should be taken with caution, although the
head-to-head study comparing every-other-day IFNβ-1b
vs. once-weekly IFNβ-1a demonstrated a minor occur-
rence of HA among patients treated by low-frequency for-
mulation [10].

On the contrary, the association between increased
level of depression and high-frequency IFNβ dose record-
ed in our work conflicts with the results of both the dose-
comparison studies showing no differences in prevalence
of depression during a follow-up period ranging from 12
to 24 months [11]. However, it has been observed that fre-
quency and duration of migraine attacks is associated
with depression or anxiety [12].

We suggest that investigating and treating HA in MS
patients starting IFNβ therapy may improve MS-specific
medication compliance.
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Abstract We evaluated the association between depressive
symptoms and migraine using cross-sectional data from
the Zabút Aging Project, a population-based study includ-
ing subjects aged ≥50 years. A total of 1285 nonmi-
graineurs and 151 migraineurs were included. Diagnosis
of migraine was carried out using the criteria of the
International Headache Society. The Center for
Epidemiologic Studies Depression scale (CES-D) was
used to score depressive symptoms. Depressive symptoms
were clustered in four groups: depressed and positive
affects, somatic activity and intrapersonal feelings.
Migraineurs showed higher total and specific depressive
symptoms than controls (p from 0.005 to <0.0001). Mild-
to-moderate depressive symptoms (CES-D score of ≥16)
were present in 47.2% of migraineurs compared to 15.8%
of controls (p<0.0001). After adjustment for demograph-
ics, mild-to-moderate depressive symptoms were strongly
associated with migraine (OR [95% CI]=4.7 [3.1–7.0]).
This association significantly increased in males (OR
[95% CI]=6.2 [2.8–14.6]). Depressive features represent
highly frequent comorbid symptoms of adult-to-elderly
migraineurs.

Keywords Migraine · Epidemiology · Depression ·
Elderly

Introduction

Cross-sectional and bi-directional associations between
migraine and psychiatric disorders, mainly depression,
have been described [1, 2]. Prevalence of major depres-
sion in migraineurs has been reported to account for
about 25% of subjects [3]. However this field is broad
and represents a still unexplored subject. In particular,
the association between specific depressive symptoms
and migraine has been scarcely investigated. We thus
explored the association between migraine and specific
clusters of depressive symptoms in a cross-sectional,
population-based study.

Methods

Study population and case ascertainment

This study was part of the Zabút Aging Project (ZAP), a
comprehensive survey of neuropsychiatric disorders of
all subjects aged 50 years or over, living in a village near
the city of Palermo, Italy on 31 October 2001. As previ-
ously reported [4], the detection of headache sufferers
was conducted using a two-phase door-to-door proce-
dure. First, all participants were examined by physicians
with a screening questionnaire for the presence/absence
of headache. Second, subjects positively screened for
migraine were examined by neurologists using a semi-
structured questionnaire for headache based on the crite-
ria of the International Headache Society [5]. On the
basis of this information, migraine cases were finally
ascertained. The Ethics Committee of the Medical
Faculty at the University of Palermo approved the base-
line data collection and participants gave written
informed consent.

Neurol Sci (2008) 29:S149–S151
DOI 10.1007/s10072-008-0909-2

O R A L  C O M M U N I C AT I O N

Comorbidity between depressive symptoms and migraine:
preliminary data from the Zabút Aging Project

Cecilia Camarda • Carmela Pipia • Antonia Taglialavori • Paola Di Fiore •
Rosolino Camarda • Roberto Monastero

© Springer-Verlag 2008

C. Camarda (�) · C. Pipia · A. Taglialavori · P. Di Fiore · 
R. Camarda · R. Monastero
Adult Headache Centre
Department of Clinical Neuroscience
University of Palermo
Via La Loggia 1, 90129 Palermo, Italy
e-mail: ceca72@hotmail.com



S150 Neurol Sci (2008) 29:S149–S151

Assessment of depressive symptoms

Participants underwent the Center for Epidemiologic
Studies Depression scale (CES-D), 20-item version [6],
during a physician’s interview. Depressive symptoms were
then clustered using the original four-factor structure
including 16 of the 20 CES-D items [6], as follows:
depressed affect (blues, depressed, lonely, cry, sad), posi-
tive affect (good, hopeful, happy, enjoy), somatic activity
(bothered, appetite, effort, sleep, get going) and interper-
sonal feelings (unfriendly, dislike).

Statistical analyses

Descriptive data between migraineurs and nonmigraineurs
were compared with a two-tailed t-test or chi-square analy-
sis. Depressive features were treated as continuous and
dichotomic variables. For this purpose a cut-off value of
≥16 was used to describe mild-to-moderate depression [6].
The association between migraine and depressive symp-
toms was evaluated with logistic regression analysis adjust-
ing for age, sex and education. Results are presented as
odds ratios (ORs) with 95% confidence intervals (CIs). For
all analyses the level of significance was p≤0.05.

Results

After excluding subjects with severe psychiatric disorder,
dementia, stroke-related aphasia and nonmigraine headache,
1436 individuals collected at baseline were included in this
study. The mean age of participants was 73.5 years (10.1
SD) and mean years of education was 5.3 (4.1); females
were more represented than males (53.3 vs. 46.7). A total of
151 participants were diagnosed as migraineurs. Subjects
with migraine were significantly younger than nonmi-
graineurs (mean±SD: 68.3±8.6 vs. 74.1±10.1, p≤0.0001).
Furthermore, females were more represented in the migraine
group as compared to nonmigraineurs (79.5% vs. 50.2%,
p<0.0001). Regarding depressive symptoms, migraineurs
showed significantly higher total and specific depressive
symptoms than controls (p from 0.005 to <0.0001). In par-
ticular, mild-to-moderate depressive symptoms were present
in 47.2% of migraineurs compared to 15.8% of controls
(p<0.0001). After adjustment for demographics, mild-to-
moderate depressive symptoms were strongly associated
with migraine (OR 4.7, [95% CI, 3.1–7.0]). The association
between migraine and depressive status significantly
increased in males (OR 6.2 [95% CI, 2.8–14.6]).

Discussion

In the ZAP cohort, we found a strong cross-sectional asso-
ciation of migraine with mild-to-moderate depressive

symptoms; of interest, the highest association was evi-
denced in males compared to females. This finding prob-
ably accounts for a higher prevalence of vascular comor-
bidity in males compared to females in our population.
Indeed, it is well known that vascular diseases are often
associated with depressive symptoms, particularly in
males [7]. There is still no clear evidence for the patho-
genesis of the comorbidity between migraine and depres-
sion. However, based on previous literature reports, a
plausible hypothesis suggests that migraine shares some
causative, genetic, biochemical or environmental factors
with depression [1].

The association between migraine and depression has
been previously evaluated in young adults by some popu-
lation-based, cross-sectional studies [8–10]. According to
these data, adjusted ORs range from 2.0 to 3.0. In our
study, we found a higher association between migraine
and depressive status with respect to previous reports.
Differences in study design, diagnostic criteria and demo-
graphics (i.e., our study includes subjects with a mean age
of 73.5 years) probably account for different results
between these data and ours.

Although our study has several strengths, including
the large sample size and standardised migraine ascertain-
ment, some shortcomings should be mentioned. First,
these represent preliminary data, and control for potential
confounders (i.e., vascular disease) should be considered.
Second, cross-sectional studies cannot determine whether
migraine causes depression or whether other risk factors
or a shared susceptibility cause this association.
Prospective data of this cohort, however, will provide fur-
ther information on the causal relationship between
migraine and depressive status. 

In conclusion, our data suggest that migraineurs, par-
ticularly males, had a higher depressive burden than non-
migraineurs. As depression is comorbid with migraine
and also is a risk factor for migraine progression [1, 2],
subjects with migraine should be carefully screened for
depression, with subsequent important clinical and thera-
peutical implications.
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Abstract Migraine is known to be associated to particular
psychological features. Cutaneous allodynia is a painful
sensation or discomfort induced by a non-noxious stimu-
lus, and is a frequent complaint during migraine attacks.
The aim of this study was to compare the personality pro-
file of allodynic and non-allodynic migraineurs to identify
possible relationships between psychological aspects and
the presence of allodynia. The Symptom Check List 90-R
(SCL90R), a 90-item self-report psychological symptom
inventory, was used to investigate the psychological profile
of our patients. The presence of allodynia was assessed by
a set of semi-structured questions that investigated if the
patient experienced abnormal scalp sensitiveness and/or
discomfort during headache episodes. Twenty-five non-
allodynic patients and 38 allodynic migraineurs were stud-
ied. No significant difference was found between the two
groups in any area of the personality profile. The psycho-
logical profile seems not to affect the presence/absence of
cutaneous allodynia in migraine patients. This reinforces
the hypothesis that allodynia is a “somatic” symptom, not
modified by psychological aspects.

Keywords Allodynia · Psychological profile · Migraine ·
Symptom Check List 90-R inventory (SCL90R)

Background

Cutaneous allodynia is described as a painful sensation or
discomfort induced by a non-noxious stimulus. It is a fre-
quent complaint during migraine attacks, as approximate-
ly two-thirds of patients with migraine may report allody-
nia during headache attacks [1–3]. Allodynia in migraine
is thought to represent a clinical correlate of central sen-
sitisation of the nociceptive neurons that process informa-
tion from intracranial and extracranial structures. In fact,
migraine attacks are accompanied by activation of
trigeminal perivascular nociceptive fibres in the
meninges. Central sensitisation is an increased central
neuronal responsiveness that may cause hyperalgesia and
allodynia [4]. Central descending inhibitory systems nor-
mally modulate this process. These modulatory systems
are thought to be influenced by certain behavioural and
cognitive factors [4].

Migraine is known to be associated to particular psy-
chological features, which are related to some extent to
age, duration of illness [5] and migraine subtype [6].
Furthermore, comorbidity between headache and psycho-
logical disorders may reveal a common central neurogenic
mechanism, such as a dysregulation of some neurotrans-
mitter system, which underlies both the headache and the
coexistent disorders [7].

Aim of the study

The aim of the present study was to compare the psycho-
logical profile of allodynic and non-allodynic migraineurs
to identify possible relationships between psychological
aspects and the complaint of allodynia.
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Methods

Sixty-three consecutive outpatients presenting for the first
time at the Headache Center of the L. Sacco Hospital,
diagnosed as migraineurs, were included in the study.

The psychological status of patients was assessed by
the Symptom Check List 90-R inventory (SCL90R) [8].
The SCL90R is a 90-item self-report psychological symp-
tom questionnaire that assesses the following fields: soma-
tisation, obsessive-compulsive attitude, interpersonal sen-
sitivity, depression, anxiety, hostility, phobic anxiety, para-
noid ideation and psychoticism. It gives a possible a score
for each psychological area, and a total mean score (glob-
al gravity index) that defines the global psychological con-
dition. Allodynia was assessed by a set of semi-structured
questions, which was used in a previous study [3]. The
first question investigated was if the patient experienced
abnormal scalp sensitiveness and/or discomfort.
Immediately after this screening question, all patients
were asked a series of individual questions to assess what
daily activities might induce allodynia: touching head
skin; touching hair; combing hair; brushing hair; wearing
glasses; hairbands, curlers or ponytail; lying with head
resting on the side of allodynia. We defined a patient as
allodynic when one ore more positive answers were found.

With regard to the specific headache characterisation,
patients were diagnosed according to the 2004
International Classification of Headache Disorders
(ICHD II) criteria [9].

Both the allodynia questionnaire and the SCL90 test
were administered to patients at the first outpatient visit
before the diagnostic evaluation. 

The t-test was applied to compare the scores obtained
at each psychological field and the global gravity indexes
obtained in allodynic and non-allodynic migraineurs.

Results

We examined 63 consecutive migraineurs presenting for
the first time at the Headache Center of the L. Sacco
Hospital. A total of 25 non-allodynic (4 males and 21

females) and 38 allodynic (1 male and 37 females)
migraineurs were investigated using the SCL90R. In the
non-allodynic group 6 (24%) subjects had chronic
migraine while 19 (76%) were episodic; the allodynic
group included 12 chronic and 26 episodic migraine
patients (31.6% and 68.4%, respectively). Six of the 25
non-allodynic patients (24%) had migraine with aura and
19 (76%) had migraine without aura; among the 38 allo-
dynic migraineurs 14 (36.8%) had migraine with aura and
24 (63.2%) without aura. 

The mean global gravity index and the mean scores in
each single psychological area found both in the allodyn-
ic and non-allodynic groups are reported in Table 1. 

No significant difference in the global gravity index
was found between allodynic and non-allodynic
migraineurs. Also, analysing the nine single psychologi-
cal areas, no differences emerged between the two groups.
A borderline result was observed only in the “interperson-
al sensitivity” field.

Discussion

The psychological profile seems not to affect the pres-
ence/absence of cutaneous allodynia in migraine patients.
Our findings may reinforce the hypothesis that allodynia
is a “somatic” symptom, not modified by psychological
aspects.

On the other hand, the presence of allodynia during
migraine attacks, although unpleasant, seems not to be
able to modify the mood and the behaviour of the patient.  

A small difference between the two groups was
observed in only one single psychological field, labelled
“Interpersonal sensitivity”. This result may partially be
attributable to the large number of fields into which the
SCL90R test is divided. Increasing the number of param-
eters in the study, the chance of a significant result
increases. The study needs to be repeated on a larger pop-
ulation to verify our results. 

The study has several limitations that reduce its power:
the size of the sample is still small and both allodynic and
non-allodynic groups included patients with different

Table 1 Comparison SCL90R scores (mean values±standard deviation) between allodynic and non-allodynic migraineurs

SCL90R scores Non-allodynic migraineurs Allodynic migraineurs t-test

Global gravity index 0.52±0.25 0.76±0.55 NS
Somatisation 1.07±0.59 1.14±0.61 NS
Obsessive-compulsive attitude 0.64±0.37 0.82±0.72 NS
Interpersonal sensitivity 0.25±0.26 0.76±0.79 0.003
Depression 0.57±0.38 0.91±0.84 NS
Anxiety 0.67±0.35 0.88±0.69 NS
Hostility 0.49±0.44 0.67±0.59 NS
Phobic anxiety 0.17±0.17 0.35±0.40 NS
Paranoid ideation 0.36±0.38 0.62±0.64 NS
Psychoticism 0.18±0.22 0.41±0.50 NS



S154 Neurol Sci (2008) 29:S152–S154

migraine subforms (migraineurs with and without aura,
chronic and episodic), although in balanced proportions.
This heterogeneity may cover possible differences that
could emerge with a more specific analysis of the different
diagnostic groups. Previous studies underlined some differ-
ences in the psychological profile between migraineurs
with and without aura [5, 6]. On the other hand, the com-
plaint of allodynia may be more frequent among chronic
migraine and migraine with aura patients [3].

Notwithstanding these limitations, our study is the
first to directly compare the psychological profile of
migraineurs with and without allodynia in order to inves-
tigate possible endogenous elements facilitating the pres-
ence of migraine-related allodynia.

This may have clinical implications. As allodynia is
associated with reduced triptan efficacy against acute
migraine attacks [10] and it may also interfere with the
efficacy of prophylactic medications [11], the possible
individuation of environmental or endogenous factors
(such as a particular psychological profile) able to facili-
tate allodynia may be crucial for accurate clinical evalua-
tion and a tailored treatment plan in migraine patients.
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Abstract The aim of this study was to evaluate the preva-
lence of mood and eating disorders in patients with men-
strual migraine. Quality of life and disability were also
assessed. The study confirmed the presence of significant
disability and poor quality of life due to migraine even in
a selected subgroup of patients affected with menstrual
migraine. In contrast with the previous literature we did
not find any difference in the prevalence of mood and eat-
ing disorders.

Keywords Menstrual migraine · Health-related quality of
life · Disability

Introduction

Migraine occurs more frequently in women than in men,
affecting about 10%–15% of the general population.
Gender differences may be due, in part, to the cyclic
changes in female sex hormones. Migraine headache is
more likely to occur perimenstrually and to be more severe
[1, 2]. Migraine attacks cause significant lost productivity
and decreased quality of life [3], mostly if migraine is asso-
ciated with a psychiatric disorder [4], which is frequently
found in comorbidity with migraine [5]. Moreover,
Brewerton and George suggested a comorbidity between
migraine and eating disorders [6], in line with a probable
hypothalamic involvement in migraine pathogenesis [7].

The purpose of our study was to assess the quality of
life, using the Migraine Disability Assessment question-
naire (MIDAS) and the Short-Form Health survey (SF-
36), concomitant eating disorders, using the Eating
Disorders Inventory-II (EDI-II), and psychiatric comor-
bidity, according to the Beck Depression Inventory-II
(BDI-II) and the Mini International Neuropsychiatric
Interview (MINI), in menstrual migraine patients.

Methods

Patients 

Ninety-one consecutive outpatients with pure menstrual
migraine and menstrually related migraine, referred to the
Headache Centre of the Neurological Department of the
University of Bologna, Italy, were matched by age with
83 healthy women. Pure menstrual migraine and menstru-
ally related migraine were classified according to the
ICHD-II criteria [8]; a relation between migraine and
menses was documented in diaries filled in for at least
three months. The main exclusion criteria were: age <18

Neurol Sci (2008) 29:S155–S157
DOI 10.1007/s10072-008-0911-8

O R A L  C O M M U N I C AT I O N

Quality of life, eating and mood disorders in menstrual migraine:
a case-control study

Marianna Nicodemo • Luca Vignatelli • Daniela Grimaldi • Elisa Sancisi • Jean Elia Fares •
Stefano Zanigni • Giulia Pierangeli • Pietro Cortelli • Pasquale Montagna • Sabina Cevoli

© Springer-Verlag 2008

M. Nicodemo (�) · L. Vignatelli · D. Grimaldi · E. Sancisi ·
J.E. Fares · S. Zanigni · G. Pierangeli · P. Cortelli · P. Montagna ·
S. Cevoli
Department of Neurological Science
University of Bologna
Via U. Foscolo 7, 40123 Bologna (BO), Italy
e-mail: centro.cefalee@unibo.it



S156 Neurol Sci (2008) 29:S155–S157

years, more than 4–5 migraine attacks per month or
chronic headache, patients unable to give useful informa-
tion and secondary headache. 

Data collection

At the time of the visit a headache specialist performed a
semi-structured history-taking interview and a neurolog-
ical examination. Healthy women were interviewed by
the same headache specialist to rule out a diagnosis of
migraine. Both groups filled in MIDAS, SF-36, BDI and
EDI-II questionnaires in their validated Italian versions.
The SF-36 questionnaire measures the health-related
quality of life across eight dimensions: physical func-
tioning, role limitation due to physical problems, bodily
pain, general health, vitality social functioning, role lim-
itation due to emotional problems and mental health. 

The MIDAS is a specific questionnaire to assess
headache-related disability in three domains of activity
over the preceding three months: paid or school work,
household work, family, social and leisure activities [9].
The EDI-II is a 91-item inventory that evaluates the symp-
toms and the psychological characteristics of eating
behaviour disorders. It is composed of eight subscales and
three provisional subscales: Drive for thinness, Bulimia,
Body dissatisfaction, Ineffectiveness, Perfectionism,
Interpersonal distrust, Interoceptive awareness, Maturity
fears, Ascetism, Impulse regulation, Social insecurity. The
BDI is a 21-item multiple-choice test for measuring the
severity of depression. The MINI, structured on DSM-IV
and ICD-10 criteria, was used by a headache specialist to
evaluate the lifetime and current prevalence of mood dis-
orders in migraineurs and controls.

Data analysis 

Data were summarised using descriptive statistics (per-
centages or arithmetic means±SD). Statistical analysis
was performed by non-parametric testing. For quantita-
tive data the Mann–Whitney U-test was used.
Significance level was set at p=0.05. 

Results

We enrolled 91 patients (mean age 35.86±7.25) and 83
healthy women (mean age 35.11±8.04). Their demograph-
ic data were similar except for marital status (p=0.042) and
working status (p=0.009): compared to controls, more
women with migraine were married or cohabiting (62.4%
vs. 47%) and employed (79.6% vs. 58.8%). In addition,
migraine patients had a higher hormonal contraceptive use
(p=0.004).

Disability and health-related quality of life

The MIDAS score in migraineurs was 30.98±28.48:
17.6% patients had minimal or infrequent disability,
6.6% had mild or infrequent disability, 18.7% had mod-
erate disability, while 57.1% had severe disability.
Migraineurs missed more days from household work and
family/leisure activities than from work/school activities
(6.51 and 6.38 vs. 1.91 days). They reported a reduction
by at least half of ability to do household work and per-
formance at work/school activities on 7.63 and 8.56 days
respectively.

The patients differed significantly from controls in
the following SF-36 subscales: physical functioning
(88.95±10.76 vs. 92.59±14.29; p=0.000), role limitation
due to physical problems (58.24±37.46 vs. 82.53±31.41;
p=0.000), bodily pain (47.9±23.4 vs. 77.97±21.53;
p=0.000), general health (61.57±20.4 vs. 73.68±16.98,
p=0.000), vitality (50.27±17.94 vs. 58.31±15.44;
p=0.002) and social functioning (62.91±22.62 vs.
69.87±22.26; p=0.0032). Physical component summary
score was 45.82±7.92 vs. 54.14±7.69 (p=0.000). There
was no difference for role limitation due to emotional
problems and mental health.

Mood and eating disorders

The scores of all EDI-II subscales were similar in the two
groups.

The BDI scores in patients and controls were
4.54±4.51 and 3.57±4.23 respectively (p=0.059).

The MINI interview did not suggest any differences
between patients and controls for mood disorders: cur-
rent major depression (5.4% vs. 4.7%), lifetime major
depression (24.7% vs. 28.2%), current panic disorders
(1.1% vs. 0%), lifetime panic disorders (11.8% vs.
8.2%), current obsessive-compulsive disorder (2.1% vs.
1.2%), lifetime obsessive-compulsive disorder (6.4% vs.
3.5%), current generalised anxiety disorder (11.8 vs.
5.8%) and lifetime generalised anxiety disorders (20.4%
vs. 14.1%). 

Discussion 

We observed significant disability related to migraine:
57% of women affected with menstrual migraine had
severe disability. The patients missed more days from
household work and family/leisure activities than from
work/school activities, however ability to do household
work and performance at work/school activities were
reduced by at least half. These results were in line with
previous worldwide studies that showed a migraine-
related impairment of productivity at work and school



and a reduction of participation in family recreational
and social activities among young women [3, 10]. Poor
quality of life was described in migraine patients and
mood disorders were associated with significant decre-
ments in quality of life [4]. Our patients had lower SF-
36 scores across six of the eight domains compared to
healthy women. Menstrual migraineurs reported severe
limitations due to physical but not emotional problems.
In line with these results, but in contrast with the past
literature that widely described psychiatric comorbidity
in migraine patients [5], the MINI interview did not
suggest any differences between the groups for lifetime
and current prevalence of mood disorders. This differ-
ence may be due to the specific sub-group of migraine
patients studied. Finally we did not find significant dif-
ferences between cases and controls on EDI-II sub-
scales, in contrast with Brewerton and George, who
described higher scores on four of the eight subscale of
EDI (Body dissatisfaction, Perfectionism, Interpersonal
Distrust) in a small sample of migraineur women [6].
Menstrual migraine could be a specific type of
migraine, associated with significant disability and
reduced quality of life even in the absence of psychi-
atric comorbidity.
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Abstract Various diagnostic criteria have been proposed
for chronic daily headaches. We tested the recently pro-
posed revised criteria of the International Headache
Society in a sample of patients with chronic daily
headaches, most of whom were overusing acute medica-
tions, to assess their applicability in clinical practice com-
pared to alternative classification systems.

Keywords Chronic daily headache · Chronic migraine ·
Medication overuse headache

Introduction

Various criteria have been proposed for chronic daily
headaches (CDH) – headache forms with long duration
of attacks and daily or almost daily occurrence. CDH
patients with a history of episodic migraine are the most
difficult to classify, particularly when they also overuse
acute headache medications. The classification of pri-
mary CDH by Silberstein and Lipton [1] included the
sub-categories transformed migraine (subsequently
chronic migraine (CM), chronic tension-type headache
(CTTH), hemicrania continua and new daily persistent
headache. Transformed migraine required “some”
headache episodes of the migraine type, a history of pre-
vious typical episodic migraine (all subforms) or a histo-
ry of “increasing headache frequency with decreasing
severity of migrainous features”. In this classification, all
CDH forms could be further specified as with or without
medication overuse. In the current IHS classification
(ICDH-II) published in 2004 [2], CM was defined as the
presence of typical migraine without aura attacks on ≥15
days/month. The diagnosis of CM (like that of CTTH) is
alternative to the diagnosis of medication overuse
headache (MOH). The diagnosis of MOH requires that
the overused medication be discontinued for at least 2
months and that the chronic headache improve as a
result. For this reason, the terms probable CM (pCM),
probable CTTH (pCTTH) and probable MOH (pMOH)
were introduced. When patients have migraine ≥15
days/month and they report overuse of acute medica-
tions, they should be coded as pCM (preceded by the
antecedent migraine subform, usually migraine without
aura) plus pMOH. When patients have tension-type
headache ≥15 days/month and they report overuse of
acute medications, they should be coded as pCTTH plus
pMOH. If patients revert to an episodic headache after
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discontinuation of overuse, the MOH diagnosis is con-
firmed; if the CM or CTTH criteria are fulfilled 2
months after medication overuse has ceased, these diag-
noses are confirmed. 

