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Neurological Sciences is intended to provide a medi-
um for the communication of results and ideas in the
field of neuroscience. The journal welcomes contri-
butions in both the basic and clinical aspects of the
neurosciences. The official language of the journal is
English. Reports are published in the form of origi-
nal articles, short communications, editorials,
reviews and case reports. Original articles present
the results of experimental or clinical studies in the
neurosciences, while short communications are suc-
cinct reports permitting the rapid publication of
novel results. Original contributions may be submit-
ted for the special sections History of Neurology,
Health Care and Neurological Digressions - a forum
for cultural topics related to the neurosciences. The
journal also publishes correspondence book
reviews, meeting reports and announcements. 

Manuscripts submitted for publication must contain
a statement to the effect that all human studies have
been reviewed by the appropriate ethics committee
and have therefore been performed in accordance
with the ethical standards laid down in an appropri-
ate version of the 1965 Declaration of Helsinki. It
should also be stated clearly in the text that all per-
sons gave their informed consent prior to their inclu-
sion in the study. Details that might disclose the
identity of the subjects under study should be omit-
ted. Reports of animal experiments must state that
the Principles of Laboratory Animal Care (NIH pub-
lication no. 86-23 revised 1985) were followed as
were applicable national laws (e.g. the current ver-
sion of the German Law on the Protection of
Animals). The Editor-in-Chief reserves the right to
reject manuscripts that do not comply with the
above-mentioned requirements. Authors will be held
responsible for false statements or for failure to ful-
fill such requirements.

The journal is open for publication of supple-
ments and for publishing abstracts of scientific
meetings. Conditions can be obtained from the
Editor-in-Chief or the publisher

Copyright

Submission of a manuscript implies: that the work
described has not been published before (except in
form of an abstract or as part of a published lecture,
review, or thesis); that it is not under consideration
for publication elsewhere; that its publication has
been approved by all coauthors, if any, as well as –
tacitly or explicitly – by the responsible authorities
at the institution where the work has been carried
out. Transfer of copyright to the publisher becomes
effective if and when the article is accepted for pub-
lication. The copyright covers the exclusive right
(for U.S. Government employees: to the extent
transferable) to reproduce and distribute the article,
including reprints, translations, photographic repro-
ductions, microform, electronic form (offline,
online) or other reproductions of similar nature.

All articles published in this journal are protected by
copyright, which covers the exclusive rights to
reproduce and distribute the article (e.g., as off-
prints), as well as all translation rights. No material
published in this journal may be reproduced photo-
graphically or stored on microfilm, in electronic data
bases, video disks, etc., without first obtaining writ-
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ten permission from the publisher. The use of gener-
al descriptive names, trade names, trademarks, etc.,
in this publication, even if not specifically identified,
does not imply that these names are not protected by
the relevant laws and regulations.

An author may self-archive an author-created ver-
sion of his/her article on his/her own website and
his/her institution's repository, including his/her
final version; however he/she may not use the pub-
lisher's PDF version which is posted on
www.springerlink.com. Furthermore, the author
may only post his/her version provided acknowl-
edgement is given to the original source of publica-
tion and a link is inserted to the published article on
Springer's website. The link must be accompanied
by the following text: "The original publication is
available at www.springerlink.com". Please use the
appropriate URL and/or DOI for the article. Articles
disseminated via SpringerLink are indexed,
abstracted and referenced by many abstracting and
information services, bibliographic networks, sub-
scription agencies, library networks, and consortia.

While the advice and information in this journal is
believed to be true and accurate at the date of its pub-
lication, neither the authors, the editors, nor the pub-
lisher can accept any legal responsibility for any
errors or omissions that may be made. The publisher
makes no warranty, expressed or implied, with
respect to the material contained herein.

Special regulations for photocopies in the USA.
Photocopies may be made for personal or in-house
use beyond the limitations stipulated under
Section 107 or 108 of U.S. Copyright Law, pro-
vided a fee is paid. All fees should be paid to the
Copyright Clearance Center, Inc., 21 Congress
Street, Salem, MA 01970, USA, stating the ISSN
1590-1874, the volume, and the first and last page
numbers of each article copied. The copyright
owner's consent does not include copying for gen-
eral distribution, promotion, new works, or resale.
In these cases, specific written permission must
first be obtained from the publisher.

The Canada Institute for Scientific and Technical
Information (CISTI) provides a comprehensive,
world-wide document delivery service for all
Springer journals. For more information, or to
place an order for a copyright-cleared Springer
document, please contact Client Assistant,
Document Delivery, CISTI, Ottawa K1A 0S2,
Canada (Tel: +1-613-9939251; Fax: +1-613-
9528243; e-mail: cisti.docdel@nrc.ca).
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Instructions to Authors
It is requested that five copies of each manu-
script, along with an electronic version, be sub-
mitted to the Editor-in-Chief.

Editor-in-Chief
G. Avanzini, MD
Editorial Office
Istituto Nazionale Neurologico “C. Besta”
Via Celoria, 11
I-20133 Milano, Italy
Tel.: +39 02 23.94.253
Fax: +39 02 70.600.775
E-mail: neurol-sci@istituto-besta.it

Submitting manuscripts
Please submit five copies of each manuscript,
printed on only one side of each sheet of paper.
Submitted manuscripts must be accompanied
by a disk containing the electronic version.
Papers that do not comply with the above-
mentioned requirements will not be consid-
ered for submission. Rejected manuscripts will
not be returned to the authors.

Manuscripts must be accompanied by the
“Copyright Transfer Statement” (the form is
regularly published in the journal, A4).

A cover letter should be sent with every manu-
script to identify the person (with address, tele-
phone number, and e-mail) responsible for corre-
spondence concerning the article. This letter
should make it clear that the final manuscript has
been seen and approved by all authors. The
authors must state that the paper has not been
published (in part or in full) or submitted for
publication elsewhere; this includes the tables
and figures. The editors of Neurological Sciences
expect all authors to disclose any commercial
associations they have that might give rise to a
conflict of interest in connection with the sub-
mitted article.

Types of manuscripts accepted
Review articles are usually submitted after prior
consultation with the editors and are subject to
the peer review process. They should contain a
maximum of 4000 words and 75 references.

Original papers must not exceed 3000 words
and should not include more than 4-6 illustra-
tions and tables. Each separate part of a figure
(a, b, etc.) counts as an illustration. Up to 40 ref-
erences are permitted.

Brief communications should include brief origi-
nal studies or reports on one or a small number of
cases. They should not exceed 1000 words; 1-2
illustrations and up to 10 references are permitted.

Case reports describe atypical or unusual clini-
cal entities. Limitations on words, tables and fig-
ures, and references are the same as for Brief
communications.

Letters to the editors are published in the corre-
spondence section. They must not exceed 300
words (and 5 references) and should be ad-
dressed to the Editor-in-Chief. Submitted letters
will be subject to shortening and editorial revision.

Translation or revision

Papers submitted in good English are edited by
the Springer copy editing service with no charge

for the authors. In case of papers needing trans-
lation or linguistic revision, authors must, on
submission of texts to the Journal, state the same,
address and VAT number or tax code number of
the person or firm (not university) that will pay
for translation or revision. Payment must be
made wihin 90 days from invoicing, failing
which the Journal will not guarantee publication,
even if the work has, in principle, been accepted.

Preparation of manuscripts
General: The author(s) transfer(s) copyright
from the article to Springer effective if and when
the article is accepted for publication. The copy-
right covers the exclusive and unlimited rights to
reproduce and distribute the article in any form of
reproduction (printing, electronic media or any
other form); it also covers translation rights for all
languages and countries. For authors from the
United States the copyright is transferred to the
extent transferable.

All manuscripts must be written in standard
grammatical English; this is the responsibility of
the author. Manuscripts should be typed with
double-line spacing throughout, using only one
side of standard-sized paper. Margins should be
at least 2.5 cm. Three manuscript pages (line
width of 65 strokes; 30 lines per page; double-
spaced) equal one printed page. The form and
content should be carefully checked to exclude
the need for making corrections later, as authors
will receive only one set of page proofs (not gal-
ley proofs). Any changes from the manuscript
are expensive and will be charged to the author.
Essential additions may be placed at the end of
the article as a “Note added in proof.” The
approximate positions of figures and tables must
be marked in the margin.

Footnotes should be avoided in the text.
Passages that are to be set in small print should
be marked with a vertical line and a P in the left
margin. Single words to be emphasized should
be underlined for printing in italics. The interna-
tional (SI) unit system should be used, although
other units can be included in parentheses.

Structure: The first page should include the
following: title of the paper; the first name(s)
and surname of each author (name of the author
to whom communications should be addressed
should be underlined and the postal address tele-
phone/fax numbers, and e-mail address, given);
name of the institution or hospital where the
work was done, its location, and the source of
any support received. The first author’s name
should not be placed in the upper right corner,
nor in the bottom corner, of the following pages.
The second page should include: the abstract
(no more th0an 150 words) and up to 6 key
words (terms from the medical subject headings
of Index Medicus should be used whenever
possible). The rest of the paper should be
arranged in the following order: text, acknowl-
edgements, references, tables, figure legends.

Elements of the manuscript
Structured abstract: Abstracts (up to 150
words) should be provided in a structured forma-
ta (see Annals of Internal Medicine (1987) 106:

598-604), and should briefly describe: the
problem being addressed in the study, how the
study was performed, the results, and what the
authors conclude from their results, using 
the following sections in sequence: Objective,
the exact question(s) addressed by the article.
Design, the basic design of the study; Setting, the
location and level of clinical care; Patients and
participants, the manner of selection and number
of patients or participants who entered and com-
pleted the study; Interventions, the exact treat-
ment or intervention, if any; Measurements and
results, the methods of assessing patients and key
results; Conclusions, key conclusions including
direct clinical applications.

Introduction: The nature and purpose of the
work should be outlined briefly, quoting the rel-
evant literature.

Materials and methods: Clinical and technical
procedures should be included. Generic names
of drugs should be used. If an author desires,
brand names may be inserted in parentheses. In
the text, authors should state that human studies
have been conducted according to the principles
established in Helsinki. If studies were approved
by an ethical committee, it should be stated.
Authors of animal studies should state that they
adhered to the guidelines on animal experimen-
tation of a physiological society. The Materials
and methods section will be set in small print.

Results: The results should be presented clear-
ly, concisely and without comment.

Discussion: Results should be explained and
related to those of other authors; their signifi-
cance for clinical practice should be defined.

References: The numerals used in the text [which
should be put in square brackets] refer to a list of
references prepared and numbered in the order of
appearance. If abstracts are cited, they must be
indicated as such and must not have been pub-
lished more than 3 years previously. No references
can be made to personal communications, unpub-
lished data, theses, or manuscripts submitted or in
preparation. Journal names must be abbreviated
according to the List of Journals Indexed in the
Index Medicus. References should be prepared in
the structure of the following examples:

Journal articles: Falkers P, Luyten P (1997)
From morphology to function: new euro appli-
cations in functional magnetic resonance. Ital J
Neurol Sci 18:367-372

Books: Sindic CJM (1996) The detection of
IgA, IgM and free light chains abnormalities in
cerebrospinal fluid. In: Thompson EJ, Trojano
M, Livrea P (eds) Cerebrospinal Fluid Analysis
in Multiple Sclerosis. Springer-Verlag Berlin
Heidelberg, pp 41-50
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Italian summary: Papers submitted in English
should be accompanied by an Italian summary
that closely reflects the English abstract. For
non-Italian authors the summary will be pre-
pared by the editorial office.

Acknowledgments: These should be limited to
people who have contributed significantly to the
study.

Illustrations: Figures should be provided in tripli-
cate as glossy prints of black and white pho-
tographs; on the back, a label should indicate: top,
figure number and the title of the paper (or the first
words of the title). The author’s name(s) should
not appear. The size of the lettering should be con-
sistent in all figures. Each illustration must have a
legend of up to four lines (provided on a separate
page). Insets, lettering, arrows etc. should be
marked on a transparent overlay. Prints can be best
reproduced if the print submitted is of a size iden-
tical to that desired in the published paper: page
width is 17.6 cm; column width is 8.6 cm.
Computer drawings are acceptable provided they
are of comparable quality to line drawings.
Computer-drawn curves and lines must be smooth.

Color illustrations will be accepted, however, the
authors will be expected to make a contribution
towards the extra costs (€ 620,00 for the first and
€ 310,00 for each additional page plus VAT).

Tables: Each table should be on a separate sheet
and numbered consecutively with arabic numer-
als. A short title should be provided on the same
page. Footnotes are indicated with superscript
small letters.

Electronic submission of final version: Please
send only the final version of the article, as
accepted by the editors. Authors are requested to
follow the technical instructions printed in the
journal for preparation of diskettes (A5).

Proofs: One copy of the proof product is sent
with the manuscript to the author whose name is
given for correspondence. The corrected proof
should be returned immediately with the manu-
script to the publisher by express mail. If proofs
are not returned within 48 hours, the paper will
be published without the authors’ corrections.

Offprints and free copies: The corresponding
author will receive 1 copy of the relevant issue.
Orders for offprints can be placed by returning the
order form with the connected proofs.

Failure to comply with the above instructions
will result in the manuscript being returned to
the author. Manuscripts are examined by the
editorial staff and are usually sent to outside
reviewers. Authors are encouraged to suggest
the names and addresses of possible reviewers,
but the editors reserve the right to make the final
selection. Authors are usually notified within 3
months if their manuscripts are accepted, but
longer delays are sometimes unavoidable.
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The copyright to this article is transferred to Springer (for U.S. government employees: to the
extent transferable) effective if and when the article is accepted for publication. The copyright
transfer covers the exclusive right to reproduce and distribute the article, including reprints, trans-
lations, photographic reproductions, microform, electronic form (offline, online) or other reproduc-
tions of similar nature.
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Technical instructions 
for manuscripts and 

illustration in electronic form
Electronic submission of final version

Please send only the final version of the
article, as accepted by the editors.

Preparing your manuscript 

� Text 

To help you to prepare your manuscript,
Springer offers a template that can be used
with Microsoft Word 7 (Windows 95), 97,
2000, and Word for Macintosh.

The template is available as follows.
� via ftp:

Address: ftp.springer.de
User ID: ftp 
Password: your own e-mail address
Directory: /pub/Word/journals
File names: sv-journ.zip or sv-
journ.doc and sv-journ.dot

� via browser:
ftp://ftp.springer.de/pub/Word/jour-
nals
File names: sv-journ.zip or sv-
journ.doc and sv-journ.dot 

The zip file should be sent uuencoded.

Layout guidelines 
1. Use a normal, plain font (e.g., Times

Roman) for text. 
Other style options:
- for textual emphasis use an italic type-
face.
- for special purposes, such as for math-
ematical vectors, use boldface type. 

2. Use the automatic page numbering
function to number the pages.

3. Do not use field functions.
4. For indents use tab stops or other com-

mands, not the space bar. 
5. Use the table functions of your word

processing program, not spreadsheets,
to make tables.

6. Use the equation editor of your word
processing program or MathType for
equations.

7. Place any figure legends or tables at the
end of the manuscript. 

8. Submit all figures as separate files and
do not integrate them within the text. 

�

Data formats
Save your file in RTF (Rich Text Format) or
Microsoft Word compatible formats. 

� Illustrations

The preferred figure formats are EPS for
vector graphics exported from a drawing
program and TIFF or JPG for halftone
illustrations. EPS files must always contain
a figure preview in TIFF. The file name
(one file for each figure) should include the
figure number. Figure legends should be
included in the text and not in the figure
file.

• Scan resolution: Scanned line drawings
should be digitized with a minimum
resolution of 800 dpi relative to the
final figure size. For digital halftones,
300 dpi is usually sufficient. 

• Color illustrations: Store color illustra-
tions as RGB (8 bits per channel) in
TIFF format. 

• Vector graphics: Fonts used in the vec-
tor graphics must be included. Please do
not draw with hairlines. The minimum
line width is 0.2 mm (i.e., 0.567 pt) rel-
ative to the final size. 

General information on data delivery

Please send a zip file (text and illustrations
in separate files) either:
• by e-mail (only suitable for small file

sizes) 
• or on any of the following media:

– On a diskette [you may use zip,
.gzip (.gz), .sit, and compress (.Z)] 

– On a ZIP cartridge
– On a CD-ROM

Please always supply the following infor-
mation with your data: journal title, operat-
ing system, word processing program,
drawing program, image processing pro-
gram, compression program.

The file name should be memorable (e.g.,
author name), have no more than 8 charac-
ters, and include no accents or special sym-
bols. Use only the extensions that the pro-
gram assigns automatically. 

TECHNICAL INSTRUCTIONS

Please enclose this section completed with your diskette

Operating system �� MS DOS/PC-DOS �� Macintosh

�� Other

Word processing program (e.g. Mac-Word 4.1):

Interchange format (e.g. RTF):

File name(s):

Notes:

Journal: Neurological Sciences
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Abstract The aim of this lecture is to analyse the position
of headaches and especially of migraine within the body of
neurological knowledge. Historical, clinical and patho-
physiological data have been selected for discussion.

Key words Headache • Migraine • Comorbidity • Brainstem
generator • Sensory modulation

Introduction

Let me begin this lecture by explaining the reasons for its
title. The nervous system receives and elaborates sensory
stimuli for the purpose of generating and controlling
behaviour. The final aim of neurology is to understand how
the nervous system carries out this function and what are
the consequences of its impairment. Keeping in mind these
two statements, We will try to define the position of
headaches, and mainly migraine, within neurological
knowledge and thus the role of the clinical neurologist in
the diagnosis and treatment of these conditions. If we look
at migraine as a complex disease involving sensory modu-
lation, we look indeed at a model of derangement of a cru-
cial nervous function. Thus, we could say that migraine
lies at a crucial crossroad of basic neurology. But we want
also to look at migraine and other headaches as a clinician,
and even more as clinical neurologists. As you know,
headache is just a symptom that the neurologist translates
in specific nosological entities, with their own phys-
iopathological mechanisms and therapeutic approaches
derived from physiopathology. The aim of this lecture will
be to emphasise both the role of the clinician that handles
headaches and the peculiar position of migraine within the
body of neurological knowledge.

Briefly, this lecture will deal with the following top-
ics: (i) the history of headache as the oldest neurological
symptom, as its first descriptions are available in magical
and medical papyri of ancient Egypt; (ii) the essential
role of the neurologist in revealing symptoms and signs
in order to classify and diagnose headaches; (iii) the
description of migraine as a neurological condition
whose pivotal aspect is the impairment of sensory modu-
lation; and, finally, (iv) the hypothesis that migraine may
represent a selective advantage from an evolutionary
point of view.
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Headache in the past

The headache is the neurological symptom whose traces
are already present in the medical culture of Ancient Egypt.
Scattered references to headaches can be found in medical
papyri (Ebers Papyrus, Hearst Papyrus, Berlin Papyrus and
Edwin Smith Papyrus) and in the so-called magical texts
(Leiden Papyrus, Deir el-Medineh Papyrus and Beatty
Papyrus) that date back respectively to 1550 and 1250 B.C.
[1]. Headaches were common in Ancient Egypt although
less common than other pathological conditions: in the
Ebers Papyrus 1.5% of the prescriptions deal with
headaches, whereas 12% refer to eye diseases [2]. Various
forms of cephalalgia are mentioned in the papyri.
Headaches were clearly distinguished from painful condi-
tions of other parts of the body, as well as from other dis-
orders affecting the head. Egyptian physicians were able to
distinguish at least four pain localisations: head and skull
in general, half of the head, temple and nape. They were
not so refined in describing quality of the pain, its presen-
tation and accompanying symptoms. In the papyri several
remedies for headaches can also be found [3]. The sub-
stances listed in the Ebers Papyrus are taken from the ani-
mal, vegetable and mineral kingdoms and, quite exception-
al for an ancient medical text, there is a remark about the
effectiveness of treatment: a root-extract of castor oil plant
had “an excellent effect. Innumerable times tested”.
Evidence based medicine finds here a late ancestor.

Indeed history anticipates epidemiological data acquired
at the end of the last century. The lifetime prevalence of pri-
mary and secondary headaches in females is near 100%, and
in males the prevalence shows a trend (not statistically sig-
nificant) to decrease in the elderly. Migraine and tension-
type headaches are the most common forms of primary
headache. It should not be remembered here that Rasmussen
[4] has shown the prevalence for migraine and tension-type
headaches to be 16% and 69% respectively, although differ-
ences according to sex are significant (with a male:female
ratio of 1:3 in migraine, and 4:5 in tension-type headaches).
With regard to secondary headaches, the most common
symptomatic is due to hangover (72%) and the second most
common is associated with fever (63%), but to the clinical
neurologist, the low prevalence of headaches associated with
structural lesions, ranging from 0.1% to 4% respectively for
brain tumour and head injury, is the epidemiological finding
of major interest: such a low prevalence can be responsible
for a high prevalence of clinical misdiagnosis.

Headaches: the role of the neurologist

Headache is indeed just a symptom, but this is the reason
why the role of the neurologist in describing clusters of
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related symptoms in the clinical history and revealing signs
is essential to the diagnosis; the neurologist, defined as the
physician who knows neurology, whether certified as a spe-
cialist or not, is the only one entitled to frame headache as
a disease, with the goal of a definite diagnosis or classifi-
cation, a consequent therapy and a related prognosis.

But, if the discrimination of primary and secondary
headaches is the first task of the neurologist, the most chal-
lenging part of the diagnosis of headaches is to achieve a
definite discrimination among primary headaches
(migraine, tension-type headache, cluster headache and
other headache types not accompanied by structural
lesions).

The IHS classification [5] has produced such a high
degree of inspiration and motivation of epidemiological
and pathophysiological research that knowledge in the field
of headaches has displayed a growth probably unparalleled
in any other field of neurological research.

There are three reasons to concentrate in the next sec-
tions of this lecture on migraine: (1) migraine can be con-
sidered the paradigm of a complex neurological disease; (2)
migraine is the paradigm of a disorder in sensory modula-
tion; (3) migraine may be regarded as an evolutionary
advantage.

Migraine as a complex neurological disease

The migraine encompasses only one sixth of primary
headaches, but there is no doubt that its relevance from a
nosographic and pathophysiological point of view is quite
critical. Nobody will look at migraine only as the recur-
rence of painful attacks together with a broad variety of
clinical manifestations. Migraine is a composite neurologi-
cal disease, the major expression of this complexity lying in
the coexistence of additional pathological conditions in
migraineurs. Migraine may be comorbid with immunolog-
ic, gastrointestinal [6], psychiatric [7] and neurologic dis-
eases, including allergy, asthma, peptic ulcer, mood disor-
ders, epilepsy [8], stroke [9] and essential tremor [10].
Here, we will discuss only the neurological conditions that
occur with migraine.

Several studies demonstrate that epilepsy and migraine
are comorbid conditions. The risk of migraine is more than
twofold in individuals with epilepsy than in controls [8].
Conversely, the risk of epilepsy in migraineurs ranges from
1% to 17% in a series of 13 studies (median of 5.9%),
which far exceeds the prevalence of 0.5% in the general
population [11]. The risk of migraine is higher in individu-
als with posttraumatic epilepsy, even if migraine is associ-
ated with all subtypes of epilepsy. The reasons for this
comorbidity are still poorly understood.

Migraine is a likely risk factor for stroke, particularly in
woman of childbearing age; 1%–17% of strokes in patients
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younger than 50 have been attributed to migraine [12]. The
WHO Collaborative Study of Cardiovascular Disease and
Steroid Hormone Contraception has shown that women
with a history of migraine had a fourfold increase in the
risk of ischaemic, but not haemorrhagic stroke [13]. The
contribution of oral contraceptive use (and smoking) to the
association between migraine with aura and stroke is
demonstrated [14].

The nature of the relationship between migraine and
stroke is largely debated. Welch [15] has described four
possible relationships: (i) coexistence of stroke and
migraine, (ii) symptomatic migraine, (iii) migraine-induced
stroke, and (iv) uncertain/complex correlation. In the first
case migraine and stroke can coexist, migraine being a con-
tributive factor to stroke that can occur between attacks.
The comorbidity of stroke and migraine raises the problem
for the neurologist of the stroke risks prevention in
migraineurs. The second type of migraine-related stroke is
the symptomatic migraine wherein migraine shares the
same causes of stroke as in MELAS and CADASIL syn-
dromes. Stroke due to structural disease accompanied to
headache belongs to this group. The third category is the
true migraine-induced stroke, in this case the stroke occurs
during a typical migraine attack. Finally, in many cases of
migraine-related strokes the connection is uncertain or
linked to multiple factors.

Like migraine, essential tremor is a common neurologi-
cal disorder. Nearly half of all cases of essential tremor, as
well as a majority of migraines, are familial. Migraine has a
higher prevalence in patients affected by essential tremor
than in controls (36.5% vs. 17.7%), whereas the latter is
much more common in migraineurs than controls (22% vs.
1%) [9]. In addition, migraine co-segregates with essential
tremor [16].

Migraine as a disorder of sensory modulation

We like to show once again how migraine retains a crucial
position both in neurosciences and clinical neurology since
the bulk of experimental data makes the old vascular theo-
ry of migraine untenable. Since the pioneering work of
Moskowitz, in the early 1980s, we are used to considering
migraine as a condition sustained by a complex neurogenic
inflammatory reaction, involving peptidergic release at the
periphery of trigeminovascular nerve endings and leading
to vasodilatation, plasma extravasation, sustained trigemi-
nal firing, and finally to allodynia caused by first and pos-
sibly second sensitive neuron sensitisation. Many of these
events are prevented or inhibited by triptans, a class of 5-
HT1B/D agonists. This pathogenic model does not tell us
very much about migraine aetiology, but is considered a
final common pathway which may be activated by a brain-
stem derangement at the level of structures involved in reg-
ulation of sensory traffic and of central control of nocicep-

tion. Various lines of evidence suggest the hypothesis of a
so-called brainstem generator of migraine [17, 18].

