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Abstract In the light of the pathophysiologic knowledge

acquired in the recent years, a tentative redefinition is now

possible of some types of headache until now defined as

idiopathic, and indistinctly described as primary head-

aches. Cluster headache and trigeminal neuralgia are

known examples of diseases classified as primary, which

are, in contrast, well-defined diseases to be distinguished

from headaches without any recognized anatomic site of

lesion or pathogenesis. Another still debated condition,

chronic migraine, is proposed here as the consequence of

‘‘processes’’ to be ascribed to mechanisms activated by

other comorbid conditions. The observations supporting

the possibility that allodynia represents the implicit

process leading to pain progression, which occurs in some

migraineurs, are discussed.
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Introduction

The title ‘‘Redefining primary headaches’’ is a title with a

great ambition. It indicates that the writer should possess

two capacities:

1. thoroughness in conceptual and semantic analysis;

2. an extensive, meticulous knowledge of headaches in

all its forms.

This could lead to a reclassification of primary head-

aches, with all the semantic and conceptual doubts and

uncertainties that whoever suggests an overthrow or a

simple minor change in an existing, largely shared codifi-

cation such as that proposed by the International Headache

Society (IHS) in 2004 [1] must be coping with.

We shall start from point (1) with a question: what do

we mean by primary? Anything that corresponds to the

‘‘earliest in time or order of development’’. This definition

may be read in most dictionaries, which may add: ‘‘first in

a causal order, being the first in order of one or more other

items’’, and again: ‘‘in medicine, synonym of initial in

morbid processes that may be clinically subdivided into

several stages’’.

It may already be inferred that this is not the definition

used by the IHS when it distinguished primary (36 codified

forms) from secondary headaches (143 codified forms).

According to the IHS, and not only to it, the distinction

is between morbid conditions that have headache as the

only phenotypic expression within a coexisting or imme-

diately preceding or following syndromic context on the

one hand, and on the other, etiologically defined morbid

conditions in whose syndromic context headache may or

may not be present, or else may be dissociated from other

symptoms or signs.

Headaches that we define today as secondary are not

controversial, if there is an accurate diagnostic and thera-

peutic reference to the definition.

The lesion leading us to the definition of secondary

headache will be different (either inflammatory or neoplas-

tic, either traumatic or caused by intra- or extraparenchymal

V. Bonavita

Istituto di Diagnosi e Cura Hermitage Capodimonte,

Naples, Italy

R. De Simone (&)

Department of Neurological Sciences, Headache Centre,

University ‘‘Federico II’’ of Naples, via Pansini, 5,

80131 Naples, Italy

e-mail: rodesimo@unina.it

123

Neurol Sci (2009) 30 (Suppl 1):S1–S5

DOI 10.1007/s10072-009-0050-x



hemorrhage, etc.), but it will always be indicated in anatomic

terms, based on the history of a clinical medicine that today

appears to be scarcely elaborated when looked in

retrospection.

The progress of experimental and applied research

confuses the issues, and raises new doubts. This is the path

trodden by the scientific research in its most-recent history,

and it calls into question another definition, crucial to reach

a consensus on the concept of ‘‘primary’’: the definition of

observation. Jean Baptiste Le Rond d’Alembert, creator,

together with Denis Diderot, of the Enciclopedie, must be

credited as the first to ever provide a rigorous definition of

observation in the scientific domain.

According to d’Alembert, a physicist and mathemati-

cian, ‘‘scientific observation is a simple verification, a

collection of raw data, a sort of taking note of facts. Hence,

it must be distinguished from the experiment, which is an

elaborate study of the unknown.’’

If we relate the considerations above to the activities

of a researcher (clinical or other), which may only be

defined as such if he/she resolves to reveal for the first

time what is not known, we are no longer dealing

with the observation of raw data, but with a more

or less elaborate experiment. The result of this is the

individuation of previously unknown causal factors, and

of previously controversial pathogenetic mechanisms.

However, the greater elaboration of the experiment as

compared to unprogrammed observation has an addi-

tional advantage: that of allowing for a macroscopic as

well as microscopic anatomic view of the lesional sub-

strate of the symptom or sign. The biochemical lesion

tackled with by Sir Rudolph Peters in 1937 becomes a

substitute and elaborate lesional substrate for the ana-

tomic damage.

All this leads to informally give up the idea of defining

as primary any headache that, based on the current

knowledge under evolution, might be defined as a sec-

ondary headache to processes having complex and

multiform phenotypes, in which headache is one of the

non-obligatory clinical variables. Migraine aura without

any migraine is one such example.

All this might look like little more than an intellectual

divertissment, although it is not so. Any headache defined

today as primary by the IHS, which is in the need of a

present recodification as headache disease, is going to

require an adequate treatment (pathogenetic and/or causal,

as well as symptomatic) that will engage the clinical

researcher in increasingly complex experiments with the

purpose of finding a cure, without which there is no doctor,

as Rudolph Virchow used to remind.

To make it brief, the attempt is that of creating

a nosography that, once symptomatic headaches are

individuated in the context of morbid processes with a

well-defined anatomic basis, should classify headaches

currently defined as primary into two large classes:

1. disease headaches with a well-defined pathogenesis

that might show an etiological uncertainty; and

2. headaches without an anatomic basis and without a

well-defined pathogenesis.

Such a distinction could lead us to re-analyze the studies

conducted on comorbidities, which may only be considered

as such in the presence of morbid conditions, when two

pathogenetically if not etiologically defined diseases

coexist [2].

Redefining primary headaches

An increasing number of cases show the difficulty in

continuing to classify some headache conditions within the

indistinct context of primary diseases. Cluster headache

and trigeminal neuralgia are two examples of headaches

that should be reconsidered. The much debated chronic

migraine concept is presented in this paper with greater

detail as an example of a still incomplete although practi-

cable route.

Cluster headache

Until recently, the pathophysiology of cluster headache has

escaped any attempt at definition of its mechanisms, and

has lately been traced back to alterations in specific

hypothalamic structures, where functional as well as ana-

tomic anomalies take place [3, 4]. Transforming the newly

acquired knowledge into new therapeutic options such as

the deep brain stimulation (DBS) of the posterior hypo-

thalamus has only been possible when it was decided to

assign to the hypothalamic dysfunctions a causative con-

notation, and to pain a secondary syndromic value, despite

its stereotyped specific presentation. Today, anxiety,

psychomotor agitation in the course of a crisis, and

hypersexuality, all present in these subjects [5], may be

reconsidered within a syndromic context that includes pain,

and that is not subordinate to it.

Trigeminal neuralgia

At present, trigeminal neuralgia is believed to be produced,

in almost all cases, by the presence of a neurovascular

conflict within the posterior fossa [6]. The presence of this

causative conflict, suggested by Peter Jannetta back in

1977, has had to wait for over two decades before clinical

experience codified it as possible cause. Hence, it was only

in 2004 that the term ‘‘idiopathic’’ was substituted by

‘‘classic’’, a necessary balancing to maintain the distinction
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between forms associated with the conflict (or without any

demonstrable cause), and those in which an identical

phenotype presents in larger syndromic contexts, such as

those of expansive lesions of the cerebellopontine angle or

those of multiple sclerosis [7].

Chronic migraine

Chronic migraine, a condition whose taxonomic colloca-

tion is still debated [8–11], represents a perfect example of

the problems that arise when a headache is defined as

primary. Classified under subchapter 1.5-complications of

migraine, chronic migraine is still considered as a primary

condition, to the point that when it is associated with an

analgesic overuse, it has to be distinguished from medi-

cation overuse headache (MOH)—a condition classified

among the secondary forms that is nosographically sepa-

rate, although clinically indistinguishable [12]. It is well

known that this distinction requires a 2-month clinical

observation after medication withdrawal. Only in case

of missed return to an episodic pattern is the clinician

authorised to formulate a diagnosis of chronic migraine; if

that does not happen, the latter diagnosis will be excluded,

and a diagnosis of MOH will be confirmed. Therefore, the

standard classification clearly separates a progression

‘‘secondary’’ to overuse from a ‘‘primary’’ one, unequivo-

cally excluding any other possibility [1]. The complex

clinical procedures needed for a distinction between the

two forms are not free from negative consequences, mostly

related to the difficulty of inviting the patient, unques-

tionably disabled by his/her problem, to spend a long

observation period without medicaments, and to the con-

sequent difficulty of recruiting subjects for a clinical trial.

Is a system that determines such a high-cost in terms of

consequences on clinical practice and research justified?

And at present, how trustworthy may we believe the con-

siderations that led to the implementation of this complex

diagnostic system are?

Chronic migraine and analgesic overuse

It is interesting to note that a pre-existing episodic migraine

is a necessary condition for developing chronic pain in the

presence of drug overuse [13], although non sufficient, as it

is only observed in a minority of migraine sufferers who

take NSAIDs daily due to rheumatologic problems [14].

Drug overuse is noticed in most cases observed in the

outpatient’s department, although data reported on popu-

lation studies indicate that 1/3 [15] to 2/3 [16] of subjects

with chronic migraine do not abuse analgesics. After an

isolate suspension of overuse, a return to an episodic pat-

tern only occurs in 45% of patients with probable MOH

[17]. Taken all together, these observations suggest that

overuse is neither necessary nor sufficient to determine the

progression of pain, but it has to be considered as an

important risk factor in subjects with a history of migraine

who are likely to be subject to a specific comorbid

predisposition.

Which hypotheses may be formulated on the nature of

this predisposition?

From a biochemical viewpoint, there is evidence of a

downregulation of the trigeminal serotoninergic receptors

[18], and of a reduced serotonin synthesis at the level of the

dorsal raphe nucleus [19], associated with analgesic over-

use. The finding on PET of a hypometabolism of the

orbitofrontal cortex, an area involved in the processing of

pain, which persists even after overuse withdrawal, has led

to the assumption that a primitive hypofunction of the

orbitofrontal cortex affects the development of MOH in a

number of migraineurs. Alternatively, orbitofrontal hypo-

metabolism could represent a prolonged, or even persistent,

effect of alterations in the pain pathways, produced by a

long-standing overuse [20]. The latter possibility is sup-

ported by the results of an important neurophysiologic

study conducted on subjects with MOH. Through a

simultaneous evaluation of the nociceptive blink reflex

(nBR) and of the pattern reversal-evoked potential (PREP)

before and after overuse suspension, it was possible to

prove that central sensitization is a causative mechanism

involved in MOH, reversible upon suspension, not confined

to the trigeminal areas but extending to the thalamocortical

ones [21].

Hence, the mechanism through which acute medication

overuse induces the progression of migraine could focus on

a central facilitation of nociception, a phenomenon

believed to be at the basis of allodynia.

These considerations lead us to have some reservations

about the appropriateness of the nosographic distinction

attributed to MOH. Downgrading MOH to a mere com-

plication of migraine (and of tension-type headache)

occurring in predisposed subjects is starting to be seen as a

taxonomic priority. This operation could solve to its root

the problem of neatly differentiating, only on a clinical

basis, diagnoses considered to be of the same hierarchic

level even though virtually relating to disorders having a

considerable symptom overlap.

Allodynia and migraine progression

While in episodic migraine allodynia only occurs during

the attack [22–24], in the chronic forms it has also been

detected intercritically, which suggests that the neurons of

the trigeminal nuclear complex are chronically sensitized

in these patients [25]. The frequency of the crises is related

to central sensitization [26, 27], and there is evidence

that an increased sensitivity to pain in migraineurs is a
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consequence of pain repetition [28]. A recent study indi-

cates that allodynic phenomena are bilaterally detected

during the intercritical phase in over 70% of subjects suf-

fering from chronic headache [29].

These observations support the theory that central

sensitization of the pain pathways is involved in the

progression of migraine pain, and it provides a possible

explanation of the similar clinical presentation of different

forms of headache, once pain has reached a daily or

almost-daily frequency. However, at present this hypothe-

sis, which requires meticulous research, is supported by the

possibility of tracing back to allodynic mechanisms the

action of the main risk factors for chronic migraine [30, 31]

validated by the recent literature, such as: the high fre-

quency of crises at baseline [26, 27]; obesity [27, 32];

comorbidity with psychiatric disorders [27, 33, 34]; and

female gender [35], as well as the above-mentioned med-

ication overuse.

On the basis of the proposed facts and considerations,

chronic migraine may also be included among the condi-

tions whose primary character might be debated, being

headache the event occurring at the end of a pathogenetic

sequence typical of a peculiar individual susceptibility to

allodynia. The latter, on its turn, is largely conditioned by

the individual comorbidity profile; hence, it may only in

part be defined as primary in itself.

Conclusions

Much of this dissertation has been dedicated to chronic

migraine, chosen to simultaneously illustrate a practicable

route and the need for further debate. Defining a headache

as primary should only be a transient step in history, as

happened for other neurologic diseases, even though with

an unavoidable slowness.

None of us can help not wishing for quick routes in

science, but even during what has been defined by Erik J.

Hobsbawn as the ‘‘short century’’, this has not happened

with the speed we would have wanted and keep on wishing

for.
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SECONDARY HEADACHES

Alterations in the cerebral venous circulation as a cause
of headache

Elio Agostoni Æ Angelo Aliprandi

� Springer-Verlag 2009

Abstract The alterations of the cerebral venous circula-

tion are a rare but clinically important cause of headache.

Although any process involving the cerebral veins or

sinuses may cause headache, the most frequent and

important are cerebral venous thrombosis and idiopathic

intracranial hypertension. The headache of cerebral venous

thrombosis does not have specific features and may be

isolated; therefore, all patients with headache and risk

factors for venous thrombosis should undergo the appro-

priate neuroradiologic examinations to rule out the

diagnosis. In fact, early anticoagulant treatment may dra-

matically change the clinical outcome. Also idiopathic

intracranial hypertension, if untreated, may have serious

clinical consequences such as permanent visual loss. The

pathogenesis of this disorder has not been clearly estab-

lished and several possibilities involving the cerebral

circulation are discussed.

Keywords Headache � Cerebral venous thrombosis �
Idiopathic intracranial hypertension

Introduction

Headache is a cardinal manifestation of a number of clin-

ical conditions involving the cerebral venous system. In

particular, any functional or structural impairment of the

dural sinuses can cause a reduction of CSF drainage and

hence lead to an increase of intracranial pressure; the latter

in turns causes a stretching of nervous terminations in the

dura perceived as pain at the head or neck. One well-

known cause of venous obstruction is cerebral venous

thrombosis (CVT). The headache is present is in the

majority of patients and is the presenting symptom in

many; since it has no specific feature, any headache in

patients at high thrombotic risk should raise the clinical

suspect of CVT. Another frequent conditions in which

headache might be related to alterations of venous function

is idiopathic intracranial hypertension (IIH). However, in

this disorder the physiopathologic mechanisms are proba-

bly more complex and less clearly established; in particu-

lar, whether the alterations in venous outflow are the

primary cause of the diseases or just the consequence of

some other alteration is yet to be determined. The diagnosis

of IIH has a high clinical relevance as it may prevent visual

loss.

Anatomy of the venous system

The venous drainage of the brain can be essentially divided

into two main districts: a superficial system which receives

blood from the brain convexity (mainly from the cerebral

cortex), and a deep system, which instead drains the deep

white matter and the grain nuclei. The superficial veins

drive blood from the frontal and parietal lobes into the

superior sagittal sinus, while blood from the temporal and

occipital lobes is drained by the left and right transverse

sinuses. The deep cerebral veins, on the other end, drain

blood into the straight sinus through the Galen vein or into

the transverse sinuses. The venous circulation of the neural

structure in the posterior region, including the brainstem

and cerebellum have a more variable and inconstant anat-

omy; however, the veins of this region ultimately end in the

transverse sinuses. Finally, the venous blood from the
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antero-inferior areas of the brain (inferior surface of the

fontal lobes) and from the face is collected in the cavernous

sinuses, and from there is driven to the transverse sinuses

through the petrous sinuses. The superior sagittal, trans-

verse and straight sinuses are connected in the confluence

of sinuses in the posterior fossa; therefore, thrombotic

processes affecting this area can impair the venous drain-

age of most of the brain and are thus responsible of

dramatic, and often fatal, clinical syndromes. Further

anastomotic connections are often present: the superficial

system is connected with the deep system through the vein

of Trabant, while the superior sagittal and transverse

sinuses are in communication through the vein of Labbè.

These pathways may provide some collateral flow in case

of venous occlusions, explaining the mild clinical condi-

tions observed in many patients.

Most of the venous blood of the brain is eventually

collected to the transverse sinuses, which continue into the

sigmoid sinuses and deep jugular veins.; one of the later

sinuses is often prevalent and conveys more blood flow. A

minority of venous blood is also drained through anasto-

motic connections with the vertebral plexus.

Pathophysiology of headache in cerebral venous

thrombosis

Headache is the most frequent symptom in cerebral venous

thrombosis. It is present in over 80% of patients and is

the presenting symptom in nearly 70% [1]. Although the

headache is associated with other neurologic signs in the

majority of patients, it can also occur isolated [20% in

the international Study on Cerebral Venous Thrombosis

(ISCVT)] [2]. The pain is thought to be due to the elevation

of intracranial pressure, which may result from different

mechanisms: the reduction of liquoral absorption resulting

from sinus occlusion or to the mass effect of swollen brain

areas or brain hematomas. These mechanisms often coexist

and their relative prevalence depends on the extent and site

of the thrombotic process: if the occlusion is limited to one

sinus, parenchymal damage may be restricted to a localized

oedema without ischaemic lesions; in this case, the head

pain may be absent. If the thrombotic process is more

widespread and involves more than one sinus, collateral

flow is insufficient to allow venous drainage; the first

consequence is a dramatic increase in capillary pressure,

leading to leakage of fluids in the extracellullar compart-

ment, brain swelling and intracranial hypertension [3, 4].

Instead, in the case of thrombosis of a cortical vein, brain

ischaemia develops rapidly and a venous stroke is invari-

ably present. Venous strokes have peculiar characteristics

compared with arterial ones: the degree of oedema is

usually greater and haemorrhagic complications, ranging

from small petechial lesions to a proper haemorrhagic

infarction are much more frequent [5, 6]. The higher degree

of brain oedema is probably due to the present of a vaso-

genic component, which is absent in arterial strokes, as

demonstrated by MRI imaging techniques [7, 8]. Both the

diffuse brain oedema and the development of a stroke may

lead to headache, which may be diffused or localized. The

localization of the pain is not predictive of the site of the

stroke or of the sinus occlusion.

The pain may be associated with other signs of intra-

cranial hypertension, such as vomiting or a reduced con-

sciousness. These signs are more often observed in patients

with large supratentorial lesions with severe mass effect or

in patients with occlusion of vessels of the deep circulation.

In fact, in case of occlusion of an internal cerebral vein or

of the straight sinus the diencephalic structure responsible

for awareness is directly injured, leading to early loss of

consciousness in these patients. Furthermore, oedema of

these centroencephalic area leads rapidly to compression

of the brainstem endangering patient survival.

Finally, a rare possibility is that the headache may be

secondary to a meningeal irritation. In fact, subdural and

even subarachnoid haemorrhages have been described as a

consequence of venous thrombosis [9, 10]. In this case, the

onset is sudden and the pain is particularly intense; men-

ingeal signs can be found at the neurologic examination.

However, an acute onset is present in nearly 7% of cases

and thurderclap headache has been reported in cases of

CVT without subarachnoid haemorrhage [11, 12].

Since the identification of headache features associated

with CVT has a high clinical relevance, we studied a group

of 49 patients with a diagnosis of CVT and headache and

compared them with 90 control patients with headache of

other cause [13]. Unfortunately, headache associated with

CVT has no specific features, as it can have an acute,

subacute or chronic onset, be localized or diffuse and have

any severity. The pain can be associated with nausea and

vomiting and can be both continuous or pulsating. When

pain is lateralized and pulsating, an erroneous diagnosis of

migraine is often made [14]. We found a positive corre-

lation between CVT, acute headache onset (P \ 0.005) and

severe headache (P = 0.024). These data were confirmed

in a small prospective study on 27 subjects, as we found a

positive correlation between CVT, acute headache onset

(P = 0.001) and severe headache (P = 0.004). Therefore,

in patients with acute or subacute onset headache of severe

intensity, CVT should always be considered. However,

since headache has no specific feature, all cases of unex-

plained headache in patients at high risk, such as subjects

with known states of hypercoagulation or women in

pregnancy-puerperium or who consume oral contracep-

tives, should raise the clinical suspicion of cerebral venous

occlusion.
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The venous system in idiopathic intracranial

hypertension

Idiopathic intracranial hypertension is a clinical syndrome

due to an increase in cerebrospinal fluid pressure in the

absence of intracranial mass or vascular lesions and with

normal ventricular size. It is an uncommon disorder, with

an incidence around 1–2 per 100,000 persons/year [15, 16];

this value rises to 15–19/100,000 in young obese women,

who are at an increased risk for this disease [15]. Headache

is present in 70–90% of patients [16, 17], and is the pre-

senting feature in the majority [15]. Like the pain in CVT,

it has no specific features and may be constant, progressive

or fluctuating, mimicking tension type or migraine head-

ache [18]. The pain may be exacerbated by couching,

straining or Valsalva manoeuvres, but this feature is not

present in all patients [19].

The pathogenesis of idiopathic intracranial hypertension

is still undefined and several different mechanisms have

been proposed, including increase in CSF production,

reduced absorption or systemic venous hypertension. The

first mechanism is now thought to be present only in the

rare instance of patients with a papilloma of the choroid

plexus, while those with true IIH have been shown to have

a normal rate of CSF production [20]. On the other hand,

impairment of CSF clearance has been demonstrated in

several studies [21, 22] and is currently considered a more

likely explanation for the disease. Moreover, in a recent

study with NMR venography abnormalities in the intra-

cranial venous system such as bilateral stenosis of the

transverse sinus have been shown in 27 of 29 [23]. How-

ever, whether these anatomical alterations are the primary

alterations or are secondary to the increased intracranial

pressure is yet to be established. Some authors reported that

such abnormalities may be reversed by intracranial pres-

sure lowering with surgical procedures [24], but other

studies showed the persistence of transverse sinus stenosis

after CSF diversion [25]. Moreover, some authors have

reported the reduction of intracranial pressure after dila-

tation and stenting of the stenosed sinuses, supporting the

notion that the abnormal venous anatomy may be the pri-

mary pathogenic mechanism. Interestingly, partial sinus

thrombosis lining the arachnoid villi has been proposed to

explain the pathogenesis of the disease in patients without

detectable stenosis. This hypothesis, which in fact consid-

ers IIH as a peculiar clinical syndrome of cerebral venous

thrombosis, has been proposed on the basis of studies

showing an increased rate of coagulation abnormalities in

patients with idiopathic intracranial hypertension [24, 25],

but more recent reports failed to confirm such findings [26].

A third possibility is that venous pressure may be

increased as a result of systemic venous hypertension. As a

matter of fact, as high right atrial pressure has been shown

in some patients with IIH (27). Venous pressure may be

raised in obese patients as a result of diaphragmatic ele-

vation, increase in pleural pressure and consequent

impairment of venous outflow from the brain. This

hypothesis, albeit intriguing, cannot explain the cases of

IIH in non-obese patients.

Final remarks

Headache is the most frequent symptom in all processes

involving the dural venous system, whatever their aetiol-

ogy, and is largely due to the consequent development of

intracranial hypertension. For this reason, the pain does not

have any specific feature; more than the characteristics of

the headache itself, what should raise the suspicion of the

clinician is the association with other symptoms, such as

loss of vision due to papilloedema, or the presence of risk

factors for venous thrombosis. An early diagnosis is crucial

in both disorders: in CVT to establish anticoagulant treat-

ment, which has been shown to improve the course of the

disease and reduce disability, and in IIH to avoid visual

loss with CSF shunting techniques.
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SECONDARY HEADACHES

Clinical features and outcomes in spontaneous intracranial
hypotension: a survey of 90 consecutive patients
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Abstract Spontaneous intracranial hypotension (SIH) is

a rare disabling condition whose main clinical manifesta-

tion is orthostatic headache. We analysed clinical charac-

teristics in relation to time to resolution in 90 consecutive

patients diagnosed with SIH at our centre between 1993

and 2006. After excluding 7 patients lost to follow-up, the

remaining 83 cases were divided into four groups: Group A

(53 cases) with progressively worsening orthostatic head-

ache; Group B (3 cases) with severe acute-onset orthostatic

headache; Group C (9 cases) with fluctuating non-contin-

uous headache, of mild severity, that, in 33% of cases, did

not worsen on standing; Group D (18 cases), 5 with a

previous history of headache, 14 with orthostatic headache,

and 10 with altered neurological examination. Complete

symptoms and neuroradiological resolution occurred dur-

ing follow-up in Groups A, B and D, but was longer in

Group D probably in relation to more severe clinical pic-

ture with altered neurological examination. However, after

a mean of 52 months (range 24–108), none of the nine

Group C patients had MRI indicating complete resolution.

The main characteristic of Group C related to incomplete

resolution was delayed diagnosis. These preliminary find-

ings suggest that early diagnosis of SIH correlates with

better outcome, further suggesting that patients with a new

headache that may worsen on standing or sitting should

undergo MRI with contrast to expedite a possible SIH

diagnosis, even if the pain is relatively mild.

Keywords Spontaneous intracranial hypotension �
Orthostatic headache � Prognosis � Delayed diagnosis

Introduction

Spontaneous intracranial hypotension (SIH) is a rare con-

dition caused by spontaneous spinal cerebrospinal fluid

leak; it is often misdiagnosed or under-diagnosed [1]. The

prototypical clinical manifestation is orthostatic headache.

Typical MRI findings are (a) subdural fluid accumulation,

(b) pachymeningeal enhancement, (c) venous engorge-

ment, (d) pituitary hyperaemia, and (e) brain sagging [1–8].

SIH is often highly disabling, although clinical character-

istics and severity vary. Outcome is usually favourable

(complete resolution), but there are exceptions [2]. We

retrospectively reviewed consecutive SIH cases in order to

identify clinical features correlating with a favourable

outcome.

Patients and methods

Ninety cases presenting consecutively at our institute

between 1993 and 2006 with a diagnosis of SIH confirmed

by cerebral MRI with contrast were reviewed: 35 male

(39%) and 55 female (61%). Mean age at first examination

was 45 years (range 15–71). Median follow-up was 3 years

(range 8 months to 14 years). Median time from symptoms

onset to diagnosis was 4 months (range 15 days to
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54 months). Headache and other clinical characteristics

were recorded during semi-structured interview. In 70

(78%) patients, the headache interview occurred at initial

admission; in the remaining 20 patients (22%), the inter-

view was completed later by telephone. IHS [3] criteria for

headache attributed to SIH (Table 1) were applied. We

assessed clinical features in relation to favourable outcome

(complete resolutions of symptoms and normalisation of

MRI findings).

SIH diagnosis was confirmed by cerebral MRI when at

least one of the following was present: subdural fluid

accumulation, pachymeningeal enhancement, and sagging

of the brain [1, 2, 4–6]. Additional MRI findings were

venous engorgement and pituitary hyperaemia [1, 2, 4–6].

Seven patients were lost to follow-up and were, there-

fore, excluded from the subsequent analyses.

Results

Analysis of clinical characteristics, MRI findings and out-

comes in the 83 evaluable patients showed that they could

be divided into four groups.

Group A (53/83 = 64%)

None of these patients had a previous history of headache.

The headache worsened slowly over time, was of medium

severity, worsened on standing or sitting, involved the

entire head and was accompanied by at least one of the

following: neck stiffness, tinnitus, hypacusia, photophobia,

or nausea. In all cases, cerebral MRI revealed at least one

of the following: brain sagging, dural enhancement, or

subdural fluid accumulation. Additional signs in some

cases were venous engorgement and pituitary engorge-

ment. In none of these patients did the symptoms or MRI

findings persist for more than 12 months from onset. Mean

time to complete symptoms and MRI remission was

7 months (range 3–12). Thirty-seven of these patients

received medical treatment (hydration and steroids with

bed rest); the remaining 16 were given epidural blood

patch. Mean time between symptoms onset and diagnosis

was 2.5 months (range 1–8).

Group B (3/83 = 3.6%)

This group had severe, acute-onset headache that worsened

on sitting or standing and was accompanied by at least one

of the following: neck stiffness, tinnitus, hypacusia, pho-

tophobia, and nausea. In all cases, cerebral MRI showed

subdural fluid accumulation. Symptoms resolved sponta-

neously in two patients and after epidural blood patch in

the other. Mean time between symptoms onset and com-

plete resolution was 8 months (range 3–11). Mean time

between symptoms onset and diagnosis was 4 months

(range 2–8). None of these patients had a previous history

of headache.

Group C (9/83 = 11%)

In this group, the headache was sub-continuous and of mild

severity that worsened on sitting or standing in six patients.

Four of these patients had a previous history of headache.

In all cases, at least one of the following was present: neck

stiffness, tinnitus, hypacusia, photophobia, and nausea.

Compared to patients of Group A, patients of Group C had

vaguer and milder symptoms. In all except one, cerebral

MRI showed typical signs of SIH. The clinical course was

characterised by periods of symptoms worsening alternat-

ing with periods of improvement, but the headache never

resolved completely, irrespective of the treatment (medical

in six; epidural blood patch in three) and during the period

they were followed (mean 52 months; range 24–108); in no

case did the MRI picture resolve completely. Mean time

between symptoms onset and diagnosis was 12 months

(range 2–36).

Group D (18/83 = 22%)

Five of these patients had a previous history of headache.

Fourteen had orthostatic headache, 10 had at least one of

the following accompanying symptoms: neck stiffness,

tinnitus, hypacusia, photophobia, and nausea. In 10, the

neurological examination was altered (vertigo, visual

Table 1 International Headache Society criteria for headache

attributed to spontaneous intracranial hypotension (IHS-2004: 7.2.3/

ICHD-II, 2004)

A. Diffuse and/or dull headache that worsens within 15 min after

sitting or standing, with at least one of the following and fulfilling

criterion D:

1. Neck stiffness

2. Tinnitus

3. Hypacusia

4. Photophobia

5. Nausea

B. At least one of the following:

1. Evidence of low CSF pressure on MRI (e.g. pachymeningeal

enhancement)

2. Evidence of CSF leakage on conventional myelography, CT

myelography or cisternography

3. CSF opening pressure \60 mmH2O in sitting position

C. No history of dural puncture or other cause of CSF fistula

D. Headache resolves within 72 h after epidural blood patching

CSF cerebrospinal fluid, MRI magnetic resonance imaging, CT
computed tomography

S12 Neurol Sci (2009) 30 (Suppl 1):S11–S13

123



disturbances, cognitive disturbance, cranial nerve deficit,

cerebellar symptoms). Sixteen had typical MRI findings.

Mean time between symptoms onset and diagnosis was

10 months (range 2–25). Ten patients received blood patch

and eight received medical treatment only. In all 18 cases,

symptoms were resolved and MRI was normalised in a

mean of 33 months (range 14–60).

Discussion

This study on a large series of SIH patients shows that

outcomes were favourable (i.e. complete resolution) in

most cases (74/83 = 88.2%) in agreement with literature

findings [2, 9]. Also in most patients (Group A plus Group

C; 62/83 = 74.7%), symptoms at onset were gradually

worsening orthostatic headache accompanied by typical

SIH signs on MRI. However, although patients of Groups

A and C had similar clinical and radiological features,

outcomes differed. In fact, complete resolution was not

obtained in any of the nine Group C patients after a mean

follow-up of 52 months (range 24–108). Group C patients

were also characterised by longer time between symptoms

onset and diagnosis and this seems attributable to their

milder and less clear-cut symptoms which were, presum-

ably, not clearly pointed out or evident to the clinician. It is

noteworthy that, in Group C, lack of symptoms/signs res-

olution seemed unrelated to treatment (medical in 6, epi-

dural blood patch in 3). Illness duration was considerably

longer in Group C than the other groups. The delay in

diagnosis in Group C, therefore, seems to be related to long

illness duration and incomplete resolution, which not only

have a negative impact on the patient’s quality of life, but

also necessitate more visits to the doctor and more MRI

examinations with consequently greater direct costs. Group

C patients also resumed work later than those of Groups A

and B resulting in increased indirect cost of the illness.

With regard to Group D, the time between symptoms onset

and diagnosis was closely similar to that in Group A, and

their longer time to complete radiological and clinical

resolution is likely to be in relation to their more severe

clinical picture with neurological signs or symptoms in a

considerable proportion of cases.

These preliminary observations suggest the need to

perform cerebral MRI in patients who present with new

headache that worsens on sitting or standing even if the

severity is mild, in order to expedite a possible SIH

diagnosis.
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SECONDARY HEADACHES

Headache induced by the use of combined oral contraceptives
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Abstract Although combined oral contraceptives (COCs)

are a safe and highly effective method of birth control, they

may also give rise to problems of clinical tolerability in

migraine patients. Indeed, headache is among the most

common side effects reported with the use of COCs, fre-

quently leading to their being discontinued. The latest

International Classification of Headache Disorders identified

at least two entities evidently related to the use of COCs, i.e.,

exogenous hormone-induced headache and estrogen-with-

drawal headache. As to the former, the newest formulations

of COCs are generally well tolerated by migraine without

aura patients, but can worsen headache in migraine with aura

patients. Headache associated with COCs, generally, tends

to improve as their use continues. However, although it is not

yet clear if there is an association between headache and the

composition of COCs (both in the type and amount of hor-

mones), it has been observed that the incidence of headache

during COC use seems greater if migraine is associated with

menstrual trigger. The estrogen-withdrawal headache is a

headache that generally appears within the first 5 days after

cessation of estrogen use and resolves within 3 days, even if

in some cases it may appear on the sixth or seventh day after

pill suspension and lasts more than 3 days.

Keywords Combined oral contraceptives � Clinical

features � Migraine � Exogenous hormone-induced

headache � Estrogen-withdrawal headache

Introduction

It is commonly believed that combined oral contraceptives

(COCs) may aggravate a pre-existing headache, or trigger

its new onset. Moreover, headache is among the most

common side effects reported with COC use and frequently

leads to it being discontinued [1]. The question is further

complicated by the fact that migraine, in particular, has a

higher prevalence during the fertile phase of life and,

obviously, this is the period when COCs are more com-

monly used. It is, therefore, often not clear whether head-

ache existed prior to, or was a consequence of, using COCs

in general population studies. Be this as it may, data as to

headaches of new onset and pre-existing headaches that

change their clinical features during COC intake is not easy

to collect from an analysis of existing literature.

The International Classification of Headache Disorders,

second edition (ICHD-II) [2] identifies at least two entities

evidently related to the use of COCs: exogenous hormone-

induced headache (code 8.3.1) and estrogen-withdrawal

headache (code 8.4.3). Even if it is clear, from a clinical

point of view, that this two types of headaches are com-

pletely different one another and that both of them may

lead to discontinuation of COCs, published studies are of

no guidance as to the real prevalence of these two forms of

headaches, or as to which of these two forms is more

represented in the subgroup of ‘‘new onset headaches’’ and

that of ‘‘preexisting headaches that exacerbate’’. Many

studies of migraine during COC administration are retro-

spective and lack a clear description and/or classification of

the headaches observed. Other methodological biases

include the duration of the observation period and the

absence of a clear statement of the interval between the

commencement of pill intake and the first occurrence of

headache. Moreover, some studies are very old and deal
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with COCs containing C50 lg ethinylestradiol (EE), with

only a few studies differentiating between the two types of

oral contraceptives available, i.e., the combined oral con-

traceptive pill and the progestogen-only pill.

Exogenous hormone-induced headache

The major diagnostic criteria for this headache are shown

in Table 1.

Loder et al. [1] reviewed literature to assess any evi-

dence of an association between COC use and new onset or

worsening of headache. An analysis of clinical trials

including an active, untreated, or placebo control group,

revealed only small and not always significant increases in

headache activity during the early treatment stages. Indeed,

most migrainous women find that COC use does not sub-

stantially change their headaches, even if almost 25% of

women with migraine without aura (MO) reported an

exacerbation [3–7]. The situation worsens in patients suf-

fering from migraine with aura (MA) in which an aggra-

vation of the symptoms has been observed in at least 50%

of these cases [6, 7].

As to the new onset headaches, Granella et al. [7]

reported this phenomenon in 1.2% of MO and in 11.4% of

MA, whilst the study by Cupini et al. [6] reported much

higher values, rising to as high as 16.2% for MO and 22.2%

for MA. Nevertheless, Loder et al. [1] found that, regard-

less of its cause, headache associated with COCs tended to

improve as their use continued. Also the ICHD-II

acknowledges that COCs may trigger, or worsen migraine,

while their suspension may arrest it, or restore its previous

state [2]. Although suspension of COCs when migraine

starts due to its use may be followed by immediate relief, in

other cases there is a delay of 6–12 months, with some

patients reporting that migraine persists on a long-term

basis [8].

The relationship between headache and the COC

estrogen dose is complex. A lower dose seems to be less

associated with headache: 20 lg EE combined with 150 lg

desogestrel resulted in a headache incidence of\2% by the

sixth course [9]. Although it might be reasonable to

hypothesize that COCs containing lower EE doses are less

likely to provoke headache, as they minimize the magni-

tude of estrogen withdrawal, some trials in which women

on COCs switched to a lower EE dose reported no

improvement [10], or even a worsening of headache [11].

Moreover, Sulak et al. [12] assumed that very low estrogen

doses may fail to completely suppress ovarian function.

Recently, a large population-based cross sectional study

[13] did not report any significant effect of the estrogen

content (ranging from 30 to 50 lg EE) on migraine prev-

alence: irrespective of the EE dosage, the OR for devel-

oping migraine was in the order of 1.4. Massiou et al. [8]

suggested that studies of COCs containing second-gener-

ation progestogen, such as levonorgestrel, report headaches

in approximately 10% of all cycles [14]. In contrast, fewer

headaches have been reported with the use of the newer

third-generation progestogens, with a headache incidence

of approximately 5% [15]. More recently, Loder et al. [1]

claimed that the dose, or type of progestin in a COC for-

mulation does not seem to have any influence on headache,

but that further confirmation is required.

Although several studies have been carried out on the

various clinical features that may be predictive of a wors-

ening of migraine in COC users, to date, there is no

agreement amongst authors. Ryan [16] reported that the

incidence of headache during COC use was greater when

migraine was associated with menstruation, or appeared for

the first time after pregnancy, or if the patient had relief of

migraine during the last trimester of pregnancy. Also

Mueller [3] reported a worsening of migraines with COC

use, associated with a menstrual trigger, while, on the

contrary, she reported a non-statistically significant wors-

ening during pregnancy.

Estrogen withdrawal headache

The major diagnostic criteria for this headache are shown

in Table 1.

Headache in COC users may well be a withdrawal

symptom. Indeed, migraine is more likely to occur, or

worsen, during the pill-free week, especially in long-term

COC users [12].

Recently, the characteristics of this oral contraceptive-

induced menstrual migraine (OCMM) were described by us

Table 1 International Headache Society diagnostic criteria for

‘‘Exogenous hormone-induced headache’’ and for ‘‘Estrogen-with-

drawal headache’’

8.3.1 Exogenous hormone-induced headache

A. Headache or migraine fulfilling criteria C and D

B. Regular use of exogenous hormones

C. Headache or migraine develops or markedly worsens within

3 months of commencing exogenous hormones

D. Headache or migraine resolves or reverts to its previous pattern

within 3 months after total discontinuation of exogenous hormones

8.4.3 Estrogen-withdrawal headache

A. Headache or migraine fulfilling criteria C and D

B. Daily use of exogenous estrogen for C3 weeks, which is

interrupted

C. Headache or migraine develops within 5 days after last use of

estrogen

D. Headache or migraine resolves within 3 days
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[17], in order to ascertain if the clinical characteristics

defined by the ICHD-II are in line with the real picture of

this headache. In our sample (20 women suffering exclu-

sively from pure OCMM, average age 32.2 ± 7.0 years,

range 22–46), all the attacks, with typical MO features,

were of moderate or severe intensity at baseline. Migraine

appeared within the first 5 days after cessation of estrogen

use in 85% of cases, in line with what was reported by the

ICHD-II [2], whereas in 15% of cases attacks were delayed

to the sixth or seventh day after pill suspension (see Fig. 1).

In the majority of patients, headache usually lasted at least

48 h in the presence of usual symptomatic drug treatment,

but in 3/20 patients the length of the attack exceeded the

72-h upper limit proposed for MO by the ICHD-II [2].

In conclusion, on the basis of our data, although existing

diagnostic criteria are extremely useful, they do not cover

all realities and, above all, there is a lack of epidemio-

logical studies on large female cohorts able to clearly

define the real incidence and clinical characteristics of this

often disabling disease.
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SECONDARY HEADACHES

Migraine as a visceral pain
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Abstract Migraine is a reversible brain dysfunction

characterized by pain and passive coping strategies con-

sistent with sickness behaviour. The brain contains no pain

fibres and the only way it may signal pain is through the

trigemino-vascular system. Here, it is postulated that

migraine is an example of genetically determined behav-

ioural responses and that sickness behaviour, a pan-

mammalian adaptive response to internal and external

stressors, characterizes the migraine attacks. Sickness

behaviour is manifested in withdrawal and motor quies-

cence, sympatho-inhibition and lethargy, in which visceral

pain signals a homeostatic imbalance of the brain. The

sickness behavioural response is associated to pain felt as

inescapable visceral pain, and depends upon brain networks

involving different brainstem, hypothalamus and forebrain

regions, that encode evolutionarily conserved adaptive

genetic responses. This hypothesis, still speculative, may

offer a more coherent view of migraine as an adaptive

biobehavioural response triggered by a threatened brain.

Keywords Migraine � Visceral pain � Interoception �
Adaptive behavioural response

Introduction

Migraine is a syndrome of recurrent headaches manifesting

in attacks lasting 4–72 h (if untreated) with typical

unilateral localization, a pulsating quality, moderate to

severe pain, aggravation by or avoidance of routine phys-

ical activities, and association with nausea and/or vomiting

and photo- and phono-phobia [1]. The migraine attack

consists of several phases: prodromal symptoms, aura,

headache phase with pain and nausea/vomiting, resolution,

and recovery (or postdrome) [2]. Migraine is highly pre-

valent in the general, especially female, population and

carries a substantial genetic pre-disposition. Pain and

symptoms attributed to involvement of the autonomic

system feature prominently in the symptomatology of the

migraine attack, but their mechanisms and in general the

(patho)physiology of migraine are still debated and remain

enigmatic because the actual theories of pathogenesis fail

to account for the quality of symptoms, their complexity

and their slow development. The voluminous scientific

literature on migraine clearly points out that the mecha-

nisms of migraine are located in the brain and that most

migraine triggers affect the brain directly by modulating an

internal migraine threshold which in turn may vary with

anxiety, sleep or circadian rhythms. However, there is little

information about the actual causes of migraine and on the

reason why all individuals have the potential to suffer a

migraine attack at some time in life under particular

circumstances.

Although pain represents just the tip of the migraine

iceberg, migraine is usually portrayed as a pain disorder.

This short review is focused on the possible meaning of

pain of migraine, the latter conceptualized as a bio-

behavioural response genetically engendered to restore a

disturbed homeostasis of the brain.

The present view of migraine represents a bio-behav-

ioural hypothesis of migraine [2–4] framed, however, in a

Darwinian perspective. It has already been presented in

summary [5, 6].
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The pain of migraine

Pulsating unilateral moderate to severe pain marks the

headache phase of migraine, associated with nausea and/or

vomiting and phono- and photo-phobia, and gastric paresis

and osmophobia. Remarkably, pain during the migraine

attack is aggravated by or causes avoidance of even light

routine activity, such as walking or climbing stairs, and this

is a diagnostic criterion required by the ICHD [1]. The

behaviour of migraine patients during the attack is char-

acteristic, with patients looking forward to lying down as

immobile as possible and dozing, in order to avoid all kinds

of physical and mental exercise. The resolutory phase is

characterized by tiredness, fatigue, head pain, difficulties in

concentrating, ‘‘hangover’’, gastrointestinal symptoms,

mood changes, yawning and somnolence, and may end

with sleep [7–9].