The ICDH-II criteria for CM and MOH are not easy to
apply in clinical practice [3–5]. Alternative criteria were
proposed by Bigal et al. [5]. These authors tested differ-
ent classification proposals on a sample of patients previ-
ously diagnosed with transformed migraine, and conclud-
ed that the presence of at least 8 days with migraine per
month in a patient with CDH was the most suitable
threshold for defining transformed migraine. Recently,
revised criteria for CM and MOH have been proposed by
the IHS [6]. The major changes are as follows. CM
should be diagnosed in patients who currently suffer from
≥15 headaches/month, at least eight of which are
migraine without aura, and/or who report relief after trip-
tan administration. MOH should be diagnosed in patients
who report headache on ≥15 days/month and who use
ergotamine, triptans or combination analgesics ≥10
days/month, or simple analgesics or any combination of
ergotamine, triptans, analgesics and opioids on ≥15
days/month. Furthermore the MOH diagnosis no longer
requires improvement after discontinuation of the over-
used medications.

The aim of the present study was to evaluate how the
revised ICHD-II criteria [6] fit a sample of CDH patients
consulting our tertiary Headache Centre, in comparison
to the alternative classifications.

Materials and methods

Ninety consecutive patients referred to our Headache
Centre with headaches lasting ≥4 h, if not treated, for ≥15
days/month were considered for inclusion. We excluded

secondary headaches by clinical examination, biochemi-
cal analysis and cerebral MRI, when indicated. A
headache specialist performed a semistructured interview
in which the characteristics of CDH and pre-CDH
headaches, and frequency and type of symptomatic drugs
consumed, were elicited. Patients were classified accord-
ing to the ICHD-II-revised criteria [6], the original
ICHD-II criteria [2], the Silberstein and Lipton criteria
[1] and the Bigal et al. criteria [5].

Results

Six of the 90 screened patients were excluded as they
were unable to give complete information (no headache
diary cards available) and a further four were excluded as
they were found to have secondary headaches. Thus, 80
patients were studied: 13 men, 67 women; mean age 39.7
years, SD 12.5.

Diagnoses according to the different classification
systems are shown in Table 1. By applying the revised
ICHD-II criteria, 72/80 of the patients fulfilled the crite-
ria for MOH (column 4 of Table 1).

Discussion

While in the 2004 ICDH-II classification multiple codes
are required in most cases, the revised (2006) ICDH-II
criteria require a single diagnostic code for each patient,
suggesting that the these criteria may be easier to use, as
noted by other authors [3, 5, 7, 8]. Easier application may
be important in general clinical practice, as it may sensi-
tise clinicians to difficult cases (those with MOH),
prompting their referral to specialist centres [6].
However, the revised definition of MOH may result in

Table 1 Diagnoses of 80 patients with chronic daily headaches according to the various diagnostic criteria

Silberstein and ICDH-II 2004 [2] Bigal et al., ICDH-II revised Proposed second
Lipton, 1996 [1] 2006 [5] 2006 [6] code appended to

revised ICDH-II 
diagnosis of MOH

n (%) n (%) n (%) n (%) n (%)

CTTH – 5 (6.25) CTTH 5 (6.25) CTTH 5 (6.25) CTTH 5 (6.25) N/A 
CTTH + 5 (6.25) pCTTH +pMOH 5 (6.25) pCTTH+pMOH 5 (6.25) CTTH 5 (6.25)
TM + 67 (83.75) MO+pCM+pMOH 42 (52.5)

MO+pCM+pCTTH+ 10 (12.5) pCM+pMOH 67 (83.75) MOH 72 (90) CM 66 (82.5)
pMOH
MO+pCTTH+pMOH 14 (17.5)
MA+pCTTH+pMOH 1 (1.25) MA+CTTH 1 (1.25)

TM – 3 (3.75) pCM 3 (3.75) CM 3 (3.75) CM 3 (3.75) N/A 
Total 80 Total 80 Total 80 N/A

CTTH +, with medication overuse; CTTH –, without medication overuse; N/A, not applicable; TM, transformed migraine; TM +, with medication
overuse; TM –, without medication overuse; MO, migraine without aura; MA, migraine with aura; p, before any headache form indicates probable
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this entity being diagnosed by default in a high propor-
tion of patients attending a tertiary care centre: in our
series this was by far the most common diagnosis.
Furthermore the MOH diagnosis may not provide suffi-
cient information for patient management. We suggest
that a more thorough evaluation of cases with CDH with
medication overuse would be encouraged by appending
to the diagnostic code for MOH codes indicating the clin-
ical features of the current headache. We therefore pro-
pose the modified classification presented in column 5 of
Table 1. If we consider the 72 patients fulfilling the cri-
teria for MOH according to the revised ICDH-II classifi-
cation, 66 would be considered CM according to their
clinical characteristics, and of the six remaining patients,
five would be CTTH and one would be CTTH plus
migraine with aura. Thus, our proposed scheme accepts
the revised ICDH-II classification as primary code (sug-
gesting the need to tackle the medication overuse) but
also provides a second code indicating the clinical char-
acteristics of the headache and hence suggesting what
treatment to apply.
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Abstract Chronic headaches have increasingly become a
focus within the field of head pain. Most patients with fre-
quent headache eventually overuse their medications. The
diagnosis of medication-overuse headache is clinically
important, because patients rarely respond to preventive
medications whilst overusing acute medications. Properly
treating medication overuse and preventing relapse require
specific therapeutic strategies and the recognition of the dif-
ferent factors that contribute to its development and perpet-
uation, including some behaviours and psychological ele-
ments that are important in sustaining the overuse of med-
ication. Abrupt withdrawal is considered the first step for
helping these patients to stop medication overuse. The pos-
sibility of withdrawal within a day-hospital setting is con-
sidered a therapeutic alternative for these patients and com-
pared to in-patient withdrawal. Long-term results are dis-
cussed.

Keywords Chronic headache · Medication overuse
headache · In-patient withdrawal · Day-hospital 
withdrawal · Pharmacological treatment

Introduction

Patients with chronic migraine and medication overuse are
particularly difficult to treat, with no one approach being
universally accepted. Among the studies existing on thera-
peutic approaches for these patients, it is difficult to make
comparative statements [1, 2]. In fact different diagnostic
criteria have been used, leading to heterogeneous groups of
patients, as no clear consensus exists about the proper diag-
nosis.

Concerning the possibilities for managing these particu-
lar patients, there is general consensus on the fact that
abrupt drug withdrawal seems to be the most appropriate
first step, before introducing any kind of prophylaxis [1, 2].

Medication withdrawal strategies are different. In partic-
ular in-patient withdrawal seems the most helpful method
and after that it is necessary to follow the patients for an
extended time with specific preventive therapy to avoid any
relapse to former medication overuse, with results con-
firmed at long-term follow up [3–5].

In-patient treatment is needed in problematic patients
who have problems with other kind of pathologies and in
those with barbiturates overuse who need specific manage-
ment during the withdrawal. Also, most of the patients need
to be supported and encouraged by physicians, nurses and
family members to follow instructions carefully, to stop the
vicious cycle between aborting medication and headache
increase in order to be effectively treated by a preventive
therapy.

Other models of withdrawal treatment include out-
patient treatment or in a day-hospital setting. In these cases
the patients have to be highly motivated and self-disciplined
to follow the instructions carefully. In the case of a day-hos-
pital setting, the patients need to stay in the hospital for the
intravenous therapy for at least 6 h and then they can stay at
home for the rest of the day.
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The aim of this study was to determine (1) the clinical
course of 2 samples of chronic migraine patients with med-
ication overuse 12 months after two different treatment
interventions (in-patient or day-hospital withdrawal); and
(2) whether functional impairment, assessed by the MIDAS
questionnaire, improved upon treatment. 

Methods

Two groups of patients were enrolled: for Group A, 146
patients, an in-patient withdrawal was performed; for
Group B, 114 patients, an out-patient withdrawal (day-hos-
pital schedule) was performed.

All patients received a diagnosis of chronic migraine
with medication overuse according to the Silberstein and
Lipton Criteria [6]. The patients took, daily or almost daily,
a combination of medications consisting of NSAIDS, bar-
biturates, ergotamines, triptans and caffeine.

Eighty-four patients from Group A and 65 patients from
Group B were seen for the last follow-up, 12 months after
withdrawal. Five measures were used to assess outcome.
Two of the measures were extracted from the diaries: (1)
number of headache days per month and (2) number of
analgesic pills consumed per month. All the patients were
instructed to use as few analgesic pills as possible, particu-
larly in the first phase of therapy. Also after the withdraw-
al phase was completed, they were instructed to use triptans
only or, in case the triptan was unhelpful, indomethacin.

The remaining measures consisted of the Total Score,
headache frequency and headache intensity (A, number of
days of headache in the previous 3 months; and B, average
pain intensity of the headache attacks) from the Migraine
Disability assessment Questionnaire (MIDAS) [7]. The
Italian translations of the MIDAS Questionnaire were test-
ed using a standardised methodology [8].

All patients were provided a semi-standardised in-
patient or day-hospital withdrawal treatment. The hospi-
talised patients stayed in the clinical department for a peri-
od of 7 days. For the day-hospital group the patients arrived
at the hospital at 8.30 a.m., completed their intravenous
therapy and then left the hospital at 3 o’clock.

For patients of both groups the treatment consisted of:
(1) intravenous hydration for a period of 10 days; (2) intra-
venous steroids for the first 5 days followed by oral prescrip-
tion for another 5 days; (3) diazepam per os in 2 prescrip-
tions per day; (4) ev or im metoclopramide or indomethacine
when needed for intense rebound headache [9].

On day 6 patients were started on one of the several pro-
phylactic antimigraine compounds recommended by pub-
lished guidelines [9]: flunarizine, pizotifen, propanolol or
amitriptyline, when needed for mood disorder.

All the patients were recommended to stop work or any
other activity during the withdrawal in the day-hospital set-
ting, and to stay at home and rest as much as possible after

the therapy; the patients of both groups were encouraged to
abruptly stop taking analgesics and to use intramuscular
indomethacin only for intense headache attacks.

Results

The patients of both groups had improved significantly at
12 months follow up: days of headache per month
decreased (Group A: 26.1 vs. 10.7; Group B: 24.3 vs. 9.9),
medications/month decreased (Group A: 48.9 vs. 12;
Group B: 33.1 vs. 8.1) and a measure of functional impact
from the MIDAS questionnaire improved (MIDAS total
score: Group A: 70.8 vs. 23.3; Group B: 58.6 vs. 19.1 vs.
8.1).

Conclusions

Medication overuse headache leads to considerable disabili-
ty prior to treatment. However, notable improvement both in
headache parameters and in disability measures can occur
after day-hospital withdrawal treatment or after in-patient
withdrawal: this emerges from the considerable improve-
ment for both diary-based measures of headache activity,
MIDAS-based measures and most importantly the overall
measure of disability obtained from MIDAS, in both groups.

These findings confirm previous results in patients fol-
lowed for 1 and 3 years after a withdrawal treatment per-
formed by an in-patient modality [3, 4], but also after the
day-hospital withdrawal in this case and, once again, sug-
gest that successful treatment has wide-ranging positive
benefits beyond mere symptom reduction. It also suggests
that withdrawal by day-hospital setting is as helpful for
these patients as in-patient treatment, the improvement
being maintained until 1 year post-treatment after day-hos-
pital treatment also.

This last option, less expensive compared to regular
hospitalisation, is effective when the patients are followed
and instructed carefully about the treatment and the use of
the pharmacological compounds. 

The confidence and the compliance, although we did
not measure any of these variables, were relevant: the
patients came every morning to the clinic, where they were
carefully managed and reinforced by daily explanations
about what to expect from the therapy. 

Although our results are encouraging, with a homoge-
neous group of patients and reasonably long-term follow
up, they cannot be definitive. The major limitation is the
absence of a control comparison condition. We felt it was
important, as a first step, to test this new option of with-
drawal, in order to find alternative approaches to the well
known in-patient withdrawal, which is not suitable for all
patients, and also to compare these results with those
reported from our preceding and different clinical experi-



ences. The patients in this case felt comfortable, as they
could spend many hours at home where they learned to
manage their rebound headache, when present. 

On the basis of these significant findings, we believe it
may prove fruitful to compare different treatment
approaches for this particular category of patients (in-
patient vs. day-hospital treatment vs. out-patient, pharma-
cological treatment alone or augmented by behavioural and
related procedure) in order to find more effective methods
for the patients and cost-saving procedures at the same
time.
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Abstract Recent evidence suggests that spontaneous
intracranial hypotension (SIH) is not as rare as previous-
ly thought. Orthostatic headache is the prototypical man-
ifestation of SIH, but various headache syndromes have
also been reported such as migraine-like headache, ten-
sion-type headache and non-specific headaches among
the others. The International Headache Society (IHS) has
recently proposed diagnostic criteria for headache attrib-
uted to SIH. Seventy patients consecutively seen at our
institution between 1993 and 2005 and diagnosed with
SIH were included in the study. SIH diagnosis was con-
firmed in all patients by brain-enhanced MRI: 23 were
males (33%), 47 females (77%) and mean age was 45
years (range 18–69). Follow-up: median value 35 months
(range: 8 months–14 years). Time between symptom
onset and diagnosis was 4 months (median) (range 15
days–45 months). The IHS (2004) criteria for “Headache
attributed to SIH” were applied. Typical brain imaging
findings confirmed the diagnosis of SIH in all patients:
criteria B and C were fulfilled in all patients. Criterion A

of the IHS classification was not fulfilled in 34 (49%)
patients. Sixty-two (89%) patients did not fulfil criterion
D of the IHS classification; 28 (40%) did not fulfil both
criterion A and D. So far, only 2 (3%) fulfilled all IHS
criteria for headache attributed to SIH. The IHS criteria
for headache attributed to SIH could not classify the
headache in most of our SIH patients. A revision of the
IHS criteria for headache attributed to SIH is necessary.

Keywords International Headache Society (IHS) ·
Spontaneous intracranial hypotension (SIH) · Diagnostic
criteria · Headache

Introduction

Spontaneous intracranial hypotension syndrome (SIH)
develops as a result of a marked reduction in the quantity
of cerebrospinal fluid (CSF) in the absence of any ascer-
tained cause for loss (for example lumbar puncture or
trauma). The condition was first described in 1938 by
George Schaltenbrand [1]. SIH affects women more often
than men in a ratio of about 2:1 [3], typically in the fourth
or fifth decade, with a peak at around 40 years, although
the condition has been noted in children and the elderly.

Although the cause of spontaneous loss of CSF is
rarely identified, two principal causes appear to be mild
trauma and fragile meninges. At least a third of patients
report coughing, lifting weights, and sports or other activ-
ity prior to the headache, suggesting that mechanical trac-
tion can puncture the dural sac [4]. Some authors suggest
that a fragile dural sac predisposes to sac defect and
hence leakage of CSF into the epidural space [5, 6].

The reduction in CSF volume rather than reduction in
pressure has been supposed to be the final common path-
way responsible for SIH [7]. The new International
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Headache Society (IHS) classification includes headache
attributed to spontaneous low CSF pressure (7.2.3)
among the secondary headaches [8]. 

The aim of the study is to apply the IHS diagnostic
criteria for headache attributed to SIH to a large SIH pop-
ulation.

Patients and methods

Seventy SIH patients consecutively seen at our institution
between 1993 and 2005 were studied. Brain-enhanced
MRI confirmed SIH diagnosis in all patients. Twenty-three
were males (33%) and 47 females (77%); mean age was 45
years (range 18–69). Follow-up: median value 35 months
(range: 8 months–14 years). Time between symptom onset
and diagnosis was: 4 months (median) (range 15 days–45
months). Headache and other clinical characteristics were
recorded in an ad hoc chart by a semi-structured interview.
Patients received epidural blood patch when bed rest,
intravenous fluids and conservative treatments including
steroids did not improve the condition. The IHS (2004)
criteria for “Headache attributed to SIH” were applied.

Results

All patients fulfilled criteria B and C of the IHS classifi-
cation for Headache attributed to SIH; in all patients typ-
ical brain imaging findings confirmed the diagnosis and
no previous history of dural puncture or CSF fistula was
found (Table 1).

Orthostatic headache was present in 53 patients
(76%); in 38 (54%) the headache started within 15 min of
the standing position. In 16 patients (23%) headache was

not related to standing/sitting position (non-orthostatic
headache). Associated phenomena were: nausea 42%,
neck stiffness 33%, hypacusia 25%, tinnitus 18% and
photophobia 16% in various combinations.

Criterion A of the IHS classification was not fulfilled
in 34 (49%) patients (Table 1). This was mainly due to
non-orthostatic headache (23%) or orthostatic headache
starting after 15 min sitting or standing (21%). Epidural
blood patch was performed in 22 (32%) patients: all of
these improved but only 8 (11%) did so within 72 h.
Sixty-two (89%) patients did not fulfil criterion D of the
IHS classification; 28 (40%) did not fulfil both criterion
A and D. So far, only 2 (3%) fulfilled all IHS criteria for
headache attributed to SIH (Table 1).

Conclusions

In this study, IHS criteria for headache attributed to SIH
did not allow proper classification of the headache in the
majority of our SIH patients. A revision of the IHS crite-
ria for headache attributed to SIH is necessary.
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Table 1 Application of the IHS diagnostic criteria for headache attri-
buted to SIH in 70 SIH patients

Fulfilled IHS criteria n %

Criterion A 36 51
Criterion B 70 100
Criterion C 70 100
Criterion D 8 11
All criteria 2 3



Abstract In order to assess the prevalence of
Dopaminergic Premonitory Symptoms (DPS) in migraine
patients with Restless Legs Syndrome (RLS), we chose
migraine patients from a large Italian clinical headache
population previously investigated for an association
between primary headaches and RLS. We evaluated a total
sample of 164 patients with migraine, in particular 114
with migraine without aura (MO), 10 with migraine with
aura (MA) and 40 with MO and MA in various combina-

tions between them or with episodic tension-type headache
(ETTH), defined as a “mixed group”. About 20% of all
migraine patients referred at least one of the following
DPS: yawning, nausea, somnolence or food craving, con-
firming data already indicated in the literature. Among
migraine patients with RLS (25.6%), DPS were referred
from about half of the patients (47.6%) compared to those
without RLS (47.6% vs. 13.1%; p<0.001). Based on
migraine subtype, patients with MO referred DPS (26.3%)
more frequently compared to the MA group and “mixed
group” (12.0%, p<0.05), particularly in the presence of
RLS (63.0% vs. 20.0%, p<0.01). No statistical differences
were found between clinical and demographic data of the
subgroups or related to medical conditions investigated
(anxiety, depression, sleep disorders, body mass index). It
is interesting that the chances of having RLS in migraine
patients were more than 5 times higher in the presence of
DPS. These results could support a hypothetical dopamin-
ergic imbalance in RLS and migraine, as the dopamine is
involved in the pathogenesis of both disorders and it is
responsible for the migraine DPS reported above. 

Keywords Migraine · Premonitory symptoms · Dopamine
· Restless legs syndrome

Introduction

Premonitory symptoms (PS) are defined as “symptoms
preceding and forewarning of a migraine attack by 2–48
hours, occurring before the aura in migraine with aura and
before the onset of pain in migraine without aura” [1].
Prevalence rates of migraine patients reporting one or more
PS show wide variability in several clinical studies and
rates range between 12% and 80% [2]. Recently, in a Dutch
study on almost 500 migraine patients [3], higher rates of
PS were reported: at least one PS was reported by 86.9% of
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patients and 71.1% reported two or more. The most fre-
quently reported PS were fatigue, phonophobia and yawn-
ing. These data were confirmed by Spanish authors that
revealed the same rates of migraine PS prevalence (around
80%) [4]. There is some evidence to support the idea that
PS could be used as a phenotypical marker to identify sub-
groups of migraineurs, showing correlations with specific
clinical expressions of the disease, genotypes or responses
to treatments. The presence of PS is associated with spe-
cific migraine clinical aspects, becoming risk factors for
migraine with aura (MA) and severe pain [5]. Should these
symptoms accurately predict headache, they have consid-
erable implications for the pathophysiology and manage-
ment of migraine. The neurotransmitters dopamine and
serotonin are possibly involved in the development of PS,
as demonstrated by experimental models and by the effica-
cy of migraine abortive and preventive treatments. Among
common PS, dopaminergic ones in particular (DPS), such
as yawning, nausea, food craving and somnolence, were
reported by about 20% of migraineurs, defining a specific
subgroup [2]. Based on more recent observations about
involvement of dopamine in the pathogenesis of restless
legs syndrome (RLS), a movement disorder associated
with migraine [6], we evaluated if migraineurs with RLS
have a higher prevalence of DPS. If this observation will
be demonstrated, DPS in migraine patients with RLS
could represent a clinical marker of the association
between these disorders, further strengthening the role of
dopamine in their pathogenesis. 

Methods

In order to assess the prevalence of DPS in migraine
patients with RLS, we selected all migraine patients from a
wide Italian survey on a clinical headache population pre-
viously conducted with the aim of investigating the associ-
ation between primary headaches and RLS [7]. Patients
affected by MA, migraine without aura (MO) or with the
two types of migraine combined or associated with episod-
ic tension-type headache (ETTH), defined as a “mixed
group”, were enrolled. No patients took migraine prophy-
laxis. Primary headaches were diagnosed according to the
International Headache Society (2nd edition) criteria [8]
and RLS according to the criteria of the International
Restless Legs Syndrome Study Group [9]. The patients
were asked to recall the presence of DPS in the time inter-
val ranging between 2 and 48 h before the migraine attack
started and without medications. They were also asked to
specify which DPS occurred more frequently between
yawning, nausea, food craving, somnolence alone or in
combination. The clinical and demographic data of
migraineurs were registered including lifetime duration of
migraine, migraine frequency per month and intensity of
migraine attacks. Furthermore, the patients were also asked

to fill in a self-assessment questionnaire concerning
depression (Beck’s Depression Inventory, BDI) [10] and
anxiety (Hamilton Rating Scale, HAMA) [11]. Body mass
index (BMI) was calculated for each patient. Data are pre-
sented as percentage or as arithmetic mean with SD.
Statistical analysis was performed by analysis of variance
for continuous variables and by non-parametric Chi-square
testing for categorical variables. Logistic regression was
employed for assessing determinant of RLS in migraine
patients. Significance level was set at p=0.05.

Results

We evaluated overall 164 patients with migraine (130 F, 34
M), in particular 114 (90 F, 24 M) with MO, 10 (5 F, 5 M)
with MA and 40 (35 F, 5 M) for the “mixed group”. At the
time of our observation, mean age of the migraine popula-
tion was 37.1±10.8 years and mean age at onset of migraine
was 21.3±7.7 years. The prevalence of RLS in migraine
patients was 25.6% (n=42, 35 F, 7 M) with a mean age at
RLS onset of 32.5±7.5 years. About 20% (n=37; 32 F, 5 M)
of all migraine patients referred more than one DPS with no
prevalence either of them. Based on this observation, statis-
tical analysis was performed considering DPS as the single
variable. Almost 50% (47.6%) of migraine patients with
RLS referred DPS compared to migraine patients without
RLS (13.1%), with a statistically significant difference
(p<0.001). Based on migraine subtype, more than 80%
(n=17) of RLS patients with DPS were affected only by
MO, with a significant statistically difference from MA
patients and the mixed group patients (p<0.01). No statisti-
cal differences were observed between demographic char-
acteristics and clinical features of migraine attacks in the
two groups with or without DPS and with or without RLS.
Anxiety and depression was diagnosed in 15 (41.7%)
migraine patients with DPS and in 38 (29.7%) migraine
patients without DPS (p=NS). When only migraine patients
with DPS were considered, the prevalence of anxiety and
depression was 50.0% (n=10) in patients with RLS and
31.3% (n=5) in patients without RLS (p=NS). Sleep distur-
bances were diagnosed in 17 (47.2%) migraine patients
with DPS and in 40 (31.3%) migraine patients without DPS
(p=NS). When only migraine patients with DPS were con-
sidered, the prevalence of sleep disturbances was 55.0%
(n=11) in patients with RLS and 37.5% (n=6) in patients
without RLS (p=NS). In migraine patients with and with-
out DPS, BMI was normal in 77.8% (n=28) and 71.9%
(n=92) of cases, respectively (p=NS). When migraine
patients with DPS were considered, the prevalence of nor-
mal BMI was 75.0% (n=15) in patients with RLS and
81.3% (n=13) in patients without RLS (p=NS). According
to multivariate logistic regression analysis the chance of
having RLS in migraine patients was more than 5 times
higher in the presence of DPS (see Table 1).
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Discussion

The most important finding of this study is the higher
prevalence of DPS in migraineurs affected by RLS. DPS
and migraine seem to be independent risk factors for
being affected by RLS. Our data confirmed the known
association between migraine and RLS [6], suggesting
that the most likely important pathogenetical link between
the two disorders is dopamine. RLS seems to be based on
a dysfunction of the dopaminergic system and the stan-
dard therapy for primary RLS is medication with
dopamine agonists [12]. On the other hand, clinical evi-
dence and recent genetic findings seem to indicate an
involvement of dopamine in the pathophysiology of the
migraine attack. Its prodromal symptomatology (mood
changes, yawning, drowsiness, food craving), accompa-
nying symptoms (nausea, vomiting, hypotension) and
postdromal symptoms (mood changes, drowsiness, tired-
ness) may be related to dopaminergic activation, which
can be detected also in the headache phase, either by tak-
ing part in nociception mechanisms or by regulating cere-
bral blood flow. The literature indicates that migraineurs
are hypersensitive to dopamine agonists with respect to
some of the PS of migraine such as nausea and yawning.
Conversely, dopamine receptor antagonists are effective
therapeutic agents in migraine and also a number of poly-
morphisms of dopaminergic genes related to migraine
[13, 14]. Recent studies [15] have suggested that PS of
migraine attacks could be explained by involvement of
tyrosine metabolism products other than dopamine,
defined trace amines (tyramine, octopamine, and
synephrine). They are associated with receptors  labelled
TAARs expressed on the olfactory epithelium, amygdala,
hypothalamus, periacqueductal grey, all areas involved in
migraine pathophysiology. It has long been hypothesised
that the prodromal phase of migraine attacks is initiated
by a functional disturbance of the hypothalamus, and that
either an episodic disturbance of hypothalamic activity or
a labile activation threshold could account for the perio-
dicity of the migraine attack. The latest French data [16]
confirmed activation of midbrain and pons nuclei during
spontaneous migraine attacks and, for the first time,
demonstrated activation of the hypothalamus.