Weiller et al. [19] first reported an increased cerebral
blood flow during spontaneous migraine attacks in the
cerebral cortex and in the brainstem. On the basis of this
and other similar observations, it has been proposed that the
increased brainstem cerebral blood flow during migraine
attacks might indicate an abnormal activity of this structure
that would contribute to neuronal hyperexcitability in
migraine. A further suggestion comes from the work of
Raskin et al. [20]. This group has reported migraine-like
attacks in patients in whom electrodes had been implanted
in the periaqueductal grey matter (PAG) to control chronic
back pain. These crises were successfully treated by IV
administration of dihydroergotamine that, by autoradi-
ographic studies, has been shown to bind to the dorsal
raphe area of the upper brain stem. This structure and the
locus ceruleus contain, respectively, about 65% of 5-HT
and 96% of the norepinephrine in the brain. These two find-
ings could be related to clinical observations of migraine in
a comorbid association with bipolar disorder, anxiety and
depression, all of which are associated with a functional
impairment of these neurotransmitters. Animal studies also
indicate that these brainstem centres might be involved in
the central control of nociception and, in particular, in
descending mechanisms of pain inhibition [21]. However,
further pathogenetic hypotheses, not necessarily in contrast
with that of the brainstem generator, have to be considered.
It is possible, especially in migraine with aura, that the pri-
mary cause of activation of the trigeminovascular system
and consequent headache, is a cortical localised dysfunc-
tion known as cortical spreading depression (CSD) [22].

The pathogenesis of migraine may lie in a neuronal
hyperexcitability whose molecular bases are still unclear.
Familial hemiplegic migraine (FHM), a rare autosomally
inherited subtype of migraine with aura, is caused by muta-
tions in the P/Q-type calcium channel alpha 1a subunit
gene (CACNA1A) [23]. The mutations in this gene are
associated with the so-called type 1 FHM. The P/Q-type
calcium channels have a prominent function in controlling
neurotransmitter release. Recently, missense mutations in
ATP1A2, the gene encoding the alpha 2 subunit of the
Na/K ATPase, have been associated to the type 2 FHM
[24]. The role of these genes in common forms of migraine
is under debate. However, these studies have introduced a
new perspective into the area of migraine research by char-
acterising this illness as a channelpathy [25]. Common
characteristics of channelpathy disorders are episodic man-
ifestations of varying duration, differing frequency of
attacks, spontaneous remission, onset in the early decades
of life, amelioration in the later decades of life and, finally,
identifiable triggers. All these features are applicable to
migraine. As most channelpathies are alterations of cellular
excitability, the identification of FHM genes stresses the
role of neuronal hyperexcitability in the pathogenesis of
migraine. The channelpathies may produce alterations in

V. Bonavita, G. Sorrentino: Headache and neurology S63



signal-to-noise processing and perhaps a failure to habitu-
ate that may cause a migraineur to be sensitive to ordinary
sensory stimuli. Supporting this notion are reports of poten-
tiation instead of habituation of visual event-related poten-
tials (ERPs) and auditory ERPs in migraineurs [26].

Migraine and evolutionary advantage

We will concentrate on a few data, as a recent exhaustive
review is available [27]. Several lines of evidence make it
clear that susceptibility to migraine is to a large extent
genetic, and therefore a trait upon which evolutionary
forces must act. The main elements that support this
hypothesis are: (i) disease prevalence is race related; (ii)
the disorder is highly prevalent, affecting as much as 16%
of population; (iii) several different missense mutations on
chromosome 19 and, more recently, on chromosome 1,
that are responsible for FHM have been demonstrated; (iv)
in some families with common forms of migraine there
also appears to be a linkage to chromosome 19.

A crucial question is why genes that lead to headache
vulnerability persist over time. The high frequency of
migraine, as well as the fact that it has been around since
antiquity, implies that a migraine-prone central nervous sys-
tem susceptibility, at some point in human evolution, has
conferred an important survival advantage [28]. The
migraineurs possess a highly arousable CNS exquisitely sen-
sitive to environmental stimuli, especially those entering the
trigeminal system. This probably results in such behaviours
as increased attention to environmental sensory stimuli and
an increased ability to avoid threats in the environment. The
instability of the control system that modulates input may
result in a variety of manifestations, including an abnormal
biological threshold to sensory stimuli. Different explana-
tions are possible that might account for the persistence of
migraine: (a) migraine as a defence mechanism; (b) migraine
as a result of conflict with other organisms; (c) migraine as a
result of novel environmental factors; (d) migraine as a com-
promise between genetic harms and benefits; (e) migraine as
a design constraint.

Concluding remarks

A very restricted number of examples to stress the position
of headache within neurological knowledge have been
reported herein. Migraine, more than any other headache,
has to be regarded as a multifaceted condition involving
the mechanisms of regulation of sensory traffic; in this
context the exciting challenge for the neurologist will be to
unravel the complexity of this disease by genetic, molecu-
lar and electrophysiological studies. This is the future.
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Abstract The International Classification of Headache
Disorders 2nd Edition (ICHD-II), published in 2004, marks an
unquestionable progress from the preceding 1988 edition, but
the in-depth analysis it offers is not immune from drawbacks
and shortcomings. First of all, it is still basically a classification
of attacks and not of syndromes. For the migraine group, while
the revised classification more accurately characterises
migraine with aura, it fails to provide a sufficiently structured
description of those forms of migraine without aura that over
the years evolve to so-called daily chronic forms. These forms
are not adequately recognised as chronic migraine, which
ICHD-II includes among the complications of migraine. The
inclusion of short-lasting unilateral neuralgiform headache
attacks with conjunctival injection and tearing (SUNCT) in the
cluster headache group is bound to generate some perplexity,
while the recognition of new daily persistent headache (NDPH)
included in the group of other primary headaches as a separate
clinical entity appears somewhat premature. Doubts are also
raised by the actual existence of triptan-overuse headache,
which ICHD-II includes in Group 8 among medication-
overuse headaches. Finally, the addition of headache attributed
to psychiatric disorder, which is certainly a good option in per-
spective, is not yet supported by an adequate systematisation.

Key words Headache classification • Migraine • Tension-
type headache • Cluster headache • Other primary
headaches • Medication-overuse headache

The imperative need of relying on an adequate classification
system for all those who are variously involved in the study
and management of the different headache forms has been
clearly recognised by the International Headache Society
(IHS), which in 1988 issued a fully articulated classification
of headaches with their respective diagnostic criteria [1] and
in 2004 produced a well thought-out revision of this classifi-
cation, the so-called International Classification of Headache
Disorder 2nd Edition (ICHD-II) [2].

ICHD-II introduces a few important novelties and an inter-
esting appendix, which in addition to describing a number of
orphan disorders that need validation, also proposes a few
alternative criteria that can be tested against the official ones.

Fourteen headache groups are included in ICHD-II at
the one-digit diagnostic level: primary headaches are listed
in the first four groups, secondary headaches in groups 5 to
12, and cranial neuralgias, central and primary facial pain
and other headaches in the last two groups.

However, on closer scrutiny ICHD-II appears to have draw-
backs and shortcomings as well as unquestionable merits. The
purpose of this paper is to engage in a critical review, dwelling
especially, but not only, on primary headache forms.

In broad outline, as in the first 1988 edition [1], ICHD-II is
basically a classification of attacks and not of syndromes.
Therefore, it mostly provides a snapshot of the situation at a
given moment, that is at the time of observation, totally ignor-
ing diagnostic elements that may be very important and signif-
icant, such as, for example, family history, age at onset, recur-
rence patterns of attacks, clinical course in relation to repro-
ductive events in women of childbearing age, lifestyle and co-
morbidity.

For the migraine group, ICHD-II introduces a few reason-
able changes from the 1988 classification, namely dropping
ophthalmoplegic migraine (now coded to 13.17 among cranial
neuralgias, central and primary facial pain and other
headaches), adding sporadic hemiplegic migraine to familial
hemiplegic migraine, introducing cyclical vomiting and
abdominal migraine in the group of child periodic syndromes
that are commonly precursors of migraine, and moving alter-
nating hemiplegia of childhood to the Appendix.
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A major improvement over the previous edition is the new
systematisation of migraine with aura, which now recognises
two separate forms based on the nature of the headache –
either with or without clinical features comparable to those of
migraine without aura – and reconsiders the diagnostic crite-
ria of aura – whose duration cannot be less than 5 min.

On the other hand, the complications of migraine group
(coded to 1.5) deserves some criticism: persistent aura with-
out infarction (coded to 1.5.3) is a form that lacks support-
ing evidence for its recognition in the literature and would
preferably belong to the Appendix. 

However, the greatest criticism can be levelled at the
coding of chronic migraine to 1.5.1. Chronic migraine is a
very important, proven, widely spread clinical entity, but its
characterisation through the diagnostic criteria proposed by
ICHD-II (Table 1) appears far removed from clinical experi-
ence and certainly not representative of those migraine
forms that over the years evolve to a daily chronic course.
Moreover, the ICHD-II commentary offers an interpretation
of the relationship between chronic migraine and sympto-
matic drug overuse headache that seems too complicated
and hardly applicable in practice (Table 1).

As for tension-type headache, ICHD-II draws a reason-
able and appropriate distinction between two different sub-
types of the episodic form, called infrequent and frequent,
respectively, based on whether they recur less than or more
than once a month.

The diagnostic criteria for tension-type headache have not
been substantially changed from the 1988 classification and in
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the revised edition they are still very vague and scarcely defin-
ing; however, this is less the result of careless consideration by
the ICHD-II editors than of a general indifference to the issue
within the scientific community for the last 15 years.

The major novelties in the systematisation of the cluster
headache group, now termed “cluster headache and other
trigeminal autonomic cephalalgias”, are the inclusion of
episodic paroxysmal hemicrania and of short-lasting unilat-
eral neuralgiform headache attacks with conjunctival injec-
tion and tearing (SUNCT), and the disappearance of the
division of chronic cluster headache into primary and sec-
ondary.

The addition of SUNCT to ICHD-II appears more than
justified, considering the ample evidence in the literature
supporting its existence as an autonomous clinic entity.
However, legitimate doubts are raised by its inclusion in
Group 3 alongside cluster headache instead of Group 13
(cranial neuralgias and central causes of facial pain) along-
side trigeminal neuralgia – which shares some clinical fea-
tures with SUNCT – or perhaps, more appropriately, Group
4 (other primary headaches), pending further research to bet-
ter define its nosographical aspects.

ICHD-II’s failure to make the classic distinction between
cluster headache that is chronic from the onset and cluster
headache evolved from episodic is scarcely understandable.

An advantage of ICHD-II is its new structuring of the
diagnostic criteria for cluster headache, particularly for the
accompanying signs and symptoms, including the sense of
restlessness or agitation (Table 2).

G.C. Manzoni, P. Torelli: Headache classification

Table 1 Description and diagnostic criteria for chronic migraine (ICHD-II, 2004)

Diagnostic criteria

A. Headache fulfilling criteria C and D for 1.1 Migraine without aura on ≥15 days/month for >3 months
B. Not attributed to another disorder
Comments:
When medication overuse is present (i.e., fulfilling criterion B for any of the subforms of 8.2 Medication overuse headache), this is the
most likely cause of chronic symptoms. Therefore, the default rule is to code such patients according to the antecedent migraine subtype
(usually 1.1 Migraine without aura) plus 1.6.5 Probable chronic migraine plus 8.2.7 Probable medication-overuse headache. When these
criteria are still fulfilled 2 months after medication overuse has ceased, 1.5.1 Chronic migraine plus the antecedent migraine subtype
should be diagnosed, and 8.2.7 Probable medication-overuse headache discarded. If at any time sooner they are no longer fulfilled,
because improvement has occurred, code for 8.2 Medication overuse headache plus the antecedent migraine subtype and discard 1.6.5

Table 2 Diagnostic criteria for cluster headache (ICHD-II, 2004)

A. At least 5 attacks fulfilling criteria B–D
B. Severe or very severe unilateral orbital, supraorbital and/or temporal pain lasting 15–180 min if untreated
C. Headache is accompanied by at least one of the following:

1. Ipsilateral conjunctival injection and/or lacrimation
2. Ipsilateral nasal congestion and/or rhinorrhoea
3. Ipsilateral eyelid oedema
4. Ipsilateral forehead and facial sweating
5. Ipsilateral miosis and/or ptosis
6. A sense of restlessness or agitation

D. Attacks have a frequency from one every other day to 8 per day
E. Not attributed to another disorder
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The introduction of new daily persistent headache
(NDPH) in Group 4 of other primary headaches (Table 3)
is somewhat far-fetched, considering the lack of evidence
in the literature to support its existence as a separate clin-
ical entity. While the diagnostic criteria set by ICHD-II for
this form of headache appear to be very similar to those for
chronic tension-type headache – the basic difference being
only that it must be daily and unremitting from onset or
from <3 days from onset – they are entirely different from
those originally set by Silberstein et al. [3]. Perhaps it
would have been more appropriate to include NDPH in the
Appendix to ICHD-II, until further research helps clarify
its still undefined clinical picture.

Another clinical entity that would have been better
included in the Appendix is triptan-overuse headache, which

ICHD-II codes to 8.2.2 in the group of headaches attributed
to a substance or its withdrawal, even though there is no def-
inite supporting evidence in the literature to date.

Finally, a last comment can be made on Group 12 of
headaches attributed to psychiatric disorders, which was
not included in the 1988 version of the IHS classification.
This is certainly an interesting novelty, but the fact that
ICHD-II includes only two forms – headache attributed
to somatisation disorder and headache attributed to psy-
chotic disorder – in its addition to the section while
indulging in lengthy comments and remarks, says a lot
about the uncertainty still surrounding this group of
headaches.
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Table 3 Classification of other primary headaches (ICHD-II, 2004)

4.1 Primary stabbing headache
4.2 Primary cough headache
4.3 Primary exertional headache
4.4  Primary headache associated with sexual activity
4.4.1 Preorgasmic headache
4.4.2 Orgasmic headache
4.5 Hypnic headache
4.6 Primary thunderclap headache
4.7 Hemicrania continua
4.8 New daily-persistent headache (NDPH)



Abstract Headache is a common clinical condition. A cor-
rect evaluation of its frequency, characteristics and aetiolo-
gy is a prerequisite for health care planning and for the
implementation of preventive and treatment measures.
Descriptive and analytic epidemiological studies are the
basis to improve the knowledge of the burden of headache
in the community. However, the results of the epidemiolog-
ical studies are heavily dependent on the quality of the
design, the correctness of the conduct and the appropriate-
ness of the data analysis. A proper knowledge of the prob-
lems in the conduction and interpretation of the epidemio-
logical studies helps the investigators to optimise the study
protocols and the practicing physicians to critically view
the published results.

Key words Epidemiology • Headache • Methodology •

Design

Introduction

Headache is a common clinical condition for the practicing
physician. It can be estimated that up to 90% of men and
95% of women present one or more episodes of headache
during their lifetime [1]. A correct evaluation of the preva-
lence, clinical characteristics and aetiology of headache is
fundamental for health care planning and for the implemen-
tation of correct preventive and treatment measures.

Definition and aims of epidemiology

Epidemiology is the study of the frequency and determi-
nants of a given clinical condition in the general population
[2]. Descriptive epidemiology is aimed at defining the inci-
dence, prevalence and mortality of a disease in human pop-
ulations. Analytic epidemiology, which is concerned pri-
marily with the aetiology and control of a disease, is aimed
at identifying factors associated with either a high risk or a
low risk of disease. Experimental epidemiology deals with
the efficacy, safety and efficiency of therapeutic and pre-
ventive interventions. The focus of the present review is an
outline of the methodology of the descriptive and analytic
epidemiological studies on headache, to provide the
researcher with a correct knowledge of the technical instru-
ments to be used and the practicing physician with a criti-
cal view of the published reports on the frequency and
determinants of headache.

Descriptive epidemiological studies

A correct estimate of the frequency of headache in a given
population is subjected to the following requirements: (1)
Definition of the study population; (2) use of suitable diag-
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nostic criteria; (3) identification of the sources of cases; (4)
selection of the correct instruments for data collection.

Study population

For a correct definition of the frequency and spectrum of sever-
ity of a given disease, the study population must be representa-
tive of the general population. This is particularly important for
chronic headache, which is a clinical condition often not requir-
ing medical consultation and almost never followed by hospi-
tal admission. Studies conducted on patients seeking medical
advice or seen in hospital consultations are biased toward more
severe disease varieties, with more common interference with
daily living activities and functional impairment. By contrast,
investigations aimed at screening representative samples of the
general population are the preferred model for a correct calcu-
lation of the frequency of the disease and the definition of the
full spectrum of its clinical manifestations.

Diagnostic criteria

The diagnostic criteria of a given disease used for epi-
demiological purposes must be simple, valid (i.e., they
should identify as positive the patients with the disease)
and reliable (i.e., they should give the same result on
repeated application in the same person or in the hands of
different assessors), to consent a correct, easy and homo-
geneous identification of the putative cases by investigators
who might not be experts and might have different back-
ground and experience in the field of headache and pain.
The recent revision of the classification of headache disor-
ders by the International Headache Society (IHS) [3] pro-
vides the practicing physician with an excellent instrument
for a correct diagnosis of headache and its subheadings in
the clinical setting. However, the usefulness of this classi-
fication in the community setting is as yet unproven and
the validity and reliability of its antecedent version can be
considered acceptable only when selected symptom group-
ings are considered [4] and the assessment is limited to the
one- and two-digit levels [5]. The evaluation of the validi-
ty of the IHS classification of migraine is impeded by sev-
eral factors, including the presence of multiple headache
syndromes within an individual, the tendency for headache
characteristics to change over a lifetime, the effects of
headache treatments in obscuring syndromes, and the lack
of generalisability of findings based on clinical samples.

Sources of cases

Given the high frequency of headache in the general popu-
lation [1] and the possibility that several patients do not

seek medical advice, there are no available medical sources
of cases which, singly or in combination, help to assure a
complete or almost complete case ascertainment.

Study design

As indicated above, people with headache can be traced
only through a screening of the general population, which can
be performed by direct or indirect interview. Direct interview
is generally performed by approaching a well-defined popula-
tion sample (e.g., all subjects in a given occupational category
or consulting their general practitioner or residing in a small
community). In these cases, any individual can be contacted
and, by appointment, subjected to direct interview. As in the
large majority of the patients with chronic headache, physical
examination is unnecessary; the interview can be performed
by telephone or through a mail questionnaire. As the methods
of data collection may have a significant influence on the
results [6], care should be taken to standardise the format of
the interview. In addition, every effort should be made to use
the same instrument for all the subjects to be interviewed, to
prevent information bias (see also the section “Validity and
reliability of the instruments”). Direct, mail and telephone
interviews are different screening instruments used to trace
patients with headache in descriptive epidemiological studies.
Each instrument has advantages and limitations, which may
vary according to the socio-cultural characteristics of the tar-
get population. When selected sources of cases are used (like
occupational or insurance lists), their general characteristics
should be outlined and compared to those of the general pop-
ulation.

Problems related to data collection and conduction of
screening studies

Regardless of the modalities of the interview (direct or indi-
rect), screening studies are expensive and time consuming. For
these reasons, descriptive epidemiological studies on
headache can be performed only if supported by a financial
contribution and persons are employed full-time or part-time
for the conduction of the study. For an accurate and complete
data collection, it is mandatory that the large majority of the
cases are screened, which may not be the case in patients with
headache. In these cases, patients’ compliance is far from opti-
mal because many patients may refuse to give their informed
consent and many may not be traced for an appointment. The
drop-out rate may be even higher when mail questionnaires
are used, even when repeated mailing is considered. The suc-
cess of a screening study is heavily dependent on the minimi-
sation of the drop-out rate, which should be ideally limited to
30%, and by the demonstration that patients consenting to
being interviewed and those refusing have similar demograph-
ic and clinical characteristics.
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Validity and reliability of the instruments

As with the forms used for the diagnosis of headache, the
questionnaires employed for the detection of the spectrum
of the disease should be valid and reliable. Several instru-
ments have been employed to define the clinical character-
istics of migraine and other headache varieties, with vari-
able results. In the hands of several inexperienced investi-
gations, these instruments may introduce an additional
source of variability, which must be controlled. Proper
training of the investigators is thus required to increase the
level of homogeneity in data collection.

Analytic epidemiological studies

As with descriptive epidemiological studies, analytic stud-
ies must rely on a well-defined and fairly representative
study population, the use of valid and reliable criteria for
the diagnosis of the disease and the definition of the risk
factors, and the selection of correct instruments and
trained investigators for data collection.

Analysis of risk factors and aetiological factors in
headache disorders

An association between a risk factor and a disease does not
mean per se that a cause-effect relationship is established.
For a risk factor to be considered an aetiological factor for
a given clinical condition, a cause-effect relationship
should be clearly established. This may happen when the
following criteria are satisfied [7]: (1) Temporal sequence:
the risk factor must precede the onset of the disease; (2)
Strength: the frequency of the disease is significantly high-
er among patients with the risk factor; (3) Consistency: the
association is confirmed in different contexts; (4)
Biological gradient: a correlation may be found between
the degree of exposure to the risk factor and the incidence
of the disease; (5) Biological plausibility: the association
is justified by a clear pathogenic mechanism.

As headache is a frequent clinical condition, the possi-
bility of a chance association with another clinical condi-
tion is a fairly common event. For this reason, the cause-
effect relationship must be demonstrated with a straight-
forward study design (see below).

Study designs

The two classical models of analytic studies are the case-
control and the cohort study. The principle underlying the

two study designs is the demonstration of a causative asso-
ciation between a disease and an exposure after comparing
two populations, which should be matched for all the rele-
vant characteristics except for the study variable. In the
case-control study, the cases are represented by the indi-
viduals with the disease and the controls by those without
the disease. The distribution of the risk factor in the cases
and the controls is then calculated and the measure of the
association is represented by the odds ratio, which is the
ratio between the odds of exposure in the cases and in the
controls. The purpose of the control group is to determine
the relative size of exposure to the risk factor in the gener-
al population regardless of the presence of the disease. If
the odds of exposure in the cases exceed the odds of expo-
sure in the controls, then an inference can be made of a
possible causal association. In the cohort study, individu-
als exposed to the risk factor are matched to an unexposed
control population. The two groups are then followed and
the incidence of the disease is calculated using another
measure of association, the relative risk, which is intended
as the ratio between the proportion of diseased individuals
among the cases and the proportion of diseased individuals
in the controls. Although the cohort studies are the best
model to investigate a causal relation between a risk factor
and a disease, they are unsuited for the study of uncommon
or extremely common conditions, are expensive and time-
consuming, and often require a prolonged follow-up. This
is even more important when studying clinical conditions
like chronic headache, whose onset is difficult to define.
The case-control study, even with its limitations (potential
for recall bias, non-standardised data collection, poor def-
inition of the temporal relation, etc.), is still the only suit-
able design which can be used to investigate the association
between headache and other clinical conditions.

Data analysis and sample size calculation

The measure of the association between a given exposure (a
risk factor or a concurrent disease) and headache should
exclude the possibility of a chance finding and/or the con-
founding effect of an extraneous variable. A confounder is
a variable which wholly or partially accounts for the appar-
ent effect of the exposure or masks an underlying associa-
tion. In general, it is a risk factor for the disease, but not a
consequence of the exposure. Confounders can be elimi-
nated by matching, stratification and multivariate analysis
procedures.

An analytic study should be sufficiently large to avoid
two sources of error: (1) Claiming that exposure is associ-
ated with disease, when in fact it is not (alpha error); (2)
Claiming that exposure is not associated with disease, when
in fact it is (beta error). The number of subjects to be select-
ed for case-control or cohort studies depends on the fol-
lowing variables: (1) The frequency of exposure among
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controls in the target population; (2) the relative risk asso-
ciated with exposure (judged as clinically relevant to war-
rant its detection); (3) the desired level of significance
(alpha); (4) the desired study power (beta).
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Abstract The strictly unilateral headaches, more common-
ly known as trigeminal autonomic cephalalgias (TACs), are
characterised by severe, strictly unilateral pain in the terri-
tory of the distribution of the trigeminal nerve, associated
with autonomic manifestations. The recent International
Headache Society classification lists the strictly unilateral
headaches as cluster headache (CH), episodic and chronic
paroxysmal hemicrania, and short-lasting unilateral neural-
giform headache attacks with conjunctival injection and
tearing. CH is the most common and best-defined of the
TACs, whose pathophysiologies have not been adequately
defined. Convincing proposals for pathophysiologic mech-
anisms must explain the trigeminal distribution of the pain,
the homolateral autonomic manifestations; and, for CH, the
usually periodic recurrence of the crises and clusters. With
regard to CH, (i) the pain is always located
periorbitally–frontally, implicating nociceptive mechanisms
involving the trigeminal nerve; (ii) the autonomic manifes-
tations homolateral to the pain seem to be both parasympa-
thetic (lacrimation and rhinorrhoea) and sympathetic (ptosis
and miosis); and (iii) the periodicity of the attacks and sea-
sonal recurrence of the cluster periods suggest involvement
of a biological clock within hypothalamus.

Key words Cluster headache • Trigeminal autonomic
cephalalgias • Pathophysiology

The strictly unilateral headaches, more commonly known
as trigeminal autonomic cephalalgias (TACs), are charac-
terised by severe, strictly unilateral pain in the territory of
the distribution of the trigeminal nerve, associated with
autonomic manifestations [1]. The recent International
Headache Society (IHS) classification [2] lists the strictly
unilateral headaches as: cluster headache (CH), episodic
and chronic paroxysmal hemicrania (PH), and short-lasting
unilateral neuralgiform headache attacks with conjunctival
injection and tearing (SUNCT). Clinical characteristics and
diagnostic criteria of TACs are reported in Table 1.

CH is the most common and clinically best-defined of the
TACs. The pathophysiologies of the TACs have not yet been
adequately clarified. Any proposed pathophysiologic mecha-
nism must explain the trigeminal distribution of the pain, the
homolateral autonomic manifestations; and, for CH, the usu-
ally periodic recurrence of the crises and clusters.