The brain contains no pain fibres and the only way it

may signal pain is through the trigemino-vascular system

[10]. Sensory fibres to cranial structures derive from the

trigeminal nerve and ganglion and supply the meninges and

their vessels, in particular the pial arterioles in the region of

the pial/glial limitans [10]. Activation of the trigemino-

vascular system results in the release of CGRP in the blood

of the jugular vein, and, since CGRP release in the external

jugular vein is found during the attacks of migraine, this

has been taken as evidence of the activation of the

trigeminal system during the attack. Trigeminal afferents

form an axon reflex on meningeal vessels, whereby anti-

dromic activity in the sensory terminal results in plasma

protein leakage and mast cell degranulation (neurogenic

sterile inflammation) in the dura mater. Orthodromic con-

duction along the trigeminal afferent feeds forward to the

brain the sensation responsible for the migraine pain. The

trigeminocaudal nucleus forms part of the so called

trigeminocervical complex, a structure equivalent to the

dorsal spinal horn and extending down to the C1 and C2

spinal levels. Stimulations of the superior sagittal sinus,

dura mater, and cerebral vessels all result in activation of

the trigeminocervical complex, which also receives con-

vergent afferents from face, teeth, oral mucosa, and even

from the greater occipital nerve originating from the C2

root, possibly accounting for the pain referred from cer-

vical structures [11]. This nucleus thus probably represents

for primates the nucleus that mediates the pain of migraine.

Remarkably, trigemino-vascular stimulation also activates

brain stem structures such as the superior salivatory

nucleus [12] and the periaqueductal gray (PAG) [13].

Nociceptive dural input is modulated by several neuro-

transmitters, including orexin A via the orexin 1 receptor

[14]. These observations demonstrate the involvement of

the PAG and the orexin A containing hypothalamic region

in the regulation of trigeminally transmitted pain. By

contrast, vagus nerve stimulation has an antinociceptive

effect on trigeminal nerve pain and reduces activation in

the trigeminocaudal nucleus [15].

In summary, the pain of migraine has the characteristics of

visceral pain that has different neurological mechanisms and

psychophysics (perception and psychological processing)

from that of somatic pain [16]. To better understand this

concept, we have to introduce the new concept of visceral

pain as homeostatic emotion.

Pain and the autonomic central network: homeostatic

pain and the interoceptive brain

A visceral system of feeling is essential for the represen-

tation of the physiological conditions of all tissues in the

body, and for the maintenance of homeostatic activity [17].

Distinct interoceptive pathways exist in primates [17],

whose activation leads to the generation, mainly in the

cingulate and insular cortices, of both a sensation and a

motivation, in some instances felt as pain. The network of

the brain regions activated during pain, the so-called pain

neuromatrix, strikingly overlaps with the regional network

involved in visceral afferent information [18]. Deep pain

arising from the body viscera should therefore be viewed as

a homeostatic emotion like thirst, hunger, itching and

temperature [18, 19], and may be considered to represent a

monitor of the internal bodily world. This goes together

with visceral pain having a fundamental adaptive role, as

well as representing a powerful motivator of behaviour.

Visceral homeostatic pain, different from cutaneous (non-

burning) pain that is felt superficially and is usually sharper

and briefer in duration, is felt deep in the viscera and lasts

longer [20].

Migraine is a reversible brain dysfunction and no

structural central or peripheral nervous system lesion has

been shown to underlie the pain in the typical migraines.

Therefore, migraine pain should be conceived as a visceral

non-neuropathic pain, serving a homeostatic function in the

interoceptive brain, that signals this dysfunction through

the trigemino-vascular system.

The behavioural meaning of pain: cutaneous/escapable

versus visceral/inescapable pain

If pain, in particular visceral pain should be viewed as a

powerful homeostatic emotion, headache pain too must

need be understood according to its behavioural signifi-

cance and ability to restore the brain homeostasis. We must

acknowledge that the behavioural context is different

according to whether the pain is perceived as escapable, or

instead as inescapable, i.e. a pain that can or cannot be
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controlled by the subject (active versus passive coping).

Different types of pain are encoded by different sensitive

pathways. While A-fibre nociceptors convey the first pain

signal (pricking, well localized), C-fibres convey the

second (burning, diffuse) pain [21]. Pain that is felt as

escapable results from the activation of A-delta fibres,

originating from the skin and transmitting cutaneous pain.

Pain instead felt as inescapable (visceral pain) results from

the activation of C fibres from the deep viscera, and has a

homeostatic function [22–25]. These two kinds of pain

activate distinct sensory pathways in the brain, in particular

the PAG, the hypothalamus, amygdala and forebrain.

C-fibres mainly project to the ventrolateral PAG, while

A-delta fibres activate the dorsolateral/lateral PAG [22,

25]. Likewise different is the activation of more rostral

networks in the hypothalamus, amygdala and forebrain

[25]. Activation of different networks results in different

behaviours, whereby escapable pain leads to a fight-or-

flight defense reaction (so-called active emotional coping),

while inescapable pain to motor quiescence, decreased

vigilance and vasodepression (so-called passive emotional

coping or sickness behaviour) [23]. Indeed, deep noxious

afferent fibres from the superior sagittal sinus (thought to

represent a model of migraine-like vascular head pain)

activate the ventrolateral PAG region [26]. The behavioural

significance of pain in the primary headaches is therefore

different, according to whether it is perceived as escapable

or inescapable, and this could explain the opposite

behaviours (frantic agitation versus motor quiescence)

displayed by the patients during the cluster headache and

the migraine attacks.

In this scenario, migraine considered in its complete

presentation and not only as pain of the head, can be

interpreted as the response of a threatened brain [27]. In

fact the brain as any other viscera, when threatened has to

evaluate the value of the threat in order to coordinate

appropriate behavioural and autonomic response to avoid

or mitigate the harm. The difference with what occurs in

other viscera when they are threatened is that the brain

instead of being only the coordinator of the appropriate

defensive response is itself the target of the threat. Again,

another important difference between the brain and other

viscera is that the emotional ‘‘sufferance’’ of the brain can

be translated in pain only by means of the trigemino-

vascular system.

Migraine headache as a genetically determined

adaptive Darwinian behavioural response

(sickness behaviour)

Welch [3] proposed the so-called biobehavioural model for

migraine, whereby migraine represents a biobehaviourally

based dysautonomia involving principally the intrinsic

noradrenergic system and its putative orbitofrontal con-

nections. This model unifies the multifaceted phenomena

of the migraine attack and the migraine natural history

around a principal pathogenic role played by the central

autonomic network (CAN) that is responsible not only for

the pain during the attack, but also for the prodromic and

resolution symptoms so often overlooked in the patho-

genesis of migraine. The biobehavioural model of migraine

makes useful sense also of the comorbidity of migraine

with anxiety, depression, and even autoimmune dysfunc-

tion (allergy)—all in some way governed by the central

autonomic network—and helps to explain the evolution of

sporadic migraine into transformed migraine, a condition in

which clinical studies and functional imaging experiments

implicate the orbitofrontal regions [28]. The biobehavio-

ural model may also usefully incorporate the interictal

(susceptibility) traits characteristic of the migraine brain.

Such traits include the predisposing factors of hypoxia or

deficient brain energy metabolism [29], the abnormal

habituation in information processing [30], and the char-

acteristic high placebo responder rate of migraineurs [31],

thought to involve the prefrontal cortices [32]. Within this

explicative model, migraine pain may be considered as

having a protective event, in accordance with the general

function of pain as a sensory modality having an evolu-

tionary advantage [33]. Indeed sickness behaviour

represents a pan-mammalian behavioural response to a

disturbed body homeostasis, and as such, a genetically

determined behavioural response [34]. Migraine pain is

accordingly fundamentally adaptive. If migraine pain is

adaptive, what noxious-to-the-brain factor does migraine

pain specifically warn against in order to curtail? This

question must remain unanswered and speculative. How-

ever, since Nature does nothing in vain and since neurons

and glia are primarily oxidative, we can speculate that, the

migraine attack being neuronal in origin, glucose and

oxygen should be our main concerns here. Insufficient

supply or excess utilisation of these chemicals could be the

threat to the brain that triggers the migraine attack, which

in turn has the function to restore the lost homeostatic

equilibrium. Why a threatened brain should select migraine

as the most adaptive biobehavioural response in particular

circumstances, what pain is warning against and what it is

protecting, remains however still a mystery.

Conclusions

The biobehavioural model expanded in a Darwinian per-

spective views the migraine attack as adaptive behavioural

responses engendered out of a genetic (evolutionary con-

served) repertoire by a network of pattern generators in the
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central autonomic motor system for the maintenance of

brain homeostasis. Such a view even if mainly speculative

leads to several final considerations: (1) pain of migraine is

a visceral signal of the brain with a consequent behavioural

significance; (2) pain of migraine and, more generally, the

sickness behavioural responses associated with it belong to

a physiologic evolutionary conserved repertoire, are actu-

ally adaptive, and serve the purpose of recovering the

body’s homeostasis and, more generally, of ‘‘healing’’; (3)

the results of functional brain imaging during the migraine

attack may just reflect activity in the autonomic structures

organizing the appropriate behavioural response to a threat

to the brain rather than the activation of a ‘‘generator’’ for

pain; (4) migraine may not be only of the brain and by the

brain, but also for the brain.

The challenge posed by this view of the pain of migraine

is to try to identify the characteristics of the migraine brain

that, being the real (patho)physiological factors, trigger the

development of the attack under appropriate conditions.
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Abstract Headache is not generally considered as a

symptom of multiple sclerosis (MS), but several studies

have showed that it is more frequent (about 50%) in MS

patients than in controls or general population. Headache

may occur at onset and during the course of the disease.

Tension-type headache and migraine without aura are the

most commonly reported primary headaches; occipital

neuralgia or cluster-like attacks have also been described,

the location of demyelinating lesions (cervical or brain

stem) could be strategic in these cases. Furthermore, dis-

ease-modifying therapies, such as interferons, may cause or

exacerbate headache. These data suggest that MS patients

have an increased risk of headache. Preventive therapies

may be evaluated in selected patients during chronic

treatments to ameliorate compliance.

Keywords Headache � Multiple sclerosis � Prevalence �
Migraine � Tension-type headache � Cluster headache �
Occipital neuralgia � Magnetic resonance imaging �
Interferon

Introduction

Headache is not generally considered as a symptom of

multiple sclerosis (MS), but several studies have investi-

gated the association between these two conditions.

Conflicting results have been reported on the lifetime

prevalence of headache and frequency of headache as MS

onset symptom [1–19]. Attention has been drawn to de

novo headache and exacerbation of pre-existing headache

in interferon-treated MS patients [20–22]. Furthermore,

recent neuroimaging studies have suggested a correlation

between the location of the demyelinating lesions and

headache [13, 23].

The aim of this study is to review the published data on

headache in MS patients, in order to clarify the clinical–

radiological correlations and the influence of MS therapies

on headache incidence.

Headache and multiple sclerosis: clinical aspects

Since 1950 [1] several studies have investigated the

occurrence of headache in MS patients: variable frequen-

cies ranging from 4 to 61.8% have been reported (Table 1)

[1–19]. These discrepancies may be explained by differ-

ences on study design and patients’ inclusion criteria. The

results of the more recent studies, most of them prospective

and/or case control survey, based on International Head-

ache Society criteria for diagnosis and classification of

headaches, have showed that the lifetime prevalence of

headache is higher in MS patients (more than 50%) than in

controls and general population, suggesting an increased

risk of headache and a possible association between these

two conditions [12, 14, 18].

Headache features seem to be non-specific for MS:

migraine without aura and tension-type headache are the

most commonly reported primary headaches [14, 18].

Ophthalmoplegic migraine-like [24], complicated migraine

[25], cluster headache-like [26], have also been described

in single cases.

The prevalence of headache in general was not related to

MS form, illness duration or disability score [10, 19].

However, a correlation between type of MS and types of
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primary headaches has been showed, migraine being more

frequent in relapsing–remitting and tension-type headache

in progressive MS patients [12, 15, 17]. Female patients

have a higher risk of tension-type headache and migraine

[17].

Kurtzke [6] considered headache as a ‘‘minor’’ MS onset

symptom and variable frequencies have been reported,

ranging from 1.6 to 28.5% (Table 1). Headache has been

also described as ‘‘unusual primary manifestation’’ in 6 out

of 21 ‘‘asymptomatic MS patients’’ [16] and in 20 out of 30

‘‘preclinical MS’’ patients, with MRI suggestive for MS,

11 of them had clinical conversion after a mean time of

2–3 years [27]. On the other hand, severe headache asso-

ciated with diplopia or trigeminal neuralgia, or cluster-like

attacks have been reported in single patients with isolated

brain stem demyelinating lesions, usually responsive to

steroid treatment [28–31].

Headache and location of demyelinating lesions

Kurtzke [6] already showed that headache was most

common in MS patients with visual or brain stem symp-

toms. Freedman and Gray [9] found that half of patients

with headache during an attack of MS had clinical signs of

brain stem involvement. These clinical correlations have

been clarified by the more recent imaging studies. Gee [13]

has showed that MS patients with a plaque within the

midbrain/periaqueductal gray matter area had a four-fold

increase in migraine-like headaches when compared to MS

patients without a lesion in the same region. Tortorella [23]

has showed that migrainous MS patients have more

significant involvement of the substantia nigra and

periaqueductal gray matter compared with MS patients

without migraine and migrainous patients.

On the other hand, the location of the demyelinating

lesions could be strategic in some cases. Acute trigeminal

autonomic cephalalgia, occipital neuralgiform pain may be

symptomatic of demyelinating lesions of the brain stem or

of the upper spinal cord (C1–C2) area [32–34].

Headache in MS-treated patients

Interferon-b (IFN) is commonly used for long-term treat-

ment of MS. Flu-like syndrome, dermal injection site

reactions are the most common side effects [35]. A sys-

tematic review showed that headache is significantly more

frequent in MS patients treated with IFN as compared to

placebo [36]. Furthermore, several studies have evaluated

the influence of chronic therapies on headache development

or aggravation: variable frequencies, ranging respectively

Table 1 Summary of results of

studies on the prevalence of

headache in MS patients

NR not reported

* Significant comparison

References No. of patients/

controls

Percentage with

headache

Percentage with

headache as onset

symptom

Adams et al. [1] 389 NR 2.1

McAlpine and Compston [2] 250 NR 2

Abb and Schaltenbrand [3] 1,420 37.5 8

Bonduelle and Albaranes [4] 145 5.5 2

Poser et al. [5] 111 8 NR

Kurtzke et al. [6]

Retrospective 293 NR 9.9

Prospective 234 NR 26.1

Watkins and Espir [7] 100/100 27/12 NR

Clifford and Trotter [8] 317 5 NR

Freedman and Gray [9] 1113 4 1.6

Rolak and Brown [10] 104/100 52/18* 6.7

Pollmann [11] 157 40 NR

D0Amico [12] 116 57.7 1.7

Gee [13] 277 55.6 NR

Vacca [14] 238/238 51.3/23.9* 5.5

Villani [15] 102 61.8 NR

Yetimalar [16] 21 – 28.5

Martinelli Boneschi [17] 428 35.5 NR

Nicoletti [18] 151/101 57.4/37.2* NR

Putzki [19] 491/447 56.2/72.7 NR
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from 8 to 48% and from 2 to 41% have been reported in MS

patients treated with IFN, while glatiramer acetate seems to

have a minor headache-inducing potential (Table 2) [14,

15, 17–22].

Discussion

This review shows that the relationship between headache

and MS is complex, since several aspects have been ana-

lyzed by the investigators: (1) the lifetime prevalence of

primary headaches in MS patients; (2) the correlation

between different types of headaches and the clinical fea-

tures of MS; (3) the occurrence of headache at the onset of

the disease; (4) the correlation between headache and

central lesions; (5) the occurrence of headache during

chronic MS treatments.

The main conclusion of this review is that primary

headaches are common in MS patients, occurring in more

than 50% of the cases, a higher proportion than reported in

the matched controls or in the general population. The

reasons for this significant association have not been clar-

ified. Recent evidences suggest that demyelinating brain

stem lesions might be among the factors responsible for the

presence of migraine in MS patients [13, 23]. Familial

susceptibility, young age, female gender may predispose to

both conditions or may be considered as additional risk

factors.

The possibility that headache may occur as MS onset

symptom remains an open question. Headache is not gen-

erally considered as a symptom of MS, but, except for the

types symptomatic of central lesions, the occurrence in

patients without any other specific symptoms or signs of

the disease, showed by some studies [16, 27], should be

supported by a careful neuroradiological study and clinical

monitoring.

Headache may be considered among the side effects of

IFN, worsening of pre-existing headaches or development

of de novo headaches have been reported in the IFN-treated

patients, although with variable frequencies (Table 2).

Different mechanisms have been suggested [22], including

the presence of other comorbidities such as psychiatric

disorders. Preventive therapies [20] should be evaluated in

selected patients during chronic MS treatments to amelio-

rate compliance.

Overall, these data show that MS patients have an

increased risk of headache and suggest that headache

should be investigated in the clinical work-up of these

patients, mainly considering the impact on quality of life.
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Neural substrate of depression during migraine
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Abstract Migraine headache is triggered by and associ-

ated with a variety of hormonal, emotional, nutritional and

physiological changes. The perception of migraine head-

ache is formed when nociceptive signals originating in the

meninges are conveyed to the somatosensory cortex

through the trigeminal ganglion, medullary dorsal horn and

thalamus. We propose that different migraine triggers

activate a wide variety of brain areas that impinge on

parasympathetic neurons innervating the meninges.

According to this hypothesis, migraine triggers such as

stress activate multiple hypothalamic, limbic and cortical

areas, all of which contain neurons that project to the

preganglionic parasympathetic neurons in the superior

salivatory nucleus (SSN). The SSN, in turn, activates

postganglionic parasympathetic neurons in the sphenopal-

atine ganglion, resulting in vasodilation and local release of

inflammatory molecules that activate meningeal nocicep-

tors. We propose that trigeminovascular projections from

the medullary dorsal horn to selective areas in the mid-

brain, hypothalamus, amygdala and basal forebrain are

functionally positioned to produce migraine symptoms

such as irritability, loss of appetite, fatigue, depression and

the quest for solitude. The network of bidirectional traf-

ficking by which the trigeminovascular system can activate

the same brain areas that have triggered its own activity in

the first place provides an attractive mechanism of per-

petual feedback that drives a migraine attack for many

hours and even days.

Keywords Headache � Nociception � Trigeminal �
Stress � Sleep

Introduction

Migraine is a recurring neurological disorder commonly

described as unilateral throbbing headache, readily aggra-

vated by routine activities. Similar to other pain pathways,

the sensory discriminative aspect of migraine pain is

believed to be mediated by activation and modulation of

nociceptive trigeminothalamic tract by peripheral drivers

and central modulators, respectively. In the case of the

trigeminothalamic tract, the role of driver is played by

meningeal nociceptors, whereas modulation is provided by

inhibitory and facilitatory neurons in the brainstem. Evi-

dence for the driving role of meningeal nociceptors comes

from studies in which awake patients experienced head-

ache in response to electrical stimulation of their dura [1,

2]. Evidence for descending modulation comes from

studies that examined the effects of electrical stimulation of

the periaqueductal gray (PAG) and rostral ventromedial

medulla on nociceptive spinal neurons. Whereas electrical

brainstem stimulation per se did not induce any activity in

the spinal nociceptive neurons when they were quiet, it

clearly increased or decreased their response magnitude to

noxious and innocuous stimulation of their cutaneous and

visceral receptive fields [3].

The initiation of migraine headache is commonly asso-

ciated with a wide variety of circumstances, such as hor-

monal milieu, periods of stress, post-stress periods,

skipping a meal, lack of sleep, olfactory stimulation and

several types of aura [4, 5]. These associations raise the

possibility that a migraine attack originates in brain areas

that are not directly involved in nociception, but are wired
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to activate the trigeminovascular pathway. The trigemino-

vascular pathway consists of first-order nociceptors in the

trigeminal ganglion that innervate the meninges; second-

order trigeminothalamic tract neurons that receive sensory

inputs from the meninges, periorbital skin and neck mus-

cles; third-order thalamocortical neurons that process

incoming pain signals from the trigeminal nerve, including

the meninges; and cortical neurons located in the first

somatosensory cortex.

Activation of the trigeminovascular pathway

by the limbic system and hypothalamus

The observation that visual aura precedes the onset of

headache by several minutes promoted extensive research

on the neural substrate by which cortical spreading

depression can result in activation of meningeal nocicep-

tors. Evidence suggests that in the wake of cortical

spreading, depression the blood brain barrier becomes

more permeable [6, 7], allowing potassium and hydrogen

ions to diffuse from the surface of the cortex to the pia

where they activate C-fiber meningeal nociceptors [8]. This

activation appears to involve direct depolarization by

potassium ions, and action of hydrogen ions through the

vallinoid receptor (Caterina et al. 1997) or the acid-sensi-

tive ion channel receptor (Waldmann et al. 1997). Conse-

quently, the activated meningeal nociceptors release

calcitonin-gene-related peptide [9] from their peripheral

branches, resulting in neurogenic inflammation in the dura

[10].

In contrast to the ongoing effort, to understand how aura

triggers activity in meningeal nociceptors, little attention

was given to the mechanisms by which brain areas

involved in regulation of stress could activate meningeal

nociceptors and trigger the headache. Is there a common

pathway that activates meningeal nociceptors for a variety

of migraine triggers? We are proposing that such a pathway

involves pre- and postganglionic parasympathetic neuron

in the superior salivatory nucleus (SSN) and sphenopala-

tine ganglion (SPG), respectively. According to our

hypothesis, migraine triggers either activate or originate in

a number of brain areas whose projections converge on the

SSN. The SSN, in turn, stimulates the release of acetyl

choline, vasopressin intestinal peptide and nitric oxide

from meningeal terminals of SPG neurons, resulting

(directly or indirectly) in a cascade of events that include

the dilation of intracranial blood vessels, plasma protein

Fig. 1 A proposed parasympathetic pathway for the activation of

meningeal nociceptors. Preganglionic parasympathetic neurons in the

superior salivatory nucleus (SSN) can trigger intracranial vasodilation

and the release of nitric oxide in the meninges through postganglionic

parasympathetic neurons in the sphenopalatine ganglion (SPG). a The

SSN receives input from over 50 limbic and hypothalamic brain areas

(red dots) whose activity may be influenced by common migraine

triggers. b Examples of SSN afferents proposed to be involved in

migraine triggering by olfactory stimuli (Pir), food and sleep

deprivation (LH), stress or post stress (PVN, BNST, PAG). BNST
bed nucleus stria terminalis, LH lateral hypothalamus, PAG periaqu-

eductal gray, Pir piriform cortex, PVN paraventricular hypothalamic

nucleus
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extravasation, and local release of inflammatory molecules

that activate adjacent terminals of meningeal nociceptors

(Fig. 1).

Several lines of evidence support this parasympathetic

hypothesis: (1) meningeal blood vessels are densely

innervated by parasympathetic fibers [11–13]; (2) pregan-

glionic parasympathetic neurons in the SSN increase their

activity after activation of meningeal nociceptors [14]; (3)

ongoing activity in meningeal nociceptors appears to

depend on enhanced activity in the SPG [15]; (4) para-

sympathetic tone is enhanced during migraine, as evi-

denced by lacrimation, teary eyes, nasal congestion [5]; (5)

blockade of the SPG provides partial or complete relief of

migraine pain [16–25].

The SSN receives extensive input from more than 50

brain areas distributed throughout the forebrain, dien-

cephalon, midbrain, pons and medulla [26]. SSN-project-

ing neurons located in some of these brain areas are

theoretically positioned to mediate the onset of a migraine

by means of their involvement in emotional responses

(Fig. 1a). The bed nucleus of stria terminalis (BNST), the

paraventricular hypothalamic nucleus (PVN) and the PAG

are all involved in the circuitry that regulates ‘‘stress

response’’. BNST neurons, which regulate hypothalamic-

pituitary-adrenal axis, appear to mediate long-lasting

behavioral responses during sustained stress, which persist

long after the termination of stress [27, 28]; such neurons

may be involved in stress-induced migraine and also

in migraine triggered after the termination of stress.

Parvocellular PVN neurons that project to sympathetic and

parasympathetic preganglionic neurons in the brainstem

and spinal cord promote the autonomic part of the stress

response [29, 30], which includes localized cerebrovascular

vasodilation in the early phase of the migraine attack [31].

Ventrolateral PAG neurons involved in passive emotional

coping with inescapable stressors such as repeated defeat in

social encounters [32, 33] may mediate onset of increase

migraine frequency associated with a long period of social

stress such as divorce.

Activation of the hypothalamus and limbic system by

the trigeminovascular pathway

The most frequently reported symptoms associated with

migraine are depression, stress, irritability, fatigue, sleepi-

ness, exaggerated emotional responses, nausea and loss of

appetite. To elicit these symptoms, pain signals that orig-

inate in the trigeminovascular pathway during migraine

must reach and alter the activity of hypothalamic and

limbic structures that integrate sensory, physiological

and cognitive signals that drive behavioral, affective and

autonomic responses. Brain areas involved in the execution

of such responses include the parabrachial complex, PAG,

hypothalamus, amygdala, septum, nucleus accumbens, bed

nucleus of the stria terminalis and basal ganglia [34–46].

Many of these brain areas receive direct inputs from lam-

inae I–II and V neurons located in the ventrolateral area of

Fig. 2 Proposed mechanism for

the initiation of symptoms

commonly associated with

migraine headache by ascending

trigeminovascular pathways to

the brainstem, hypothalamus

and basal ganglia.

a Trigeminovascular neurons in

the spinal trigeminal nucleus

(SpV) project to multiple limbic

and hypothalamic brain areas

(red dots) whose activity my

underlie common migraine

symptoms. b Examples of SpV

projections proposed to be

involved in stress (PVN),

decreased motivational state

(VP/SI), pursuit of solitude

(PAG), sleepiness, irritability

and loss of appetite (LH).

LH lateral hypothalamus,

PAG periaqueductal gray,

PVN paraventricular

hypothalamic nucleus, VP/SI
ventral pallidum/substantia

innominata
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the upper cervical and medullary dorsal horn (Fig. 2)—an

area containing the majority of second-order trigemino-

vascular neurons [47–56].

We propose that these ascending pathways are func-

tionally positioned to produce irritability, loss of appetite,

sleepiness, fatigue, chill, stress, depression, emotional

arousal, decreased motivation, the quest for solitude and

lethargy during migraine (Fig. 2b). For example, loss of

appetite, sleepiness and irritability during migraine may be

mediated by trigeminovascular projections to the lateral

hypothalamus; in this area, neurons expressing melanin-

concentrating hormone or hypocretin regulate food and

water intake, sleep and arousal [36, 37, 57] through

widespread projections to the cerebral cortex, brainstem

and spinal cord [58–62]. Migraine-associated stress may be

mediated by trigeminovascular projections to the para-

ventricular nucleus of the hypothalamus; this nucleus

contains neurons expressing corticotrophin-releasing hor-

mone and oxytocin which regulate stress responses [63].

Emotional arousal and decreased motivation during

migraine may be mediated by trigeminovascular projec-

tions to forebrain nuclei such as the ventral pallidum and

substantia innominata; these areas can alter endocrine,

autonomic and somatomotor functions to match different

emotional and motivational states [64].

The pursuit of solitude during migraine may be medi-

ated by the ventrolateral PAG; this area receives more

input from trigeminal neurons locate in C1-3 and nucleus

caudalis than from the entire spinal cord [32, 54, 55]. The

input to the ventrolateral PAG originates mainly in visceral

and deep somatic tissues [65, 66]. Trigeminovascular

projections to the ventrolateral PAG can activate neurons

that mediate responses to deep, inescapable pain, such

migraine pain [32, 67].
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TREATMENT

Migraine prophylaxis: key points for the practising clinician
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Abstract Migraine is a significant burden on individuals

and society. Patients with most severe forms require pre-

ventive treatments, whose aim is to reduce the frequency

and severity of attacks and consequently the overall impact

of migraine. Although various medications are available

for migraine prophylaxis, only a minority of migraineurs

receive these drugs. This brief paper summarizes the most

important indications for starting migraine prophylaxis,

and provides an overview of the salient characteristics of

available preventive drugs, to guide the choice of the most

appropriate medication for a given patient.

Keywords Migraine � Prophylaxis � Preventive drugs �
Guidelines

Introduction

Migraine is a significant burden on individuals and society

due to its high frequency and the severity of the pain and

associated symptoms [1], which result in significant dis-

ability during attacks (with reduced productivity at work

and impaired family and social life) [2–5], and diminished

quality of life even outside attacks [6–8].

Both acute treatment and prophylactic treatments

are used to manage migraine. The principal aims of

prophylaxis are to reduce the frequency and severity of

attacks and consequently to reduce the overall impact of

migraine. Although various prophylactic medications are

available [9, 10], only a minority of migraineurs receive

these drugs [11, 12].

The aims of this brief paper are to summarize the most

important indications for starting migraine prophylaxis,

and to provide an overview of the salient characteristics of

available prophylactics to guide the choice of the most

appropriate drug for a given patient.

When should prophylaxis be prescribed?

In the past, the most common, if not the only criterion for

starting migraine prophylaxis was attack frequency. How-

ever, recent guidelines [9, 10], and expert reviews [13–18]

have now identified a series of additional patient circum-

stances in which prophylaxis is advisable. The main indi-

cator for deciding to start prophylactic treatment is now

considered to be the impact of the condition on the patient.

Impact should be evaluated in terms of functional disability

and quality of life. Attack frequency (as mean number of

attacks per month) remains a crucial factor in assessing

impact. Other key factors are: effectiveness of acute ther-

apy in the individual or presence of concomitant conditions

that prevent their use; risk of medication overuse, or evo-

lution to chronic headache forms; special circumstances,

such as attacks with risk of permanent neurological injury;

and patient views on taking daily medication for an

extended period.

These guidelines indicated that, before deciding to pre-

scribe prophylaxis, a comprehensive evaluation of the

patient is necessary; however, practical criteria to be fol-

lowed by the treating physician are not given. More
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specific suggestions have been provided by expert panels

that have tried to consider the most relevant factors indi-

cating prophylaxis with thresholds [18, 19]. In a survey of

14 headache specialists (neurologists and general practi-

tioners) from various countries, the main factors considered

when prescribing prophylaxis were headache frequency

and symptomatic drug consumption [18]. The survey’s

authors suggested that prophylaxis should be prescribed to

migraine patients reporting five or more attacks per month,

who use acute medications 3 or more days/week (12 or

more days/month), who have significant comorbidities that

preclude the use of effective acute treatment, and when a

medication can be used to treat both the migraine and

the comorbidity (e.g., hypertension, depression, epilepsy).

They recommended that prophylaxis should be considered

in patients with increasing migraine frequency (at least 3–4

attacks/month), increasing use of acute medications (2 or

more days/week or 8 or more days/month), or who expe-

rience between-attack dysfunction. Other factor recognized

as influencing the decision to start prophylaxis were patient

preference, disability level, and pregnancy status [18].

In the AMPP study [19], an expert panel of neurologists

and primary care physicians concluded that prophylaxis

should be offered to migraine subjects reporting either 6 or

more headache days/month, 4 or more headache days with

at least some impairment, or 3 or more headache days

with severe impairment or requiring bed rest. Prophylaxis

should be considered in migraineurs with 4 or 5 migraine

days/month with normal functioning, 3 migraine days

with some impairment, or 2 migraine days with severe

impairment.

Characteristics of available drugs and relevance

to clinical practice

Evidence-based efficacy

Evidence of efficacy, as assessed by controlled clinical

trials, is the most important requisite for a preventive

medication. For this, clinicians can rely on international

guidelines [9, 10], which provide a list of drugs, classified

according to standardized rating systems based on the

quality of the published evidence. Criteria for evaluating

trials consider important aspects such as the presence of a

prospective baseline period, the quality of the statistical

analyses, evidence for significant reduction in headache

frequency between baseline and treatment period, in

patients treated with the active drug versus those receiving

placebo, and percentage and severity of adverse events.

Overall, there is general agreement that propranolol,

valproic acid, and topiramate are first line treatments for

migraine prophylaxis, based on their efficacy in clinical

trial of adequate quality and clinical experience in the use

of these medications in several countries. Other recom-

mended compounds are: flunarizine, amitriptyline, timolol,

metoprolol, atenolol, nadolol, bisoprolol, gabapentin, and

methysergide. Weaker or insufficient evidence exists

justifying the used of pizotifen, NSAIDS, ACE-inhibitors,

sartans, selective serotonin re-uptake inhibitors, and

MAO-inhibitors.

Other methodological issues

When evaluating drug trials clinicians should pay attention

to various methodological aspects that suggest the likely

relevance of the drug in clinical practice. First, it is

important to determine whether several endpoints were

used to assess headache frequency reduction. In addition to

mean number of attacks before and after treatment, the

mean number of migraine days and the responder rate

(percentage of patients migraine frequency by decreased

50% or more after treatment) should normally be reported

in a trial. The last endpoint is clinically meaningful, in

view of the wide variation in attack duration between mi-

graineurs, and also in a single patient. The mean number of

migraine days provides an intuitive measure of likely

efficacy for the clinician and the patient.

Another methodological issue to be aware of is whether

the published results pertain to all participants, i.e., whether

the analysis was on the intent-to-treat (ITT) population, and

not only on the patients who completed the study. Analyses

performed only on completers are likely to be biased by

favoring the active drug, as patients experiencing adverse

events from the active drug or no early benefit may be early

drop-outs (and not be included among the completers),

while those experiencing clinical benefit early during the

treatment period are more likely to complete the trial.

Effects on coexisting conditions

The presence of other conditions coexisting with migraine

in a patient may influence the choice of a preventive drug.

Thus, several preventive drugs can be useful to control

other conditions: e.g., propranolol for arterial hypertension;

amitriptyline for both migraine and tension-type head-

aches; topiramate and valproate for a migraineur who also

experiences seizures.

It should be noted, however, that some preventive drugs

can exacerbate a coexisting condition. Examples: com-

pounds with a high risk of increasing body weight (such as

flunarizine, valproate, or amitriptyline) should not be given

to obese patients; flunarizine may aggravate depression;

amitriptyline and pizotifen may worsen glaucoma or

urinary retention; beta-blockers can worsen asthma and

diabetes; topiramate can be safely used in all the above
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noted concomitant diseases, but can enhance the risk of

renal calculi in predisposed subjects.

Effects on impact of migraine and on acute drug

consumption

The utility of a preventive drug is enhanced if it reduces

migraine impact. Data from open studies in which different

preventive compounds were administrated to migraine

patients [20], and also from controlled trials in which to-

piramate was administered for migraine prophylaxis [21–

23], indicate that prophylaxis can lead to a significant

reduction in functional disability (measured by the MIDAS

questionnaire), and improvement in physical and emotional

dimensions of quality of life (as assessed by SF-36 and

MSQ surveys).

For patients with ‘‘chronic migraine’’ the negative

functional impact of the condition is quite marked (more so

than with episodic migraine) and these patients are among

the most difficult to treat [24–27]. Increasing headache

frequency and increasing acute medication consumption

have been identified as risk factors for progression from

episodic migraine to ‘‘chronic daily headache’’ or ‘‘chronic

migraine’’ [28, 29]. In a 1-year-follow up study in which

14% of the evaluated patients developed ‘‘chronic head-

ache’’ odds ratios for progression to a chronic form were

20.1 (95% CI 5.7–71.5) for patients with 10–14 headache

days/month, and 19.4 (95% CI 8.7–43.2) for patients with

medication overuse [29].

Analysis of pooled data from three controlled trials

in which patients received topiramate or placebo for

6 months, showed that the number of days with usage of

acute medication was significantly lower in those on topi-

ramate than in those on placebo (3.3 ± 3.7 vs. 4.3 ± 3.6,

P \ 0.001) [30].

Long administration

Three months is generally regarded as an optimal trial

period for a prophylactic medication for migraine and most

published trials have been concerned with 3 month treat-

ment periods. However, clinical experience is that many

patients require longer treatment periods in order to achieve

good results. Only a few studies have tested medication

efficacy over longer periods, or investigated the persistence

of therapeutic effect after drug discontinuation.

A rather old open-label study [31] evaluated efficacy in 64

migraine patients followed for 18 months after discontinu-

ation of successful prophylaxis with flunarizine, propranolol,

or metoprolol. A quarter of this group experienced a

long-lasting frequency reduction of at least 50%, while 75%

of improved only initially. Another open-label study was

designed to follow 117 patients for 3 years after treatment

with divalproex in a previous controlled study [32]. Less than

50% of patients continued to take divalproex for more than a

year, and only 33% of patients completed the study. Reasons

for withdrawal included insufficient effectiveness (16%),

drug intolerance (21%), and other (31%).

Two studies in which topiramate was administered for

migraine prophylaxis for up to 14 months were published

recently [23, 33]. A sample of 567 patients received an 8-

month open-label extension after receiving topiramate for

6 months in two large placebo-controlled trials [33]. Patients

on topiramate in the double-blind phase had a total treatment

period 14 months and experienced a significant reduction in

headache frequency, with further frequency reduction during

the open-label phase. The frequency of topiramate-associ-

ated adverse events was lower in the open-label phase than

the double-blind phase in these patients (for paresthesia

the reduction was from 47.8 to 17.4%; for difficulty with

memory the reduction was from 9.8 to 5.1%). The same trend

was found for discontinuation due to adverse events: 22.2%

on the double-blind phase and 8.6% in the open-label phase.

A subsequent study [23] reversed the treatment schedule:

patients were treated with open-label topiramate for

6 months and then randomized to topiramate versus placebo

in a double-blind phase for a further 6 months. Prolonged

prophylaxis was again found to afford sustained improve-

ment (reduction in migraine frequency, significant reduc-

tions in acute medication intake, and improvement in

disability and headache impact), with no evidence of higher

rates of adverse events. Furthermore, no ‘‘rebound’’ effect as

observed after discontinuation of topiramate although partial

relapse occurred in patients receiving placebo in the second

phase of the trial. The clinical lesson of these trials is that

6–14 months of prophylaxis with topiramate can lead to

sustained clinical benefit.

The patient’s perspective

Patient preference, as well as patient understanding and

acceptance of therapy, should be key elements in any long-

term management plan for migraine [34, 35]. They are

discussed in another article in this issue (D’amico and

Tepper, Key Points In Migraine Prophylaxis: The Patient’s

Perspective).

Concluding remarks

The main points discussed in this short overview are as

follows:

1. Successful migraine prophylaxis remains a consider-

able clinical challenge.
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2. Despite the demonstration that long-term preventive

therapy with several compounds can reduce the

burden of migraine, prophylaxis is largely underused.

3. Candidates for prophylaxis should be selected on the

basis of a comprehensive evaluation.

4. The decision to start prophylaxis should be based

mainly on headache frequency and headache impact

on functioning.

5. The efficacy of acute treatment in the individual

patient, and the risk of acute medication overuse

are other important factors to be considered in the

decision to start prophylaxis.

6. International guidelines list several compounds that

have proved effective in controlled clinical trials, and

which can be viewed as first-choice and second-

choice drugs.

7. In evaluating the clinical relevance of published

trials, a number of criteria should be applied: did the

study have several meaningful endpoints (not only

reduction in number of attacks but also reduction in

number of migraine days, and responder rates)?; was

the analysis clinically and methodologically sound

(e.g., were all patients evaluated (ITT)—drop-outs as

well as completers?).

8. The efficacy of a given medication may be

enhanced by other characteristics. The following

should be born in mind: long-term treatment may

be necessary to obtain benefit, with possibility of

longer term improvement after the medication is

withdrawn; positive effects on disease impact;

prevention of progression to daily/near-daily head-

aches; prevention of acute medication overuse;

control of coexisting conditions; no negative effect

on existing conditions.

9. First line treatment options are propranolol, valproic

acid, flunarizine, and topiramate. Topiramate is the

most extensively studied, with trial that are method-

ological sound and have multiple endpoints.

10. Good patient–physician communication is vital to

obtain patient acceptance of prophylaxis, and adher-

ence to long-term therapy.
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Key points in migraine prophylaxis: patient perspective

Domenico D’Amico Æ S. J. Tepper
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Abstract Migraine is a chronic neurological condition

with heterogeneous presentation. It is associated with sig-

nificant pain, disability, and diminished quality of life in a

large proportion of patients. Patients with severe and/or

frequent migraines require prophylaxis, which implies

daily administration of anti-migraine compounds for sev-

eral months, with potential adverse events or contraindi-

cations. This paper reviews the main factors influencing

patient acceptance of anti-migraine prophylaxis, providing

practical suggestions to maximize patient agreement with,

and adherence to, preventive treatment.

Keywords Migraine � Prophylaxis � Acceptance �
Adherence

Introduction

Migraine prevalence and incidence tends to peak in middle

life [1–3], when an individual is likely to be more actively

engaged in work, social and family duties. Migraine is very

disabling, causing severe functional impairment during

attacks, as well as decreased quality of life [3–6]. Migraine

heterogeneity in clinical features and impact implies that

different patients will have different treatment needs [7].

Migraine management includes non-pharmacological

approaches, acute treatment, and prevention or prophy-

laxis. Patients with disabling and/or frequent migraine

forms require prophylaxis [8–10]. Medications used for

migraine prophylaxis have potential and often important

adverse events or contraindications, and may interfere with

concurrent conditions and treatments, inducing patients to

reject prevention, or leading to poor patient adherence.

This paper reviews factors influencing patient accep-

tance of anti-migraine prophylaxis, providing practical

suggestions to enhance a patient’s willingness to accept

pharmacological prevention.

Main factors influencing patients’ acceptance

of prophylaxis

Daily dosing

Patients might reject daily drug ingestion, independent

from attack occurrence. Physicians should communicate

that, although episodic in its manifestations, migraine is

chronic neurological condition, with susceptibility to

triggers, which can be partially corrected by the use of

preventive medications that modulate the underlying

‘‘neurochemical instability’’ [11].

Long therapy duration

Patients might not accept daily prophylaxis. Usually, pro-

phylaxis should be used for a period of at least 3 months,

although recent evidence, as well as clinical experience,

suggest the possibility of increased efficacy with use of

preventive drugs for longer periods (up to 6–14 months)

[10, 12]. Education is crucial, as the effects of prevention
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require regular and continuous administration for relatively

long therapeutic cycles.

Goals and expectations

Patients may expect that prophylaxis will eradicate head-

aches or that they can be neither cured nor relieved by

medications. This means explaining that reduction in

frequency is the primary goal, with spill over benefits on

intensity, duration, and disability [12–14].

Patients should be educated that complete disappearance

of attacks cannot be expected after prophylaxis, that acute

attacks will still occur even with successful prevention, and

that data from published literature indicate about 45% of

migraineurs receiving available preventive drugs experience

a frequency reduction of C50%, with around 20% of them

with a frequency decrease of C75% [15–19]. Clinicians

should emphasize that prophylaxis can also be useful in

reducing migraine-related impact [8, 13, 14]. Patients should

be encouraged to keep a headache diary of frequency,

severity, duration, and degree of functional disability during

their migraines. Communication about efficacy of ongoing

treatment can be enhanced by use of specific questionnaires,

such as the Migraine Disability Assessment score (MIDAS)

[13, 20], and the Headache Impact test (HIT6) [21], to assess

impact of migraine on functioning and well-being. These

well-accepted paper tools are easy to use, and help assess the

clinical situation from the patient point of view from first

consult to follow-up visits.

According to a recent study, efficacy is the most important

factor for patient preference in prevention (72%) [22]. Most

of the surveyed patients chose those preventive treatments

with higher efficacy rates, even with side effects.

Adverse events

Concern for side effects during migraine prophylaxis very

commonly expressed by patients when receiving a pre-

vention prescription and may discourage them from

accepting prophylaxis or may negatively influence patient

adherence, with irregular dosing, dosage self-reduction, or

drug discontinuation following trivial symptoms not treat-

ment-related.

A comprehensive history is necessary, to include:

evaluation of individual life-style, concerns about particu-

lar adverse events, and history of side effects from previous

treatments. Clinicians should choose among various com-

pounds with active participation of the patient.

Patients should be advised about most common adverse

events of prescribed drugs and even of uncommon effects

which could be clinically relevant. If possible, focus should

be given to the benign nature of most effects, the possi-

bility of resolution over time, or by reducing daily dosage.

The following scenarios can be regarded as practical

examples:

• Avoid compounds with high risk of increasing weight

(such as flunarizine, valproate, or amitriptyline) in

obese patients or those concerned with weight gain.

• Avoid beta blockers, which cause exercise intolerance,

in athletes.

• Avoid drugs which may cause CNS difficulty (such as

topiramate) in those with cognitive employment, such

as teachers,

• Avoid drugs causing excessive sedation or somnolence

(such as amitriptyline) in drivers or machine operators.