In conclusion, the higher prevalence of DPS in
migraineurs with RLS could represent a clinical marker of
dopamine impact in both disorders with some indications
of the cerebral areas involved. On the other hand, the
presence of DPS indicates the likelihood that migraineurs
could be affected lifetime by disorders related to
dopaminergic imbalance like RLS. We are inclined to
consider this chance as plausible, but many other studies
are needed to shed light on it.
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Abstract Based on recent data about the association
between restless legs syndrome (RLS) and migraine, we
performed an observational study on the occurrence of
RLS in patients affected by primary headaches. Two hun-
dred headache patients (149 women and 51 men) and 120
(90 women and 30 men) sex- and age-matched control
subjects were included. In the headache group, migraine
without aura (MO) was the most represented headache
type (n=114), followed by the “mixed” group (n=40) with
MO, migraine with aura (MA) and frequent episodic ten-
sion-type headache (ETTH) in various combinations, and
by ETTH alone (n=22). The remaining patients suffered
from MA alone (n=10 MA), episodic cluster headache
(ECH n=12) and primary stabbing headache (n=2). RLS
frequency was significantly higher in headache patients

than in control subjects (22.4% vs. 8.3, p=0.002) inde-
pendently of sex, although with a female preponderance
(84%) in both groups. More than 60% (n=27) of RLS
patients were affected by MO and 30% (n=13) by a com-
bination of two headache types (p≥0.001), with a very low
frequency of RLS for the other types of headache. No
RLS patient had ECH. No statistical differences were
observed among clinical characteristics of different types
of headache in groups with and without RLS. In both
headache and control groups, higher scores for depression
and anxiety were more frequent in subjects with RLS
compared with those without RLS. Furthermore,
headache patients with RLS reported sleep disturbances
more frequently compared to those without RLS (50.0%
vs. 32.7%; p<0.0001) and showed a normal or under-
weight body mass index. Our data seem to confirm the
existence of an association between RLS and primary
headaches, particularly with migraine, as already demon-
strated. The absence of RLS in ECH patients is very inter-
esting. Many pathogenetic considerations about links
between RLS and primary headaches could be given, the
most fitting involving dopamine and melatonin.

Keywords Primary headache · Restless legs syndrome ·
Prevalence · Clinical population · Migraine

Introduction

Primary headaches have been associated with various
movement disorders. In particular, higher prevalence of
migraine in essential tremor [1], Tourette’s syndrome [2]
and Sydenham’s chorea [3] and a lower prevalence in
Parkinson’s disease have been reported [4]. On the other
hand, an association between headache and sleep has long
been recognised in the medical literature [5]. Very recently,
restless legs syndrome (RLS) has been associated with
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migraine [6], opening new perspectives for a pathogenetic
link other than a comorbidity between the two conditions.
RLS, first termed by Ekbom in 1945 [7], is a common neu-
rological condition characterised by unpleasant sensations
deep inside the legs, accompanied by an urge to move the
limbs and motor restlessness, occurring at rest, especially
at bedtime. Its clinical diagnostic criteria were established
by the International Restless Legs Syndrome Study Group
(IRLSSG) in 1995 [8]. The criteria were reviewed and pub-
lished in 2003 [9]. Idiopathic and symptomatic RLS forms
have been recognised, the latter occurring during pregnan-
cy or associated with uraemia, iron depletion, polyneuropa-
thy, spinal disorders and rheumatoid arthritis. The preva-
lence of RLS varies from 2% to 15% in the general popu-
lation [10, 11], but it is often not recognised or misdiag-
nosed. The frequency increases with age and its prevalence
is higher in women than in men. The aim of this study was
to investigate the prevalence of RLS in an adult clinical
population affected by primary headaches, matched by age
and sex with a control group of non-headache subjects, in
order to confirm the known association between RLS and
migraine and to identify any relationship with other pri-
mary headaches and their hypothetical pathogenetic links. 

Methods

We enrolled 200 consecutive headache patients (149
females, 51 males) aged 18–65 years, referring to three
Italian headache centres, during a six-month period. One
hundred and twenty healthy headache-free subjects (90
females, 30 males), matched by age and sex, were recruit-
ed from among hospital employers and visitors and
served as controls. Both headache patients and control
subjects underwent a direct interview and neurological
examination. The diagnosis of the type of headache was
made according to ICHD-II criteria [12] by a headache
specialist. All headache patients were not headache pro-
phylaxis medications or antidepressants for at least three
months prior to our observation. Episodic cluster
headache patients (ECH) were investigated outside the
cluster period. Headache clinical features were registered
including headache lifetime duration, frequency per
month and pain intensity. Diagnosis of RLS (idiopathic or
symptomatic) was made by another neurologist blinded
for headache diagnosis, following the revised criteria of
IRLSSG [9]. All subjects also underwent a semi-struc-
tured interview in order to investigate the association with
insomnia, body weight and psychiatric disturbances.
Insomnia was diagnosed according to international crite-
ria [13]. For all subjects body mass index (BMI) was cal-
culated. We divided subjects into 3 categories based on
BMI score: underweight (<18.5 kg/m2), normal
(18.6–24.9 kg/m2) and overweight (25.0–29.9 kg/m2).
The Hamilton Anxiety Rating Scale (HAMA) [14] and

the Beck Depression Inventory (BDI) [15] were used to
disclose the presence of anxiety and depression disorders.
Diagnoses of anxiety and depression were made with a
score of ≥18 respectively. Psychopathological evaluations
were conducted by a third specialist who was blind to
subject condition. Data are presented as percentage or as
arithmetic mean with SD. Statistical analysis was per-
formed by analysis of variance for continuous variables
and by non-parametric Chi-square testing for categorical
variables. Logistic regression was employed for assessing
determinant of RLS in migraine patients. Significance
level was set at p=0.05.

Results

Demographic and clinical data of the headache patients
and control subjects are presented in Table 1. One hun-
dred and fourteen headache patients (90F, 24M) were
affected by migraine without aura (MO), 22 patients
(16F, 6M) by frequent episodic tension-type headache
(ETTH), 10 patients (5F, 5M) by migraine with aura
(MA), 12 patients (1F, 11M) by ECH and 2 patients (2F)
by primary stabbing headache (PSH). The remaining 40
patients (35F, 5M) suffered from two primary headaches
(MO, MA and ETTH in various combinations). No sig-
nificant differences were found in the mean age at onset
and lifetime duration for any subtype of headache. The
prevalence of RLS was 22.4% (n=44) in headache
patients and 8.3% (n=10) in control subjects (p=0.002),
with a female preponderance in both groups. No statisti-
cal differences were observed about demographic charac-
teristics between headache patients and controls affected
by RLS and those without RLS. In the RLS-headache
group, migraine was the more frequent type of primary
headache (MO n=27; MA n=2; “Mixed group” n=13;
p<0.001), with a higher frequency of symptomatic cases
of RLS compared to controls (38.19% vs. 20.0% of con-
trols; p=NS). In the remaining forms of primary
headache, RLS was present in 1 patient with ETTH and 1
patient with PSH. It is worthwhile to observe that no ECH
patients were affected by RLS. Among headache clinical
features, our results did not show any relationship
between RLS and monthly attack frequency, intensity of
pain and lifetime duration of headache. Concerning med-
ical conditions investigated in both groups of subjects,
higher scores for depression and anxiety were detected in
headache patients and controls with RLS compared with
those without RLS, with a significant difference only for
the headache patients (45.5% vs. 29.5%; p<0.05< 0.05
for headache patients and 50.0% vs. 27.3%; p=NS< 0.05
for controls). Among headache patients, those affected by
MO and RLS reported higher scores for anxiety and/or
depression with a statistical significant difference com-
pared to those without RLS (p=0.012). Headache patients



and controls with RLS report insomnia more frequently
compared to those without RLS (p<0.0001). This trend
was more pronounced in MO patients with no significant
statistical difference compared to controls and other
headache subtype patients (p=NS). 

The BMI calculated for each subject was in the nor-
mal range in 68.2% of headache patients and half of con-
trols. In contrast to that previously reported for RLS
patients [10], few headache patients with RLS were over-
weight compared to headache patients without RLS
(p=NS). Among all clinical headache features investigat-
ed, migraine and MO and BMI in the normal range
increase the risk for RLS from five-four to six-fold
(migraine: 4.974; normal BMI: 5.840).

Discussion

Since standard diagnostic criteria of RLS were proposed by
IRLSSG [8, 9], several epidemiological investigations have
reported similar rates of prevalence in the general popula-
tion for a broad spectrum of adult ages. The widest epi-
demiological study performed in the USA and in five
European countries showed an overall RLS prevalence of
7.2% [16], a rate similar to that found in our control sub-
jects population (8.3%). RLS was found to be associated
with several somatic and neuropsychiatric conditions irre-
spective of a possible causal link. Sleep-related complaints
were more frequent among RLS sufferers [17] and also
depressed mood [18], reduced libido, hypertension and
heart problems [19]. Headache at awakening and daytime
headache were reported 3–5 times more frequently among
RLS sufferers, although in a male clinical population [19].
Recently, a German case-control study revealed the exis-
tence of an association between migraine and RLS [6].

Our study confirmed a higher prevalence of RLS in
patients affected by primary headaches (22.4%) com-

pared to headache-free subjects (8.3%). The results
revealed that RLS is independent of age and sex both in
headache patients and in controls, although it is more fre-
quent in females in both groups.

The evaluation of different headache subtypes showed
that MO can increase the risk of RLS, unlike other
headache types like ETTH and ECH. In ECH patients,
although the size of the sample appears small, it is adequate
if we consider the low prevalence in the general population
of this kind of headache (0.03%) [20]. So, we could postu-
late that ECH represents a protective factor from RLS.

Regarding medical conditions investigated, the higher
frequency of depression and anxiety found in headache
patients with RLS, in particular in those affected by MO,
confirmed data already existing in the literature for both
disorders. On the contrary, being overweight did not rep-
resent a variable that influences the risk of RLS, as previ-
ously reported [10], in headache patients. Contrary to
expectations, insomnia influences the presence of RLS
only in controls but not in headache patients.

The association between RLS and primary headaches,
especially for migraine, probably presumes pathogenetic
links. Many topics could be implicated: (1) both are cen-
tral nervous system disorders; (2) RLS pathology likely
involves cortical and subcortical areas of the brain, with
decreased inhibition of the sensorimotor cortical and an
increased cortical silent period [21]; primary headaches,
migraine and in particular MA, are related to a status of
cortical hyperexcitability or reduced cortical inhibition
[22]; (3) the RLS response to dopaminergic therapy sug-
gests a possible role of dopamine in its pathogenesis [23],
although functional neuroimaging studies have produced
conflicting results [24]; dopaminergic abnormalities have
been demonstrated in migraine [25]; (4) a melatonin
imbalance could be involved in RLS and cluster headache,
both circadian disorders where changes in melatonin
secretion have been shown, but with an inverse relation-
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Table 1 Demographic and clinical data of the headache patients and control subjects (presented as arithmetic mean and SD or as percentage)

Headache patients (n=200) Control subjects (n=120) p-value

Age (years) 37.2±11.1 (18–65) 37.2±8.5 (20–56) NS
Female age 37.6±11.5 (18–65) (n=149) 36.7±8.1 (20–53) (n=90) NS
Male age 36.1±10.0 (21–59) (n=51) 38.8±9.6 (20–56) (n=30) NS

Headache age at onset 22.9±9.4 (8–60) NA NA
Headache duration 14.3±10.1 (1–40) NA NA
Attack frequency per month Low (<1/month): 41.0% NA NA

Medium: (1–3/month): 20.5%
High (>3/month): 38.5%

Intensity of pain Mild: 9.5% NA NA
Moderate: 50.5%
Severe: 40.0%

RLS prevalence 22.4% (n=44) 8.3% (n=10) 0.002
Sex-Female 84.1% (n=37) 80.0% (n=8) NS
Sex-Male 15.9% (n=7) 20.0% (n=2)
RLS age at onset (years) 33.23±8,4 29.40±6.,83 0.187
RLS duration (years) 5.6±4.5 (1–20) 4.6±3.1 (1–10) 0.520

NA, not applicable



ship: nocturnal increase in melatonin secretion correlates
with onset and worsening of RLS symptoms mediated by
a melatonin inhibition of the central dopamine secretion
[26], while a decrease in nocturnal melatonin secretion
with lower levels during cluster periods than remissions
was demonstrated in CH patients [27, 28].

A link between dopamine and melatonin in RLS has
been suggested by RLS animal models where a dysfunction
or atrophy of the dopaminergic A11 cell group, the only
cells that provide dopaminergic axons to the spinal cord,
was reported as the possible pathophysiological correlate of
the syndrome. This could explain both the excellent
response to dopaminergic drugs and the circadian rhythm of
the syndrome, as these cells are in close proximity to the
whose hypothalamic circadian pacemaker [29], activation of
which is also demonstrated in CH. In this direction we could
explain the peculiar absence of RLS in our ECH patients.

Finally, another pathogenetic contact point between
RLS and primary headaches is the abnormality of brain
iron metabolism. Iron is an important cofactor in dopamine
synthesis and this represents a bridge between the two
major pathogenetic mechanisms involved in RLS [23]. In
migraine, especially in chronic migraine with long duration
of illness, brain iron storage has been found in periaque-
ductal grey matter, indicating an abnormal iron metabolism
also in migrainous brain [30]. In conclusion, our data show
that migraine could represent a risk factor for RLS, while
CH might be an hypothetical protective factor. These find-
ings could shed light on the pathogenesis and treatment of
migraine when associated with RLS.
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Abstract We investigated homocysteine plasma levels in
136 MA sufferers and in 117 sex- and age-matched con-
trols. Mean homocysteine plasma levels – as well as the
proportion of subjects with hyperhomocysteinaemia –
were significantly higher in patients with MA than in
healthy controls. Hyperhomocysteinaemia may be a link
between MA and ischaemic stroke.

Keywords Migraine with aura (MA) · Homocysteine ·
Hyperhomocysteinaemia · Stroke

Introduction

Migraineurs, particularly those with migraine with aura
(MA), have an increased risk for clinical and subclinical
vascular brain lesions [1, 2], and MA has been established
as an independent risk factor for juvenile ischaemic stroke
[3, 4]. The reasons explaining the association between MA
and cerebrovascular disease are unknown, and classic vas-
cular risk factors do not appear to be involved [2, 5].

Homocysteine is a sulphur-containing amino acid
involved in the metabolism of methionine. The presence
of high homocysteine plasma levels (hyperhomocys-
teinaemia) is an independent risk factor for thrombosis,
atherosclerosis and various forms of ischaemic vascular
disease, such as myocardial infarction – and particularly
for ischaemic stroke [6–9].

The aim of this study was to investigate homocysteine
plasma levels in a sample of MA patients in view of a
possible role of hyperhomocysteinaemia as a putative
causal factor for the MA/stroke association.

Materials and methods

A total of 136 consecutive subjects fulfilling the ICHD-II
2004 criteria for MA [10] were enrolled among those pre-
senting to the Headache Centres of the C. Besta
Neurological Institute in Milan and of the L. Mandic
Hospital in Merate (LC) from April 2004 to December
2006. They were 90 females and 46 males; the age range
was 14–61 years (mean 30.1 years, SD 10.1).
Neurological and clinical examinations were performed
in addition to ophthalmological evaluation in all patients.

The control group consisted of 117 subjects, who were
volunteers from among the medical staff and regular
blood donors; 66 were females and 51 were males; the
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age range was 24–61 years (mean age 36.1 years, SD
8.26).

The presence of several conditions possibly inducing
increased homocysteine levels (chronic heart disease,
previous stroke, chronic renal failure, immunodeficiency
disease, vegetarian diet) were investigated either in MA
patients and in controls: all these conditions were absent
in the enrolled subjects. Personal history of migraine or
of thromboembolic diseases was excluded by clinical
interview in controls.

Plasma homocysteine was measured in the morning
after a 12-h fast by immunochemical methods (IMX,
Abbot Laboratories). Mean homocysteine plasma levels
were calculated in the two studied groups and compared
using the Student-Newman-Keuls test. The proportions
of subjects with hyperhomocysteinaemia (defined as
plasma levels higher than 10 µ/l in women and higher
than 15 µ/l in men) were evaluated both in MA patients
and in controls, and the differences between the two stud-
ied groups were assessed by chi square test.

Results

Mean homocysteine plasma levels were higher in MA
patients than in controls (Table 1).

The proportions of subjects with hyperhomocys-
teinaemia were also higher among MA (Table 2).

Statistical analyses showed that these differences were
significant as far as total groups for both comparisons. When
analyses were made by gender distribution, differences were
significant in men and not in women (Tables 1 and 2).

Discussion

We found an increase in homocysteine plasma levels –
and a higher proportion of subjects with hyperhomocys-

teinaemia – in MA patients as compared to healthy con-
trols, particularly among men.

The association between migraine and homocysteine
has not been extensively studied. Only two studies have
been published, which led to controversial results [11, 12].
Our findings are partially in line with previous studies.
Hering-Hanit et al. [11] reported that homocysteine plasma
levels were not increased in a sample of migraineurs (56
with migraine without aura, 22 with MA), although analy-
sis by gender showed that homocysteine levels were high-
er in men. Evers et al. [12] reported higher homocysteine
plasma levels in a group of migraine patients, which were
significantly increased only in those with MA. 

We note that case control studies [13–16] showed that
the T/T homozygosis in the MTHFR C677T genotype –
a genetic condition which is known to cause hyperhocys-
teinaemia – was associated with increased risk of MA in
selected clinical samples. The same genetic condition
was found to induce a two-fold increase in the risk of
developing MA according to data from a population
study in which MA subjects were compared to migraine
without aura subjects and with nonmigraineurs [17]: T/T
genotype was associated with increased odds of MA (OR
2.05, 95% confidence interval, 1.2–3.4; p<0.006).

There is evidence that elevated homocysteine is a risk
factor for ischaemic stroke [6–9]. Thus, hyperhomocys-
teine may be a possible link between MA and stroke, par-
ticularly in young adults. An increase in plasma levels of
this amino acid could in fact cause endothelial dysfunc-
tion [18–20], which in turn may play a role in the devel-
opment of cortical spreading depression (a mechanism
involved in the pathogenesis of migraine aura) and in the
activation of the coagulation cascade (with increased risk
for ischaemic cerebrovascular events). 

Further studies are needed to confirm our findings, pos-
sibly on greater samples. We note that the hypothesis of a
putative role of hyperhomocysteinaemia in the MA/stroke
association may have relevant implications also in the ther-

Table 1 Mean homocysteine plasma levels (µmol/l) in the studied groups (analysis by Student-Newman-Keuls test)

MA patients Controls p

n Mean SD n Mean SD

All 136 12.31 11.02 117 9.86 3.71 0.023
Women 90 9.79 6.11 66 8.82 2.22 Not significant
Men 46 17.24 15.89 51 11.21 4.71 0.011

Table 2 Proportions of subjects with hyperhomocysteinaemia in the two studied groups (analysis by Chi square test)

MA patients Controls p

n Hyperhomocysteinaemia n Hyperhomocysteinaemia

All 136 47 (34.5) 117 20 (17.1) 0.002
Women 90 32 (35.5) 66 15 (22.7) Not significant
Men 46 15 (32.6) 51 5 (9.8) 0.006



apeutic field: dietary supplementation with B vitamins and
folic acid may reduce the plasma levels of this amino acid
[21–24], and thus studies to assess the possible therapeutic
effect on both these conditions as well as in reducing the
risk of stroke in MA patients are warranted.
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Abstract The 6-item Headache Impact Test questionnaire
(HIT-6) is a simple and reliable tool to measure the impact
headaches have on patients’ lives. Patients with chronic
migraine (CM) and medication overuse are markedly
impaired in their functional activity. The aim of this study
was to investigate the responsiveness of the HIT-6 tool to
clinical changes induced by treatment in patients with CM
and medication overuse. A sample of 160 patients under-
went a day-hospital withdrawal treatment followed by pro-
phylaxis. Sixty-two of them completed the12-month follow
up. Patients improved significantly after treatment interven-
tion, as days of headache per month and medications/month
decreased from baseline to follow up. Also HIT-6 scores
improved, with mean score decreasing from 65±5.4 (medi-
an 65) to 59.4±8.5 (median 62) (Student’s t-test p<0.00001)
and with a reduction in the percentage of patients with very
severe headache-related impact one year after withdrawal
therapy. 

Keywords Headache impact test (HIT-6) · Headache-relat-
ed disability · Chronic migraine · Medication overuse · Day
hospital withdrawal

Introduction

The negative effects of headache on patients’ functional
ability and health-related quality of life (QoL) are well
established [1, 2]. The evaluation of headache-related dis-
ability and quality of life may have an important role in
clinical practice and in clinical research, in order to guide
treatment choices as well as to assess the outcome of treat-
ment interventions [3, 4].

The 6-item Headache Impact Test questionnaire (HIT-6)
is a simple and reliable tool to measure the impact of
headache using only 6 questions, broadening it to include
social-role functioning, pain, emotional distress and well-
being, cognitive functioning and vitality [5]. Each of the six
questions is responded to using one of a five-point response
scale of “never”, “rarely”, “sometimes”, “very often” and
“always”. For each item, 6, 8, 10, 11 or 13 points, respec-
tively, are assigned to the response provided [6].

HIT-6 quantifies headache impact by an easily under-
stood score which varies from 36 to 78. This score relates to
the degree of headache impact: little or no impact from 36
to 49, some impact from 50 to 55, substantial impact from
56 to 59 and very severe impact above 60 [6].

Among the general population, the HIT-6 has good reli-
ability and validity for measuring patients’ subjective expe-
rience of the impact of headache on health-related quality of
life [6, 7].

However, the characteristics of this tool have not been
widely established among people with chronic migraine (CM)
and medication overuse [8].

The impact of CM and similar headaches has been less
extensively evaluated than that of episodic migraine. Some
studies have addressed QoL evaluation [9–12]. Less infor-
mation is available on the functional disability induced by
headache in these patients [10, 13, 14]. Overall, the results
of these studies suggested that CM is associated with signif-
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icant burden of suffering, which is greater than that caused
by episodic migraine [15].

The objective of the present study was to investigate the
reduction of the impact of CM with medication overuse 12
months after day-hospital withdrawal therapy, using the
HIT-6 tool.

Methods

Patients

All consecutive patients suffering from CM and medication
overuse were recruited from outpatients attending our
headache centre. All patients received the diagnosis of CM
with medication overuse according to the Silberstein and
Lipton Criteria [16].

Treatment interventions

They underwent a day-hospital withdrawal treatment con-
sisting in intravenous hydration for a period of 10 days and
steroids from day 1 to 5, followed by oral prescription
steroids for another 5 days, and then were given preventive
therapy with different anti-migraine prophylactic drugs.

Follow-up

Follow-up sessions were planned for 3, 6 and 12 months
after day hospital therapy.

Measures

A diary card was given for recording days with headache
and the medications taken for aborting headaches. The
Italian version of the HIT-6 Questionnaire was filled in by
patients at the moment of enrolment (baseline) and at fol-
low-up visits. 

Results

A total of 160 consecutive patients were enrolled (135
females and 25 males; mean age was 40.3±10.2). Mean
duration of illness was 19.4±9.7 years. The mean number of

days of headache per month was from 23.7±5.7; the mean
number of medications/month was 28.9±18.1. The mean
HIT-6 test score was 65.7±4.8 (median 66) at the baseline. 

Of the 160 initial patients, 62 (38.7%) have already
achieved the 1-year follow-up. The clinical improvement
was significant: the mean number of days of headache per
month decreased from 23.1±5.9 to 9±7.8; the mean number
of medications/month decreased from 30.5±23.8 to
8.4±6.3. The mean HIT-6 test score was 65±5.4 (median
65) vs. 59.4±8.5 (median 62) at the 12-month follow up
(Student’s t-test p<0.00001).