Blood vessels in the brain, pia mater and dura mater,
including the large venous sinuses, are innervated by dense
networks of unmyelinated nerve fibres. For supratentorial
structures the innervation originates from the trigeminal
ganglion constituting the trigeminovascular system; for
subtentorial structures the innervation originates from the
dorsal roots of the upper cervical nerves.

The nerve cell bodies of these fibres contain several
transmitters including substance P and calcitonin gene-
related peptide (CGRP). Stimulation of the large cerebral
vessels and also the meninges, produces pain following
activation of the unmyelinated nociceptive fibres that inner-
vate these structures. Similarly, stimulation of the trigemi-
nal nerve results in release of substance P, CGRP, neu-
rokinin A and other transmitters from the nerve endings
(following antidromic conduction) into the blood vessel
walls and meninges, producing sterile inflammation,
accompanied by vasodilatation and extravasion of plasma
proteins. This results in pain that may be exacerbated by
otherwise innocuous stimuli such as vessel pulsation. It has
been shown that triptans and ergotamine are able to prevent
the release of these proinflammatory substances [3].
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That the trigeminovascular system is activated during
the headache crises in patients suffering from CH and
chronic PH is demonstrated by increases in CGRP levels in
the jugular vein homolateral to the pain. Increased levels of
vasoactive intestinal polypeptide (VIP) have also been
demonstrated in the homolateral jugular vein during phas-
es of CH and CPH attacks when autonomic signs are
marked. VIP may be considered a marker of intracranial
parasympathetic activation: its release seems secondary to
activation of the trigeminofacial reflex, and hence a conse-
quence of involvement of the trigeminovascular system [4].
Ipsilateral symptoms of sympathetic dysfunction (miosis,
ptosis, partial Horner’s syndrome) are also present during
the attacks.

The first branch of the trigeminal nerve is joined by the
sympathetic and parasympathetic fibres in the cavernous
sinus. A recent positron emission tomography (PET) study
indicated increased blood flow through the sinus caver-
nosus (bilaterally but more marked on the pain side) during
CH attack, as a result of activation of sensory trigeminal
and cranial parasympathetic systems [5]. If the cavernous
carotid artery (at which the parasympathetic, sympathetic
and trigeminal fibres converge) dilates, it can cause com-
pression of the sympathetic system with the production of
a postganglionic Horner’s syndrome. However, such blood
flow changes are not limited to CH, and have been
observed in migraine patients and healthy subjects subject
to supraorbital injection of capsaicin [6]. They are there-
fore considered to be a response to, and not a cause of, the
pain. Besides, MRI studies indicate that the sinus cav-
ernous is normal in CH patients outside the attacks [7].

If activation of the trigeminovascular system can be
considered responsible for the pain in CH, the question
arises: what is the cause of this activation? Theories that

activation comes from peripheral sources are not able to
explain the autonomic manifestations, the prevalence in
males and above all the typical periodicity of the crises and
cluster periods.

It is known that lithium – a CH prophylactic that is also
effective in bipolar disorder (another periodic disease) –
accumulates predominantly in the hypothalamus, where it
results in increased serotonin levels. Centrally acting vera-
pamil is also effective in CH prophylaxis and bipolar dis-
order and also accumulates in the hypothalamus [3]. One
of the major roles of the hypothalamus is to modulate
endocrine activity. Significantly, alterations in the hypo-
thalamic–hypophyseal–adrenal axis are well known in CH
patients, and are present both in cluster and remission
phases, indicating that the endocrine alterations are not a
consequence of the pain, but instead suggest a primary
hypothalamic derangement [8].

A recent PET study confirmed that the hypothalamus is
unilaterally activated (on the pain side) during CH attacks
[5]. It would seem that such activation is specific for CH
and also SUNCT [9]; it does not occur in migraine
patients. Besides, the hypothalamus of cluster patients
appears to have an increased volume compared with con-
trols [7]

Finally, the efficacy of deep brain stimulation – that
specifically targets the grey matter of the posterior inferi-
or hypothalamus – as a treatment for chronic CH provides
sufficient additional evidence to enable us to conclude that
the hypothalamus is fundamentally involved in the patho-
genesis of CH [10, 11]. Nevertheless, the precise mecha-
nisms by which hypothalamic derangements give rise to
the various clinical manifestations of CH remain to be elu-
cidated, although it seems clear that such derangements
are able to activate the trigeminovascular system.

Table 1 TACs: clinical and diagnostic criteria

Characteristics Episodic cluster Chronic cluster Paroxysmal hemicrania SUNCT
headache headache

Sex (M:F) 3:1 3:1 1:2 4:1

Pain type Lancinating Lancinating Pulsating Stabbing or pulsating

Severity Very severe Very severe Very severe Severe

Location Orbital temporal Orbital temporal Orbital temporal Orbital temporal

Duration of attacks 15–180 min 15–180 min 2–30 min 5–240 s

Frequency of attacks 1–8/day 1–>10/day >5/day/>half of the time 3–200/day

Period of remission >1 month <1 month 1 month–many years 1 week–years

Autonomic phenomena ++ ++ ++ +++

Precipitated by alcohol + + + -

Improvement with + + ++ -
indometacin
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Abstract So-called “rare” headaches, whose prevalence rate
is lower than 1% or is not known at all and have been report-
ed in only a few dozen cases to date, constitute a very het-
erogeneous group. Those that are best characterised from
the clinical point of view can be classified into forms with
prominent autonomic features and forms with sparse or no
autonomic features. Among the former are trigeminal auto-
nomic cephalalgias (TACs) and hemicrania continua, while
the latter comprise classical trigeminal neuralgia, hypnic
headache, primary thunderclap headache, and exploding
head syndrome. The major clinical discriminating factor for
the differential diagnosis of TACs is the relationship
between duration and frequency of attacks: the forms in
which pain is shorter lived are those with the higher fre-

quency of daily attacks. Other aspects to be considered are
the time pattern of symptoms, intensity and timing of
attacks, the patient’s behaviour during the attacks, the pres-
ence of any triggering factors and of the refractory period
after an induced attack, and response to therapy, especially
with indomethacin. Often these are little known clinical
entities, which are not easily detected in clinical practice.
For some of them, e.g., thunderclap headache, it is always
necessary to perform instrumental tests to exclude the pres-
ence of underlying organic diseases.   

Key words Clinical features • Differential diagnosis 
Trigeminal autonomic cephalalgias • Classical trigeminal
neuralgia • Hypnic headache • Thunderclap headache •

Exploding head syndrome

Introduction 

Several forms of primary headache included in the
International Classification of Headache Disorders, 2nd
edition (ICHD-II) [1] are clinical entities whose prevalence
rate is lower than 1% or not known at all and have been
reported in only a few dozen cases to date. In particular, the
migraine group (Group 1) includes familial and sporadic
hemiplegic migraine, basilar-type migraine, retinal
migraine and some complications of migraine. Trigeminal
autonomic cephalalgias (TACs), coded to Group 3, are
rarely found in clinical practice; also rare are some forms
included in Group 4 (other primary headaches). Within this
complex group of headaches, only those forms with dis-
tinctive clinical features or that may pose problems of dif-
ferential diagnosis with other entities will be discussed.
They will be divided according to a key clinical parameter
for the correct diagnosis of syndromes: the presence or
absence of autonomic signs or symptoms accompanying
pain (Table 1).
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Clinical features and differential diagnosis

Rare primary headaches with prominent autonomic fea-
tures 

Cluster headache

Cluster headache (CH) is a well-described syndrome char-
acterised by discrete bouts of excruciatingly severe unilat-
eral headaches associated with ipsilateral cranial autonom-
ic activation.

The revised criteria of ICHD-II for CH require at least
five attacks to be unilateral and severe or very severe, to
cause orbital, supraorbital and/or temporal pain, to last
15–180 minutes if untreated, and to be associated with at
least one of the following signs or symptoms: ipsilateral
conjunctival injection and/or lacrimation, ipsilateral nasal
congestion and/or rhinorrhoea, ipsilateral eyelid oedema,
ipsilateral forehead and facial sweating, ipsilateral miosis
and/or ptosis, and a sense of restlessness or agitation.
Attacks have a frequency from one every other day to 8 per
day. The pain paroxysms are so severe that many patients are
driven to desperate measures and in several cases they claim
that, should the attacks last longer, they would rather com-
mit suicide. During part (but less than half) of the time-
course of CH, attacks may be less severe and/or of shorter or
longer duration, and may be less frequent, too [1].

Attacks tend to recur at the same time each day and are
notable in that they often occur at night, awakening the patient
from a sound sleep. Approximately 75% of CH attacks occur
between 9:00 p.m. and 10 a.m. Attacks usually occur approx-
imately 90 min after the patient falls asleep, which coincides
with the first rapid eye movement (REM) sleep stage [2, 3].

CH is a rare disorder affecting approximately 0.1–0.3%
of the population, and it is almost three - times more fre-
quent in men than in women. The mean age at onset is
28–30 years; however, attacks may begin in childhood or
later in life [4].

The ICHD-II divides CH into two subtypes, episodic
and chronic. Most patients (85–90%) suffer from episodic
CH (ECH) in which attacks recur for weeks to months at a
time (the cluster period), then are separated by months or
years of pain freedom (the remission period) [1]. The high-
est cluster period recurrence is associated with the summer
and winter solstices, and there is a relative reduction
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around the equinoxes, apparently related to the length of
daylight [5]. The ICHD-II mandates that an episodic clus-
ter consists of headache attacks that occur in periods last-
ing 1 week to 1 year and are separated by pain-free periods
lasting 1 month or longer. When remission periods last less
than 1 month or when attacks recur without remission for
more than 1 year, the designation chronic CH (CCH) is
given [1].

Some patients have been described as having a cluster-
tic syndrome, in which they suffers from both CH and
trigeminal neuralgia (TN). In this case it is important to
recognise these as two separate conditions and to treat them
as such [6].

Cluster-like syndromes have been observed in the fol-
lowing conditions: facial trauma with soft-tissue injury [7],
vertebral artery aneurysms [8], pseudoaneurysms of the
intra cavernous carotid artery [9], pituitary adenoma [10],
upper cervical meningioma [11], arteriovenous malforma-
tions in the occipital lobe [12] and dissection of the cervic-
ocephalic cerebral blood vessels (carotid or vertebral) [13].
In many of these instances, however, the history and exam-
ination disclose features that suggest a secondary cause of
headache. Furthermore, these syndromes are refractory to
normal CH treatment and the history lacks the typical peri-
odicity of attacks and remission phases associated with CH.
Nevertheless, the clinical course of many of these syn-
dromes is episodic [7, 9, 11–13]. 

Paroxysmal hemicrania

Paroxysmal hemicrania (PH) is an even rarer syndrome
(0.07%), which, along with CH and short-lasting unilateral
neuralgiform headache attacks with conjunctival injection
and tearing (SUNCT), belongs to the group of TACs [1].

PH has both episodic (EPH) and chronic (CPH) forms
that will be defined in exactly the same way as is done for
CH in the ICHD-II classification [1]. The clinical profiles
of EPH and CPH are essentially identical.

The age at onset ranges from 3 to 81 years, with a mean
of approximately 33 years [14, 15]. There is a female pre-
ponderance (male:female ratio = 1:2). The pain is strictly
unilateral and without side shift in most sufferers. The
maximum pain is usually experienced in the orbital, supra-
orbital or temporal region. The pain is usually charac-
terised as a throbbing, boring, pulsating, or stabbing sen-
sation that ranges from moderate to excruciating in sever-
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Table 1 Rare primary headaches and head pain syndromes

With prominent autonomic features With sparse or no autonomic features

Cluster headache Classical trigeminal neuralgia
Paroxysmal hemicrania Hypnic headache
SUNCT Primary thunderclap headache
Hemicrania continua Exploding head syndrome



ity. During acute attacks, sufferers usually prefer to sit qui-
etly holding their head or to lie in bed in the foetal position
[14]. In the ICHD-II [1], the frequency of the attacks in PH
is defined as “more than 5 a day for more than half of the
time, although periods of lower frequency may occur”.
The attack frequency ranges from 1 to 40 attacks per day,
with a median frequency of about 5–10 per day. In paedi-
atric cases the syndrome may be characteriszed by daily
attacks [16]. 

The duration of the attacks is defined by the ICHD-II as
being from 2 to 30 min. Nevertheless, headaches lasting for
more or less have been reported [17]. During acute attacks,
at least one of the following ipsilateral autonomic symp-
toms is present: conjunctival injection and/or lacrimation,
nasal congestion and/or rhinorrhoea, eyelid oedema, fore-
head and facial sweating, and miosis and/or ptosis. 

Attacks may be triggered by alcohol, bending or rotat-
ing the head [15, 18] or pressing on the transverse process
of C2, C4, C5 root, or greater occipital nerve [19]. As with
CH, attacks recur throughout the day and night and noctur-
nal attacks occur in association with REM sleep [20, 21].
The ICHD-II criteria require that the attacks should rapidly
resolve following treatment with indomethacin. The
response of PH to indomethacin is so characteristic that it
is often included as a diagnostic tool for the classification
of PH: patients respond within a few days (<72 h) to a daily
oral or rectal dose of ≥150 mg, or ≥100 mg by injection of
indomethacin. Nevertheless, smaller maintenance doses are
often sufficient [22].

PH has been reported to occur in association with other
primary headache disorders, such as migraine [23], CH
[24], TN [25] and benign cough headache [26]. 

Cases of symptomatic PH have also been reported.
Disorders that can mimic PH include: aneurysms within the
circle of Willis; arteriovenous malformations; cerebrovas-
cular accidents; collagen vascular disease; Pancoast
tumour; tumours of the frontal lobe, sella turcica and cav-
ernous sinus; intracranial hypertension; and thrombo-
cythaemia [27–34]. A single post-traumatic case of CPH
with typical migrainous aura has been described [35]. 

As in CH, symptomatic PH is more likely to occur in
patients who present with atypical symptoms (PH-like syn-
drome) and in patients requiring high doses (>200 mg/day)
of indomethacin [36]. 

Short-lasting unilateral neuralgiform headache attacks
with conjunctival injection and tearing 

SUNCT syndrome is the rarest of the TACs (only about 70
cases reported). It has a dramatic and variable clinical pre-
sentation and is usually unresponsive to pharmacological
treatment. 

The syndrome was first reported in 1978 and charac-
terised described more fully in 1989 [37, 38]. SUNCT is by
short-lasting attacks of unilateral pain that are much briefer

than those seen in any other TACs. The disorder has a male
predominance with a sex ratio of 4:1; the mean age at onset
is around 50 years (range, 23–77 years) [39]. D’Andrea and
Granella, however, recently reported the case of a 10-year-
old patient with SUNCT [40]. The attacks are strictly unilat-
eral. The maximum pain occurs in the orbital, supraorbital or
temporal regions and may radiate to the ipsilateral forehead,
nose, cheek, and palate. The pain quality is usually described
as stabbing or pulsating, and its intensity is considerably
more moderate than that observed in CH and PH. Paroxysms
begin and end abruptly, reaching a maximum intensity with-
in 2–3 s. Individual headache attacks have been described
lasting from 5 to 240 s, although attacks with a duration of 2
h have also been noted. Most patients report being totally
pain-free between attacks, although some patients describe a
dull interictal discomfort that persists between acute
episodes. During the symptomatic phase, daily attacks recur
3–200 per day [1]. The frequency of episodes shows a wide
variability, not just among individuals but also in the same
patient. In fact, attacks may be as infrequent as once per day
or less, or they may occur more than 30 times per hour  [39,
41, 42]. A status-like pattern of almost continuous attacks
has been described, in which painful paroxysms persisted for
1–3 days [43, 44]. In contrast to TN, most patients do not
have a refractory period [41]. 

In general, the periodicity of attacks lasts from a few
days to several months and the symptomatic phase occurs
once or twice yearly. Remissions can range from 1 week to
7 years but are usually of a few months’ duration. Although
attacks recur throughout the day, a bimodal distribution has
been described, with increased attack frequency occurring
in the morning and afternoon. Nocturnal attacks have been
described in 12 patients [45]. 

A variety of associated symptoms accompany the
SUNCT syndrome. The only two symptoms included in
the ICHD-II classification are ipsilateral conjunctival
injection and lacrimation [1]. Nevertheless, nasal conges-
tion, rhinorrhoea and eyelid oedema may also be seen on
the affected side. Many patients can precipitate acute
attacks by touching certain trigger zones within the terri-
tory of trigeminal nerve. As often seen in other TACs,
attacks can be precipitated by mechanical movements of
the neck. There have also been reported cases of sponta-
neous SUNCT attacks [14, 39, 41].

There has been a single reported case of a patient with
TN who developed SUNCT syndrome [46]. A SUNCT-like
picture has been described in some patients with either
intra-axial or extra-axial posterior fossa lesions, mostly
vascular disturbances and malformations, and with lesions
involving the pituitary gland [14]. 

Hemicrania continua 

Hemicrania continua (HC) is a rare primary headache syn-
drome which responds dramatically to treatment with
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indomethacin. Approximately more than 100 cases of HC have
been reported, but recent data suggest the HC may be more
common than has been appreciated [47, 48]. This syndrome
was first described by Sjaastad and Spierings in 1984 [49], and
was reviewed by Newman et al. in 1994 [50]. HC is usually
unremitting, but rare cases of remission are reported. 

The disorder shows a female preponderance, with a
female-to-male ratio of approximately 2:1. The age at onset
ranges from 11 to 58 years (mean, 34 years). The essential
clinical features of HC are: headache for more than 3
months; unilateral pain without side shift; daily and contin-
uous headache, without pain-free periods; moderate intensi-
ty of pain, but with exacerbations of severe pain. At least
one of the following autonomic features, ipsilateral to the
side of pain, must be present during exacerbations: conjunc-
tival injection and/or lacrimation; nasal congestion and/or
rhinorrhoea; ptosis and/or miosis. A complete response to
therapeutic doses of indomethacin is required [1].

The painful exacerbations of HC never reach the intense
levels characteristic of CH, and its associated autonomic fea-
tures, when present, are usually much less pronounced than
those observed in patients with CH or PH. Despite this, during
the exacerbations of pain, some patients pace the room in a
manner similar to that observed in CH. These exacerbations
may occur at any time of the day or night and frequently awak-
en the patient from sleep. The maximum pain is experienced in
the ocular, temporal, and maxillary regions. Occasionally the
pain may radiate into the ipsilateral occiput, nuchal, and retro-
orbital areas [14, 50]. 

Organic mimics of HC (HC-like syndrome) have been
reported to occur in association with traumas [51], a mes-
enchymal tumour involving the sphenoid bone, clinoid process,
and skull base [52], C7 root irritation due to a disc herniation
[53], HIV infection [54] and sphenoid sinusitis [55]. 
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The diagnostic criteria of rare primary headaches with
prominent autonomic features are summarised in Table 2. 

The most important feature to consider in the differen-
tial diagnosis of TACs is the ratio of attack duration to
attack frequency: as the duration of the attack decreases,
the attack frequency tends to increase. In CH and PH
where duration and frequency of the attacks overlap, other
diagnostic criteria are crucial (e.g., circannual periodicity,
sex ratio, attack behaviour, triggers and, principally, their
response to indomethacin). Although all TACs may be
associated with nocturnal headaches, a nocturnal prepon-
derance of the attacks is only characteristic of CH. All
TACs may be precipitated by alcohol; however the only
triggers involved in CH are non-mechanical factors and for
HC no single trigger has been clearly identified. SUNCT
and CH are the TACs that are more common in men. 

Pain intensity is very severe in the attacks of CH and
PH, moderate in the attacks of SUNCT, and moderate in
the exacerbations of HC. However, the autonomic features
are very prominent in SUNCT, prominent in CH and PH,
and poorer in HC. 

The response to treatment can also be useful in the dif-
ferential diagnosis of these headaches: PH and HC often
respond dramatically to indomethacin, but hardly at all to
subcutaneously administered sumatriptan [56], which in
CH almost completely blocks the attacks. Patients with
SUNCT, however, derive no benefit at all from
indomethacin or drugs typically used to treat CH.
Furthermore, SUNCT combines the characteristics of a
neuralgiform pain with vascular-type signs, such as
lacrimation. As in V1 TN with lacrimation, the pain in
SUNCT may be triggered by minor stimuli within the
innervation zone of the trigeminal nerve. Nevertheless,
when we compare the attacks of SUNCT to those of TN,
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Table 2 Diagnostic criteria of rare primary headaches with prominent autonomic features

Characteristic Cluster headache Paroxysmal SUNCT Hemicrania 
hemicrania continua

Gender (M:F) 3:1 1:2 4:1 1:2
Pain

Type Lancinating Pulsating Stabbing or throbbing Continuous with exacerbations
Severity Very severe Very severe Moderate Moderate
Location Orbital, temporal Orbital, temporal Orbital, temporal Orbital, temporal

Attack duration 15–180 min 2–30 min 5–240 s 20 min to several days
Attack frequency, n/day 1/2/day–8/day >5 3–200 Erratic
Autonomic features ++ ++ +++ -/+
Triggers Alcohol, histamine, Alcohol, bending   V1–3 trigger points, -

nitroglycerin head, pressing neck movements
C4–5, C2, occipital
nerve

Nocturnal preponderance ++ + - +
of attacks

Indomethacin effect - ++ - ++



we can see some relevant clinical differences: a younger
age at onset; a clear male preponderance; a reduced sever-
ity of pain with an almost exclusive pain distribution in the
first branch of the trigeminal nerve, as opposed to TN
where the pain is generally located in the second and third
branches; a longer mean duration of the attack (more than
10 s); a prominent presence of autonomic features during
the attacks; a lack of refractory period between the attacks;
and no therapeutic effect of carbamazepine [57, 58]. 

Finally, the clinical features which differentiate prima-
ry stabbing headache vs. SUNCT are the following: a
female preponderance (male-to-female sex ratio of 0.15); a
variability of pain site and radiation; a lack of trigger fac-
tors; a lack of cranial autonomic features; and a complete
response to indomethacin administration [59]. 

Rare primary headaches with sparse or no autonomic
features 

Hypnic headache

Hypnic headache (HH) is a rare syndrome first described by
Raskin in 1988 [60]. Over 70 cases have been reported in the
literature. Its prevalence has been estimated at 0.07% [61].

The characteristic feature of HH is that the attacks occur
only during sleep, at a consistent time, usually between 1:00
and 3:00 a.m., and rarely during a daytime nap, awakening the
patient from sleep. Among the other clinical characteristics, at
least two of the following must be present for diagnosis: a
recurrence >15 times per month; a persistence of pain ≥15 min
after waking; age at onset after 50 years. The headaches begin
abruptly, are diffuse and throbbing, resolve spontaneously in
15–180 min, and can occur up to three times a night, although
they normally occur at least 15 times per month. The pain is
typically generaliszed, although it may be unilateral (39%), and
is of mild to moderate intensity, although severe pain is report-
ed in approximately 20% of patients. No associated autonomic
symptoms accompany pain, but nausea, photophobia, and
phonophobia may seldom be present [1]. Several studies have
shown that HH appears to be responsive to treatment with lithi-
um, although side-effects may prevent its use, especially in the
elderly. Other treatments with reported benefits in HH include
caffeine administered before bedtime (which in HH paradoxi-
cally does not disrupt the sleep pattern), flunarizine, verapamil
and indomethacin [62].

HH attacks often share some of the clinical features of
CH: short-lived duration, nocturnal recurrence and chron-
ic clustering. The autonomic signs and the agitated behav-
iour characteristic of CH have, however, also been
observed in HH patients with severe pain, although these are
rare and when present they are relatively mild compared to
those observed in CH. In contrast to CH, however, HH is
more common in women, with a male-to-female ratio of 1:2
compared to 3:1 for CH. The distribution of pain in HH is

frequently diffuse and bilateral, when compared to the strict-
ly unilateral distribution observed in CH [62]. 

Primary thunderclap headache

Primary thunderclap headache (PTH) is a high-intensity
headache with abrupt onset mimicking that of ruptured
cerebral aneurysm. It is a rare syndrome that may occur
during the day or night. A predominance of women aged
over 45 years has been reported [63].

The diagnostic criteria of PTH are the following:
severe head pain; sudden onset reaching maximum inten-
sity in  less than 1 min (generally 30 s); a duration between
1 h to 10 days; no regular recurrence over subsequent
weeks or months (headache may recur within the first
week after onset); no evidence of another disorder (in par-
ticular, normal CSF and normal brain imaging are
required) [1].

Although some patients witch PTH may have a previ-
ous history of migraine or may have further headaches, the
clinical presentation and temporal profile of PTH is dis-
tinctively unique from those disorders. Moreover, its
sequelae may substantially impair working capacity and
social functioning.

PTH may occur spontaneously while at rest or during
light activities or may be precipitated by intense exertion,
Valsalva manoeuvres or sexual activity. Exercise, weight lift-
ing, or sexual intercourse are precipitating events in up to
one third of patients with PTH. In fact, rather than having a
unique relationship to primary headache associated with sex-
ual activity per se, its orgasmic (explosive) subtype likely
represents a PTH syndrome and reflects the influence of
exertion on this headache disorder [64].

The evidence that this is a primary benign syndrome is
outweighed by the fact that it is frequently associated with
serious vascular intracranial disorders, such as subarachnoid
and intra-cerebral haemorrhages, arterial dissection (intra-
and extra-cranial), and venous thrombosis, among others
[65]. It is mandatory to thoroughly investigate secondary
causes before diagnosing PTH, although a study reported no
episodes of subarachnoid haemorrhage during long-term fol-
low-up once these were eliminated [63].

A variant of PTH, bathing headache, has been recently
reported [66, 67].