• Inform patients that symptoms such as paresthesias

during topiramate treatment, mild somnolence with

flunarizine, or some nausea with sodium valproate,

should be regarded as substantially benign, often self-

limiting or gradually vanishing adverse events. Patients

should also be told to contact their physician if they

experience serious side effects such as visual distur-

bances, depression, or asthenia while on topiramate,

flunarizine, or sodium valproate, respectively.

A recent survey found only 6% of enrolled patients

rated lack of adverse events as the most important aspect

of prevention when asked to rank a list of aspects which

also included efficacy, speed of onset, dose frequency,

out-of-pocket cost, and treatment type (prescription/

vitamin) [22]. In another study, the second most highly

ranked factor in terms of importance was that the pre-

scribing clinician takes time to explain possible adverse

events of proposed medications. Patients will accept

effective prevention with a high side effect rate. Possible

effects on weight and likelihood to cause sedation were

indicated as important factors for rejection (especially in

women) [23].

Concluding remarks

Clinicians should be aware that treatment strategies for

migraine patients require patient understanding and

acceptance. This is particularly true when a long-term

treatment plan, including prophylaxis, is prescribed.

While patients’ preferences for acute migraine treatment

have been extensively studied [24–30], only three studies

have been published on patients’ preference for prophy-

laxis) [22, 23, 31]. Further studies are warranted to explore

possible factors influencing patient acceptance of

prevention.

Prophylaxis requires a comprehensive evaluation of

different aspects of a patient’s migraine and life-style,

acute therapy response, and migraine-related impact, to

guide therapeutic decisions, as well as to assess outcomes.
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Clinicians must direct efforts to help patients accept pro-

phylaxis, taking into account:

• Differences in goals and treatment between acute

therapy (attack relief), and prophylaxis (reduction in

attack frequency and impact) should be explained, to

help patient understanding that preventive drugs must

be taken daily, and for long periods.

• The fact that the information given by the patient

(particularly on intolerable side effects and on con-

comitant conditions which might influence treatment)

has been taken into account to select the most

appropriate prophylaxis must be communicated.

• Active involvement of the individual patient in assess-

ment of prophylaxis outcomes, through use of a

headache diary and administration of specific disabil-

ity/impact tools, will likely increase patient treatment

adherence and, therefore, patient satisfaction.

• Communication between patient and physician in the

therapeutic management of primary headaches is

crucial [10, 23, 32].
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Costs of hypothalamic stimulation in chronic drug-resistant
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Abstract In about 20% of chronic cluster headache (CH)

cases, drugs may become ineffective. Under these cir-

cumstances, steroids and triptans are frequently employed

leading to fearful side effects in one and high costs in the

other. The direct costs of drug-resistant chronic CH are

mainly due to frequent medical consultations and frequent

use of expensive drugs. In recent years, hypothalamic

stimulation has been employed to treat drug-resistant

chronic CH patients suffering multiple daily attacks and

long-term results from different centres show a 60%

overall benefit. Nine years since the introduction of this

technique, we attempt a preliminary analysis of the direct

costs of hypothalamic stimulation based on patients treated

at our centre. We estimated the following direct costs as

follows: cost of neurosurgery plus cost of equipment

(electrode, connection and impulse generator = 25,000

euro), cost of hospital admissions in long-term follow-up

(2,000 euro per admission), cost of single sumatriptan

injection (25 euro). Number of daily sumatriptan injections

in the year before and for each year after hypothalamic

implantation was obtained from headache diaries. To

estimate the saving due to the reduction in sumatriptan

consumption following hypothalamic stimulation, we cal-

culated the following for each year of follow-up after

surgery: number of sumatriptan injections in the year

before surgery minus number of sumatriptan injections in

each year, updated to December 2008. In our 19 implanted

patients, the costs of neurosurgery plus cost of equipment

were 475,000 euro; the costs of hospital admissions during

follow up were 250,000 euro. Reduction in sumatriptan

consumption resulted in a total saving of 3,573,125 euro.

Hence, in our 19 patients, the sumatriptan saving

(3,573,125 euros) minus the direct costs due to operation

and follow up hospitalisations (475,000 ? 250,000) euro is

equal to 2,848,125 euros. These preliminary results indi-

cate that hypothalamic stimulation is associated with

marked reduction of direct costs in the management of

complete drug-resistant chronic CH.

Keywords Hypothalamic stimulation �
Cluster headache � Intractable � Costs

Introduction

Cluster headache (CH) is a primary headache syndrome

characterized by strictly unilateral head pain accompa-

nied by ipsilateral oculofacial autonomic phenomena [1].

An obsolete name for the condition is suicide headache,

reflecting the fact that the pain, reported as excruciating

or worse than that experienced at childbirth, is one of

the most severe known. The attacks last for 15–180 min,

occur up to eight times daily, and render the patient

agitated [1]. The ipsilateral autonomic manifestations

include conjunctival injection, lacrimation, miosis, ptosis,

eyelid oedema, rhinorrhea, nasal blockage, and forehead

or facial sweating [1]. There are two main forms of CH:

episodic and chronic. Episodic CH is characterized by

cluster periods during which the attacks typically occur

daily and alternate with more or less extended attack-free

periods [1]. In chronic CH, there is no notable remission

and the attacks may continue unabated for years,
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resulting in severe debilitation [1]. Approximately 20%

of CH patients have the chronic form [2] and need

continuous medical care because of pain persistence.

Although no definitive cure is available, clinical experi-

ence is that drug treatments are able to control or pre-

vent the attacks in approximately 80% of patients with

chronic CH. In the remaining 20% of chronic cases,

drugs are ineffective. Loss of drug efficacy may develop

during the course of the condition, often after years of

successful pharmacologic control. Patients then resort to

various drugs (e.g., analgesics, triptans, nonsteroidal anti-

inflammatory drug, opioids, ergot-derivatives, steroids) in

increasingly desperate attempts to relieve their daily pain

episodes.

Steroids and triptans are most frequently used by

chronic drug-resistant CH patients [3]. Steroids often

achieve full control of the attacks but in some patients they

only reduce the frequency from seven to eight daily to one

to two daily. In the latter case, patients need sumatriptan

injections to block ongoing attacks when they occur [4].

Prolonged use (years) of steroids may have fearful and high

cost consequences including chronic intestinal bleeding,

bone demineralization leading to fractures and aseptic

necrosis of the femoral head, fluid retention leading to

heart failure, hypertension, bulimia and marked weight

increase, severe myopathy with loss of ability to walk, and

glaucoma. There also may be agitation, insomnia, and even

frank psychosis. In these patients, use of sumatriptan

injections daily for years [3, 5–7] may facilitate the onset

of myocardial ischaemia and increase blood pressure [8].

Furthermore, sumatriptan injections are expensive: com-

pletely drug-resistant CH patients suffering multiple daily

attacks notwithstanding prophylaxis (even oral steroids),

need 4–8 injections per day [5]. In Italy, the cost of one

injection is about 25 euro, hence 1 day treatment costs

(mean 6 injections per day) is about 150 euro.

Patients with chronic CH also require frequent visits to a

headache specialist to monitor their condition, prescribe

new medications, and assess the effects of repeated drug

use. Hospital admissions may be required for detoxification

or ‘‘heavy-duty’’ treatments such as intravenous steroids or

ergotamines. Patients with chronic CH often lose their jobs;

family and social life is gravely disrupted, and quality of

life is poor [9]. As a result of these stresses, severe anxiety-

depressive syndromes may develop, which themselves may

require medication. The direct and indirect costs of chronic

drug-resistant CH are therefore high.

In recent years, neurostimulation methods have been

introduced to treat chronic CH [5, 10–17]. The method

most consonant with what is known of the pathophysiology

of CH, and which has so far produced the best results, is

hypothalamic stimulation [5, 10–14]. The idea for hypo-

thalamic stimulation arose because PET studies had

revealed activation of the ipsilateral posterior inferior

hypothalamic gray matter during CH attacks [18], and

voxel-based morphometric MRI had documented alteration

of the same area, [19] strongly suggesting that the gener-

ator of the pain attacks was located in this region [18, 20,

21]. Just as electrode stimulation is effective for intractable

movement disorders, it was supposed that stereotactic

stimulation of the hypothalamus might interfere with the

supposed hypothalamic CH generator, and relieve intrac-

table cluster headache [10]. The procedure has been

employed in over 50 patients: marked improvement has

been obtained in about 60% of these [for a review see Ref.

22]. Candidates for implantation and stimulation are those

experiencing multiple daily attacks, and patients only

received hypothalamic implant after prolonged pre-implant

follow-up during which all drugs, alone and in combina-

tion, were tried without benefit [23].

Nine years since the introduction of this technique, the

present paper attempts a preliminary analysis of the costs

of hypothalamic stimulation based on patients treated at

our centre.

Patients and methods

Nineteen patients (15 men; mean age at operation 42 years;

mean duration of chronic CH 3 years, range 1–10; 5–8

attacks/daily) with chronic CH diagnosed according to

International Headache Society criteria, were selected for

hypothalamic stimulation [1, 5]. Addition selection crite-

ria—in view of the invasive nature of hypothalamic

implant and stimulation—were multiple daily attacks and

complete drug-resistance (all known drugs tried without

benefit including oral steroids) [23, 24]. Median follow-up

is 5.6 years (range 3.3–8.8 years). Patients were required to

keep a headache diary in which they noted number of

attacks per day, and number of sumatriptan phials injected

subcutaneously per day.

We estimated the following direct costs as follows:

1. Cost of neurosurgery plus cost of Medtronic elec-

trode = 25,000 euro

2. Cost of follow up admissions = 2,000 euro per

admission

3. Cost of single sumatriptan injection = 25 euro

From diary data, we next calculated mean daily suma-

triptan use in the year before and for each year after

hypothalamic implantation. We then calculated the fol-

lowing for each year of follow-up after surgery:

Number of sumatriptan injections in the year before

surgery minus number of sumatriptan injections in each of

the years after implantation. These data are presented in

Fig. 1, updated to December 2008.
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Results

From July 2000 to December 2008, 19 chronic drug-

resistant CH patients received hypothalamic implant and

stimulation. All had multiple daily attacks and had tried all

known pharmacological treatments for the condition

without notable benefit, as recommended in our published

guidelines [23, 24]. Many of these patients had been forced

to take steroids continuously over the long term. The ste-

roids only partially controlled the headaches and brought

with them severe side effects, which in some cases were

irreversible [5].

Figure 1 shows the direct costs per year calculated as

described above, and include costs of additional (follow-up)

hospitalisations after implantation. At the end of 2008, the

total cost (all 19 patients) of the implantations (electrodes

plus surgery) was 475,000 euro, and the total cost of all

hospitalisations was 250,000 euro. After implantation, fol-

lowing reduction in headache frequency in many patients

[5], the reduction in sumatriptan consumption resulted in a

total saving of 3,573,125 euro. Hence, in our 19 patients,

after hypothalamic implantation, the sumatriptan saving

(3,573,125 euro) minus the direct costs due to operation and

follow-up hospitalisations (475,000 ? 250,000) euro was

2,848,125 euro.

Discussion

The costs of treating chronic drug-resistant CH have, as far

as we are aware, not been estimated previously. The

present study also appears to be the first attempt to assess

the costs of hypothalamic stimulation in drug-resistant

chronic CH. Most of our patients had such severe several

times daily headaches that they were no longer able to

work, further increasing the costs of the illness which were

not, however, estimated in the present study. Our data show

cumulative cost savings due to reduced sumatriptan over a

median of almost 6 years of follow-up and suggest that

hypothalamic stimulation can reduce treatment costs for

this highly disabling condition.

The estimation was made possible by the fact that our

patients kept headache diaries, not only prior to their

neurosurgery, but in the years following their operation.

Clearly, without data from headache diaries it would be

extremely difficult to estimate drug costs. Furthermore if

diaries were not compiled regularly, the tendency would be

to underestimate the number of sumatriptan injections,

seriously overestimating the cost savings. To ensure that

diaries were kept diligently, the treating neurologist

checked that diaries were being compiled periodically

throughout follow-up.

The study considered three sources of direct treatment

costs: (1) cost of implant plus surgery, (2) cost of hospi-

talisation (for implantation and successive follow-up), and

(3) difference between cost of sumatriptan use in each year

after implantation and the cost of sumatriptan in the year

before implantation. Patients suffered 4–8 headache attacks

per day before implantation [5].

Assuming that the yearly number of sumatriptan injec-

tions would have remained constant at pre-implant levels

(6 sumatriptan injections per day) if hypothalamic stimu-

lation had not been applied, the total saving due to hypo-

thalamic stimulation over the period 2000–2008 is

Costs of hypothalamic stimulation in 19 patients with chronic drug resistant cluster headache
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2,848,125 euro. This indicates that hypothalamic stimula-

tion is associated with a marked reduction in the costs of

managing drug-resistant [24] chronic CH.

In purely economic terms, therefore, hypothalamic

stimulation appears useful in the management of this

condition. However, the situation in individual patients is

not always so favourable [5, 10–16, 22]. To illustrate this,

we examine two of our patients separately, both of whom

have been followed for several years. In patient 1 (Fig. 2),

the attacks are several times daily, only partly controlled

with steroids and hence requiring several times daily

sumatriptan injections and also frequent visits to the

headache specialist. Patient 2 took lithium that reduced the

attacks to about 1–3 per week so sumatriptan injections

were required 1–3 times a week. This patient did not

require frequent checks by the treating physician. Assum-

ing that hypothalamic stimulation reduced attack frequency

by 60% in both patients [22], in patient 1, the annual cost

saving related to reduction sumatriptan injections and visits

to the doctor was 16,720 euro (difference between Fig. 2a

and b). In patient 2, the saving is only 1,480 euro (differ-

ence between Fig. 2a and b). This hypothetic comparison

shows that, in patient 1, the costs of implantation are

recovered completely in the first 2 years after implant. In

contrast, in patient 2, the cost of implant requires 15–

20 years to be recovered. Thus, hypothalamic stimulation

is not, from a strictly economic point of view, advanta-

geous in chronic CH [1] patients with low attack fre-

quencies [25]. Although the decision to perform

hypothalamic implant in a given patient is not and cannot

be made on purely economic grounds, knowledge of the

likely cost savings of the operation can inform the patient

and lead to a more balanced decision.

The present findings are consistent with previously

published proposals by our group [23, 24, 26], which urge

that patients undergoing neurostimulation procedures

should be closely followed at specialist centres since the

treatments are still experimental. During this follow-up

patients should be made aware that assiduous compilation

of a headache diary is essential [26]. The IHS guidelines on

CH prophylaxis also stress this point, emphasizing that

reduction in headache frequency is the primary endpoint of

such treatment [25]. It is only due to conscientious and

regular recording of headache frequency by the patient that

it is possible to objectively evaluate frequency reduction

and also the reduction in sumatriptan consumption, thereby

permitting cost comparisons. We note, finally, that suma-

triptan injections seem to be one of the most important

single direct cost items in the long-term management of

chronic drug-resistant CH.
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Abstract There are many acute care and preventive

medications for the treatment of migraine. However,

patients may often find that their headaches are not under

optimal control. There are several targets that have been

looked at and studied for the production of new, more

effective medications. There are also effective devices for

therapy of migraine. A list of targets will be put forth and a

small number of them will be described in greater detail in

this paper.

Keywords Migraine � Migraine treatment �
Botulinum toxin type A � CGRP antagonists �
Dihydroergotamine � Ketorolac � Sumatriptan

Introduction

Migraine is a chronic and at times disabling disorder, usu-

ally consisting of attacks of significant headache, various

associated symptoms (i.e. nausea, vomiting, sonophobia,

photophobia and worsening with exertion) and sometimes

visual or other types of auras. It affects about 12% of the

population of the US and other Western countries. There are

several categories of acute care medications including over

the counter substances and prescription medications. They

include simple analgesics, combination analgesics,

NSAIDs, prescription analgesics, ergots and triptans.

In Europe and Canada, the first triptan was launched in

1991. In the US, it was first available in 1993 and today

there are seven triptans available with a variety of formu-

lations including tablets, injections, orally disintegrating

tablets and nasal sprays. Although triptans are usually

considered as the first-line treatment for acute care of

migraine attacks, some patients cannot afford them, over

one-third of patients do not respond ideally to triptans and

over half are willing to try other treatments than the one

they are currently taking.

There are only five preventive medications approved by

the FDA and only four of them are available in the US at this

time, two beta blockers and two antiepileptic medications.

However, none of them works in more than 50% of patients

and they all have significant possible adverse events.

There are multiple targets that form the basis for possible

new acute care and preventive treatments for migraine. This

paper will list many categories of them and concentrate on

some new drugs which may become available within the next

few years.

Categories of future acute care and preventive

medication for migraine

There are many future targets and some are being inves-

tigated as possible new therapies and others have already

led to the creation of drugs that are currently in clinical

trials [1]. What follows is a listing of future targets:

1. Calcium channel modulators

2. Sodium channel blockers (lacosamide, a slow sodium

channel blocker)

3. Glutamate blockers

4. Novel antiepileptics (SV2A blockers, e.g. levetiracetam)

5. GABA enhancers and analogs (valproate)

6. AT2 (angiotensin 2 inhibitors)
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7. Alpha-2 agonists

8. 5-HT2A antagonists

9. 5-HT7 antagonists

10. Acetylcholine receptor modulators

11. BDNF modulators (brain-derived neurotrophic factor)

12. Orexin-melatonin pathway modulators

13. Dopamine antagonists delivered by oral inhalation

(prochlorperazine and loxapine)

14. Sigma receptor agonists (dextromethorphan and

others)

15. Non AMPA-kainate glutamate receptor modulators

16. Potassium current modulators

17. Chloride channel enhancers

18. Connexin hemi-channel modulators (tight junction

antagonists, e.g. tonabersat)

19. NOS inhibitors (nitric oxide synthase)

20. Arachidonic cascade modulators (COX-2 and cys-

teinyl leukotriene antagonists)

21. Astrocytic calcium wave inhibitors

22. Existing and new 5-HT1B/D/F agonists

23. CGRP antagonists (olcegepant and telcagepant)

24. Glutamate modulators (memantine and tezampanel)

25. Anti-inflammatory drugs [NSAIDs: ketorolac nasal

spray (ROX-828) and diclofenac (PRO-153)]

26. COX-3 inhibitors (dipyrone in Brazil)

27. Peripheral cannabinoid agonists (CB1 —dronabinol)

28. TRPV1 antagonists (?civamide-like drugs)

29. NSAIDs

30. Prostanoid antagonists

31. Others.

CGRP receptor antagonists

Calcitonin gene-related peptide, closely related structurally

to calcitonin and amylin, has been intensely studied over

the last 20 years as an agent possibly related to migraine

pathophysiology. CGRP is involved in sensory neuro-

transmission and can be found in most sensory nerves,

especially those trigeminovascular afferents in the menin-

ges involved in migraine [2]. It is one of the most potent

vasodilators known. CGRP levels measured in the jugular

venous system are elevated after migraine and cluster

headache attacks, and are normalized by therapy with

sumatriptan. For years, it was thought that blocking its

dilating effect might help to treat migraine and its antag-

onism held promise to be a novel strategy to relieve

migraine headache. It is now known to effectively block

migraine pain without overt vasoconstriction. If and when

they gain approval in the US by the FDA and in other

countries, CGRP receptor antagonists would be the first

non-serotonergic, non-vasoconstricting, migraine specific

medication.

CGRP has been shown to have several sites of action

including blood vessels, mast cells in the meninges and as a

facilitator of pain transmission the brain stem [3]. CGRP

receptors have been found in trigeminal ganglion, in the

brain stem in neurons of the trigeminal nucleus caudalis

and in smooth muscle of the meningeal vasculature [6].

CGRP can be blocked by a fragment of the peptide con-

taining amino acids 8-37 (CGRP 8-37). The first effective

CGRP receptor blocker was BIBN4096 (olcegepant).

It was reported that intravenous administration helped a

significant number of patients versus placebo, without

constricting blood vessels in preclinical studies [4]. Tel-

cagepant, previously termed MK-0974, was the first

reported oral formulation of a CGRP receptor antagonist. It

has been reported to work well in migraine in a phase IIB

study published in Neurology and recently in a phase III

study published in Lancet [5, 6]. Preclinical data suggest

that telcagepant is not a vasoconstrictor and clinical studies

show it to be as effective as rizatriptan and zolmitriptan

and as tolerable as placebo. It is predicted that this drug

could be launched in 2010, possibly to be followed by one

or two competitors sometime afterwards.

In the recently published article, telcagepant 300 mg

was found to be as effective as zolmitriptan with fewer

adverse events [6]. This was a randomized, parallel-

treatment, placebo and active-controlled, double-blind,

trial performed at 81 sites in Europe and the USA of

adults with migraine diagnosed by International Headache

Society criteria. Patients treated moderate or severe

migraine attacks with either oral telcagepant 150 or

300 mg, zolmitriptan 5 mg, or placebo. There were five

co-primary endpoints: pain freedom, pain relief and

absence of nausea, photophobia and phonophobia, at 2 h

after treatment.

According to Dr. Ho’s article, ‘‘1,380 patients were

randomly assigned to receive telcagepant 150 mg (n =

333), 300 mg (n = 354), zolmitriptan 5 mg (n = 345) or

placebo (n = 348). Telcagepant 300 mg was more effec-

tive than placebo for pain freedom (95 [27%] of 353

patients vs. 33 [10%] of 343 [P \ 0.0001]), pain relief (194

[55%] of 353 vs. 95 [28%] of 343 [P \ 0.0001]), and

absence of phonophobia (204 [58%] of 353 vs. 126 [37%]

of 342 [P \ 0.0001]), photophobia (180 [51%] of 353 vs.

99 [29%] of 342 [P \ 0.0001]), and nausea (229 [65%] of

352 vs. 189 [55%] of 342 [P = 0.0061]). The efficacy of

telcagepant 300 mg and zolmitriptan 5 mg were much the

same, and both were more effective than telcagepant

150 mg. Adverse events were recorded for 31% taking

telcagepant 150 mg, 37% taking telcagepant 300 mg, 51%

taking zolmitriptan 5 mg, and 32% taking placebo.’’ The

measurement of 2–24 h sustained pain freedom was

slightly better numerically for telcagepant 300 mg versus

zolmitriptan 5 mg, but there was no statistical difference.
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A potential benefit of telcagepant and other CGRP

receptor antagonists is the lack of vasoconstriction in ani-

mal models. This suggests that they may be able to be

given to patients with vascular disease, but that was not

studied in this trial as zolmitriptan is contraindicated in

patients with vascular disease and will have to be studied in

the future.

Transdermal patches

Recently, sumatriptan became the first of the seven triptans

to become generic in several countries, which has led to the

development of generic formulations of available products

and to the design of some novel products containing the

generic formulation, including needle-less injection, sub-

lingual, intranasal and patch forms. One of the most

interesting products in development, which may address

the unmet need of the nauseated migraineur and/or the

patient who does not absorb oral medication optimally

during a migraine attack, is a sumatriptan patch. NP101,

from NuPathe, is an iontophoretic patch that delivers

sumatriptan transdermally. It utilizes a small electric cur-

rent to drive sumatriptan across the skin delivering 6 or

12 mA/h and maintaining sumatriptan plasma levels above

the target level of C10 ng/ml for greater than 7 h [7]. There

is a linear relationship between the applied current and

drug delivery. As a result, drug delivery is precisely con-

trolled at desired levels, providing consistent therapeutic

drug levels. In pK studies, the patch delivered sumatriptan

more consistently than either the 100 mg oral tablet or 20 mg

nasal preparation. This finding supports the hypothesis that

parenteral administration (subcutaneous or transdermal)

provides more predictable delivery by bypassing absorption

through the GI tract.

At the intended plasma concentrations delivered by the

patch, which were in between those of the 20 mg nasal

spray and 100 mg oral tablet, the patches were well tol-

erated. No subject reported atypical pain and pressure

sensations or other common triptan adverse events after

application of NP101 patches. The most common adverse

event for NP101 was application site-related pruritus,

which was generally mild and resolved without treatment.

No subject withdrew from the study due to local skin

irritation. The data suggest that transdermal iontophoretic

delivery of sumatriptan with NP101 may offer significant

clinical utility for migraine patients, including circum-

venting underlying migraine-associated GI disturbances

including nausea and gastric stasis. The patch also provides

consistent, predictable delivery of desired drug levels over

a 4 h period. This offers the potential to avoid atypical

pain, pressure and other sensations commonly associated

with current triptan formulations.

Oral inhalers

Three drugs are being tested as inhalers: DHE, prochlor-

perazine and loxapine. The last two are dopamine antago-

nists, a class of drugs that has been shown to treat migraine

acutely when given intravenously. DHE (dihydroergota-

mine mesylate) has been available in various forms for over

50 years and still remains the mainstay of treatment at

major headache centers in the US when patients require

hospitalization or comes to the emergency room after

having already developed central sensitization. It is usually

given several times per day intravenously. It is also used

orally in Europe as a preventive and intranasally in the US

and Canada as an acute care medication. The intravenous

preparation is often very effective, but cannot be used at

home and often causes the patient to become more nause-

ated or even vomit, in spite of pretreatment with an antie-

metic. Oral inhalation seems to provide similar efficacy

with the ease of home use and fewer adverse events.

Studies were performed with a specially designed device

called the Tempo Inhaler (MAP Pharma), to deliver DHE

deep into the lung after breath actuation [8].

A phase I study of four doses of orally inhaled DHE

delivered by the specially designed inhaler versus 1 mg of

IV DHE (n = 18) was performed. There was a rapid sys-

temic absorption of DHE with a tmax of 12 min with a

0.88 mg respirable dose (vs. a 6 min tmax with the IV

preparation). The systemic levels attained were slightly

lower than with IV DHE, with the ratio of AUC 0-infinity of

inhaled versus IV approximately 0.77. The Tempo� inhaler

is a proprietary, novel, breath-actuated device that is

expected to deliver most of the drug to the deep lung,

thereby minimizing oropharyngeal deposition. Phase II data

suggest an onset of action comparable to IV administration

of DHE, with relief that is both rapid and sustained [9].

Phase II results demonstrate that 32% of patients achieve

pain relief as early as 10 min (P = 0.019) at 0.5 mg dose.

This is somewhat lower that the usual dose IV.

DHE delivered by this inhaler was well tolerated in

phase II studies with no serious adverse events. There was

decreased nausea and no clinically significant changes

observed in pulmonary function tests, clinical lab findings,

heart rate, blood pressure or respiratory rate. Phase III

studies are ongoing and have been designed to confirm that

the onset of action is 10 min versus placebo, that there is

sustained pain relief and freedom over 24 and 48 h, with

good safety and tolerability.

Nasal sprays

There are three nasal sprays currently in use for the acute

treatment of migraine in the US, including two triptans,
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sumatriptan and zolmitriptan and DHE. Intranasal ketoro-

lac has been studied in a convenient, single dose device in a

formulation specifically designed for episodic use. It pro-

vides a pK profile equivalent to that of ketorolac admin-

istered intramuscularly. Ketorolac is a racemic NSAID,

which inhibits the cyclooxygenase system (COX 1 and

COX 2), and hence prostaglandin synthesis, with potent

analgesic and moderate anti-inflammatory activity. It is

highly water soluble and can be delivered in an amount

suitable for intranasal administration (100 ll).

In a phase I, single dose, five-way crossover, random-

ized study, absorption of ketorolac started immediately,

and median tmax ranged from 0.50 to 0.75 h postdose,

irrespective of the dose of ketorolac [10]. There was a

terminal phase half-life of approximately 5–6 h. Very

similar profiles were observed for the IM doses.

Ketorolac has no active metabolites and is metabolized

in the liver by glucuronidation and parahydroxylation.

Further studies compared the pharmacokinetics of intra-

nasal versus intramuscular dosing. ROX-828, from Roxro,

is a nasal spray formulation of ketorolac composed of

30 mg ? 12 mg lidocaine, which reduces nasal irritation.

The pK profile is equal to or better than ketorolac given

intramuscularly. The preparation utilizes a single dose

device with two available sprays. The plasma concentration

curves show that this intranasal formulation achieves peak

blood levels faster than IM injections.

A phase II trial, done in Germany and Finland, consisted

of a double-blind, placebo- controlled, randomized, single

dose study using 30 mg of ketorolac.

The primary endpoint was 2 h pain freedom. The n was

ROX-828 = 68 and placebo = 73. The primary end point

just missed significance (if 3 outlier patients were removed,

the primary endpoint was significant at 2 h). Pain relief was

significant at 1, 1.5, 2, 3 and 4 h. An intranasal dose of

30 mg produced plasma level roughly equivalent to 20 mg

intramuscularly. Further studies are planned, possibly with

a higher dose.

Gap junction blocker (preventive)

Tonabersat is a novel benzoyl-aminobenzopyran anticon-

vulsant and antimigraine medication developed by

SmithKline Beecham. It binds selectively with high affinity

to a unique stereoselective site on neurons and glia. It has no

affinity for any other previously established antiepilepsy or

antimigraine site. Tonabersat inhibits cortical spreading

depression number and duration. Unpublished studies with

carabersat (a close structural analog) in a rat hippocampal

slice model, demonstrated that the action of the class is

related to the inhibition of neuronal-glial gap junctions.

There was also inhibition of electrical coupling of

GABAergic inter-neurons. Tonabersat is 2–3 times more

potent than carabersat. Recent rat trigeminal ganglion

research in vivo indicated that the effect of tonabersat on

gap junctions (hemi-channel communication) is mediated

by connexin 26.

Early studies were done for acute treatment of migraine

and only showed a trend for efficacy. A trial investigated the

efficacy of SB-220453 in the glyceryltrinitrate (GTN) human

experimental migraine model [11]. The study reported, ‘‘15

patients with migraine without aura entered a randomized,

double-blind, crossover study with 40 mg or placebo fol-

lowed by a 20-min GTN infusion. Four subjects had a

hypotensive episode after SB-220453 plus GTN but none

after GTN alone. The reaction was unexpected, since animal

models and previous human studies had shown no vascular

or sympatholytic activity with SB-220453. The study was

terminated prematurely because of this interaction. SB-

220453 had no significant pre-emptive anti-migraine activity

compared with placebo in this human model of migraine.’’

Tonabersat was then studied as a preventive migraine

agent. According to the Minster Pharmaceuticals website,

‘‘Tonabersat completed a phase IIA clinical trial in pro-

phylaxis (prevention) of migraine in 2007. Positive data

from this study include a significant increase in subjects

classed as ‘responders’—defined as a 50% or greater

reduction in migraine attacks at the end of the 3 months of

treatment—on tonabersat compared with those on placebo.

The figures were 62% for tonabersat compared with 45%

for placebo (P \ 0.05).’’

A double-blind, controlled, randomized clinical trial of

migraine with and without aura was performed in patients

on no preventive migraine medication. The doses were

20–40 mg, given once daily, for 3 months. The reduction

in migraine days was 3.7 days for placebo and 4.4 days for

tonabersat, which was not significant. Adverse events were

generally mild and the drug was well tolerated. Fifty-one

percent of placebo patients and 61% of tonabersat patients

had treatment-emergent AEs. Treatment-related adverse

events were 15% for placebo and 39% for tonabersat.

Adverse events leading to withdrawal were two for ton-

abersat (nausea and dizziness) and one for placebo (dizzi-

ness and memory impairment). There were no laboratory

abnormalities. Apparently, a phase IIB trial did not meet its

primary endpoint as announced by Minster Pharmaceuti-

cals in early February 2009. The future development of this

migraine medication is unclear.

Neurotoxin therapy: botulinum toxin injections

(preventive)

Although the exact mechanism of action of botulinum

toxin type A injections as a treatment for headache are not
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known, it is thought that that the antinociceptive action is

probably independent of its anti-cholinergic effects at the

neuromuscular junction. It is no longer believed that the

relaxation or induced weakness of muscles contributes to

the therapeutic effect. Instead inhibition of peripheral

sensitization, leading to the inhibition of central sensiti-

zation through the blocking of glutamate, substance P and

CGRP peripherally, is thought to lead to the therapeutic

effect. There have been many positive open trials and a

few double-blind, controlled studies with conflicting

reports of efficacy. In a chronic migraine trail, in which

the primary endpoint was not reached, efficacy was

shown only in a subgroup not taking preventive medica-

tion [12].

A recent study to compare the effectiveness of treat-

ment of transformed migraine between botulinum toxin

type A and topiramate demonstrated that both groups had

significantly fewer headaches compared with baseline

6 months after the start of therapy. At 9 months, the two

treatments were equivalent. More patients in the topira-

mate group dropped out of the study due to adverse

events [13]. Another recent study compared botulinum

toxin type A with divalproex in episodic and chronic

migraine. The data demonstrate that both treatments

showed a significant reduction in disability with fewer

adverse events in the botulinum toxin type A treated

group [14].

Two large, double-blind, placebo-controlled, random-

ized phase III trials were performed in patients with

chronic migraine according to the IHS definition who

were not on preventive medication. Although the results

have not been released or published, a press release was

issued by Allergan in September 2008 about the results

[15].

The primary endpoint for the first trial was change from

baseline in the number of headache episodes at the end of

3 months. In the second trial, the primary endpoint was

the change in number of headache days in a 28-day period

at the end of 3 months. In the second phase III study,

the primary endpoint and secondary endpoint showed sta-

tistically significant benefit of botulinum toxin type A

treatment over placebo injections. Patients treated with

botulinum toxin type A demonstrated a greater decrease in

both number of headache days (P \ 0.001) (primary end-

point) and number of headache episodes (P = 0.003)

(secondary endpoint). However, the first phase III study did

not meet its primary endpoint. It is thought that if the FDA

suggested endpoint had been used (decrease in number of

headache days), the first study would also have been sig-

nificant. It is suspected that Allergan will file for an indi-

cation for treatment of chronic migraine with botulinum

toxin type A sometime in 2009, based on these two phase

III studies.

Conclusion

There are many new acute care and preventive therapies

being investigated for the treatment of migraine. A few of

them, which should be available in the near future, have

been presented here. I am cautiously optimistic that some

of them will make it to the clinic and will be effective

additions to the headache specialist’s armamentarium.
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Abstract The eating disorders (ED): anorexia nervosa

(AN) and Bulimia nervosa (BN) are severe psychiatric and

somatic conditions occurring mainly in young woman.

Although the etiology is largely unknown, same evidences

suggest that biological and psychological factors play a

relevant role in the pathogenesis, along with monoamine,

indole and same hypothalamic hormonal dysfunctions.

Migraine is characterized by similar metabolic and psy-

chological anomalies suggesting that a possible relation-

ship exists between the two pathological conditions. In

order to understand the possible relationship between

migraine and ED, we have investigated the prevalence of

migraine and the other primary headaches in a large group

of AN and BN patients. In addition, we have studied the

role of tyrosine metabolism in the same group of AN and

BN young woman sufferers. In particular, we measured

plasma levels of elusive amines: tyramine (Tyr) and octo-

pamine (Oct) and catecholamines: noradrenalin (NE),

dopamine (DA). The results of this study show that the

prevalence of migraine in the woman affected be EA is

very high ([75%). The levels of Tyr and DA were higher

and levels of NE were lower in the ED patients with respect

to the control subject. These biochemical findings suggest

that abnormalities of limbic and hypothalamic circuitries

play a role in the pathogenesis of ED. The very high

prevalence of migraine in our group of ED sufferers and

the biochemical profile of migraine, similar to that ED

patients have shown in this study, suggest that migraine

may constitute a risk factor for the occurrence of ED in the

young females. This hypothesis is supported by the onset of

migraine attacks that initiated, in the majority of the

patients, before the occurrence of ED symptoms.

Keywords Eating disorders � Migraine � Noradrenalin �
Dopamine � Trace amines

Introduction

Eating disorders (ED) such as anorexia nervosa (AN) and

bulimia nervosa (BN) are the severe psychiatric and

somatic pathological conditions that occur mainly in young

woman [1]. The etiology of ED is poorly understood,

although psychological and biological factors may play a

significant role in the physiopathology of this disorder [2].

Among psychological factors depression, low self-esteem,

insecure attachment, obsessive trait, anxiety, etc. seem be

identified, thus far, with a reasonable degree of evidence.

Longitudinal studies have found that same of the symptoms

linked to these risk factors clearly precede the onset of the

illness. Among biological factors, abnormalities of sero-

tonin (5-HT), noradrenalin (NE) and dopamine metabolism

have been reported in anorexic animal models and same

human studies [3, 4]. The anomalous eating behavior, the
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absence of menses and the sexual appetite that characterize

the ED disease suggest that anomalies in these neuro-

transmitters are localized in the limbic, hypothalamic and

dopaminergic circuitries [5].

Intriguingly, migraine presents similar catecholamine

dysfunctions as ED [6]. In addition, the high levels of trace

amines such as tyramine (Tyr) and octopamine (Oct), in

plasma and platelets, recently found in migraine patients,

suggest that anomalies of hypothalamic and limbic areas

contribute to migraine physiopathology, as trace amine

associated receptors are localized in the brain areas [7].

Indeed, many of the symptoms of ED patients are attrib-

uted to the anomalies of the same brain regions [8].

However, while these findings suggest migraine and ED

may, to same degree, share similar underlying physio-

pathological aspects, no information is available to possible

prevalence of migraine among ED patients 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 and the other primary

headaches in the same patient sample.

Methods

NE, DA Tyr and Oct were measured in plasma of 109

patients affected by anorexia (n = 89, 71.2%) or bulimia

nervosa (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 [9], made utilizing the 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 antide-

pressant therapies (Table 1). In the subject, peripheral

venous blood (25 ml) was drown by the same operator

from the antecubital vein, following overnight fasting, at 9

a.m. at 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 [10] An aliquot of per-

chloric acid was added to PPP (total volume 4 ml) for the

deproteinization. After brief centrifugation (14,000 rpm for

5 min), the supernatant was passed through an ultrafilter

membrane. The levels of NE, DA, Tyr and Otc were

evaluated using an HPLC coulometric method.

Statistical analysis was conducted by SPSS version 13.

Sample distribution was evaluated using Kolmogorov–

Smirnov test. Groups with Gaussian distribution were

compared by Welch t test, while groups displaying non-

parametric distribution were compared by Mann–Whitney

test.

A neurologist expert in the diagnosis and treatment of

primary headaches interviewed all ED patients. Migraine

and the other primary headaches present among ED suf-

ferers were diagnosed in agreement of HIS diagnostic

criteria 2004 second edition [11].

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

Table 1 Characteristics of the population studied

ED, n = 109 AN, n = 76 (69.7%) BN, n = 33 (30.0%) C, n = 27

Gender 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%)

Antidepressivea1 54 38 16

Antipsychoticb2 16 9 7

Benzodiazepinec3 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
a 1 and stabilizant (SSRI 20 mg/day, valproic acid 400–600 mg/day)
b 2 (densapro 5–10 mg/day)
c 3 (bromazepan 3–6 mg/day)
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Oct in 62/107 patients and 19/26 controls. In comparison

with 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 in

the anorexic to those of bulimic patients and of the 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-

icantly higher in bulimic patient group when compared

with levels found in both the anorexic and control group

(P = 0.02, P = 0.03, respectively). The Oct plasma levels

were more elevated in anorexic group that those of the

bulimic group (P = 0.03) and the Oct levels of the bulimic

group were significantly lower to that of control subjects

(P = 0.05) (Table 3).

Prevalence of primary headaches among ED patients

One hundred and nine patients affected by either anorexia

(n = 76, 70%) and/or bulimia nervosa (n = 33, 30%),

afferent to ED Center of Eating Disorders, were enrolled in

the study. All subjects were female, age of them ranged

between 18 and 32 years (mean age range = 25). The

diagnosis of migraine with and without aura of migraine or

other primary headaches was made in accordance with HIS

criteria [11] utilizing a questionnaire that included ques-

tions 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 complained of primary headaches (84.4%). Eight-

one ED patients satisfied HIS criteria for the diagnosis of

migraine (89%), of which 16 (55%) present migraine

without aura (MwwA), tree (2.8%) present migraine with

aura (MwA), five (4.6%) with probable MwwA, eight

(7.3%) with possible MwwA, and five (4.6%) present a

chronic migraine. Six (6.6%) ED patients were affected by

tension-type headache, four (4,4%) patients present non-

classifiable headache. Twelve ED patients not suffering

from migraine (11%), but have a first-degree relative

affected by MWWA. In 16, two patients (68.1%) the

migraine attacks begun a prior to the onset of ED symp-

toms, in 15 patients (16.5%) the attacks initiated at the

same time, and in 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 between 8 and 72 h or more. No statistical dif-

ferences in the frequency and duration of migraine attacks

were found between the anorexic and bulimic patients.

Discussion

The results of this study indicate that a possible relation-

ship exists between ED and migraine. The prevalence of

migraine in woman affected by ED is very high (74.5%) in

comparison with that of the general population (12–15%)

Table 2 Plasma levels of tyramine, octopamine, noradrenalin,

dopamine, in ED patients and control subjects

ED (n = 109) C (n = 27) P
M/SD M/SD

Tyramine 0.855/0.615 0.686/0.342 0.05**

Octopamine 1.178/1.736 1.293/1.354 NS*

Noradrenaline 104.264/115.509 153.181/73.197 0.039**

Dopamine 14.0037/17.018 2.877/4.119 0.001*

M mean, SD standard deviation, ED eating disorders patient, C con-

trol subjects

* Mann–Whitney two-tailed unpaired test

Values are expressed as ng/mL

Table 3 Plasma levels of

tyramine, octopamine,

noradrenalin, dopamine in

anorexia, bulimic patient and

control subjects

Values are expressed as ng/mL

M mean, SD standard deviation,

AN anorexia nervosa, BN
Bulimia nervosa, C control

subjects

* Mann–Whitney two-tailed

unpaired test

** t test

AN (M/SD) BN (M/SD) C (M/SD) P

Tyramine 0.774/0.565 1.087/0.699 0.686/0.342 AN versus ctrl: NS**

BN versus ctrl: 0.035*

AN versus BN: 0.026*

Octopamine 1.345/1.904 0.7082/1.022 1.293/1.354 AN versus ctrl: NS**

BN versus ctrl: 0.05**

AN versus BN: 0.03**

Noradrenalin 105.412/122.756 101.189/95.345 153.181/73.197 AN versus ctrl: \0.001*

BN versus ctrl: 0.028**

AN versus BN: NS*

Dopamine 12.849/16.537 17.261/2.877 2.877/4.119 AN versus ctrl: 0.006*

BN versus ctrl: \0.001*

AN versus BN: NS*
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[12] and in the majority of patients, the onset of migraine

attacks began prior to or in the same time of the first ED

symptoms. The results of biochemical study support this

hypothesis. In comparison with control subjects, ED

patients present significantly higher dopamine plasma

levels, whereas noradrenalin, derived from its precursor

dopamine, via the activation of dopamine b-hydroxylase

enzyme activity [13], significantly lower plasma levels.

The plasma levels of tyramine, product of tyrosine decar-

boxylase enzyme activity with tyrosine being the substrate

[14], are significantly higher in ED versus controls,

whereas those of the octopamine are apparently similar in

both patient groups. However when these data, which

includes both the anorexic and bulimic patent groups, are

disaggregated, their profiles change. The anorexic patients

show tyramine and octopamine plasma levels in the same

range as those of controls. The only relevant data in this

patient group is that the plasma levels of octopamine

inversely correlate with BMI (Pearson test, P \ 0.04)

suggesting that the higher levels of octopamine are related

with the severity of the anorexia. In contrast, in comparison

with controls and anorexic subjects, tyramine is signifi-

cantly higher, and octopamine 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 dopamine and the low levels of

noradrenalin strongly suggest that the activity of DBH is

reduced in both anorexic and bulimic patients. The dif-

ferent profiles of tyramine and octopamine plasma levels

may indicate that the possible shift from anorexia to buli-

mic state may be related with differences in the metabolism

of trace amines. In fact, it is known that octopamine reg-

ulate the body mass through glucose and lipid metabolism

[15, 16]. The low levels of octopamine in the bulimic group

may favor a 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 behavior and the change in body weight, a

reduced sexual appetite and disappearance of menstrual

cycle suggest that a dysfunction of the hypothalamus [8],

limbic centers [17] and amygdala [18] 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 kind of foods

[19]. Moreover, the recovery from the ED symptoms seems

to be accompanied by the activation of the lateral and

apical prefrontal cortex, part of the limbic structure [17].