The mean score for HIT-6 at baseline in our study pop-
ulation was >60, which suggests a severe headache-related
impact. The distribution of scores in those patients who
completed the follow-up is shown in Table 1.

Conclusions

Our findings suggest that CM patients with medication
overuse are highly disabled in their daily activities, with the
vast majority of them scoring in the “very severe impact”
level of the HIT-6 tool. 

The day-hospital withdrawal therapy, followed by pre-
ventive treatment, induced a marked clinical improvement
(reduction in headache frequency and in medication con-
sumption), which was mirrored by improvement in
headache-related impact. The mean score of HIT-6
decreased at follow up, and the functional improvement was
confirmed by a decrease in the percentage of patients with a
“very severe” impact, and an increase in percentages of those
with “little or no” impact and with only “some” impact.

Thus, HIT-6 seems a useful tool for assessing headache-
related disability in CM patients with medication overuse,
being easy to use and sensitive to clinical changes induced
by treatment intervention.
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Abstract We evaluated the association between lipid lev-
els and migraine using cross-sectional, population-based
data of 1809 subjects aged ≥50 years; 151 subjects with
migraine and 1658 nonmigraineurs were included.
Diagnosis of migraine was carried out using the criteria
of the International Headache Society. The following
plasma lipids were collected: total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C) and triglycerides (TG).
Only TC (p<0.003) and LDL-C levels (p<0.004) were
significantly higher in migraineurs than nonmigraineurs.
After multiple adjustments, only elevated TC (≥220
mg/dl) was significantly associated with migraine (OR
[95% CI]=1.6 [1.1–2.3]); this association increased in
elderly males with migraine (OR [95% CI]=3.8
[1.4–9.9]). According to our results, TC plasma levels
should be closely monitored in elderly males with
migraine.

Keywords Migraine · Epidemiology · Cholesterol ·
Elderly

Introduction

Migraine is a common, neurovascular, primary headache
disorder, which is highly prevalent in the general popula-
tion. It usually begins in the first three decades of life,
with a peak in puberty. However, attacks may start at any
age and there are also many active migraine patients aged
≥60 years [1].

Migraine has been associated with increased risk of
several vascular disorders, including ischaemic stroke
and coronary heart disease [1]. Furthermore, migraine
has been associated with a more unfavourable cardiovas-
cular risk profile [2]. Association of migraine with other
vascular risk disorders, such as hypercholesterolaemia,
has been proposed, but previous studies have yielded
conflicting results [2, 3]. Thus, we aimed to evaluate the
association between plasma lipid levels and migraine in a
cross-sectional, population-based study.

Methods

Study population and case ascertainment

This study was part of the Zabút Aging Project, a com-
prehensive survey of neuropsychiatric disorders of all
people aged ≥50 years living in a village near the city of
Palermo, Italy, on 31 October 2001. As previously
described [4], the detection of headache cases was con-
ducted using a two-phase door-to-door procedure.
Briefly, all participants were examined in the first phase
by physicians using a screening questionnaire for the
presence/absence of headache. In the second phase, neu-
rologists examined screened positive subjects, adminis-
tering a validated semi-structured headache question-
naire, which was based on the criteria of the International
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Headache Society [5]. According to this information,
migraine cases were then ascertained. The Ethics
Committee of the Medical Faculty at the University of
Palermo approved the baseline data collection and writ-
ten informed consent was obtained from all participants.

Lipid measurements

Blood samples were obtained after 12 h of fasting for
lipid analysis. Plasma total cholesterol (TC), triglyc-
erides (TG) and high-density lipoprotein cholesterol
(HDL-C) were measured after phosphotungstic acid pre-
cipitation, using standard enzymatic methods [6]. Low-
density lipoprotein cholesterol (LDL-C) was calculated
using Friedewald’s formula (TG=TC–HDLc–TG/5] [7].

Statistical analyses

Descriptive data between migraineurs and nonmi-
graineurs were compared with two-tail t-test or chi-
square analysis. Lipid levels were treated as continuous
and dichotomic variables. The following cut-off values,
proposed by the Third Report of the National Cholesterol
Education Program [8], were applied: elevated TC 
(≥220 mg/dl), high LDL-C (≥160 mg/dl), high TG 
(≥150 mg/dl), low HDL-C (<40 mg/dl for males and <50
mg/dl for females). The association between migraine
and altered lipid levels was estimated using multiple
logistic regression models adjusted for age, sex and edu-
cation. Age was treated as a continuous and dichotomic
variable (adults: 50–64 years vs. elderly: 65+ years). The
results are presented as odds ratios (ORs) with 95% con-
fidence intervals (CIs) and the level of significance was
p≤0.05 for all analyses.

Results

After excluding subjects with dementia, stroke-related
aphasia, mental retardation and severe psychosis, 1809
individuals collected at baseline were included in this
study. The mean age of participants was 73.0 years (10.1
SD), mean education was 5.3 (4.0); there were more
females than males (55.1 vs. 44.9). A total of 151 (8.3%)
participants were diagnosed as migraineurs. Subjects
with migraine were significantly younger than nonmi-
graineurs (mean±SD: 68.3±8.6 vs. 73.4±10.1, p=0.002).
Furthermore, females were more strongly represented in
the migraine group as compared to nonmigraineurs
(79.5% vs. 52.9%, p<0.0001). Concerning lipid levels,
subjects with migraine showed significantly higher levels
of TC (223.4±39.8 vs. 212.6±40.7, p=0.003) and LDL-C
(146.6±36.2 vs. 136.8±37.9, p=0.004) than nonmi-

graineurs. Compared with nonmigraineurs, subjects with
migraine revealed an adjusted OR (95% CI) of 1.6
(1.1–2.3) for elevated TC, while high LDL-C was not
associated with migraine. The highest significant associ-
ation between migraine status and elevated TC was found
for elderly males (OR [95% CI]=3.8 [1.4–9.9]).

Discussion

In this large cohort of adult-to-elderly subjects, we iden-
tified a moderate cross-sectional association of migraine
with elevated TC. The highest OR between migraine and
elevated TC appeared in elderly males. Overall, our data
propose a possible relationship between TC and migraine.
In particular, our results suggest that TC might be regarded
as one of the potential vascular risk factors which mediate
the association between migraine and cardio- or cere-
brovascular diseases [1]. It could be hypothesised that,
regarding brain functioning, in adult-elderly subjects with
migraine, elevated TC levels might contribute to increasing
the risk for subcortical white matter lesions with subse-
quent increased risk of cognitive impairment [9].

The association between migraine and lipid levels has
been previously evaluated in two population-based cross-
sectional studies. In a Dutch study, subjects with
migraine had an adjusted OR for high TC of 1.43 (95%
CI, 0.97–2.1), as compared to nonmigraineurs [2].
However, in a recent British study, the authors reported
that migraine in women was only slightly associated with
elevated TC in their population (adjusted OR 1.09 [95%
CI, 1.01–1.18]) [3]. Differences in study design and cri-
teria used for case ascertainment may explain divergent
findings between these data and ours.

Our study has several strengths, notably its large size
and standardised migraine ascertainment. However, these
are preliminary data, and control for potential con-
founders (e.g., history of cerebro- and cardiovascular dis-
ease, obesity, hypertension, etc.) should be taken into
account before making appropriate conclusions.
Furthermore, our study was cross-sectional, and thus we
are unable to evaluate the direction of the association.
Thus, generalising our results to other populations is cur-
rently limited. Our data suggest that elevated TC plasma
levels in adult-to-elderly subjects with migraine, particu-
larly in elderly males, should be closely monitored,
thereby possibly reducing the risk of vascular disease.
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Abstract There is an increased prevalence of patent fora-
men ovale (PFO) in women with migraine with aura
(MwA) compared to controls, but the role of PFO in trig-
gering aura is still debated. The aim of this study was to
test a group of women suffering from MwA with near-
infrared spectroscopy (NIRS), to assess the NIRS capa-
bility of discriminating between subjects with and with-
out PFO. Eighty-eight MwA patients (mean age
37.4±10.7 years, range 16–62 years) underwent NIRS
measurement of the cerebral variations of the oxygenated
(O2Hb) and reduced haemoglobin (HHb) during breath-
holding. The prevalence of O2Hb vs. HHb was used to
assess the presence of PFO. As a gold standard, the pres-
ence of PFO was assessed by transcranial Doppler sonog-

raphy (TCD). At the TCD analysis 48 patients (55%)
showed PFOs, 32 of which were permanent. NIRS cor-
rectly detected 36 subjects out of 40 without PFO, and 38
subjects out of 48 having PFO: sensitivity was 79%;
specificity was 90%. All the false negatives were perma-
nent shunts. MwA patients with PFO showed a delayed
increase in the O2Hb concentration and a reduced oxy-
genation with respect to subjects without PFO. NIRS is
effective in identifying the presence of PFO in a MwA
population, but TCD achieves better diagnostic perform-
ances. The NIRS provides additional information about
the cerebral vasoreactivity and highlights substantial dif-
ferences between patients with latent and permanent
shunts that warrant further studies.

Keywords Migraine with aura · Near-infrared spec-
troscopy · Patent foramen ovale · Transcranial Doppler ·
Vasoreactivity

Introduction

There is a growing interest in the association of atrial sep-
tal abnormalities and migraine, particularly with aura [1].
The presence of patent foramen ovale (PFO) and the relat-
ed increased number of microemboli from the heart to the
brain has been related to the occurrence of the aura
through a possible ischaemic/anoxic cortical mechanism
[2]. This hypothesis remains undemonstrated because of
the low sensitivity of the methodologies available in the
evaluation of the relationship between the diameter of the
shunt, the amount of microemboli and the possible corti-
cal brain anoxia.

Transoesophageal echocardiogram is considered the
gold standard for PFO detection [3], but it is uncomfort-
able for the patient. Patients show a better compliance
with transcranial Doppler (TCD) and intravenous contrast
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saline solution, which exhibits an elevated diagnostic
accuracy [4]; however, its availability is limited and it is
currently not employed on a large scale.

Near-infrared spectroscopy (NIRS), which is essen-
tially a functional technique, allows the assessment of
oxygen demand in the brain tissue by measuring the con-
centrations of oxygenated (O2Hb) and reduced haemo-
globin (HHb). It has already been proved that this meas-
ure is a reliable index of the autoregulatory state of the
subject [5], hence it could efficiently discriminate
between subjects with and subjects without a right-to-left
cardiac shunt.

The aim of this study was to test a group of subjects
suffering from migraine with aura (MwA), to assess the
NIRS capability of discriminating between subjects with
and without a PFO.

Subjects and methods

Subjects

Eighty-eight women (mean age 37.4±10.7 years, range
16–62 years) were involved in the study. Inclusion crite-
ria for the study were as follows: (1) a diagnosis of typi-
cal aura with migraine headache (ICHD-II code: 1.2.1)
according to the International Headache Society criteria
[6]; (2) a minimum two years’ history of MwA; (3) more
than 4 migraine crises in the last year; (4) no past or pres-
ent disease; (5) no pregnancy or lactation; (6) no oral
contraceptives intake; and (7) no genetic alterations of
haemoglobin. The use of a migraine prophylaxis was not
allowed during the study and in the two months before
entering it. Patients were always tested in a pain-free
condition and at a time when the last migraine attack had
ended at least 72 h before the clinical tests. 

The study was conducted following a double-blind
paradigm: the women first underwent NIRS examination
and then TCD. The subjects and the researchers were

blinded to the presence of PFO. Data were crossed only
after having tested the entire population.

NIRS and TCD recordings and processing

NIRS
Changes in the concentrations of O2Hb and HHb were
measured by a NIRO300 (Hammamatsu Photonics,
Australia). Source and receiver were placed on the left
frontal lobe of the subjects at a distance equal to 5 cm. The
details about breath-holding, instrumental measures and
subject positioning have been previously reported [5].

The O2Hb and the HHb signals were first qualitative-
ly analysed to derive the typical vasoreactivity pattern of
the patients in response to breath holding (BH). Figure 1
depicts an example of the O2Hb and the HHb signals in a
subject without (left panel) and with (right panel) PFO.

The O2Hb and the HHb signals were then represented
after having scaled the horizontal axis in percentage to
account for different BH durations. The concentration
values at the beginning of the BH were set to zero. The
prevalence of the O2Hb (PO2Hb) was computed as:

O2Hb – HHb
Po2Hb =   

O2Hb + HHb

Figure 2 shows the typical patterns of the of a subject
without PFO (left panel, same subject as Fig. 1) and with
PFO (right panel, same subject as Fig. 1). The observa-
tion of the O2Hb and HHb time courses, and of the PO2Hb

during BH was used to assess the PFO presence: the
patient was considered to have PFO if the PO2Hb, after an
initial dip, did not show an increasing trend before reach-
ing 50% of the BH duration. The increase in the O2Hb
concentration due to vasodilation (Fig. 1, left panel)
causes the increase of the  (Fig. 2, left panel). In the pres-
ence of right-to-left cardiac shunt a mixing of the two

Fig. 1 Time course of the O2Hb
and HHb during BH recorded in
migraineurs with aura. Left panel
is relative to a subject without
PFO. Right panel is relative to a
subject with PFO. O2Hb is
depicted in black, HHb in grey.
Vertical dashed lines represent
BH onset and offset. The subject
without PFO shows a vasoreac-
tivity characterised by an abrupt
increase of O2Hb and a constant
level of HHb. The vasoreactivity
of the subject with PFO has a
precocious O2Hb increase and a
mixture of the haemoglobin
types
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haemoglobin types (Fig. 1, right panel) might cause a
reduced or delayed increase of the PO2Hb, or both (Fig. 2,
right panel). Hence, we relied on the PO2Hb signal to
assess the PFO presence.

TCD
By means of a MultiDop X4 (DWL, Sipplingen,
Germany) TCD device equipped with 2 MHz pulsed
probes, we analysed the M1 tract of the middle cerebral
arteries (MCA) of the subjects. The system was equipped
with software for the automated counting of the microem-
bolic signals (MES) that we used to detect PFO. A con-
trast medium (composed of 1 ml of air, 4 ml of blood and
5 ml of saline mixed together) was injected intravenously
with the subject in resting conditions and the number of
spontaneous MES was counted. MES detected in the
MCA 5–12 s after the injection were considered indica-
tive of right-to-left shunt at atrial level [7]. Then, another
contrast agent injection was performed 5 s after the sub-
ject was asked to begin a Valsalva manoeuvre (VM).

Women with no MES were considered to be without
PFO. The size of the PFO was subdivided into small (less
than 10 MES), “shower” (between 11 and 25 MES) and
“curtain” (not countable MES). The shunt was classified as
permanent if MES were observable on the signals during
the first contrast mixture injection (i.e., at rest, without per-
forming the VM) and latent if detected only by the VM.

Statistical analysis

TCD served as the reference standard. Sensitivity and
specificity of the NIRS were computed by the cross table,
together with their confidence interval (CI) (α=5%). The
positive predictive value was determined as the percent-
age of true-positive compared to the sum of the true-pos-
itive plus the false-positive findings. The negative predic-
tive value was computed as the percentage of the true-
negative compared to the sum of the true-negative plus
the false-negative findings. Diagnostic accuracy was

computed as the percentage of true-positive plus true-
negative findings over the number of the subjects. 

Results

Thirty patients (34%) presented a “curtain” pattern, 6 (7%)
had a “shower” pattern and 12 (14%)  were classified as
having a small PFO. Thirty-two women had permanent
shunt (36% of the total number of subjects and 67% of the
number of subjects with PFO) and 16 had a latent shunt
(18% of the total, 33% of the number of PFO). Forty
patients (45%) had no MES signals during the test.

NIRS correctly identified 38 subjects out of 48 with
PFO, and 36 subjects out of 40 without PFO. Sensitivity
was equal to 79% (95%, confidence interval: 66%–88%)
and specificity was equal to 90% (95%, confidence inter-
val: 77%–96%). Positive predictive value was equal to
90%, negative predictive value to 78% and diagnostic
accuracy to 84%.

In 10 patients NIRS was false-negative: 2 subjects
with small PFO, 2 subjects with “shower” pattern of
MES and 6 subjects with a “curtain” pattern. 

An analysis of the diagnostic subgroups showed that
all 10 false-negatives were relative to subjects having a
permanent shunt. Considering only women with a latent
shunt, independently of its size, sensitivity reached 100%
(95% CI: 80–100%), positive predictive value 80%, nega-
tive predictive value 100% and diagnostic accuracy 93%.

Discussion

Investigating cerebral autoregulation of subjects suffering
from MwA may be crucial. Our randomly chosen sample
population of patients with MwA presents a PFO prevalence
(55%) similar to previously reported studies [8]. The per-
centage of small (7%) and large shunts (48% considering
both the “curtain” and the “shower” patterns) is similar to
that of other studies (small 10%, large 38%) [9].

Fig. 2 Prevalence of oxygenated
haemoglobin (PO2Hb) during BH
for a subject without PFO (left
panel) and with PFO (right panel).
The graphs are relative to the same
subjects as Fig. 1. The horizontal
axis is scaled in percent of the BH
duration. Left graph: after an ini-
tial dip, the shows an increasing
trend. Right graph: there is no
trend and the initial dip is delayed
at 40%–50% of the BH duration



The prevalence of PFO in patients with aura is greater
than in patients without aura and normal subjects [8].

We used NIRS to monitor the balancing of O2Hb and
HHb in migraineurs with aura during BH and we found that
by NIRS it is possible to detect the PFO presence with good
performances in terms of sensibility and specificity.
Subjects without PFO showed a vasoreactivity pattern that
was highly repeatable: O2Hb concentration increases rapid-
ly after the beginning of the BH phase, causing an increase
of total O2Hb, while the HHb remains almost constant dur-
ing the entire BH phase (Fig. 1).

This abrupt increase of the O2Hb originates the increase
of the PO2Hb that, after an initial dip (between 15% and 35%
of the BH duration average value), maintains positive val-
ues until the end of the BH. In the presence of PFO, the dip
is evident between 40% and 60% of the BH duration (aver-
age value on the PFO subjects 52%, SD 5%); besides, does
not increase with respect to the beginning of BH (Fig. 2).

This reduced increase in the oxygen prevalence
observed in PFO subjects is not given by a reduced vas-
cular reactivity. In fact, the vasoreactivity parameters
these subjects show (in terms of blood flow velocity and
breath-holding indexes evaluated as in [10]) are not sta-
tistically different from those of subjects without PFO.
Therefore, the cause of the reduced increase in the oxy-
gen prevalence is to be found in the mixing of the haemo-
globin types caused by inter-atrial blood passage.

The impossibility of imposing a fixed BH duration is a
possible drawback of this methodology. We believe it is the
cause of the misclassification of the two subjects who  could
hold their breath only for 18 s and 15.5 s respectively.

In fact, revious studies revealed that BH is effective to
trigger vasomotor reactivity provided that BH has a min-
imum duration of 20 s [11]. 

Focusing on the analysis of subjects with latent shunt,
sensitivity increases to 100%. A possible explanation of
this result is that subjects with a permanent PFO could
have developed a compensatory mechanism in response
to breath-holding stimulus by changing baseline blood
composition and haemoglobin balancing. NIRS provides
only a relative quantification of haemoglobin concentra-

tion in brain tissue and not an absolute one; hence in the
presence of a subject with good cerebral autoregulation,
the detection of PFO is precluded. 

In conclusion, NIRS provides good results, but it can-
not be considered an alternative to TCD, which achieves
better diagnostic performances. However, we showed
that migraineurs with a latent shunt depict a NIRS
vasoreactivity pattern different from those with a perma-
nent shunt. Considering these results, we suggest the
joint use of TCD and NIRS to study in depth the differ-
ences between subjects with permanent and latent shunts,
particularly in relation to stroke risk.
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Abstract Oral contraceptive-induced menstrual migraine
(OCMM) is a poorly defined migraine subtype mainly
triggered by the cyclic pill suspension. In this pilot, open-
label trial we describe its clinical features and evaluate the
efficacy of frovatriptan in the treatment of its acute attack.
During the first 3 months of the study 20 women (mean
age 32.2±7.0, range 22–46) with a 6-month history of
pure OCMM recorded, in monthly diary cards, clinical
information about their migraine. During the 4th menstru-
al cycle they treated an OCMM attack with frovatriptan
2.5 mg. The majority of attacks were moderate/severe and
lasted 25–72 h or more, in the presence of usual treatment.
Generally an OCMM attack appeared within the first 5
days after the pill suspension, but in 15% of cases it start-
ed later. After frovatriptan administration, headache inten-
sity progressively decreased (2.4 at onset, 1.6 after 2 h,
1.1 after 4 h and 0.8 after 24 h; p=0.0001). In 55% of
patients pain relief was reported after 2 h. Ten percent of
subjects were pain-free subjects after 2 h, 35% after 4 h
and 60% after 24 h (p=0.003 for trend); 36% relapsed
within 24 h. Rescue medication was needed by 35% of
patients; 50% of frovatriptan-treated required a second
dose. Concomitant nausea and/or vomiting, photophobia

and phonophobia decreased significantly after drug
intake. OCMM is a severe form of migraine; actually its
clinical features are not always exactly identified by the
ICHD-II classification. However, treatment with frova-
triptan 2.5 mg might be effective in its management.

Keywords Oestrogen withdrawal · Frovatriptan ·
Menstrual migraine · Oral contraceptives

Introduction

Menstrual migraine (MM) appearing in patients that are
on oral contraceptives (oral contraceptive-induced men-
strual migraine, OCMM) is probably a quite common,
albeit poorly defined, MM subtype [1] mainly caused by
oestrogen withdrawal occurring during the week of pill
suspension. This type of headache, codified by the ICHD-
II classification [2] as oestrogen-withdrawal headache
(code 8.4.3), is defined as “a headache or migraine that
develops within 5 days after cessation of oestrogen use
and resolves within 3 days (oestrogen use must have last-
ed for at least 3 weeks prior to cessation)”. It is probably
a severe and disabling form of migraine [3–5], but actual-
ly very few studies are tailored to define the clinical pro-
file of this type of headache, particularly in the specific
case of pure OCMM. Moreover, double-blind, ran-
domised clinical trials have shown that MM attacks can be
successfully treated [6–10] or prevented [11–13] with
triptans [14]. Their efficacy in the acute management of
OCMM attacks, however, has not been studied in specific
trials till now. Frovatriptan is a second-generation triptan
whose high selectivity for the cerebral vasculature, long
elimination half-life and high persistence of therapeutic
action may be useful in preventing MM [15], probably
with a better safety profile than other triptans [16].
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The present study was carried out in order to define
the clinical features of OCMM and to test the efficacy of
frovatriptan in the acute treatment of an OCMM attack.

Patients and methods

This pilot, open-label, uncontrolled study included 34
women aged 18 years or older; all of them had been tak-
ing monophasic combined oral contraceptives (21 days
on/7 days off regimen) for at least 12 months and had a
documented history of pure OCMM. The women select-
ed attended our Women’s Headache Center and were cho-
sen after a careful review of their diary cards, as all
patients are usually requested to regularly complete daily
diary cards as part of their routine management.

The inclusion criteria were: (1) a 6-month history of
pure OCMM, with attacks appearing exclusively in the pill-
free week of the menstrual cycle, irrespective of the day of
onset of bleeding; (2) all frovatriptan-naïve patients.

The exclusion criteria were contraindications to the
use of triptans (ischaemic heart disease, multiple risk fac-
tors for coronary artery disease, cerebrovascular or other
cardiovascular diseases, severe arrhythmias or conduc-
tion disturbances, uncontrolled hypertension, or history
of basilar or hemiplegic migraine), severe hepatic or renal
insufficiency or other clinically relevant diseases, as well
as pregnancy and breast-feeding. 

Our study had a length of 4 menstrual cycles and its
aim was to observe the clinical features of OCMM during
3 consecutive menstrual cycles, in the presence of usual
symptomatic treatment, and to test the efficacy of frova-
triptan in the following menstrual cycle.

In order to achieve a correct diagnosis, we included in
the study only patients showing pure OCMM in all 3
menstrual cycles taken into consideration.

After a thorough anamnestic investigation on the clin-
ical features of their migraine, women were provided
with 3 monthly diary cards. All patients were required to
fill in the diaries for a period of 3 menstrual cycles (peri-
od A), recording the following information for each
migraine attack as it occurred: date of onset; pres-
ence/absence of aura symptoms; quality and side of pain;
peak intensity (0=no headache, 1=mild headache,
2=moderate headache and 3=severe headache); occur-
rence of nausea, vomiting, photophobia and phonopho-
bia; and duration of attack in the presence of usual treat-
ment. In the same diary patients recorded the days of pill
suspension and those of menstrual bleeding.

After this observation period, patients entered the sec-
ond part of the study (period B), in which they were
instructed to take a single dose of frovatriptan 2.5 mg per
os at the onset of a moderate or severe OCMM attack. A
second dose could be taken if symptoms were alleviated
but recurred within 24 h, with a 2-h lapse time between

each dose. Alternatively, patients with moderate or severe
headache after 2 h were allowed to take optional rescue
medication in the form of standard analgesics (other than
triptans or ergot derivatives).

During period B patients continued to record informa-
tion about migraine attacks in the same diary used during
period A. In addition, they recorded in a specific treatment
card the following information about the attack treated
with study medication: headache intensity at onset and at
2, 4 and 24 h after drug administration, according to the
four-point anchored scale; occurrence of nausea, vomiting,
photophobia and phonophobia at the same time; use of a
second dose of frovatriptan or of a rescue medication.