Exploding head syndrome

The exploding head syndrome is a rare entity that was first
described in 1920 as a “snapping of the brain” [68]. The
prevalence of the syndrome is unknown. Following the
publication of his first paper on the subject, it was noted by
Pierce [69] that more than 50 patients reported this symp-
tom to him. The onset is variable; some start in childhood,
but no decade is spared. However, the most common age of
onset is in middle and old age. The majority of these
patients were women [69].
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In this syndrome there is the sensation, for a split second
to some seconds, that an explosive noise has occurred in the
head, which wakens the individual from sleep. The noises
have been described variously as a “loud bang”, “shotgun” or
“bomb-like explosions” and 10% reported a simultaneous
flash of lights [69]. There is no actual headache, although the
syndrome is typically so terrifying that sufferers cannot be cer-
tain of this, and often raise the concern that a subarachnoid
haemorrhage may have occurred [70].

The attacks occur with a variable frequency (up to a max-
imum of 7 in one night), for a few weeks or months, then
sometimes with prolonged or total remissions, or they can
occur irregularly every few days, weeks or months [69].

There have been no trials of therapies of the exploding
head syndrome. In the Sachs and Svanborg paper [71]
chlomipramine was prescribed to three patients who
responded immediately. Reassurance that the syndrome is
benign seems appropriate.

Conclusions 

(a) Although “rare” headaches are a very heterogeneous
group, a common feature of these forms is the prob-
lems that they may pose on diagnosis, given their low
frequency of occurrence.

(b) Few reports have been published in the literature on
certain clinical entities and their clinical characterisza-
tion has not been entirely defined yet, as the reported
case series were very limited in number and not always
representative of the syndrome under study.

(c) In clinical practice, it is not always easy to detect these
forms because they are often not known to physicians
other than headache specialists, even though some of them
have very distinctive clinical features, such as CH.

(d) Sometimes, problems of differential diagnosis with
symptomatic forms arise, as in PTH, and in those cases
it is imperative that instrumental tests should be per-
formed to exclude any possible organic disease that
may be the actual cause of pain.
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Abstract Functional imaging techniques have begun to pro-
vide considerable insight into the pathophysiology of prima-
ry headache syndromes. PET and f-MRI have allowed to to
monitor the physiological cortical reaction and nociceptor
transmission of head-pain, but more importantly have identi-
fied pathophysiological abnormalities and even the “motor”
in migraine and cluster headache attacks. This has even
prompted new treatment options such as DBS in cluster
headache and will undoubtly change the way we see
headache. Innovative techniques such as voxel- and defor-
mation-based morphometry have just started to unravel the
structural consequences of chronic pain. Functional imaging
will undoubtedly provide further opportunities to study and
compare metabolic, haemodynamic and structural parame-
ters in headache sufferers’ brains.

Key words Functional imaging • PET • Migraine • Cluster

Introduction

Advances in functional imaging have contributed to a greater
understanding of the pathophysiology of primary headache
syndromes. Rather than just looking for structural differences,
modern imaging techniques offer (non-) invasive methods of
studying metabolism and haemodynamics in the brains of
headache and cluster as well as migraine patients during and
between attacks.

Migraine represents the classic primary headache that has
been considered to have primarily vascular problems. The
pathophysiological concept of vascular headaches however, is
based on the idea that changes in vessel diameter or gross
changes in cerebral blood flow would trigger pain and could, in
part, explain the mechanism of action of vasoconstrictor drugs,
such as ergotamine. From a physiological viewpoint, the con-
cept of a vascular headache as a pathophysiological entity
implies abnormalities in vessel behaviour. Regional cerebral
blood flow (rCBF) studies have emphasised a dysfunction of
the cerebrovascular regulation in headache, while functional
neuroimaging in patients has provided unique insights into
central nervous system involvement in these syndromes.

Positron emission tomography (PET) allows the quantita-
tive measurement of rCBF in humans. Changes in rCBF
reflect variations in vessel diameter and synaptic activity
(inhibition and excitation). Experimentally induced cranial
pain (elicited by subcutaneous injection of capsaicin in the
forehead) results in activation (i.e., increase in rCBF, bilater-
ally) in the anterior cingulate cortex, both insulae, the con-
tralateral thalamus and the cerebellum [1]. However, the
question remains whether there are changes specific to
migraine or other primary headache syndromes.

Migraine with aura

Migraine aura symptoms are mainly localised to the cere-
bral cortex and include transient visual disturbances,
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paraesthesias, vertigo and speech disturbances. The slow
progression of the visual and sensory migraine symptoms
are characteristic of the electrophysiological series of
events known as cortical spreading depression (CSD). CSD
is a wave of electrical activity followed by neuronal
depression, spreading across the cortex at approximately
3–6 mm/min [2]. In animals, the electrical wave is fol-
lowed initially by a 50–200% increase in blood flow, and
then a reduction, compared with baseline. This reduction in
blood flow also spreads at 3–6 mm/min.

Numerous studies have confirmed that the aura phase
of migraine is associated with a reduction in cerebral
blood flow [3]. This flow change moves across the cortex
as a ‘spreading oligaemia’ at 2–3 mm/min corresponding
to the rate that Lashley estimated from plotting the pro-
gression of his own visual aura and the phenomenon of
spreading cortical depression. It must be remembered
though, that only 15% of migraineurs have aura, and the
rest do not show any consistent demonstrable changes in
blood flow.

The focal reduction in flow is usually posteriorly near
Brodman area 7 and the superior part of area 19, although
focal frontal oligaemia without visual aura has been rarely
reported. The area of oligaemia enlarges and may involve
the whole hemisphere. The changes first reported by
Olesen and his colleagues noted above were produced by
carotid angiography, but similar changes have been seen in
spontaneous attacks with single-photon emission comput-
ed tomography (SPECT) [4], PET [5] and perfusion-
weighted MRI [6, 7]. The phenomenon is not, therefore, a
methodological artefact. The progression of the oligaemia
across the cortex does not respect vascular territories and
is thus unlikely to be primarily vasospastic.

Migraine without aura

Using SPECT in migraine without aura, no blood flow
changes were noticed [8]. Friberg and colleagues [9]
demonstrated with SPECT that interictally almost 50% of
migraine sufferers had abnormal interhemispherical asym-
metries in rCBF. These asymmetries were discrete com-
pared to those seen during the aura phase of a migraine
attack. In a very elegant study the same group [10] com-
bined the measurement of rCBF and blood flow velocity in
the middle cerebral arteries using transcranial Doppler
sonography. Middle cerebral artery (MCA) velocity on the
headache side was significantly lower than that on the non-
headache side, returning to normal values after treatment
with sumatriptan. No change was seen in the rCBF in the
MCA supply territory. The authors concluded that in the
headache phase there might be a dilatation in the MCA on
the headache side which was reversed by the vasoconstric-
tor action of the 5HT1B/1D receptor agonist sumatriptan.
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Migraine and the brainstem

PET is the method of choice to quantitatively measure
rCBF as an index of regional neuronal activity [11]. In a
PET study in nine right-sided patients with migraine with-
out aura [12], significantly higher rCBF values were found
during the acute attack compared to the headache-free
interval in brainstem structures over several planes. These
structures were towards the midline but contralateral to the
headache side. These data have been recently confirmed
[13]. It has been speculated that the contralateral changes
may represent rostrally rather than caudally projecting
nociceptive control systems [14]. Increased activation was
also found in the inferior anterocaudal cingulate cortex as
well as in the visual and auditory association cortices dur-
ing the attack but was not detectable in these areas in the
interval scan or after relief from headache and migraine
related symptoms through treatment.

The consistent increases in rCBF in the rostral brain-
stem persisted, even after sumatriptan had induced com-
plete relief from headache, nausea, phonophobia and pho-
tophobia. This increase was not seen outside the attack. It
can be concluded that the observed activation was unlikely
to be just a result of pain perception or increased activity of
the endogenous anti-nociceptive systems. It is beyond the
resolution of the PET scanner to attribute foci of rCBF
increases to distinct brainstem nuclei. However, the foci of
maximum increase coincided, in the Talairach space, with
the anatomical location of the rostral midbrain and would
have included the periaqueductal grey matter. Dysfunction
of the regulation of brainstem nuclei involved in anti-noci-
ception and extra- and intracerebral vascular control pro-
vides a far reaching explanation for many of the facets in
migraine. The importance of the brain stem for the genesis
of migraine is further underlined by the presence of bind-
ing sites for specific anti-migraine compounds on these
structures and the fact that it has not been seen in cluster
headache [15] and experimentally induced headache [1].
Other direct clinical evidence for the brain stem in migraine
was reported by Raskin [16] and Veloso [17] on non-
headache patients who developed migraine-like episodes
after stereotactic placement of electrodes in the PAG for
treatment of chronic pain. Interestingly, these headaches
responded to anti-migraine treatments.

Functional imaging in cluster headache

Although treatment is still empirical, much recent thinking
about trigemino-autonomic headache has been devoted to the
pathophysiology of these syndromes [18]. Given the circadi-
an rhythmicity and unilaterality of the symptoms, a purely
vasogenic cause cannot explain the entire picture of cluster
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and other circadian headaches [19]. Data from functional
imaging are promising and strongly support the increasingly
accepted concept of a central origin for initiation of cluster
headache. PET as one of the most refined techniques in visu-
alising in vivo changes in neuronal activity has provided
unambiguous information regarding the area concerned with
the source of cluster headache attacks. Using PET, for the
first time a possible site of the central origin of cluster
headache has been visualised in the hypothalamic grey mat-
ter [20]. During an acute attack, but not outside, activation
occurs in frontal areas, both insulae, contralateral thalamus
and cingulate cortex. A specific activation was demonstrated
in the ipsilateral hypothalamus. This region is highly intrin-
sic for cluster headache, as it has not been seen in migraine
and experimentally induced headache. Furthermore this
region controls sleep–wake cycling and circadian rhythms
and explains many of the facets of cluster headache.

Short-lasting unilateral neuralgiform headache with
conjunctival injection and tearing (SUNCT) is among the
rarest idiopathic headache syndromes. Even though there
are marked differences in the clinical pictures, such as the
frequency and duration of attacks and the different
approach to treatment, many of the basic features of
SUNCT, such as episodicity, autonomic symptoms and uni-
laterality, are shared by other headache types, such as clus-
ter headache and CPH. This suggests a pathophysiological
similarity to these syndromes and prompted the suggestion
to unify them on clinical grounds as trigeminal autonomic
cephalalgias (TACs).

If this biological model is correct, the underlying cause
for TACs may be similar and the variation in duration and
frequency might be generally dependent on a different dis-
order of the inferior posterior hypothalamic neurons, per-
haps a modulation of neuronal activity or a different
involvement of the trigeminovascular system [21]. This
might explain the relatively different phenotypes of these
related syndromes. There is a strong need to investigate
other related idiopathic headache syndromes such as chron-
ic paroxysmal hemicrania and hemicrania continua with
functional imaging to seek for the anatomical or functional
basis for the variation in TACs.

Thus, functional imaging can identify specific areas of
activation in specific diseases. These findings suggest that
certain patterns of activation seen in primary headache syn-
dromes are indicative for the specific syndrome.

Morphology

Recently MRI T1-weighted scans have been used to look
for structural changes in the brains of patients with cluster
headache. Cluster headache patients show an increase in
grey matter in virtually the same area where the activation
pattern using PET has been demonstrated [22]. This was

the first report of a structural change in this idiopathic
headache syndrome. Interestingly, no structural changes
have been seen in migraine patients [23]. The data suggest
idiopathic headaches to be a primary central nervous sys-
tem disorder and demand renewed consideration of the
neural influences at work in these syndromes when com-
pared to healthy volunteers. The cluster data prompted
Leone et al. to use deep brain stimulation of the inferior
posterior hypothalamus, intending to prevent cluster
headache attacks in selected severe therapy-refractory
cases [24]. Until now, four successfully operated
intractable chronic cluster headache patients have been
reported [25, 26]. When the stimulator is switched off,
attacks reappear and disappear when it is turned on again.
The method is reversible, and the procedure is well tolerat-
ed with no relevant side effects. In none of the patients who
received hypothalamic deep brain stimulation trigeminal
hypo- or anaesthesia occurred. This observation strength-
ens the hypothesis that the pain of cluster headache does
not arise from a primary dysfunction of the trigeminal
nerve itself, but is generated directly from the brain.
However, it is not understood how stimulation of an area,
which is thought to act as a pace-maker for acute cluster
attacks, is able to prevent these attacks from happening.
Further research in this field is urgently needed and the
recent possibility of combining deep brain stimulation with
PET will certainly help to unravel the brain circuitry impli-
cated in stimulation-produced analgesia.

Conclusion

Functional imaging techniques provide considerable insight
into the pathophysiology of migraine and other primary
headache syndromes. Until recently, most functional tech-
niques have been limited to investigations of blood flow
changes and were hampered by low temporal resolution.
Innovative techniques will undoubtedly provide further
opportunities to study and compare metabolic, haemodynam-
ic and structural parameters in headache sufferers’ brains.

References

1. May A, Kaube H, Büchel C et al (1998) Experimental cra-
nial pain elicited by Capsaicin: a PET-study. Pain 74:61–66

2. Leao AAP (1947) Further observations on the spreading depres-
sion of activity in the cerebral cortex. J Neurophysiol 10:409–414

3. Olesen J, Tfelt-Hansen P, Welch K (1999) The headaches,
second edition. Lippincott Williams & Wilkins, Philadelphia

4. Lauritzen M (1994) Pathophysiology of the migraine aura.
The spreading depression theory. Brain 117:199–210

5. Woods RP, Iacoboni M, Mazziotta JC (1994) Brief report:

A. May: Neuroimaging in headache S87



bilateral spreading cerebral hypoperfusion during sponta-
neous migraine headache. N Engl J Med 331:1689–1692

6. Cutrer FM, Sorensen AG, Weisskoff RM et al (1998)
Perfusion-weighted imaging defects during spontaneous
migrainous aura. Ann Neurol 43:25–31

7. Hadjikhani N, Sanchez Del Rio M, Wu O et al (2001)
Mechanisms of migraine aura revealed by functional MRI in
human visual cortex. Proc Natl Acad Sci USA 98:4687–4692

8. Olesen J, Lauritzen M, Tfelt Hansen P, Henriksen L, Larsen B
(1982) Spreading cerebral oligemia in classical- and normal
cerebral blood flow in common migraine. Headache 22:242–248

9. Friberg L, Olesen J, Iversen H et al (1994) Interictal
“patchy” regional cerebral blood flow patterns in migraine
patients. A single photon emission computerized tomo-
graphic study. Eur J Neurol 1:35–43

10. Friberg L, Olesen J, Iversen HK, Sperling B (1991) Migraine
pain associated with middle cerebral artery dilatation: rever-
sal by sumatriptan. Lancet 338:13–17

11. Frackowiak RS, Friston KJ (1994) Functional neuroanatomy
of the human brain: positron emission tomography – a new
neuroanatomical technique. J Anat 184:211–225

12. Weiller C, May A, Limmroth V et al (1995) Brain stem activa-
tion in spontaneous human migraine attacks. Nat Med
1:658–660

13. Bahra A, Matharu MS, Buchel C, Frackowiak RS, Goadsby
PJ (2001) Brainstem activation specific to migraine
headache. Lancet 357:1016–1017

14. Goadsby PJ, Fields HL (1998) On the functional anatomy of
migraine. Ann Neurol 43:272

15. May A, Bahra A, Büchel C, Frackowiak RSJ, Goadsby PJ
(1998) Hypothalamic activation in cluster headache attacks.
Lancet 352:275–278

S88

16. Raskin NH, Hosobuchi Y, Lamb S (1987) Headache may
arise from perturbation of brain. Headache 27:416–420

17. Veloso F, Kumar K, Toth C (1998) Headache secondary to
deep brain implantation. Headache 38:507–515

18. May A, Leone M (2003) Update on cluster headache. Curr
Opin Neurol 16:333–340

19. Leone M, Attanasio A, Croci D et al (1999) Neuroendocrinology
of cluster headache. Ital J Neurol Sci 20:S18–S20

20. May A, Bahra A, Büchel C, Frackowiak R, Goadsby P
(1998) Cerebral activation in cluster headache in and outside
the bout: a PET study. Eur J Neurol 5:7–8

21. May A, Bahra A, Buchel C, Turner R, Goadsby PJ (1999)
Functional magnetic resonance imaging in spontaneous
attacks of SUNCT: short-lasting neuralgiform headache with
conjunctival injection and tearing. Ann Neurol 46:791–794

22. May A, Ashburner J, Buchel C et al (1999) Correlation
between structural and functional changes in brain in an
idiopathic headache syndrome. Nat Med 5:836–838

23. Matharu MS, Good CD, May A, Bahra A, Goadsby PJ
(2003) No change in the structure of the brain in migraine:
a voxel-based morphometric study. Eur J Neurol 10:53–57

24. Leone M, Franzini A, Bussone G (2001) Stereotactic stimula-
tion of posterior hypothalamic gray matter in a patient with
intractable cluster headache. N Engl J Med 345:1428–1429

25. Franzini A, Ferroli P, Leone M, Broggi G (2003) Stimulation
of the posterior hypothalamus for treatment of chronic
intractable cluster headaches: first reported series.
Neurosurgery 52:1095–1101

26. Leone M, Franzini A, Broggi G, Bussone G (2003)
Hypothalamic deep brain stimulation for intractable chronic
cluster headache: a 3-year follow-up. Neurol Sci 24[Suppl
2]:S143–S145

A. May: Neuroimaging in headache



Abstract We briefly summarise biochemical anomalies of
serotonin, norepinephrine, glutamic and aspartic acids, the
main neurotransmitters of inhibitory and excitatory neu-
ronal circuitries, found in primary headaches and their rela-
tionship with pathogenesis of migraine and cluster
headache (CH). In addition, the high levels of circulating
tyramine, octopamine and synephrine (elusive amines),
recently reported in both migraine types and CH, are dis-
cussed in relation to the other “classic” amines findings. In
particular it is suggested how abnormal levels of elusive
amines may participate in the pathophysiology of migraine
and CH acting through their specific trace amine receptors
and α and β receptors. The possible hypothesis that
emerges from the analysis of these biochemical findings is
that an imbalance of systems, with opposite neurophysio-
logical functions related to the pain and other yet unknown
functions, may constitute the biochemical phenotype of
migraine with and without aura, and CH.

Key words Indoles • Excitatory aminoacids • Elusive
amines

Introduction

Painful attacks and associated symptoms are the main clin-
ical phenotype of primary headaches. Genetic mutations,
still under investigation, may determine functional anom-
alies of the complex inhibitory and excitatory neuronal cir-
cuitries that govern the pain threshold [1]. The entity of
these anomalies together with the favourable conditions
may determine the number and the intensity of painful
attacks.

Serotonin (5-HT), norepinephrine (NE), dopamine
(DA), GABA, glutamic and aspartic acids are the main neu-
rotransmitters that regulate the inhibitory and the excitato-
ry neuronal pathways [1]. In addition, very recently it has
been shown that elusive amines such as tyramine,
octopamine and synephrine may co-operate with these sys-
tems in the regulation of subcortical functions including the
pain threshold [2]. In this review we briefly summarise the
studies supporting the role of indole, catecholamines, exci-
tatory amino acids and elusive amines in the pathogenesis
of migraine and cluster headache (CH).

Serotonin and 5-HIAA and migraine

The increased excretion in the urine of 5-hydroxyindo-
caletic acid (5-HIAA), stable metabolite of 5-HT, during
migraine attacks reported by Federigo Sicuteri in 1961, was
the first evidence of a biochemical anomaly in primary
headaches [3]. Since then Sicuteri suggested that the
increase of 5-HIAA in the urine may reflect a similar sero-
tonergic anomaly in CNS. Because it was impossible to
study 5-HT turnover directly in the brain, many researchers
have used platelets as a model of serotonergic endings to
demonstrate this hypothesis. Platelets, in fact, share many
morphological, biochemical and physiologic characteristics
with serotonergic neurones [4].
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During migraine attacks platelet 5-HT decreases [5]. In
between attacks it has been suggested that 5-HT levels are
elevated in migraine with aura (MwA) whereas they are
unchanged in migraine without aura (MwoA) [6, 7]. In
contrast, when menstrual migraine was taken as a model to
assess 5-HT and 5-HIIA and MAO activity in the late luteal
phase before a migraine attacks, a significant decrease of 5-
HT and an increase of 5-HIAA and MAO activity was
detected in platelets [8]. In CSF, 5-HIAA levels are report-
ed to be low, higher or unchanged in headache-free periods
[9]. During attacks, 5-HIAA levels were more elevated than
in control subjects [9]. These data, although not completely
univocal, suggest that the serotonergic system is deranged
in migraine and a failure of 5-HT synthesis may occur soon
before attacks. In support of this hypothesis, a PET study
has shown that, during migraine attack, serotonergic and
noradrenergic nuclei of brainstem are activated [10]. In
addition, the effectiveness of sumatriptan, a selective ago-
nist of 5-HT receptor subtypes (5-HT1B,D), in migraine and
CH attacks, supports this notion [11].

Serotonin and 5-HIAA and CH

Few studies have investigated the turnover of 5-HT in CH.
However it has been reported that, in comparison to control
group, plasma levels of 5-HT and 5-HIAA are elevated in
CH sufferers in the active periods [12]. The significance of
these results is unclear: it is possible that the metabolism of
5-HT is activated to compensate for a decreased function
of cerebral NE system (see catecholamine section). It is
known that pain threshold is regulated by a reciprocal mod-
ulation of brain serotonergic (raphe magnus) and noradren-
ergic (locus coeruleus) nuclei. The failure of one system
may imply a compensatory response in the other [12].

Catecholamines and migraine

Plasma levels and urinary excretion patterns of cate-
cholamines and their metabolism generally have been
inconclusive, possible due to researchers not accounting
for circadian rhythms [13]. In agreement with this sugges-
tion, when catecholamines were measured in the different
phases of menstrual cycle, differences were found between
migraine sufferers and controls. In comparison to healthy
females, a decrease in levels of platelet NE was observed
in the luteal phase of menstrual migraine sufferers before
the migraine attack [14]. The same results were obtained
when NE was measured in plasma in the same phase of the
menstrual cycle [15]. In contrast, DA levels, measured in
the same patients, increased significantly [15]. Studies
done in CSF are in line with these results. Levels of NE and
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epinephrine (E) are reported to be lower during the attacks
in comparison to those of controls [16]. In contrast, levels
of 3,4-dihydroxyphenilacetic acid (DOPAC), a metabolite
of DA, were significantly higher in patients affected by
MwoA and MwA. The levels of DOPAC correlated well
with the intensity of pain [16]. All these studies suggest that
a reduction of NE together with an increase of DA turnover
may be the biochemical catecholaminergic phenotype of
migraine [17].

Catecholamines and CH

The accompanying autonomic symptoms such as tearing,
rhinorrhoea, stiffness, sweating, Horner syndrome etc.,
during attacks suggest that CH is characterised by a
reduced sympathetic tone [18]. Biochemical studies sup-
port this hypothesis. NE, the main neurotransmitter of the
sympathetic nervous system (SNS), is released into circula-
tion from vesicles at nerve terminals around the blood ves-
sels. Platelet catecholamines are considered an index of
CNS function because they take up NE and E from the
whole body circulation and store them in dense bodies [19].
Platelet levels of NE assessed during painful attacks, active
and remission periods, in a group of episodic CH sufferers,
were significantly lower than those of control subjects. E
levels followed the same trend [20]. In addition, in another
study performed in CSF, the levels of NE, measured during
the active periods, were found to be lower than in controls
[21]. All these findings suggest that a reduced noradrener-
gic metabolism is a part of the pathophysiology of this pri-
mary headache. The effectiveness of clonidine in reducing
the number of attacks in the same cluster patients may sup-
port this hypothesis [22].

Excitatory amino acids and primary headaches

Glutamic and aspartic acid are considered excitatory neu-
rotransmitters of CNS. These amino acids elicit and support
spreading depression (SD) in animal. SD may constitute the
underlying cause of migraine attacks [23]. Platelets have
been used as a model to study excitatory amino acid in neu-
rological diseases because they take up glutamate and
aspartate with an energy dependence similar to the neuron
[23]. Accordingly we studied levels of glutamic, aspartic
acid and glycine that are known to modulate the sensitivity
of glutamate receptor, in platelets of MwoA, MwA and CH
groups. In comparison to control, MwoA and CH groups,
glutamic and aspartic acid levels were found significantly
more elevated in MwA sufferers both during headache-free
periods and during the attacks [23]. These results were con-
firmed in a more recent study in which levels of glutamate
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were measured also in plasma where they were found to be
elevated only in MwA patients [24]. These studies are con-
sidered the neurochemical basis of neuronal hyperex-
citability as a pathophysiological condition of migraine
[25]. This hypothesis is further corroborated by neuro-
physiological, MRI and pharmacological evidence
[26–28]. In CH, platelet levels of excitatory amino acids
were in the normal range [23]. In comparison to control
group, platelet levels of glycine were significantly lower in
CH and MwoA [23].

Elusive amines and primary headaches

The hypothesis that trace amines such as tyramine,
octopamine and synephrine, chemically closely related to
classical biogenic amines, may contribute to the pathogene-
sis of primary headaches was proposed several decades ago
[2]. The observation that certain foods rich in tyramine,
such as chocolate, citrus fruits and cheese, caused a hyper-
tensive headache response in depressed patients treated with
monoamine oxidase (MAO) inhibitors, raised the possibili-
ty that the increased sensitivity to tyramine-containing
foods in dietary migraine might be due to a deficiency in
MAO activity [2]. 5 Thereafter, in view of the time delay
from ingestion of provocative foods and the painful attack,
accumulation of octopamine, derived from tyramine metab-
olism, was proposed to be the main causative agent [29].
However, to date, there is no direct evidence supporting the
involvement of trace amines in primary headaches.
Recently, however, two large families of G-protein coupled
receptors with high affinity for trace amines have been
described in rodents and humans [30]. These receptors,
named trace amine receptors (TARs), are distinct from the
classical biogenic amine receptors and are found in various
tissues and organs, including specific brain areas such as the
amygdala, hypothalamus and locus coeruleus. In addition,
effects of trace amines, in particular octopamine, on mam-
malian a2- and b3-adrenergic receptors have emerged [31].