The increase in dopamine and tyramine along with a

decrease in octopamine in bulimic patients support this

hypothesis since dopamine and elusive amine synthesis and

their receptors (DA and TAARs) are localized in the lim-

bic, amygdala and hypothalamic circuitries [20]. The

activation of dopaminergic pathways, i.e., also reported in

obsessive-compulsive syndromes, may play an important

role in the fixation of the repetitive behavior repertoires

that characterize ED patients [21] and in the abnormal

feeling of satiety in the anorexic sufferers [3].

Migraine seems characterized by similar biochemical

findings. Migraine patients show, in comparison to control

subjects, higher dopamine and lower of noradrenaline levels

in plasma and platelets [22]. In these patients an anomalous

activity of DBH it has been demonstrated, along with a

polymorphism in the gene that controls the function of this

enzyme [23]. In addition, metabolism of elusive amines is also

deranged in migraine patients [7]. This, together with the

premonitory symptoms that precede the migraine attacks

(nausea, depression, thirst, sexual excitement, anger, hyper-

osmia, etc.) suggest that a hypothalamic and limbic disfunc-

tion(s) play a role in pathogenesis of migraine [24, 25].

In conclusion, the data here shown indicate that ED is

characterized by an anomalous tyrosine metabolism, with a

very high circulating levels of dopamine and tyramine and

low levels of noradrenalin and octopamine (the latter amine

at least in bulimic group). These findings support the

hypothesis that a metabolic derangement in the limbic,

amygdala and hypothalamus centers plays an role in the

etiology of ED. This biochemical profile is similar to that

of migraine and prevalence of migraine is overwhelming

among ED sufferers. All these evidences suggest that

migraine may constitute a risk factor for the occurrence of

ED.

Table 4 Prevalence of headache patients among ED sufferers

Total patient 109

Patient with headache 91 (84.4%)

Migraine 81 (74.3%)

MwA3 (2.8%)

MwwA 60 (55%)

MwwAps 8 (7.3%)

MwwApr 5 (4.6%)

CM 5 (4.6%)

Tension headache 6 (5.5%)

ETH 3 (2.8%)

CTH 3 (2.8%)

Other headaches 4 (3.7%)

Onset of headache ED AN BN

Before ED 62 (68.1%) 46 (73.0%) 16 (48.5%)

Corresponding to ED 15 (16.5%) 10 (15.9%) 5 (15.1%)

After ED 14 (15.4%) 7 (11.1%) 7 (25.0%)

Total patient 91 76 33

MwA migraine with aura, MwwA migraine without aura, 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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Abstract Migraine is often comorbid with psychiatric

disorders such as major depression, bipolar disorder, and

anxiety disorders. Although most of the research on psy-

chiatric comorbidities and migraine is of an epidemiologic

nature, a growing body of literature has investigated

possible mechanisms underlying this relationship, such

as medication overuse, serotonergic dysfunction, ovarian

hormone fluctuations, and central sensitization. The present

article overviews this growing literature and notes strate-

gies for the clinical management of migraine patients with

psychiatric comorbidities.

Keywords Migraine � Psychiatric comorbidity �
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Introduction

Recent reviews show a strong relationship between

migraine and psychiatric disorders [1–5]. Psychiatric

comorbidities may complicate diagnosis, impact quality of

life, affect treatment adherence, and alter the course of

migraine [6–10]. Comorbid psychiatric disorders are

associated also with increased medical costs, reduced

treatment satisfaction, poorer prognosis, and increased

disability [11, 12]. The relationship between migraine and

affective disorders, such as depression [13, 14] and panic

disorder [15], appears to be bidirectional in nature, with

one disorder increasing the risk for the other and vice

versa, suggestive of a shared etiology.

The relationship between psychiatric disorders and

migraine is complex and largely unclear, as most data on

this topic are of an epidemiologic nature. A smaller body of

literature has addressed underlying mechanisms, effects on

migraine progression, and treatment. This paper overviews

the comorbidity of psychiatric disorders and migraine

(focusing specifically on mood and anxiety disorders),

speculates on possible mechanisms, and briefly reviews

strategies for clinical management.

Comorbidity of psychiatric disorders and migraine

Mood disorders

In population studies, migraine sufferers are between 2.2

and 4.0 times more likely to suffer from major depressive

disorder (MDD) than non-migraineurs [4], and they are

also at higher risk for suicide attempts (regardless of

depression status) [16]. Depression appears to be more

common in migraine patients than in other chronic pain

conditions, occurring in 28% of migraineurs [17, 18].

Numerous studies have shown evidence of a bidirectional

relationship between migraine and depression that is spe-

cific to migraine and not to other types of severe headache

[5, 13, 14, 16]. Rates of depression are higher in migraine

with aura than in migraine without aura, as are rates of

suicide attempts [19–21].

Although limited research has focused on comorbidity

between migraine and bipolar disorder, existing evidence

suggests that migraine patients are approximately 3 times
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more likely to suffer from a bipolar spectrum disorder than

are non-migraineurs; this relationship is also strongest for

migraine with aura [16, 22, 23]. One recent study has even

suggested that migraine in depressed patients may repre-

sent a bipolar spectrum trait, after finding that migraine

patients with unipolar depression had clinical features

similar to a group of bipolar II patients [24].

Anxiety disorders

The prevalence of anxiety disorders in migraine sufferers is

almost twice that of major depression (ranging from 51 to

58%) [5]. Compared to individuals without migraine,

migraineurs are at 4–5 times greater risk for generalized

anxiety disorder (GAD) [5, 16, 22, 23], 5 times greater risk

for obsessive-compulsive disorder (OCD) [5], and 3–10

times more likely to suffer from panic disorder [1, 3, 5, 15,

16, 25]. Phobic disorders are also predictive of future

migraine, as shown in a 13-year prospective study [25].

The onset of anxiety often precedes migraine, with the risk

of depression increasing subsequently [16, 22, 23, 26].

Posttraumatic stress disorder (PTSD) is infrequently stud-

ied by comparison, although two studies have provided

evidence that PTSD is more common in recurrent headache

patients than in the general population [27] and is more

common in chronic than episodic migraine [28]. A history

of physical, emotional or sexual abuse is present in

upwards of 1/3 of severe migraineurs [29] and is most

common in chronic migraine [30] and migraineurs with

affective comorbidities [29, 31].

Anxiety disorders were found to be the only type of

psychiatric disorder that was predictive of the persistence

of headache during an 8-year longitudinal study by

Guidetti and colleagues [10]. Though limited by a small

sample size, this study underscores the notion that anxi-

ety disorders serve as negative prognostic factors for

migraine. Coupled with evidence that migraine-related

disability is higher for comorbid anxiety than for comorbid

depression [12], these studies highlight the need to attend

to comorbid anxiety in addition to comorbid depression

[32].

Chronic headache and medication overuse

Chronic daily headache, and particularly transformed

migraine (i.e., episodic migraine that converts to chronic

migraine), has been associated with higher rates of

depressive and anxiety disorders than has episodic head-

ache [33–35]. In one study, 90% of the 88 chronic daily

headache patients studied had at least one comorbid psy-

chiatric disorder, and 45% had comorbid mood and anxiety

disorders [33]. Recent studies have shown consistently that

comorbid psychiatric disorders are highly prevalent also in

medication overuse headache [36–40], with the psychiatric

disorder typically preceding onset of medication overuse.

These findings suggest that medication overuse may

underlie relationships between migraine and affective dis-

orders in some individuals.

Possible mechanisms

Serotonergic dysfunction

The 5-HTTLPR polymorphism in the promoter region of

the 5-HTT gene gives rise to long and short alleles, the

latter which slows down synthesis of the serotonin trans-

porter, may increase the risk for depression, and may

influence sensitivity to stress and anxiety [41–45]. Poly-

morphisms in the 5-HT transporter have been associated

also with migraine susceptibility [46–48] and attack fre-

quency [49]. In addition, decreased plasma 5-HT between

migraine attacks and increased concentrations of 5-HT

during attacks have been observed consistently among

migraineurs [50, 51], and selective serotonin agonists

(triptans) are the abortive treatments of choice for

migraine. A chronically low serotonergic disposition pre-

sumably predisposes one to cortical spreading depression,

in turn increasing sensitivity of trigeminovascular path-

ways that underlie migraine pain. Because affective con-

ditions such as depression and anxiety are also associated

with reduced serotonergic availability and positive

response to selective serotonin reuptake inhibitors (SSRIs),

migraine and affective disorders may ultimately share a

dysfunction in central 5-HT availability [50].

Ovarian hormones

Ovarian hormones modulate numerous neurotransmitters

in women [52], and both migraine and depression are

strongly affected by monthly and lifelong fluctuations in

such hormones. Migraine and affective disorders are 2–3

times more common in women than in men [53, 54],

and this discrepancy becomes most apparent following

puberty. Female migraineurs often suffer attacks associated

with falling estrogen levels around menses. Many women

also evidence mood disturbance coinciding with menses,

the postpartum period, and the perimenopausal period. The

late luteal phase of the menstrual cycle appears to be a

particularly vulnerable time for migraine and affective

problems, as estrogen levels decline precipitously and

there is up-regulation of the sympathetic system and

down-regulation of serotonergic and GABA-ergic systems

[52].
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Sensitization and HPA dysregulation

In a minority of individuals, migraine and affective dis-

orders can progress to more chronic states that are refractory

to treatment and show poor inter-episode recovery, sug-

gesting that a process of sensitization may also underlie

their comorbidity in chronic forms. These central sensiti-

zation syndromes may involve numerous sensory and

emotional neural networks [7–9, 55]. Frequent migraine

attacks have been shown to impair the periaqueductal gray

(PAG) area [56], and repeated episodes of unipolar

depression reduce hippocampal volume [57].

More specifically, dysregulation of the hypothalamic-

pituitary adrenal (HPA) axis has been implicated [58, 59].

Early sensitization in response to significant stress, such as

childhood maltreatment, may be operable in both affective

disorders and migraine. It has also been hypothesized that

proinflammatory mechanisms may be a link between

affective disorders, migraine, and obesity [60], perhaps by

altering tryptophan metabolism, reducing 5-HT synthesis,

and activating the HPA axis [61].

Clinical applications

All headache patients, but particularly those presenting to

specialty clinics or with chronic and refractory headache

syndromes, should be screened for depression and anxiety

[32].

Numerous pharmacologic and psychological treatments

exist for mood and anxiety disorders in headache patients

[62, 63], the choice of which is based on factors such as

severity, adverse effects, patient preference, treatment

history, and adherence. At present there is no established

algorithm to guide treatment decisions for comorbid

migraine patients. Ideally, treatment of both conditions

would be accomplished with a single agent, but this

approach sometimes proves insufficient or complicates the

clinical situation [26, 64]. Adjusting a single drug to meet

the dosing requirements of two conditions is often difficult

(e.g. the dose required for treating migraine may be insuf-

ficient to treat the affective disorder). Some medications

may adversely affect the comorbid condition, as when a

beta-blocker prescribed for migraine may worsen depres-

sion [65] or when a tricyclic antidepressant may induce

mania in bipolar patients [66]. Despite controversy regard-

ing the actual risk of serotonin syndrome in migraine

patients treated with a triptan and another serotonergic agent

[67], clinicians should be attentive to the possibility of this

event in patients treated with multiple serotonergic agents.

The treatments of choice for acute episodes of major

depression are the second-generation antidepressants,

although there do not appear to be any striking differences in

efficacy between the SSRIs, SNRIs, or SSNRIs in the initial

(acute) stages of depression treatment [68, 69]. If the patient

has not responded after 6–8 weeks of adequate treatment,

modification of the treatment regimen is warranted.

Continuation treatment, which aims to prevent the high risk

of relapse in depressed patients, should be continued for

4–9 months after a first MDD episode [70]. In most anxiety

disorders, SSRIs are the agents of choice, with the highest

doses typically used for OCD [1], although benzodiazepines

are sometimes used in a short-term or adjunctive manner.

Unfortunately, neither the SSRIs nor benzodiazepines have

shown consistently strong efficacy for migraine.

Behavioral and cognitive-behavioral therapies are also

first-line treatments for mood and anxiety disorders [62],

and they may be combined with pharmacotherapy to

increase medication adherence, delay relapse, and increase

maintenance of treatment gains [71]. These therapies help

patients modify distorted thinking, increase access to

pleasurable activities (with depression), reduce maladap-

tive avoidance behaviors (with anxiety), and improve

problem-solving abilities. Because they are free from the

side effects of pharmacotherapy and give patients a sense

of control over their suffering, these therapies can be easily

combined with pharmacologic treatments or adapted to

behavioral headache interventions.

Clinical experience suggests that the severity and pattern

of migraine should guide decisions about acute versus

preventive pharmacologic management of migraine. In

cases where depression or anxiety is mild, non-pharmaco-

logic management of the affective condition may be

sufficient, and the affective disorder may also respond

to progressive improvements in migraine. In cases of

moderate to severe affective distress, pharmacologic

management of the affective disorder and/or more intensive

psychotherapy is warranted. In instances of multiple

medications, the clinician should be attentive to drug–drug

interactions and use a ‘‘staggered’’ start.

Conclusions

Those with migraine are at higher risk for mood and

anxiety disorders than are individuals in the general popu-

lation. The highest rates of psychiatric comorbidities are

found in patients with chronic daily headache and medi-

cation overuse headache. In addition to medication over-

use, mechanisms such as serotonergic dysfunction, ovarian

hormone fluctuations, central sensitization, and HPA axis

dysregulation have been implicated in the relationship

between migraine and affective disorders.

Treatment options for the migraine sufferer with

comorbid psychiatric illness are numerous, but at present

there are no empirical guidelines for managing such
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patients. Empirical research and clinical experience sug-

gest that untreated mood or anxiety disorders can nega-

tively affect migraine, and poorly treated migraine may

also negatively impact underlying affective conditions.

More research is needed to better elucidate underlying

biologic mechanisms and to identify the most effective

treatment strategies for these comorbid disorders.
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Abstract Fixed-site’’ approach and ‘‘follow-the-pain’’

approach briefly considered the techniques of local therapy

that now generate more interest and discussion on head-

aches and, in particular, of migraine. Far from being a full

discussion, the work aims only to stimulate further thought

and interest in local therapies which often are not suffi-

ciently considered and that conversely are a possibility in

the treatment of migraine.

Keywords Migraine � Local therapies � Botulinum toxin �
Transcranial magnetical stimulation (TMS) �
Great occipital nerve (GON)

Introduction

The skull always represents an anatomical target full of

meaning and values going beyond the tinged-related

pathologies. Not surprising that migraine has always had

amongst its possible remedies local treatments. Along with

the origins of headache, main features of therapeutics have

already been mentioned, often reflecting a magical deter-

mination with treatments discovered by empirical trial-and-

error tests. Treatment could be magical, pharmacological

or surgical. In the ancient Egypt the origin of all kinds of

aches and pains was often attributed to peculiar pain-matter

demons and there was only a very short and tentative

explanation of headache. Later it was developed a certain

rationalization with the ‘‘humoral theory of cephalalgia’’

which became the dominant explanation for the next three

millennia [1]. Later attempts to discover the mechanisms of

beneficial action were obfuscated by uncertainty as to the

mechanisms that generate the primary headache disorders,

and thus the identity of appropriate therapeutic targets.

Even today, despite safer drug therapies, there are proce-

dures in which a local action can give a comprehensive

response to migraine. For example, acupuncture, which is

not discussed here, based on its action from a local stim-

ulus on a global response of the body. Amongst the local

treatments for migraine that nowadays are supported by

scientific evidences, the therapeutic use of botulinum toxin

in migraine, the magnetic cortical stimulation, the local

treatment of the great occipital nerve and, finally, other

therapies supported by limited scientific evidences here

will be remembered.

Botulinum toxin

Botulinum toxin type A (BT-a) has long been used to treat

disorders associated with increased muscle tone and pain.

Enzymatic blockade of neurotransmitter release such as

substance P is believed to underlie a direct, clinically

useful antinociceptive effect of BT-a [2]. Furthermore,

peripheral exposure to BT-a blocks the release of glutamate

and prevents the expression of FOS, a product of the

immediate early gene, c-fos, with neuronal stimuli. Mod-

ulation of peripheral sensitization and, indirectly, central

sensitization is believed to underlie the efficacy of BT-a in

preventing migraine [3]. The ability of BTX-A to cause

muscle paralysis by blocking acetylcholine release at the

neuromuscular junction is well known. The toxin produces

the effect by proceeding through a sequence of four steps:

(a) binding to receptors on the plasma membrane, (b)

penetration of plasma membrane by receptor-mediated
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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]. BTX-A not only reduces acetylcholine

release from the alpha motor neuron endings, but also

decreases the activity of the muscle spindles by inhibiting

the signals from gamma motor neurons and subsequent

reduces the Ia afferent signals. In addition, the inhibitory

effect on the central pain pathways such as trigeminal

ganglion or trigeminal cervical complex in the brainstem

has been implicated because suppression of the release of

substance P from the dorsal root ganglion [5] or CGRP

(calcitonine gene-related peptide) from the trigeminal

ganglion [6] has been shown in animal studies. Focussed

on an evidence-based manner, most of the initial open-

labelled reports on BTX-A in tension-type headache and in

migraine were positive. Most recently, these results were

not unfortunately reproduced as well in controlled trials,

suggesting that a wide-spread clinical use of BTX-A in

headache is not recommended [7]. So the use of botulinum

toxin type A (BT-a) as a preventive headache treatment is

increasing but, as said, remains debated and controversial.

Exactly why BTX-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. To date,

responses to BT-a in migraine patients in a evidence-based

view give us more pessimistic picture showing non-con-

sistent efficacy of BT-a in idiopathic headache disorders.

BT-A is probably ineffective for the treatment of chronic

tension-type headache. Factors that may affect the response

of patients to BT-a include headache characteristics, dis-

ease duration, the use of concurrent preventive medications

and the presence or absence of medication overuse. How-

ever, encouraging experiences arise from the response to

BT-A treatment in a subgroup of patients suffering from

chronic migraine with and without analgesic abuse [8]. In

particular, it is likely that patients with chronic daily

headache who are severely impaired and who are not

receiving other prophylactic treatment are the appropriate

group of patients with a benefit from BT-A [9]. The chal-

lenge for the future studies is to identify those patients who

will best respond to the drug and to determine optimal

injection sites, doses and frequency of treatment.

Selection of appropriate candidates for preventive ther-

apy begins with accurate headache diagnosis and classifi-

cation. Upon these rules, BTX-A therapy may be

appropriate for: patients with disabling primary headaches,

patients who have failed to respond adequately to con-

ventional treatments, patients with unacceptable side

effects (from existing treatments), patients in whom stan-

dard preventive treatments are contraindicated, patients in

special populations or situations, patients misusing or

abusing or overusing medications, patients with co-existing

jaw, head or neck muscle spasm, patients who prefer this

treatment [10]. There is no established or standardized

methodology for the injection of BTX-A for migraine and

tension-type headache. BTX-A is administered either at

fixed injection sites, or at sites of pain or tenderness

(‘‘follow the pain’’), or a combination of both [11]. The

clinical dose of BTX-A commonly used for migraine

therapy is between 25–200 units (Botox) and 100–500 units

(Dysport); 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 [12].

Therefore, there is need for further studies in order to

identify the minimal effective dosage and optimal indi-

vidualized dosing regimen. On the other hand, some data

report a greater efficacy with repeated dosing. This may be

because repeated injections had a step-like therapeutic

effect: the consecutive therapeutic effect of each injection

built on the effect previously achieved [13]. To date,

injection with different techniques regarding anatomical

sites, doses and concentrations of BT-A has been used.

There are mainly two types of injection techniques for BT-

A, named ‘‘fixed-site’’ approach and ‘‘follow-the-pain’’

approach and even in a combination of both methods has

also been reported. Other factors such as volume per

injection site, number of injection sites per area, the dilu-

tion of BT-A, and the injection technique vary across

studies and are not uniform.

Results from clinical studies have proposed a patient

population which may be more appropriate for BT-A

application, which are listed in Table 1 [14].

The efficacy and safety profile of BTX-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 headaches is a

sensitive measure of efficacy in this patient population and

future studies confirming these findings are needed. Optimal

dosing and injection regimens are not yet known. 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

determinate the most effective injection regimens. Another

aspect is the frequency of treatment that seems to have a

cumulative effect with subsequent injections [15].

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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Transcranial magnetic stimulation

Enhanced excitability of the occipital cortex is proposed as

the basis for the spontaneous or triggered onset of migraine

aura [16]. There is mixed evidence of increased interictal

occipital cortex neuronal excitability in migraneurs,

including differences in the amplitude of visual or motor

responses. However, studies of transcranial magnetic

stimulation (TMS)-induced phosphene in migraneurs have

produced conflicting results. Besides data suggesting a

lowered threshold in migraneurs with aura, other evidences

hypothesize a decreased excitability of the visual areas and

also no differences [17–19]. More recently, studies of

phosphene threshold using TMS and other electrophysio-

logical techniques have suggested that effective migraine

preventives reduce cortical hyperexcitability [20]. If some

of these discrepancies could be due to methodological

differences, either TMS device or patient population

dependent, it must be taken into account the influence of

temporal variables in the cortical excitability in migraine.

There is a growing interest towards the use of repetitive

TMS (rTMS) as a potential therapeutic tool in migraine

because of its ability to induce long-term plastic effects on

cortical excitability [21].

Great occipital nerve (GON)

Peripheral nerve blocks have long been used in headache

treatment. The most widely used procedure for this purpose

has been GON block. The GON is composed of sensory

fibres that originate predominantly at the C2 level and its

cutaneous distribution covers the posterior part of the head

up to the vertex. The rationale of performing a GON block

for the treatment of headache is based on the anatomical

connections between trigeminal and upper cervical sensory

fibres at the level of the trigeminal nucleus caudalis.

Amongst other techniques, manipulation, acupuncture

and electrical stimulation of the GON must be taken in

account. Taken together these works, although generally

positive, were limited by the lack of a standardized treat-

ment protocol or a retrospective design [22].

More recently, the use of electronic devices implanted

subcutaneously at the base of the skull close to GON

emerges, has proved effective in controlling headache pain

through a central neuromodulation action [23].

Other therapies

Spinal manipulation, cranial electrotherapy, pulsating

electromagnetic fields are supported by limited evidences.

Methodological limitations coupled with the small number

and considerable heterogeneity of the randomized trials

were not able to identify the true effectiveness of this

therapies and to distinguish any improvements made by

other variables. The action of physical treatment combi-

nation, useful in tension-type and cervicogenic headaches,

has not shown real benefits in the treatment of migraine.

However, additional better-designed trials are required

before such treatments can be considered effective for

headache disorders [24].
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MIGRAINE - THE FUTURE

Functional-MRI evaluation of pain processing in chronic migraine
with medication overuse
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Abstract 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 subjects addicted; some neuroimaging

researches showed that abnormalities revealed are related to

a specific cerebral pattern and that they can return to the

normal state after withdrawal. Aim of the study was to sub-

mit a group of patients suffering from chronic migraine and

medication overuse (the diagnosis was made according to

Silberstein-Lipton criteria) to a withdrawal, to evaluate by

f-MRI the presence of specific cerebral patterns before

treatment and their possible changes after withdrawal. f-MRI

seems to be a useful technique to obtain information 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 and the data emerged are dis-

cussed according to preceding reports.

Keywords Chronic migraine � Medication overuse �
Withdrawal � Functional-MRI

Introduction

Chronic migraine (CM) with medication overuse is a fre-

quent and disabling health problem. In migraine population,

the 10% of migraine sufferers develop CM [1]. CM is

characterized by an insidious increase of headache frequency

and intensity, inefficacy of alternative abortive or preventive

medications in controlling headaches and development of

drug dependency or addiction [2].

Recurrent migraine attacks seem to be linked to structural

changes in the central nervous system. Several studies

showed that silent brain damages [3, 4] and increased iron

concentration in deep nuclei involved in central pain pro-

cessing [5] are more frequent in migraneurs when compared

with control subjects.

Besides structural changes, functional changes of the CNS,

manifested through central sensitization with alteration in

nociceptive thresholds (allodynia and hyperalgesia), are

reported [6] in migraneurs. Central sensitisation seems to be a

mechanism of headache chronification and chronicity main-

taining [7]. Functional abnormalities are reported by a neuro-

imaging work by Fumal et al. [8]: in a study by PET the

authors showed that bilateral thalami, bilateral insula, ventral

striatum and right posterior parietal lobule (areas recognized

as involved in pain processing) were significantly less meta-

bolically active in chronic migraine with medication overuse

than in healthy subjects. Their work is in line with some

imaging studies performed in other pain disorders: bilateral

blood flow changes have been described in ventral posterior

lateral thalamus, posterior parietal cortex, insula, ventral

striatum and anterior cingulate cortex in chronic neuropathic

pain [9–11]. All these studies seem to support an important

role of the pain matrix in migraine; although has to be estab-

lished which kind of role: a causative role? A result of the

prolonged pain processing at central level?
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Pain processing

Studies based on PET and f-MRI have investigated changes

in brain activity in response to various experimental stimuli

inducing pain. This has led to the characterization of a

specific network of brain areas forming a ‘‘pain matrix’’

involved in different dimensions of pain perception.

Functional imaging of pain processing in healthy sub-

jects has predominantly used phasic or tonic noxious heat,

tonic cold, and noxious chemical or electrical stimulation

of the skin; few studies have been published (for a review

see [12]) concerning cerebral activation in response to

painful mechanical stimulation used to induce deep pain.

Furthermore, it has been suggested that tonic pain may be

psychologically more similar to chronic pain than phasic

pain [13].

Purpose of the study

On the basis of preceding reports, we hypothesized that in

patients suffering from chronic migraine with medication

overuse, specific cerebral patterns might be found in brain

areas belonging to the pain network respect to healthy

controls.

To verify this hypothesis, we performed f-MRI in a

group of chronic migraine patients longstanding medica-

tion overuse and we compared the results with a group of

healthy volunteers.

Materials and methods

Participants

Thirteen female patients suffering from chronic migraine

and medication overuse, (chronic migraine group—CM

group), were recruited from the Headache Center of the

Neurological Institute in Milan for being submitted to a

inpatient withdrawal program.

The frequency of headache was 20.8 ± 6.5 days per

month and analgesic intake was 26.1 ± 13.7 pills per

month, as revealed from the patients headache daily card.

The patients were overusing analgesics in the last

3 ± 1.4 years and all of them were using triptans and

NSAIDS daily, only in two cases they were using butalbital

combined to NSAIDS daily. Ten patients were been

previously treated in other headache centers for migraine

prophylaxis by using flunarizine, neuromodulators,

antidepressants, beta-blockers for several months without

any significant improvement of headache condition and

without doing any kind of detoxication. Only two patients

never tried any kind of pharmacological treatment for

prophylaxis.

Eleven female control subjects (mean age 37 ± 7 years)

(C group) were also recruited. The subjects had no history

or signs of neurological disease, and of cognitive distur-

bance. They did not take any analgesic medication at the

time of testing and reported no pre existing pain.

All subjects had normal MRI scan.

The study protocol was approved by the Human

Research Ethic Committee of the Neurological Institute

Carlo Besta in Milan. Written informed consent was

obtained from all participants.

Procedure

The study was conducted over two sessions during the

same day. In an initial psychophysical testing session,

mechanical pressure stimuli were applied over the first

metacarpo-phalangeal joints of the forefinger and middle

finger of the left hand, with a plexiglass tensiometer

instrument built in our lab via a 0.2 mm2 punctate probe.

This kind of stimulation has been shown to be adequate to

activate A- and C-fiber nociceptors [19]. All subjects were

instructed to code the sensory intensity of perceived pain

on a visual analogue scale (VAS) 0–10 scale, in which 0

denoted ‘‘no pain’’ and 10 denoted ‘‘the maximum imag-

inable intensity of pain’’. A detection threshold (innocuous

stimuli) was defined as the highest stimulus intensity

required for the subject to report a sensation of pressure

rated 0. Moreover, the weight needed to provoke pain rated

2 [weak pain (WP)], rated 4 [moderate pain (MP)] and

rated 6 [(strong pain (SP)] on VAS was determined. It was

explained that the estimate concerned the sensory intensity

of pain and not unpleasantness [20].

In a subsequent session, f-MRI data were performed

using a 1.5T Siemens Magnetom Avanto MR scanner

(Erlangen, Germany).

We performed two runs in the f-MRI section. In both

runs subjects were exposed to the intensity levels of the

stimuli as assessed during the previous psychophysical test.

The first run was performed to evocate sensory encoding

of pain (P run), while the second to evocate sensory

encoding of pain and cognitive pain intensity evaluation

(PE run) in order to register a feedback to estimate the felt

pain for each subject.

Statistical analysis

For each subject f-MRI data were first realigned and res-

liced to correct for subject movement, then normalized to

the MNI stereotactic space, smoothed with a 8 mm FWHM

Gaussian Kernel. Finally data were statistically analyzed

with SPM5 software (Wellcome Department of Cognitive

Neurology, London, UK) (Matlab).
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We performed contrasts to examine regions showing

increased activity during painful stimuli compared to their

baseline. We identified regions showing increased activity

in each group with a double statistical threshold: only

clusters with a voxel-wise intensity threshold of p \ 0.05

(FDR correction) and a spatial extent of p \ 0.05

uncorrected were considered to be significant. Moreover,

we assessed the differences between the two groups

(C group [ CM group and CM group [ C group) with a

voxel-wise intensity threshold of p \ 0.001 uncorrected

and a spatial extent threshold of p \ 0.05 (uncorrected).

In order to control for Type I error, we restricted the

voxel-wise analysis to a set of prespecified ROIs in medial

and lateral pain system of the pain matrix. For bilateral SI,

SII, hIP1 and hIP2 ROIs were generated with the cytoar-

chitectonic probabilistic map presented in SPM Anatomy

Toolbox, while for bilateral IC, IPL and ACC, ROIs were

generated with the standard WFU Pickatlas Tool (Version

2.4) [21, 22] because those areas were not available as

probabilistic areas in SPM Anatomy toolbox.

Results

Psychophysical results

Pain sensitivity thresholds following mechanical stimula-

tion were determined for the CM group and the C group

during the psychophysical session (Fig. 1). Analysis of

variance with repeated measures of the weight used to

evocate WP, MP and SP showed no effect for group

membership [F(2,19) = 1.63; n.s.], a significant effect of

threshold level [F(4,17) = 29.488 p \ 0.05] and the

absence of any interaction between the group and the

threshold level [F(4,17) = 0.68, n.s]. Moreover, pain rat-

ings of the stimuli administered during the PE run of the

f-MRI session were recorded: a t test showed no effect for

group membership (mean CM group = 3.74; mean C

group = 3.64; p = 0.7573 n.s.).

Functional-magnetic resonance imaging results

Whole brain analysis

Analysis of f-MRI data revealed a common network for

both groups of pain (P run) and pain with cognitive eval-

uation (PE run) related activity, showing increased activity

in both medial and lateral pain system. These regions were

the aMCC, IC, STG, IFG and PPC with different degree of

lateralization. The analysis between groups revealed

increased activity in the lateral pain system in particular in

right postcentral gyrus, right inferior parietal lobule and

bilateral supramarginal gyrus in the C group compared to

CM group. No increase activity was found in the CM group

when compared with the C group.

ROIs analysis were conducted to better investigate the

predefined regions of the pain matrix over the contrast C

group [ CM group. We analyzed with a restrictive

threshold (p \ 0.05 FWE) the areas of the pain matrix that

showed different activations between the two groups in the

whole brain analysis: cluster of activations survived in

the right hIP1, hIP2 and IPL. Moreover, we investigated

the remaining areas of the pain matrix, that did not show

any differences between the two groups, with a threshold of

p \ 0.001 uncorrected: in this case we did not find any

differences in IC, ACC/aMCC or in SII.

Discussion

Our data give new insight into the neural correlates that

process the conscious perception of normal tonic

mechanically induced cutaneous pain in healthy volunteers

and in chronic migraine patients with medication overuse.

The major finding is the different activation of the right

inferior parietal cortex between healthy subjects and chronic

in migraine patients with medication overuse, in particular a

decreased activation was found in the right supramarginal

gyrus and in the right inferior and superior parietal cortex in

chronic migraine subjects and this gets well with study

confirming hypoactivation in some areas of the pain matrix

in chronic migraine patients overusing medications [8].

Moreover, these data are consistent with the hypothesis

that the pain matrix is significantly activated and that this

activation produces a changed metabolism in some cortical

areas in particular right posterior parietal cortex.

These change predominate in the right-sided posterior

parietal cortex, which has been attributed the possible role

Fig. 1 Mean pain sensitivity threshold
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of the right hemisphere in the emotional aspects of pain and

behavior.

Some of these mechanisms are involved in other chronic

pain conditions as for example neuropathic chronic pain.

The idea of a common mechanism in chronic pain

conditions is confirmed by PET studies showing bilateral

blood flow changes in posterior parietal cortex in chronic

neuropathic pain [8].

The difference we have found in the inferior parietal

cortex seems to be framed in the possible role of the

inferior parietal cortex in orientation and attention toward

painful sensory stimuli.

Kulkarni et al. [23] in a PET study, designed to dem-

onstrate division between sensory discriminative and

affective response, found that attention to the location of

the painful stimuli induces a significant change in inferior

parietal cortex. Moreover, we found non-activation of SI,

SII in both groups. Some functional imaging study failed to

show activation in S1 [24, 25] during acute pain.

New common perspectives for the pathophysiology of

chronic migraine with medication overuse might arise from

brain imaging. Substance overuse and abuse in addiction to

drug dependency and chronic neuropathic pain have mul-

tiple causes and demonstrate a shared pathophysiological

base among these disorders.

Neuroimaging approaches might also highlight the dif-

ferences among patients with medication overuse and

patients with chronic headaches without overuse and patients

with chronic neuropathic pain to reveal the disregulated

neuroanatomic circuits associated with these syndromes.

It remains to be clarified if this type of change represents

a primary regional pathologic aspect or a result of a patho-

logic process elsewhere in the brain that secondarily alters

function in the regions probed by our f-MRI paradigm

remains to be further elucidated.
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Cluster headache and TACs: rationale for central and peripheral
neuromodulation
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Abstract Cluster headache, the most severe of primary

headache conditions for functional and social impairment

it provokes, has been recently the object of a great amount

of clinical, physiopathological, surgical and functional

neuroradiological studies aimed to uncover the real

mechanisms which underlie its disabling manifestations.

Refinement of methodological and systematic features of

multidisciplinary researches in this field has been allowing

for more and more precise delineations of the role of both

peripheral and central nervous system’s contribution in

pathophysiology of the disease. Aim of this manuscript is

the report of the present knowledge in the role of the dif-

ferent surgical options in the treatment of drug-resistant

cluster headache and Short-lasting Unilateral neuralgiform

headache attacks with Conjunctival injection and Tearing

(SUNCT), which take into account their different hypo-

thesized pathological mechanisms and which comprise

central nervous system’s approach (Deep Brain Stimulation

[DBS] and peripheral approach, namely Occipital Nerve

Stimulation (ONS) and Vagal Nerve Stimulation (VNS).

Keywords Trigeminal autonomic cephalalgias �
Deep-Brain Stimulation � Peripheral Nerve Stimulation

Introduction

Diagnostic criteria for Trigeminal Autonomic Cephalalgias

(TACs) are essentially clinical-based and are currently

defined by the second edition of the International Headache

Classification [ICHD-1, 2]. They comprise Cluster Head-

ache, Paroxysmal Hemicrania, and SUNCT. Apart from

strict characterization of pain’s type, they all share the

clinical features of headache and prominent cranial para-

sympathetic autonomic features, which comprise conjunc-

tival injection and lacrimation (which suffice for definition

of SUNCT) and other diagnostic features as nasal con-

gestion, rhinorrhoea, forehead and facial sweating, miosis,

ptosis, and eyelid oedema (which are more typical of

Cluster Headache and Paroxysmal Hemicrania, though

they could also be detected in SUNCT). They predomi-

nantly affect one side of the face, at least as far as initial

manifestations are concerned.

The most relevant clinical features of CH attacks are

their excruciating, stabbing, knife-like, and circadian-like

characters. Diagnosis for Paroxysmal Hemicrania also

require absolute response to therapeutical doses of Indo-

methacine. SUNCT pain attacks are typically short-lasting

(5–240 s in length) and very frequent in the course of the

day (3–200 in 24 h).

Cluster Headache can be further subdivided into two

subtypes: episodic and chronic. In the episodic subtype,

pain attacks usually occur in a cluster-like pattern, with

clinical episodes lasting from 7 days to even 1 year,

separated by pain-free intervals of at least one month. In

chronic cluster headache pain attacks recur for a time

period longer than one year without remission, or otherwise

remission periods do not exceed one month.

Apart from Paroxysmal Hemicrania (which responds to

Indomethacine administration), primary therapeutical

management of Cluster Headache and SUNCT comprise

drug therapy with different agents of several pharmaco-

logical classes, and including calcium-channel blockers

(verapamil, nifedipine), beta-channel blockers (proprano-

lol), cell membrane-stabilizers (sodium valproate, tiagabine,
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topiramate, lithium, levetiracetam), monoamine reuptake

inhibitor agents (amitriptiline, bupropion, paroxetine,

trazodone), opioids (methadone, hydromorphone, morphin),

steroids and abortive drugs (sumatriptan, zolmitriptan,

rizatriptan, almotriptan, meperidine, dihydroergotamine).

Pharmacotherapy is always adapted to the clinical needs

and characteristics of the single patient, and the above-

mentioned agents are variably combined among each other,

their dosages and posology being modified according to the

time-course and evolution of the disease.

Nevertheless, about 10–20% of patients with chronic

CH continue to present daily attacks that are severely

disabling despite optimum medical therapy [2]. Such

refractory patients’ population is nowadays considered for

surgical procedures. Rationales for such invasive thera-

peutical options are provided by increasing amount of data

addressing the role of specific peripheral and central ner-

vous system’s pathways and circuits in the pathophysiol-

ogy and phenomenology of these life-threatening diseases.

Considerations for surgical treatment

Selection criteria for surgical approaches to trigeminal

autonomic cephalalgias invariably comprise:

• absence of functional improvement after adequate

dosages of prophylactic and abortive drugs;

• patient’s choice;

• normal neuroradiological examinations (including

brain MR, CT and magnetic resonance angiography);

• absence of general medical conditions contraindicating

surgical treatment.

Initial surgical management of refractory TACs has

dealt with peripheral components of central nervous

system potentially involved in the genesis of pain

attacks. It comprised resection of the greater superficial

nerve and of intermedius nerve, sphenopalatine ganglion

block by local anesthesic or radiofrequency lesion, pos-

terior fossa trigeminal sensory rhizotomy or percutaneous

radio-frequency trigeminal gangliorhizolysis [3–11]. In

particular, Taha et al. [11] reported the long-term

effectiveness of percutaneous stereotactic radiofrequency

rhizotomy in some patients with chronic cluster head-

ache, though pointing out that patients with severe pain

localized in the temple, ear and cheek regions may not

be adequately benefit from such procedure, which mainly

involves the ‘‘trigemino-vascular’’ system. Jarras et al.

[10] reported that trigeminal nerve section could consti-

tute an ‘‘effective treatment with acceptable morbidity

for a carefully selected group of patients’’. Although

potentially applicable and effective in some of the

patients included in this reported series, these destructive

procedures are irreversible in nature and could harbour

major complications such as keratitis and anaesthesia

dolorosa.

Peripheral interventional procedures on greater petrosal

nerve and sphenopalatine ganglion underlie awareness of

the involvement of vegetative system in the genesis of

TACs, though they did not address the potential role of the

autonomic-related structures of central nervous system.

Fig. 1 Schematic drawing of

the neuronal pathways

potentially influenced by central

and peripheral stimulation in

TACs. Note the central position

of the raphe nuclei and the three

‘‘gates’’ for Neuromodulation

(in red)
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Central nervous system-directed surgical approaches

emerged in strict correlation to neuroimaging functional

data, revealing metabolic abnormality in these structures in

patients affected from Cluster Headache. May et al. [12]

reported activation in ipsilateral posteroinferior hypothal-

amus during CH attacks, thus uncovering the role of

diencephalon and related CNS regions in the genesis of this

kind of painful syndrome. Deep-Brain-Stimulation has

since then performed in Posterior Hypothalamus in a

number of patients [13, 14] and in several Institutions, and

it has shown to be an effective and safe procedure in the

management of drug-refractory Cluster Headache. We also

reported its efficacy in a patient with SUNCT, with which

CH share autonomic-related manifestations, and in two out

of five patients with Multiple Sclerosis-related trigeminal

neuralgia [15].

Involvement in diencephalic structures in the genesis of

TACs subsequently paved the way to further investigations

aimed to estabilish the role of some of the brainstem

regions which appear to contract functional relationships

with posteroinferior hypothalamus in the generation of

facial pain.

While physiological nociceptive perception shows a

distinct topographic distribution, (with anterior head

portions being innervated by trigeminal branches and

posterior regions being innervated by the greater occipital

nerve and posterior branches of the upper cervical

nerves), such somatotopy may be not respected during

headache attacks; it is not unusual for a patient with

typical CH at onset to present an irradiation of pain into

the occipital regions at later stages of the disease. Several

lines of evidence have demonstrated the existence of a

functional overlap between trigeminal nucleus caudalis

and nuclei of spinal cord’s dorsal horn of the first two

cervical segments [16, 17]. The practical consideration

deriving from this findings is that electrical stimulation of

C2 C3 afferent fibers (the ‘‘occipital nerve complex’’)

could modulate the trigeminal nucleus caudalis due to the

anatomical relationships of C1, C2 and C3 sensory

pathways to the trigeminal bulbo-pontine nucleus and the

posterior hypothalamus [18, 19].

Taking into account such neurophysiological remarks,

occipital nerve stimulation (ONS) has been in fact used not

only for the treatment of occipital neuralgia, but also for

CH, as well as for other facial painful syndromes and has

showed to be effective in several patients [20–23]. Due to

its less invasive nature and, subsequently, to the relatively

minor surgical complications with respect to DBS, its

employment is gaining crescent acceptance as primary

surgical treatment of CH. At our Institution we primarily

perform bilateral occipital electrodes placement connected

to a dual-channel internal pulse generator (Kinetra Med-

tronic Inc., Minneapolis, USA) in patients with refractory

CH; in patient who do not respond such modality after an

adequate stimulation period with optimal parameters’ set-

tings, we offer the patient the replacement of the occipital

electrodes with stereotactically-positioned hypothalamic

ones.

Several other brain structures could anyway be involved

in pathogenesis of painful facial syndromes; an involve-

ment of the parasympathetic system has been suggested by

Mauskop [24] and the role of hypothalamus in modulation

of the autonomic nervous system is notorious.

Vagal nerve stimulation (VNS), which has been origi-

nally employed for treatment of drug-resistant major

depression and several epileptic syndromes, has been

shown to be effective in reducing intensity of migraine

attacks in four patients who had received VNS for intrac-

table seizures [25]; furthermore, Mauskop in 2003 reported

improvement in 2 patients with chronic CH and in 2

patients with Chronic Migraine after VNS [26].

VNS has the capability to influence parasympathetic

nervous system and has been shown to change blood flow

in several brain structures such as posterior cingulated

gyrus, hippocampus, amygdala, temporal cortex, thalamus,

putamen, postcentral gyrus, insula and cerebellum [27–29];

the widespread central connections of ascending vagal

pathways comprise numerous brainstem and diencephalic

structures, including Nucleus of Tractus Solitarius, Nucleus

Parabrachialis, Locus Coeruleus and several other nuclei

harboring widespread projections to thalami and cortical

structures. Through these pathways vagus nerve gains

access to a variety of cortico-subcortical associative and

limbic subcircuits, and affects neurotransmitter system

which is also involved in facial painful syndromes.

Discussion and conclusion

A delicate balance between peripheral and central func-

tional mechanisms seems to underlie TACs as well as other

headache types. Central structures addressed in the genesis

of these diseases comprise hypothalamus, whose involve-

ment is suggested by the profound influence on sympa-

thetic and parasympathetic nervous systems. The central

origin of CH is supported by some clinical characteristics

(circadian and circannual rhythms of the attacks, altera-

tions in circadian release of hormones [30] and by

autonomic signs (ptosis, miosis, conjunctival injection,

lacrimation, nasal congestion and rhinorrhoea) which often

predominate in the clinical manifestations of CH and

SUNCT. TACs involve primary or secondary dysfunction

of pain modulating structures and intracranial vasculature,

which is in turn supplied by autonomic fibers originating

from otic, sphenopalatine and superior cervical ganglia,

and by sensory fibers originating from trigeminal ganglion.
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Positron emission tomography (PET) studies have been

performed during both spontaneous and nitroglycerine-

induced CH attacks [12, 31]; these studies have shown

activation of the posterior inferior hypothalamus ipsilateral

to the side of pain. Such findings have also been demon-

strated for SUNCT [32] Furthermore, an increased hypo-

thalamic neuronal density (as measured with Voxel-based

morphometry) has been pointed out in the remission phase

of CH [33].