Data analysis

We analysed the diary cards collected in period A and
focused on two main aspects: the duration of OCMM
attacks and the temporal window of the onset of the attack,
as these are the main parameters which define the oestro-
gen-withdrawal headache in the ICHD-II classification.

As far as the treatment was concerned, we evaluated the
following: (a) the percentage of patients with pain relief,
defined as reduction of headache from moderate or severe
at onset, to mild or none, (b) the percentage of patients who
were pain-free, (c) the percentage of patients without asso-
ciated symptoms, (d) the percentage of patients who used
rescue medication, and (e) the percentage of those needing
a second dose of frovatriptan. Recurrence rate (defined as
the return of a severe/moderate headache within 24 h in
patients who experienced relief 2 h after dosing) was also
calculated. Temporal trends were explored with non-para-
metric Friedman’s test for repeated measures.

Results

Only 20 patients (mean age 32.2±7.0 years, range 22–46)
out of 34 enrolled had a positive history for pure OCMM,
as documented by diary cards. Ten women out of the 14
excluded were also suffering from headache outside the
pill-free week, 2 of them had not correctly filled in the
diary cards and 2 of them had not suffered OCMM
attacks for 3 months in a row. Final evaluation was there-
fore based on data obtained from the former 20 patients.
All patients presented attacks with the typical features of
migraine without aura; in fact, no patient reported aura
symptoms. Clinical data are presented in Table 1. All
OCMM attacks were of moderate (45%) or severe (55%)
intensity. In the majority of patients migraine usually
lasted at least 2 days in the presence of usual treatment,
but 15% of attacks exceeded the 72-h upper limit pro-
posed for migraine without aura in the IHS Classification
(6). Migraine attacks appeared within the first 5 days

Neurol Sci (2008) 29:S186–S190



S188 Neurol Sci (2008) 29:S186–S190

after the cessation of oestrogen use, irrespective of the
day of onset of bleeding, though in some cases (15%)
they appeared afterwards, on the 6th (n=6) or 7th (n=3)
day after pill suspension. 

After administration of frovatriptan, intensity progres-
sively and significantly decreased: mean values were
2.4±0.5 at onset, 1.6±1.0 after 2 h, 1.1±0.9 after 4 h and
0.8±1.2 after 24 h (p=0.0001).

Pain relief was reported by 55% of patients after 2 h,
and by 75% after 4 and 24 h (p=0.135); 10% of patients
were pain-free after 2 h, 35% after 4 h and 60% after 
24 h (p=0.003) (Fig. 1). Four of the 11 patients who
achieved relief after 2 h relapsed within 24 h. Rescue
medication was needed in 35% of the cases and a second
dose of frovatriptan was taken by 50% of patients.

Concomitant nausea and/or vomiting were observed
in 90%, 75%, 40% and 20% of patients at onset and after
2, 4 and 24 h respectively (p=0.0001). A similar trend
was found for photophobia and phonophobia (onset:
85%; 2 h: 60%; 4 h: 35%; 24 h: 30%; p=0.001).

Discussion

The influence of oral contraception on the course of
migraine is highly variable [17–20]. Increases in frequency
or severity have been reported in 18%–50% of cases, with
most attacks occurring during the hormone-free interval of
the cycle [17, 21]. Little is known about the real incidence
of OCMM, and even less in the case of pure OCMM.

Table 1 Demographic and clinical data of study population (n=20)

Age (years, mean±SD, range) 32±7 (22–46)
Systolic blood pressure (mm Hg, mean±SD, range) 111±11 (85–130)
Diastolic blood pressure (mm Hg, mean±SD, range) 72±9 (50–85)
Heart rate (bpm, mean±SD, range) 74±6 (62–84)
Intensity of OCMM attacks in the presence of usual treatment (%), in period A

Moderate 45
Severe 55

Total duration of OCMM attacks in the presence of usual treatment (%), in period A
<4 h 15
4–24 h 20
25–48 h 25
49–72 h 25
>72 h 15

Day of OCMM start during 7-day pill suspension (number of attacks/day), in period A
Day 1 6
Day 2 9
Day 3 12
Day 4 15
Day 5 9
Day 6 6
Day 7 3

Fig. 1 Rate (%) of patients with severe (full
bars), moderate (striped bars), mild (dotted
bars) or no (open bars) headache at onset (0)
and 2, 4 and 24 h after frovatriptan (F) admin-
istration



In the Appendix of the IHS Classification [2] it is
clearly stated that “if pure menstrual migraine […] is
considered to be associated with exogenous oestrogen
withdrawal, both codes A1.1.1 pure menstrual migraine
without aura and 8.4.3 oestrogen withdrawal headache
should be used”. Even though this statement implies a
substantial identity of these two migraine subtypes, in the
same paragraph it is also stated that “The mechanism of
migraine may be different with endometrial bleeding
resulting from the normal menstrual cycle and bleeding
due to the withdrawal of exogenous progestogens (as
occurs with combined oral contraception) […] therefore
research should separate these subpopulations”.

Our study tentatively describes the clinical features of
OCMM, in its pure form. It highlights that the criteria estab-
lished for IHS code 8.4.3 do not always adhere exactly to the
real picture of this headache. In fact, 15% of patients had
attacks lasting longer than 72 h. The possibility of a menstru-
al status migrainosus triggered by oral contraception-free
interval has also been suggested by other Authors [5].

Moreover, in 15% of patients attacks developed within
a temporal frame longer than 5 days after last use of the
pill, suggesting that in some cases any day of pill-free inter-
val could be the start day of the attack. In any case, the
onset of OCMM attacks was irrespective of the day of
bleeding onset.

The pathophysiology of OCMM and MM may partial-
ly differ; their treatment, however, is the same. Triptans
are usually regarded as the most effective acute anti-
migraine agents [22]. Frovatriptan is a well known effec-
tive treatment for migraine [23] and useful in MM pro-
phylaxis [11]. The present study now illustrates its clini-
cal efficacy for the acute treatment of OCMM.

As our results show, in fact, after 2 h the rate of
patients with pain relief was 55%, that of pain-free sub-
jects was 10%, and that of patients free from nausea
and/or vomiting or phonophobia and photophobia was
25% and 40%, respectively. As expected, these rates pro-
gressively increased during the period of observation,
reaching 75% and 60% respectively for pain relief and
pain-free at 24 h. Rescue medication or a second dose of
frovatriptan was needed and recurrence was observed in
no more than 50% of patients.

These are, to our knowledge, the first data on the effi-
cacy of a triptan obtained in a trial specifically dedicated
to pure OCMM. Indirect comparisons can be made with
double-blind, randomised studies of oral formulations of
sumatriptan, rizatriptan, almotriptan, zolmitriptan or
naratriptan at usual doses in the management of MM
[6–10]. In these studies, pain relief at 2 h ranged from
48% to 70% and freedom from pain ranged from 26% to
61%. Rescue medication was needed by 18%–69% of
women and recurrence occurred in approximately 30%.
In one of these studies [6] about 50% of the patients were
under oral contraceptives, but no specific comparison can
be made with our data due to the mixed nature of the

study population. No direct comparisons can be made for
frovatriptan, because the only published study in MM
treatment was carried out to assess the efficacy of a rela-
tively high prophylactic dose [11]. Nevertheless
MacGregor and Keywood [24] reported in a congress
abstract that in 82% of menstrual attacks migraine relief
within 24 h was achieved and more than 40% of menstru-
al attacks were relieved by a single frovatriptan dose. 

These studies are in line with our data, although it
must be considered that response to treatment in the high-
ly selected population of pure OCMM might be less
favourable than in patients with a generic form of MM.
The results may thus be adjusted accordingly [25, 26].

In summary, our study demonstrates that the clinical
features of pure OCMM do not always exactly follow
those established by the ICHD-II classification. In partic-
ular, OCMM is a severe form of migraine without aura
that in some cases can last more than 72 h. However, our
results indicate that 2.5 mg frovatriptan taken at the onset
of an acute attack might be effective in the management
of OCMM.

Despite its interesting results, it must be acknowl-
edged that this is a non-randomised, open-label, uncon-
trolled trial on a small number of subjects. Further, dou-
ble-blind, randomised, placebo-controlled studies are
needed to definitely prove the efficacy of frovatriptan in
this subpopulation of migrainous patients.

Moreover, in future, it would be advisable to revise
and better define the diagnostic criteria of the
International Headache Society for OCMM.
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Abstract Among the facial pain syndromes, trigeminal
neuralgia has a special position for many reasons. Already
described in the Romans age, the specific features of its
severe symptoms, the therapeutic debate and the recent
curative possibilities, make this complex pain syndrome a
unique entity. The clinical onset is predominantly unilater-
al and is described as an electric, lancinating, focal and
sharp pain. It can last seconds to minutes initially, and
sometimes can last as long as 1 hour. Usually the patient
is symptom-free between attacks. Later in the course of
the disease, patients report dull, aching, constant pain in
the same distribution as the paroxysms. The pain can be
triggered by non-noxious stimuli like chewing, talking,
swallowing, wind on the face, cold and light touch.
Thought to be attributable to fifth cranial nerve dysfunc-
tion, the first surgical attempts aimed to interrupt nerve
continuity by means of a rizothomy, with disappearance of
both pain and sensory disturbances. Further investigations
claimed nerve compression by vascular structures as
responsible of nervous dysfunction. Hence the attempt to
perform a decompression in order to relieve the symptoms
and maintain physiologic nerve function. From the suc-
cessful attempts of first microvascular decompression
descends the now standardised and widespread technique
that is commonly used today to treat trigeminal neuralgia.

Keywords Trigeminal neuralgia · Microvascular decom-
pression · Clinical presentation · Pathogenesis · Rationale

Introduction

Trigeminal neuralgia (TN), “tic douloureux”, or Fothergill
disease, is a well-known condition that neurologists and
neurosurgeons are familiar with. First descriptions of this
clinical entity date back to the second century AD [1], but
also Arabs had some knowledge of trigeminal neuralgia
during the 11th century. The first report of medical treat-
ment is attributed to John Locke, a British physician and
philosopher, who prescribed “laxatives” to an affected
patient in Paris, in 1677 [2]. One century later, Nicolas
André and John Fothergill collected different series of
patients. The first, who named the disease “tic
douloureux”, grouped the disease with convulsions,
tetanus and spasm, conceptualising them as a unique noso-
logic entity, claiming “vicious nervous liquids” as being
the cause, and proposing the use of causting agents for the
infraorbital nerve. The latter performed a very meticulous
description of the symptoms, postulating the syndrome
was caused by some sort of cancer [2]. When, finally, Sir
Bell in 1820 described the fifth cranial nerve, the name
trigeminal neuralgia was definitely applied [3]. Due to the
lack of a pathological explanation for the pain, many ther-
apies were initially tried, such as wine assumption, rest in
a dark room, laxatives or even the assumption of hemlock,
opium, arsenic [2]. None of these therapies did succeed.
Among drugs, some anaesthetic agents were also
employed, such as trichloroethylene or stilbamidine. In a
more recent past, treatment has become surgical, ranging
from dental extraction (often result of misdiagnosis) [4],
to chemoneurolisis (by means of direct injection of chlo-
roform [1] and alcohol [5] in the Gasserian ganglion, or
glycerol in the trigeminal cistern [6]), from radiofrequen-
cy techniques (refined only few years ago) [7–9], to
trigeminal nerve compression [10, 11]. All treatments car-
ried significant side effects (loss of sensitivity, muscle
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weakness, herpes virus infection, etc.) and early recur-
rence [2]. Microvascular decompression (MVD) is the
treatment of choice. Radiation Therapy [1] and
Stereotactic Radiosurgery [12] are a recent adjunct to the
therapeutic options for trigeminal neuralgia. The latter, by
means of Gamma Knife [13], assumes a peculiar interest
in the light of the spreading availability of robotic frame-
less stereotaxy [14, 15]. Long-term results still have to be
carefully evaluated with the time of long follow-up.

Physiopathology

Axons within the central nervous system are covered by
myelin, which is generated by oligodendrocytes and is
termed central myelin; in contrast, in the peripheral
nerves, the myelin of axons is generated by Schwann
cells. When a cranial nerve exits or enters the brainstem,
the region of central myelin extends for a variable dis-
tance away from the brainstem and then changes into the
peripheral myelin. This zone of transition is called the
Obersteiner-Redlich zone. The area of the nerve that has
central myelin is very vulnerable to trauma caused by the
repeated pulsation of an artery in contact with the nerve.
This process of nerve root injury may then cause
demyelinisation [16, 17] over a focal area and an abnor-
mal conduction or short-circuiting within the axons,
which is called ephaptic transmission. This abnormality
may lead to the production of a variety of hyperactive cra-
nial nerves syndromes. Ectopic action potential genera-
tion in the sensory root of the nerve may be responsible
for the typical, episodic, electric, lancinating pain of the
trigeminal neuralgia [18, 19]. Relief of vascular compres-
sion leads to a permanent cure in a high percentage of
patients, without permanent deficits in the distribution of
the cranial nerve [20]. As shown by intraoperative elec-
trode recordings, improvement in trigeminal nerve con-
duction after decompression, corroborates evidence that
compression of the trigeminal nerve by a blood vessel is
the major causative factor [21–23].

Clinical presentation

The diagnostic criteria for trigeminal neuralgia have to be
all searched in the patient’s clinical history. Pain is per-
ceived in one or more divisions of the trigeminal nerve,
mostly unilaterally. Pain is shooting, lancinating, sharp,
agonising and described as an electric shock. Usually lasts
seconds to minutes with repetitive bursts every few sec-
onds. The patient is symptom-free between the attacks. A
common evidence can be the trigger effect of some routi-
nary actions involving territories innervated by the affected
root, such as speaking, swallowing, chewing, brushing the
teeth, or sensitive stimuli applied in these regions like sim-

ple light touch, cold, or an air blow. Even a simple position
of the head can trigger the pain. Lying down over the
painful area can worsen an attack; in the same manner,
reversing the position can improve it. The trigger stimulus,
applied to the “trigger zone”, often arouses intense pain in
divisions beyond the one stimulated. This allodynia is A-
beta fibre activity with neuronal reorganisation at the level
of dorsal root ganglion and rostrally [24]. The sensation is
so discouraging that indeed even simple behaviours or
activities are inhibited and social relations are compro-
mised. A sense of despair can lead the patient to commit
suicide. If untreated, or unsuccessfully treated, later in the
course of the disease patients experience dull, aching,
throbbing or burning, constant pain in the same distribution
as the paroxysms. A long interval between the attacks is
often described as a period of increasing paresthesias in the
nerve distribution. In a minority of cases, pain can be expe-
rienced in the external auditory canal. Patients can describe
a clicking sensation in the omolateral ear, possibly due to
the motor innervation of the tensor tympani muscle. 

Family history is present in about 5% of patients with
trigeminal neuralgia. Up to 5% of patients can complain
of bilateral, sequential pain. In our series, according to the
literature, there was a female prevalence, in the sixth
decade. The age range at presentation was 21 to 90 years.
There is some controversy about the frequency of side of
presentation and number of divisions involved [25]. In our
series the right side was most frequently involved (56%)
and maxillary branch was most frequently affected. Only
in 13% all divisions were involved.

McGill Pain Questionnaire (MPQ) is commonly used
to rank trigeminal neuralgia in affected patients. Beyond
strictly evaluation of painful sensation, it can give a reli-
able indication of the affective stress.

Diagnostic clues

An accurate examination of the fifth cranial nerve starts
exploring corneal sensitivity with a fine tip of a cotton
swab, touching the cornea to elicitate the corneal reflex,
considering that the upper half of the cornea is innervated
by V1, the lower by V2. The sensory examination has to
be performed on all three divisions: exploration of light
touch (cotton wool), pinprick, hot/cold sensation, and
deep pressure allow to discriminate a sensory deficit often
present, but not described by the patient [26]. Distal
small-fibre loss with neuropathy produces the feeling of
burning pain. The sensory loss may not always be in the
same area of the pain. Jannetta described a high incidence
of hyperesthesia to cotton wool in the area of the
nasolabial fold ipsilateral to the pain. Nurmikko and
Eldridge in 2001 showed that electrophysiological inves-
tigations documented sensory trigeminal nerve abnormal-
ities in the triggered zone [24]. Lunsford et al., by means



of evoked potentials, related nerve fibre dysfunction to the
pain, finding that 86% of patients had nerve conduction
abnormalities. Furthermore, 83% improved after
microvascular decompression.

Tactile and temperature thresholds are raised in trigger
areas, and hyperalgesia is often a response to normother-
mal stimuli [27]. There is often temporal summation
(abnormal increases in intensity of pain to constant-
strength stimulus, radiation of pain from the stimulus,
after-sensation). Temporal summation of pain is a hall-
mark of central hyper-excitability to pain. Allodynia and
hyperalgesia are the hallmarks of neuropathic pain. These
findings implicate peripheral fibres involvement in
trigeminal neuralgia [24]. Electrophysiological investiga-
tions of the trigeminal nerve have yielded consistent
results, but they have not been widely used [16].

Imaging

It is well-established that typical trigeminal neuralgia is
caused by a neurovascular conflict. A cornerstone in the
history of trigeminal neuralgia was the possibility to visu-
alise a tight relationship between the apparent origin of
the fifth cranial nerve and some vascular structures. While
the conventional T1 and T2 Magnetic Resonance Imaging
(MRI) are useful in the differential diagnosis, excluding
space-occupying lesions of the fifth nerve or close to it,
specific angiographic MR algorithms allow 90.5% sensi-
tivity with 100% specificity of vessel compression [28].
Nevertheless, the correlation of imaging with intra-opera-
tive findings has been reported to be 82,6%, 67%, 80%,
71% in various series, according to different MR
sequences [29, 30]. In our series, 104 patients suspected
having a neurovascular conflict for trigeminal neuralgia
underwent MRI-3D CISS (constructive interference in
steady state), obtaining images of the posterior fossa
reconstructed using multiplanar reconstruction (MPR)
algorithms. TOF (time of flight)-3D MRI angiograms of
the posterior fossa were also taken and reconstructed with
maximum intensity projection (MIP) algorithms. With
these sequences, the vascular contact was accurately iden-
tified: the superior cerebellar artery (SCA) was compress-
ing the trigeminal nerve in 80% of cases, the anterior-
inferior cerebellar artery (AICA) was responsible in 15%
of cases, in 4% of cases both SCA and AICA were
involved and in 1% the vertebral artery (VA) only. MRI
was negative in 1 case. In all our cases, but one, the neu-
rovascular conflict was identified intraoperatively.

Differential Diagnosis

Typical trigeminal neuralgia is easily diagnosed.
Neurological examination is usually normal in affected
patients. However, there are reports in the literature of

many patients with TN who experienced pain for several
years before receiving an accurate diagnosis [24]. While
well-acquainted by neuroscientists, trigeminal neuralgia
is often referred to general practitioners or dentists who
are not very familiar with such a disease, leading to mis-
diagnosis. Pain along one or more division/s of the fifth
cranial nerve, may be an atypical trigeminal neuralgia or
atypical facial pain. Indeed the term “atypical” contains
the concept of multiple different clinical entities. Eller et
al. [31] proposd to use the “atypical facial pain” term to
indicate facial pain in the context of a somatoform pain
disorder, usually bilateral, spreading outside the trigemi-
nal distribution, often associated to multiple pain com-
plaints in other body regions, including diagnostic clus-
tering such as fibromyalgia or chronic fatigue syndrome.
Psychological testing prior to confirmation of this diag-
nosis should be performed. Moreover, they proposed a
classification of trigeminal neuralgia (TN) according to
seven diagnostic criteria from patients’ complaints [31].
TN1 and TN2 differ only for the lasting of the pain, being
episodic and brief in the first, and continuous and dull in
the latter that sometimes hides a tumour, cyst, vascular
malformation, etc. and demands for further imaging stud-
ies. Small infarcts and other vascular lesions in the pons
or nerve root can cause pain. A different group includes
pain from nervous lesioning, like in trauma or surgery,
neurectomy, gangliolysis, rhizotomy, nucleotomy, tracto-
tomy, or other denervating procedures (de-afferentation
pain). Trigeminal neuralgia may be associated with
Multiple Sclerosis (MS) in patients, often under 40 (1%).
The supposed mechanism is similar to the real trigeminal
neuralgia’s one, but the pain can be constant from the
beginning. In the post-herpetic trigeminal neuralgia the
first division is commonly affected and is marked by the
development of allodynia superimposed on a burning,
constant and deep dysesthesia. Trophic changes may be
noted.

In the differential diagnosis neoplastic, inflammatory,
and vascular causes can be easily ruled out. Some condi-
tions must be accurately considered: the glossopharyngeal
neuralgia which is characterised by severe, stabbing pain
in the ear, throat or both while swallowing; the geniculate
neuralgia with a typical severe, “ice-pick” pain deep in
the ear in a constant background pain. Migraine is usual-
ly unilateral, throbbing, pulsating, usually involving cra-
nial vault, also associated with nausea, vomiting, and pho-
tophobia, seldom with aura. Sharp-like pain has an odon-
togenous origin and is short-lasting. Sinusitis of the max-
illa causes an aching, throbbing pain in the cheek, which
gets worse in the morning and improves in head-up posi-
tion. Giant cell arteritis is often accompanied by malaise,
diffuse tenderness, rubor in the temporal region extending
to the neck. Temporo-mandibular joint disorders cause a
dull regional ache, non radicular in distribution, often
worsen by pressure and movement, and limitation of jaw
opening.

S193Neurol Sci (2008) 29:S191–S195



Surgery: Microvascular Decompression technique
(MVD)

This technique has been introduced by Peter Jannetta in
1967 [32, 33]. After anaesthesia is induced and intubation
is performed, the patient is placed in the lateral position
with the neck minimally stretched, flexed and rotated con-
trolateral to the pain side. The mastoid eminence, digastrics
groove, and inion should be identified and an inio-meatal
line drawn to define the transverse sinus. A vertical or
“italic S”-shaped incision is drawn 3- to 5-cm long,
approximately 0.5-cm posterior (medial) and parallel to the
hair line. After soft tissues opening and bone preparation,
burr hole is performed approximately on the mastoid emis-
sary vein; the asterion can be a useful landmark. The goal
of bone exposure should be to identify the edge of the junc-
tion of the transverse and sigmoid sinuses first, in order to
obtain a small and safe craniectomy. The junction of the
transverse and sigmoid sinuses must, then, be visualised. A
T-shaped incision is made in the dura mater to expose the
most superior and lateral corner of the dura adjacent to the
junction of the transverse and sigmoid sinuses, to allow a
direct corridor along the petro-tentorial bone. At this point
the cerebellopontine angle has to be exposed. The surgeon
should allow some drainage of cerebrospinal fluid (CSF) in
order to minimise the cerebellar retraction. On entering the
cerebellopontine angle, the first structure visualised will be
the seventh-eighth nerve complex, located superficially
and caudal to the trigeminal nerve. The trigeminal nerve is
located in the most superior and deepest position.
Decompression is relatively straightforward if the surgeon
keeps in mind that the dorsal root entry or exit zone can be
variable in length, particularly in the case of the nerve, and
may extend to a more distal portion of the nerve itself.
Therefore, the nerve should be inspected from its origin at
the brainstem laterally to its exit from the cerebellopontine
angle, and all vessels should be visualised. The compres-
sion may be proximal or distal, and it may be located under
the ala of the cerebellum. Microvascular decompression of
the trigeminal nerve requires sharp dissection of all arach-
noid around the trigeminal nerve and superior cerebellar
artery which usually compresses the nerve either at the
brainstem or distally. Rostral compression of the nerve
causes pain in the V3, and this is most commonly due to the
SCA looping downward and upward again. As the artery
elongates, it compresses the middle portion of the nerve,
causing pain in the V2 in addition to the V3. The relatively
rare, isolated pain in the V1 is caused by a vessel on the
caudal side of the nerve. Isolated pain in the V1 is most
common in older men, cigarette smokers, and patients with
dolichocephalic features, in whom the vertebrobasilar sys-
tem arteries compress the nerve from the caudal side.
Isolated pain in the V2 is most common in younger women
and is caused by a bridging vein that may be quite distal on
the nerve. After the arachnoid is dissected, the looping ves-

sel can be mobilised in order to interpose a piece of mus-
cle or shredded Teflon felt in between. Even without evi-
dent microvascular conflict, a simple explorative procedure
with mobilization of neurovascular structures of the area,
may result in symptoms remission. Tight dural closure is
important to ensure watertight closure. The bone edges of
the mastoid air cells are accurately waxed. The deep and
superficial muscles are approximated. The fascial closure
must be watertight to prevent any CSF leakage. Most fre-
quent complications are cerebellar injury, hearing loss, and
CSF leakage. Rare complications of the procedure, are
facial weakness or anaesthesia and lower cranial nerve dys-
function. The entire decompression procedure (from skin
incision to skin closure) generally takes less than 2 hours
and requires only a small corridor of exposure between the
cerebellum and petrous temporal bone. This corridor is
kept to a minimum by adequate exposure of the sigmoid
sinus through mastoid bone removal prior to durotomy.
This allows a dural incision very close to the sigmoid sinus
rather than a more posterior durotomy that requires more
cerebellar retraction to permit visualization along the
petrous temporal bone. Avoidance of CSF leaks remains
problematic after transgression of mastoid air cells and
exposure of multiple overlapping tissue planes. Our inci-
dence of CSF leaks has declined since 1990 from 3.65% to
2.15% (p0.01). Great attention must be paid to mastoid air
cells: it is compulsory to fill them with abundant bone wax.
The nuchal musculature has to be tightly sutured before
fascia is closed. Postoperative CSF leaks usually resolve
with lumbar drainage, only a minority of cases requires
operative intervention, including re-exploration of the
dural closure and careful inspection of the mastoid air
cells. Surface veins cause a special problem, because they
are prone to recollateralise if coagulated and divided. Most
early recurrences are the result of these recollateralised
veins. Subsequent recurrence (0.5%/year) is due to new
blood vessels, especially arteries, pressing on the nerve, as
a result of the continuation of the aging process.