We have recently devised a sensitive HPLC method for
assessment of trace amines in human plasma and platelets
[31]. Utilising this method, we here questioned whether
abnormalities in circulating trace amines are found in pri-
mary headache sufferers. To this end, levels of tyramine,
octopamine and synephrine were, in comparison to healthy
controls, assessed in plasma of patients suffering from
migraine with (MwA) and without aura (MwoA) during
headache-free periods, as well as in patients suffering from
CH both during active and remission periods.

Three groups of headache sufferers (MwoA, MwA and
CH) and 36 healthy control subjects, age- and sex-
matched, were enrolled in the study. Plasma levels of all
trace amines were significantly higher in CH patients, both
in the remission and active phases, when compared to con-
trol subjects or subjects with migraine. In addition,

intraplatelet levels of octopamine, synephrine and tyra-
mine were higher in CH patients than in controls. In
migraine patients, plasma levels of octopamine and
synephrine were higher compared to controls, although in
MwA the difference was not significant.

While the elevation of plasma trace amine levels in
both migraine and CH supports the hypothesis that disor-
ders of biogenic amine metabolism may be a characteris-
tic biochemical trait in primary headache sufferers, the
observation that such alterations are more prominent in
patients with CH compared to migraine patients suggests
that they may reflect sympathetic and/or hypothalamic
dysfunction [32, 33].

Conclusions

The reduced levels of 5-HT and NE, together with the
increase of excitatory neurotransmitters Glu and Asp, sug-
gest that an imbalance between excitatory and inhibitory
circuitries of CNS may be the underlying functional anom-
aly that predispose to headache attacks in primary
headaches. This hypothesis is supported by the following
pharmacological evidence: (1) the effectiveness in the pro-
phylactic treatment of MwoA of drugs known to increase
the availability of GABA in synaptic clefts [34, 35]; (2) the
efficacy in reducing or abolishing the crisis of MwA, of
lamotrigine, a compound that inhibits the release of gluta-
mate from the NMDA receptors [27, 28, 36, 37]; (3) the
action of triptans on headache attacks [11]; (4) the possible
usefulness of clonidine in the cure of CH [22]. However, the
whole physiopathological picture is not depicted; many
other poorly known substances may contribute to the mod-
ulation of these circuitries; among these: the elusive amines.
Indeed, it is possible that abnormal levels of tyramine,
octopamine and synephrine, acting on TARs and a2- and b3-
adrenergic receptors, may interfere with functions of hypo-
thalamus and other pertinent subcortical networks potential-
ly implicated in the pathophysiology of primary headaches.
Although the underlying causes have to be clarified, the
results presented here suggest that high circulating trace
amines levels may represent an abnormal biochemical phe-
notypic trait accompanying migraine and particularly CH.
Whether this abnormality, either alone or in association with
other factors, underlies any susceptibility to CH or migraine
remains to be determined.
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Abstract Recent advances in the studies of the genetic lia-
bility to migraine include the discovery of two genes
responsible for familial hemiplegic migraine (FHM) and
the analysis of several sites of linkage or genetic associa-
tion for the so-called typical migraines, e.g., migraine with
(MA) and without aura (MO). The 2 genes implicated in
the genetics of FHM are CACNA1A for FHM1 and
ATP1A2 for FHM2. It is still unclear how dysfunction in
these genes may trigger attacks of migraine with hemi-
plegic features and, in at least part of the families with
FHM, also paroxysmal or progressive ataxia and epileptic
seizures. It appears that mutations in CACNA1A responsi-
ble for FHM1 alter calcium influx and calcium currents in
neurons, possible factors of spreading depression like
events. On the other hand, abnormal regulation of intracel-
lular calcium concentrations could alter neurotransmitter
release and other cellular functions. In the case of ATP1A2
mutations, haplo-insufficiency of the gene has been
hypothesised to result in abnormal potassium level regula-
tion because of faulty Na/K exchange with subsequent
depolarisation and increased liability to spreading depres-
sion, or/and in abnormal calcium levels because of the con-
comitant activation of the Na/Ca exchanger, with a mecha-
nism therefore comparable to that at work in FHM1. Much

more work is clearly necessary to elucidate these patho-
physiological mechanisms; advances in genetics however
may represent important steps in the clarification of the
physiopathology of the migraine attack.

Key words Headache • Migraine • Familial hemiplegic
migraine • Genetics • Physiopathology

Introduction

Genetic epidemiological studies of migraine show
increased disease risk in relatives of migraine probands,
with first-degree relatives of probands with migraine with-
out aura (MO) having 1.9 times the risk of MO and 1.4
times the risk of migraine with aura (MA), and first-degree
relatives of MA probands nearly 4 times the risk of MA and
no increased risk of MO. Concordance rates for migraine
are higher among monozygotic (MZ) than dizygotic (DZ)
twins with heritability estimates of 52% in studies of
female twin pairs raised together or apart since infancy;
studies in MZ Danish twin pairs show that liability to MO
results from additive genetic effects (61%) and only in part
from individual-specific environmental effects (39%). In
MA, correlation in liability was 0.68 in MZ and 0.22 in DZ,
with heritability estimated to 0.65. Therefore twin studies
reveal that approximately one-half of the variation in
migraine is attributable to additive genes, with the remain-
der caused by unshared rather than shared environmental
factors between twins. There is thus ample evidence for
genetic liability to migraine, from both epidemiological
studies of familial risk recurrence and twin studies.
Pedigree analysis however has resulted in the proposal of
various modes of inheritance: autosomal dominant with
female preponderance, possibly sex determined, autosomal
recessive with 70% penetrance, polygenic, maternal and X-
linked transmissions. Upon complex segregation analysis,
most studies conclude for a multifactorial inheritance with-
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out generational difference. Therefore a single gene should
not be expected, though in some families mendelian or
mitochondrial inheritance could not be excluded.

Multifactorial inheritance usually concerns
complex/quantitative traits, e.g., traits that vary continuous-
ly in a continuous phenotypic range and in which variation
is quantitative not qualitative. These traits are influenced by
multiple genes (each called a quantitative trait locus
(QTL)), each having a small quantitative effect, and inter-
acting with the environment. But, even though this is the
most popular genetic model at the moment, we still do not
know whether migraine is really a quantitative trait.
Moreover, genetic variation underlying a continuous char-
acter distribution can result from segregation at a single
locus too. Indeed, recent advances in the genetics of
migraine have been afforded by the study of familial hemi-
plegic migraine (FHM), a subtype of MA which conforms
to a classical autosomal dominant mendelian transmission.
As the linkage or association studies performed in the so-
called typical migraines (MA and MO) do not usually
implicate recognised genes, and especially as most of these
studies still remain controversial or unconfirmed, any
extrapolation to the physiopathology of the diseases
remains impossible. We shall therefore deal with the genet-
ic advances made in the study of FHM, and with the role of
FHM as a model for the typical migraines.

Familial Hemiplegic Migraine (FHM)

In 1996, four different missense mutations in conserved
functional domains of the CACNA1A gene, coding for the
alpha subunit of a neuronal P/Q type Ca++ channel, were
discovered in FHM families linking to chromosome 19. At
the same time, two mutations disrupting the reading frame
of the same gene were found in families with episodic atax-
ia type 2 (EA-2) [1], and soon came the recognition that
polyglutamine expansions in the COOH terminal of the
same gene accounted for spinocerebellar ataxia type 6
(SCA-6) with progressive cerebellar atrophy [2]. FHM 1,
EA-2 and SCA-6 should therefore be considered as allelic
channelopathies. Soon the phenotypic expression of the
CACNA1A mutations began to expand, including such fea-
tures as: delayed cerebral oedema and fatal coma after
minor head trauma (in 3 subjects with a C-to-T substitution
resulting in the substitution of serine for lysine at codon
218 (S218L) in the CACNA1A gene [3]); epileptic seizures
(in an 11-year-old boy with primary generalised epilepsy,
episodic and progressive ataxia, and mild learning difficul-
ties with a heterozygous point mutation (C5733T) in
CACNA1A introducing a premature stop codon
(R1820stop) [4]); and even myasthenic syndrome [5],
paroxysmal psychosis [6] and benign paroxysmal torticol-
lis of infancy, consisting of recurrent episodes of head tilt
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secondary to cervical dystonia accompanied by vomiting,
pallor and ataxia, settling spontaneously within hours or
days, and considered a migraine equivalent in childhood
[7]. How to explain all of these seemingly unrelated clini-
cal features has been the subject of a number of functional
studies trying to elucidate the behaviour of the different
mutations at the cellular level. It appears that CACNA1A
mutations increase Ca++ influx through single human
CaV2.1 channels and decrease maximal CaV2.1 current
density in neurons [8]: all the FHM mutants analysed
showed a single-channel Ca++ influx larger than wild type
around the threshold of activation and invariably led to a
decrease of the maximal Ca(V)2.1 current density in cere-
bellar granule neurons. Thus the functional effects common
to the FHM mutations analysed were an increase of single-
channel Ca++ influx and a decrease of the maximal
Ca(V)2.1 current density in neurons [8]. It is interesting to
note in this regard, that blockade of P/Q-type calcium chan-
nels in the periaqueductal grey facilitates trigeminal noci-
ception, modifying nociceptive transmission of second-
order neurons in the trigeminal nucleus caudalis activated
by stimulation of the parietal dura mater. Indeed, P/Q-type
calcium channels in the periaqueductal grey play a role in
modulating trigeminal nociception. These data suggest a
role for dysfunctional P/Q-type calcium channels in
migraine pathophysiology [9] and are replicated in the
experimental animal, whereby the leaner mice (with muta-
tions in the murine equivalent of CACNA1A) show reduced
response to mechanical stimuli and enhanced response to
heat stimuli because of a presynaptic inhibition in primary
sensory fibres [10].

In 2003, the second gene responsible for FHM2 was
discovered to consist of the alpha 2 subunit of the Na/K
pump gene [11] linked to chromosome 1q23. In 2 families
with FHM2 sequence analysis identified the presence of
two point mutations (T2395C and T2763C) segregating
with FHM and causing the amino-acid replacements of
leucine to proline (L764P) in family 1 and tryptophan to
arginine (W887R) in family 2. The sodium–potassium
pump (Na/K-ATPase) catalyses the energy-dependent
transport of Na+ and K+ across the cell membrane and is a
heterodimer, composed of a catalytic and a glycoprotein (β)
subunit. The β-subunit is necessary for the activation of the
alpha-subunit and the transport of the heterodimer to the
plasma membrane. There are three isoforms for each of the
alpha- and the β-subunits, each encoded by separate genes
and having different tissue distributions. In the affected
FHM families, both missense mutations were sufficient to
inhibit Na+/K+ pump activity, even without affecting
assembly with the beta subunit or translocation of the dimer
to the cell membrane. Functional data thus indicated that
the pathogenic mechanism was loss of function of a single
allele of ATP1A2. Two mechanisms were hypothesised to
account for an altered excitability of the membrane in
mutated cells [11]: an increase in extracellular K+ because
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of impaired clearance of K+ might induce cortical depolar-
isation and facilitate a spreading depression event; and, as
the alpha2 subunit distribution on the plasma membrane is
coincidental with the localisation of the Na/Ca exchanger,
a local boost in intracellular Na+ would lead to increased
intracellular Ca2+ through the Na+/Ca2+ exchanger, with a
mechanism resembling the effect of CACNA1A mutations
that cause FHM1. Soon after the first report of ATP1A2
mutations accounting for FHM 2, new mutations were
reported: in a family with symptoms of basilar migraine
(mutation R548H), R763H and M731T in other FHM fam-
ilies and R689Q in a family with benign familial infantile
convulsions plus FHM, indicating that in FHM2 too epilep-
sy is part of the spectrum. Moreover, a wide spectrum of
clinical features was observed for ATP1A2 mutations, just
like the CACNA1A mutations: recurrent episodes of coma
[12], epileptic seizures [11] and cerebellar symptoms and
mental retardation [13].

Relevance of FHM as a model disease for the typical
migraines MA and MO

FHM is currently categorised as a subtype of MA, and the
advances in the genetics of FHM have led to interesting
hypotheses concerning the mechanisms of the migraine
attack also in the more common typical migraines.
Accordingly, the latter have been proposed as calcium
channelopathies on the basis of some genetic evidence for
an involvement of the CACNA1A gene in the typical
migraines [14–16]. These initial intriguing data have, how-
ever, been subsequently largely disproved by a series of
linkage and association studies and genetic sequencing
analysis in several populations of patients with MA and
MO [17–23] and there is now no definite evidence that the
CACNA1A gene is certainly involved in the pathogenesis
of MA and MO. Even in peculiar clinical phenotypes most
resembling the complicated features of FHM, mutation in
CACNA1A gene could not be found: analysis of
CACNA1A gene in 4 patients with alternating hemiplegia
of childhood using single strand conformation polymor-
phism analysis disclosed no mutations in any of the 47
CACNA1A exons [24] and likewise no CACNA1A muta-
tions were found in patients with pseudomigraine with lym-
phocytic pleocytosis (a headache type with neurologic
deficits and cerebrospinal fluid lymphocytosis also called
HaNDL) [25]. It has finally been reported that a MA sus-
ceptibility locus on chromosome 19p13 is distinct from the
FHM locus [22] and that most sporadic HM patients do not
have a CACNA1A mutation [26]. Is the ATP1A2 gene then
implicated in the pathogenesis of the typical migraines?
Again, initially some positive evidence was found in a
multigenerational migraine Australian pedigree, showing
linkage to Chr lq31 markers [27]. However, Vanmolkot et

al. [28] in a sample of cases of MA could not show any
ATP1A2 mutations with sequence analysis, again casting
doubt on the involvement of ATP1A2 too in the pathogene-
sis of the typical migraines.

Conclusions

At this point we must conclude that there is no definite evi-
dence for the involvement of either of the two genes
responsible for FHM, CACNA1A and ATP1A2, in the
pathophysiology of the more common forms of migraine,
MA and MO. Further studies are of course needed to firm-
ly define this point, but it seems that FHM should be con-
sidered more like a syndromic form of migraine than a sub-
type of MA, along the lines for instance of migraine fea-
tures observed in CADASIL and MELAS. Therefore any
extrapolation of the mechanistic findings observed in FHM
to the typical migraines still remains controversial. This
notwithstanding, FHM genetics provide intriguing insights
into a fascinating and potentially devastating clinical con-
dition, and allow experimental manipulations still unfeasi-
ble in the more common forms of migraine.
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Introduction

The complexity of finding the cause of migraine is under-
scored by recent genetic findings; gene mutations of
CACN1A encoding a P/Q calcium channel subunit [1], and
ATP1A2 encoding a catalytic subunit of a sodium-potassi-
um-ATPase [2], have introduced two strong but separate
causal factors. Welch et al. suggested in 1989 that multiple
causal factors for migraine converge onto a common hyper-
excitable brain state, which constitutes the fundamental sus-
ceptibility to migraine attacks [3]. Perhaps the most persua-
sive argument for brain hyperexcitability is the current con-
cept that triggers of an attack initiate a depolarising electric
and metabolic event likened to the spreading depression
(SD) of Leao [4]. SD is now believed to be the underlying
mechanism of aura [5], which in turn activates the headache
and associated features of the attack. Trigeminal nerve acti-
vation at a peripheral and central origin may account for
headache. Dysmodulation of pain pathways may account for
prolonged pain of the attack and perhaps resistance to treat-
ment by facilitating central sensitisation. Progressive dam-
age to the brain’s most powerful antinociceptive centre, the
periaqueductal grey matter (PAG), may explain some aspects
of central sensitisation or change in phenotypic expression of
episodic to chronic headache.

Migraine susceptibility – hyperexcitability

We will first review the evidence for hyperexcitability in the
interictal phase of the illness, encompassing clinical obser-
vations strengthened by non-invasive electrophysiological
and functional brain imaging techniques, as an appropriate
introduction to the sections that follow in this paper.

Clinical investigation

Consonant with migraine aura being predominately visual,
the occipital cortex has been the focus of clinical investiga-
tions that support brain hyperexcitability [6–10]. Attention to
altered function of primary visual cortex between and during
attacks of migraine aura began with Airey’s observations on
fortification spectra in the late nineteenth century [11].
Detailed descriptions of migraine aura by Richards [12], and
his suggestion that aura began with activation of linear detec-
tor neurons in primary visual cortex, was followed by sys-
tematic investigation of stripe induced visual discomfort in
migraine sufferers by Marcus and Sosa [7]. Visual stress, par-
ticularly repetitive linear and specifically angulated visual
stimuli, may evoke an “exhaustion” phenomenon in hyperex-
citable responding susceptible specialised line detector neu-
rons of the visual cortex to account for the illusion of fortifi-
cation spectra as part of the aura. Earlier electrophysiological
studies had demonstrated that stressful linear stimuli could
excite visual cortex epileptic discharges [10]. Psychophysical
studies by Wray, Mijovic-Prelec and Kosslyn revealed abnor-
mally sensitive “low-level” visual processing in subjects with
migraine with aura that they attributed to hyperexcitability,
speculating upon dysfunction of the intracortical GABA-
ergic inhibitory system as its origin [6].

Neurons in excitable regions of visual cortex fire inap-
propriately when the excitation is strong, for example read-
ing texts that evoke pattern glare, leading to perceptual dis-
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tortion and headache. A double-masked randomised con-
trolled study with crossover design revealed reduction in
headache frequency when the optimal tint glasses were
worn, attributed to the coloured filters reducing pattern glare
[13]; certain coloured tints might redistribute excitation
from these hyperexcitable cortical regions, reducing abnor-
mal neuronal firing. Kowacs et al. submitted migraine
patients and healthy controls to pressure algometry before
and after light-induced discomfort was elicited by progres-
sive light stimulation [14]. Unlike controls, migraine
patients experienced significant and persistent drops in pain
perception thresholds after light stimulation at all sites test-
ed. Findings indicating that visual afferents influencing
trigeminal and cervical nociception are hypersensitive com-
pared to normal. Consistent with the excitability hypothesis,
motion coherence perimetry documented decreased ability
to detect coherent motion in migraine with and without aura,
explained by increased baseline neuronal noise due to corti-
cal hyperexcitability. Similarly, studies of visual contrast
gain control indicated hyperexcitability, although not on the
basis of loss of inhibition as suggested by Wray et al. [6].

To give a balanced viewpoint, irrespective of migraine
subtype, abnormal visual contrast processing in migraine
patients indicated a general disturbance of cortical function,
rather than specific to an occipital cortex locus as many stud-
ies indicate [15]. Although cortical visual processing is con-
sistently abnormal in migraine, not all investigators support
cortical hyperexcitability. Shepherd explored pattern or con-
trast adaptation, a uniquely cortical phenomenon [16].
Prolonged after-effects in migraine were interpreted as a
lack, or suppression, of cortical excitatory connections, or
increased cortical inhibition in migraine. Reduced mito-
chondria energy reserves associated with migraine, or muta-
tions in neuronal P/Q-type Ca2+ channels reviewed later,
could delay restorative processes resulting in the enhanced
after-effects. Enhanced after-effects could also reflect recep-
tor hypersensitivity or altered G protein function reported in
migraine [17], reconciling the otherwise contrasting findings
with others inferences of this study with respect to excitable
cortical function.

Neurophysiological function and brain imaging

Sources of information in humans on the true cause of
migraine in terms of exploring the basis of susceptibility to
triggering SD, and why the brain appears primed to permit
propagation of this form of abnormal electrical and metabol-
ic event, are likely to come from understanding brain func-
tion between attacks [5, 18], nevertheless infrequently stud-
ied. Neurophysiological studies of migraine, involving stan-
dard diagnostic or complex evoked responses, in the past
have been seminal in establishing functional abnormalities in
migraine, but suffer from being indirect measures limited to
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specific systems of anatomical and functional interest. Many
such studies have supported hyperexcitability, while others
have not; Ambrosini et al. have provided an exhaustive review
and interpretation of these earlier investigations [19]. Recent
advances have enabled more direct probing of brain function
such as with transcranial magnetic stimulation (TMS). TMS
of the occipital cortex required to produce phosphene gener-
ation akin to the scintillating visual experiences of migraine
aura was significantly lower in patients with migraine with
aura between their headaches than it was in normal controls
[20]. Using the same technology, but with different para-
digms, other studies have added consistent data that support
cortical hyperexcitability [21–23], also indicating that hyper-
excitability of the visual cortex in migraine goes beyond visu-
al area V1. Observing phosphenes is a subjective experience,
however; one drawback of these studies leading to under-
standable controversy because not all studies agree [24].

Unlike the neurophysiological investigations reviewed
above, functional brain imaging appears to have provided
the most consistent evidence for brain hyperexcitability
between attacks. When subjects with a natural and repro-
ducible history of migraine attacks induced by visual stress
were studied, the success rates were high for experimentally
induced attacks using checkerboard visual stimulation.
Exploiting this opportunity, visual activation monitored by
MEG and fMRI-BOLD, confirmed abnormal excitability of
widespread regions of the occipital, occipito-temporal and
occipito-parietal cortex, with consequent triggering of the
accompaniments of aura symptoms [5,18]. In the fMRI-
BOLD study of migraine patients [18], visual stimulation,
designed to activate the total occipital cortex, initiated mul-
tifocally originating spreading suppression of initial activa-
tion at rates compatible with CSD; multiple events were
evoked bilaterally from different regions of the occipital,
occipito-parietal and occipito-temporal cortex. Vincent et
al., also using fMRI-BOLD, confirmed the same enhanced
interictal reactivity of the visual cortex [25]. MEG results,
despite using a stimulus designed to activate primary visual
cortex alone, confirmed the multifocality of neuronal excita-
tion throughout occipital cortex and the DC shifts that arose
from these sites [5]. Finally, linking functional MRI findings
to psychophysical experiments described in a previous sec-
tion, Huang et al. used fMRI-BOLD to document a hyper-
excitable neuronal response in terms of peak magnitude of
BOLD signal and visual illusions and distortions when
migraine with aura patients viewed square wave gratings at
different spatial frequencies [26].

Mechanisms of hyperexcitability

Excitability of cell membranes, especially in the occipital
cortex, seems fundamental to the migraine brain’s suscepti-
bility to migraine attacks [3]. Different cellular mechanisms
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may underlie increased neuronal excitability in migraine.
Primary disorders of brain mitochondria, for example
MELAS, are associated with symptomatic migraine attacks
[see Review 27]. Presumably, impaired energy metabolism
causes cellular ionic in-homeostasis, membrane instability
and readily depolarisable neurons when subjected to trigger-
ing stimuli, culminating in spreading cortical depression.
Previously, localised phosphorus spectroscopy performed in
migraine with aura yielded data on brain energy status that
had suggested dysfunction of brain mitochondria [28];
abnormal muscle energetics in the same patients raised the
possibility of the disorder being generalised [29]. Boska et
al. extended these single-voxel studies to include multiple
brain regions and larger numbers of patients using multislice
(31)P MR spectroscopic imaging [30]. Migraine with aura
(MWA), migraine without aura (MwoA), and hemiplegic
migraine patients were studied between attacks. Overall,
however, the results of this more advanced method showed
no substantial or consistent abnormalities of energy metabo-
lism, but there were trends toward abnormality in posterior
brain regions in severe forms of migraine as previously
shown by single-voxel studies reviewed above. In addition,
some evidence supported compensatory metabolic shifts in
the less severe forms of migraine, for example without aura,
raising the issue that neurological features become more
severe when cells cannot maintain homeostasis effectively in
the presence of underlying pathology such as an inherited
channelopathy. In an experiment migraine patients and con-
trols were subjected to visual stress with a continuous flash-
ing black and white checkerboard between attacks during
serial single-voxel proton spectroscopy of the primary visual
cortex [31]. Levels of NAA fell during this time compared to
normal controls and migraine without aura. Inasmuch as
NAA is indicative of mitochondrial function of neurons,
these findings would support the importance of stressing
neuronal function and energy status in unmasking mitochon-
drial abnormality.

Magnesium imaging by means of phosphorus spec-
troscopy, revealed consistent and profound changes in pos-
terior brain regions of patients severely compromised with
hemiplegic migraine [30]. In familial hemiplegic migraine
(FHM), mutation of a gene, probably a gain of function
mutation, involved in production of a brain-specific P/Q-
type calcium channel has been identified [1]. This chan-
nelopathy may result in increased release of excitatory neu-
rotransmitters with consequent neuronal hyperexcitability.
The imaged magnesium changes, therefore, could reflect
attempts by the brain to maintain homeostasis and counter-
act hyperexcitability with magnesium fixation in cell mem-
branes and by gating excitatory receptors. Supplementing
magnesium to prevent migraine attacks makes sense under
these circumstances and indeed has proven modestly suc-
cessful [32].

Much mechanistic information has yielded to recent
genetic investigations. Discovery of missense mutations in

the alpha1A subunit of the P/Q-type calcium channel in
patients with FHM type-1 indicated the potential involve-
ment of dysfunctional ion channels in migraine [1]. Using
a knock-in mouse model carrying the human FHM-1
R192Q mutation, multiple gain-of-function effects were
observed [33]. Increased neuronal calcium current density,
enhanced neuromuscular junction transmission, and a
reduced threshold for SD with an increased rate of spread,
supported hyperexcitability as the basis for migraine sus-
ceptibility. Also P/Q-type calcium channels in the PAG
region of the brainstem appear to modulate craniovascular
nociception, suggesting a role for dysfunctional P/Q-type
calcium channels in altering this descending pain modula-
tion system to bring about migraine headache [34].

FHM type 2 (FHM-2) has been linked to a mutation in
the gene ATP1A2 that encodes the alpha2 subunit of Na+/K+

pump [2]. The alpha2 subunit distribution on the plasma
membrane is abundant on neurons and astrocytes and coin-
cides with the sodium/calcium exchanger in these cells. Loss
of function of these subunits and resulting impaired clear-
ance of extracellular potassium may be responsible for corti-
cal depolarisation, particularly with repetitive stimulation of
the same cellular system as in the visual cortex linear detec-
tor neurons discussed above. Commonality with the abnor-
malities of the P/Q calcium channel gain of function abnor-
mality lie in the intracellular sodium increase that promotes
intracellular calcium increase through the sodium/calcium
exchanger. Further possibilities for generating cellular
hyperexcitability include increased neuronal glutamate
release secondary to astrocyte pump abnormalities.