Beside central mechanisms, several reports suggest a

role for peripheral mechanisms in genesis of TACs.

Though being less performed with respect to the past,

ablative procedures provided some degree of benefit in

patients affected from these disabling conditions; a recent

report by Narouze et al. [9] reported satisfactory results in

patients with chronic CH treated with Sphenopalatine

Ganglion Radiofrequency Ablation. Jarrar in 2003 [10]

reported effectiveness of trigeminal nerve section with

‘‘acceptable morbidity’’.

We recently treated with hypothalamic DBS a patient

with CH secondary to unresectable infiltrating angiolipoma

of the hemiface ipsilateral to the side of pain attacks and

normal brain MR (unpublished data); initial results seem to

be encouraging. Though control of symptomatology has

been obtained by means of central stimulation, there is

little doubt that, in this specific case, cluster headache

episodes harbour a primarily peripheral origin.

The discover of the ‘‘trigeminocervical’’ complex as a

functional brainstem unit (characterized by overlap in tri-

geminal and upper cervical painful receptive fields) could

lead to revaluate migraine conditions as consequences of

brain dysfunction or hypersensitivity rather than of blood

vessels’s dysfunctions; trigeminocervical complex has

brought into light Occipital Nerve Stimulation for primary

treatment in refractory TACs; the electrical stimulation of

the posterior branch of C2 nerve (Greater Occipital Nerve

of Arnold) seems to affect neural transmission at supra-

segmental levels, influencing rostral pain-modulating

structures. This therapeutical option has proven to be

effective in treatment of several painful facial syndromes

including CH, and could be offered to the patients as first-

line surgical treatment before DBS.

The role of VNS as peripheral stimulation therapy of

TACs is, at present, more controversial, given the multi-

tude of brain structures reached by neuronal pools

belonging to the ‘‘Dorsal Medullary Complex of Vagal

Nerve [34]. The above-mentioned reports seem anyway

encouraging for implementation of such technique in the

treatment of these conditions; furthermore, it is possible

to speculate that, given the widespread central vagal

connections and influences exerted on the different cortico-

subcortical circuits, VNS could also affect neuro-

transmitter-mediated painful responses.

At our Institution we recently performed VNS on

a patient with drug refractory Chronic CH who, having

initially benefited from DBS, underwent recurrence of

symptomatology after trivial head trauma (in presence of

structural and functional preservation of DBS system),

although not reaching the severe presurgical conditions;

intracerebral electrode and pulse generator were left in situ

and after implantation of VNS he is gradually improving

and has halved daily drug posology (unpublished data).

This latter case could be an example of the co-existence of

peripheral and central pathophysiological mechanisms of

TACs, given that the last clinical improvement was clearly

due to the presence of both stimulation systems.

In conclusion, an imbalance between central and

peripheral nociception mechanisms involved in pain per-

ception and modulation seem to be involved in the genesis of

TACs, as pointed out by several clinical, surgical, neuro-

physiological, functional and structural neuroimaging data.

Neuromodulation appears to be the most advanced mini-

mally invasive surgical therapy that may be proposed to

patients affected by drugs refractory cranial pain syndromes.

However, only future prospective and randomized

clinical trials including different surgical procedures

including DBS, ONS and VNS and supported by functional

neuroradiological assessment will be able to bring into

light the real relationships between all of the above-men-

tioned hypothetical considerations.
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SYMPOSIUM

Chronic migraine and chronic tension-type headache:
are they the same or different?

G. C. Manzoni Æ P. Torelli

� Springer-Verlag 2009

Abstract The question in the title of this article arises

from ambiguities in the diagnostic criteria for chronic

migraine (CM) included in the 2004 International Classi-

fication of Headache Disorders, 2nd Edition (ICHD-II), and

in the 2006 revision. More broadly speaking, it also arises

from the fact that to date the general subject of chronic

daily headaches (CDH) has not been approached in a

correct and appropriate way. For all its limitations, ICHD-

II has unquestionable merits and remains a fundamental

tool. However, it is a tool that gets a snapshot picture of

headache; so, it is not applicable to a dynamic form that

evolves from and is transformed by a chain of events. If

these events are ignored, there will be no accurate inter-

pretation of the final clinical picture. Today, we still do not

have any classification of headache syndromes to com-

plement ICHD-II. Currently, then, the only way to

approach the CDH issue is to put patients at the center and

to focus on their life histories. If we reason strictly in terms

of diagnostic classification criteria, which for this headache

subtype are artificial and ambiguous, we may have trouble

finding an answer to the title question. However, if we

reason in broader clinical terms, putting at the center of our

reasoning not only headache features, but patients with all

their histories, the answer can only be that CM and chronic

tension-type headache are two different clinical entities.

Keywords Migraine � Chronic migraine �
Chronic tension-type headache �
Medication overuse headache � Chronic daily headache

Introduction

For a correct approach to the relationship between chronic

migraine (CM) and chronic tension-type headache

(CTTH), we should first discuss two aspects that are

inherently relevant to the issue: the first is the connections

between migraine without aura and episodic tension-type

headache, and the second is characterization of chronic

daily headaches (CDH).

Discussion

The first aspect has been widely debated for decades.

Although opinions are somewhat conflicting [1–3],

researchers are currently inclined to consider migraine

without aura and episodic tension-type headache as two

completely separate clinical entities. The international

headache classifications themselves, which have been used

as a guiding reference for investigators and clinicians in the

last two decades, are consistent with this line of reasoning

[4, 5]. On the other hand, if we were convinced that these

two primary headache subtypes are a single entity, we

should necessarily believe that CM and CTTH are also a

single entity. Asking the title question, then, would not

make any sense.

The second aspect is more complex, but at the same time

it is also more intriguing and worthy of detailed critical

reflection.
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Interest in CDH rose in the early 1980s, when Mathew

et al. claimed attention to the fact that migraine, a form of

primary headache characterized by acute attacks, could

sometimes change over the years into a daily headache,

with the disappearance of disease-free intervals between

one attack and the next [6].

The debate over this question has then grown in the

following years to include the whole group of CDH and the

role played by symptomatic drug abuse. Ample literature

has certainly provided new and important knowledge.

Unfortunately, though, there is not yet consensus on a

subject that resembles a complicated puzzle with many

pieces still missing.

The current ‘‘official’’ viewpoint on CDH originates

from a compromise between the indications given by Sil-

berstein’s group in the 1990s [7], the criteria included in

the 2004 ICHD-II [5], and their revision proposed by the

members of the second headache classification subcom-

mittee [8].

This viewpoint can be summed up as follows:

(a) The term ‘‘chronic daily headache’’ has merely a

descriptive value. It can only be used for a general

description of a heterogeneous group of headaches

that have nothing in common but a distinctive pain

temporal pattern. Therefore, CDH is not recognized

as a separate entity by the international headache

classification.

(b) Two rare headache subtypes, hemicrania continua

(HC) and new daily persistent headache (NDPH),

already included by Silberstein et al. [7] in their

proposed classification of CDH, are recognized as

separate clinical entities and are coded to Group 4

‘‘Other primary headaches’’ of ICDH-II [5].

(c) The term ‘‘chronic migraine’’, which officially

appeared for the first time in ICHD-II [5], is now

preferred to ‘‘transformed migraine’’ (TM).

(d) The 2006 revised diagnostic criteria for CM [8], are

now preferred to the official 2004 ICHD-II criteria [5]

(Table 1), also in consideration of recent validation

results [9].

(e) The same applies to alternative diagnostic criteria for

medication overuse headache (MOH) [8], which are

now preferred to the official criteria [5] (Table 2).

(f) CTTH always evolves from an episodic form. NDPH

is a tension-type headache subtype that has been

present every day since onset.

(g) CM, CTTH and MOH are three separate clinical

entities. In cases of CM or CTTH with MOH,

multiple diagnoses must be made and the option of

probability diagnosis should be considered.

(h) The minimum time limit for diagnosis of the major

CDH subtypes, i.e. CM, CTTH and MOH, is the

presence of headache on at least 15 days a month for

3 months. In addition, the criteria for MOH diagnosis

require intake of symptomatic medication for 10–

15 days a month (depending on the type of medica-

tion) on a regular basis for 3 months. In the alternate

diagnostic criteria for CM and MOH, time limits were

left unchanged.

A few substantial objections can be raised to this

approach to CDH in general and to its subtypes in

particular.

If we are confronted with a problem that researchers’

sustained efforts over many years have been unable to

solve completely, we should pause to reflect on the reason

for these difficulties and wonder whether it is really a

complex issue or whether instead we are on the wrong

track.

Far from denying that CDH is truly a complex issue, we

should try to consider the second hypothesis and ask our-

selves: what are we investigating and with what means?

We are dealing with a group of primary headache sub-

types and, as we all know, the diagnosis of these forms

depends only on accurate data collection from patients’

histories.

Table 1 Current and revised International Headache Society criteria

for chronic migraine

Current criteria (ICHD-II, 2004) (5)

1.5.1 Chronic migraine

A. Headache fulfilling criteria C and D for 1.1 Migraine
without aura on C15 days/month for [3 months

B. Not attributed to another disorder

Revised criteria (2006) (8)

Appendix 1.5.1 Chronic migraine

A. Headache (tension-type and/or migraine) on C15 days per

month for at least 3 months

B. Occurring in a patient who has had at least five attacks

fulfilling criteria for 1.1 Migraine without aura

C. On C8 days per month for at least 3 months headache has

fulfilled C1 and/or C2 below, that is, has fulfilled criteria for pain

and associated symptoms of migraine without aura

1. Has at least two of a–d

(a) unilateral location

(b) pulsating quality

(c) moderate or severe pain intensity

(d) aggravation by or causing avoidance of routine physical

activity (e.g. walking or climbing stairs)

and at least one of a or b

(a) nausea and/or vomiting

(b) photophobia and phonophobia

2. Treated and relieved by triptan(s) or ergot before the

expected development of C1 above

D. No medication overuse and not attributed to another

causative disorder
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In CDH even more than in primary acute headaches,

patient history data do not merely describe the headache,

but they help retrace how this headache evolved in the

years, often the decades, preceding the first observation and

they also enable investigators to reconstruct everything that

happened over that period of time; in other words, they tell

a life story.

As its promoters themselves expressly stated, ICHD-II is

a classification of headache attacks: a very important,

useful and worthy classification, but certainly not

applicable to CDH without artificial and unprofitable

adjustments.

ICHD-II provides a snapshot of headache: for CM,

CTTH and MOH this snapshot focuses on the last 3 months

of the disease and neglects all that happened before. But we

know that all that happened before is a story of many years.

By contrast, what happened in the last 3 months is often

not indicative, because it may have been influenced by a

number of comorbid conditions, primarily but not only

psychiatric, and by the use or abuse of medication.

In CDH, at center stage there must be the patient with all

his/her life history: one final snapshot will not tell us much

and sometimes what it does tell us may be misleading.

The 1988 classification of the International Headache

Society (IHS) [4] did not pay any attention to the CDH

issue. In response to criticism raised from various parts in

the following years, the 2004 ICHD-II [5] tried to remedy

this omission by including CM in the migraine group using

diagnostic criteria that were soon to be revised [8].

As set forth in ICHD-II [5], the diagnostic criteria for

CM merely indicate a migraine without aura with a high-

frequency of attacks in the last 3 months. However, this

has nothing to do with patients who come to seek treatment

at headache clinics because they have seen their migraine

transformed for several years into a daily chronic headache.

The diagnostic criteria set forth in the 2006 revision [8]

describe CM as a migraine without aura or a combination

of migraine without aura and tension-type headache

occurring at least 15 days in the past 3 months, with at

least five attacks totaling at least 8 days of migraine [8]

(Table 1). In their current formulation, these criteria cer-

tainly apply to many migraine forms that over time evolve

into TM or CDH, but they can also apply to less severe

forms, including some not so rare forms that may last only

a few months and combine migraine without aura and

episodic tension-type headache. In other words, CM

becomes a hodgepodge that includes three very different

clinical entities: high-frequency migraine without aura, a

combination of migraine without aura and episodic ten-

sion-type headache, and TM. When we consider that a 3-

month history of headache with no medication overuse is

enough to make a diagnosis of CM, then it is easy to

understand that CM is a non-severe form of primary

headache, that TM has come in through the window but

goes out through the door because there is no TM without

medication overuse, and that CDH so frequently seen in

headache clinics and so difficult to treat still lacks an

appropriate nosographic classification.

The problem of CDH—of true CDH—and of its main

subtype, that is migraine evolving over the years into CDH

(no matter that we call it CM or TM) will be solved only if

we are willing to reconsider the time limits for frequency

(number of days in a month) and duration (months or years

Table 2 Current and revised International Headache Society criteria

for medication overuse headache

Current criteria (ICHD-II, 2004) (5)

8.2 Medication overuse headache

A. Headache present on [15 days/month with at least one of

the following characteristics as defined under subforms of 8.2

Ergotamine, Analgesics, Combination medications:

1. bilateral

2. pressing/tightening quality

3. mild or moderate intensity

Triptans:

1. predominantly unilateral

2. pulsating quality

3. moderate or severe intensity

4. aggravated by or causing avoidance of routine physical

activity (e.g. walking or climbing stairs)

5. associated with at least one of the following:

(a) nausea and/or vomiting

(b) photophobia and phonophobia

Opioids: headache characteristics not reported

B. Regular overuse for [3 months of one or more acute/

symptomatic treatment drugs as defined under sub forms of 8.2

1. Ergotamine, triptans, opioids, or combination analgesic

medications on C10

days/month on a regular basis for [3 months

2. Simple analgesics on C15 days/month on a regular basis

for [3 months

C. Headache has developed or markedly worsened during

medication overuse

D. Headache resolves or reverts to its previous pattern within

2 months after discontinuation of overused medication

Revised criteria (2006) (8)

Appendix 8.2 Medication overuse headache

A. Headache present on C15 days/month

B. Regular overuse for [3 months of one or more acute/

symptomatic treatment drugs as defined under sub forms of 8.2

1. Ergotamine, triptans, opioids, or combination analgesic

medications on C10 days/month on a regular basis for [3 months

2. Simple analgesics or any combination of ergotamine,

triptans, analgesics opioids on C15 days/month on a regular basis

for [3 months without overuse of any single class alone

C. Headache has developed or markedly worsened during

medication overuse
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of ‘‘chronicity’’). If we raise those limits, we will no longer

run the risk of including very different therapeutic options

and totally different prognoses under a single umbrella of

severity. We will then avoid a number of dangers, such as

having unreliable epidemiologic data (indicating, for

example, that 3% of the general population suffers from

CDH!) or falsely encouraging therapeutic results.

One thing is patients who for 3 months have had fre-

quent migraine without aura or a combination of migraine

and tension-type headache occurring at least 15 days a

month, or who for 3 months have taken symptomatic

medication 10 days a month. Quite another thing is patients

who, after suffering from migraine without aura for a long

time, have not had a headache-free day for many years now

and every day take one or more symptomatic drugs.

In terms of nosographic classification, the problem of

CDH—of true CDH—and especially CM or TM, will

finally be solved when we develop a classification of

syndromes, or in other words a classification of patients, to

complement such an important and well-designed classifi-

cation of attacks as ICHD-II truly is.

Conclusion

At the beginning of this article, I said that to find an answer

to the title question we needed first to discuss the issue of

CDH. The discussion has necessarily been broad and

extensive, but the answer to the title question will be brief,

because it comes out naturally from the reflections made in

the discussion.

CM and CTTH are surely different clinical entities!

More precisely, true CM—or true TM—and CTTH are two

totally different clinical entities. Patients with migraine that

evolves into CDH have nothing to do with patients with

episodic tension-type headache evolving into CTTH! Nor

can we reasonably expect that a patient with worsening

migraine becomes a CTTH sufferer.

Let me be rude. The question in the title does not make

sense. If we look at the patients that we see in our headache

clinics, this question does not make sense. It does only if

we reason in purely theoretical terms of strict diagnostic

criteria. But these are artificial criteria that put a distance

between us and our patients and unnecessarily raise doubts,

if they are accepted critically.

It is true that over time migraine without aura often loses

some of its distinctive features. For example, nausea and

vomiting are reduced during attacks. It is even more true

that many distinctive features of migraine often disappear

in patients evolving to CDH forms. It is also true, though,

that pain characteristics are heavily affected by intake of

symptomatic medication one or more times a day. All this,

however, is no justification for us to say that CM is the

same thing as CTTH, not even if a strict application of

diagnostic criteria would enable us to.
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SYMPOSIUM

Treatment of chronic migraine with medication overuse:
is drug withdrawal crucial?

Licia Grazzi Æ Frank Andrasik Æ Susanna Usai Æ
Gennaro Bussone

� Springer-Verlag 2009

Abstract Chronic headaches have increasingly become a

focus within the field of head pain. For the most part

patients with frequent headaches eventually overuse their

medications, and if it happens (the percentage is approxi-

mately 4%), the diagnosis of chronic migraine with med-

ication overuse headache is clinically important, because

patients rarely respond to preventive medications whilst

overusing acute medications. Properly treating medication

overuse with adequate strategies is an essential component

for helping these patients to improve and for preventing

relapses. The necessity of withdrawal performed by dif-

ferent treatment schedules, outcomes, and the long-term

durability of treatment are discussed.

Keywords Chronic headache �
Medication overuse headache � Withdrawal protocols

Clinical considerations

Epidemiological studies indicate that chronic headache is

common with prevalence estimates ranging between 2 and

5%. The prevalence of chronic headache associated with

medication overuse is about 4% [1].

In particular medication overuse is a major health

problem all over the world, considering the potential

secondary effects of chronic drug overuse on different

organ systems (kidney, liver, etc.) and its significant

increase in the last 15 years reflects the importance of this

problematic condition.

Although the IHS classification offers explicit criteria

[2], the diagnosis of chronic forms of headache does not

require any specific examination that is needed only to

exclude a symptomatic origin of chronic headache.

The headache is daily or nearly daily, it may change in

intensity, type and location from time to time. A patient’s

intake of symptomatic medication is daily or nearly daily

and concomitant prophylactic treatment is typically inef-

fective while patients are taking excessive amounts of

symptomatic medications [1].

Emerging evidence shows that a number of behavioural/

psychological risk factors are associated with progression

of headache from episodic to chronic and daily and that

psychological distress may play an even greater role in the

transformation and chronicity of headache than does

analgesic overuse or abuse. The identification of these

psychological variables is a key component for establishing

the adequate treatment regimen for these patients and it can

also be of value in developing more specific treatment

strategies [1–3].

Education is necessary for healthcare providers who

treat patients suffering from headache and also the selec-

tion of different and specific therapeutic strategies which

can help these patients to return at the original migraine

pattern and to stop the medication overuse.

Is withdrawal crucial for these patients?

Patients with chronic headaches and medication overuse

are particularly difficult to treat and, although several
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studies have been published about chronic headaches and

medication overuse, it is difficult to make comparative

statements [1, 3].

Also, there are few investigations examining the nat-

ural course of chronic headaches with medication over-

use. One of the most important points is: is drug

withdrawal the most appropriate and effective first step

to manage chronic headaches with medication overuse?

And if yes, which are the adequate modalities for doing

an effective withdrawal?

Many recent clinical experiences and reviews promote

withdrawal of medication used to treat acute episodes of

headache; moreover, it is under discussion which can be

the best modality to perform the withdrawal itself.

In fact drug withdrawal strategies vary: no clear con-

sensus exists on the best strategy, so in the most part of

the studies, clinical experiences with different kinds of

approach are discussed and compared.

The necessity of withdrawal is commonly accepted by

the authors, and it has been largely confirmed in the last

reports.

In a recent study a comparison of the outcome between

two groups of patients has been conducted: the first group

was treated by inpatient withdrawal, while the second

group did not receive any treatment to stop the overuse. In

the first group the percentage of patients whose chronic

headaches became less frequent or episodic after one year

was 70.7% and in the second group was 15.3% [4].

Nevertheless isolated clinical experiences show that

pharmacological prophylaxis can be given without any

withdrawal [5, 6].

In our clinical experience at the Neurological Institute

‘‘C. Besta’’ in Milan, the withdrawal is encouraged and the

programme, which can vary in strategy and modality,

always includes a complete explanation to the patients

about the problem; also it is necessary to select with

patients the best solution for their withdrawal, according to

their characteristics, motivation to stop analgesics and

compliance and finally to reinforce and to support the

patients towards the goals from the beginning to the end of

the therapeutic program [7, 8].

Where patients show a good compliance and motivation

to stop analgesics misuse, this can help them to consider

carefully the serious consequences derived from analgesics

consumption, to identify the problems at the origin of the

chronification process and to be adequately educated,

supported and helped to strongly go towards the goals and

to stop quickly the drug overuse.

The withdrawal is essential for giving patients the per-

fect consciousness of the problem, to be enforced to resolve

it for ameliorating their clinical situation and this may be

independent from the modalities by which the withdrawal

is performed.

Withdrawal strategies: one or more?

Drug withdrawal strategies can be different.

Abrupt withdrawal seems to be the most appropriate

modality for stopping analgesics overuse. Some clinical

experiences use a progressive interruption of medication

overused, but this is necessary only for analgesics con-

taining barbiturates: in this case in fact the abrupt inter-

ruption can favour seizure or other neurological symptoms

[7].

The different modalities include: in-patient withdrawal,

out-patient withdrawal or withdrawal in a day hospital

setting.

Until now the in-patient withdrawal seems the most

helpful and employed method: the patients can be carefully

followed and monitored all day long and supported during

the therapy programme [7, 9, 10].

Inpatient therapy is necessary for patients who take

barbiturates, (as seizures or hallucinations, although rare,

are observed as a consequence of barbiturates overuse) and

for those who are not able to stop taking medications as

outpatients or those with high levels of depression.

The typical withdrawal symptoms last 2–10 days [mean

3–5 days] and include withdrawal headache, nausea,

vomiting, hypotension, tachycardia, sleep disturbances and

anxiety. Patients often show signs of physical and emo-

tional dependence and some form of psychological

involvement.

These symptoms are less severe for patients overusing

triptans.

Treatment components for the acute phase of drug

withdrawal vary considerably between studies. They gen-

erally include fluid replacement, analgesics when strictly

necessary for severe rebound headache, tranquillisers,

sometimes neuroleptics and steroids and antiemetic drugs.

Steroids effectively reduce withdrawal symptoms,

including rebound headache. The use of steroids for help-

ing patients during withdrawal has been largely debated:

different clinical experiences support the use of steroids for

ameliorating and better managing the symptoms induced

from the withdrawal during the first phase of it [7, 11].

In our clinical practice the intensity of the rebound

symptoms is less evident by using steroids and patients

control much better their pain and the vegetative symptoms

of the rebound [7].

Besides, withdrawal headache can be treated with non-

steroidal antiinflammatory drugs as in some cases, intra-

venous dihydroergotamine or subcutaneous sumatriptan or,

in some patients, anxiolitics [12, 13].

Patients need to be supported and encouraged by the

physician, nurses, allied health care providers, and family

members to follow the instructions carefully to stop the

vicious cycle between medication overuse and headache
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increase in order to be effectively treated by prophylactic

agents for migraine after discharge. It is necessary to

follow the patients for an extended period of time with

specific therapies for avoiding the risk of relapsing to

former medication overuse.

Some clinical experiences support the hypothesis that an

out-patient treatment can be helpful in particular patients

who [14, 15] take a single drug or analgesic not containing

barbiturates, or in patients motivated, self-disciplined, and

who do not have a high level of depression or anxiety. To

follow patients is necessary by phone calls to monitor

clinical situation.

Another helpful alternative can be withdrawal within a

day hospital setting. This approach, effective in motivated

and self-disciplined patients, gives them the possibility to

stay in the hospital for 5–6 h during the infusion therapy,

and to stay at home (or at a local motel) for the last part of

the day and during the night. In this case too, instructions

have to be clear so that the patients avoid using medica-

tions for the rebound headache during the time they spend

at home. Pini [16] and Grazzi [17] showed encouraging

results, also if in the first case the follow-up period was too

short (4 months); in the second report instead the follow-up

was pretty longer (1 year) to encourage this kind of

withdrawal.

After the acute phase of the withdrawal therapy is

completed, a prophylaxis for migraine or tension-type

headache can be started. The clinical, physical and psy-

chological characteristics of the individual and the

comorbid situations that are present (hypertension,

depression, anxiety, tachycardia, sleep disturbances, obes-

ity and so on) need consideration when designing

treatment.

Proper instructions and appropriate surveillance are

necessary in order to avoid relapse. In particular patients

who suffer from migraine and tension-type headache have

to be instructed to use antimigraine agents only for a severe

attack.

Adequate time has to be dedicated to encourage patients

to follow the instructions carefully in order to obtain the

best clinical results from the withdrawal and the sub-

sequent prophylactic therapy.

The headache diary is important to record attacks and

medications consumed.

Also several follow-up appointments at regular intervals

are necessary to monitor the clinical course.

The possibility to use behavioural approaches can be

considered as these treatments are very helpful for patients

and some encouraging results have been obtained during

follow-up in terms of avoiding relapses in medication

overuse [18].

Behavioural techniques, such as relaxation therapies and

stress management, should be started as soon as possible

after the acute withdrawal phase to increase the efficacy of

any prophylaxis and to encourage and teach patients to

manage the pain and the stressful events which often

induce or increase the migraine episodes. Grazzi et al. have

shown that the addition of behavioural treatment can

enhance outcome over drug treatment alone, with respect

to both symptom reduction and relapse prevention [18].

Criteria for determining success of withdrawal therapy

have varied across studies. It has been suggested that

success can be defined as no headache at all or an

improvement of more than 50% in terms of headache

days.

In the outcome studies that have been completed,

follow-up intervals have varied considerably. Several

studies have reported outcomes for periods of 12 months or

less. All of these studies show that this category of patients

requires intensive treatment and a careful analysis of their

clinical condition for obtaining significant clinical

improvement and significant decrease in analgesic con-

sumption [10, 18, 19].

In particular at the 1 year follow-up of patients treated

by an inpatient programme, Monzon [20] found 55% of

patients recorded significant clinical improvement ranging

26–30%.

On the other side the follow-up periods have been fairly

brief for adequately assessing the risk of relapse and new

chronicity. Recently other authors have been able to con-

duct studies with longer term follow-up in order to provide

a more thorough analysis of relapse and clinical course

[21, 22].

Our group too showed results at the 5 year follow-up for

a group of patients after an inpatient withdrawal pro-

gramme. A significant clinical improvement with a sig-

nificant decrease in the amount of analgesic consumption

was recorded and maintained with a low percentage of

relapses [23].

Also significant results were obtained at the 1 year fol-

low-up in a group of patients after a withdrawal performed

in a day hospital setting [17].

In all these papers, a part from the clinical results, it

emerges that patients have greater risk of relapsing within

the first 12 months after withdrawal, and they have a

decreased risk of relapsing if they have avoided medication

overuse for 12 months after withdrawal therapy.

Although the findings concerning the clinical results

after withdrawal are highly encouraging, with a long fol-

low-up period, they are by no means definitive. The major

limitation is the absence of a control or comparison con-

dition. On the basis of these reports, comparative outcome

investigations, incorporating appropriate control and/or

comparison conditions, appear warranted. Also if from our

results we can confirm that withdrawal remains an effective

procedure for these patients.
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Concluding remarks

Patients with medication overuse headache are particularly

difficult to treat. No clear consensus exists about treatment

strategies to be used also if it seems largely confirmed that

the withdrawal has to be the first step for managing these

patients. Notable improvement both in headache parame-

ters and analgesics consumption can occur coincident with

withdrawal treatment independently from the modality.

Future studies need to incorporate improved methodologies

in order to provide firmer conclusions about patient treat-

ment interactions.
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Non-pharmacological approaches to treating chronic migraine
with medication overuse
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Abstract Medication overuse headache (MOH) is now

recognized as a biobehavioral disorder, a condition wherein

emotion and pain are intermingled. This review discusses

the steps to consider when treating this condition. The first

step involves educating patients about MOH and the

pathways to chronicity. The second step concerns working

with patients to identify risk factors and behaviors that are

present and contributing to the condition. The final step

involves behavioral intervention. Examples for accom-

plishing each step are provided.

Keywords Non-pharmacological treatment �
Chronic migraine with medication overuse �
Medication overuse headache

Introduction

We began our research with chronic migraine complicated

by excessive medication consumption in the late 90s.

Noting even at that time the relative poor response that

occurred when using pharmacological treatment alone led

us to design a rather straightforward comparison of drug

treatment alone to drug treatment combined with a very

basic behavioral treatment (a relatively short course of

biofeedback, accompanied by brief training in progressive

muscle relaxation training) [1]. All patients underwent a

brief structured in-hospital drug withdrawal program and

were immediately placed on a course of appropriate pro-

phylactic medication. Some began the behavioral treatment

while still on the inpatient unit, and continued to receive

this additional treatment for a total of 8 weeks. Not

knowing fully what to expect we decided to follow these

patients prospectively for a minimum of several years. At

the early followup evaluations we were pleased to note

significant improvement for both conditions, such that the

levels of improvement were indistinguishable statistically.

However, between the 1-year and 3-year followup, a most

interesting finding emerged. The group of patients receiv-

ing behavioral treatment in addition to medication treat-

ment continued to hold their ground. In fact, they even

obtained further gains. The individuals that received

medication alone began to lose some ground, such that they

now were statistically less improved when compared to the

combination condition. Perhaps the most striking finding at

3 years is illustrated by the percentage of patients receiving

medication alone who had relapsed in the intervening

period (see Fig. 1). Obviously, something significant was

occurring in the combination condition, but we had not

thought to collect the ancillary data that would allow us to

determine precisely what was going on in the years that

intervened between years 1 and 3 of followup (or even if

events that intervened were sufficiently different for the

two groups and that this might be playing a part in

accounting for the findings). Continuing to work with these

difficult patients has given us new insights into their
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dynamics and needs. In a separate paper in this special

series [2] and elsewhere [3] we discuss some of the lessons

learned regarding optimal ways to address the medication

and medical needs of these patients. In the present paper

we focus on the aspect that is all too often overlooked when

treating chronic forms of headache accompanied by med-

ication overuse—the cognitive and behavioral influences

and determinants.

We and others have come to realize that medication

overuse headache (MOH) is clearly a biobehavioral dis-

order. [4] As Saper et al. [4] have articulated so well, MOH

is much more than a painful condition residing in receptor

physiology; it is more aptly recognized as a condition

wherein emotion and pain are intermingled. Lake [5]

subsequently identified the basic psychological issues that

can be key contributors to MOH:

– A belief that medication is the only treatment option

– The presence of ‘‘cephalagiaphobia’’ or pain panic

(anticipatory fear of pain)

– Intolerance or difficulty dealing with pain

– Soporophilia (seeking sedation)

– The need to continue to function, outside pressures

– The presence of psychiatric comorbidities (Axis I and

II on the DSM-IV)

Consider for a moment how the dynamics inherent in the

above issues might come to bear. Take the case of the

migraine patient whose headache attacks initially are

infrequent and are effectively controlled by an abortive

medication when taken in a timely manner. However,

further suppose that when the abortive agent is not taken

early, an extremely intense, debilitating headache results.

This perhaps may plant the seed for a belief that medica-

tion is, if not the only solution, it is certainly the preferred

solution. It is not a stretch to understand how the migrai-

neur might begin an over focus on symptoms or sensations

that may be suggestive of an impending migraine and begin

further to anticipate (and fear and dread) attack onset. As

Saper et al. [4] point out, it is more than a coincidence that

the drugs most often overused have strong anxiolytic and/

or sedating effects. Finally, assume it is Friday afternoon

and the patient has a ‘‘must attend’’ function that night.

Taking stock the patient notes peculiar physiological

sensations and initial feelings of anxiety. Not wanting to

take a chance, the abortive and/or analgesic medication is

now taken as a prophylaxis. One does not have to imagine

many such events need occur before MOH rears its ugly

head.

Of course, this is just one scenario. Bigal and Lipton [6]

provide insights into other pathways to chronicity that

often interact with MOH. In their treatise, they distinguish

between risk factors that are non-remediable (gender, age,

socioeconomic status, head injury) and those that are

potentially remediable. These modifiable risk factors con-

sist of headache frequency, obesity, medication overuse

(the focus of this review), caffeine, snoring/sleep apnea,

depression, and stressful life events, all of which are sub-

ject to behavioral as well as medical/pharmacological

modification. Patients may not at first blush be open to

discussion of these factors. Using open-ended questions [7]

(as opposed to close-ended questions) and applying the

‘‘Ask-Tell-Ask’’ strategy [8], which is based on the theory

that education requires determining what the patient

already knows and believes and then building on that

knowledge, can lead to more effective communication and

better identification of problem areas [9–12].

Considering the above, what behavioral actions are

suggested? The first is educating patients about MOH and

the pathways to chronicity. Second, and of equal impor-

tance, is working with the patient to identify risk factors

and behaviors that are present and contributing to the

condition. The third and most difficult action is behavioral

intervention.

Patient education

Patient education is exceeding important, because, in the

final analysis, the patient is the one who decides which

attacks to treat, when to treat, how to treat, and what if any

behavioral or lifestyle changes are attempted [13]. A

number of studies have documented the value of intensive

patient education, not just for facilitating reductions in pain

parameters, but also for obtaining meaningful improve-

ments in functional status and quality of life, decreases in

depression, and reduced use of medical services [14–17]. It

is well known that patients do not always hear the message

that is spoken to them. Rains et al. [18] provide the fol-

lowing suggestions for maximizing the value of patient

education:

Fig. 1 Percentage of patients relapsing to overuse of medication at

the 3-year followup evaluation. Data extracted from Grazzi et al. [1]
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1. Limit discussion to a maximum of four topics.

2. Use simple, everyday language, and model or demon-

strate when possible.

3. Provide supplemental written material.

4. Involve family members and/or significant others.

5. Ask patients to restate key information back to you.

6. Repeat and reinforce key concepts.

Asking patients to repeat back what has been said to

them can be especially useful, as it helps identify concepts

that have not been grasped and warrant further mention and

concepts that have been misunderstood and need correc-

tion. It might seem a simple matter for patients to under-

stand how to self-administer abortive medications, but

many do not do so properly. Improper timing may be one

of the factors leading to overuse. Specific, detailed edu-

cation can significantly improve self-dosing and effec-

tiveness [19].

Motivation to change

Even when fully and properly informed, patients do not

automatically act. Consideration of several behavior

change models provides some insights into why this is so

and suggests ways to motivate patients to act [20–25].

Fundamental to these models is the notion that behavior

change and motivation are based upon three basic

components:

1. The patient’s readiness for change.

2. The patient’s belief that they possess the requisite

skills (self-efficacy).

3. 3. The patient’s belief that application of the skills will

lead to the desired outcome (outcome self-efficacy).

It is seen that knowledge and skills alone are not suffi-

cient. The patient not only must want to change, but the

patient must believe that he or she can make the required

changes and that these changes will lead to the desired

outcomes. Application of the ‘‘transtheoretical model’’ [23]

can aid in understanding a patient’s readiness and moti-

vation for change, while application of the techniques of

‘‘motivational interviewing’’ [24, 25] may be useful in

moving patients to higher stages of action. The transtheo-

retical model categorizes a patient’s readiness and moti-

vation into one of five stages (see Table 1). Movement

among the stages is not always orderly and a patient may

lapse from a higher state to a lower state before resuming

progress. These models prefer the term lapse to relapse to

emphasize that backward movement is not a permanent

state or failure. Motivational interviewing focuses on the

patient’s stage of readiness and explores their beliefs,

concerns, perspective, and ambivalence about behavior

change, and it is an approach that has proven of particular

value in addressing addictive behaviors. The therapist

seeks to help the patient realize the importance of change,

while maintaining an empathic, supportive, nonjudgmental

stance. Motivation for change is enhanced when patients

are helped to examine the pros and cons of change and

arrive at decisions themselves (as opposed to being passive

recipients of instructions for the therapist).

Risk factors and behavioral intervention

The list of behavioral interventions is extensive and

selection of techniques is guided by history and presence of

risk factors. Cognitive behavioral stress coping training,

biofeedback, and assorted relaxation treatments have been

used extensively and require no further discussion at this

point (see Buse and Andrasik [26], Andrasik [27], and

Nestoriuc et al. [28]). Given the heightened presence of

comorbid psychiatric conditions among migraineurs

(depression, anxiety, social phobia, panic disorder, bipolar

disorder, and suicide attempts) [e.g., [29–31]], screening,

assessment, referral, and education about these common

comorbidities need careful consideration. Maizels et al.

[32] provide a review of brief screening instruments useful

for assessing presence of depression and anxiety. Infor-

mation obtained from these instruments can be reviewed

with the patient. This may facilitate discussion about

areas of concern and further inform treatment decisions,

which may point to the need for a multimodal treatment.

Smitherman et al. [33] suggest a number of very practical

strategies for assisting patients with the comorbid condi-

tions of depression and anxiety, the psychiatric conditions

seen most often. A number of the strategies they identify

apply equally, and some are specific to the co-presenting

Table 1 The five stages of the transtheoretical model (adapted from

Prochaska et al. [23])

Stage Description

1. Precontemplation Patient not thinking about change, does not

recognize the need for change or

acknowledge that a problem exists

2. Contemplation Patient recognizes the need for change or that

a problem exists, begins to think about

change, may even be developing a plan,

but no action is being taken

3. Preparation Patient has researched, consulted, and

developed a plan, may being making minor

changes/actions

4. Action Patient is actively engaged in behavior

change or new actions

5. Maintenance Patient continues plan and behaviors

necessary to maintain changes
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condition. Their suggestions are reproduced in Table 2.

Further information about addressing comorbid conditions

may be found in Lake [5], Buse and Andrasik [26],

Smitherman et al. [33], and Lipchik et al. [34].

Summary

Lake [4] provides a succinct summary of the benefits to be

gained from incorporating behavioral treatments with

medication management when treating MOH. Although

behavioral treatments rarely provide the quick relief that

can occur with medication, patients undergoing behavioral

treatments:

‘‘…learn to restructure their cognitive approach to

pain, in essence learning how to tolerate discomfort,

reduce pain-related emotional distress, stop the

overly frequent pharmacological preemptive treat-

ment of an impending headache, and reduce limbic

escalation of the pain experience. If reinforced and

maintained over time, these learned behaviors can

help reduce the likelihood of overusing pain medi-

cation and MOH relapse.’’ (page S95)
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Abstract Patients with chronic migraine headaches

complicated by medication overuse (MO) present some of

the most difficult treatment challenges for headache practi-

tioners. Recent research has identified a variety of risk fac-

tors (including MO) that appear to be associated with the

escalation of the frequency and severity of migraine head-

ache. Management of such patients with medication overuse

headaches (MOH) may become more problematic due to co-

morbid psychiatric issues common with migraine patients

and the patient’s reluctance to limit/eliminate ‘‘overused’’

abortive medications. Medication adherence becomes an

important treatment concern. The present article will high-

light treatment issues that must be considered in the assess-

ment and treatment of patients with chronic migraine and

MOH. Case examples will be offered to illustrate the process

of the implementation of these strategies.

Keywords Medication overuse headache �
Chronic migraine

Introduction

The clinical presentation of headaches (especially

migraine) is highly prevalent [1, 2] and affects not only

individual patients (and their families) [3], but also, society

at large. Social and economic systems suffer from the

direct and indirect costs of disability due to headaches

[4, 5]. Population-based studies have shown that most

patients with migraine (1) fail to seek medical care for their

headaches, (2) nearly half never receive a headache diag-

nosis, and (3) their headaches are sub-optimally treated [6].

Such findings are especially problematic as migraine

headache may represent a progressive disorder in that

episodic migraine sufferers develop transformed migraine

at the rate of 2.5% per year [7].

Data from a specialized headache center in Germany [8]

found that 14% of 450 episodic migraine patients developed

chronic migraine headache (CM) within 1 year. Relative to

episodic migraine patients, CM populations have been found

to have higher rates of a variety of co-morbid conditions

(psychiatric disorders, pain states, respiratory illness, and

disease associated with cardiac risk) [9]; greater polyphar-

macy and social impediments [10]; and post-traumatic stress

disorder [11]. In a recent review [12], it was noted that as the

frequency of headache increases, patients will often increase

consumption of acute headache medications which para-

doxically causes ‘‘rebound headaches’’ and leads to chronic

medication overuse headache (MOH) [13, 14].

The prevalence of MOH in North America, Europe, and

Asia has been estimated to be 1–2% [14–16]. It was found

that the percentage of patients with probable MOH at a

North American headache center had remained relatively

stable over the past several years (ranging from 64% in

1990 to 59.3% in 2005) [17]. One caution in the estimate of

prevalence of MOH at any point in time is that there is a

high rate of recidivism for patients despite appropriate

treatment [18] which contributes to fluctuation of the

number of cases in the population.

Assessment

Medication overuse headache occurs when usually effec-

tive abortive agents become ‘‘overused’’, and their
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consumption leads to decreased efficacy regarding head-

ache relief. This could lead to a rebound phenomenon in

which the use of abortive agents paradoxically increases

the frequency and severity of head pain. Numerous studies

have noted the need to eliminate these agents from the

patient’s treatment as ongoing ‘‘overuse’’ negatively

impacts both pharmacological and nonpharmacological

interventions [19, 20].

When evaluating patients and formulating a treatment

strategy, a careful medication history is important. It is

important to assess not only what medications the patient

takes (both prescription and over-the-counter prepara-

tions), but also, at what point in the pain process that the

patient medicates. Many patients medicate in the antici-

pation of pain escalation which leads to increased (and

possibly unnecessary) medication consumption. Other

patients fail to take their migraine medication early in the

headache process which minimizes the likelihood of

becoming pain-free, increases the duration of the head-

ache, and ultimately, leads to the use of more abortive

medication.

Treatment

An essential component to the treatment of MOH is the

withdrawal of the ‘‘overused’’ medication [21]. Such

strategies involve effective communication with the patient

about the discontinuation/detox schedule regarding the

offending agent [12]. Education regarding the ‘‘washout

period’’ (the period of time that it may take the patient to

experience significant improvement) is critical. Treatment

typically takes place on an outpatient basis if patients have

a relatively short period of MO, use only one or two sub-

stances at low doses, have adequate support systems, and

are highly motivated [22]. Patients with more complicated

medication regimens and greater medical/psychiatric

co-morbidities may require inpatient treatment.

Headache calendars or diaries are necessary to docu-

ment adequately the patient’s treatment progress. Such

documentation should include the detox schedule and the

doses/frequency/limits of medication allowed. Appropriate

preventive medications should be started. Patients may

need to be seen frequently early in the treatment process of

MOH in order to assist them during the ‘‘washout period’’.

In addition to the above medication strategies, non-

pharmacological treatment is also indicated [12]. The

combination of both pharmacological and nonpharmaco-

logical treatment has been shown to be superior to each

individually [23] and appears to maximize long-term

therapeutic benefit in MOH patients [24]. In addition,

effective non-pharmacological strategies help to ensure

pharmacological treatment compliance (which has been

shown to be a significant problem with headache patients)

[25, 26].

What follows are four clinical cases that illustrate some

of the issues to consider in the treatment of migraine

patients with MOH. Specific treatment strategies will be

proposed.

Clinical cases

Case 1

A 33-year-old female noted an increasing frequency of

migraine over the past year. Attack frequency had gone

from two to eight migraines each month leading to 20

headache days per month. Attacks were associated with

greater disability as her usually effective triptan offered

less and less efficacy, and she had increased its use to over

15 days per month. She noted increased stress at work,

trouble falling asleep, lethargy in the morning, and

increased caffeine use during the day (‘‘to help me stay

alert’’). She had not seen her physician in over a year as ‘‘I

can’t take time off’’. In addition, she noted that she had

gained 10 pounds over the past year as she had no time to

exercise (as she had done in the past).

It is essential to recognize and treat risk factors for

headache progression when they become apparent. A

variety of ‘‘modifiable’’ risk factors have been identified

regarding headache progression in migraine patients [27].

These include increase in attack frequency, obesity, MO,

stressful life events, caffeine overuse, and snoring/sleep

apnea. Even though this patient is not experiencing daily

headaches, aggressive treatment is warranted to prevent

further headache progression.