Conclusion

The natural history of TN indicates progressive large-
fibre loss, making some therapeutic options poorly effec-
tive. Many treatment strategies are available today:
among them, microvascular decompression is the gold
standard treatment. The commitment of neurosurgeons in
this area has led to a progressive refinement of the tech-
nique over the years, with significant reduction of post-
operative mortality and morbidity and indication also for
elderly patients [34]. Furthermore, concerning the mech-
anism of the radicular damage, intra-operative electro-
physiological studies allow us to exactly assess the dam-
aged fibres, responsible of specific symptoms and signs.
These elegant complementary studies allow to character-
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ize patients with trigeminal neuralgia according to the
damage of large-fibre, small-fibre, or mixed sensory neu-
ropathy. This may lead to more precise surgical proce-
dures in which the appropriate fibre group is targeted [2].
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Migraine, Right-to-Left shunt and focal white-matter lesions: a
transcranial doppler study

L. Giberti1, G. Bino1, M. Giacomini2, F. Valguarnera1,
P. Tanganelli1

1Unità Operativa di Neurologia, ASL 3 Genovese (Genova);
2Department of Communication, Computer and System Sciences
(DIST), University of Genova (Genova, Italy) 

Aim of the study was to analyse the relationship among migraine char-
acteristics, presence of Right-to-Left shunt (RLS) and of MRI focal
white-matter lesions. A group of 72 patients suffering from migraine
with (MwA) and without Aura (MwoA) has been studied; as a control
group 20 asymptomatic, age-matched subjects have been considered.
RLS was detected using Transcranial Doppler plus gaseous contrast-
medium, as a standardized technique. RLS was found in a significant
number of MwA patients (50% vs. 35% of control and MwoA pts); on
the other side, focal MRI lesions correlated with crises frequency
instead of migraine type. On the Authors’ opinion these findings could
shed further light on the pathophysiological mechanisms by which
migraine is considered a cerebrovascular risk factor.

Patients with migraine with aura have an increased flow mediat-
ed dilation

C. Altamura, P. Palazzo, L. Moro, C. Pedone, R. Antonelli Incalzi,
P.M. Rossini, F. Vernieri

Neurologia Clinica e Geriatria, Università Campus Bio-Medico
(Roma, Italy)

Nitric oxide (NO) was hypothesised to trigger migraine pain;
migraineurs, in fact, share an arterial supersensitivity to NO.
Previous studies demonstrated that NO donor glyceryl trinitrat
(GTN) infusion can provoke headache in healthy subjects and even
stronger headaches in migraineurs. Blood vessels can adjust blood
flow in response to changes in the local environment. Many blood
vessels respond by dilating to an increase in flow. This phenomenon
is defined as flow-mediated dilatation (FMD). A principal mediator
of FMD is endothelium-derived NO.

We enrolled 34 participants: 21 with migraine (10 with aura
[MwA], 11 without aura [MwoA]), and 13 controls. The FMD was
assessed in all subjects by measuring the change in brachial artery diam-
eter after reactive hyperemia, compared with baseline measurements.

On average, FMD was 20.9% (SD: 11.2%), and it was not cor-
related with age, nor gender. Participants with MwA had a FMD of
31.0% (SD: 15%), while it was 18.2% (SD: 6.9%) in the group
MwoA and 15.5% (SD: 3.9%) in the control group (p<0.05 for the
comparison of MwA with both MwoA and controls, p>0.05 for the
comparison between MwoA and controls). After adjustment for age
and gender, the results were unchanged, with group membership
being still significantly associated with FMD (p<0.001). Neither age
and gender were associated with FMD.

The main finding of the present study is that FMD is increased
in patients affected by MwA compared to controls and migraneurs
without aura. These data suggest that patients affected by MwA
present an increased sensitivity to the local production of NO. This
phenomenon observed peripherally in the brachial artery might
reflect similar characteristics in the cerebral circulation.

Increased cerebral vasomotor reactivity in migraine with aura:
an autoregulation disorder? A transcranial Doppler and Near
Infrared Spectroscopy study

P. Palazzo, F. Tibuzzi, P. Pasqualetti, C. Altamura, P.M. Rossini,
M. Silvestrini, F. Vernieri

Neurologia Clinica, Università Campus Bio-Medico (Roma); AFaR:
Dip. di Neuroscienze, Ospedale Fatebenefratelli, Isola Tiberina
(Roma, Italy)

Migraine with Aura (MwA) is associated with a reduction in cerebral
blood flow (CBF) during the cortical spreading depression.
Following the passage of the oligoaemia, the vasodilatory response
to hypercapnia may be impaired. The importance of the autoregula-
tory mechanism in patients with migraine is, however, still to be
determined. Near InfraRed Spectroscopy (NIRS) derives non-inva-
sively information about the concentrations of oxy- and deoxy-
hemoglobin (Hb) measuring infrared light backscattered from the
tissue. NIRS has been used to estimate cerebral blood volume (CBV)
and to measure VMR. 

Aim of the study was to investigate CBF and CBV in basal con-
ditions and after CO2 inhalation in patients affected by migraine
with aura. We enrolled 21 controls and 16 patients with MwA. All
subjects underwent a simultaneous examination of CBF within mid-
dle cerebral arteries with TCD and of NIRS parameters (oxy% and
total Hb content, THC), at rest and during CO2 reactivity test. Our
results showed significant difference of cerebral VMR among
migraineurs with side prevalence, without side prevalence and con-
trol subjects. Moreover, there was significant difference in terms of
THC and Ox% increase, as measures of regional CBV after stimulus
among the 3 groups. Consistently, VMR, THC and Ox% increases
resulted significantly higher in the predominant side of migraineurs
compared to their non-predominant side as well as to both sides of
migraineurs without predominance and controls.

Our study demonstrates that there is an increase in cerebral
VMR in patients with MwA in most usual headache side. NIRS
could represent a simple and non-invasive technique complementary
to TCD able to detect cerebral hemodynamic impairment in patients
with migrainous aura.

Sleep-related migraine and circadian blood pressure monitoring 

C. Frittelli, M.R. Maluccio, A. Chiti, D. Benvenuti, V. Pelliccia,
D. Damiano, A. Iudice, S. Gori, G. Orlandi

Department of Neuroscience, Section of Neurology, University of
Pisa (Pisa, Italy)

Migraine attacks preferentially occurring at night time or in the early
morning usually show a peak frequency between 04:00 and 09:00 a.m.
This time schedule reflects a close relationship between migraine and
sleep, as well as a putative impairment of circadian rhythm control
systems in both episodic and chronic migraineurs. This may under-
lines the pivotal role of hypothalamus in the control of circadian
rhythms and sleep, especially REM sleep. The role of physiological
variables (e.g. aging) and pathological conditions (e.g. hyper ten si -
on/hypotension and/or psychiatric disorders) in favouring the noctur-
nal or early morning presentation of migraine attacks is yet unknown. 

The aim of this study was to assess blood pressure changes in
patients with sleep-related migraine without aura (SRMwA), defined
as subjects in whom at least 75% of attacks occurred at night time or
on awakening. Twenty-five patients suffering from SRMwA were
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compared with 30 patients with migraine without aura (MwA) who
were lacking of a preferential timing of attacks. Each patient under-
went a 24-hour Ambulatory Blood Pressure Monitoring (ABPM). 

No significant changes of blood pressure parameters were
detected in SRMwA patients as compared with MwA subjects. Data
analysis of the circadian variation of blood pressure showed a reduc-
tion of the acrophase amplitude of ABPM parameters (systolic,
mean, diastolic blood pressure values) in both SRMwA and MwA
patient groups. 

Results suggest a likely dysfunction of the circadian rhythm
generator and the autonomic nervous system in either type of
migraine, but do not account for the prevalent night time occurrence
of attacks in SRMwA patients.

Migraine and patent foramen ovale: improvement after
transcatheteral closure

V. Torri Clerici1, C. Colombo1, G. Meola1, M. Chessa2, G. Butera2

1Neurology Department, IRCCS Policlinico San Donato (San
Donato); 2Pediatric Cardiology and Adult Congenital Unit, IRCCS
Policlinico San Donato (San Donato, Italy)

Background and Purpose: The reports on the efficacy of transcatheter
PFO closure on migraine prevention are scarce. The aim of the study
was to value the course of migraine assested retrospectively in
migraine headache patients undergoing PFO transcatheteral closure.

Methods: We reviewed the clinical records of 42 consecutive
patients who underwent successful transcatheter PFO closure at our
institution because of migraine. Information about migraine before
and after PFO closure was obtained by a telephonic interview using
a structured questionnaire. Of the 42 patients, 28 (67%) had a diag-
nosis of migraine with aura (MA), and 14 (33%) migraine without
aura (MoA). Migraine severity was assessed with a scale that takes
into account the frequency, duration, intensity of the attacks and the
occurrence of aura (score range 0 to 11). 

Results: Baseline severity of migraine was higher in MA
patients than MoA (p=.037). After the procedure, the overall
migraine score had significantly improved: it dropped from 8.8 to
4.4 in MA patients, and from 7.5 to 4.0 in MoA patients. 11 (26%)
of 42 patients had complete resolution in their migraine, 22 (52%)
of 42 patients had significant improvement (reduction of migraine
attack frequency by more than 50%), 9 (21%) of patients had a par-
tial resolution (reduction of migraine attack frequency by less than
50%). In MA patients aura disappeared in 16/28 patients (57%).
Multiple linear regression analysis showed that the improvement
inMA and MoA was indipendent by migraine type, sex, age, cere-
brovascular risk factors and previous cerebrovascular events, type of
cardiac difect, thrombophilic conditions.

Conclusions: Closure of PFO brings a significant overall
improvement of migraine and dramatically reduces the occurrence
of aura. This seems occur irrespective of migraine type and previous
cerebrovascular disease.

Parasomnias in menstrual migraine patients: a case-control study

S. Cevoli, L. Vignatelli, M. Nicodemo, E. Sancisi, D. Grimaldi,
S. Zanigni, G. Pierangeli, P. Cortelli, P. Montagna.

Department of Neurological Sciences, University of Bologna
(Bologna, Italy)

Background: The relationship between migraine and sleep has been
known for a long time. In particular a higher incidence of parasom-
nias, among which bruxism, somnambulism, sleep talking and night
terror, has been documented in children with migraine compared
with controls. Moreover an association between headache and nar-
colepsy was previously reported. 

Objective: The aim of the present study was to investigate the
prevalence of parasomnias in women affected with menstrual
migraine, a migraine sub-type with a cyclical recurrence and an evi-
dent link with biological rhythms. 

Patients and Methods: 93 women (mean age 35.86±7.25 years)
with a ICHD-II diagnosis of pure menstrual migraine or menstrual-
ly-related migraine, and 85 age-matched non migraineurs women
were evaluated for parasomnias by mean of a semistructured inter-
view. The χ2 test was used to analyse differences in the frequencies
of categorical variables. The odds ratio (OR) with 95% confidence
interval (CI) was calculated. 

Results: Significant differences between menstrual migraine
patients and controls were found for the lifetime prevalence of sleep
paralysis (23.7% vs. 8.2%, p=0.008; OR 3.45, CI 1.39-8.57), night-
mare disorder (65% vs. 48%, p=0.021) and sleep related hallucina-
tions (50.5% vs. 23.55, p= 0.000; OR 3.321, CI 1.74-6.33). We
found no difference among groups for the lifetime prevalence of
confusional arousal, somnambulism, sleep terror, rhythmic move-
ment disorder, sleeptalking, bruxism, enuresis, hypnic jerks and
REM behaviour disorder (RBD). 86% of patients had at least one
parasomnias usually associated with REM sleep vs. 55% of controls
(p=0.001; OR 3.35, CI 1.60-7.00). 

Conclusion: Our work shows a higher prevalence of parasom-
nias usually associated with REM sleep, excluding RBD, in men-
strual migraine and does not confirm the association between
migraine and parasomnias of arousal. Those findings suggest a dys-
function in structures involved in both the pathophysiology of
migraine and the control of REM sleep.

Daytime sleepiness, fatigue and sleep quality in menstrual
migraine: a case-control study

D. Grimaldi, M. Nicodemo, L. Vignatelli, E. Sancisi, S. Zanigni,
G. Pierangeli, P. Cortelli, P. Montagna, S. Cevoli

Department of Neurological Science, University of Bologna
(Bologna, Italy)

Background: Previous studies described a high prevalence of exces-
sive daytime sleepiness and unsatisfactory sleep quality among
migraine suffers.

Objectives: To evaluate prevalence of daytime sleepiness, sleep
quality and fatigue in patients with menstrual migraine compared to
normal female. 

Material and methods: 93 patients with ICHD-II diagnosis of
pure menstrual migraine and menstrually-realted migraine were
recruited and compared to 83 age-matched healthy women. Daytime
sleepiness was assessed by means of Epworth Sleepiness Scale (ESS)
and Bologna Somnolence Questionnaire (BSQ). Sleep quality was
measured using a self-rated standardized questionnaire focusing on
subjective sleep quality perception and hypnotic medications intake.
Berlin questionnaire on snoring was also administered. Fatigue was
tested using the Fatigue Severity Scale (FSS) and the Modified
Fatigue Impact Scale (MFIS). The χ2 test was used to analyse results. 

Results: ESS and BSQ didn’t show a significant difference in exces-
sive diurnal sleepiness prevalence between the two groups. FSS and
MFIS revealed a higher prevalence of fatigue among migraine women
compared to controls (p=0.004) associated to a higher fatigue impact on
migraineurs physical (p<0.001), cognitive (p=0.01) and psycosocial
(p=0.001) performances. Migraine women resulted to be significantly
unsatisfied of their nocturnal sleep with respect to controls (p=0.001) but
no differences were found regarding difficulty in falling asleep, nighttime
awakenings, early morning awakenings and hypnotic medications intake.
Berlin questionnaire didn’t show significant differences between groups.

Conclusions: The study didn’t confirm the presence of excessive
daytime sleepiness in a selected group of women with menstrual
migraine. However, results showed a higher prevalence of fatigue



and of its impact among migraine suffers. Sleep quality was judged
unsitisfactory in migraneous patients despite the absence of insom-
nia and sleep breathing disorders.

Sleep-related movement disorders in menstrual migraine
patients: a case-control study

G. Pierangeli, S. Cevoli, L. Vignatelli, M. Nicodemo, E. Sancisi,
D. Grimaldi, S. Zanigni, P. Cortelli, P. Montagna

Department of Neurological Sciences, University of Bologna
(Bologna, Italy)

Background: Migraine has been associated with periodic or restless
limb movements in previous case-control studies. 

Objective: The aim of the present study was to investigate the preva-
lence of restless legs syndrome (RLS) and sleep related legs cramps in
women affected with menstrual migraine compared to healthy women. 

Patients and Methods: 93 women (mean age 35.86±7.25 years)
with a ICHD-II diagnosis of pure menstrual migraine or menstrually-
related migraine, and 85 age-matched non migraineurs women were
evaluated for RLS according to the four clinical criteria of the
International Restless legs Syndrome Study Group, and for sleep relat-
ed legs cramps by means of a semistructured interview. The χ2 test was
used to analyse differences in the frequencies of categorical variables.
The odds ratio (OR) with 95% confidence interval (CI) was calculated. 

Results: The lifetime prevalence of RLS was 32.3% in women with
menstrual migraine and 14.1% in control subjects (p=0.005; OR 2.89,
CI 1.36-6.13). The lifetime prevalence of sleep-related legs cramps was
35.5% in our patients and 15.3% of controls (p=0.001).

Conclusion: Our work shows a higher prevalence of sleep relat-
ed movement disorders in menstrual migraine. We confirm the asso-
ciation between migraine and RLS and highlight a relationship
between migraine and nocturnal cramps. The underlying mecha-
nisms are still debated. 

Functional-MRI (f-MRI) evaluation in chronic migraine with
medication overuse before and after withdrawal 

L. Grazzi1, L. Chiapparini2, F. Andrasik3, S. Usai1, S. Ferrario2,
M.L. Mandelli2, M.G. Bruzzone2, G. Bussone1

1Headache Center (Milan), 2Dpt. of Radiology, Neurological
Institute C. Besta (Milan, Italy); 3Dpt. of Psychology, Univ. of West
Florida, Pensacola (FL, USA)

Introduction: Withdrawal is the first step for treating patients with
chronic migraine and medication overuse. Recent studies confirmed
common elements in personality between these patients and sub-
jects addicted; some neuroimaging researches showed that abnor-
malities revealed are related to a specific cerebral pattern and that
they can return to the normal state after withdrawal.

Aim: To submit a group of patients suffering from chronic
migraine and medication overuse (the diagnosis was made accord-
ing to Silberstein-Lipton criteria)  to a withdrawal, to evaluate by
fMRI the presence of specific cerebral patterns before treatment and
their possible changes after withdrawal.

Material and methods: A group of patients suffering from
chronic migraine and medication overuse will be examined with a
Siemens Magnetom Avanto 1.5T at time 0 and 3, 6, 12 months later.
At the first exam the patients will be submitted to an initial psy-
chophysical testing session. Mechanical pressure stimuli of 3 sec in
duration will be applied to the finger of the left hand to determine
threshold for just noticeable pain (level 1), moderate pain (level 4)
and strong pain (level 8). The participants are exposed at the three
intensity levels determinate during the previous psychophysical test.

Results: Until now three patients were submitted to this proto-

col. Two patients were unable to perform the tasks because the former
was drowsy under the effect of the medication took at the time of test-
ing, the latter kept moving inside the scanner during the pressure stim-
uli administration. In the third patient, fMRI revealed significant activa-
tions in the anterior mid-cingulate cortex (aMCC), in bilateral insula
cortex (IC), and bilateral pre-central areas and particularly in the bilat-
eral orbital cortex during the noxious stimulation (p<0.05 FDR).

Discussion: fMRI seems to be a useful technique to obtain informa-
tion on particular neuronal changes of the pain network involved in this
type of patients. The activated areas are congruent with some data of the
literature. More subjects are needed to evaluate the possible changes
after withdrawal.

Migraine with and without aura: study with transcranial doppler
and brain magnetic resonance imaging  

S. Viola, P. Litterio, M. Cipulli, M.P. Buongarzone, L. Fiorelli

Department of Neurology  (Vasto, Italy)

Background: Recent studies performed by and Transcranial Doppler
(TCD) with iv injection of agitate saline reported an increased prevalence
of patent foramen ovale (PFO) in patients (pts) with migraine with aura
compared to controls. Some PET studies reported cerebral microcircula-
tion ipoperfusion during aura of migraine attack. Recent reports per-
formed by Brain Magnetic Resonance Imaging (bMRI) shown that
migraine with (MA+) and without aura (MA-) are at increased risk for
subclinical brain lesions  (infarcts and white matter lesions). 

Objective: By bMRI to compare the prevalence of subclinical brain
lesions in migraine cases and controls, to identify migraine characteris-
tics associated with these lesions; by TCD to evaluate a possible corre-
lation with patent foramen ovale and a possible cerebral microcircula-
tion ipoperfusion during aura of migraine attack.

Patients and methods: 64 pts (10 M and 54F,  mean age 38+11 s.d)
35 pts with MA+, 29 with MA-  and 20 controls (mean age 42+12 s.d.)
were studied by TCD (with and without iv injection of agitate saline)
and bMRI (PD, T2w, T1w and FLAIR sequences). 

Results: PFO was found more frequently in pts with MA+ 82 %,
than in controls 20%, O.D. 18 (95% CI 0,35-0.98) p<0.0001. Pts
with migraine had a higher prevalence of subclinical  brain lesions
than controls (EA+: O.R. 5.3  p<0.008,  EA-: O.R. 15 p<0.0001). We
found correlation r=0.64 p<0.0001 between subclinical brain lesions
and  numbers of bubbles detected by TCD only in patients with EA+
and PFO. We found no significant difference between patients with
migraine and PFO and migraine without PFO in  subclinical brain
lesions prevalence. Pts with  high frequency migraine attacks (>
2/month)  had higher prevalence of subclinical brain lesions  than pts
with low frequency migraine attacks (< 2/month) O.R. 7.2 ( CI 95%
0.15-0.61) p<0.001. During aura of migraine attack  TCD showed a
significant increase of  Pulsatility Index compared with controls
p<0.001 indicative of cerebral microcirculation ipoperfusion.

Conclusion: These findings suggest that PFO represents a pos-
sible risk factor for subclinical brain lesions in migraine with aura,
migraine with and without aura are at increased risk for subclinical
brain lesions increasing with the frequency of migraine attacks and
finally cerebral microcirculation ipoperfusion probablity occurs
during aura on migraine attack.

Hemicrania continua evolving from cluster headache and
responding to valproate: a case report

P. Castellini, G. Lambru, P. Torelli, A. Bini, A. Evangelista,
G.C. Manzoni 

Headache Centre, Department of Neurology, University of Parma
(Parma, Italy)
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Hemicrania continua (HC) is a rare type of primary headache. It is
classified in the group of “Other primary headaches” and is charac-
terised by a prompt and enduring response to indomethacin.
Centonze et al. described a case of cluster headache (CH) evolving
into ipsilateral HC (Centonze et al. 1987). Other Authors reported a
case of simultaneous occurrence of CH and HC on the same side
(Saito et al. 2005). We describe a patient who suffered from CH
evolving into ipsilateral HC.

A 51-year-old woman had been diagnosed with CH in our
Headache Centre two years before. We recommended a prophylac-
tic therapy with verapamil 120 mg t.i.d., but the patients took only
80 mg t.i.d. because of hypotension, with no improvement. Seven
months later, the consistently unilateral headache became continu-
ous. Pain was mild to moderate with 5-8 exacerbations a day, char-
acterized by more severe right periorbital pain lasting from 30 min
to a few hours and accompanied by ipsilateral nasal congestion,
nausea and asthenia. We treated the patient with indomethacin 25
mg t.i.d. and the headache promptly disappeared. Brain MRI
showed only chronic vasculopathy, seemingly due to impaired
microcirculation (the patient was a heavy smoker.) We established a
diagnosis of HC. The patient remained headache free for six
months. As she couldn’t tolerate long-term indomethacin therapy,
after a few trials with other therapeutic regimens, we started a ther-
apy with valproic acid at a dose of 750 mg/day, with significant
improvement of HC at 3 months’ follow-up. It is worth noting that
the patient had comorbidity with other conditions, including coeliac
disease, a past history of hypothyroidism (successfully treated by
radiometabolic therapy), anorexia, anxiety/depression syndrome,
and allergy to several drugs such as penicillin, thiamazol and amit-
ryptilin. In our case, valproic acid had a beneficial effect on weight
gain and mood improvement.

Therefore, valproic acid might represent a good alternative for
HC treatment in patients who are intolerant to long-term
indomethacin and also have certain comorbid conditions.

Lifestyle in cluster headache patients: does it increase the risk of
head injury?   

G. Lambru, A. Evangelista, P. Castellini, A. Bini, P. Torelli,
G.C. Manzoni

Headache Centre, Department of Neuroscience, University of Parma
(Parma, Italy)

Introduction: Several Authors have reported a significant associa-
tion between cluster headache (CH) and head injury (HI).

Aims: To investigate in male patients with CH v.s. controls: a) the
frequency of HI; and b) how HI occurred.

Methods: We conducted a retrospective study on 400 male patients
seen at the University of Parma Headache Centre between 1 January
2004 and 1 October 2007. The study population was divided into two
groups of cases and controls. The case group included 200 patients with
episodic CH consecutively referred to our Headache Centre. The control
group consisted of 200 patients with migraine without aura (MO). Cases
were matched to controls by age at onset of headache and by age at the
first visit at the Headache Centre (±2 yrs). The diagnoses were based on
the International Classification of Headache Disorders (ICHD 2004, 2nd

Edn). In both cases and controls, we investigated: the frequency of HI,
the features of HI, and how IH occurred (e.g., in the event of road acci-
dents, we recorded whether the patients were driving, whether they were
responsible for causing the accident, etc.).