Mechanisms of aura

Evidence for SD as the mechanism of aura has accumulat-
ed very slowly, dependent on the availability of non-inva-
sive methods of studying brain function and the opportuni-
ty to study the onset of spontaneous aura. The advent of
non-invasive techniques has given impetus to research on
the problem, and the basis of aura has become more and
more established over time as a neuroelectric event similar
to the cortical SD of Leao [35]. Advances in brain imaging,
including regional cerebral blood flow (rCBF) measured by
Xe-133, diffusion/perfusion MRI, functional MRI-BOLD
and magnetoencephalography have allowed investigators to
observe CSD during migraine aura [5, 18, 36–39]. Cortical
neuronal excitation followed by depression of normal neu-
ronal activity spreads slowly from the site of initiation at
rates between 2 and 6 mm/min. Not respecting arterial
boundaries, pial arterial and venous dilatation occurs
simultaneously with activated neural activity [40]. Cao and
colleagues using fMRI to study migraine attacks induced
by visual stimulation referred to previously, found that
transient activation followed by spreading neuronal sup-
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pression was accompanied by vasodilatation and hyperoxy-
genation [18]. This brief increase in rCBF is followed by
decreased rCBF to oligaemic values lasting approximately one
hour after the wave of neuronal inhibition [41]. This oli-
gaemia also does not follow vascular boundaries. Using
high-field functional MRI with near-continuous recording
during visual aura in three subjects, blood oxygenation
level-dependent (BOLD) signal changes were observed by
Hajikani et al. that demonstrated at least eight characteris-
tics of CSD, time-locked to perception of the onset of aura
[39]. The timing of the spread of neuronal suppression as
that which characterises CSD was aided in these fMRI-
BOLD studies by computerised “flattening” of the occipi-
tal cortex. This also permitted retinotopic correlations of
symptoms and their progression with cortical loci.

Measurements of DC brain activity that characterises
SD have been obtained only rarely. In the DC-MEG study
published by Bowyer et al., direct current fields were mea-
sured during spontaneous onset of migraine auras in 4
migraine patients, and compared with recordings from 8
migraine-with-aura patients and 6 normal controls during
visual stimulation of the occipital cortex [5]. Complex DC-
MEG shifts, similar in waveform, were observed in spon-
taneous and visually induced migraine patients. Two-
dimensional inverse imaging showed multiple cortical
areas activated in spontaneous and visually induced
migraine aura patients, whereas in normal subjects, activa-
tion was only observed in the primary visual cortex. These
results supported a spreading, depression-like neuroelec-
tric event occurring during migraine aura arising sponta-
neously or being visually triggered in widespread regions
of hyperexcitable occipital cortex. Although the wave-
forms in the MEG studies were typical of SD, their com-
plexity ruled out effective timing of the spread of activity,
emphasising the value of the fMRI-BOLD studies referred
to above that were able to achieve this, and the compli-
mentary nature of the MEG and fMRI techniques.

Mechanisms of headache

The mechanisms by which aura transduces the headache of
migraine remain to be determined definitively. SD activates
trigeminal nucleus caudalis [42], part of the central path-
way mediating migraine pain. Although the trigeminal
nerve innervates the meninges and participates in the gene-
sis of migraine headaches, triggering mechanisms remain
controversial and poorly understood. The wave of SD may
invade cortical trigeminal terminals setting up a cascade of
events leading to inflammation as a persistent source of
trigeminal stimulation and headache. Involvement of the
peripheral trigeminal component supplying the vessels of
the meninges and the meninges themselves, appears medi-
ated through an axon reflex linking the centrally distributed
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trigeminal supply of penetrating pial vessels, particularly in
regions of the pial/glial limitans. Recent experimental evi-
dence has implicated both the trigeminal and parasympa-
thetic systems through brainstem connections accounting
for vasodilatation and inflammatory change of the extra
cerebral circulation, particularly meningeal vessels, during
and after CSD [42]. Cortical SD caused long-lasting blood-
flow enhancement selectively within the middle meningeal
artery dependent upon both trigeminal and parasympathet-
ic activation, and plasma protein leakage within the dura
mater in part by a neurokinin-1-receptor mechanism. These
findings provide a neural mechanism by which cephalic
blood flow couples to brain events; this mechanism
explains extra cerebral vasodilatation during headache at a
time when rCBF reaches oligaemic values after SD has tra-
versed the tissues, and links intense neurometabolic brain
activity with the transmission of headache pain by the
trigeminal nerve. The precise mechanisms that link the acti-
vating wave of CSD in the cortical grey matter and trigem-
inal nerve endings remain to be determined. Based on gene
regulation studies after CSD, Choudri et al. have postulat-
ed ANP, especially in glia, as the key link [43].

An entirely separate mechanism might be recruitment
of cortical–subcortical connections to nociceptive centres
directly by the wave of cortical excitation/suppression
invading the cortical components of these networks [44].
For example, migraine aura without headache, i.e., failure
to activate the trigeminal nociceptive system, may be an
example where CSD does not spread into cortical–subcor-
tical connections to brainstem nociceptive networks.

Initiation of migraine headache not preceded by aura
i.e., migraine without aura, remains a mechanistic dilem-
ma. Nevertheless, some evidence points to cortical events
similar to those underlying aura. Woods et al. [38]
observed profound and bilateral spreading oligaemia
beginning occipitally and advancing into anterior cortical
regions in association with spontaneous headache in a
patient with migraine but no aura. Cao and colleagues
reported a spreading suppression of neural activity in the
occipital cortex prior to headache in migraine patients with
or without aura [18]. These studies suggest that the same
primary neuronal and secondary haemodynamic events
may precede the initiation of headache in all patients,
remaining clinically silent in migraine without aura. MEG
studies referred to earlier showed that visual stress activat-
ed abnormal DC slow wave shifts in widespread regions of
occipital, occipito-parietal and occipito-temporal cortex
[5]. Should such activation invade the cortical component
of cortical–subcortical connections to nociceptive centres
[44], this might prove an alternative mechanism for
trigeminal activation.

Based on a positron emission tomography (PET) study
of acute migraine without aura, central brainstem struc-
tures were recently proposed as loci for a primary “gener-
ator” role for migraine headache. Although the technology
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could not precisely define these structures, an area of the
rostral brainstem covering the dorsal pons and midbrain,
particularly the PAG, dorsal raphe nucleus and the locus
ceruleus, was activated in patients with right hemicranial
headache [45]. Although the observations were seminal in
first demonstrating convincing brainstem involvement in
migraine attacks, the activated regions were contralateral
to the side of head pain, provoking an alternative explana-
tion that these centres were not directly responsible for
pain, but responsible instead for modulating the flow of
pain impulses. Reasoning along these same lines, in con-
scious rats, when patterns of brain activity were investi-
gated after noxious trigeminal stimulation with capsaicin,
increased Fos immunoreactivity indicative of neuronal
activity was found in many brainstem centres [46]. As
many of the regions expressing Fos activity were antinoci-
ceptive, it seems difficult to determine confidently that a
number of the same structures identified in the human PET
study “generate” a migraine attack. It does seem likely,
however, that a network of cortical and subcortical struc-
tures with nociceptive and antinociceptive function might
become abnormally activated in a migraine attack, or even
may be abnormal between attacks. Thus episodic dysfunc-
tion of certain brainstem centres may play a key role in
migraine pain, either through aberrant activation or modu-
lation of impulse flow in the trigeminal system.

Central sensitisation may account for severe prolonged
pain of migraine headache. Patients frequently offer evidence
for central sensitisation of the trigeminal system during
migraine attacks, pain returning on head movement or scalp
pressure after attacks have subsided, allodynia of the head,
and even allodynia and pain of the upper trunk and limbs that
suggests supraspinal origins of sensitisation. Elegant and
meticulous assessment of allodynia during a migraine attack
by the Burstein laboratory has confirmed sensitisation of the
trigeminal system at a second or third order neuron level [47].
Studies using neurophysiological tools, for example a noci-
ceptive sensitive blink reflex, have proven equally substantive
of the concept [48]. Abnormal supraspinal pain modulation is
in keeping with PAG dysfunction and aberrance of its bal-
anced nociceptive facilitatory or inhibitory functions (see
later) [49]. The critical importance of central sensitisation has
been underlined most recently, again from the Burstein labo-
ratory, by communication that triptans may be ineffective
after allodynia is established, emphasising the importance of
early acute treatment [50]. The facility and rapidity with
which central sensitisation is established during and into an
attack appears to be a factor of headache frequency, severity
and longevity, culminating in a persistent state. This intro-
duces the intriguing concept that under some circumstances
repeated migraine attacks may themselves permanently alter
brain function, perhaps explaining the transformation of
episodic to chronic migraine.

Consistent with this reasoning, abnormally high iron
levels were discovered recently in the midbrain PAG of

patients with episodic migraine between attacks and
chronic migraine [49]. The PAG is the centre of the most
powerful antinociceptive neuromodulator system in the
brain. The orbitofrontal-PAG system is key to behavioural
responses to threat and stress, switching attention away
from pain when essential for survival. Migraine-like
headache was produced when PAG was electrically stimu-
lated in humans [51, 52] or triggered by certain structural
pathologies involving PAG [53, 54]. If PAG function is
altered so that it fails to switch on appropriately or is inap-
propriately activated, then this might account for migraine
headache as imaging studies reviewed above suggested.
The PAG itself is a site of triptan binding and an alterna-
tive or additional site for the action of these drugs [55]. Of
interest, PAG modulation of trigeminovascular nociceptive
afferent signals in experimental animals [56] is blocked
after local blockade of the P/Q voltage-gated calcium
channel with agatoxin-IVA [57]. As noted previously, mis-
sense mutations in the CACNA.1A subunit of this channel
was found in families with hemiplegic migraine [1].

One possibility to explain iron accumulation in PAG, a
structure normally with high metabolic activity and high
iron turnover, is that repeated hyperoxia accompanying
activation might result in progressive free-radical mediat-
ed cellular damage. In support, we recently identified the
vigorous up-regulation of cortical antioxidant genes using
CSD as a model of migraine aura in the mouse, supporting
a protective response of the brain against free radical dam-
age during migraine attacks [43]. Cellular dysfunction or
damage by free radicals may be detected by iron deposi-
tion. Iron homeostasis is tightly maintained in brain, and
wherever levels are abnormal then function is disturbed in
some way. The strong associations of duration of illness,
from which frequent repeated migraine attacks may be
inferred, with iron deposition and accordingly PAG dam-
age, might explain why episodic migraine becomes chron-
ic over time in some patients. This being the case, rapid
and effective abortive treatment and aggressive preventive
measures seem essential in those patients with frequent
migraine attacks. The potential for even subtle but cumu-
lative free radical damage during attacks, also might sug-
gest the importance of combining treatment with a free
radical scavenger, for example vitamin E.

Despite the importance of caution in interpreting a
migraine generator role from the PET studies reviewed
above [45], if PAG function is permanently abnormal, fail-
ing to switch on appropriately or being inappropriately
activated, then this indeed might offer a primary mecha-
nism for migraine headache. Observations from electrode
stimulation and structural disease involving PAG reviewed
above add to this notion [53, 54]. Iron measurements pro-
vided some, but not conclusive, evidence that PAG levels
might be abnormally high at the outset of the illness [49].
Although not directly implicating abnormal iron levels in
PAG, recent epidemiological and genotyping studies con-
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ducted in Scandinavia have linked haemochromatosis with
an increased risk of headache and possibly migraine [58].
Such connected evidence of PAG dysfunction evolving
from separate studies of very different approach seems to
warrant further investigation centred on structure and func-
tion of systems that modulate nociception as the origin of
migraine headache.
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Abstract Headaches may have a wide range of impact on
patients’ lives. We report the results of Italian studies in
which disability and health-related quality of life (HRQOL)
in patients with different primary headaches were evaluat-
ed. The Short Form 36 (SF-36) was used to assess HRQOL;
the Migraine Disability Assessment Score questionnaire
(MIDAS) was used to assess disability in patients with
migraine without aura or with chronic migraine. Mean
MIDAS total scores were evaluated in migraine without
aura and chronic migraine patients. The scores at the eight
SF-36 scales were calculated in patients with the three stud-
ied headaches, and were compared with Italian normative
data (Student’s t-test with Bonferroni correction). Primary
headaches had a considerable negative impact on patients’
lives, with poor quality of life and decreased ability to func-
tion in daily duties. The mean MIDAS total score was 23.4
in 264 patients with migraine without aura, and 79.2 in 150
patients with chronic migraine. Mean SF-36 scores in
migraine without aura (68 subjects), chronic migraine (84)
and cluster headache (56) were lower than those from the
Italian general population, with significant differences for 3

scales in migraine without aura, for 6 in chronic migraine,
and for all scales in cluster headache. Our results confirmed
a marked personal and social burden in patients with
migraine without aura, and also in the less well-studied
forms of primary headaches, cluster headache and chronic
migraine.

Key words Migraine • Cluster headache • Chronic migraine •
Disability • Migraine Disability Assessment Score • Health-
related quality of life • Short Form 36 

Introduction

Primary headaches may have a wide range of impacts. In
many cases they have marked negative consequences on
patients’ lives. Over the last decade, standardised instru-
ments to assess health-related quality of life (HRQOL) or
disability have been used in migraineurs [1–5]. Little atten-
tion has been paid to cluster headache [6], and recently
some studies have focused on chronic headache forms
[7–10]. We report the results of studies conducted on Italian
patients with various forms of primary headache. The func-
tional consequences of headache in Italian patients with
migraine without aura, cluster headache and chronic
migraine were assessed using two well-reported tools, the
Migraine Disability Assessment Score (MIDAS) and the
Short Form-36 survey (SF-36).

Patients and methods

The diagnoses of migraine without aura and cluster headache
were according to the criteria of the International Headache
Society [11], while chronic migraine was diagnosed using the cri-
teria proposed by Silberstein and Lipton [12]. The questionnaires
used in our studies were the SF-36 and MIDAS, in their validated
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Italian versions [13, 14]. The SF-36 furnishes an assessment of
the consequences of any disorder on a core set of eight domains
or scales [15]: Physical Functioning (PF) – extent to which health
limits physical activities; Role Functioning (RF) – extent to
which physical health interferes with work or other daily activi-
ties; Bodily Pain (BP) – effect of pain on work, inside and outside
the home; General Health (GH) – personal evaluation of health,
and resistance to illness; Vitality (VT) – personal assessment of
level of energy and “pep”; Social Functioning (SF) – extent to
which physical health or emotional problems interfere with work
or other daily activities; Role Functioning Emotional (RE) –
extent to which emotional problems interfere with normal social
activities; Mental Health (MF) – general mental health, including
depression, anxiety and behavioural–emotional control. The
scores at all the eight scales of the SF-36 were calculated, and
were compared with Italian normative data, using the Student’s t-
test with Bonferroni correction. MIDAS is a headache-specific
tool designed to assess headache-related disability on three activ-
ity domains over the preceding three months [16]: questions 1 and
2 investigate paid work (the number of days off work due to
headache and the number of days where productivity was reduced
by half or more); questions 3 and 4 ask the same questions about
household work; question 5 enquires about missed days of social,
leisure and family activities. The MIDAS total score was obtained
by summing the scores at the individual five questions, and the
mean and median values in headache patients’ samples were cal-
culated.

Results

Disability in migraine without aura patients

Two hundred and sixty-four consecutive patients complet-
ed the MIDAS (197 women and 67 men; mean age 37.6
years). Mean MIDAS total score was 23.4 (SD 17.55).
Disability was more evident in personal/family/social
activities than in work activities. Specifically the sum of
mean values of days with housework missed, housework
reduced and family/social/leisure activities missed was
14.5 days compared to 8.8 days with work/school missed
or productivity severely reduced.

Disability in chronic migraine patients

One hundred and fifty patients were studied (125 women
and 25 men; mean age 45.4 years). All patients were med-
ication overusers. The mean MIDAS total score was 79.2
(SD 64.3), median 65. All activities were impaired by
chronic headache, and non-work activities were more
impaired than work activities: days with work/school
missed 5.2; days with workplace productivity severely
reduced 15.5; days with housework missed 16.2; days with
housework reduced 21.5; days with family/social activities
missed 20.4.
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HRQOL in migraine without aura patients

Sixty-eight patients were studied (52 women and 16 men;
mean age 38.52 years). Mean SF-36 scores were lower than
those in the Italian general population for all components
(scales). Scores were significantly lower than the Italian nor-
mative values for: RP, BP and SF (p<0.0001), and RE (p=0.02).

HRQOL in cluster headache patients

Fifty-six consecutive patients were studied: 34 had episod-
ic, and 22 chronic cluster headache. Patients had lower
scores than those in the Italian general population for all
eight scales of the SF-36. For most scales (BP, RP, GH, SF,
RE and MH) scores were significantly lower (p<0.0001).

HRQOL in chronic migraine patients

Eighty-four patients completed the SF-36 (69 women and 15
men; mean age 46.3 years). For all scales, mean SF-36
scores were clinically (>5 point difference) and statistically
(p<0.001) lower in our patients than the general population.

Discussion

We studied the impact of different forms of primary
headache on large samples of Italian patients using standard-
ised questionnaires. We found that for all three headache
forms we studied (migraine without aura, chronic migraine
and cluster headache) there was a pervasive effect on daily
functioning. Patients had low scores on the SF-36 scales con-
cerned with the extent to which physical health and emo-
tional problems interfered with work and social activities,
and also on the scales that investigated personal evaluation of
health. Patients with both episodic and chronic migraine
forms were impaired in all activity domains. The overall
level of functional disability was higher in chronic headache
sufferers; in both conditions non-work activities were more
impaired than work activities.

Our findings were obtained on patients attending a ter-
tiary care centre who may represent the worse part of the
headache spectrum. Nevertheless, they clearly demonstrate
that primary headaches have a considerable negative impact
on patients’ lives. The pervasive impairment reported
across multiple life domains illustrates the significant bur-
den of these disorders, with negative personal and social
consequences. Headache patients deserve more attention: a
prompt diagnosis and effective treatment are needed to
reduce suffering and lighten social consequences.
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Abstract Changes in numerical indices of the intensity,
duration and frequency of attacks are traditionally used to
assess the effectiveness of treatments for migraine and other
primary headaches. However, recent clinical and therapeutic
guidelines and guidelines for conducting clinical trials spec-
ify that the essential aim of symptomatic and prophylactic
migraine treatments should be to reduce the global impact of
the headaches on the patient’s life. Some standardised instru-
ments for assessing disability and health-related quality of
life seem sensitive to treatment-induced changes in primary
headache patients. However, further studies to determine the
suitability of these instruments as outcome measures in clin-
ical practice are necessary.

Key words Primary headaches • Migraine • Symptomatic
treatments • Prophylaxis • End-point • Outcome

Introduction

Migraine and other primary headaches have a major impact
on sufferers and on society because of their high prevalence
in both young people and adults and negative consequences
on quality of life and work performance. Because pain is
inherently subjective, there are no objective end-points to
evaluate the effects of treatments on primary headaches.

Traditional end-points in primary headache therapy

The end-points traditionally used to assess the effects of
symptomatic treatments are: pain intensity, attack duration
and presence/absence of accompanying symptoms.
Information on these aspects can be obtained retrospectively
when the patient is interviewed; however a headache diary
provides a prospective record over a period during which the
headache attacks are treated with the prescribed drug.

The introduction of the highly effective triptans to treat
migraine and some other headache forms, stimulated the
introduction of new end-points [1–3] including pain-free at 2
hours; headache response or relief (decrease in headache
from severe or moderate to none or mild within 2 hours); and
time to meaningful relief (time to improvement in headache,
assessed by the patient using pre-established criteria at fixed
intervals). These indicators are primarily suitable for clinical
trials, although pain-free at 2 hours would seem to be a use-
ful primary measure of efficacy in clinical practice as it is sim-
ple, clinically relevant, and reflects patients’ expectations [4].
Functional disability as an end-point for symptomatic treat-
ments was first introduced by the guidelines for clinical trials
of drugs in migraine, published in 2000 by the International
Headache Society (IHS) [3]. Functional disability is assessed
using a 4-point verbal/numerical scale (from 0 indicating nor-
mal functioning to 3 indicating performance of daily activities
severely impaired, possibly necessitating bed rest).
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The traditional objective of prophylaxis is to reduce
headache frequency; correspondingly the main end-points
are number of attacks and mean number of days with
headache per month; use of a headache diary was also rec-
ommended [3]. Prophylaxis is considered effective if a 50%
or more reduction in attack frequency is achieved during the
treatment period compared to a period with no treatment.
Other end-points proposed to measure the effectiveness of
prophylaxis are drug consumption and adverse events.
Compound indices (e.g., Headache Index or Pain Total
Index, calculated from frequency, intensity and duration) are
no longer recommended [3].

New end-points

More recently, attention has focused on the global impact of
headaches on the patient. It has been shown that primary
headaches lower health-related quality of life [5, 6] and
impair daily activities, both in the workplace and in the fam-
ily/social sphere [7, 8]. Thus the traditionally used end-
points may not adequately assess the efficacy of treatments.

The American Academy of Neurology recently intro-
duced recovery of normal functioning as one of the prima-
ry objectives of symptomatic treatment [9]. This proposal
is supported by a series of findings. Patients who treated
their headache attacks with sumatriptan for 3 or 6 months
reported improved quality of life, when measured with
generic and with migraine-focused instruments (SF-36,
Migraine Specific QOL [10–12]. Furthermore, patients
who took rizatriptan had improved well-being and func-
tioning during attacks, as assessed by the 24-hour Migraine
Specific QOL [13]. The efficacy of triptans is also indicat-
ed by reductions in time lost in the workplace and in non-
work activities, and also in reduction in the use of health
care resources (emergency department visits, medical pro-
cedures, etc. [12, 14, 15].

According to the American Academy of Neurology
guidelines [9], the goal of preventive treatment in migraine
should be to improve quality of life. However, few studies
have investigated whether currently-used prophylactics do in
fact improve quality of life. Preliminary data from an Italian
multicentre study indicated that daily functioning and quali-
ty of life were significantly improved in migraine patients
taking different drugs currently used for migraine prophy-
laxis [16]. The instruments used to assess these aspects were
the well-reported SF-36 and the Italian version of the
Migraine Disability Assessment Score (MIDAS) question-
naire. A later study on 102 Italian patients assessed at base-
line and 3 months from starting prophylaxis also reported
improved daily functioning and quality of life. Specifically,
MIDAS disability score was significantly reduced by about
50% (p<0.001 Wilcoxon rank sum test) and all SF-36 scale
scores increased after treatment, with highly significant dif-

ferences (p<0.001 Student’s t-test with Bonferroni correc-
tion) in 7 of the 8 SF-36 scales. In another study we assessed
changes in headache-related disability in patients with
chronic migraine with medication overuse during in-patient
withdrawal treatment [17]. After a year of follow up we
found a marked clinical improvement (mean number of days
with headache/month at baseline: 26.1 compared to 10.7
days at follow up), and a major improvement in MIDAS dis-
ability score (mean total score 70.8, SD 59.3 at baseline
compared to 34.1, SD 40.4 at 1-year follow up).

Discussion

The need for global evaluations of the effectiveness of treat-
ments for migraine and other primary headaches – that are
more patient-oriented than traditional evaluations – is
increasingly recognised. Thus, recent guidelines have intro-
duced reduction in disability and recovery of quality of life
as the main aims of headache treatment [3, 9]. Evidence is
emerging that some standardised instruments that assess the
functional consequences of headaches are sensitive to treat-
ment-induced changes. However, further studies are neces-
sary to determine which instruments provide the most reli-
able and sensitive measures of outcome and which are best
suited for use in clinical practice.