The patient must be educated as to the concept of MOH,

and she would be required to reduce her triptan usage and

caffeine consumption. This could involve the use of a

medication ‘‘bridge therapy’’ to help in the reduction. It

would be advisable to reduce headache attack frequency by

the use of preventive medication [28] especially one that

could facilitate sleep. Behavioral treatment should be

implemented to target (1) pain control during the ‘‘washout

period’’ of the abortive medication reduction, (2) issues of

sleep disturbance, (3) stress management regarding work

issues, and (4) weight reduction and increased exercise

[29].

Case 2

A 45-year-old male noted that his migraine frequency had

increased from one to ten severe attacks per month with a

mild, ‘‘background headache’’ each day. The frequency

had escalated over the past 5 months. The efficacy of his
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triptan had been less, and he was taking it 4 days each

week. In addition, he had post-traumatic ‘‘back pain’’ 8

months ago that was treated with an opioid. His back pain

subsided after 1 month and, as his headaches increased, he

began to take the opioid 2 or 3 days per week for his

migraine (‘‘it works though I have to take it more fre-

quently now and more of it’’). He returned to his headache

physician because he had no refills on the opioid.

The use of pain medication has long been frowned

upon for the treatment of migraine headache. A recent,

population-based study [30] found that the use of bar-

biturates or opiates led to an increased risk of developing

transformed migraine. Such data were consistent with

earlier clinic-based studies in which migraine patients

treated with opioids for other biological or pain issues

were likely to develop transformed migraine [31–33].

Hence, extreme caution should be the rule in the use of

opioids or butalbital agents in migraine patients even for

other issues.

In the present case, education is essential regarding the

need to decrease and eliminate his opiod use and to

decrease his triptan consumption. ‘‘Bridge therapy’’ and the

use of preventive medications would likely be necessary.

Frequent physician contact and/or nonpharmacological

pain management treatment would be helpful to ensure

medication compliance. The use of headache calendars is

important with such patients.

Case 3

A 33-year-old female experienced a significant increase in

her migraines over the past year. Her attack frequency had

increased from six times a year to 8 days per month of

severe to incapacitating headache associated with daily,

mild to moderate head pain. She had seen a physician 18

months previously who had diagnosed her as having

intermittent migraine and prescribed a triptan for her

attacks. She took the triptan on two occasions and had total

relief. A family member told her that ‘‘triptans are ‘strong

medicines’ and shouldn’t be taken’’. She went back to

using two over the counter analgesics for her migraines and

increased the usage as attack frequency increased and she

had little relief. Presently, she was taking two tablets three

times each day.

She returned to her physician. Neurological exam and

studies were negative, and she had no other neurological

symptoms other than daily headaches. The patient was told

that she had chronic migraine and MOH. She was educated

that she would have to discontinue her analgesics, and a

preventive medication was recommended to reduce

migraine frequency. The patient refused the preventive

medication because she was concerned about the possi-

bility of side-effects.

As noted above, there are significant problems with

respect to non-adherence to pharmacological treatment of

headache and other medical disorders [25, 26]. It has been

estimated that up to 40% of headache patients fail to return

for treatment after consultation [34]. With respect to

abortive medications, 70% of patients failed to take

ergotamine correctly [35] and 20% of triptan prescriptions

were never filled [36]. Approximately 25–50% of headache

patients failed to take preventive medication correctly

[37, 38]. It is an unfortunate irony that frequently clinicians

will change treatment course without adequately assessing

medication adherence.

With respect to preventive medication adherence, a

variety of factors have been shown to affect whether

patients take medications as prescribed. Positive factors

include whether the clinician involves the patient in deci-

sion-making, whether the physician takes time to explain

potential side-effects, and whether the physician relates to

the patient published efficacy data [39]. Negative factors

regarding adherence included whether the proposed pre-

ventive medication could cause weight gain or sedation.

In the present case, the patient needs to be educated as to

the process of MOH and the potential negative conse-

quences of daily use of over the counter analgesics. This

risk needs to be weighed (by the patient) relative to a short-

term trial of preventive medication that would likely speed

improvement in head pain. If the patient agreed, pharma-

cotherapy should be simplified, and she should be given a

written schedule of medications. Medication adherence

should be noted on her headache calendars and checked

closely at each visit.

Consequences of noncompliance to pharmacotherapy

include ‘‘treatment failures’’ (including patients who have

their treatment changed without adequate treatment trials);

overuse of analgesic and ‘‘more potent’’ medications in an

attempt to achieve headache relief; and increasingly more

complex pharmacotherapy with the possibility of prob-

lematic drug interactions. For the patient, there is greater

disability and greater disturbance in the performance of life

tasks. For the clinician, there is an increased number of

acute care or emergency department visits and/or more

telephone contacts to the physician’s office.

It has been found that both pharmacological and

behavioral treatments are more effective when utilized

early in the headache process and/or when pain is at a mild

level. Despite the admonitions to medicate early in the

headache process, many patients fail to do so. Delay in

medicating migraine, however, is somewhat of a confusing

treatment variable as it has been found that most migrai-

neurs in tertiary care settings can correctly self-identify a

headache as a migraine [40].

A recent study involving migraine patients [41] found

that 45% of migraine patients delayed treatment beyond
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what was advised. Reasons listed included ‘‘the need to

reserve medications for a more severe headache’’ (51.2%),

‘‘did not have medication on hand’’ (34.9%), ‘‘health plan

limits’’ (27%), ‘‘inability to swallow because of nausea’’

(18.7%), ‘‘not having access to fluid’’ (17.3%), and ‘‘not

having privacy’’ (13.5%). Other research has found that the

tendency to medicate a headache early in the pain process

increases if there are associated symptoms of aura or

photophobia, if the attack occurs during leisure activity, in

the absence of other primary headaches, and when the

patient is consistently instructed to medicate early by their

physician [42].

Case 4

A 30-year-old female with a long-standing history of

migraine, daily use of pain medications, and MOH comes

to you for consultation. She maintains that the only

medications that offer even limited relief contain either

butalbital or opiates. Several attempts at detox have been

short-lived, and the patient typically returns to daily or

near-daily consumption. Triptans offer no relief although

she has not had any extended period free of MO. She notes

daily severe to incapacitating headache and significant

disability. The patient has a prior psychiatric history of

anxiety and depression. She takes anxiolytics in an effort to

‘‘at least have some sort of life’’. Her family is concerned

that she is becoming more despondent and helpless.

Identification of subgroups of patients with MOH has

been shown to predict treatment outcome. One approach

[22] divides MOH patients into two groups—those with

Type 1 or ‘‘simple’’ histories (relatively short-term drug

overuse, relatively modest amounts of overused medica-

tions, minimal psychiatric contribution, and no history of

relapse of after drug withdrawal) vs. those with Type 2

‘‘complex’’ histories (multiple psychiatric co-morbidities

and history of relapse). It is believed that the Type 1 group

should be treated aggressively to prevent evolution into

Type 2 patients. Non-pharmacological treatments are

strongly recommended in addition to appropriate pharma-

cotherapy. It is essential that the Type 2 group have both

pharmacological and non-pharmacological treatments.

There is an impressive literature that notes headache

(especially migraine) is highly comorbid with depression,

anxiety, and bipolar affective disorder [43]. In large scale

population studies, migraine patients were 2.2 to 4.0 times

more likely to have clinical depression [44]. It was found

that the relationship between migraine and depression was

bidirectional (i.e., the presence of either was more likely to

predict the emergence of the other) [45]. Migraine was

found to be comorbid with anxiety disorders as odds ratios

ranged from 3.5 to 5.3 in generalized anxiety disorder and

3.7 with panic disorder [44]. With respect to bipolar

affective disorder, the odds ratios have ranged from 2.9 to

7.3 [44].

The present patient is obviously in the Type 2 group

requiring comprehensive treatment and frequent contact

early on. In addition to appropriate pharmacological, non-

pharmacological/behavioral treatment, psychiatric consul-

tation would be warranted to assist in the management of

this patient. Education is important regarding the discon-

tinuation of her ‘‘pain’’ medications. Strict limits on med-

ications and refills are essential. The patient’s family

should be involved as to maximize the likelihood that this

treatment attempt will not fail (as others have in the past).

Conclusion

Headache patients present with a history of experiences

and expectations that affect both pharmacological and

behavioral treatments. Chronic migraine complicated by

MO is frequently a treatment challenge for the clinician.

Effective treatment begins with establishing a therapeutic

relationship with patients that has an expectation of treat-

ment compliance. Patients must be ‘‘active participants’’ in

the management of their headache disorder. Treatment

goals must be defined behaviorally and objectively.
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Abstract Drug refractory chronic daily headache (CDH)

is a highly disabling condition. CDH is usually regarded as

the negative evolution of chronic migraine (CM) and is

characterized by high prevalence of psychiatric disorders,

especially mood disorders. Vagal nerve stimulation (VNS)

is an established treatment option for selected patients with

medically refractory epilepsy and depression. Neurobio-

logical similarities suggest that VNS could be useful in the

treatment of drug-refractory CM associated with depres-

sion. The aim of the study was to evaluate the efficacy of

VNS in patients suffering from drug-refractory CM and

depressive disorder. We selected four female patients,

mean age 53 (range 43–65 years), suffering from daily

headache and drug-refractory CM. Neurological examina-

tion and neuroradiological investigations were unremark-

able. Exclusion criteria were psychosis, heart and lung

diseases. The preliminary results in our small case series

support a beneficial effect of chronic VNS on both drug-

refractory CM and depression, and suggest this novel

treatment as a valid alternative for this otherwise intrac-

table and highly disabling condition.

Keywords Vagus nerve stimulation � Chronic pain �
Drug resistance � Depression

Introduction

Drug-refractory chronic migraine (CM) is a highly dis-

abling condition, which constitutes a challenge in clinical

practice. This condition is usually complex and is charac-

terized by chronic daily headache (CDH), medication

overuse headache (MOH) with no response to any pre-

ventive medication and is aggravated by depression [1].

This complex condition frequently requires hospitalization

for withdrawal treatment, and relapses are common. Quite

often, these patients develop a bio-behavioral pattern of

dependence from symptomatic drugs (MOH), complicated

by concomitant anxiety and depression, and decreased

physical, mental and social functioning [1]. Migraine is

comorbid with a large spectrum of diseases, from epilepsy

[2] to stroke [3] and, mostly, psychiatric disorders [4]. The

mechanisms through which migraine is transformed in

drug-refractory CM and CDH with MOH are still poorly

understood. Both migraine and depression are recurrent

disorders and can become progressively chronic; in turn,

chronicity induces changes in the underlying neurobiology

of both pain perception and mood, further worsening the

condition. In fact, it is well known that depression plays a

role in the processing and perception of pain, and that

depressed patients are more vulnerable to painful physical

symptoms. A number of risk factors are known to be

associated with the inability to achieve remission of

chronic headache and they include life stress events and/or
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enduring stressors, substance abuse, concurrent severity

and duration of depression. Improvement of depression

associated with chronic headache may improve the chance

to revert the chronic pattern into episodic. Successful

treatment of depression may be important for optimizing

chronic headache treatment outcomes. Vagus nerve stim-

ulation (VNS) is a procedure already available for resistant

epilepsy [5], and it has been recently approved by the US

Food and Drug Administration as an adjunctive treatment

in chronic or recurrent medication-resistant depression [6].

Moreover, in retrospective studies, VNS has been shown to

improve episodic migraine [7]. We applied VNS in four

severely affected patients suffering from drug-refractory

CDH and depression.

Methods, patients’ selection and surgical procedures

for VNS

Patients suffering from drug-refractory CDH and depres-

sion for at least 2 years were selected. They had a history

of medication overuse and several hospitalizations for

withdrawal treatment despite adequate trials of all pre-

ventive treatments for migraine headache and depression

suggested by current guidelines (exception made for those

otherwise contraindicated), used alone or in combination.

Furthermore, a main selection criterion for the surgical

procedures was the severity of disability with significant

impact on quality of life. Finally, in order to be selected,

patients had to undergo regular follow-up at our Headache

Centre for at least 1 year before surgery in order to attain a

deep knowledge of the patient and verify both the consis-

tency of reported high frequency of headache—daily or

most days—and the patient’s compliance, not only to the

pharmacological treatment but also to report about anal-

gesics intakes [8]. Exclusion criteria were psychosis, heart

and lung diseases. Under these conditions, patients were

implanted on a compassionate ground, after they gave an

informed consent. They were assessed with the following

procedures:

• full medical evaluation and brain MRI to exclude

secondary headache forms;

• Structured Clinical Interview for DSM-IV (SCID) for

Axis I diagnosis conducted by a psychiatrist;

• MIDAS questionnaire for headache disability;

• Hamilton Rating Scale for Depression (HRSD28).

Patients were asked to complete the daily headache

diary reporting symptomatic intakes in the 6 months before

and after ongoing surgery. Follow-up examinations were

scheduled every 2 weeks for the first month, then monthly.

VNS consists of a subcutaneous pulse generator

(Cyberonics�) implanted typically in the left chest wall

connected by a wire to the bipolar lead wrapped around the

left cervical vagus nerve. The initial stimulation parameters

consisted of 30 Hz frequency, 500 ms pulse width with

trains of 30 s in duration and stimulation intervals of 5 m.

Current was titrated by step of 0.25 mA every 15–30 days

to the maximally tolerated level, between 1 and 2.25 mA in

our case series.

Results

Four patients fulfilled selection criteria. They received full

information about the procedure and gave their written

informed consent. The VNS devices were implanted

between December 2007 and July 2008. None reported

post-surgical adverse effects. VNS was well tolerated; in

the early stage of stimulation, mild disturbances related to

the current were felt. These included voice alteration or

hoarses, dyspnea, cough. Only in one case (case 4), it has

been necessary to decrease the output intensity from 1.5 to

1.25 mA because of intolerance.

Case 1

A 43-year-old Spanish female, victim of a dog’s aggression

at the face in 1999, developed a post-traumatic stress dis-

order and was hospitalized several times and intensively

followed in psychiatry for 18 months. At the same time,

she started to suffer severe migraine attacks, treated with

cafergot and paracetamol, and transformed in a couple of

years into a CDH with medication overuse. After having

moved to Italy in 2001, she was hospitalized in a Headache

Centre for a withdrawal treatment. Later, she underwent

several prophylaxes without improvement, with increasing

disability up to the work retirement in 2004. Headache was

persistent, on a daily base, but the severity was decreased.

In 2007, she suffered from a major depressive episode that

precipitated, furthermore, the severity of headache exac-

erbations, especially during sleep time, and was treated

with both sumatriptan 6 mg and paracetamol, avoiding

NSAID because of gastritis. Finally, she passed further

detoxification treatment in our Headache Centre in 2007.

On the evidence of total refractoriness to pharmacological

treatment of both headache and depression, on July 2008,

she underwent implantation of VNS device. Just before the

implantation, she stopped topiramate 100 mg because of no

effect and continued taking sertraline 100 mg with olan-

zapine 5 mg. MIDAS was 100 with 86 number of headache

days in last 3 months, the average intensity of headache

VAS was 7.

She improved starting from the very beginning, with

only seven abortive medication on the first month. At

14-month follow-up, she reports a mean of two to three
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migraine attacks per month in menstrual period, and was

responsive to sumatriptan 100 mg (1 tablet). Mood also

improved greatly and she has started a new commercial

activity. Sertraline has been reduced to 50 mg, while

olanzapine was stopped. In the meantime, because of mild

hypertension, she was started with ramipril 2.5 mg. VNS

parameters are 1.5 mA, 30 Hz, 500 ms.

Case 2

A 47-year-old woman presented with chronic migraine in

the last 4 years. She had experienced typical menstrual

migraine since teenage. After delivery, at 22, her migraine

gradually worsened, with severe menstrual status

migrainous refractory to acute treatment. Since 2005, she

has been hospitalized twice for MOH (indomethacin, ele-

triptan: about 50 doses/month, plus benzodiazepin), while

several prophylactic treatments failed to control migraine

and comorbid anxiety and mood disorder: dihydroergota-

mine, amitriptyline, propranolol, verapamil, lobivolol,

venlafaxine, topiramate 100/day, and finally valproate 900/

day plus trazodone 75 mg. She has always been anxious,

but in the last 3 years she became depressed because of

frequent headache increasingly disabling with forced work

days loss, on average 10 days/month. A further detoxifi-

cation treatment in June 2007, without stable clinical

improvement, has led to the VNS implantation in

December 2007. After the first month, she had still 21

headache days, with 43 abortive drug intakes. Headache

improved starting from the second month and after

6 months she was satisfied with only two perimenstrual

migraine attacks per month. The response to symptomatic

treatment was faster and complete. She did not lose more

work days. Anxiety and panic states became very mild,

while depressive mood improved. VNS parameters are

2.25 mA, 30 Hz, 500 ms, well tolerated together with

sertraline 100 mg/day and clonazepam 3 mg/day.

Case 3

A 49-year-old woman with a history of menstrual migraine,

in 2000, has developed persistent facial pain on left side

after an accidental domestic facial trauma with fractures of

the orbital bone. After 2 years, she had retired from work

because of persistent pain and medication overuse. She has

been treated with CBZ 600/day, percutaneous microcom-

pression of left-Gasser Ganglion, gabapentin, topiramate

300/day, lamotrigine 100/day, diazepam ? aloperidhol,

olanzapine 10 mg/day, paroxetine 20 mg/day, codeine

60 mg 9 3/day, gamma-knife radiosurgery on left V and

further anesthetic blocks, without any benefit. Then, amy-

triptiline 150 mg with clonazepam 6 mg/day, pregabalin

600/day and oxcarbazepine 1200/day and phenobarbital,

mirtazapine 30 mg, trazodone 75 mg have been tried. She

has been hospitalized twice in our centre. She is totally

disabled and spends all the time at home, using tramadol

200 mg/day up to 600/day or paracetamol ? codeine 6–8

tablets per day. The mood is severely compromised. She

appears resigned, aphatic, claims and declares feelings of

anger.

On May 2008, she was implanted with VNS device.

Following the VNS implant, although she stated that facial

pain was almost the same as before, she felt better and

more active, with positive feelings such that pain was more

tolerable and she greatly reduced—at least to half—the

amount of symptomatic intakes. After 4 months, her

painful attacks and the symptoms became worse, she used

up to eight analgesic tablets per day together with BDZ

overuse. She returned severely depressed as well. By this

time, she had tried psychotherapy, but she felt worse and

stopped soon. Even the last increase of sertraline to

200 mg/day with lithium 600/day, pregabalin 300/day, had

not led to any improvement. VNS parameters are 2.25 mA,

30 Hz, 500 ms, well tolerated.

Case 4

A 63-year-old woman with a history of CDH, since age

30 started after the second delivery. She used optalidon

(perfenazone ? butalbital) daily: for the first 10 years, one

suppository per day, slowly with increasing intakes up to

eight per day in the last years. She was highly disabled and

severely depressed. At the age 38, she got divorced and at

age 42, she retired from work because of chronic headache;

at the same age, she underwent decompressive ethmoid-

sphenectomy, without pain relief. She has been treated with

propranolol, valproate, topiramate, pizotifen, amitriptyline,

diidergot, mirtazapine, tizanidine, flunarizine, gabapentin,

delorazepam, triazolam and others. Withdrawal treatment

did not produce any improvement. Thus, in July 2008, she

received VNS. Mood improved starting from the second

month, while headache persisted daily. Initially, she was

satisfied with relative resumption of daily activity and

reduction of drug intakes, but 5 months after the implant

the headache worsened again. Voltage had to be decreased

from 1.5 mA to 1.25 mA because of intolerance, and she

was put on sertraline 100 mg/day, amisulpiride 25 mg/day.

Discussion

Our study shows that VNS offers a potential novel

approach to improve drug-refractory CDH associated with

depression. This condition is highly disabling and is a

challenge for headache specialists. VNS has the potential to

modulate and restore normal function in many brain
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regions involved in pain modulation as well as in mood

and behavior. A retrospective study conducted in drug-

refractory epileptic patients with migraine reported an

improvement of migraine consisting of reduction in both

headache frequency and intensity [9]. In the present study,

two patients (50%) improved for both headache and

depression 1–3 months after VNS was started. In drug-

refractory epilepsy, VNS-induced improvement can be

observed as a cumulative long-term effect [10]. Thus, for

the two patients with limited or no improvement, long-term

follow-up, more than 6 months, could be necessary in order

to probe VNS efficacy.

In conclusion, the preliminary results in our small case

series support a beneficial effect of chronic VNS in patients

suffering from drug-refractory CDH and depression, sug-

gesting this novel treatment as a valid alternative for this

otherwise intractable and highly disabling condition.
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Abstract Subjects suffering from migraine with aura

(MwA) present an altered cerebral autoregulation during

migraine attacks. It is still unclear whether MwA sufferers

present a normal autoregulation during attack-free periods.

In this study, we characterized cerebral autoregulation in

the frequency domain by analyzing the spontaneous

oscillations superimposed on the cerebral hemodynamic

signals, as detected by near-infrared spectroscopy (NIRS).

Ten healthy women (age: 38.4 ± 9.5 years) and ten

women suffering from MwA (age: 35.2 ± 10.5 years)

underwent NIRS recording in resting conditions and during

breath-holding (BH). Being the NIRS signals during BH

nonstationary, we used the Choi–Williams time–frequency

distribution to perform spectral analysis. We considered

256 s of signals and quantified the variation in the power of

the very-low frequencies (VLF: 20–40 mHz) and of the

low frequencies (LF: 40–140 mHz) as response to BH.

Results showed that BH increases the power in the LF band

both in healthy and MwA subjects. Considering the signal

of the deoxygenated hemoglobin, the average power

increase in the LF band was equal to 20% ± 15.4% for the

healthy group and significantly lower, 4.8% ± 8.3%, in the

MwA group (Student’s t test, P \ 0.02). No significant

difference was observed in the VLF band or in the oxy-

genated hemoglobin signal power variations of the LF and

VLF bands. The resulting data reveal a possible impair-

ment in the carbon dioxide-regulatory mechanism in MwA

subjects.

Keywords Near-infrared spectroscopy �
Migraine with aura � Cerebral autoregulation �
Time–frequency distributions

Introduction

Over the last few years, there has been a growing interest in

the investigation of cerebral autoregulation of migraine

sufferers. Moreover, particular interest has been devoted to

the cerebral hemodynamic assessment of patients suffering

from migraine with aura (MwA). Even if cerebral auto-

regulation impairment has been observed during MwA

attacks, it is still unclear whether MwA sufferers present a

normal autoregulation during attack-free periods [1].

Cerebral hemodynamics can be effectively characterized

in the frequency domain [2]. Spontaneous oscillations

superimposed on the cerebral hemodynamic signals can be

detected by near-infrared spectroscopy (NIRS). These

oscillations can be subdivided into two frequency bands:

very low frequencies (VLF), also known as B-waves,

ranging from 20 to 40 mHz and low frequencies (LF), also

called M-waves, ranging from approximately 40 to

140 mHz. At the brain level, VLF are thought to be gen-

erated by brain stem nuclei, which modulate the lumen of
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the small intracerebral vessels; LF reflects the M-wave

systemic oscillations of the arterial blood pressure and are

modulated by the sympathetic system activity [3].

Functional stimuli modulate the amplitude of VLF and

LF oscillations [2]. This study was aimed at the evaluation

of the power changes of the VLF and LF oscillations, as

assessed by NIRS, in a group of MwA sufferers, compared

to a group of healthy subjects. Breath-holding (BH), which

has already proven efficacious for cerebral autoregulation

assessment, was used as an active stimulation [4].

Subjects and methods

Subjects

After having obtained written informed consent, ten heal-

thy women (age: 38.4 ± 9.5 years) and ten women suf-

fering from MwA (age: 35.2 ± 10.5 years) were enrolled

into the study. MwA was diagnosed according to the

International Classification of Headache Disorders, second

edition (ICHD-II) [5]. The presence of vascular, neuro-

logical, psychological, cardiac pathologies and/or cardiac

defects were excluded for all subjects on the basis of

clinical and instrumental examinations. Breath-holding was

performed in a quiet room with dimmed lighting and the

subjects lying in a supine, comfortable position, with their

eyes closed. Before and after BH, they rested for about

5 min.

An NIRO300 (Hammamatsu Photonics, Australia) was

used to record the NIRS signals. The light source was

positioned on the forehead, about 2 cm alongside the

midline and 3 cm above the supraorbital ridge. The dis-

tance between the source and the receiver was equal to

5 cm, and the differential path length factor was set to 5.97.

The sampling frequency of the signals was equal to 2 Hz.

Signal processing

Since during BH the concentrations of the oxygenated

(O2Hb) and reduced hemoglobin (HHb) change very rap-

idly, the NIRS signals are to be considered as nonstation-

ary. This implies that the time–frequency distributions

should be used instead of the traditional Fourier-based

spectral analysis. We used the Choi–Williams distribution,

which is a bilinear transformation belonging to the Cohen’s

class [6]. Essentially, a series of instantaneous spectra of

the signal under analysis may be obtained using this

technique. These instantaneous spectra are then aligned up

side-by-side, one for each time instant. Hence, the spectral

content of a signal is represented in a bidimensional plane,

as a function of time (on the horizontal axis) and frequency

(on the vertical axis). In this way, the nonstationary nature

of the NIRS signals during BH may be managed, making it

possible to carry out a precise observation of the spectral

component of the NIRS signals, at each single specific time

instant. A time–frequency representation of an HHb NIRS

signal is reported in Fig. 1.

The O2Hb and HHb signals were analyzed in the time–

frequency plane and the percentage of signal power in the

VLF and LF bands (referred to the total power of the

signal) calculated before and after BH. We considered

Fig. 1 Representation by level curves of the time–frequency trans-

form of the HHb signal of a healthy subject (left panel) and an MwA

patient (right panel). The horizontal axis reports time and the vertical
axis, frequency. The black vertical lines represent the onset and offset

of the BH. The BH caused the power in the LF band (0.04–0.14 Hz)

to increase strongly in the healthy subject (?33%), with only a weak

increase in the MwA subjects (?6%)
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signals lasting 256 s, with the BH event in the middle of

the analysis window (see Fig. 1). Hence, spectral resolu-

tion was better than 4 mHz, which has been shown to be a

suitable value to clearly separate the two frequency bands.

Results and discussion

Figure 1 shows the TF distribution of the HHb signals in a

healthy subject (left panel) and an MwA sufferer (right

panel). The graph has been depicted by level curves. The

black vertical lines indicate the onset and offset of the BH.

Although it was observed that BH increases the power in

the LF band in both the figures, in healthy subjects LF

increased by about 33%, whereas in the MwA subjects

there was only a 6% increase. Moreover, in healthy sub-

jects the increase was sudden and instantaneous, whereas in

the MwA subjects the LF power was dispersed over a

larger time window.

On the global population, the average power increase in

the LF band was equal to 20 ± 15.4% for the healthy

group and 4.8 ± 8.3% in the MwA group. Healthy subjects

showed a significant increase in the LF power compared to

MwA patients (Student’s t test, P \ 0.02). No significant

difference was observed in the VLF band, nor was there

any statistically significant difference in the O2Hb signal

power variations of the LF and VLF bands.

The resulting data revealed a possible impairment in the

carbon dioxide-regulatory mechanism in MwA subjects. In

healthy subjects, at a microvascular level, the LF oscilla-

tions, which substantially reflect the sympathetic system

activity, follow the macrovascular oscillations and become

delayed in the presence of a hemodynamic impairment [7].

Hence, our results may show a possible impaired hemo-

dynamic autoregulatory mechanism in MwA subjects.
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with aura: a survey on 120 Italian patients
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Abstract Many lines of research have suggested a rela-

tionship between migraine with aura (MA) and patent

foramen ovale. Right-to-left shunt (RLS) of blood might

explain both the occurrence of MA attacks, as well as the

increased risk of ischaemic stroke in these patients. We

evaluated the prevalence and the characteristics of RLS in

a series of 120 MA patients, who were studied with con-

trast-enhanced Transcranial Doppler examination. We

found RLS in 61 of them. A latent RLS was found in 28%,

a permanent RLS in 72%, a shower-curtain pattern was

detected in 52% of the studied patients.

Keywords Migraine with aura (MA) �
Right-to-left shunt (RLS) � Prevalence �
Contrast-enhanced Transcranial Doppler (cTCD)

Introduction

Several retrospective studies and recent large prospective

cohort studies indicate that a history of migraine, and in

particular a history of migraine with aura (MA), may

predispose to ischaemic stroke [1, 2].

Patent foramen ovale (PFO) may be a risk factor for

ischaemic stroke according to two meta-analyses of case–

control studies [3, 4], and to more recent surveys [5, 6].

Several studies suggested an association between

migraine, and particularly MA, and PFO. The prevalence

of RLS among MA patients is significantly higher than that

found in non-migraineurs. These data derived from surveys

on samples of patients with cerebrovascular events possibly

related to paradoxical embolization due to the presence of

right-to-left shunt (RLS), and, in a minority of studies,

from ‘‘pure’’ MA patients [7–10].

Furthermore, numerous studies indicated that percutane-

ous PFO closure could improve MA [7–10], with a marked

reduction in attack frequency in most cases, and complete

resolution in around 50% of them (range 29–92%). However,

all published studies present methodological problems,

which imply that outcomes could have been influenced by

major recall bias as well as by a placebo effect. Furthermore,

the results of the only prospective, randomized, sham

procedure-controlled trial were negative [11]. Migraine

resolved in only a small percentage of cases who underwent

PFO closure, and there was no significant difference in post

intervention attack frequency between the two groups [11].

Based on these findings, it has been speculated that PFO

may be involved in the pathogenesis of MA, and that it

may represent a link between MA and stroke. The fact that

agents, such as serotonin, may bypass the pulmonary filter

through RLS, could eventually favour those neurovascular

events (such as cortical spreading depression), which may

trigger MA attacks. On the other hand, RLS may allow

venous microemboli to reach the cerebral arteries—and

mainly the posterior circulation—increasing the risk of

stroke in these patients.

If RLS is so important in MA, the assessment of the

degree of RLS should be crucial, as it seems reasonable

that the larger the shunt the higher might be the likelihood

of presenting frequent MA attacks, and the higher the risk

of developing cerebral ischaemic events.
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In fact, some authors reported that the proportion of

moderate/large shunts may be significantly greater in MA

patients than in non-migraineurs, both in studies with

transesophageal contrast echocardiography (TTE) or con-

trast-enhanced Transcranial Doppler (cTCD) [12–16].

The aim of the study was to assess the prevalence of

RLS in a sample of ‘‘pure’’ MA patients, and to evaluate

the size of their shunting.

Methods

This was a prospective, observational study. All consecu-

tive patients attending the Headache Centre of the C. Besta

Neurological Institute from January 2006 to December

2007 with a diagnosis of MA were enroled in the study.

Diagnosis was made according to the ICDH-II criteria [17].

All patients underwent cTCD according to standardized

procedures [18, 19]. RLS was considered small if we

detected C5 microbubbles B20 s after the start of injection

of 10 ml of air-mixed saline into the right antecubital vein,

without shower or curtain pattern; a large RLS was diag-

nosed with a shower or curtain pattern (uncountable RLS).

RLS was considered latent if it occurred only after Val-

salva manoeuvre; permanent when it occurred also at rest.

Results

A total of 120 patients with MA (28 men and 92 women;

mean age 37.5 years, SD 11.3 years) participated to the

study.

We found RLS in 61 out of 120 patients (51%). A latent

RLS was found in 17 patients (28%); a permanent RLS was

detected in 44 patients (72%) patients. A large RLS

(shower-curtain pattern) was detected in 32 patients (52%

of the total sample, 27% of those with RLS).

Discussion

Many lines of research have suggested a relationship

between MA and PFO. RLS of blood across the PFO has

been suggested to explain the occurrence of MA attacks, as

well as the increased risk of ischaemic stroke in these

patients. The evaluation of RLS presence and size may be

important: in clinical samples, to better understand the

PFO/MA relationship; in the individual patient, to inves-

tigate his/her potential risk of a more ‘‘complicated’’

headache form.

We evaluated the prevalence and the characteristics of

RLS in 120 MA patients. Overall, our results were con-

sistent with data in the literature. Our figure of a RLS

prevalence at cTCD of 51% among MA patients is similar

to the estimated prevalence of PFO reported in previously

published studies (around 54%) [9–11]. We found perma-

nent RLS in more than 70%. A large RLS (shower-curtain

pattern) was detected in about half of our patients. Also

these findings are substantially in line with previous studies

with cTCD. In those studies in which the characteristics of

RLS were systematically investigated, MA patients tended

to present moderate-large shunts in 38–77% cases, with

evidence of shunting both at rest and after Valsalva

manoeuvre [11–16], and generally with a significant dif-

ference versus control subjects [15].

Further studies are needed to explore the possibility of a

causal relationship between PFO/RLS and MA, as well as

the possible role of PFO closure as a therapeutic option in

MA patients, to reduce attack frequency and to prevent

stroke. In this context, studies meant to evaluate the

functional and anatomical characteristics of shunting in

these patients might contribute to a better understanding of

this unsolved topic.
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in headache patients?
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Abstract Cutaneous allodynia is a frequent complain in

headache patients, particularly in those with migraine.

A stronger association is present in patients with migraine

with aura and with chronic or transformed migraine. The

aim of the present study was to investigate if the psycho-

logical profile may be related to the presence/absence of

allodynia in a sample of headache patients. The psycho-

logical profile of patients was assessed by the SCL90R; the

presence of allodynia was assessed by a set of semi-

structured questions used in previous studies. For the

purpose of the study, patients were divided into subgroups

according to the headache type (ICDH-II diagnoses), as

well as to the temporal pattern (episodic or chronic). A

total of 213 consecutive headache patients were studied.

Most patients had episodic migraine (116); 37 had tension-

type headache. Overall, 156 patients had episodic headache

forms, and 57 had chronic forms. As far as allodynia, 93

were non-allodynic; 120 presented allodynic symptoms

during their headaches. No significant difference was found

between allodynic and non-allodynic patients neither if

studied in a whole group (t test, P = 0.10 NS) nor when

patients were evaluated comparing different subgroups on

the basis of headache type, and of the episodic/chronic

pattern. Our results suggest that the presence/absence of

allodynia may not be influenced by the psychological

profile.

Keywords Allodynia � Psychological profile �Migraine �
SCL90

Introduction

Allodynia is the perception of pain induced by a non-

noxious stimulus. According to several reports, allodynia is

present in a large proportion of migraineurs. The migraine/

allodynia association is stronger for migraine with aura and

for the chronic forms (chronic or transformed migraine)

[1, 2].

Allodynia seems to be favoured by the persistence of

pain sensation that is able to induce central sensitisation in

the caudal nucleus of the trigeminal nerve, but our

knowledge is not yet complete: the reasons why the fre-

quency of allodynia in migraine patients is not always

related to the number nor to the severity of migraine

attacks remain unexplained. Different pathogenetic mech-

anisms may be involved in the development of allodynia in

migraineurs, including genetic, environmental, and psy-

chological elements [2]. Furthermore, recent studies shown

that head skin allodynia is not exclusive of migraine but is

also present in other forms of primary headache, although

in a lower proportion [3].

Recent researches suggested that alterations in central

processing of sensory input might be facilitated by expo-

sure to psychosocial and environmental stressors [4].

Several studies examining the neuropsychological corre-

lates of migraine suggesting that mild dysfunctions may be

observed in this regard amongst migraineurs, especially

those with chronic forms [5–7]. The structural and func-

tional changes observed in the central nervous system of

migraineurs seem in turn to be influenced by psychological

and neuropsychological factors [8].
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We evaluated the relationship between psychological

aspects and allodynia in a sample of migraineurs in a

previous study [9], without finding any significant differ-

ence between allodynic and non-allodynic migraineurs as

far as their psychological profile. Filatova et al. found

central sensitisation levels to be unrelated to depression in

a group of patients with chronic headache of various types

[10]. Conversely, in patients with migraine and trans-

formed migraine, allodynic symptoms were more severe in

individuals with associated major depression as evaluated

with the Allodynia Symptom Checklist [1]. The possible

role of psychological aspects in the development of allo-

dynia deserve more attention.

The aim of the present study was to investigate if the

psychological profile of patients with different kinds of

headaches, and not only migraine, may be related to the

presence/absence of allodynia.

Methods

We enroled a sample of patients presenting consecutively

at the Headache Centre of the Ospedale L. Sacco from May

to November 2008.

The psychological profile was assessed in each patient

by the SCL90R [11], a 90-item self-report psychological

symptom questionnaire that evaluates the following fields:

somatization, obsessive-compulsive attitude, interpersonal

sensitivity, depression, anxiety, hostility, phobic anxiety,

paranoid ideation, and psychoticism. This tool gives the

possibility to obtain a score for each psychological area,

and a total mean score (global gravity index) that defines

the global psychological condition.

The presence of allodynia was assessed by a set of semi-

structured questions, which was used by our group in

previous studies [3, 9]. This tool investigates if the patient

experiences abnormal scalp sensitiveness and/or discom-

fort during headache episodes and activities able to

enhance this symptom, such as touching head skin,

combing hair, brushing hair, wearing glasses, and so on.

Patients were divided in to subgroups according to the

headache type (on the basis of the ICHD II criteria) [12].

They were also divided in two subgroups according to the

temporal pattern, i.e. episodic forms (14 or less days with

headache/month) and chronic forms (15 or more days with

headache/month), for each diagnostic group, as well as in

the whole sample.

The t test was applied to compare the mean global

gravity indexes obtained in allodynic and non-allodynic

migraineurs out of each group.

Results

A total of 213 headache patients were enroled. The diag-

noses found in the studied sample are reported in the

Table 1. Overall, 156 patients had episodic headache

forms, and 57 had chronic forms.

Allodynia was found in 120 patients, while 93 were non-

allodynic. The number of allodynic/non-allodynic patients

in each subgroup is reported in the Table 1.

No differences emerged at statistical analysis between

allodynic and non-allodynic patients of each subgroup,

i.e. ICDH-II diagnoses, as well as episodic/chronic pat-

tern, as far as the mean SCL90 global gravity index (see

Table 1).

Table 1 Presence of allodynia and SCL90 scores in the studied patients, according to ICDH-II diagnoses and to the episodic/chronic headache

pattern (SCL90 GGI global gravity index at the SCL90 test, NS no significant difference at t test, NA statistical analysis not applicable)

Non-allodynic Allodynic t test (P value)

Number of

patients

Mean SCL90

GGI

Number of

patients

Mean SCL90

GGI

Mean SCL90 GGI allodynic

versus non-allodynic

213 Total headache patients 93 0.64 120 0.76 NS

57 Chronic forms 17 0.62 40 0.93 NS

15 Chronic migraine with aura 1 0.33 14 1.00 NA

35 Chronic migraine without aura 10 0.74 25 0.91 NS

7 Chronic tension-type headache 1 0.47 6 0.24 NA

156 Episodic forms 76 0.64 80 0.76 NS

38 Migraine with aura 13 0.57 25 0.76 NS

78 Migraine without aura 36 0.60 42 0.66 NS

37 Tension-type headache 25 0.74 12 0.59 NS

3 Others 2 0.85 1 0.65 NA

180 Females 70 0.64 110 0.79 NS

33 Males 23 0.67 10 0.45 NS
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Discussion

As previously observed in a pilot study on a sample of

migraineurs [9], our results on a sample of headache

patients showed that the presence/absence of allodynia

seems not to be influenced by the psychological profile.

This lack of significant association was found both when

patients were divided according to different ICDH-II

diagnoses and when patients were divided according to

the episodic or chronic headache pattern. These results

reinforce the hypothesis that allodynia is a ‘‘somatic’’

symptom, which may be not significantly influenced by

psychological aspects, at least as assessed by the specific

tool we used in our survey (SCL90).
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Abstract Chronic migraine with medication overuse is a

difficult problem to manage. Different withdrawal

approaches have been tried, with different results. With-

drawal in a day-hospital setting is a recent modality.

Results obtained from this last approach have been

encouraging. Behavioral techniques combined with phar-

macological therapies are effective to enforce the clinical

improvement in chronic migraine patients with medication

overuse. In this study, a clinical experience where day-

hospital withdrawal is followed by pharmacological treat-

ment and on the other side pharmacological treatment is

combined with behavioral approach is discussed.

Keywords Chronic migraine � Medication overuse �
Withdrawal � Behavioral therapies

Introduction

Chronic migraine with medication overuse is a difficult

problem to manage and it is a challenge for physicians and

specialists who have to help these problematic patients. No

consensus exists about specific treatment strategies for this

category of patients and clinical experiences are based on

different procedures [1, 2] also if withdrawal seems to be

the most effective method for treating these patients

effectively.

Different withdrawal approaches have been tried, with

different results as the groups of patients and the protocols

employed are so heterogeneous [1].

Withdrawal in a day-hospital setting is a recent modality

used at our center: the patients can stay in the hospital during

the day for the intravenous therapy and then they can go back

to their house for the night or in a local motel [3, 4].

Results obtained from this last approach have been

encouraging [3, 4]. The day-hospital setting is also more

saving money and saving time for clinicians and hospitals.

After withdrawal, generally the patients are given

pharmacologic treatment for migraine prevention accord-

ing to individual characteristics, or past experiences of

preventive therapies or kind of their headache.

Clinical experiences in the past showed that behavioral

techniques combined with pharmacological therapies are

effective to enforce the clinical improvement in these

patients and to maintain it upon the time [5, 6].

Purpose of this study was to determine the clinical

course of a sample of chronic migraine patients with

medication overuse submitted to a day-hospital withdrawal

followed by two different treatment approaches: in the first

group (Group A) pharmacological treatment was given for

migraine prevention; in the second group (Group B) a

behavioral treatment was added to the pharmacological

therapy in order to verify the effectiveness of the behav-

ioral option.

Moreover, an evaluation of disability parameters before

and after treatment was performed.

Methods

A sample of 84 patients suffering from chronic migraine

with medication overuse was included in the study.
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Diagnosis was made according with the International

Headache Society criteria [7].

All patients were treated for medication overuse by a

day-hospital withdrawal. The patients were in the hospital

for 5 days from 9 a.m. to 5 p.m. for the detoxication

procedure by intravenous therapy. The withdrawal was

realized according to the method described in preceding

reports [5].

Patients were instructed to avoid medications for head-

ache episodes.

After withdrawal two different therapeutic programs

were fixed: Group A, 52 patients, was treated by pharma-

cological prophylaxis for migraine prevention; Group B,

41 patients, was treated by a behavioral approach phar-

macological therapy.

The behavioral approach consisted of a limited-contact

relaxation training, according to the Bernstein and Borkovec

method [8] in small groups of patients, four sessions, one

session every 15 days, and every session lasted 45 min.

Moreover, all the patients were encouraged to practice

relaxation at home by tapes, daily.

The follow-up for patients of both groups were fixed up

3, 6 and 12 months after treatment.

Psychological variables concerning disability were tested

before treatment and at every follow-up by using test and

Migraine Disability Assessment Questionnaire (MIDAS)

[9].

Results

Patients included in the study were 84.

In Group A, we had 52 patients, 32 of them arrived to

the last follow-up meeting, 1 year after treatment (61%),

14 (27%) did not come to the appointment for different

reasons (decision for psychotherapy, non compliance to

pharmacological therapies); 1 patient relapsed and he

needed to be treated as in-patient, 5 patients did not achieve

the last follow-up yet.

In Group B (pharmacological therapy ? behavioral

therapy), 41 patients were recruited, 25 of them (60.9%)

were seen at the last follow-up session at 1 year, 3 patients

(7.3%) were missed as they refused to come to complete

the sessions, 2 patients needed to be hospitalized for an

inpatient withdrawal, 11 patients have to reach the last

follow-up yet.

All patients of Group B came regularly for the sessions,

practiced routinely, they appeared to be compliant and

accepting of treatment, although we did not assess this

formally.

From the clinical point of view, the two groups recorded

a significant improvement after 1 year both for headache

days per month and for analgesics consumption.

In particular in Group A: days of headache/month:

24 ± 5.4 pre versus 9.2 ± 6.9 at 1 year follow-up and

analgesic consumption: 29.1 ± 16.9 pre versus 8.5 ± 5.9.

In Group B, 29.1 ± 2.8 pre versus 15.6 ± 10.2 at

1 year; analgesic consumption: 49.4 ± 24.3 pre versus

13.6 ± 8.2 at 1 year.