Results: Mean age of cases was 36.6 years (±9.8 yrs) and 36.7 years
for controls (±9.9 yrs). Mean age at onset of headache was 24.4 years for
cases (±8.9 yrs) and 23.5 years for controls (±8.7 yrs). The frequency of
HI was 30.8% (123/400). In the group of CH cases, 77 (38.5%) had IH
(22 with and 55 without loss of consciousness) versus only 46 (23%) in
the MO control group (11 with and 35 without loss of consciousness)

(p=0.003). A second HI without loss of consciousness was more fre-
quent in CH cases (16/77, 20.1%) than in MO controls (6/46, 13%)
(p=0.028). As regards the time relationship between HI and onset of
CH, 47 patients had IH before CH onset (61%, mean age at HI: 14.1
yrs±8 yrs); on average, the interval of time between HI and CH onset
was 10.6 years (±7.8 yrs). In this patient subgroup, 35.2% had HI on the
same side on which they later developed headache, as compared with
7.4% in whom HI was contralateral to CH. Among all patients with HI,
the injury occurred during a road accident in 49.4% (n=38)of CH cases
vs. 58.7% (n=27) of MO controls; during a household accident in 11.7%
(n=9) of cases vs. 4.3% (n=2) of controls; during a work accident in
7.8% (n=6) of cases vs. 4.3% (n=2) of controls; during a sport accident
in 10.4%  (n=8) of cases vs. 15.2% (n=7) of controls; or for other rea-
sons in 18.2% (n=14) of cases vs. 13% (n=6) of controls (Data is lack-
ing in four). In both study groups, the means of transportation more fre-
quently involved in road accidents was the car (cases: 24/38, 63.2%;
controls: 15/27, 55.6%). During road accidents, however, CH cases were
more frequently driving (n=33/38, 86.8%) than MO controls (n=17/27,
63%) (p=0.02). Compared with MO controls, CH cases were more fre-
quently responsible for the accident that caused HI (35/200, 17.5% vs.
16/200, 8%) (p=0.007), and the difference was statistically significant
also for road accidents: 24/200 CH cases vs. 12/200 MO controls
(p=0.05).

Conclusions: The results of our study demonstrate that HI is more
frequent in patients with CH than in patients with MO. HI occurred more
frequently during road accidents involving motor vehicles in both study
groups, but in the CH group patients were more frequently driving and
more frequently responsible for causing the accident than in the control
group. Such data might suggest that CH patients are more prone to risky
behaviour and therefore more likely to have accidents of various kinds.
Lifestyle might then be considered a risk factor for HI (often, more than
one injury) in CH patients.

Validation of questionnaire for diagnosis of primary headache for
use in epidemiological studies in the general population

P. Torelli1, G. Abrignani1, G. Lambru1, A. Evangelista1, P. Castellini1,
A. Bini1, E. Beghi2, G.C. Manzoni1

1Headache Centre, Department of Neurology, University of Parma
(Parma); 2Mario Negri Institute (Milano, Italy) 

In the absence of biological markers, the diagnosis of primary headache
rests on clinical findings, as reported through ad-hoc interviews. 

The aim of this study was the validation of a headache questionnaire
designed to be administered by a physician, for the diagnosis of primary
headaches or of probable medication overuse headache in the general
population according to the International Classification of Headache
Disorders (2nd Edn, 2004 – ICHD-II). The questionnaire comprises 76
questions based on the ICHD-II diagnostic criteria for migraine (code
1.1, 1.2.1, 1.2.2, 1.2.3, 1.5.1, 1.6), tension-type headache (code 2.1, 2.2,
2.3, 2.4), primary stabbing headache (code 4.1) and probable medication
overuse headache (code 8.2.7)  and on other clinical features (i.g. age at
onset, relation between headache and pregnancy etc.). Answers to each
question were: (a) numbers (i.e. age at onset); (b) “Yes” or “No” (e.g. Do
you have nausea during headache?); (c) predefined answers (e.g. quali-
ty of pain). We assessed the validity and reliability of the questionnaire
and its sensitivity and specificity for migraine and tension-type
headache. 

The study population consisted of 50 patients (37F, 13M) aged
17–76 years (mean, 40.7) seen for the first time on a consecutive basis
at the University of Parma Headache Center. The questionnaire was
administered independently by two trained physicians (E1 and E2)
before the visit performed by a headache specialist (blind to the diagno-
sis made by E1 and E2). If appropriate, more than one headache subtype
was considered. Questionnaire-based diagnosis was compared with

S200 Neurol Sci (2008) 29:S197–S207



diagnosis established by the headache specialist taken as the gold stan-
dard (GS). For the first type of headache (n=50), we found an agreement
of 98% (K value: 0.96; CI 95%: 0.88-1.00) between E1 and GS and
between E2 and GS, and of 96% (K value: 0.91; CI 95%: 0.80-1.00)
between E1 and E2. For the second type of headache (n=24) we found
an agreement of 83.3% (K value 0.80; CI 95%:0.63-0.98) between E1
and GS, of 62.5% (K value: 0.62; CI 95%:0.41-0.82) between E2 and
GS and of 70.8% (K value: 0.66; CI 95%:0.45-0.87) between E1 and E2. 

Sensitivity and specificity were 100% and 93.3%, respectively, for
migraine without aura (code 1.1) and 100% for frequent episodic ten-
sion-type headache (code 2.2). Our findings support the use of this ques-
tionnaire as a valid and reliable tool for diagnosis of headaches in epi-
demiological studies.  

Insulin alteration in migraine and impact of proper diet on
headache severity

C. Cavestro1,2, A. Rosatello3, G.M. Micca4, C. Di Pietrantonj5, 
D. Fessia6, G. Asteggiano1, E. Beghi7

1Neurology; 2Headache Center; 3Endocrinology; 4Laboratory;
6Informatics ASL CN2 (Alba); 5 Statistics, Osp “SS Arrigo e Biagio”
(Alessandria); 7Ist. di Ricerche Farmacologiche “Mario Negri” (Milano,
Italy)

We recently reported [1] how about the 80% of migraineurs do have high
insulin plasma levels. After that we began a prospective observational
controlled study to evaluate how the treatment of this disorders could
modify migraine. 

Patients and methods: Patients with migraine or headache other than
migraine, and healthy volunteers were included. All had general blood
tests and a standard oral glucose tolerance test after a 12-hour fast, meas-
uring both glucose and insulin. Patients with altered metabolic profile
underwent a proper diet and were followed up. The group of patients
with normal profile was the control group. 

Results: In 2004–2005, we recruited 84 migraineurs, 25 patients
with non-migraine headache, and 26 healthy controls. Multivariate
analysis confirmed a significant difference between groups for glucose
levels (p<.0001). Only in migraineurs there was a significant increase in
insulin levels (p<.0001), both for migraine compared to other  headaches
(p<.0001) and healthy controls (p<.0001). From 2005 up to 2007, 319
migraineurs have been visited at our headache centre. They were 63 men
and 257 women. The mean age is 40 years. The population with a nor-
mal metabolic profile was used as control group to evaluate efficacy of
diet. 217 (68%) showed gluc-insulin metabolic alterations. Among
these, 39 were men and 178 women. Mean age 40 years. Index of
headache severity at entry did not differ between groups, such as at the
end of follow-up. BMI at baseline is similar in the two groups, and did
not differ significantly after diet. During follow-up the metabolic profiles
improved in the majority of patients, proportionally to the clinic
improvement, but with less significance.

Reference
1. Cavestro C, Rosatello A, Micca G et al (2007) Insulin metabolism

is altered in migraineurs: a new pathogenic mechanism for
migraine? Headache 47:1436–1442

SUNCT syndrome: a case with seasonal pattern

F. Baldacci1, A. Nuti2, C. Lucetti2, G. Cafforio2, C. Dolciotti2,
G. Orlandi1, U. Bonuccelli1

1Dept. of Neurosciences, University of Pisa (Pisa); 2Neurology Unit,
Hospital of Viareggio (Lido di Camaiore, Italy)

SUNCT is a trigeminal autonomic cephalalgia (TAC) characterised
by short unilateral attacks centred on the ophthalmic trigeminal dis-
tribution accompanied by lacrimation and redness of the ipsilateral

eye. It exists in episodic and chronic form and atypical features have
reported. Patients with episodic SUNCT presented attacks with a
not predictable temporal pattern. SUNCT seems to share clinical
and pathophysiological characteristics with the other TACs, sup-
porting the pathogenetic hypothesis of a central origin and the pre-
dominant role of hypothalamus. Circannual periodicity is not a typ-
ical feature of SUNCT. Here, we describe the case of an episodic
primary SUNCT with an exclusive seasonal pattern as previously
reported in cluster headache and paroxysmal hemicrania.

“INDOTEST” in hemicrania continua: a report of three
atypical cases and a review of literature

A. Nuti1, F. Baldacci2, G. Cafforio1, C. Lucetti1, C. Logi2,
G. Cipriani1, C. Dolciotti1, G. Orlandi2, U. Bonuccelli2

1Neurology Unit, Versilia Hospital (Lido di Camaiore), 2Department
of Neurosciences, University of Pisa (Pisa, Italy)

Hemicrania continua (HC) is an indomethacin responsive headache
characterised by a chronic, strictly unilateral, side-locked without side-
shifting, persistent headache; however, atypical cases are reported. In
two previous studies with 12 HC patients and with 7 HC patients,
respectively, acute administration of indomethacin 50–100 mg intra-
muscularly (INDOTEST) determined complete pain relief in all cases.
Here, we report a review of literature and three new cases of HC with
atypical features in which an INDOTEST with 50mg intramuscularly
was performed (Cephalalgia in press). The first case is a 33-year-old
woman with a seasonal pattern HC. The second case is a 44-year-old
man with a side-shifting HC. The last one is a 77-year-old woman with
an HC and at the best of our knowledge, she is the oldest case described
with an HC. In all the three cases INDOTEST predicted chronic
responsiveness to indomethacin. Thus, in cases of HC with atypical
features, INDOTEST could help for a correct diagnosis and therapy.

Intracranial haemorrhage due to possible postpartum cerebral
angiopathy: a case report

M. Brioschi, L. Fumagalli, P. Santoro, M. Piatti, S. Beretta,
L. Mattavelli, C. Ferrarese

Dept. of Neurology, University of Milano-Bicocca, San Gerardo
Hospital (Monza, Italy)

We describe a case of a 39-year-old woman who presented at the
Emergengy Department with a 3-day history of severe, diffuse, pulse
headache two weeks after spontaneous delivery of her second child.
No nausea, vomiting or preceding aura were reported. Her headache
worsened in spite of analgesics. Throughout her pregnancy she was
normotensive, without proteinuria, oedema or seizures. No risks fac-
tor or pathologies were reported in anamnesis. Neurological exami-
nation was normal. Her blood pressure was 140/70 mmHg. Brain CT
scan was normal and angio-CT was negative for venous and arterial
thrombosis. Four hours later she developed decreased level of con-
sciousness, dysarthria and left hemiparesis. A second brain CT-scan
showed a right capsular haematoma. For subsequent neurological
worsening and haematoma improving, neurosurgical evacuation was
performed the day after. During recovery, the patient developed a
severe hypertensive state treated with intravenous clonidine and nitro-
prussiate. All causes of secondary hypertension were excluded.
Routine blood test, autoimmune and thrombophilic screening and
surgical histological examination were normal. At discharge, the
patient presented left severe hemiparesis with normal consciousness
level and no language deficit. At cerebral angiograms follow-up (per-
formed after 1 month and after 6 months) no evidence of venous
thrombosis and vascular malformations were described. 
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A rare cause of intracerebral haematoma in pregnancy is post-
partum cerebral angiopathy (PCA) due to large and medium size
vessels vasoconstriction. Vasospastic disorder, related to hormonal
changes of pregnancy, could lead to ischemic or haemorrhagic stro -
ke. PCA clinical features include severe headache, nausea, vomit-
ing, photophobia, transient hypertension, seizures and neurological
deficits. Digital angiogram, demostrating segmental narrowing of
cerebral arteries, is necessary for diagnosis. Increased cerebral
blood flow velocities might be shown by transcranial doppler ultra-
sound in acute phase. These radiological findings are reversible
within days or few weeks. History of migraine and vasocostriction
drugs use are considered risk factors for this syndrome. Actually
there is no established treatment for PCA.

Reversal of headache and coma from spontaneous intracranial
hypotension by lumbar epidural blood patch in Trendelenburg
position 

E. Ferrante1, I. Arpino2, A. Citterio1, A. Guccione1, A. Savino2,
R. Sterzi1

1Neurosciences; 2Emergency Room Dept., Niguarda Cà Granda
Hospital (Milan, Italy)

Objective: Treatment of spontaneous intracranial hypotension (SIH)
resulting in coma. 

Background: SIH is characterised by orthostatic headaches, low
CSF pressure, distinct abnormalities on MRI. 

Materials and methods: We report one case of coma from SIH. 
Results: A 62-year-old man developed orthostatic headache.

After 15 days he became progressively obtund. Brain CT revealed
bilateral chronic subdural haematomas which were evacuated. Two
days after operation he became comatose (GCS: 5 state), developed
respiratory distress and was intubated. Brain MRI, showed diffuse
pachymeningeal enhancement, descent of midbrain structures (MRI
abnormalities of SIH). Myelo-MRI failed to demonstrate a CSF
leak. He was placed in the Trendelenburg position (TP) and awoke
within 8 hours. Then we performed a lumbar autologous epidural
blood patch (LAEBP) with 35 cc of blood mixed with gadolinium.
Spinal MRI post-LAEBP showed only a very little quantity of blood
into lumbar epidural space (LES). Twentyfour hours later he became
stuporous. Second LAEBP was given under fluoroscopy guidance
with 30 cc of blood mixed with iopamiro.  Multislice spiral spinal
CT (MSSCT) post-LAEBP showed little quantity of blood in the
LES, after 15 days he became stuporous again.Video-EEG showed
diffuse activity theta. We performed another LAEBP with 30 cc of
blood. MSSCT post-LAEBP showed blood into epidural space from
L3 to C7 level. After 24 hours he improved. The patient maintained
a 30 degree TP during and 24 hours after the LAEBPs. After 12
months of follow-up the patient was in good health. 

Discussion and conclusions: Our case suggests: a) TP can be
life saving in patients  with rostrocaudal herniation by SIH. b) TP
favours the spread of blood into epidural space from the lumbar to
cervical level. c) LAEBP in TP is effective to treat cases of SIH
resulting in coma. d) It is necessary to perform a neuroimaging
examination post-LAEBP to confirm the correct execution.

High frequency of typical aura with non-migraine headache or
without headache in a patient with sickle cell trait 

C. Lovati, B. Rapuzzi, C. Mariani

Headache Centre, Neurological Unit, L.Sacco Hospital (Milan,
Italy)

We report the case of a young white woman, aged 38, with a sickle
cell trait, confirmed by genetic and haematological exams, free from

any sickle cell disease (SCD) manifestation, that frequently com-
plaints typical aura attacks followed by non-migraine headache or
without any kind of headache after aura (1.2.2 or 1.2.3 using
ICHD-2 criteria). She usually complains just fully reversible visu-
al symptoms lasting 20–40 min without headache. In some cases
she presented a complete aura with visual, sensory and dysphasic
symptoms, every time  fully reversible, with each symptom lasting
in general from 5 to 60 min, but that in few episodes lasted more
time, up to 4 h for the succession of the three symptoms. She mean-
ly registers 8 episodes per month of aura without headache and 2
episodes of typical aura with non-migraine headache. In our
patient, after more than 20 years of aura headache, Magnetic
Resonance Imaging resulted normal and no persistent neurological
deficit is present.

In 2006 Silva et al. [1] studied for the first time headache char-
acteristics and frequency among SCD adult patients. They reported
that 50% of SCD adult patients had severe and frequent headache,
with a global prevalence of migraine without aura of about 35%.
No aura patient among the 56 ones studied by them was found.
They observed abnormally high blood velocities at Trans Cranial
Doppler (TCD) in the headache group and they concluded that a
migraine-mimicking headache occurs in SCD but not completely
understandable as a primary headache because of that blood flow
abnormalities observed. Bussone et al. [2] in 1984 described the
case of an adult white man with sickle-cell haemoglobinopathy
trait, affected by complicated migraine, who developed acute
occlusion of two middle cerebral artery branches, with persistent
neurological deficit. They underlined in their report that neurolog-
ical manifestations have been rarely described in sickle cell trait
carriers. 

Headache is better studied among SCD children than in adults.
Considering that the prevalence of headache in healthy children has
been reported to range from 8% to 60%, depending on the popula-
tion studied and the definition used [3], recently Niebanck et al. [4]
concluded that the prevalence of headaches in children with SCD is
similar to the general population even if younger children (<13 yrs)
with SCD report headaches more frequently than control subjects.
The same Authors underlined that factors associated with frequent
headaches in subjects with SCD included older age, frequent vaso-
occlusive pain episodes, symptoms of obstructive sleep apnea, and
cerebral vessel stenosis.  Palermo et al. [5] in 2005  mailed to a
cohort (n=50) of children with SCD, ages 9 to 17 years, a detailed
headache questionnaire using International Classification of
Headache Disorders (ICHD-2): they reported that headaches had
occurred over the previous 3-month period in 32 out of the 42
respondents (76.2%): 14 children (43.8%) had migraine without
aura, 2 (6.2%) had migraine with aura, and 16 (50%) tension-type
headache. They also found that frequent headaches were common
with one attack per week or more in the 31% of cases. 
Then, headache is quite typical among SCD patients, even if reli-
able data about adult patients and carriers are lacking. We have not
found other cases of frequent typical aura manifestation with or
without headache related to sickle cell trait even if we may not
exclude that it should be just a case of comorbidity. 
References
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Botulinum toxin type A for prophylaxis of chronic daily
headache associated with medication overuse: an open-label
prospective trial

P. Liberini1, R. Rao1, C. Lazzarini2, E. Venturelli1, S. Gipponi1,
A. Padovani1

1Dept. of Neurology, University of Brescia (Brescia); 2Dept. of
Neurophysiopathology, Brescia Hospital (Brescia, Italy)

Objective: To evaluate the efficacy and tolerability of Botulin Toxin
Type A (BoNT-A) for prophylaxis of probable chronic migraine
(pCM) and probable medication overuse headache (pMOH). Efficacy
was defined by two primary endpoints: a) decrease of headache fre-
quency; b) reduction/discontinuation of medication overuse. 

Methods: 18 Caucasian adult patients (14 females; 4 males; age
31-58, mean 43) who met the International Classification of
Headache Disorders (IHS 2004) criteria for pCM and pMOH were
enrolled in this open-label prospective study in 7-year period
between January 2001 and December 2007. All participants were
asked to sign informed consent to the study. Any patient took pre-
ventive medication. Migraine disability assessment (MIDAS) and 6
months headache diary (-3 t0/+ 3 t0 months monitoring) were used
for the evaluation of treatment efficacy and safe. A total of 400 units
of European-type of BoNT-A were injected in 20 fixed sites (20
U/site) of epicranial muscles including corrugator frontalis (6), tempo-
ralis (6), parietalis (4) and occipitalis (4). Clinical evaluation and diary
check was performed 4 and 12 weeks after treatment. 

Results: 2 out of 18 patients were excluded from data analysis for
starting preventive medications. Other 2 were dropped-out because
missed clinical revaluation after treatment. 10 out of 14 patients who
completed the study stated subjective improvement after the injection.
Mean MIDAS score decreased significantly 4 and 12 weeks after treat-
ment. Average of headache decrease of 48±23% days per month was
registered in the 3 months following treatment (+3 t0) in comparison
with the 3 months before treatment (+3 t0). The amount of analgesic
consumption decreased of 53±39% in the 3 months after treatment (+3
t0 vs -3 t0: p<0.05). No serious adverse events were reported (1 case of
transient fever, 2 cases of slight and transitory pain in the injection site). 

Conclusion: BoNT-A was an effective and safe treatment for pro-
phylaxis of migraine without aura and MOH. Clinical benefits are sup-
posed to be related with epicranial muscle relaxation, decrease of CNS
and trigeminal ganglion release of algesic peptides and psychological
inferences due to the open-label study type. A randomised placebo con-
trol trial is necessary to confirm these data.

Headaches in patients with cerebral glioma and metastasis: a
prospective study

A. Rosati, E. Venturelli, M. Broli, S. Gipponi, E. Sapia, R. Rao,    
P. Liberini, A. Padovani

Dept. of Neurology, University of Brescia (Brescia, Italy)

Background: The prevalence of headache associated with brain tumour
ranges from 48% to 71%.  Most studies come from unselected series
considering both glioma (GLM) and metastasis (MTS) and are retro-
spective in nature. However, the growing mechanisms of GLM and
MTS are different and different physiopahological mechanisms of
headache may be hypothesised. 

Objective: To characterise headache in both primary and secondary
intracranial neoplasms and to identify possible predictable factors. To
understand the uneasy relationship between headache and brain
tumours. To analyse if the different pathogenetic mechanisms of GLM
and MTS are related to a different pattern of headache.

Methods: Since September 2006 all hospitalised patients evaluated
at the Spedali Civili Neuro-oncology Unit of Brescia for new diagnosed
cerebral GLM and MTS were prospectically investigated for headache
throughout the course of the disease. In all patients both family and per-

sonal history of headache, antecedent head trauma, and MRI lesion find-
ings were considered. Headache was classified by the International
Classification of Headache Disorders (ICHD 2004) criteria. The
headache presence was investigated at each control during the follow-up. 

Results: Until today (January 2008) 111 individuals (62 M; 49 F;
age 23-88 yrs, mean 58±15, median 60 yrs) affected by GLM (45 pts)
and MTS (66 pts) have been evaluated and followed at the Neuro-
Oncology Unit. In 11 of them (9.9 %) headache represents the initial
symptom leading to the diagnosis. Headache was reported in 5
patients with GLM, whereas patients with MTS and headache were 6.
Previous headache was reported in 6 pts (54.5%), family history of
headache in 5 (45.5%) and none with head trauma. Headache was
pressing (7/11), of moderate intensity (7/11), bilateral (9/11), without
neurovegetative symptoms (9/11) and without aura (11/11). 

Conclusions: Our study confirms that headache and brain
tumours are related clinically. The small size of our sample does not
allow to define headache in brain tumours, yet. The prospective
nature of our study will or will not confirm our feeling that a differ-
ent type of headache characterize GLM and MTS. 

Two cases of basilar type migraine and posterior stroke 

S. Gipponi1, E. Venturelli1, R.Rao1, R. Tortorella2, E. Sapia1,
P. Liberini1, R. Liserre3, M. Frigerio3, A. Padovani1

1Dept. of Neurology, University of Brescia; 2Stroke Unit, Brescia Ho -
spital; 3Neuroradiology Service, University of Brescia (Brescia, Italy)

Basilar-type migraine (BM) is a rare form of headache generally
affecting young subjects. BM is characterized by aura symptoms
originating from the brainstem or from both hemispheres simultane-
ously. Concomitant cerebral artery anomalies should be excluded.
Ischemic cerebral infarction that occurs during a migraine attack is
rare and the mechanism is uncertain. 

We report two patients who had cases of basilar-type migraine
with posterior ischemic stroke, vascular abnormalities and concomi-
tant cerebrovascular risk factors.

Case report 1: A 20 year-old man with BM, presented two MRI
ischaemic lesions in the posterior inferior cerebellar artery territory
and anatomical anomalies of the posterior circulation territory at
Angio-MRI. He had concomitant cerebrovascular risk factors: mild-
moderate hypertension, hyperomocysteinemia and primary
antiphospholipid syndrome.

Case report 2: A 40 year-old woman with BM, presented a typ-
ical attack but with an unremitting aura phase. Neurological exami-
nation showed right hemianopsia. Brain MRI showed one subacute
ischaemic lesion and several small similar lesions in the left poste-
rior cerebral artery territory and in left cerebellar hemisphere. She
had decreased folic acid level, decreased resistance to activated pro-
tein C and atrial septal aneurysm. 

We wanted to describe these cases to indicate that MRI and
angio-MRI studies are recommended in all cases of BM. The diag-
nostic protocol should also include the assessment of cerebro- and
cardiovascular risk factors. 

Larger cohort studies should evaluate if the IHS basilar-type
migraine is a real nosologic entity or it is a diagnosis underlying a
cluster of cerebrovascular pathologies.

Migraine with aura triggered by sibutramine: a case report

E. Venturelli, S. Gipponi, P. Liberini, R. Rao, A. Padovani

Department of  Neurology, University of Brescia (Brescia, Italy)

The mechanisms underlying the pathophysiology of migraine are not
completely understood, but the brain of a migraineur has a reduced
threshold to a great number of stimuli known as trigger factors. One or
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more trigger factors have been reported in 64%–90% of migraine
patients. We describe a patient presenting a migraine with aura first attack
two hours after treatment with a single dose of sibutramine (10 mg).

This is a drug with established efficacy in sustained weight reduc-
tion and an overall favourable safety profile. It has various neurolog-
ic adverse effects such as headache (30%), but there are not any pre-
vious cases of migraine with aura after sibutramine treatment.

Sibutramine is chemically related to the amphetamines, but its
mechanism of action is different because it acts via inhibition of
serotonin, norepinephrine, and dopamine reuptake rather than via
direct monoamine release.

We postulate that the dopamine reuptake inhibition could result
in excessive dopamine in the synaptic clefts and a consequent
increased dopaminergic neurotransmission, in line with the hypoth-
esis that monoamines are involved in migraine with aura genesis.