*The following members of the Progetto Cefalee Lombardia Group
participated in this study: P. Santoro • P. Bernardoni • F. Frediani •
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References

1. Pilgrim AJ (1991) Methodology of clinical trials of suma-
triptan in migraine and cluster headache. Eur Neurol
31:295–299

2. Goadsby PJ (1999) The scientific basis of medication choice
in symptomatic migraine treatment. Can J Neurol Sci
26[Suppl 3]:S20–S26

3. International Headache Society Clinical Trials Subcommittee
(2000) Guidelines for controlled trials of drugs in migraine:
second edition. Cephalalgia 20:765–786

4. Davies GM, Santanello N, Lipton R (2000) Determinants of
patient satisfaction with migraine therapy. Cephalalgia
20:554–560

5. Osterhaus JT, Townsend RJ, Gandek B, Ware JE Jr (1994)
Measuring the functional status and well-being of patients
with migraine headache. Headache 34:337–343

6. Terwindt GM, Ferrari MD, Tijhuis M, Groenen SM, Picavet
HS, Launer LJ (2000) The impact of migraine on quality of



S110 D. D’Amico et al.: Measuring responses to therapy in headache patients

life in the general population: the GEM study. Neurology
55:624–629

7. Lipton RB, Goadsby PJ, Sawer JPC, Blakeborough P,
Stewart WF (2000) Migraine: diagnosis and assessment of
disability. Rev Contemp Pharmacother 11:63–73

8. D’Amico D, Usai S, Grazzi L, Solari A, Curone M, Bussone
G (2004) The impact of primary headaches on patients’ lives:
Italian experience with the MIDAS and the SF-36 question-
naires. Headache Care 1:123–128

9. Silberstein SD (2000) Practice parameter: evidence-based
guidelines for migraine headache (an evidence-based
review): report of the Quality Standards Subcommittee of the
American Academy of Neurology. Neurology 55:754–762

10. Mushet GR, Miller D, Clements B, Pait G, Gutterman DL
(1996) Impact of sumatriptan on workplace productivity,
nonwork activities, and health-related quality of life among
hospital employees with migraine. Headache 36:137–143

11. Jhingran P, Cady RK, Rubino J, Miller D, Grice RB, Gutterman
DL (1996) Improvements in health-related quality of life with
sumatriptan treatment for migraine. J Fam Pract 42:36–42

12. Lofland JF, Johnson NE, Batenhorst A, Nash DB (1999)
Changes in resource use and outcomes for patients with

migraine treated with sumatriptan. Arch Intern Med
159:857–863

13. Dasbach EJ, Carides GW, Gerth WC, Santanello NC, Pigeon
JG, Kramer MS (2000) Work and productivity loss in the
rizatriptan multiple attack study. Cephalalgia 20:830–834

14. Davies GM, Santanello N, Gerth W, Lerner D, Block GA
(1999) Validation of a migraine work and productivity loss
questionnaire for use in migraine studies. Cephalalgia
19:497–502

15. Bussone G, D’Amico D, McCarroll KA, Gerth W, Lines CR
(2002) Restoring migraine sufferer’s ability to function nor-
mally: a comparison of rizatriptan and other triptans in ran-
domized trials. Eur Neurol 48:172–177

16. D’Amico D, Santoro P, Frediani F, Bernardoni P, Misceo S,
De Marco R, Tonini C, Moschiano F, Ferrante E, Usai S,
Solari A, Bussone G (2003) Changes in disability and in
quality of life scores in migraine patients after prophylaxis.
Cephalalgia 23:745–746 (Abstract)

17. Grazzi L, Andrasik F, D’Amico D, Usai S, Kass S, Bussone
G (2004) Disability in chronic migraine patients with med-
ication overuse: treatment effects at 1-year follow-up.
Headache 44:678–683



Abstract During the last decade researchers have begun to
employ standardised methodologies to investigate the glob-
al impact of primary headaches. Disease-specific instru-
ments have been developed to measure headache-related
disability. The MIDAS Questionnaire, which is the most
extensively studied of these instruments, was designed to
assess the overall impact of headaches over the 3 months
before compilation. The MIDAS Questionnaire is an optimal
tool to assess headache-related disability in adults in relation
to patients’ daily activities [1]. Primary headaches are a
recurrent problem for children and adolescents. Forty per-
cent of children have experienced headaches by the age of 7
years increasing to 75% by the age of 15 [2]. In a recent
report [3] we determined the suitability of the MIDAS
Questionnaire in its original form for assessing disability in
children and adolescents suffering from different kinds of
headache. This was the first step of a line of research aimed
to develop a new MIDAS Questionnaire adapted for young
patients. In this second study the aims were: (1) to produce a
new version of the MIDAS Questionnaire specific for young
patients suffering from different forms of headache; (2) to
assess the reliability of this new instrument; (3) to assess its
sensitivity to treatment intervention.

Key words Paediatric headache • Disability • MIDAS ques-
tionnaire

Recurrent headaches can affect the individual, their family
and society. During the last decade, researchers have begun
to employ standardised methodologies to investigate the
global impact of primary headaches. Disease-specific
instruments have been developed to measure headache-
related disability (i.e., impairment in ability to work and
function in various contexts), such as the Henry Ford
Disability Inventory, the Migraine Disability Assessment
Score (MIDAS) Questionnaire and the Headache Impact
Test [1].

The MIDAS Questionnaire, which is the most exten-
sively studied of these instruments, was designed to assess
the overall impact of headaches over the 3 months before
compilation.

Primary headaches are common in children and adole-
scents. Forty percent of children have experienced
headaches by the age of 7 years, increasing to 75% by the
age of 15 [2].

While all forms of primary headache occur in young
patients, migraine and episodic tension type headache
(ETTH) are the most common, and chronic tension type
headache (CTTH) and chronic daily headache affect a large
proportion of children and young adolescents attending
headache centres. Despite the high prevalence in young
people, studies on the functional consequences of
headaches have been confined almost entirely to adults.

The purpose of this project was to develop a version of
MIDAS specifically aimed to assess disability in young
headache sufferers. Two separate studies were conducted.

In the first, a sample of 95 headache sufferers aged 7–17
completed the original MIDAS Questionnaire for adults
using our Italian validated form on 2 occasions for the
test–retest reliability [4]. Test–retest reliability for the
MIDAS total score and the individual items (exploring dis-
ability in different activity domains) was evaluated by the
Spearman rank correlation test. Participants were also
questioned about the adequacy of the questionnaire.

In the second study, 85 patients completed our modified
version of the MIDAS Questionnaire developed on the
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basis of information obtained from the first study. The main
changes concerned wording: the terms work, household,
family, social and leisure were replaced with school, home-
work and physical activity. Test–retest reliability was
assessed through the same method used in the first study.
MIDAS scores at baseline and at a one-month retest using
the new version of the test ranged from 0.32 to 0.72. The
Italian adaptation of the MIDAS questionnaire designed for
young headache sufferers showed high test–retest reliability,
with Spearman coefficients ranging from 0.69 to 0.82.

It has been reported that young headache sufferers are
likely to have more days away from school than their peers
without recurrent headaches. However absence from
school is only one of several possible functional conse-
quences of headache in young patients, and it is only
recently that researchers have begun evaluating the global
impact (i.e., on different roles and daily activities) of
headaches in this age group. It has been confirmed that pri-
mary headaches markedly lower quality of life in both
physical and social function domains [1].

Researchers in the USA have produced a disability ques-
tionnaire based on MIDAS for paediatric migraineurs, called
PedMIDAS [5]. When used in young migraineurs
PedMIDAS is reliable and sensitive to clinical change [5]. It
differs from the original MIDAS in terms of the number and
content of the items used to determine the disability score.

Our aim was to develop a brief instrument to capture
the impact of headache disorders on children and adole-
scents, in terms of time lost in the main activity domains of
young people. We adapted the MIDAS questionnaire for
this purpose because it gives summary measures of dis-
ability (MIDAS total score and disability grade) as well as
an assessment of functional impact in different activity
domains. Importantly, MIDAS is a well-characterised
instrument and has been proposed for assessing headache
severity to determine the initial treatment [1]. In addition,
recent reports suggest its use as an intervention outcome
measure. Another important reason we chose to adapt
MIDAS was that a validated version for Italian-speaking
patients was available [4]. We decided that the adaptation
should be the minimum necessary to capture the impact of
headaches in young people without changing the number
of questions or the scoring system.

Our pilot study using adult MIDAS on young headache
sufferers [3] showed that a significant proportion of
respondents considered questions 3 and 4 difficult to
understand or simply not pertinent, and that other pertinent
activities were not investigated. Based on these findings we
developed MIDAS junior in which the changes in wording
and in content are fairly contained: elimination of the term
work from questions 1 and 2, replacement of household

work by homework in questions 3 and 4, and replacement
of family-social-leisure activities by doing sport or playing
in question 5.

It is noteworthy that the Spearman’s coefficients for
MIDAS junior questions were higher than those found
using the original MIDAS on a paediatric series [3]. The
improvement was particularly marked for the questions that
had been changed: correlation coefficients for questions 3,
4 and 5 were 0.46, 0.32 and 0.65, respectively, using the
original MIDAS, and 0.73, 0.69 and 0.82, respectively in
the present study using MIDAS junior.

Although correlations between MIDAS junior total
score and headache frequency and intensity were statisti-
cally significant, they were only fair. This finding suggests
that the questionnaire offers a more comprehensive assess-
ment of headache impact than that obtained by considering
headache frequency and intensity alone.

Overall our findings suggest that MIDAS junior is an opti-
mal instrument for assessing headache-related disability in
children and adolescents with different headache types.

With regard to sensitivity to clinical changes, we found a
significant reduction in MIDAS junior total score after pro-
phylactic treatment in another series of young headache
patients. The reduction paralleled the reduction in headache
frequency found on the diary cards. Although this finding
requires confirmation by larger scale studies, it suggests that
MIDAS junior may be useful as an outcome measure, both in
clinical practice and in trials assessing treatment efficacy.
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Abstract The availability of an effective drug for attack
treatment is a main need of migraine patients. Symptomatic
therapy of migraine now includes three main classes of
drugs: ergot alkaloids, nonsteroidal antiinflammatory drugs
(NSAIDs) and triptans. Clinical randomised placebo-con-
trolled trials affirmed the efficacy and tolerability of these
drugs, when used at the recommended doses and in the
absence of contraindications. The efficacy data from com-
parative trials showed a trend in favour of triptans vs. ergot
alkaloids, but failed to show significant differences between
triptans and NSAIDs. However, clinical practice experience
of most headache clinicians suggests that triptans provide
superior efficacy in comparison with nonspecific agents,
mainly in that they better satisfy migraine patient expecta-
tions. In fact, these selective specific antimigraine drugs are
an advance in acute migraine treatment.

Key words Acute migraine treatment • Effective drugs •

Advance

Introduction

The drug treatment of the attack is a pivotal aspect of migraine
pharmacotherapy. In fact, whereas the majority of migraine
patients do not require prophylactic therapy, a true migraine
patient always needs symptomatic therapy.

Migraine is known to be a disabling disorder, because of its
frequent negative impact on health-related quality of life of the
sufferers; in this, severity and duration of attacks play a main
role. One attack per month, lasting many days, is often more
disabling than many attacks per month, lasting a few hours
each; so the identification of an effective abortive treatment is
a primary goal of migraine pharmacotherapy and should be
made before prophylaxis is started.

The symptomatic treatment of migraine now includes three
main classes of drugs: ergot alkaloids, nonsteroidal antiinflam-
matory drugs (NSAIDs) and triptans; the introduction of trip-
tans in migraine therapy in 1991 represented a significant
advance in the management of migraine attacks.

Since 1926, when ergotamine was first introduced in
migraine therapy [1], it became clear that migraine pain was
not a usual pain, because it was poorly responsive to a power-
ful analgesic drug such as morphine and strongly responsive to
a drug without a known analgesic effect such as ergotamine.
The efficacy of ergotamine, in addition to contributing to the
understanding of migraine pathophysiology, directed the phar-
macological research towards the identification of other specif-
ic antimigraine drugs: the triptans.

In order to understand why triptans represent an advance in
acute migraine treatment we will first review the main classes
of symptomatic drugs separately.

Classes of drugs

Ergot alkaloids

Two compounds of this class of drugs are implied in the
treatment of migraine: the ergotamine and the dihydroergot-
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amine (DHE). Ergotamine was the first drug introduced in
migraine attack treatment in 1926 by Maier [1]; after which
ergotamine underwent a controlled clinical trial programme.

Oral ergotamine alone or oral ergotamine plus caffeine
were compared with placebo in seven double-blind trials
[2]; ergotamine (1–5 mg) was superior to placebo for some
parameters in six trials and no better than placebo in one
study using a dose of 2–3 mg. Altogether results of these
trials were inconsistent and difficult to interpret because
they used different dosing strategies and outcome mea-
sures.

Nevertheless, ergotamine was for many years the stan-
dard comparator drug in controlled trials evaluating the
efficacy in acute migraine treatment of new drugs.

In trials comparing oral ergotamine with NSAIDs [2],
ergotamine (1–2 mg) was superior to aspirin (500 mg) and
comparable to tolfenamic acid (200 mg) and naproxen
sodium (825 mg).

In two trials a combination of ergotamine tartrate (2
mg) plus caffeine (200 mg) was compared to oral suma-
triptan (100 mg) or eletriptan (40 and 80 mg): in both, trip-
tans were superior to the ergotamine combination; no sig-
nificant differences were detected in adverse event rates
[3].

Other routes of administration of ergotamine have
scarcely been investigated. Apart from the small number
and the questionable methodology of the above-mentioned
studies, ergotamine is regarded as an effective drug for the
treatment of migraine attacks; the oral and rectal routes of
administration are the more widely used in most countries;
other available routes include the inhaled and injected for-
mulations. The routes of administration of ergotamine and
their respective recommended doses are listed in Table 1.

DHE was introduced in migraine therapy in 1945; after
then nine double-blind placebo-controlled trials reported
on the efficacy of DHE nasal spray (1–3 mg), even if the
magnitude of benefit observed was small to moderate [2].
Two trials compared DHE with subcutaneous sumatriptan
(6 mg): in one trial intranasal DHE (1+1 mg) was clearly
inferior to sumatriptan; in the other trial subcutaneous
DHE (1 mg) was inferior to sumatriptan for the first 2 h but
apparently comparable thereafter; in both trials recurrences
were less in the DHE groups [2].
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DHE nasal spray is the more widely used route of
administration in most countries; it is recommended at an
initial dose of 1 mg, with a maximum daily dose of 2 mg.
Other routes of administration (subcutaneous, intramuscu-
lar, intravenous) are available in some countries; their use,
supported by limited scientific evidence, is reserved in clin-
ical practice to the treatment of severe attacks.

Pharmacologic background

The ergot alkaloids exhibit wide and various receptor
affinities; in fact they have an agonist activity at α-adreno-
ceptors (α1 and α2), 5-hydroxytriptamine (particularly 5-
HT1B/1D, 5-HT2, 5-HT1A) and dopamine D2 receptors.
The effect of ergot alkaloids in migraine was linked to their
vasoconstrictor properties for many years; only in recent
years was a neuronal action of these drugs [4], which could
contribute to their effect in migraine, also suggested.

The vasoconstrictor action of ergot alkaloids is a pow-
erful but nonselective one; in fact it is linked to their inter-
actions with α1 and α2 adrenoceptors, 5-HT1B and 5-HT2
receptors. The neuronal action appears to be linked to the
interaction with 5-HT1D receptors.

Contraindications and side effects

Contraindications and side effects of ergotamine are listed
in Table 2. The powerful and spreading vasoconstrictor
action of ergotamine underlies its contraindications and
most of its side effects; the D2 agonist activity justifies the
frequent occurrence of nausea and vomit during ergotamine
treatment.

DHE shares some of contraindications and side effects
with ergotamine, resulting in a better tolerability. However
these drugs can be considered safe when used at the rec-
ommended doses and in the absence of contraindications.

NSAIDs

After an empiric use of aspirin in acute migraine treatment
for many years, it and other NSAIDs underwent a con-
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Table 1 Ergotamine: routes of administration and recommended doses

Routes of administration Starting dose (mg) Maximum dose per attack (mg)

Oral 2 6

Intranasal 1.08 2.16

Rectal 1 4

Intramuscular 0.25 0.5



trolled clinical trial programme. About 23 placebo-con-
trolled double-blind trials consistently demonstrated the
efficacy of NSAIDs in migraine attack treatment. These
studies particularly validated the efficacy of oral aspirin
(500–1000 mg) and its combinations with metoclopramide
(900 mg+10 mg), tolfenamic acid (200 mg), ibuprofen
(400–1200 mg) and naproxen sodium (825 mg). The effica-
cy of intramuscular diclofenac (75 mg) and rectal ketopro-
fen (100 mg) was also suggested [5]. Recommended doses
of these drugs are listed in Table 3.

Paracetamol (650 mg) was no better than placebo,
whereas a combination of paracetamol (1000 mg) with
metoclopramide (10 mg) was superior to placebo [5].

Comparative trials of NSAIDs with ergotamine were
aforementioned. Comparative trials with triptans disclosed
the following results. Sumatriptan was the comparator drug
in four of these trials; two of them concerned with
zolmitriptan [3]. Two trials compared aspirin (1000 mg)
plus metoclopramide (10 mg) or lysine acetylsalicylate
(equivalent to 900 mg aspirin) plus metoclopramide (10
mg) with sumatriptan (100 mg). In the first one sumatriptan
was superior to the aspirin combination, whereas in the sec-
ond one no differences in efficacy were detected between
the two active drugs; in both studies adverse events were
less in NSAID combination groups.

Sumatriptan 100 mg was comparable to tolfenamic acid
200 mg and diclofenac-K 50 and 100 mg, both in efficacy
and in side effect rates. Zolmitriptan 2.5 mg was compared
to aspirin 900 mg plus metoclopramide 10 mg and ketopro-

fen 75 and 150 mg. No significant differences emerged
between the triptan and the NSAIDs.

Pharmacologic background

A primary and common action of NSAIDs is the inhibition of
the synthesis of prostaglandins (PGs) from arachidonic acid by
blocking cyclooxygenase. Their effect in migraine was long
linked to this capacity to inhibit PGs’ synthesis at the peripher-
al level. More recently a central action of NSAIDs has been
also suggested [6]. Together with the inhibition of PGs’ syn-
thesis in brain neurons, a direct action on serotonergic and/or
opiatergic systems had been assumed for the central action.

Contraindications and side effects

Contraindications and side effects of NSAIDs are listed in
Table 4. NSAIDs are well tolerated drugs; their side effects
are usually minor and mostly referable to the gastrointesti-
nal tract, such as epigastric pain. In comparative trials with
ergotamine the differences were mainly those of tolerabil-
ity; in particular lower rates of nausea and vomiting were
noted in patients treated with NSAIDs.
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Table 2 Ergotamine: contraindications and side effects

Contraindications: cardiac and peripheral vascular diseases, hypertension, liver and kidney diseases, sepsis, peptic ulcer, concomitant
use of triacetyloleandomycin, pregnancy.
Side effects:

Acute intake: nausea/vomit, diarrhoea, abdominal pain, acroparaesthesia, leg cramps, tremor, dizziness, syncope, angina pectoris,
intermittent claudication.
Chronic intake: cerebral and peripheral ischaemic disorders, hypertension, tachy-bradycardia, headache, renal disorders.

Table 3 NSAIDs in acute migraine treatment: recommended doses

Drug Starting dose (mg) Maximum daily dose (mg)

Aspirin 1000 2000

Aspirin+metoclopramide 900+10 1800+20

Tolfenamic acid 200 400

Ibuprofen 400–1200 1600

Naproxen sodium 825 1375

Diclofenac 75 150

Ketoprofen 100 200

Table 4 NSAIDs: contraindications and side effects

Contraindications: peptic ulcer, haemorrhagic diathesis

Side effects: nausea, epigastric pain, dizziness, drowsiness



Triptans

In 1991 the first agent of this class of drugs, sumatriptan,
was introduced in acute migraine treatment. Thereafter,
newer triptans were developed and now five of them are
available on the market (i.e., zolmitriptan, rizatriptan,
eletriptan, naratriptan and almotriptan). A sixth one (i.e.,
fovatriptan) is in an advanced stage of clinical development.
All triptans are available on the market in oral formulations.
Only sumatriptan has other routes of administration.

Many randomised double-blind, placebo-controlled tri-
als, using actual outcome measures, demonstrated the effica-
cy of triptans in migraine attack treatment [7]. These trials
also defined the optimum doses for available triptans, as
shown in Table 5. Comparative trials vs. other classes of
drugs have already been mentioned.

As observed in Lipton’s review [3], all the results of these
comparative trials failed to show significant differences
between triptans and NSAIDs; this disagrees with clinical
practice experience of most headache experts. This gap
between clinical trial evidences and clinical practice obser-
vations can lie in more than one explanation:
• the use of pain-free response and/or of patient disability

level as outcome measures in clinical trials should better
separate triptans from comparator drugs, and better
achieve what patients are expecting from acute treat-
ments in clinical practice;

• an early drug intake during mild pain appears to increase
the benefits of triptans vs. other classes of drugs and should
better match what patients usually do in clinical practice.
In order to provide evidence-based guidelines to select trip-

tans and their doses in clinical practice, Ferrari published a
large meta-analysis of 53 eligible clinical trials [8]; a summary
of study results for oral available triptans is underexposed.
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Compared with sumatriptan 100 mg, rizatriptan 10 mg,
eletriptan 80 mg and almotriptan 12.5 mg showed a better effi-
cacy. Tolerability was comparable for rizatriptan, inferior for
eletriptan and superior for almotriptan. Sumatriptan 50 mg,
zolmitriptan 2.5 and 5 mg, rizatriptan 5 mg and eletriptan 40
mg had efficacy and tolerability profiles very similar to suma-
triptan 100 mg. Sumatriptan 25 mg, naratriptan 2.5 mg and
eletriptan 20 mg had inferior efficacy but better tolerability.

Pharmacologic background

Triptans are a completely new class of antimigraine com-
pounds with a selective agonist activity at 5-HT1 receptors.
They act mainly at 5-HT1B and 5-HT1D receptors, and less
at 5-HT1A and 5-HT1F receptors. They seem to act in
migraine by three main mechanisms: intracranial extracere-
bral vasoconstriction, inhibition of neuropeptide release at
trigeminovascular afferents, and inhibition of central pain
transmission at trigeminal nucleus caudalis. The first of these
actions seems to be mediated by 5-HT1B receptors, whereas
the others by 5-HT1D receptors. Interestingly, 5-HT1 recep-
tors were also identified in the nucleus tractus solitarius and
area postrema; the action of triptans on these receptors could
account for the direct antiemetic effect of these drugs.

Contraindications and side effects

Contraindications and side effects of triptans are listed in
Table 6. The main contraindications are cardio-cerebro-vas-
cular diseases and uncontrolled hypertension. The side
effects, with incidence ranges from less than 2% to over
20%, are usually reported to be short lived and mild to mod-
erate. Thus, when used in the correct dose and in the absence
of contraindications, triptans can be regarded as safe drugs.
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Table 5 Triptans: routes of administration and recommended doses

Drug Routes of administration Starting dose (mg) Maximum daily dose (mg)

Sumatriptan p.o. 50–100 200
i.n. 20 40
rectal 25 50
s.c. 6 12

Zolmitriptan p.o. 2.5 5
Rizatriptan p.o. 10 20
Eletriptan p.o. 40 80
Almotriptan p.o. 12.5 25
Naratriptan p.o. 2.5 5

Table 6 Triptans: contraindications and side effects

Contraindications: cardiac, cerebral and peripheral vascular diseases, uncontrolled hypertension, current use or use of MAO inhibitors
within the last 2 weeks, pregnancy, use of ergot alkaloids within 24 h, hemiplegic and basilar migraine.
Side effects: paresthesia, warm sensation, dizziness, asthenia, nausea, heaviness, pressure and tightness in different parts of the body,
including the chest and neck, somnolence, injection site reaction (with subcutaneous sumatriptan).



Antiemetic drugs

The introduction of antiemetics in acute migraine treatment
was based on the frequent and disabling presence of nausea and
vomiting during migraine attacks. The dual antiemetic and pro-
kinetic effect of metoclopramide and domperidone was the
pharmacologic background for their use in migraine treatment.

In controlled trials there was no convincing evidence for
the effect of metoclopramide per se on both pain and associ-
ated symptoms of migraine attacks; its expected enhancing
effect on the efficacy of analgesics in migraine, however, was
only demonstrated for lysine acetylsalicylate plus metoclo-
pramide combinations [9]. The doses used are 10–20 mg
orally, 20 mg by suppository and 10 mg intramuscularly.
Domperidone 20–40 mg given orally during the migraine
prodrome was better than placebo for aborting or preventing
attacks [9]. Prochlorperazine significantly relieved headache
pain in three placebo-controlled trials, at a dose of 10 mg IV
or IM and 25 mg by suppository [9].

Other drugs

Many miscellaneous drugs were investigated in acute migraine
treatment, mainly the opiate analgesics. The available clinical
studies failed to firmly support their usefulness in migraine,
even if these drugs remain in common use in the emergency
room [9]. The usefulness of the selective cyclo-oxygenase-2
inhibitors appears more likely, as recently suggested [10].

Why are triptans an advance in acute migraine
treatment?

Triptans are firstly a class of specific antimigraine drugs with
a selective activity at the 5-HT1 receptors mainly involved in
pathophysiology of migraine. This is a distinct advantage vs.
the other class of specific, but not selective, antimigraine
drugs, namely ergot alkaloids; by comparison with these,
however, triptans were superior in comparative trials [2, 3].

In comparison with NSAIDs, the triptans were more
effective on two important determinants of patient satisfac-
tion: pain-free response and health-related quality of life [3].

Finally, most triptans are effective in migraine by oral
routes of administration, a target rarely reached in clinical
practice from the other classes of active migraine drugs.

Discussion and conclusions

Clinicians now have in hand a wide range of eligible drugs
for optimising the treatment of migraine attacks. This means
that acute migraine treatment has to be tailored to the indi-

vidual patient, taking into account his overall medical histo-
ry and migraine history.

The contraindications are firstly involved in selecting
effective drugs for their use in the individual patient, that
implies a first selection between NSAIDs on the one hand and
ergot alkaloids or triptans on the other hand. Between these
two later classes of drugs, the above reported data of efficacy
suggest a trend in favour of triptans vs. ergot alkaloids.

Where the active migraine drugs can be safely used, the
available efficacy and tolerability data fail to show a clear
difference between NSAIDs and triptans, but some determi-
nants of patient satisfaction and clinical practice experience
of most headache clinicians suggest a trend in favour of trip-
tans vs. NSAIDs.

These considerations, together with pharmacoeconomy
data, have resulted in recent years [11] in the currently sug-
gested approach to acute migraine treatment, namely strati-
fied care strategies. In clinical practice, however, many
headache experts consider triptans the first choice drugs for
the treatment of most migraine attacks, irrespective of sug-
gestions of stratified care strategies.

This could be the future of migraine attack treatment, if
the next clinical trials will better take into account the
migraine patient expectations and will provide for an early
pharmacological treatment of migraine attacks, as it is usual-
ly recommended in clinical practice.
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Abstract The clinical management of cluster headache (CH)
attacks requires a symptomatic treatment that is rapidly effec-
tive in resolving or significantly reducing symptoms. First-
choice drugs for the symptomatic treatment of CH are subcu-
taneous sumatriptan at a dose of 6 mg and 100% oxygen
inhalation at a rate of 7 l/min for no more than 15 min.
Sumatriptan acts by suppressing pain and the accompanying
autonomic phenomena, with no substantial differences in its
mechanism of action between episodic and chronic CH. The
drug can be used for prolonged periods without loss of  effica-
cy or safety and its side-effects are generally mild or moderate.
Oxygen inhalation has a number of advantages over drug ther-
apy: it is free from side-effects, has no contraindications –
unlike sumatriptan, it can be used in patients with cardiac,
cerebral or peripheral vascular disease and with kidney, liver or
lung disease – acts rapidly and can be administered several
times a day. Its disadvantages are that it is scarcely practical
and may induce a “rebound effect”. Sumatriptan nasal spray,
zolmitriptan and dihydroergotamine nasal spray are scarcely
effective. After the introduction of sumatriptan, ergotamine tar-
trate has been relegated to a secondary role in the symptomatic
treatment of CH. Among other non-drug and topical drug treat-
ment options, hyperbaric oxygen therapy and the intranasal
application of 10% cocaine hydrochloride and 10% lidocaine
in the sphenopalatine fossa have also proved effective.