The disability level was assessed by the MIDAS ques-

tionnaire and it revealed a decrease in the total value of

disability from the beginning to the last follow-up after

treatment: in Group A MIDAS total score before treatment

was 58.1 ± 43.6 post-treatment it was 22.8 ± 28.2; in

Group B MIDAS total score before treatment was

86.3 ± 59.8; post-treatment it was 42 ± 49.4.

Discussion

Chronic migraine with medication overuse has consider-

able social and economic impact (marked disability, poor

quality of life). Patients with chronic forms of migraine and

medication overuse are problematic, serious and so difficult

to treat that international experiences are trying to find

adequate solutions for helping these patients to manage

their problem. On one side, attention is driven to reduce

headache days and on the other side to reduce the analgesic

consumption.

Consequently, many clinical protocols have been

developed for managing these patients.

Withdrawal in a day-hospital setting seems to be an

effective procedure as well as inpatient treatment, which

remains suitable in selected and problematic cases.

Clinical experiences showed that behavioral techniques

combined with pharmacological therapies are effective to

enforce the clinical improvement in these patients and to

maintain it upon the time [5].

In this report, the two groups of patients recorded a

significant improvement after the two treatment modalities

at 1 year follow-up. This result seems to be different from

those emerged in our preceding study, where the group of

patients treated by adding behavioral therapy improved

more significantly than the other group. It is likely that in

the preceding experience, the long-term follow-up

(3 years) [5] and the different relaxation program (we used

a relaxation training program with weekly sessions for

individual patients instead of a limited-contact program

with 4 sessions, every 15 days, and exercises at home as in

this last case) has reinforced the effectiveness of the

behavioral approach.

Nevertheless, we showed that the limited-contact

modality seems to be as useful as other behavioral

approaches that require a greater investment of time (by

patients and therapists), without unpleasant side effects

[10].
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An important point that emerges from this study is that,

although clinical significant results were obtained in both

groups after long-term follow-up, relaxation therapy seems

to be more accepted than medication and the patients

compliance seems to be higher as we see from the signif-

icant lower percentage of missed patients (27 vs. 7%).

Compliance and therapeutic effectiveness partly depend

on patients knowledge, perceptions and a positive thera-

peutic alliance and active involvement of patients is a

distinctive plus for this kind of treatments.

An integrated and flexible approach combining medi-

cation and behavioral can be more effective than drug

alone to alleviate pain, but most of all, to reinforce the

patients’ motivation to follow the program and to maintain

the clinical improvement upon time as already showed [5].

Education of patients to practice relaxation for manag-

ing pain can avoid the onset of chronic forms of migraine

associated to medication overuse and so these techniques

can be helpful to support and educate young migraine

patients too, to use alternative method before starting the

vicious cycle between pain and analgesic consumption and

overuse.

Because the sample sizes are small in a non-randomized

study, these conclusions are tentative. Data collection will

continue on larger sample of patients.
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Abstract In a multicentric, open, preliminary trial, we

evaluated the use of ginkgolide B, a herbal constituent

extract from Ginkgo biloba tree leaves, in the prophylactic

treatment of migraine with aura (MA). Fifty women suf-

fering from migraine with typical aura, or migraine aura

without headache, diagnosed according to International

Headache Society criteria, entered a six-month study. They

underwent a two month run-in period free of prophylactic

drugs, followed by a four month treatment period (subdi-

vided into two bimesters, TI and TII) with a combination of

60 mg ginkgo biloba terpenes phytosome, 11 mg coenzyme

Q 10, and 8.7 mg vitamin B2 (Migrasoll�), administered

twice daily. A detailed diary reporting neurological symp-

toms, duration, and frequency of MA was compiled by

patients throughout the trial. The number of MA signifi-

cantly decreased during treatment (from 3.7 ± 2.2 in the

run-in period, to 2.0 ± 1.9 during TI and to 1.2 ± 1.6

during TII; Anova for repeated measures: P \ 0.0001).

There was also a statistically significant decrease in the

average MA duration, which was 40.4 ± 19.4 min during

run-in, 28.2 ± 19.9 during TI, and 17.6 ± 20.6 during TII.

Total disappearance of MA was observed in 11.1% patients

during TI and in 42.2% of patients during T2. No serious

adverse event was provoked by Migrasoll� administration.

Ginkgolide B is effective in reducing MA frequency and

duration. The effect is clearly evident in the first bimester of

treatment and is further enhanced during the second.

Keywords Aura � Ginkgolide B � Migraine �
Platelet activating factor � Prophylaxis

Introduction

Migraine with aura is characterized by transient and

reversible dysfunction of the brain cortex. Visual aura

(scotoma and/or fortification spectra), that move across the

visual fields, make up the symptomatological counterpart

of this cortical anomaly. The aura generally lasts less than

one hour and may be followed by the headache attack of

migraine or, less frequently, of tension- type headache [1].

The possible cause of the aura is a hyperexcitability of the

cortex due to an increase in the amount of excitatory

neurotransmitters, i. e. glutamate and aspartic acids, in the

synaptic clefts [2].

Although these attacks are usually limited to 2–3 over

the space of a year, no prophylactic treatment is required
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for migraine with aura; at times their frequency increases

and a prophylactic treatment is necessary. It is well known

that drugs able to modulate glutamate in the central ner-

vous system (CNS), such as lamotrigine, are very effective

in preventing aura [3, 4]. However, the side effects and the

long time lapse it takes to reach the proper dose limits its

use.

Ginkgolide B, a herbal constituent extract from Ginkgo

biloba tree leaves, is a natural modulator of the action of

glutamate in the CNS [5]. Moreover, it is a potent anti-

platelet activating factor (PAF). PAF is a potent pro-

inflammatory and nociceptive agent released during the

inflammation process [6]. Indeed, PAF, released from

platelets and leukocytes, during the first phase of migraine

attack, may sensitize the trigeminal-vascular endings and

induce pain [7, 8]. Therefore, ginkgolide B may be con-

sidered a promising pharmacological aid for the treatment

of migraine with aura.

On the basis of this evidence, we assessed the efficacy of

ginkgolide B in the treatment of migraine with aura, in a

group of patients who complied for at least one aura/month.

This was done by an open-label, multicentric study, which

investigated into the efficacy of ginkgolide B in reducing

the duration and/or abolishing the number of auras.

Patients and methods

A total of 50 patients (37 females, 13 males, mean age

36.7 ± 11.5 years, range 18–64) suffering from migraine

with aura, were enrolled in the study after having obtained

written informed consent. The diagnosis was made in

agreement with the diagnostic criteria established by the

International Classification of Headache Disorders, second

edition (ICHD-II) [9] for typical aura with migraine

headache (n = 42) or typical aura without headache

(n = 8), The trial lasted six-months.

Inclusion criteria were as follows: age range from 18 to

65 years; a minimum of two years’ history of migraine

with aura and/or aura without migraine; auras occurring at

least once a month; no past or present diseases and, in

particular no history of cerebral focal activation; no preg-

nancy or lactation.

They underwent a two-month run-in period free of

prophylactic drugs, followed by a four-month treatment

period (subdivided into two bimesters, TI and TII) with a

combination of 60 mg ginkgo biloba terpenes phytosome,

11 mg coenzyme Q 10, and 8.7 mg vitamin B2 (Migra-

soll�) administered twice daily. No other migraine pro-

phylaxis was allowed during the study, other than

Migrasoll� and within the last month prior to the beginning

of the trial; no restriction was placed on analgesic intake. A

detailed diary reporting symptoms, duration, and frequency

of MA was compiled by patients throughout, and carefully

and systematically reviewed during the trial.

The statistical evaluation of aura frequency and duration

was performed by an ANOVA test for repeated measures

and a post-hoc Bonferroni t test was then applied to

localize the source of variance. All analyses were per-

formed by the Statistical Package for the Social Sciences

(SPSS) software program (version 15.0). All values given

in the following text are reported as arithmetic means (±1

SD)

Results

Of the 50 patients enrolled in the study, five withdrew from

the trial; three were due to mild adverse events during

treatment (abdominal discomfort = 2 cases; vertigo = 1

case) and two were lost to follow-up. The results herein

reported are therefore related to the remained 45 patients

(34 females, 11 males, mean age 33.6 ± 10.2, range

18–64). The run in frequency and duration of aura for each

patient are summarized in Table 1.

The attacks frequency decreased significantly from

3.7 ± 2.2 in the run-in bimester to 2.0 ± 1.9 during the

first treatment period and to 1.2 ± 1.6 during TII (ANOVA

for repeated measures: P \ 0.0001; Bonferroni t test: run-

in vs. T I = P \ 0.05; run-in vs. T II = P \ 0.05; T I vs.

T II = P \ 0.05).

There was total disappearance of MA in 5/45 (11.1%)

patients during TI and in 19/45 (42.2%) patients at the end

of treatment period; only five patients were completely

unresponsive to treatment (Table 1). Aura duration

(expressed in minutes) was markedly reduced throughout

the entire treatment course and was 40.4 ± 19.4 during the

run-in, 28.2 ± 19.9 during TI and 17.6 ± 20.6 during TII

(ANOVA for repeated measures: P \ 0.0001; Bonferroni

t test: run-in vs. TI = P \ 0.05; run-in vs. TII = P \ 0.05;

T I vs. T II = P \ 0.05).

Although individual changes in MA symptomatology

are not considered in this article, it is noteworthy that there

was an overall marked improvement in the neurological

symptoms of aura during treatment. Among the patients

who completed the study no serious adverse events were

reported.

Discussion

This study shows that Ginkgolide B, contained in the ter-

penic fraction of Ginkgo Biloba, is effective in reducing

both aura frequency and duration in our patient group. The

effect is clearly evident in the first two months of treatment

and is either maintained, or even further increased during
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Table 1 Frequency and

duration of auras in each patient

studied

Run-in Bimester of observation

before therapy; T I First

bimester of therapy; T II Second

bimester of therapy; Onset Age

at onset of MA; N. auras Total

number of auras in the period

considered; Duration Total

duration of aura symptoms

expressed in minutes

PT. Run-in T I T II

Nr Sex Age Onset N. auras Duration N. auras Duration N. auras Duration

1 F 41 32 4 60 2 60 2 60

2 F 27 15 2 55 0 – 0 –

3 F 35 6 3 60 1 50 0 –

4 F 26 19 2 45 1 50 1 10

5 M 37 15 4 90 1 70 1 60

6 F 30 12 2 95 1 50 0 –

7 F 26 20 3 40 2 40 0 –

8 F 18 15 4 25 2 25 1 30

9 F 25 10 4 40 1 30 2 30

10 F 39 16 3 50 1 40 1 40

11 M 25 20 3 30 1 10 0 –

12 F 35 25 6 20 6 20 6 20

13 M 46 20 5 25 2 20 0 –

14 F 26 22 2 10 2 10 0 –

15 F 24 19 2 20 0 – 0 –

16 M 33 17 3 45 1 30 1 45

17 F 34 28 2 65 2 65 1 30

18 M 22 18 2 20 0 – 0 –

19 M 23 20 2 15 3 15 3 15

20 F 64 30 2 20 1 20 0 –

21 F 36 21 2 30 2 15 1 5

22 M 48 44 4 35 1 20 0 –

23 F 19 7 8 60 1 15 0 –

24 F 31 14 6 25 3 15 3 15

25 F 38 20 4 50 3 30 2 15

26 F 27 24 11 30 5 20 8 10

27 F 32 12 3 35 1 10 0 –

28 M 38 29 4 55 3 35 3 35

29 F 52 27 2 70 1 70 2 70

30 M 26 15 3 15 2 10 1 10

31 F 33 16 2 30 2 40 1 40

32 F 44 22 4 20 1 20 0 –

33 F 53 16 2 50 2 35 2 40

34 F 22 11 3 25 1 20 0 –

35 F 45 14 2 40 2 25 1 15

36 M 36 13 7 35 8 35 7 35

37 F 25 11 6 50 4 45 4 30

38 F 38 31 5 40 1 10 0 –

39 F 23 15 2 50 1 50 1 30

40 F 39 35 4 30 0 – 0 –

41 F 48 18 2 40 2 40 2 40

42 F 30 22 10 20 8 20 4 5

43 F 28 18 8 55 6 15 0 –

44 M 20 15 3 25 0 – 0 –

45 F 47 14 5 70 3 70 2 60
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the following two months. It is very unlikely that this

positive effect is the primary result of the other components

contained in Migrasoll�, since Vitamin B2 and Coenzyme

Q 10 are present in very low concentrations. Although, to

date, the mechanism of action of ginkgolide B on the CNS

is still only partially understood, it is believed that the main

therapeutical effect may be related to its properties in the

modulation of the excitatory function of glutamate in the

CNS [10]. Glutamate plays a critical role in initiating and

propagating spreading depression (SD), through a stimu-

lation of specific glutamate receptors linked to NMDA

channels, and it has been demonstrated that aura is linked

to a sudden occurrence of neuronal depolarization and SD

on the human cortex [11, 12]. These neurological phe-

nomena are precipitated when an excessive amount of

glutamic and aspartic acids are released from neurons and

glia in the synaptic clefts [13]. Indeed, an increased level of

these amino acids were found in plasma, platelets, and CSF

of migraine with aura sufferers, suggesting that the cortex

of these patients may be hyperexcitable [14]. The favorable

effect of ginkgolide B in reducing or abolishing the aura in

our patients may be due to the modulation and/or reducing

the excitatory effect of glutamate in the CNS.

Another important pharmacological property of gink-

golide B is to hinder the pathological action of PAF, a

phospholipid that, under some physiopathological circum-

stances in the CNS, such as SD, determines a release of

glutamic acid into the CNS, contributing to its hyper-

excitability [15]. A further beneficial effect of ginkgolide B

in migraine patients may be its activity against the for-

mation and the deposition of free radicals in the CNS [16,

17]. Indeed, recent evidence suggests that the high fre-

quency of migraine attacks is associated to an abnormal

amount of free radicals present in the CNS [18]. The

inhibition of free radical production and deposition may

reduce the recurrence of the aura.

Our preliminary study indicates that Migrasoll� is a safe

product, that can be used routinely to reduce both MA

frequency and length, with only minor possible side

effects. Nevertheless, even if our preliminary data are

encouraging, as this is an open study, it should be inter-

preted with caution and confirmed by larger placebo con-

trolled studies and longer follow-up periods.
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Abstract Investigations on psychological variables and

migraine have confirmed a strong association between

migraine and depression or migraine and anxiety disorders.

In particular patients suffering from chronic migraine with

medication overuse have an elevated risk of mood and

anxiety disorders, which may compromise treatment

efforts. The aim of this study was to investigate a group of

patients suffering from CM with medication overuse before

and after inpatient withdrawal program after a long-term

follow-up to examine clinical indexes and psychological

variables changes in particular anxiety and depression by

using Spielberger State-Trait Anxiety Inventory (STAI) 1,

2 and Zung Self-rating Depression Scale (Zung) tests, in

order to verify if a specific psychological pattern in these

patients is present, and if changes in psychological vari-

ables correspond with clinical improvement. The changes

of clinical indexes and of psychological parameters are

discussed and analyzed in order to address the most ade-

quate therapeutic strategy for this kind of patients.

Keywords Psychological variables � Depression �
Anxiety � Headache-related disability � Chronic migraine �
Medication overuse

Introduction

The psychiatric symptoms of migraine (depressed mood,

irritability, anxiety, fatigue, poor memory and attention)

were recognized more than 100 years ago by Edward

Leiving and subsequently confirmed by numerous studies.

However, only in 1988 and again in 2004 with the Inter-

national Classification of Headache Disorders [1], a

systematic assessment of psychiatric comorbidity in pri-

mary headaches was conducted.

Investigations on psychological variables and migraine

have confirmed a strong association between migraine and

depression or migraine and anxiety disorders [2, 3]. Dif-

ferent studies have shown that migraine patients more

often suffer from anxiety and depression than non-

migraine patients. Moreover, these studies have estab-

lished that patients with chronic migraine exhibit anxiety

and depression more often than those with episodic

migraine [4]. In particular, patients suffering from chronic

migraine with medication overuse have an elevated risk

of mood and anxiety disorders, which may compromise

treatment efforts [5–7]. Consistent with these data, as

early as 1993 some authors had pointed out that chronic

and excessive use of symptomatic drugs can interfere with

the symptoms of pain modulators through a depletion of

serotonin [8], also if it is difficult to determine whether

this increase in use of analgesics should be considered a

therapeutic necessity or even the result of a behavioral

habit.

Correlations among clinical behavior, psychological

variables and disability levels have been observed in the

last years clinical experiences [7, 9, 10] and on the basis of

these preceding observations, we decide to perform this

study on a group of chronic migraine patients with medi-

cation overuse.
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Objective

To study a group of patients suffering from CM with

medication overuse before and after inpatient withdrawal

program after a long-term follow-up to examine clinical

indexes after withdrawal, disability changes by using

Migraine Disability Assessment questionnaire (MIDAS),

and psychological variables in particular anxiety and

depression by using Spielberger State-Trait Anxiety

Inventory (STAI) 1, 2 and Zung Self-rating Depression

Scale (Zung) tests, in order to verify if a specific psy-

chological pattern in these patients is present, and if

changes in psychological variables correspond with clini-

cal improvement.

Methods

A sample of 146 consecutive patients suffering from CM

and medication overuse was enrolled (122 females and 24

males; mean age 45.5 ± 12.2). Mean duration of illness

was 25.6 ± 12.5 years.

The mean number of days of headache per month was

from 26.5 ± 4.1; the mean number of medications/month

was 51.8 ± 32. At baseline, the MIDAS total score was

78.6 ± 64.4, STAI 1 score was 44.6 ± 11.6, STAI 2 score

was 46.3 ± 10.3, Zung score was 41 ± 11.2. All patients

received the diagnosis of Chronic Migraine with medica-

tion overuse according to the Silberstein and Lipton

Criteria [11].

Treatment interventions

They underwent an inpatient withdrawal treatment con-

sisting in intravenous hydration for a period of 10 days

and steroids from day 1 to 5, followed by oral prescrip-

tion steroids for other 5 days and then were given

preventive therapy with different anti-migraine prophy-

lactic drugs.

Follow-up

Follow-up sessions were planned for 3, 6 and 12 months

after the inpatient treatment.

Measures

A diary card was given for recording days with headache

and the medications taken for aborting headaches. The

Italian versions of the MIDAS questionnaire, STAI 1.2 and

Zung tests were filled in by patients at the moment of

enrollment (baseline) and at follow-up visits.

Results

Of the 146 initial patients, 84 of them (57.5%) returned for

the last follow-up, 12 months after withdrawal; the head-

ache diary was checked and the questionnaires were

completed too. They were 69 females, 15 males and the

mean age was 46.3 ± 12.2.

Patients improved significantly at 12 months follow-up:

the mean number of days of headache per month decreased

from 26.1 ± 4 to 9 ± 7 (Student t test p \ 0.00001), the

mean number of medications/month decreased from

48.9 ± 29.1 to 12 ± 18.2 (Student t test p \ 0.00001),

MIDAS total score decreased (70.8 ± 59.3 vs. 34.1 ±

40.4—Student t test p \ 0.0001). The measures of anxiety

slightly improved: the STAI 1 mean score was 43.4 ± 11.6

at baseline and 39.8 ± 11.7 at the 12-month follow-up

(Student t test p = 0.00473). The measure of depression

slightly improved too: STAI 2 mean score was at baseline

45.6 ± 9.7 and at the follow-up visit 41.7 ± 11.9 (Student

t test p = 0.00104). Zung mean score was 39.9 ± 9.7

at baseline and 36 ± 10 at the 12-month follow-up

(Student t test p = 0.00290), showing a slightly improve-

ment too.

Conclusions

Patients were followed for 1 year after withdrawal to

observe clinical improvement, disability changes, and

behavior of the psychological variables. The clinical

improvement was significant and the disability levels

changed significantly too: this confirm the effectiveness of

the withdrawal procedure followed by preventive therapies

for migraine. At the same time, anxiety and depression

scores changed significantly after withdrawal although

their values were not so high before treatment. In fact, it

seems to be a discrepancy among high levels of headache

frequency, medication consumption and disability respect

to the values of the psychological variables at the baseline.

These findings suggest that the psychopathological aspects

are not so evident at least in our group of patients, and they

may not be influenced by headache frequency and medi-

cation use, and they can be support or not an alteration of a

personality profile.
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Abstract Underdiagnosis of primary headaches was

evaluated in 504 patients attending six Headache Centres in

Lombardy. We found high figures of missed diagnoses (no

diagnosis of a specific headache form), and of misdiagnosis

(non-concordance between previous diagnoses made by the

GP and the final diagnoses given by the headache spe-

cialist). We note that underdiagnosis in headache patients

may have negative consequences, enhancing the risk of

progressive worsening of primary headache syndromes,

increasing their impact on individuals and on society, and

favouring medication overuse.

Keywords Migraine (M) � Primary headaches (PH) �
Headache centres (HC) � Missed diagnosis � Misdiagnosis

Introduction

Primary headaches represent a major health problem. TTH

and M are highly prevalent (life-time prevalence of 46 and

14%, respectively) [1], and may cause poor health-related

quality-of-life as well as impairment in work, household

and social activities [2–5]. Cluster headache (CH) and

‘‘chronic migraine’’ are less prevalent (life-time prevalence

around 0.3 and 3%, respectively) [1], but have an even

more negative impact on patients and on society, due to the

severity and the daily occurrence of headaches for periods

of months/years [6–8].

Application of the operational diagnostic criteria of the

ICDH-II [9] allows us to make the diagnosis of a given PH

on the basis of the specific symptoms reported by the

patient. Nonetheless, surveys from different countries

showed that underdiagnosis of migraine, and of other PH,

is a relevant problem [10–14].

The aim of our study was to evaluate the occurrence of

underdiagnosis in patients presenting to Headache Centres

(HC) in Lombardy.

Methods

This was a multicentre, observational study. Consecutive

patients presenting for the first time to 6 HC in Lombardy,

Northern Italy, during April and May 2007 were enrolled.

Informed consent for sensitive data treatment was obtained

from all patients. Data were collected in a database, and

then analyzed, in order to evaluate the occurrence of un-

derdiagnosis in terms of missed diagnoses = no diagnosis

of a specific headache form; misdiagnosis = non-concor-

dance between previous diagnoses made by the GP and the

final diagnoses given by the headache specialist.

Diagnoses of the different forms of PH were made at the

HC according to the ICDH-II criteria [9]. For patients with

daily-nearly daily headaches, some neurologists used the

ICDH-II criteria, while others applied the Silberstein &

Lipton criteria [15]: for the purpose of this study, we
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included these patients in one diagnostic group, chronic

migraine, with or without medication overuse.

Results

Patients

Of the 504 enrolled; 378 females, 126 males; mean age

41.7 years, SD 12.3 years.

Previous diagnoses

HEADACHE (with no other specification) in 349 patients

(69.2%); M in 63 (12.5%); M with aura in 12 (2.4%); TTH

in 10 (2.0%); chronic headache in 24 (4.8%); CH in 7

(1.4%); trigeminal neuralgia in 4 (0.8%); other diagnoses

in 9 patients (1.8%).

Although only patients attending for the first time an HC

should be included, further check showed that 26 patients

(5.2% of the enrolled patients) had been visited in the past

at an HC. The diagnoses were M without aura in 18

patients (69.2%); TTH in 12 (46.1%); persistent idiopathic

facial pain in 1 patient (3.8%).

Final diagnoses

M without aura in 301 patients (59.7%); M with aura in 37

(7.3%); TTH in 130 (25.8%); chronic migraine, with or

without medication overuse in 47 (9.3%); CH in 11 (2.2%);

primary stabbing headache in 4 (0.8%); headache associ-

ated with sexual activity in 1 (0.2%); persistent idiopathic

facial pain in 1 (0.2%); secondary headaches in 10 (1.8%);

other forms in 3 (0.6%).

Final diagnoses in patients with a previous diagnosis of

HEADACHE:

• M without aura in 226 (64.7%)

• M with aura in 20 (5.7%)

• TTH in 119 (34.1%)

• Secondary headaches 3 (0.9%)

• CH in 2 (0.6%)

• Diagnosis not possible in 2 (0.6%).

Final diagnoses in patients with previous diagnosis of

M:

• M without aura in 44 (69.8%)

• M with aura in 7 (11.1%)

• TTH in 11 (17.5%).

Final diagnoses in patients with previous diagnosis of M

with aura:

• M without aura in 3 (25.0%)

• M with aura in 10 (83.3%)

• TTH in 1 (8.3%)

• Final diagnoses in patients with previous diagnosis of

trigeminal neuralgia:

• M without aura in 2 (50.0%)

• Persistent idiopathic facial pain in 2 (50.0%).

Final diagnoses in patients with previous diagnosis

TTH:

• M without aura in 3 (30.0%)

• TTH in 7 (70.0%).

Final diagnoses in patients with previous diagnosis

chronic headache:

• M without aura in 15 (62.5%)

• M with aura in 2 (8.3%)

• TTH in 5 (20.8%)

• CH in 1 (4.2%)

• Chronic migraine, with medication overuse in 3

(12.5%)

• Secondary headaches in 1 (4.2%).

Final diagnoses in patients with previous diagnosis CH:

• CH in 3 (42.8%)

• M without aura in 2 (28.6%)

• TTH in 2 (28.6%).

Discussion

Missed diagnosis among headache patients is a relevant

problem also in our region: 69% of patients arrived at the

HC with a generic diagnosis of HEADACHE.

Also misdiagnosis occurred in a relevant proportion of

patients, suffering both from the most common and the

relatively uncommon forms of headache and facial pain.

Although most of the published studies have focused on

migraine [10–14], our survey indicated that missed diag-

nosis and misdiagnosis involve not only patients with

migraine, but also those with other PH forms.

We note that underdiagnosis may lead to undertreat-

ment. If headache patients are not treated or receive sub-

optimal treatments, they risk a progressive worsening of

their headache syndrome, with increased impact on indi-

viduals and on society, and they are more likely to indulge

in ‘‘self prescription’’ of over-the-counter medications and

medication overuse. This is the case of many patients with

episodic migraine who evolve to chronic migraine and

medication overuse headache [8, 16, 17].

There is an urgent need for the development of coop-

erative networks involving GPs, neurologists and headache

specialists in order to enhance the possibility of a correct

diagnosis—and of adequate treatments—for headache

patients.
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Painful ophthalmoplegia: a retrospective study of 23 cases
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Abstract Painful ophthalmoplegia is a rare pathologic

condition caused by non-specific inflammation of the cav-

ernous sinus, but other causes such as tumours, vasculitis,

basal meningitis, neurosarcoidosis, diabetes can be respon-

sible for the syndrome. Aim of this study is a review of the

cases of painful ophthalmoplegia admitted to our Institute in

the last 20 years in order to verify the incidence of symp-

tomatic versus benign forms in a clinical case series, with

particular focus on the cases in which a long term (at least

4 years) and detailed follow-up did not revealed spread of

any systemic disease or other presumed causes for painful

ophthalmoplegia. Twenty-three patients were retrospec-

tively studied, 12 patients (52%) were classified as benign

forms and their disease course was again evaluated and 11

cases (48%) were designated as symptomatic. The present

study suggests that in the clinical practice the incidence of

benign forms among the painful ophthalmoplegias is more

elevate than the symptomatic ones and underlines the need

of a specific nosography for benign forms.

Keywords Painful ophthalmoplegia �
Tolosa–Hunt syndrome � Cavernous sinus

Introduction

Painful ophthalmoplegia is a rare pathologic condition

characterized by unilateral orbital pain combined with

ipsilateral paralysis of one or more oculomotor nerves,

sometimes associated to the loss of sensitivity in the dis-

tribution of the ophthalmic branch of the trigeminal nerve

[1]. Even though the understanding of this disease has made

significant progress, the difficulties encountered in the

diagnosis of painful ophthalmoplegia require extreme cau-

tion when exploring patients and need resorting to specific

complementary testing in order to exclude other causes [2].

Painful ophthalmoplegia may be observed in sphenoidal

fissure syndrome, orbital apex or cavernous sinus or para-

sellar syndrome, Raeder’s syndrome, Gradenigo’s syn-

drome and various pathologic condition that must be

investigated such as vasculitis, meningitis, diabetes, local

space-occupying processes, vascular malformations, sinus-

itis; furthermore, there are clinical entities such as oph-

thalmoplegic migraine and Tolosa–Hunt syndrome (THS)

[3–6]. Aim of the study is a retrospective review of the cases

of painful ophthalmoplegia admitted to our Institute in the

past 20 years in order to verify the incidence of symptom-

atic versus idiopathic forms in a clinical case series and an

accurate evaluation of the cases in which the follow-up did

not revealed any other causes responsible for the painful

ophthalmoplegia.

Methods

Patients admitted to our Institute from January 1989 to

2009 and diagnosed as suffering from painful ophthalmo-

plegia were retrospectively studied. Clinical history (with

particular focus on symptoms, type of pain, signs, response

to steroids, illness duration), associated diseases, general

tests, neuroimaging findings, other relevant examinations,

treatment and follow-up were obtained from the papers and

reviewed. All patients received full blood evaluation and
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biochemical/metabolic tests, ophthalmic examination,

contrast enhanced cerebral MRI, chest X-ray; some

patients underwent CSF analysis, spinal MRI, thoracic CT

scan, conventional cerebral angiography and electromy-

ography. All the patients were followed with at least two

following cerebral MRI and further examinations.

Results

Twenty-three patients, 14 males, 9 females, mean age

36.5 years (range 15–68 years) were reviewed. In 19 cases

(83%), unilateral orbital pain was the onset of the episode of

painful ophthalmoplegia; in 4 cases (17%) ocular palsy

coincided with the onset of the pain. In 19 cases (83%),

ocular palsy followed the pain within few days (from 2 to

7 days). The sixth cranial nerve was the most involved (9

cases, 39%); the third cranial nerve was affected in seven

cases (31%), the fourth in three cases (13%), and a com-

bined ocular motor nerves palsy was observed in four

patients (17%). Visual loss was described in four patients

(17%). Trigeminal involvement (first branch) was noticed

in 19 cases (83%). A steroid treatment (prednisone given

orally 1–1.5 mg/Kg daily) was administrated in all patients,

with prompt pain relief (less than 48 h) and remission of

paresis within few days (from 1 to 8 days) in 21 patients

(91%); in two cases the paresis lasted, respectively, for 5

and 6 weeks despite steroid use. The mean attack duration

was 12.3 days (range 5–45 days). Nineteen patients (83%)

developed a recurrence between 3 and 24 months and

clinical presentation was the same at every onset. Cerebral

MRI was normal in five cases (21%); in three cases (13%)

showed cavernous sinus asymmetry; in four cases (17%)

demonstrated an enhancing soft tissue compatible with

granuloma confined to the cavernous sinus. In 11 cases

(48%), cerebral MRI detected a specific lesion at the first

hospital admission; these 11 cases were designated as

symptomatic painful ophthalmoplegia. Diagnosis of the

symptomatic forms was: lymphoma (1 case), sarcoidosis (3

cases), vasculitis (2 cases), hypertrophic cranial pachy-

meningitis (2 cases), chronic polyradicular neuropathy (1

case), posterior communicating artery aneurism (1 case),

and cavernous hemangioma (1 case). Regarding the other

12 cases, in 5 patients MRI was still normal at the follow-up

and in 7 patients asymmetry or granuloma of the cavernous

sinus previously detected diminished or disappeared at first

following MRI; none of these 12 patients developed signs of

any systemic disease at long-term (4 years or more) follow-

up. These cases were diagnosed as THS. CSF analysis

performed in eight patients at the first attack revealed

pathologic findings (proteins and angiotensin-converting

enzyme both increased) in 5 patients, all of them were

symptomatic forms. The mean time for signs disappearance

after steroid therapy administration was non-significantly

different between benign cases and symptomatic cases

although secondary forms were characterized by longer

attack duration and more frequent relapse after steroid

withdrawal.

Discussion

The present retrospective study of 23 cases came to our

observation as painful ophthalmoplegias showed that more

than half of the patients (12 cases, 52%) had a benign form

and less than a half were secondary forms. Generally, we

could say that these data suggest that in the clinical practice

of the neurologist the incidence of benign forms among the

painful ophthalmoplegias is more elevate.

The cases diagnosed as benign forms could all be clas-

sified as THS, however, in 2004 the International Headache

Society redefined the diagnostic criteria for THS placing it

among cranial neuralgias (Sect. 13.16) with a new diag-

nostic criteria added: ‘‘demonstration of a granuloma either

by MR or biopsy’’ [7] and it is noteworthy that in our case

series among the group of benign forms only in four

patients a granuloma was noted while in three cases there

was an increase in size of the cavernous sinus and the other

5 cases had normal cerebral MRI. Although clinical fea-

tures of THS are common to several condition, the MRI

demonstration of granuloma plays a key role in diagnosis

of the syndrome [8]. We think that cases of painful oph-

thalmoplegia which fulfil the clinical criteria for THS but

have normal cerebral MRI remain to be clarified [9] and a

specific nosography is needed.
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in chronic cluster headache: case report and considerations
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Abstract In pathologies, such as refractory epilepsy,

major depression and cluster headache, there could be

indication to both vagal nerve stimulation (VNS) and

deep brain stimulation (DBS). In particular, Mauskop

(Cephalalgia 25:82–96, 2005) reported the efficacy and

safety of VNS in chronic cluster headache. At our Institute,

we perform posterior hypothalamic DBS for such clinical

condition since 2000 and results appear to be encouraging.

Here, we report the case of a patient with chronic cluster

headache (CCH) who had initially improved after DBS,

whose clinical effect subsequently diminished after head

trauma; we performed VNS in the same patient, thus

obtaining a new 50% reduction in frequency of pain bouts.

Such benefit and the absence of any side effects (possibly

due to the co-existence of the two systems) may suggest the

possibility of a second therapeutical chance not only in

CCH but also in the other two above-mentioned severely

disabling pathological conditions.

Keywords Simultaneous stimulation �
Vagal nerve stimulation � Deep brain stimulation �
Cluster headache

Introduction

Indications to deep brain stimulation (DBS) can sometimes

overlap the indications to vagal nerve stimulation (VNS) as

may happen in drug-resistant epilepsy [1, 2], major

depression [4, 7, 10] and in chronic cluster headache

patients [3, 6, 9]. So it may happen that patients harbouring

deep brain electrodes could also be potential candidates to

VNS or viceversa. The above-mentioned condition occur-

red in one patient affected by chronic cluster headache

(CCH) who had been submitted at our Institute to ipsilat-

eral hypothalamic DBS, which induced remission of pain

bouts for 1 year. After such period, and after trivial head

and neck trauma, pain bouts recurred and VNS implant was

performed and activated simultaneously to the DBS sys-

tem. The latter procedure led to a subsequent clear

improvement of algic symptomatology.

This is the first report in literature referring to DBS and

VNS systems working simultaneously in the same patient

without side effects due to interferences between the two

electrical systems.

Case report

A 60-year-old patient, 20 years ago, started to complain

about intense right supraorbital and intraorbital pain

attacks, which was initially episodical (about one episode

per month), but rapidly assumed to a frequency of about

eight per month. The pain attacks were accompanied by

profuse tearing, conjunctival injection, eyelid swelling and

nasal congestion. The clinical diagnosis of cluster headache

was then formulated and patient initiated pharmacological

daily treatment with verapamil, lithium, methysergide,

valproate, topiramate, lamotrigine, pregabalin, gabapentin

and other drugs including steroids in increasing dosages

and several combinations, though without any clinical

benefit. The only treatment which led to a partial and

temporary amelioration of symptoms was sumatriptan,
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which the patient assumed at on-need basis at the onset of

attacks.

Intensity and frequency of pain bouts anyway continued

to increase with time despite such treatment; their duration

ranged from 30 min to 4 h, and they presented over 200

times per month. After neurological and neurosurgical

evaluations, in 2003, he then underwent DBS of right

posterior hypothalamus [6] at our Institute.

The stimulation parameters were set at 2 V, contacts 0

and 1 as cathodes and case as anode, 30 Hz in frequency

and 60 ls as pulse width. The postoperative course was

characterized by prompt and significant improvement of

symptomatology with total remission of cluster headache

attacks for 1 year. The surgical treatment allowed the

patient to suspend the pharmacological treatment as a

whole.

Unfortunately, after tan accidental trauma of the head

and neck occurred at 1 year after surgery, painful attacks

gradually recurred, though not reaching the preoperative

severity (duration of about 30 min, frequency of about

9 per day).

Radiological evaluation and pulse generator’s check did

confirm the structural integrity and functionality of the

system and ruled out exhaustion of the battery of the pulse

generator. The patient also underwent seriate clinical

evaluations with progressive increase of stimulation

amplitude and several modification of the remaining

stimulation parameters, again without substantial clinical

benefit; the previous employed parameters were then reset.

Pharmacological treatment was resumed, but again the

only beneficial drug was sumatriptan, assumed at the onset

of attacks. So the patient assumed an average dosage of

60 mg sumatriptan in 24 h.

Taking into account the beneficial effect of VNS in CCH

previously reported in the literature [9], we decided to

perform implantation of VNS system to add peripheral

neuromodulation to the still acting central modulation

sustained by DBS.

Left VNS system implantation was performed in Janu-

ary 2008; the preoperative frequency and mean duration of

pain attacks were about 270 per month and 30 min,

respectively.

After VNS, the patient underwent regular clinical

follow-up evaluations (every week for the first postopera-

tive month and then on a monthly basis for 1 year in order

to record both clinical changes and eventual side effects).

The final VNS parameters (set at 1 month postoperatively)

were: 0.75 mA, 30 Hz, 500 ls, 30 s on stimulation and

5 min off stimulation.

The improvement of symptomatology began after

3 weeks from intervention and progressed gradually over

time; at the last observation carried forward, the frequency

of pain attacks was 120 per month and their mean duration

was of 15 min with a reduction of 50% for both compared

to pre-VNS period.

It is important to note that impedance testing of both

stimulation systems were repeatedly performed at every

postoperative visit, and their values did not change when

the two systems were working together with respect to each

of the two systems working alone (the other one being

voluntarily switched off). Furthermore, no adjunctive

stimulation-related side effects, potentially due to each of

the two electrodes, were reported by the patient after the

second intervention (VNS).

The course of frequency of pain attacks in this patient

with respect to time is schematized in Fig. 1.

Discussion and conclusions

Emerging applications and recognized applications of VNS

may overlap the field of DBS. This potential ‘‘double

indication’’ may take place in the treatment of severe

refractory diseases such as CCH [3, 6, 9], major depressive

disorder [4, 7, 10] and unresectable refractory epilepsy

[1, 2]. Patients harbouring DBS may take further advantage

from VNS as happened in this reported case. Otherwise it is

likely that patients not responding to VNS performed to

treat depression or epilepsy could undergo DBS to treat the

same disease.

Nevertheless, the interactions between peripheral neu-

romodulation (VNS) and central neuromodulation (DBS)

are still poorly known and investigations in this field are

needed. VNS has been reported to benefit CCH patients

Fig. 1 Monthly frequencies of cluster headache pain bouts in our

patient in function of time and presence of the two stimulating

systems
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through peripheral mechanisms [2] different from the

central mechanisms invoked to explain the therapeutic

effects of posteromedial hypothalamic stimulation [3].

The reported case demonstrate that working VNS and

DBS at therapeutical levels may cohabitate in the same

patient without side effects provoked by the interactions of

the two electrical fields (Fig. 2). In our opinion it may happen

because VNS is a bipolar stimulation between two very close

active contacts. DBS may also work in bipolar modality, but

usually chronic stimulation is performed in unipolar con-

figuration with case positive. A possible synergic effect

could be suggested by the improvement observed in these

patients after that VNS was added to DBS. Different

monopolar and bipolar configuration have been tested during

VNS and both resulted safe and without side effects.

The reason why, after occurrence of a trivial head and

neck trauma cluster headache attacks recurred in spite of a

still working DBS system (at the same parameters which

had allowed a complete disappearance of symptomatology

for 1 year) is not so clear; nevertheless, it is known that the

course of the disease may suddenly change in response to

environmental factors and traumatisms [8, 11].

The altered balance between peripheral and central

mechanisms which are considered in the physiopathology

of the disease may also be responsible for the recurrence of

pain bouts and a sort of tolerance to hypothalamic stimu-

lation may be taken into account, as well as possible further

worsening of the disease which could have become less

responsive to DBS itself.

To explain the beneficial effect of VNS in this CCH

patient we have to consider the central effects of peripheral

neuromodulation which interacts with the same brainstem

nuclei and circuits involved in CCH pathophysiology such

as the raphe nuclei where central (DBS) and peripheral

(VNS) signals may converge [5].

Anyway this case report remarks the emerging role of

neuromodulation procedures in the treatment of extremely

severe forms of trigeminal autonomic cephalalgias (TACs)

when conservative treatments fail. The possible role of

VNS originally proposed by Mauskop [9] has been con-

firmed and its feasibility in a patient harbouring DBS

electrodes has been demonstrated.

To our knowledge, this is the first report of such a

therapeutical combination in man and its value could go

beyond cluster headache’s treatment, stimulating the

research in other fields such as major depressive disorder

and refractory epilepsy, giving to these severely impaired

patients a second therapeutical chance when the first choice

treatment fails or loses its efficacy.
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A woman with abdominal pain and headache
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Abstract We describe a case of a 27-year-old woman

who came to the Emergency Department presenting severe

abdominal pain. She was evaluated by a gynaecologist and

submitted to pelvic ecography without finding relevant

alterations. In the successive hours, she presented severe

headache in occipital region and in the posterior neck,

poorly responsive to analgesic drugs. A cerebral CT scan

was performed and was normal, and the patient came to

our Department of Neurology. The neurological exami-

nation on admission was normal. This woman had a

7 years of long-lasting history of headache, diagnosed in

another hospital as migraine without aura, and she referred

a recent and progressive worsening of both the frequency

and the severity of the headache. In the suspect of sub-

arachnoidal haemorrhage, a lumbar puncture was per-

formed, and was negative for bleeding, showing only

a mild increase in the number of cells (12 leucocytes).

Following the lumbar puncture, the patient presented a

dramatic improvement of the headache. In the successive

days, she lamented sellar hypoesthesia and, when asked,

she referred a recent history of urinary and faecal retention.

She was, therefore, submitted to an NMR of the lumbar and

sacral medulla with evidence of a voluminous extradural

formation in the sacral region suggestive for extradural

sacral meningeal cyst. She was finally despatched to

the Department of Neurosurgery for surgical asportation of

the cyst.

Keywords Headache � Abdominal pain �
Spinal meningeal cyst

Introduction

Spinal extradural arachnoid cysts are rare and may cause

different symptoms and signs due to spinal cord com-

pression. These cysts are more common in male, the peak

of incidence is in the second decade of life, and have been

reported in any position, although they are most common

in the middle and lower thoracic spine. The cause of spinal

extradural cysts remains unclear; they are probably con-

genital but may also be acquired from trauma, infection or

inflammation [1]. They develop from protrusions of

arachnoid herniating from a small dural defect; they are in

nearly every case in communication with the spinal sub-

arachnoid space and contain cerebrospinal fluid [2].

Case report

Our patient is a 27-year-old woman, not overweight. When

she was 20 years, after a deep mourning, she started to

lament episodes of pulsating headache, mainly in the

posterior region, associated with phonophobia, photo-

phobia, nausea and sometimes vomiting. She went to a

Headache Centre (she lived in another country at that

time), and she was evaluated by a neurologist who made

diagnosis of migraine without aura. During the following

years, she presented a progressive worsening of the fre-

quency of severity and duration of migraine, which was

treated last time with intramuscular indometacine with

partial benefit. She was submitted to different prophylactic

treatments without relevant benefit. She was, therefore,
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submitted to a cerebral magnetic resonance which was

normal. In the last month, the headache was very severe,

more frequent, and usually lasted for more than 24 h with

spontaneous resolution, often associated with vomiting,

sometimes associated also with abdominal pain.

The patient came to the Emergency Department of

our hospital presenting severe abdominal pain. She was

evaluated by a gynaecologist and submitted to pelvic

ultrasound scan that was normal. She was also evaluated

by a surgeon and underwent abdominal X-ray with only

evidence of faecal encumbrance. In the successive hours,

she presented severe headache in occipital region and in the

posterior neck, poorly responsive to intravenous analgesic

drugs. She was evaluated by a neurologist and submitted to

a cerebral CAT scan that was normal, the neurological

examination and fundus oculi were normal. The patient

was suffering and underwent a lumbar puncture in order to

exclude a subarachnoidal haemorrhage, the examination of

the cerebrospinal fluid excluded bleedings, showing only a

mild increase in the number of cells (12 leucocytes).