Migraine after syncope or atypical basilar-type migraine? A
case report

V.C. d’Agostino1, F. Fattapposta1, D. Dugoni2, R. Cerbo2

1Università di Roma “Sapienza”, Dipartimento di Neurologia ed
ORL; 2Policlinico Umberto I di Roma, Centro di Medicina del
Dolore “Enzo Borzomati” (Rome, Italy)

Basilar migraine was described by Bickerstaff as a rare variant of
migraine which affects all age groups, particularly adolescent girls.
It has been described by the HCC-IHS as “a migraine with aura
symptoms clearly originating from the brainstem or from both
occipital lobes.” A differential diagnosis for this condition is really
important and complex, having to exclude cerebrovascular disease,
seizure disorders, brainstem arteriovenous malformations, posterior
fossa tumors and psychiatric disorders. 

Case report: A 39-year-old woman came to our ED for a reduc-
tion of consciousness followed by headache. The patient referred that
during her usual work she started to notice a “shaky vision” in the
both temporal sides that in few minutes involved the whole field of
view. Shortly, she perceived a diffuse sweating, nausea, significant
hypotension and reduction of consciousness. After 45 min began a
unilateral, severe, periorbital and throbbing headache associated with
photo-phonofobia and vomiting, that finished spontaneously after 6–7
h. In her anamnesis, she reported from 8-year-old other nine similar
episodes characterised by bilateral visual symptoms (only in three
ones), hypotension and loss of consciousness followed by a migraine-
like pain. She had had no other type of headache throughout her life.
Her neurological exam, EEG and EKG Holter, TTE, echocolor-
doppler (ECD) of epiaortic vessels, brain TC and routine blood exams
resulted normal. We suggested moreover brain angio RMN with mdc,
Tilt-test, TC-ECD, TEE, thrombophilic screening and MMPI. We rec-
ommended anti-inflammatory drugs for the attack treatment, and pro-
hibited smoke and estrogenic therapy. 

Conclusions: Considering her stereotyped attacks, started since
childhood and the absence of other dysautonomic symptoms without
migraine, this case could be interpreted as “Basilar-type migraine”
with a low frequency, even if IHS 2004 criteria do not include the loss
of consciousness, but only an its reduction. An alternative hypothesis
is a syncope associated with migraine: several reports evidenced that
both conditions co-occur together, especially during migraine attacks

High prevalence of cluster headache and aura migraine in an
Italian family

C. Lovati, C. Mariani

Headache Centre, Neurology Unit, L. Sacco Hospital (Milan, Italy)

We describe an Italian family with high prevalence of cluster headache

and aura migraine. We report the history of patients distributed along
four generations. In the first of these four generations (I) the grand
grandfather (Ia) complained recurrent attacks of very severe head pain
lasting 1–2 h, generally exploding in the evening and causing restless-
ness. These attacks were present during isolated periods of the year.
This patient is now died and no physician formally diagnosed cluster
headache even it seems the much reliable hypothesis by the history
described by his daughter (IIa). She has a 60 years history of migraine
with aura, characterised by high frequency of attacks (about
10–15/month), since she was 15 years old and still present. This woman
has a son (IIIa) affected by cluster headache, and a daughter (IIIb), that
has migraine with aura and a patent foramen ovale (PFO). She (IIIb) has
two sons, one (IVa) with migraine with aura and the other (IVb) with
cluster headache. In all reported patients, except Ia, the criteria of the
International Headache Society were applied.

It is well known that first-degree relatives of a patient with
migraine without aura, migraine with aura, chronic tension-type
headache and cluster headache have a significantly increased risk of
the patient’s disorder if compared to the general population, [1]. A
number of epidemiological studies show different possible mecha-
nisms of inheritance for each primary headache [2–4]. De Simone et
al. [5] in 2003 described a pedigree of a large kindred of four relat-
ed families in which eight members were affected by cluster
headache with a distribution that suggested a possible autosomal
recessive mechanism of inheritance. In our family, we observed an
hereditary way without skips of generation for migraine with aura
(IIa, IIIb and IVa) with a direct transmission from parent to children.
With regard to Cluster Headache, our family shows a transmission
with generation gaps and the possible role of “healthy carrier”:
analysing the pedigree of this family, patients II a and III b seem to
be contemporary affected by migraine with aura and healthy carrier
of Cluster Headache that they transmitted respectively from Ia to
IIIa and from Ia to IV b through IIa. 
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Botulinum toxin Type A treatment in disabling migraine

M. Aguggia1, G.B. Allais2, M.G. Saracco3, M. Maggio4,
G. Bussone5

1UOA Neurologia (Novi Ligure), 2C. Cefalee della Donna
Università di Torino (Torino), 3UOA Neurologia (Asti), 4UOA
Neurologia (Ivrea), 5 Istituto Neurologico Besta (Milano, Italy)

Objective: In order to evaluate the efficacy of botulinum toxin type
A (BTX-A) treatment in reducing the disability associated with
migraine

Background: BTX-A has shown promise for the treatment of
migraine in several clinical trials; although, there has been discus-
sion about how BTX-A should be optimally used for treating
headache and which patients are best suited for treatment.

Methods: Enrolled patients had migraine headaches meeting IHS
diagnostic criteria 1.1, 1.2 and 1.7 and that were severely disabling as
confirmed by a > 60 Headache Impact Test (HIT-6) score and a >20
Migraine Disability Assessment Scale (MIDAS) score. Patients were
randomised to receive BTX-A (200 UI Dysport) or placebo at 24
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injection sites, administered after a 1-month baseline period and
repeated after 4 months. Patients were assessed every 30 days.

Results: A total of 57 patients were randomised to botulinum
toxin type A or placebo and 42/57 patients (73.6%) had at least 4 of
8 months of analyzable diary information. Patients receiving BTX-A
reported a significant reduction in impact score, as exhibited by a
decrease in HIT-6 from “severe” (66) to “some” impact (59) and a
decrease in MIDAS score of 49% (74 to 38). The percentage of severe
headaches in BTX-A patients decreased from 32% of all headaches at
baseline to 13% over 8 months (a 40% reduction in the experience of
severe headaches as a proportion of all headaches rated as mild, mod-
erate or severe). There also appeared to be a progressive benefit from
repeated BTX-A treatment after 4 months. The placebo patients expe-
rienced no changes in headache severity, minimal HIT score changes,
and only a 24-point change in MIDAS. Adverse events were general-
ly mild and transient in 7/57 patients (12.3%).

Conclusions: BTX-A appears to safely and effectively reduce
the impact and disability of disabling migraine.

Long-term results of different therapeutical approaches for
juvenile episodic-tension-type headache

L. Grazzi1, A. Prunesti1, F. Andrasik2, S. Usai1, G. Bussone1

1Neurological Institute C. Besta (Milan, Italy); 2Dpt. of Psychology,
Univ. of West Florida (Pensacola, FLA, USA)

Introduction: Recurrent headaches are common in children and
adolescents. Most current investigations have employed limited
modalities (either medication or behavioural) and few have includ-
ed treatment comparisons. 

In this study relaxation training, amitryptiline and magnesium
salts were compared for juvenile Episodic-Tension-Type Headache. 

Methods: Patients were treated by behavioural therapy (limited
group relaxation training) (group A) or by amitryptiline, 10 mg per
day for 3 months, (group B) or by Magnesium Pidolate twice a day
for 3 months (group C).

Results: The clinical improvement was significant for the 3
groups at 1 year follow-up (days of headache/month: group A 15.1 vs.
3.7; group B 18.7 vs. 2.3; group C 7.5 vs. 2.3). In group A, of the 41
initial patients, 30 (73%) achieved the 1 year follow-up. All patients
came regularly for the sessions, practiced routinely, they and their
parents appeared to be compliant and accepting of treatment although
we did not assess this formally. In group B, 39 patients started treat-
ment, 17 (43.5%) patients achieved the 12 months follow up; 22
(56.4%) patients did not achieve the last follow up meeting. In group
C, 59 patients started to be treated leaving 26 (44%) at the last meet-
ing, 33 (56%) patients did not complete the treatment for different
reasons: no good compliance, no good taste of the medication,
absence of immediate results after few weeks of therapy.

Conclusions: Although clinical significant results were obtained
in the 3 groups after long-term follow-up, relaxation therapy seems
to be more accepted than medication. The limited contact modality
seems to be as useful as other behavioural approaches that require a
greater investment of time (by patients and therapists), without
unpleasant side effects.

Because the sample sizes are small, these conclusions are tenta-
tive. Data collection will continue on larger sample of patients.

Efficacy of duloxetine in patients with comorbidity of
depression and chronic migraine with medication overuse

V. Tullo, E. Mea, M. Curone, A. Proietti-Cecchini, M. Savino,
G. Bussone, M. Leone

Fondazione IRCCS Istituto Neurologico “Carlo Besta” (Milano,
Italy)

Background and objectives: Antidepressants are often used to treat
chronic daily headache (CDH) disorders mainly because of the high
prevalence of associated mood disorders. Among CDH, chronic
migraine with medication overuse (Silberstein and Lipton criteria)
is the most frequent form. Some chronic migraine patients do not
improve with current drug prophylaxis.  New therapeutic strategies
are needed in such cases. Duloxetine hydrochloride, a new antide-
pressant, is a selective serotonin and norepinephrine reuptake
inhibitor. Aim of this study was to evaluate the efficacy and tolera-
bility of duloxetine treatment in chronic migraine patients with
medication overuse and concomitant depression. 

Patients and methods: Fifty patients, 40 women and 10 men,
aged 20 to 65 years (mean 39.4) fulfilling the Silberstein and Lipton
criteria of chronic migraine with symptomatic medications overuse
were included in the study. These patients had a Hamilton
Depression Rating Scale (HDRS) score between 20 and 35 and a
Migraine Disability Assessment Scale (MIDAS) >20 (grade IV). 

Duloxetine was administered at a daily dose of 60 mg for 12
weeks. Patients had a baseline one-month period; hence, duloxetine
was started and they were assessed after 4, 8 and 12 weeks. The fol-
lowing parameters were employed to measure outcome (clinical
end-points): number of headache days per month, headache intensi-
ty, analgesic consumption, Hamilton Depression Scale and MIDAS.
Number of responders (=headache frequency reduction ≥ 50% in the
treatment period vs. baseline) were also evaluated. 

Results: All patients completed the study; the drug was well tol-
erated. In our patients, number of headache days per month, anal-
gesic consumption, headache intensity, HDRS and MIDAS were
significantly reduced after duloxetine treatment  (mean±SD before
and after treatment  20,6±1,8 vs. 11,0±1,3; 20,0±1,8 vs. 10,5±1,3;
2,7±0,5 vs. 1,9±0,4; HDRS 26,3±2,0 vs. 14,8±1,1; MIDAS
85,66±21,4 vs. 6,7±2,05; p< 0.0001). Twenty-seven of the fifty
(54%) patients were responders. 

Discussion and conclusions: Migraine causes significant lost pro-
ductivity and decreases quality of life. Part of the burden of migraine
is produced by the psychiatric conditions that often coexist, such as
depression or anxiety. Similar neurochemical alterations may explain
comorbidity between migraine and psychiatric disorders.

Amitriptyline is a tricyclic antidepressant consistently shown
to prevent migraine. Unfortunately it commonly causes side
effects (such as cognitive impairment, orthostatic hypotension and
cardiac abnormalities) that may limit its utility. This study shows
that chronic migraine patients significantly improved after dulox-
etine administration. We have observed a good tolerability profile
during the treatment period. Duloxetine does not bind to receptors
originating tricyclic-induced side-effects and this could explain
the good tolerability. Duloxetine efficacy in  our patients may be
explained either as a direct effect on migraine or an improvement
in depression.

Headache attribuited to neurosarcoidosis

M. Curone, M. Leone, A. Proietti-Cecchini, E. Mea, V. Tullo,
G. Bussone

Istituto Neurologico Besta (Milano, Italy)

Objectives: Neurological complications in sarcoidosis are rare (5%)
and highly variable. Headache may occur in neurosarcoidosis and
diagnostic criteria are given in the IHS classification. Aim of the
study was to describe headache characteristics in patients diagnosed
as suffering from neurosarcoidosis. The IHS criteria for “headache
attribuited to neurosarcoidosis” have been applied.

Methods: Patients admitted to our Institute from 1999 to 2006
and diagnosed as suffering from neurosarcoidosis were retrospec-
tively reviewed. Neurosarcoidosis was diagnosed according to brain
or spinal MRI, thoracic CT scan, and/or gallium scintigraphy, bron-
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choscopy, cerebrospinal fluid, angiotensinogen converting enzyme
and response to treatment. Hystory of the patients was reviewed and
headache characteristics were obtained from charts. Thirteen
patients were included: 8 males, 5 females mean age at onset 48
years (29–72), illness duration 4 years (1–12).

Results: Headache was reported by six (46%) patients and was the
onset symptom in five of them (38%). In two (15%) cases the headache
was the only neurological symptom. In three patients (23%), the
headache was associated with oculomotor palsy. In four patients
headache had acute onset; in the remaining two patients headache was
reported as mild at the beginning, but subsequently worsened. The IHS
criteria were fulfilled in 5 (83%) patients. An intracranial lesion was
observed at MRI in all the headache patients: a lesion into the ipsilat-
eral cavernous sinus was founded; moreover, in two there was
increased meningeal enhancement around the brainstem.

Conclusions: Patients included in this study fulfil the IHS crite-
ria for headache attribuited to neurosarcoidosis.

A migraneous family with hemiplegic aspects

A. Terruzzi1, L. Valente1, M. Tognozzi1, C. Ferrante1, V. Cardin2,
A. Gallanti2, N. Bresolin2, M. Camerlingo1

1Division of Neurology, Policlinico S. Marco (Zingonia); 2Division
of Neurology, Policlinico di Milano (Milano, Italy)

Introduction: Migraine with aura (MA) is a common form of cephalal-
gia, with an 8% prevalence in general population. It is well known that
MA is more frequent in the same family, as general Migraine without
aura (MwA) has a 70% familial component. A rare genetic, autosomal
dominant, with incomplete penetrance form of migraine, Familial
Hemiplegic Migraine (FHM) has been described and characterized so
far with 3 different genes mutations: FHM1 with CACNA1A mutations,
FHM2 with ATP1A2 mutations and FHM3 with mutations on SCN1A.

Overlap in the same patients of different migraine type is a possi-
ble condition.

Materials and methods: We describe a family composed by a  12 y-
old age patient affected by MA, according to IHS ICHD-II criteria, who
presented two distinct, fully reversible attacks of hemiplegic migraine
after strong exercise. From the paternal family tree: the father is affect-
ed by MA, and in the younghood presented several attacks of hemi-
plegic migraine. His other two uncles and aunt are all affected by MwA,
including his father homozygotic twin brother; a first-grade cousin
presents episodic Cluster Headache (CH). The paternal grandfather is
affected by MwA. The young patient’s mother suffers from MA. No
cerebellar or epileptic aspects were found in the family anamnesis.
Genetic analyses are being carried over for FHM 1-2-3 screening in the
paternal family members.

Discussion: The young patient was studied with bioumoral exami-
nation, brain MRI and EEG, with normal results; he presented a normal
neurological examination. He was diagnosed with Familial Hemiplegic
Migraine, fulfilling HIS ICHD-II criteria, after family history and
familial examination.

Conclusion: The genetic aspects of migraineous disorders are still
not completely known and the family here described confirms the bond
between migraine with aura-aspects subtypes and genetic inheritance.

Can prophylactic treatment improve disability and Quality of
Life in migraine patients ? 

D. D’Amico, L. Grazzi, S. Usai, G. Bussone

Dept. of Neurology, “C. Besta” Neurological Institute (Milano, Italy) 

Aim: To review the main evidences in published literature on
changes in the negative impact on functioning and well-being after
anti-migraine prophylaxis.

Methods: the results of studies measuring disability and
Health Related Quality of Life (HRQoL) caused by migraine fol-
lowing prophylaxis using standardised questionnaire were
analysed.

Results: Two open studies have found improvement in MIDAS
and-or SF-36 scores following treatment with different preventive
drugs for migraine. Analysis of data deriving from double blind
placebo-controlled trials with topiramate have shown significant
improvement of HRQoL, both using a migraine specific tool
(MSQ) and a generic tool (SF-36). Recently, the impact of topira-
mate (median modal dose 100 mg/day) on disability and HRQoL
was evaluated in a large trial (818 patients enrolled in the 26-week
open-label phase; 514 in the following 26-week double blind
phase): MIDAS score at the end of the open-label phase showed a
mean change vs baseline of –21.18 (p<0.0001). In patients who
switched from topiramate to placebo after 26 weeks of treatment,
the MIDAS score increased by 6 points vs. no change in patients
who continued topiramate. SF-12 physical component score also
deteriorated in the placebo group compared with topiramate (–3.1
vs. –0.6, p<0.001) while the change in mental component score
did not differ between groups.

Conclusion: Emerging data suggest that prophylaxis can reduce
the impact of migraine. Significant evidence exist for topiramate,
which was able to induce improvement in disability and HRQoL in
different trials with double blind and open label designs, also when
tested in rather long (up one year) treatment periods.

Efficacy and tolerability of pregabalin and amitriptyline in
the prophylaxis of chronic daily headache with medication
overuse: a prospective open-label study

G. Leone, B. Rizzato, M. Diomedi, G. Bernardi

Headache Center, Neurological Clinic, University of Rome “Tor
Vergata” (Roma, Italy)

Chronic daily headache (CDH), a heterogeneous group of headache
disorders with attacks occurring on at least 15 days/month, represents
a relevant problem in terms of health and social policies. Patients with
CDH have greater disability and lower quality of life than episodic
headache patients and often overuse their symptomatic drugs. An
open-label prospective study was conducted to compare the efficacy
and safety of pregabalin and amitriptyline in treating probable med-
ication overuse headache (pMOH). Eligible patients received instruc-
tions to keep the daily headache diary for the 2 months prospective
baseline phase and for the entire study period. One-hundred patients
with pMOH were randomly assigned to receive pregabalin 150
mg/day or amitriptyline 10 mg/day. The first 4 weeks were considered
the titration period and the following 4 months, the treatment period.
Efficacy variables were: change in number of days with
headache/month and with medication intake/month, between baseline
and the last 4 weeks of the treatment period. There were no signifi-
cant differences in demographic and clinical characteristic between
the two groups of patients. At the end of the treatment period, a sig-
nificant reduction in headache frequency with respect to baseline and
a significant reduction in days with medication intake were recorded
in both groups. There were no significant differences in beneficial
effects between the 2 groups. Adverse effects occurred in 24 % (dizzi-
ness and somnolence) of pregabalin patients and in 31% (excessive
sleepiness and mild sedation, dry mouth) of amitryptiline patients but
none were severe.

Pregabalin and amitriptyline therapy seem to manage successful-
ly CDH with medication overuse with a good tolerability. This affords
clear practical advantages in treating these patients without a detoxi-
fication approach and hospitalization. Pregabalin could be a valid
option in patients with contraindication for other recommended pre-
ventive therapies.
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Primary headache and epilepsy comorbidity: the EPICEF
Study

M.C. Tonini, L. Giordano, L. Atzeni, G. Bogliun, G. Perri,
M.G. Sa racco, P. Torelli, M. Turazzini, F. Vernieri, M. Aguggia,
G. Bussone, E. Beghi on behalf of the EPICEF Group

Laboratory of Neurological Disorders, Institute for Pharmacological
Research “Mario Negri” (Milano, Italy)

Background: The association between epilepsy and headache is
established. However, only the correlation between migraine and
epilepsy has been carefully investigated. The aim of this study  was
to assess prevalence, clinical characteristics and risk factors of three
major types of primary headache (migraine, tension-type headache,
trigeminal autonomic cephalalgias) and two types of idiopa -
thic/cryptogenic epilepsy (partial and generalized) in patients with
comorbidity (association of the two disorders) compared to those
with headache and epilepsy alone. 

Materials and methods: From September 2005 to June 2007,
consecutive outpatients seen in ten university and hospital epilepsy
and headache centres were prospectively recruited and asked
whether or not they suffered from epilepsy alone, headache alone or
both. The patients were divided into three groups: headache alone,
epilepsy alone, and comorbidity. An ad hoc questionnaire construct-
ed according to the ICDH-2 and ILAE criteria was used to compare
demographic and clinical characteristics and risk factors of
headache and epilepsy in the three groups.

Results: 768 patients with available records were assessed (474
women and 293 men; mean age 40). 528 patients presented primary
headache alone (migraine 83%; tension-type headache 14%; trigem-
inal autonomic cephalalgias 1.4%). 159 patients had idiopath-
ic/cryptogenic epilepsy alone (partial 49%; generalised 43%). In the
comorbidity group (79 patients) migraine occurred in 51% of cases
and tension-type headache in 29% of cases with partial epilepsy as
compared to 51% and 42% of cases with generalized epilepsy. The
frequency of headache attacks in patients with migraine alone (5.3)
was significantly higher than in patients with comorbidity (3.7;
p<0.05). In contrast, the frequency of attacks in patients with ten-
sion-type headache alone and in those with comorbidity were fairly
similar (5.8 vs. 7.5; p<0.4). Partial and generalised epilepsies were
similar in patients with and without comorbidity.

Conclusion: Epilepsy characteristics are no different in
patients with epilepsy alone and in those with comorbidity.
Headache attacks are more frequent in patients with migraine
alone compared to those with comorbidity. This is not true for ten-
sion-type headache, suggesting a possible link between migraine
and chronic treatment of epilepsy. This observation may have
implications for clinical practice with reference to migraine pro-
phylaxis with antiepileptic drugs.

Short lasting lumbar CSF pressure monitoring for detecting
increased intracranial pressure in chronic daily headache

F. Bono, C. Giliberto, D. Cristiano, S. D’Asero, L. Mangone,
C. Mastrandrea, G. Broussard, A. Quattrone

Institute of Neurology, University Magna Græcia (Catanzaro);
Institute of Neurological Sciences, National Research Council
(Mangone, Cosenza, Italy)

Objective: The aim of this study was to compare cerebrospinal fluid
(CSF) opening pressure measurement with short lasting (one hour)
lumbar CSF pressure (LCSFp) monitoring for detecting increased
intracranial pressure in patients suspected of having idiopathic
intracranial hypertension (IIH).

Methods: In a prospective study from November 2003 to April
2007, 76 consecutive patients with chronic daily headache under-
went lumbar puncture in order to record both the CSF opening pres-
sure and short lasting (one hour) LCSFp monitoring. Increased
intracranial pressure was diagnosed when CSF pressure was greater
than 200 mm of H2O. The criteria for exclusion from the study were
abnormal neurological examination, presence of papilledema, or MR
evidence of structural brain lesions or hydrocephalus. MR venogra-
phy of the brain were also performed in all patients. Bilateral trans-
verse sinus stenosis (BTSS) was considered present when the signal
flow was poor or lacking (flow gap) in the mid-lateral portion of both
transverse sinuses. 

Results: Among the 76 patients with chronic daily headache who
underwent CSF opening pressure measurement and short lasting (one
hour) LCSFp monitoring, 61 (80 %) had normal opening pressure.
Short lasting (one hour) LCSFp monitoring showed increased CSF
pressure in 17 (28 %) of these 61 patients with normal opening pres-
sure. All patients with pathological elevations of CSF pressure dis-
played BTSS on MR venography.

Discussion: In this study we demonstrated that about one-third
of patients with normal CSF opening pressure had increased intracra-
nial pressure when investigated with short lasting LCSFp monitoring.
Our findings demonstrate the accuracy in establishing intracranial
pressure of short lasting LCSFp monitoring, suggesting that patients
suspected of having IIH should be evaluated with prolonged record-
ing of CSF pressure.

Conclusions: The discrepancy between measurements of CSF
opening pressure and prolonged recordings of CSF pressure indicates
that short lasting LCSFp monitoring may have an important diagnos-
tic role that should be further investigated.

A novel non sense mutation in the ATP1A2 gene associated to
hemiplegic migraine 

A. Gallanti1, V. Cardin1, M.T. Bassi2, A. Tonelli2, G. Bussone3,
N. Bresolin1,2

1Centro Dino Ferrari Fondazione IRCCS Ospedale Maggiore
Policlinico, Mangiagalli e Regina Elena, Dept. of Neurological
Sciences University of Milan (Milano); 2IRCCS E. Medea,
Laboratory of Molecular Biology, (Bosisio Parini, Lecco);
3Neurological Institute Besta (Milano, Italy)

An 11-year-old female came to our observation because, about 2
months before, she had presented migraine associated to hemipare-
sis, lasted 1 hour. During the attack the patient had experienced a
visual aura, lasted less than 20 min, characterised by scintillating
scotomas, mild right hemiparesis, hemiparesthesias and dysarthria.
The headache, very intense, was accompanied by nausea, vomiting,
phonophobia and photophobia. The patient underwent many inves-
tigations which were normal. The neurological examination was
negative. The clinical characteristics presented by the patient here
described would be compatible with a diagnosis of hemiplegic
migraine with an apparently sporadic occurrence (SHM). Direct
sequencing of the ATP1A2 gene, in the patient allowed us to iden-
tify a novel heterozygous non sense mutation in exon 22,
c.3027T>A leading to a premature protein truncation
(p.Tyr1009Stop) within the carboxi cytoplasmic tail of the Na+K
ATPase pump alpha2 subunit. Mutation in ATP1A2 is associated
with FHM type II cases characterised by familial hemiplegic
migraine. In absence of experimental data demonstrating the func-
tional effect of the mutation, the nature of the amino acid change by
itself leading to a premature protein truncation is highly suggestive
of a pathogenic role of the mutation. 
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