Curiously, after the lumbar puncture, the patient had a

dramatic improvement of the headache.

In the following days, she lamented sensory loss in the

sacral dermatomes and, after detailed questions about her

medical history she referred a very recent onset of paren-

thesis in the perineum region and also difficulties in the

discharging of the bowel and of the bladder. She was

submitted to extemporaneous catheterisation of the bladder

with the notice of suggestive urinary stagnancy after

urination. She, therefore, underwent urgent magnetic

resonance of the lumbar and sacral medulla finding a huge

extradural formation in the sacral region suggestive for

meningeal cyst (Fig. 1), and she underwent surgical

removal of the cyst. Following the surgical operation, she

had mild urinary dysfunction that improved in the next

weeks. After the operation, she is asymptomatic for head-

ache at 5 months follow-up.

Discussion

Patients with lumbar and sacral cysts usually present low-

back pain, bowel and bladder dysfunction, sensory loss or

motor weakness of the lower limbs. Symptoms are often

intermittent and exacerbated by Valsalva manoeuvre.

Our patient had a long history of headache with the

features of migraine [3] and progressive worsening during

the years with severe and daily headache in the last month.

We hypothesise that in our patient the headache was

caused by changes in the hydrostatic pressure of the cere-

brospinal fluid. A support to this hypothesis is the sudden

improvement of the headache after the lumbar puncture

and the disappearance of headache after the surgical

intervention. Moreover, the worsening of headache in the

last month coincides with the onset of the symptoms sug-

gestive for spinal compression.

We search in the literature and we did not find report of

spinal meningeal cyst presenting with headache.

The mechanism proposed here for enlargement of the

cysts are active fluid secretion from the cyst wall, passive

osmosis of water and hydrostatic pressure of cerebrospinal

fluid [4].

The fluctuation of symptoms, such in the case described,

may be correlated to a valve mechanism in the communi-

cating pedicle, as proposed by some authors [5].
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CASE REPORT

Migrainous infarction: association with vascular risk factors
in a male subject

D. Decima Æ M. Cavallo Æ M. R. Leotta Æ
A. Gaballo

� Springer-Verlag 2009

Abstract Migraine with aura (MA) is associated with an

increased risk of ischemic stroke, especially in young

women with vascular risk factors (smoke, contraceptive

pill). Patent foramen ovale (PFO) has also been associated

with MA. We describe a 41-year-old man, in good health,

with MA since 16, familiar history of diabetes, heavy

smoker (30 cigarettes/day). Frequency (1–2 attacks/year)

and clinical features of migraine have been unchanged

since the onset. A few days before our examination he

suffered a typical migraine attack. In the following hours,

however, the headache became more and more throbbing

and the aura symptoms (regressed as usual in 30 min)

reappeared and persisted, so he went to an Emergency

Department. The CT-scan (without contrast) was normal.

The following days he had visual disturbances and spatial

disorientation. We found a normal neurological examina-

tion and fundus oculi. He referred persisting visual trou-

bles. We prescribed MR ? angioMR which confirmed a

migrainous infarction and ruled out others pathological

conditions. Further tests found out dislipidemia, hype-

rhomocysteinemia, impaired glucose tolerance. Transcra-

nial Doppler showed right to left shunting. We also

prescribed the screening tests for vasculitis (normal). In our

opinion this case highlights the relevance of vascular risk

factors in MA complications also in male subjects.

Keywords Migrainous infarction � Migraine with aura �
Ischemic stroke � Vascular risk factors

Introduction

According to the 1998 IHS classification, updated in 2004,

the definition of migrainous infarction is as follows:

One or more migrainous aura symptoms associated with

an ischemic brain lesion in appropriate territory demon-

strated by neuroimaging.

Precise criteria are requested for this diagnosis.

1. The present attack in a patient with 1.2: Migraine with

aura is typical of previous attacks except that one or

more aura symptoms persists for [60 min;

2. Neuroimaging demonstrates ischemic infarction in a

relevant area,

3. Not attributed to another disorder.

Along with the definition and the diagnostic criteria the

following comments are written:

An ischemic stroke that occurs in a migrainous patient

may be categorized as:

1. Cerebral stroke resulting from other causes and

coexisting with the migraine,

2. Cerebral stroke resulting from other causes presenting

with symptoms resembling migraine with aura,

3. Cerebral stroke occurring during a typical migraine

with aura attack. Only this fulfills criteria for 1.5.4.:

Migrainous infarction.
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Many studies looked upon the correlation between

migraine, vascular risk factors and increased risk of stroke

particularly in young women, with MA, taking oral con-

traceptive. The correlation seems to exist for older women

too [1–3] and recent works looked upon it even in men,

especially related to other vascular risk factors [4]. The

association with patent foramen ovale (PFO) is well

known, even if the mechanism of this association is only

supposed and not yet demonstrated [1].

Case report

We describe here a 41-year-old man, in good health, with

familiar history of diabetes, heavy smoker (30 cigarettes/

day), with no history of migraine who suffered migraine

with aura since 16 (typical aura with migraine headache,

1.2.1) [5]. The frequency and clinical features of migraine

have been unchanged since the onset.

A few days prior to our examination he suffered a typ-

ical migraine attack. The aura symptoms regressed as usual

after 30 min and then started a headache that became more

and more throbbing in the following hours; the aura

symptoms reappeared and persisted, so he went to an

Emergency Department.

The CT-scan (without contrast agents) was normal. The

following days he had visual disturbances (flashes and

blurred vision in the upper visual field) and spatial disori-

entation (he did not recognize the rooms of his home), so

he came to our examination.

We found a normal neurological examination and fun-

dus oculi. He referred persisting visual troubles.

We prescribed MR ? angioMR which evidenced an

ischemic lesion in the occipital cortex (confirming the

diagnosis of migrainous infarction) and ruled out others

pathological conditions.

Further tests found out hypercholesterolemia (246 mg/dl),

(HDL 29) hyperhomocysteinemia (18.2 lmol/l) (VN \ 15),

impaired glucose tolerance.

Transcranial Doppler showed right to left shunting (the

patient refused transesophageal echocardiogram). Color-

coded duplex ultrasonography (DUS) was normal.

We also prescribed the screening tests for vasculitis

consisting in PT, PTT, antithrombin III, fibrinogen, d-dimer,

clotting factors II, VII, Protein C, Protein S, C3, C4 organ

and not organ-specific antibodies (anticardiolipin, antithy-

roglobulin, antiparietal gastric cells, antismooth muscle,

antimicrosomes, antimitochondrion, Lupus anticoagulant).

Discussion and conclusion

We considered that the diagnostic criteria listed above are

all respected:

1. The patient has been suffering of MA for many years.

The episode that we described started with typical

symptoms, but the visual disturbances persisted for

many days.

2. The magnetic resonance imaging (MRI) showed an

ischemic area in the occipital cortex and excluded

other brain pathologies.

3. Further examinations ruled out vasculitis and cervical

vessels pathology.

However, the patient shows numerous vascular risk

factors (smoke, impaired glucose tolerance, hypercholes-

terolemia, hyperhomocysteinemia) along with that PFO

might have determined the migrainous infarction.
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SUNCT: a rare or underestimated pathology?

G. Viticchi, R. Cerqua, C. Ganino, M. Silvestrini, M. Bartolini

Department of Neuroscience, Polytechnic University of Marche,

Ancona, Italy

Introduction: SUNCT syndrome is known as a rare form of unilat-

eral neuralgiform pain associated to ipsilateral conjunctival injection

and tearing. Until today, literature formally reports just about 80 cases

describe and correctly diagnosed, even if experts presume that this

pathology is actually more common.

Patients and methods: During the last year three patients came to our

observation: A.V., male, 53 years old, admitted for episodical stabbing

pain localized to the right periorbital area irradiated to the frontal

regions, related to conjunctival injection and tearing; the episodes

lasted few seconds but recurred many times a day. The subject com-

plained of similar events in the past. The only relevant comorbidity

was essential hypertension. P.P., male, 71 years old, with stabbing and

burning pain in the right eye and periorbitary region irradiated to the

nasal wing; these events were short-lasting, often triggered by chewing

and yawning, associated to rhinorrea, tearing and conjunctival

hyperemia in the affected eye. Relevant comorbidities were essential

hypertension, chronic ischemic cardiopathy and stroke. C.E., male, 19

years old, was admitted for the diagnostic definition of an electric

shock-like pain localized to the superior right mandibular hemiarch

and hemiface; the pain was short-lasting, sometimes triggered by

chewing, always associated to rhinorrea and tearing with conjunctival

hyperaemia in the right eye; no significant comorbidities.

Results: The three patients were studied with the same diagnostic

pathway: anamnesis, neurological visit, hematic exams, ECG, EEG,

brain MRI. All these findings resulted normal, and the MRI scan

excluded neurovascular conflicts or neoformations. Subjects were

treated with lamotrigine, amytriptiline, gabapentin, carbamazepine in

different combinations with good results.

Discussion: All these three patients satisfy the 2004 IHS criteria for

the diagnosis of SUNCT. Thus, we speculate if the diagnosis is based

on too non-specific criteria or if, on the contrary, this pathology

should not be deemed as ‘‘rare’’.

Conclusions: International literature, in the last years, argues that

SUNCT syndrome is not rare but often underdiagnosticated; with this

brief case series, we want to add our contribution to enforce this

hypothesis, recommending to apply the 2004 HIS criteria to diag-

nosticate SUNCT in patients with suggestive symptoms.

Hormonal contraception and migraine-associated

allodynia

C. Lovati1, D. D’Amico2, P. Bertora1, C. Mariani1, G. Bussone2

1Chair of Neurology, Department of Clinical Sciences L. Sacco,

University of Milan, Italy; 2National Neurological Institute ‘‘C.

Besta’’, Milan, Italy

Background: Cutaneous allodynia is complained by about two-thirds

of patients during migraine episodes. Among migraineurs, allodynia

is thought to be caused by the headache: the persistence of pain

sensation seems to be able to induce central sensitization in the caudal

nucleus of the trigeminal nerve by lowering the neuronal pain

threshold. A significantly higher prevalence of cutaneous allodynia in

women has been found. An estrogen-dependent modulation of pain is

known and extremely complex. Central sensitization alone cannot

presumably explain the occurrence of allodynia in migraine and a

susceptibility to allodynia seems to be necessary. This susceptibility is

probably related to a particular genetic combination on which envi-

ronmental and hormonal elements co-work with pain persistence.

Objective: To compare prevalence of allodynia among female

migraineurs grouped by use of hormonal contraception.

Population and methods: 150 female migraineurs consecutively

evaluated in the Headache Center of the L. Sacco Hospital in Milan: 89

had only attacks of migraine without aura (MO) and 61 had also attacks

with aura (MA). 43 out of these 150 patients used hormonal contraception.

Presence of cutaneous allodynia was investigated by a semistructured

interview. Statistical analysis was performed by chi square.

Results: Allodynia during headache episodes was complained by 88

out of 150 migraineurs (58,6%): 26 out of 43 patients using hormonal

contraceptive were allodynic (60,4%). Among the 107 patients free

from hormonal contraception 62 complained allodynia (57.9%). No

difference was found in prevalence of allodynia between patients with

and without hormonal contraception. With regard to the MO sub-

group, allodynia was complained by 13 out of 28 patients with oral

contraceptive (46.4%) and 28 out of 61 without hormonal therapy

(45.9%). In the MA group, allodynia was present in 13 out of 15

patients with hormonal treatment (86%) and in 34 out of 46 subjects

free from hormonal intake (74%). Also in these diagnostic subgroups

no difference emerged with regard to allodynia prevalence.

Conclusions: Allodynia complaint seems not to be influenced by use

of hormonal contraception, reinforcing the observations that persis-

tence of pain and predisposition are the main elements in allodynia

pathophysiology, independently by external factors.

A new option for migraine treatment in young age:

preliminary results

Licia Grazzi, Susanna Usai, Giovanni D’Andrea*, Gennaro Bussone

National Neurological Institute ‘‘C. Besta’’, Milan, Italy;

*Department of Neurology, Santa Maria Institute, Vicenza Italy

Background: Although recurrent headaches are common in children

and adolescents, effective pharmacological treatment(s) without side

effects are still lacking. Most of current non-pharmacological inves-

tigations modalities have employed (either medication or behavioral)

often with unsatisfactory results. Few pharmacological studies have

included treatment comparisons. One of the most urgent and impor-

tant problems with this kind of patients is to have therapeutic
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possibilities without side effects, so common with pharmacological

treatments. Ginkolide b, an herbal constituent extract from ginko

biloba tree leaves, is a natural anti-platelet activating factor (PAF).

PAF is a potent pro-inflammatory and nociceptive agent released

during the inflammation process. In addition ginkolide b modulates

the action of glutamate acid, the main excitatory neurotransmitter of

CNS. It is known that abnormal levels of glutamate may cause

spreading depression and migraine aura in the susceptible individuals

and the PAF, released from platelets and leukocytes during the first

phase of migraine without aura attacks, sensitizes the trigeminal-

vascular endings and induces pain. Therefore ginkolide b can be

considered a promising not pharmacological tool for treatment of

migraine.

Objective: On the basis of this background we tested the efficacy of

ginkolide b in a group of young patients suffering from migraine

without aura. All patients were recruited at the headache center of

Besta neurological institute.

Methods: A small sample of 8 young patients suffering from

migraine without aura were treated with ginkolide B and magnesium

twice per day, in oral administration, for 3 months. Number, duration

and severity of migraine attacks were assessed in a diary card one

month before the starting of the trial and during the treatment period.

After 3 months, all patients were checked with their daily card for

number, duration, severity headache episodes and analgesic

consumption.

Results: Seven patients referred a significant clinical improvement

(days of headache per month pre 13.7 ± 11.5 post 5 ± 2.7) with a

decrease of number of analgesics used for the attacks (pre-treatment

6.3 ± 3.7 post 4 ± 3). The treatment was well tolerated and the

compliance was good (from patients and parents too).

Conclusion: Although the results are very preliminary, this treatment

could be a good option for patients suffering from migraine in partic-

ular for young patients where therapies without side effects are needed.

Migraine with medication overuse and disability

out-patient versus day-hospital withdrawal

for chronic assessment: preliminary results

Licia Grazzi, Susanna Usai, Frank Andrasik*, Gennaro Bussone

National Neurological Institute C. Besta, Milan, Italy; *Department

of Psychology, University of West Florida, Pensacola, FL, USA

Background: Patients with chronic migraine and medication overuse

are particularly difficult to treat, with no one approach being uni-

versally accepted. Some type of withdrawal program, however, is

typically implemented before beginning a pharmacological prophy-

laxis treatment.

Different withdrawal modalities have been performed for managing

these patients at first step; in-patient withdrawal has been confirmed

effective in preceding clinical experiences. In recent years new

modalities for withdrawal have been developed as day-hospital set-

ting and out-patient withdrawal.

Objective: Purpose of this study was to determine the clinical course

of 2 samples of chronic migraine patients with medication overuse

3 months following different treatment interventions: day-hospital or

out-patient withdrawal.

Methods: Two groups of patients were treated. Patients were suf-

fering from chronic migraine with medication overuse according with

HIS criteria. In Group A, 9 patients were treated by out-patient

withdrawal. In Group B, 25 patients were treated by day-hospital

withdrawal.

Results: Patients of both groups clinically improved at the 3 months

follow up: in fact days of headache per month decreased significantly

(group A: 18.4 vs 8.6; group B: 22.4 vs 8.1), medications/month

decreased significantly too (group A: 25 vs 10.7; group B: 25.4 vs

8.1).

Conclusions: From these results the out-patient withdrawal fol-

lowed by periodic clinical meetings seems to be effective for this

category of patients, in particular for high-motivated patients, as

day-hospital withdrawal. Nevertheless the follow-up period is too

short and our data are too preliminary for having definitive

conclusions.

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. Leone,

G. Bussone

Fondazione I.R.C.S.S. Istituto Neurologico ‘‘Carlo Besta’’,

Milan, 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 antidepres-

sant, is a selective serotonin and norepinephrine reuptake inhibitor.

Aim of this study was to evaluate the efficacy and tolerability of

duloxetine treatment in chronic migraine patients with medication

overuse and concomitant depression.

Patients and methods: Fifty patients, 40 women and 10 men, aged

20–65 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 1-month period; hence, duloxetine was started

and they were assessed after 4, 8 and 12 weeks. The following

parameters were employed to measure outcome (clinical end-points):

number of headache days per month, headache intensity, analgesic

consumption, Hamilton Depression Scale and MIDAS. Number of

responders (=headache frequency reduction C 50% in the treatment

period vs baseline) were also evaluated.

Results: All patients completed the study; the drug was well toler-

ated. In our patients, number of headache days per month, analgesic

consumption, headache intensity, HDRS and MIDAS were signifi-

cantly 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 psychi-

atric 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 duloxetine
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administration. We have observed a good tolerability profile during

the treatment period. Duloxetine does not bind to receptors origi-

nating 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.

Disability in migraine patients: the role of muscle

tenderness and psychometric correlates

V. C. D’Agostino, C. Mostardini, D. Dugoni, G. Bruti,

**F. Fattapposta, *F. Paparo, *G. Iannetti, R. Cerbo

Pain Center ‘‘Enzo Borzomati’’, **Department of Neurology

and ORL, *Department of Oro-Maxillo-Facial Surgery,

Policlinico Umberto I, ‘‘Sapienza’’ University of Rome, Italy

A relationship between pericranial muscle tenderness and psychiatric

disorders was described in migraine patients, in particular when

associated with chronic tension type headache (CTTH). The aim of

the study was to evaluate the temporomandibular system and cervical

spine function, the tenderness of pericranial, cervical and body

muscles, and their relationship with personality profile and psychiatric

symptoms in a population of migraineurs with and without CTTH.

Methods: Healthy subjects and migraineurs with and without CTTH

(according to IHS-2004 criteria) were consecutively recruited. All

subjects were submitted to a clinical investigation of the temporo-

mandibular system according to ‘‘Craniomandibular Index’’ (CMI), of

pericranial and body muscles respectively according to ‘‘tenderness

total score’’ (TTS) and ‘‘Fibromyalgia tender points’’ (TP), and of the

cervical spine (PECS). Personality profile and psychiatric symptoms

were assessed with tridimensional personality questionnaire (TPQ),

toronto alexithymia scale—20 items (TAS-20), state and trait anxiety

inventory (STAI 1-2), and beck depression inventory (BDI). All

migraineurs underwent migraine disability assessment (MIDAS) and

Headache Impact Test—6 items (HIT-6) to assess migraine disability.

Results: 47 migraineurs (mean age 37 ± 12), 40 migraineurs with

CTTH (mean age 32 ± 10) and 40 healthy controls (mean age

35 ± 12) were admitted to the study. All migraineurs have showed a

significant higher scores in CMI, TTS, PECS, TP and in BDI, STAI,

Harm Avoidance dimension of the TPQ and TAS-20 than healthy

controls (p \ 0.05). All the clinical and psychometric findings were

more evident in migraineurs with CTTH (p \ 0.05). Duration of

illness, frequency of attacks as well as MIDAS and HIT-6 scores were

positively correlated with the total number of craniomandibular and

cervical tender points (p \ 0.05).

Conclusion: Migraine patients present subclinical temporomandibu-

lar and cervical spine disorders, with high muscle tenderness. These

clinical findings are more evident in migraineurs with CTTH and are

associated with psychiatric symptoms and with a peculiar personality

profile. It might be important to point out these clinical features not

only for the therapeutic implications, but also to prevent and better

understand the physiopathological mechanisms that may lead to

chronic migraine.

Processing visual stimuli in cluster headache:

a combined functional and tractography MRI study

M. Filippi1,2, M. A. Rocca1,2, M. Absinta1,3, V. Barcella1,3,

D. Dalla Libera3, A. Falini2, G. Comi3, B. Colombo3

1Neuroimaging Research Unit, 2CERMAC, 3Department

of Neurology, Scientific Institute and University Ospedale

San Raffaele, Milan, Italy

Background: Morphological and functional imaging studies have

indicated that a primary hypothalamic dysfunction might be involved

in the pathogenesis of cluster headache (CH). However, a few

neurophysiological and metabolic studies have suggested a more

global dysfunction of central modulation of peripheral stimuli in these

patients.

Objective: To define the structural and functional magnetic reso-

nance imaging (MRI) abnormalities of the visual network in patients

with CH.

Methods: Dual-echo, diffusion tensor (DT) and functional MRI

(during visual stimulation with a 2 Hz checkerboard) were acquired

from 18 patients with chronic CH and 18 sex- and age-matched

controls. Using DT MRI tractography, probability maps for the major

brain white matter (WM) fiber bundles were constructed from con-

trols and applied to patients’ data to calculate mean diffusivity (MD)

and fractional anisotropy (FA) values. FMRI data were analysed

using SPM2 software.

Results: No difference was found for any of the WM fiber bundles

metrics analyzed between controls and CH patients. Compared to

controls, CH patients showed a decreased activation of the right (R)

middle occipital gyrus, the R dorsolateral prefrontal cortex (DLPFC)

as well as an increased deactivation of the R postcentral gyrus. No

correlation was found between fMRI changes and patients’ clinical

characteristics.

Conclusions: A central dysregulation of top-down modulation of

antinociceptive system occurs in CH patients. Such a dysfunction

tends to involve also other systems, including the visual one, and does

not have corresponding structural abnormalities, measured using DT

MRI. The lack of a correlation between fMRI changes and patients’

clinical characteristics suggest that they might reflect congenital

abnormalities.

Cerebral transverse sinus asymmetry in chronic daily

headache

L. Fofi*, C. Aurilia*, G. Egeo*, S. Cerulli*, N. Caravona*,

E. Giugni**, E. Ferone**, A. Pierallini**, P. Barbanti*

*Headache and Pain Unit, **Neuroradiology Unit,

IRCCS San Raffaele Pisana, Rome, Italy

Aims: Large venous cerebral sinuses are pain-sensitive structures

richly innervated by branches of the ophthalmic division of the

trigeminal nerve, involved in the pathophysiology of head pain. Our

aim was to investigate the correlation between alterations of cere-

bral venous sinuses morphology on neuroimaging and chronic

headache.

Subjects and methods: We studied 70 consecutive patients affected

by CDH with medication overuse (mean age 47.1 ± 15; sex M/F:

6/64; mean duration of headache 26.3 ± 14.3 years) admitted to our

Unit from November 2006 to May 2008. According to ICHD- II, 48

had a diagnosis of EC, 2 of CTTH, 2 CCH and 17 EC with abuse of

analgesics. Clinical features of headache were assessed by means of a

structured questionnaire. All patients underwent a cerebral MRI and

MRV (phase contrast sequence) to investigate venous sinuses

morphology.

Results: In 48.5% (34/70) of patients the MRV showed a transverse

sinus asymmetry with predominant right transverse sinus (right 80%;

left 20%). Moreover, two-thirds of asymmetric patients had an uni-

lateral side of pain, while only a bit more of 50% of symmetric

patients had bilateral pain.

Discussion and conclusion: Our data suggest an increased preva-

lence of cerebral sinuses asymmetry, mainly the transverse sinus, in

patients with CDH (48%) compared to that reported in both

episodic headache (31%) and general population (24%). We
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hypothesize that cerebral transverse sinus asymmetry could have a

role in the pathophysiology of CDH. Our data need confirm in a

larger population.
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On prophylaxis therapy of pediatric migraine

with magnesium, l-triptophan and niacin

V. Pizza*, V. Busillo**, E. Lamaida*, A. Agresta*

*Neurophysiopatology Service, Headache Centre, S. Luca Hospital,

Vallo della Lucania (SA) and **Neurology Division, Headache

Centre, Maria SS Addolorata Hospital, Eboli (SA), Italy

Aim: To evaluate the efficacy and tolerability of magnesium,

l-triptophan and niacin in prophylaxis therapy of pediatric migraine.

Methods: 12 outpatients, (7 F, 5 M) mean age 7.9 years (SD 1.2),

range 6–10 years, suffering from migraine without aura (ICDH ‘04

criteria) were enrolled. The mean duration of disease was 1.8 (SD

0.8) years, range 1–3 years. At baseline the mean frequency of

attacks was 7.8/month (SD 2.3), range 4–12; the mean number of

drugs intaking for acute attacks was 6.6 tablets/month (SD 1.4).

During the 6-month evaluation period magnesium, l-triptophan and

niacin were administered (at dose 90 mg, 350 mg, 25 mg/day

respectively). All patients filled a headache-diary card during the

evaluation.

Results: The basal frequency of attack was 7.8 (SD 2.3) and 4.4

(SD 2.3), 3.4 (SD 2.2), 2.4 (SD 2.6), after 1, 3 and 6 months,

respectively (p = 0.002; p \ 0.0001; p \ 0.0001). The basal value

of intaking drugs for acute attacks was 9.2 (SD 2.9) and 5.2 (SD

2.6), 3.6 (SD 2.7), 2 (SD 2.6) after 1, 3 and 6 months, respectively

[p = 0.002; p \ 0.0001; p \ 0.0001] (t test analysis). Magnesium, l-

triptophan and niacin was well tolerated (4 patients complained

somnolence, diarrhea and gastralgia but none of the patient with-

drew the study).

Conclusions: These data showed a good efficacy in reduction of

frequency and intensity of headache attack, a good tolerability and a

very good reduction of drugs intaking for acute attacks. Our study

suggests that magnesium, l-triptophan and niacin could be an alter-

native therapy for pediatric migraine prophylaxis.

Zonisamide in refractory patients with episodic cluster

headache: an open study

V. Pizza*, V. Busillo**

*Neurophysiopatology Unit, Headache Centre, S. Luca Hospital,

Vallo della Lucania (SA) and **Neurology Unit, Headache Centre

Maria SS Addolorata Hospital, Eboli (SA), Italy

Background: The prophylactic therapy of the cluster headache (CH)

is based on verapamil and carbolithium. Besides several patients are

not responders at this drugs.

Aim: To evaluate the efficacy and tolerability of zonisamide in pro-

phylaxis therapy of refractory episodic cluster headache.

Methods: 8 patients, (2 F, 6 M) mean age 42.6 years (SD 6.6), range

36–56 years, suffering from episodic cluster headache (ICDH ‘04

criteria) were studied. The mean duration of disease was 9.6 (SD 7.3)

years, range 3–26 years. In all patients prophylaxis therapy with

verapamil, carbolithium and valproic acid was failed in the past.

During the 3 months evaluation period zonisamide was administered

(starting dose 25 mg/day, target dose 100 mg/day). All patients filled

a headache-diary card during the evaluation.

Results: The basal frequency of attack/days and 1, 2, 3 months

respectively was 4.2 (SD 1.9): 2.4 (SD 0.9), 1.6 (SD 0.9), 0.8 (SD 1.1)

[p \ 0.03; p \ 0.004; p \ 0.0001] (t test analysis). Zonisamide was

well tolerated (2 patients complained somnolence, lack of concen-

tration, vertigo and nausea but not withdrew the study).

Conclusions: These data showed a good efficacy in reduction of

frequency of attacks. Still, the drug is tolerable, in fact none of the

patients withdrew the study. Our study suggests that zonisamide could

be an alternative prophylaxis therapy for episodic CH.

New mechanisms of migraine with aura revealed

by NIRS

S. Viola, P. Viola*, P. Litterio, M.P. Buongarzone, L. Fiorelli

Emergency Medical Service, Lanciano* Department of Neurology,

Vasto, Italy

Background: Leao first suggested a relationship between cortical

spreading depression (CSD) and migraine aura, based on the uniquely

slow spread of clinical and electrophysiological events. Some human

neuroimaging studies have indirectly suggested that CSD underlies

migraine and cerebral hypoperfusion associated with spreading

depression was a result of decreased metabolic demand. During

migraine with aura some studies performed by Transcranial Doppler

(TCD) showed a decrease in blood flow velocities and increase of the

pulsatility index (PI) suggestive of hypoperfusion of cerebral micro-

circulation. Innovative near-infrared spectroscopy (NIRS) can

measure Cerebral Tissue Oxygen Saturation (StcO2), and the arterial

pulse wave in cerebral microcirculation (APWCM) that reflect cere-

bral function and regional cerebral bood flow (CBF).

Objective: To study cerebral microcirculation during spontaneous

prolonged migraine aura, to compare the results with headache-free

periods, to identify new mechanism of migraine aura.

Patient and methods: We studied 8 subjects (3 M and 5 F, age range

12–41) by innovative continuous-wave NIRS system (portable, 760

and 850 nm as source, 4 cm source-detector separation) and TCD

during spontaneous prolonged aura of migraine attacks and after 2, 4,

6 h the end of aura.

Results: During aura of migraine attack NIRS showed significant

decrease of amplitude APWCM (35%) p \ 0.002, and increase of

StcO2 (15%) p \ 0.008 ipsilateral to the headache pain and contra-

lateral to the symptoms of aura compared with headache-free periods,

TCD showed a significant increase of PI (38%), p \ 0.001 and

decrease of diastolic velocity in the posterior and middle cerebral

artery ipsilateral to the headache pain compared with headache-free

periods. NIRS and TCD parameters normalized only after 4–6 h the

end of migraine aura.

Conclusion: These findings suggest that hypoperfusion of cerebral

microcirculation associated with spreading depression during

migraine aura was a result of decreased metabolic demand and nor-

malized later the end of migraine aura.
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A ‘‘quality path’’ for the assessment of headaches

in cases of civil invalidity

N. Milana, G. Contino, C. Allegretti*

Servizio Medicina Legale Ausl 4 Enna; Centro Cefalee Azienda

Vittorio Emanuele Catania*, Catania, Italy

Due to the considerable aetiological complexity and range of clinical

variations which characterize them, headaches are particularly diffi-

cult to assess. The highly subjective nature of headaches often makes

it very difficult to confirm and assess them in terms of severity, fre-

quency, and level of invalidity, which in turn often leads to medico-

legal disputes. Nevertheless, such a pathology is of great interest both

in terms of civil invalidity and in issues of liability claims, as cep-

halalgic situations may be the result of a variety of factors such as, for

example, cranial or neck trauma, exposure to toxic factors in the

workplace, the use of video-terminals, or they may be triggered by

workplace mobbing (harassment). At the present time, there is an

almost total lack of standardized criteria designed to establish suitable

percentages of invalidity for each sub-category of headache. The aim

of the present paper is to provide a series of parameters that will

correspond as fully and realistically as possible to the needs of the

invalid, while taking account of both current legislation and its ben-

efits and of the nosological framework, with particular reference to

episodic and chronic headaches and their relative impact on the

subject’s ability to work, while also considering the assessment in

relation to repercussions of the headache on the subject’s mental and

physical capabilities in the widest sense (biological damage). Further,

given that the pathology in question presents a strongly heterogeneous

clinical and temporal component, we also propose the necessary

prerequisites for establishing a medico-legal assessment in terms of

intensity, frequency, duration, response to treatment in connection

with the types of pharmaceuticals used and their side-effects, indi-

cating the appropriate bodies/agencies for the issue of relative

certifications as well as the required clinical and/or instrumental tests.

The aim of this ‘‘path’’ is to focus greater attention on a clinical

situation which has wide-ranging impact on society, with a view to

contributing to the definition of a common assessment procedure on a

national scale which will have a concrete impact on the new civil

invalidity tables that are currently being prepared.

Migraine with aura in two patients with arteriovenous

malformation and intrapetrosal carotid dissecation

*Veronica Cardin1, *Giuseppina Borutti2, Andrea Gallanti1,

Gennaro Bussone3, Nereo Bresolin1

1Dino Ferrari Center, Fondazione IRCCS Ospedale Maggiore

Policlinico, Mangiagalli e Regina Elena, Department of Neurological

Sciences, University of Milan, 20129 Milan, Italy; 2Neurosonology

Department, Azienda Ospedaliera di Pavia, Ospedale di Voghera;
3Neurological Institute C. Besta, 20133 Milan, Italy

A 42-year-old woman came to our observation for migraine attacks

preceded by visual symptoms from the adolescence. More in detail, a

hazy spot was followed after 2–15 min by a star-shaped figure and

then by a semicircular zigzag line. Sometimes, the pulsating headache

was also preceded by sensory symptoms and it was associated to

photophobia, phonophobia, nausea and vomiting. The mother’s and

the sister’s patient had similar migraine attacks, with a complete

resolution after non-steroidal anti-inflammatory therapy. On the basis

of her familial history, diagnostic investigations were never per-

formed even if the patient underwent to several neurological

examinations. In our Department, Angio- and Brain Magnetic

Resonance Imaging (MRI) were performed and they revealed a large

left artero-venous malformation, extended from the occipital to the

frontal left lobe.

One month later, a 32-year-old man came to our observation for a

third throbbing headache attack preceded by visual symptoms and

followed by right hand weakness accompanied by sensory symptoms,

dysarthric speech disturbance, nausea and vomiting. The patient’s

familial history was positive for migraine with similar characteristics

and in the past a MRI of the brain had been performed and it was

normal. In our Department, we decided to perform another brain

magnetic resonance imaging (MRI) because the patient referred, from

the last attack, dizziness during the day. The neuroradiological

investigation revealed a left intrapetrosal carotid dissecation.

Our experience confirm that, even if every patient with migraine

with aura, in our opinion, would undergo to at least a MRI of the

brain, the clinician has to consider every migraine attack with par-

ticular characteristics as the possible manifestation of a new

underlying disease.

The creation of a biobank for patients affected

by familial and sporadic hemiplegic migraine

Andrea Gallanti1, Veronica Cardin1, Alessandra Tonelli2,

Gennaro Bussone3, Nereo Bresolin1, Maria Teresa Bassi2

1Dino Ferrari Center, Fondazione IRCCS Ospedale Maggiore

Policlinico, Mangiagalli e Regina Elena, Department of Neurological

Sciences, University of Milan, 20129 Milan, Italy; 2IRCCS E. Medea,

Laboratory of Molecular Biology, Via D.L. Monza 20, 23842 Bosisio

Parini Lecco, Italy; 3Neurological Institute C. Besta, 20133 Milan,

Italy

Familial Hemiplegic Migraine (FHM) is a rare subtype of migraine

with aura inherited with an autosomal dominant pattern. We created

in our laboratory a BioBank sampling the DNA of patients affected by

Familial and Sporadic Hemiplegic Migraine, diagnosed according to

the International Headache Society criteria (2004). When these

patients come to our Department, they undergo a neurological

examination and all the instrumental investigations that can confirm

the absence of other diseases. After obtaining written consent, we

purify DNA from blood of all affected individuals and some of their

healthy relatives by using the IsoQuick Nucleic Acid Extraction kit

(ORCA Research, Bothell, WA, USA). Our genetic analysis is made

in order to search for mutations in the three genes associated to the

disease. The majority of the families (50–75%) is linked to chromo-

some 19p13 and carry mutations in the gene CACNA1A (FHM1)

encoding the Cav2.1 calcium channel subunit (Ophoff 1996; Ducros

2001), so this is the first gene that we generally investigate. However,

even if only a smaller proportion of FHM families is linked to

chromosome 1q23 (FHM2) (Ducros 1997; Gardner 1997), with

mutation in the ATP1A2 gene encoding the alpha-2 subunit of Na?/

K?-ATPase (De Fusco 2003), sometimes, according to the patient’s

clinical features, this is the first gene that we examine. Finally, if we

have not found mutations in the CACNA1A and in the ATP1A2

genes, we also analyse the SCN1A gene (FHM3), recently identified,

located on chromosome 2q24 and encoding a Nav2.1 sodium channel

subunit already known to be associated to different forms of epilepsy

(Escayg, 2000, Claes, 2001). In the past 2 years we have found new

mutations in the ATP1A2 gene, never described in literature.

Recently, we created a network with other Neurological Departments

in order to collect as many patients as possible. This fact could

facilitate the discovery of new genetic mutations, the characterization

of the genotypic/phenotypic correlations and possibly it could con-

tribute to understand the pathogenesis of Hemiplegic Migraine and

probably of migraine of aura. In fact, according to the main
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hypothesis, mechanisms underlying attacks of Hemiplegic Migraine

are thought to be closely related to those of migraine with typical

aura. More in detail, Moskowitz et al. (2004) have recently suggested

that FHM mutations render the brain more susceptible to prolonged

cortical spreading depression (CSD) caused by either excessive syn-

aptic glutamate release (FHM1) or decreased removal of glutamate

and K? from the synaptic cleft (FHM2).

Prevalence of migraine in essential tremor:

a case–control study

C. Aurilia*, G. Fabbrini**, P. Barbanti*

*Headache and Pain Unit, IRCCS San Raffaele Pisana, Rome;

**Department of Neurosciences, Universtity ‘‘La Sapienza’’,

Rome, Italy

Background: Essential tremor (ET) and migraine (M) are common

neurological disorders sharing (1) a strong genetic background, (2)

benefit form identical therapeutic options (B-blockers) (3) a similar

pattern of bilateral activation of the red nucleus (Bold fMRI).

Objective: To determine the prevalence of M in ET in a case–control

study.

Methods: We investigated the presence of M (ICHD-II criteria) in

100 consecutive ET patients (AAN criteria) (mean age

70 ± 11 years) and in 100 sex- and age-matched healthy controls

(HC). Current and lifetime M and its clinical features were assessed

by means of a structured questionnaire in a face-to-face interview.

Results: The prevalence of lifetime M and current M was similar in

ET patients and HC. Among ET patients, 25 had lifetime M (M/F:

7/18; mean age 68.9 ± 13 years; M without aura 24, M with aura 1;

mean duration of tremor 16.7 ± 15 years) and 10 had current M

(M/F: 2/8, mean age 66 ± 9,4; M without aura 9, M with aura 1;

mean duration of tremor 18.4 ? 15.6 years). Among HC, 22 had

lifetime M (M/F: 6/16, mean age 67 ± 15 years, M without aura 20,

M with aura 1, CDH 1) and 14 had current M (M/F: 4/10, mean age

62.3 ± 16 years, M without aura 13, CDH 1). ET patients with M did

not differ from ET patients without M in age, familiarity for tremor,

age at onset of tremor, duration of tremor, severity of tremor in the

upper limbs or in the head.

Conclusion: In contrast with previous open studies, we demonstrate

that the prevalence of M is similar in patients with ET and in HC.

Headache and carotid-cavernous fistula: a case report

M. Brioschi, L. Fumagalli, P. Santoro, M. Piatti, C. Ferrarese

Department of Neurology-Stroke Unit, University of Milano-Bicocca,

S. Gerardo Hospital, Monza, Italy

Carotid-cavernous fistulas (CCF) are an uncommon pathology con-

sisting a vascular anomaly in which blood flows from meningeal

branches of the internal and external carotid arteries, or directly from

the internal carotid artery, into the venous circulation around and in

the cavernous sinus.

We describe a case of a 26-year-old woman who presented a 7-day

history of severe temporo-occipital headache and a right retro-orbital

pain. This cephalalgia did not respond to any abitually analgesic

drugs. She arrived at the Emergency Department for a worsening of

the headache and for the sudden onset of diplopia caused by VI

cranial nerve palsy; the patient presented also nausea and vomiting,

conjunctival injection and chemosis. The patient had a medical his-

tory of catamenial migraine. A cerebral CT scan was normal while

angio-CT study showed a bilateral cavernus sinus dullness ([dx). For

this finding, an urgent cerebral angiography was performed which

revealed the presence of a high flow carotid-cavernous fistulae (CCF).

Also a transcranial doppler performed trough the right temporal

window showed a turbulent flow at the deep of 7 cm. After neuro-

surgeon and neuroradiologist counselling the patient underwent

transarterial embolisation procedure.

Headache can be the first clinical manifestation of the CCF: this

vascular disease generally causes periorbital aching with ocular

symptoms due to high venous pressure in the cavernous sinus.

According to the II edition of the International Headache Classifica-

tion (HIS 2004), the diagnostic criteria for the headache attributed to

dural arterio-venous fistula are the follows: A. Any new acute head-

ache fulfilling criterion C; B. Neuroimaging evidence of dural

arteriovenous fistula; C. Evidence exists of causation by the fistula; D.

Subarachnoid haemorrhage, intracerebral haemorrhage and other

causes of headache ruled out by appropriate investigations. Some-

times the carotido-cavernous fistulae may arise as painful

ophthalmoplegia. Most CCF are considered benign lesions; however,

acute neuro-ophthalmologic changes due to the rare incidence of

rupture (risk depending on size) may warrant immediate therapy.

Although surgical management of CCF is possible, endovascular

therapy is the mainstay of modern therapeutic options.

Migraine and mitochondrial dysfunction: a review

Nereo Bresolin

Dino Ferrari Center, Fondazione IRCCS Ospedale Maggiore

Policlinico, Mangiagalli e Regina Elena, Department of Neurological

Sciences, University of Milan, 20129 Milan, Italy

The central nervous system (CNS) is, after the peripheral nervous

system, the second most frequently affected organ in mitochondrial

disorders (MCDs). CNS involvement in MCDs is clinically hetero-

geneous, manifesting as epilepsy, stroke-like episodes, migraine,

ataxia, spasticity, extrapyramidal abnormalities, bulbar dysfunction,

psychiatric abnormalities and neuropsychological deficits. Several

lines of evidence suggest that at least some subtypes of migraine may

be related to a mitochondrial defect. Skinoj, in 1973, was the first to

demonstrate that lactate levels are increased in the CSF during

migraine attacks. Migraine is a prominent feature particularly of

Mitochondrial Encephalomyopathy, LActacidosis, Stroke-like epi-

sodes (MELAS) but may also occur together with other nonsyndromic

or syndromic MCDs, such as Myoclonic Epilepsy and Ragged Red

Fibers syndrome (MERRF), LS (leigh syndrome), KSS (Kearns Sayre

syndrome) and PEO (Progressive External Ophtalmoplegia), in which

migraine can precede ocular involvement and ataxia by many years.

Along with other inherited factors, such as disturbances in calcium

channelopathies, an abnormality of mitochondrial oxidative metabo-

lism increases neuronal excitability and reduces the threshold for

triggering migraine attacks. On the other hand, exogenous stimuli

may, in cortical areas characterized by a reduced mitochondrial

energy reserve, create an imbalance between neuronal energy supply

and energy consumption that can accelerate the rise in lactate con-

centration normally occurring with stimulus-induced neuronal

activity. The resulting imbalance of the brain metabolic homeostasis

might activate the trigeminovascular system, triggering a migraine

headache (Schooenen et al. 1996).

In conclusion, an impairment of oxidative metabolism may

explain the ‘‘threshold character’’ of migraine attacks and migraine is

probably associated with unidentified mutations of the mtDNA or of

nuclear genes which may equally affect the energy production of the

mitochondrial machinery (Sparaco et al. 2005).
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CNS dysregulation extends beyond the pain-matrix

network in cluster headache: a study of resting

state networks

M. A. Rocca1,2, B. Colombo3, P. Valsasina1, M. Absinta1,

V. Barcella1, D. De Feo3, A. Falini2,4, G. Comi3, M. Filippi1,2

1Neuroimaging Research Unit, 2CERMAC, 3Department

of Neurology, 4Department of Neuroradiology, Scientific Institute

and University Ospedale San Raffaele, Milan, Italy

Background: The assessment of low-frequency (\0.1 Hz) fluctua-

tions in functional magnetic resonance imaging (fMRI) data at rest

has demonstrated the presence of high temporal coherence between

spatially distinct, functionally related brain regions, which charac-

terizes the resting state networks (RSN) of the human brain.

Objectives: To investigate abnormalities of brain RSN in patients

with episodic cluster headache (CH), outside the bout phase, in

comparison with healthy individuals.

Methods: RS fMRI data were acquired from 13 CH patients and 15

matched healthy controls. Independent component analysis (ICA) was

used to decompose RS fMRI data into spatially independent maps and

time courses using the GIFT software. SPM2 was used to assess

within- and between-groups activations (one-sample t test and

ANOVA).

Results: Our analysis detected 11 RSN with potential functional

relevance. Significant between-groups difference were found for the

sensorimotor network (decreased fluctuation in the primary sensori-

motor cortex and supplementary motor area, bilaterally in CH

patients), and the primary visual network (decreased fluctuation in V1

in CH patients) (p ranging from 0.03 to 0.007). No differences were

found in the default mode network. RSNs abnormalities were sig-

nificantly correlated with disease duration.

Conclusions: RSN analysis reveals abnormalities of the visual and

motor networks in CH patients outside the acute attack. These find-

ings suggest a diffuse dysfunction of functional connectivity which

extends beyond the antinoceptive system.
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