Key words Cluster headache • Symptomatic treatment •

Acute treatment • Sumatriptan • Oxygen

Cluster headache (CH) attacks are extremely painful, have
a very rapid onset and a very short duration. Any treatment
given as soon as the attack occurs should therefore be fast-
acting and be able to resolve or significantly reduce pain
and the accompanying autonomic symptoms. Indeed, the
distinctive features of CH are a major obstacle to carrying
out and interpreting the results of drug trials. Considering
the short duration of attacks and its variability in the dif-
ferent times of the active period, it is not always easy to
determine whether the disappearance of pain is a conse-
quence of drug action or the spontaneous remission of the
attack, unless the headache ceases within a few minutes of
drug administration. Moreover, as pain is excruciating and
can demonstrably be controlled by the drugs currently
available, the use of placebo is questionable from an ethi-
cal point of view. To obtain unambiguous and comparable
results, the International Headache Society (IHS) has pro-
posed a set of guidelines for clinical trials for the study of
CH drugs [1].

Subcutaneous sumatriptan and 100% oxygen inhalation
offer the greatest benefits in the treatment of CH attacks.
The efficacy of subcutaneous sumatriptan at a dose of 6
mg has been successfully tested in two randomised, place-
bo-controlled clinical trials [2, 3]: in the sumatriptan
group, pain severity was reduced in 74% of cases and
symptoms disappeared within 15 min of drug administra-
tion in 46% vs. 26% and 10%, respectively, in the placebo
group [2]. In clinical practice, when the drug is effective,
the headache disappears a few minutes after injection in
most patients. Sumatriptan suppresses not only pain, but
also the accompanying autonomic symptoms. It has been
demonstrated that nasal congestion, rhinorrhoea, lacrima-
tion and photophobia generally disappear with pain, while
conjunctival injection, miosis and ptosis are resolved later
[4]. The 6 mg dosage has proved to be as effective as the
12 mg dosage, but with a lower rate of side-effects [3]. No
substantial differences were found in patients’ response to
sumatriptan between episodic and chronic forms: in chron-
ic CH patients, the drug efficacy was reduced by 8% com-
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pared with episodic CH patients [5]. Sumatriptan can be
given for prolonged periods of time without loss of effica-
cy or safety. In an observational study, 138 CH patients
were followed for 3 months and their response to treat-
ment was recorded in a total of 6353 attacks. In these
patients the interval between drug injection and cessation
of the attack did not increase over time [6]. The finding
was confirmed by the observation of 2031 attacks in
another study on 52 CH patients followed for one year [5].
A marked increase in the frequency of attacks and changes
in the clinical features of CH attacks were found after 3–4
weeks of treatment with subcutaneous sumatriptan in four
patients who had never taken this drug before. Even
though the patients’ clinical pictures apparently improved
after drug discontinuation, the authors’ reported connec-
tion between sumatriptan administration and CH worsen-
ing should be interpreted with caution [7]. The guidelines
issued by Italy’s Ministry of Health recommend that sub-
cutaneous sumatriptan should not be administered more
than twice a day, with an interval of at least one hour
between one administration and the next, even though no
increase in either the number or severity of side-effects
has been reported in the literature with the drug given
three to six times a day [8, 9]. Side-effects are generally
mild or moderate. The most common is transient pain at
the site of injection; less frequently, pain, numbness, heat,
pressure or constriction are reported in the various parts of
the body, including the chest and throat. Clinical experi-
ence shows that CH patients tolerate subcutaneous suma-
triptan better than do migraine patients; however, it cannot
be excluded that sufferers are so relieved by the remission
of excruciating pain that they are less inclined to pay
attention to the drug’s side-effects. Sumatriptan must not
be given to patients with ischaemic heart disease, obliter-
ating arteriopathy of the lower extremities, prior acute
cerebrovascular disease, severe liver failure or uncon-
trolled arterial hypertension. Special attention should be
paid to its association with ergotamine-containing drugs
because prolonged vasospastic reactions may occur. A
good, if less practical alternative to sumatriptan is 100%
oxygen inhalation, first reported in 1952 by Horton [10],
who used it in combination with intramuscular dihydroer-
gotamine. In 75% of the 52 patients treated by Kudrow
[11], oxygen inhalation was able to suppress at least seven
attacks out of 10, with a similar rate of response in males
vs. females. In over 60% of responders, the therapeutic
response occurred within 7 min of inhalation and in 30%,
between 7 and 10 min. A comparative efficacy evaluation
of oxygen inhalation vs. sublingual ergotamine in chronic
and in episodic CH patients has shown that the patients
that most benefit from symptomatic treatment are episod-
ic CH sufferers receiving oxygen therapy, while those that
benefit least are chronic CH sufferers receiving ergota-
mine therapy. In addition, patients’ response to oxygen
inhalation is faster than to ergotamine: 46% of patients
treated with oxygen respond within 6 min vs. 28.6% of
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patients treated with ergotamine [11]. Oxygen inhalation
also has other advantages: it is free from side-effects, has
no contraindications – unlike sumatriptan, it can be used in
patients with cardiac, cerebral or peripheral vascular disease
and with kidney, liver or lung disease – acts rapidly and can
be administered several times a day. Its disadvantages are
that it is scarcely practical and may induce a “rebound
effect”, i.e., the reappearance of pain after 1–2 h of gas
inhalation. The oxygen’s mechanism of action during the CH
attack is not entirely clear yet. Sakai and Meyer [12] demon-
strated that 100% oxygen inhalation during attacks rapidly
reduces cerebral blood flow. The vasoconstrictive response
was much more marked in CH patients than in controls and
in migraine patients. Using a plethysmographic technique,
Drummond and Anthony [13] showed that oxygen induces
an amplitude reduction in the pulsation of the superficial
temporal artery and the supraorbital artery on the sympto-
matic side when it is administered during nitroglycerine-pre-
cipitated attacks. However, it is not yet clear whether the
vasoconstrictive effect is induced by a direct or a neural indi-
rect action. To investigate the possibility that the beneficial
effect of oxygen inhalation may depend on other factors than
the mere action of pressurised gas or of the facial mask, or
on patients’ focussing their attention on their own breathing,
Fogan [14] conducted a double-blind study to compare oxy-
gen action (at a rate of 6 l/min for 15 min) with that of com-
pressed air administered in the same way, demonstrating a
significantly more beneficial action of oxygen. A few authors
have suggested that the benefit of 100% oxygen inhalation
may result less from gas concentration than its cold temper-
ature. To test this hypothesis, they investigated the effect of
specially produced cold air inhalation in eight CH patients
and found that it was able to suppress CH attacks as much as
pure oxygen did [15]. Prior to the introduction of sumatrip-
tan, ergotamine was considered a choice treatment, but now
it has been relegated to a secondary role, at least in the symp-
tomatic treatment of CH. Clinical trials on the use of ergota-
mine tartrate in the symptomatic treatment of CH, at least in
the formulations that are still available in this country, date
back to several years ago. These were open trials testing the
efficacy of ergotamine and caffeine combinations, either as
tablets (ergotamine 1 mg+caffeine 100 mg) [16] or as sup-
positories (ergotamine 2 mg+caffeine 100 mg) [17].
According to the authors, the results were excellent in the
first case and rather disappointing in the second. Ergotamine
seems to act both by directly constricting extra-cranial ves-
sels and by depressing central vasomotor centres. Among
triptans, sumatriptan nasal spray proved to be far less effec-
tive than subcutaneous triptan. In a placebo-controlled
study conducted on 118 patients, pain severity was reduced
and the attacks were resolved after 30 min from drug
administration in 57% and 47%, respectively, of the cases
treated with sumatriptan nasal spray and in 26% and 18%,
respectively, of the cases receiving placebo [18].
Zolmitriptan is scarcely effective in the acute treatment of
CH. A controlled study on 124 CH patients evaluated their

P. Torelli, G.C. Manzoni: Symptomatic treatment



P. Torelli, G.C. Manzoni: Symptomatic treatment S121

response to zolmitriptan, interpreted as a two-point reduc-
tion of pain intensity on a scale from 0 to 4 after 30 min
from treatment with 5 mg or 10 mg doses orally. In episod-
ic CH, a response was observed in 47%, 40% and 29%,
respectively, of patients given 10 mg and 5 mg zolmitrip-
tan and placebo. In chronic CH, placebo turned out to be
more effective than the active drug [19]. Even though the
authors reported a statistically significant result for the
higher dosage in episodic CH, an 18% therapeutic gain
with only the reduction and not the resolution of painful
symptoms after 30 min from drug administration cannot
be considered satisfactory. A double-blind study conduct-
ed in 25 patients on the effects of dihydroergotamine nasal
spray (1 mg, 0.5 mg in each nostril) did not show any effi-
cacy on duration of attacks versus placebo [20].

Sporadic reports have been published on the efficacy
of verapamil IV (5–7 mg) [21], indomethacin IM [22],
olanzapine (2.5–10 mg) [23] and magnesium IV (0.5 mol,
20 ml) [24].

As to non-drug treatments, Porta et al. tested the effi-
cacy of hyperbaric oxygen at a pressure of 1.3 atmos-
pheres in 14 CH patients on a total of 18 attacks and found
that these were resolved in 6.2 min on average [25]. Later
on, a placebo-controlled study was conducted in a small
sample of 13 CH patients who were given either 100%
oxygen at a pressure of 2 atmospheres in a hyperbaric
chamber or atmospheric air for 30 min. A significant
reduction in the duration of attacks was found in the group
treated in the hyperbaric chamber vs. the placebo group
[26]. Apart from the lack of studies on large case series,
the administration of hyperbaric oxygen is not practical
because a hyperbaric chamber needs to be available as
soon as an attack occurs.

Regarding local drug treatments, recently Costa et al. [27]
conducted a placebo-controlled study in nine CH patients on
the effect of a 1 ml solution of 10% cocaine hydrochloride or
10% lidocaine applied intranasally on both sides using a cot-
ton swab in the area corresponding to the sphenopalatine
fossa under anterior rhinoscopy during nitroglycerine-precip-
itated CH attacks. In all treated patients, pain disappeared on
average within 31.3 min with cocaine hydrochloride and
within 37 min with lidocaine. The procedure is hardly applic-
able in clinical practice, but it is interesting to understand the
underlying mechanism of CH.
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Abstract The association between migraine and stroke is a
dilemma for neurologists. Migraine is associated with an
increased stroke risk and it is considered an independent risk
factor for ischaemic stroke in a particular subgroup of
patients. The pathogenesis is not known but several studies
report some common biochemical mechanisms between the
two diseases. A classification of migraine-related stroke that
encompasses the full spectrum of the possible relationship
between migraine and stroke has been proposed and it
includes three main entities: coexisting stroke and migraine,
stroke with clinical features of migraine, and migraine-
induced stroke. The concept of migraine-induced stroke is
well represented by migrainous infarction; it is described in
the revised classification of the International Headache
Society (IHS), and it represents the strongest demonstration
of the relationship between ischaemic stroke and migraine. A
very interesting common condition in stroke and migraine is
patent foramen ovale (PFO) which could play a pathogenet-
ic role in both disorders. The association between migraine
and cervical artery dissection (CAD) is reported in recent
studies. Migraine is more frequent in patients with CAD.
This supports the hypothesis that an underlying arterial wall
disease could be a predisposing condition for migraine. The
neuroradiological evidence of subclinical lesions most typi-
cal in the white matter and in the posterior artery territories
in patients with migraine, opens a new field of research. In

conclusion the association between migraine and stroke
remains conflicting. Solving the above mentioned issues is
fundamental to understanding the epidemiologic, patho-
genetic and clinical aspects of migraine-related stroke.

Key words Migraine • Stroke

The relationship between migraine and stroke is one of the
most perplexing problems for neurologists. Migraine and
stroke can produce various combinations of headache, neu-
rological deficit and alteration of cerebral blood flow.

In addition to the problem of differential diagnosis there
is a causal relation between migraine and stroke at several
levels. Many studies raise the possibility that migraine is a
risk factor for ischaemic stroke in young women.
Furthermore several radiologic series cite the presence of
subclinical lesions, most typically in the white matter in
patients with migraine. More recent studies investigated the
role of the patent foramen ovale (PFO) and cervical arterial
dissection (CAD) in patients with migraine. In this paper we
will review the relationship between migraine and stroke and
the clinical conditions that involve them.

Epidemiological studies reported stroke as being more
common in patients affected by migraine with or without
aura, especially in women under 45 years of age, with addi-
tional risk factors such as cigarette smoking and oral contra-
ceptives use (OC). The risk of cerebral infarct was increased
three fold in migraine without aura and six fold in migraine
with aura (odds ratio 6.2) [1]; young women affected by
migraine who smoke heavily increased their stroke risk ten
times compared to controls (odds ratio 10.2; p<0.001) [1].
The risk of stroke in migrainous women using OC is more
significantly increased compared to those without migraine
not using OC (odds ratio 13.9) [1]. Moreover, migraine sub-
jects more likely presented recurrent stroke. This evidence
suggests that migraine may be considered an independent
stroke risk factor in young women. However, we cannot con-
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clude that all young women affected by migraine are at high
risk of stroke. The absolute risk of ischaemic stroke would
be 19 per 100 000 migrainous women per year. Two large
population studies hypothesised that this risk of migraine-
related stroke may decrease with age. Indeed, this risk does
not necessarily increase in migrainous people older than 45
years when migraine is associated with other risk factors. A
positive correlation with cerebral ischaemia is found also in
men who have a history of migraine with aura only.
According to other epidemiologic observations, a family
history of migraine is related with an increased risk both for
ischaemic and haemorrhagic stroke [1, 2].

The pathogenetic mechanisms of these disorders are not
yet clear but much data revealed common biochemical
processes between migraine and stroke. During the acute
phase of ischaemic stroke the release of inflammatory media-
tors such as cytokines and vasoactive peptides, the up-regula-
tion of adhesion molecules and the constriction of blood ves-
sels as a result of potassium release from depolarising neurons
have been demonstrated. All these mechanisms also occur in
migraine attack, and particularly in migraine with aura, in
which a reduction in blood flow and the spreading depression
are demonstrated. The combination between the low cerebral
flow and some factors predisposing to coagulopathy, such as
dehydration and hyperviscosity, could trigger arterial throm-
bosis and migrainous infarction.

In order to clarify the relation between stroke and
migraine, four major entities have been proposed in a classifi-
cation of migraine-related stroke. The first is coexisting stroke
and migraine. When the two disorders coexist in young
patients, the cause of stroke may be difficult to identify, even
if it seems to be multifactorial. Recent reports showed that
migraine is associated with PFO and atrial septal aneurysm
(ASA) in patients with ischaemic stroke [3], and a higher fre-
quency of PFO was found in migraine with aura sufferers [4].
In a prospective study of cryptogenic stroke 46% of patients
had a PFO and migraine was present in 27.3% of patients with
PFO. Migraine was present in 36% of patients with PFO and
stroke, while only 16% of patients without PFO with stroke
had migraine [5]. In patients affected by this cardiac disease, a
possible cause of ischaemic stroke may be an increased
propensity to paradoxical cerebral embolism during migraine
attacks, when there is a condition of platelet hyperaggregation.
Moreover, in small uncontrolled series, it has been observed
that percutaneous closure of PFO can reduce the risk of
ischaemic stroke and the frequency of migraine attacks [6],
suggesting that migraine may be a symptom of cardioem-
bolism.

A second category of migraine-related stroke is sympto-
matic migraine. In this case migraine is a clinical manifesta-
tion of an underlying disorder such as arteriovenous malfor-
mations or other neurological diseases such as mitochondrial
encephalopathy with lactic acidosis and stroke-like infarct
(MELAS) [7] and cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy
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(CADASIL) [8]. In the context of symptomatic migraine,
another condition has been described: the “migraine mimic”.
This is a progressive structural disorder characterised by
headache and various neurological signs similar to those of
migraine. Spontaneous CAD is a good example of a migraine
mimic. In fact migraine patients are at increased risk for arter-
ial dissection. Recent studies show a strong association
between migraine and carotid artery dissection; in a hospital-
based case-control study, migraine was present in 49.1% of
patients with CAD and in 21% of patients hospitalised for a
stroke not related to a CAD (odds ratio 3.6; p<0.005) [9]. This
indicates that an endothelium disease may predispose to
migraine [10]. In patients with CAD, migraine started later in
life and was characterised by a higher frequency of attacks
than in control subjects. A possible origin for migrainous
symptoms, given the frequent association of facial pain with
carotid artery dissection, is via trigeminal innervation [11].
These observations reinforce the hypothesis that the arterial
wall and its extracellular component may play a role in the
pathogenesis of migraine. It has been hypothesised that
patients with migraine may have higher levels of extracellular
matrix degradation; for this reason they would be more
exposed to the risk of artery dissection or to other vessel ath-
erosclerotic lesions, leading to ischaemic stroke. In patients
affected by migraine, the serum activity of elastase (SEA), an
enzyme involved in the degradation of extracellular matrix, has
been tested. The results revealed that SEA was much higher in
migraine with aura patients [12]. These observations improve
our understanding of the association between migraine and
cerebral ischaemia, particularly in patients with CAD.

The concept of migraine-induced stroke is well repre-
sented by migrainous infarction. It is described in the revised
IHS classification [13] and it represents the strongest demon-
stration of the relationship between ischaemic stroke and
migraine. It is defined as one or more migrainous aura symp-
toms lasting more than one hour and/or associated with neu-
roimaging demonstration of ischaemic lesion. In accordance
with the IHS classification, three main criteria have been
reported to improve diagnostic accuracy of migrainous
infraction. First, the neurological deficit must mimic aura
symptoms of previous attacks. Secondly, ischaemic stroke
must occur during a typical migraine attack. Finally, all other
causes of stroke must be excluded, even if stroke risk factors
must be taken into account.

The last issue of the migraine-induced stroke is unclassi-
fiable, probably related to complex and multiple factors. We
cannot exclude that an interaction between migraine patho-
genetic mechanism and drugs such as ergotamine or suma-
triptan could lead to stroke. In fact, these molecules, acting
as 5HT agonists, may induce vasoconstriction.

In people with migraine, neuroimaging studies revealed
white matter and periventricular subclinical lesions, inter-
pretable as lacunar infarcts. These lesions occur more com-
monly in the posterior cerebral artery territory. A prevalence
study of population-based findings suggested that young
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women with migraine with and without aura are at increased
risk for subclinical lesions in these brain areas Among
women, migraine patients had a significantly increased risk
of ischaemic lesions (odds ratio 2.1); this risk was similar for
patients with migraine without aura (odd ratio 2.1) and
patients with migraine with aura (odds ratio 2.0). This risk
increases with attack frequency (p for trend=0.008). Patients
with migraine with aura and a high frequency of attack are at
greatest risk [14]. These risks were not changed by the addi-
tion of other cardiovascular risk factors.

Several haemodynamic features of migraine may contribute
to the pathogenesis of infarcts. The reduced blood flow and oli-
gaemia in large and small arteries combined with neurogenic
inflammation or excessive neuronal activation during migraine
attacks could lead to arterial or venous microembolism, throm-
bosis or ischaemia. These subclinical lesions and white matter
infarcts have been shown to increase the risk of physical limita-
tions and cognitive impairment, including dementia [15].

In conclusion, the association between migraine and stroke
is still conflicting and several questions remain. However the
following should be considered: (1) Young female migraineurs
should be considered as a target group for stroke prevention
and smoking should be discouraged. There is no general con-
traindication for OC use in migraine without aura, but caution
is required in migraine with aura. (2) There is no specific treat-
ment for migrainous infarct. Ergot derivates and triptans should
not be used for migraine treatment after a cerebral infarct. After
the migrainous stroke the usual measures of secondary stroke
prevention should be taken. (3) Transoesophageal echocardio-
graphy may be considered in migraine with aura to search
PFO. (4) Performing magnetic resonance (MR) imaging of the
brain should be considered in migraine with aura. (5) Whether
migraine with aura patients with MR silent lesions should be
treated with triptans is still an open question. (6) Finally,
whether antiplatelet agents should be used in migraine with
aura preventive treatment is still a matter of debate.
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Abstract Migraine, particularly migraine with aura, is a
risk factor for ischaemic stroke. The mechanisms underly-
ing this association are obscure. One hypothesis is that
shared risk factors may be the cause of this association.
Over the last decade, studies have suggested an association
between migraine and genetic abnormalities in coagulation
factors which play an important role in stroke pathogenesis.
Although the results of studies on various prothrombotic
conditions are conflicting, findings suggest a higher fre-
quency of some genetic abnormalities in migraine with
aura patients. Thus, persistent hypercoagulability may
explain the tendency for these patients to develop throm-
boembolic cerebrovascular events, especially when they are
exposed to additional procoagulant stresses. Further studies
on larger samples are required to test this hypothesis.

Key words Migraine • Migraine with aura • Ischaemic
stroke • Prothrombotic factors • Coagulation disorders

Introduction

Ischaemic stroke (IS) is a multifactorial disorder in which
genetic and environmental factors can influence the risk of
a thromboembolic episode [1]. Recent studies show a
strong association between migraine, particularly migraine
with aura (MA) and IS [2–5]. The nature of this association
is not understood [6, 7].

Migraine and IS are typical manifestations of certain
genetic disorders, including cerebral autosomal dominant
arteriopathy with subcortical infarctions and leukoen-
cephalopathy (CADASIL) and mitochondrial encephalopa-
thy with lactic acidosis and stroke-like episodes (MELAS)
[8, 9]. As familial hemiplegic migraine is characterised by
a genetic abnormality in the same region of chromosome 19
as CADASIL, it has been suggested that pathophysiologi-
cal mechanisms between these disorders might be shared,
stimulating research to clearly identify a genetic compo-
nent in migraine [10]. However, most patients with a fami-
ly history of migraine do not have genetic variations on
chromosome 19. Nevertheless, other genetic loci might be
involved in both the aura and non-aura forms. Over the last
decade, relations between migraine and other genetic
abnormalities have been investigated, particularly with a
view to explaining the increased risk of cerebral ischaemia
in migraineurs [11–13]. Several studies have suggested an
association between this headache form and genetic abnor-
malities in coagulation factors which play an important role
in the pathogenesis of IS [13, 14].

Coagulation abnormalities and thrombophilia markers in
ischaemic stroke

It has been demonstrated that haemostatic factors and
inherited or acquired hypercoagulable states play a role in
IS, particularly in younger people [15]. In particular, muta-
tions in genes encoding proteins involved in thrombus for-
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mation predispose to thrombosis [11, 12]. Most of these
genetic variations promote venous thrombosis, but there is
also evidence that they are involved in arterial thrombosis
and IS [11, 12]. Implicated mutations are factor V Leiden
(FVL) mutation resulting in decreased resistance to acti-
vated protein C (APCr); factor II 20210 A mutation; and
genetically determined antithrombin, protein S and protein
C deficiencies [12]. Other inherited alterations that may
play a role in arterial thrombosis are platelet GPIIIa and
GPIba polymorphisms (HPA-1 and -2), elevated factor VII
levels, hyperhomocysteinaemia, and methylentetrahydro-
folate reductase polymorphisms [11, 12].

Among acquired prothrombotic conditions, factors
such as presence of lupus anticoagulant (LA) and antiphos-
pholipid (aPL) antibodies are major risk factors for venous
and arterial thrombosis [12].

Coagulation abnormalities and thrombophilia markers
in migraine

Increased platelet aggregability and plasma coagulability
have both been described during migraine attacks.
Literature data suggest that some prothrombotic condi-
tions, such as genetic coagulation abnormalities and pres-
ence of aPL antibodies, are more prevalent in migraine and
particularly in MA patients than in healthy controls [12].
High frequencies of aPL antibodies have been reported in
migraineurs, particularly migraine with aura, and in those
who have suffered migrainous stroke [16].

Kontula et al. [14] found that 6 (67%) of the 9 patients
with cerebral ischaemia and FVL mutation had a history of
MA, suggesting that the MA/FVL mutation combination
could increase the risk of developing IS. In our study [13]
genetic abnormalities in the protein C system were evalu-
ated in 83 patients with MA, 31 with IS and 124 healthy
controls. We found significantly higher frequencies of
decreased APCr (related to FVL mutation), and protein S
deficiency in MA subjects (respectively 12% and 4.8%)
and in IS subjects (respectively 16% and 6.4%) than in
controls (respectively 3.2% and 0%). However these find-
ings have not been confirmed by other surveys: in a case-
control study including 106 patients with migraine (49
with aura, 57 without aura), the frequency of the pro-
thrombotic risk factors FVL mutation, factor II 20210 A
mutation and FVII, HPA-1 and HPA-2 polymorphisms did
not significantly differ in migraine patients and controls,
although a higher (non-significant) frequency (6.1%) of
FVL mutations was found in MA [11]. An association
between migraine or migrainous stroke and FVL mutation
was not evident in an Italian study on patients aged 8–28
years [17], or in a Dutch study on 20 patients who had suf-
fered migrainous stroke (only one of whom was a het-
erozygous carrier of a FVL mutation) [18].

Few studies have investigated hyperhomocysteinaemia,
an independent risk factor for IS [19] in patients with
migraine. Hering-Hanit et al. [20] evaluated homocysteine
levels in 56 migraine without aura patients and in 22 MA
patients: they found no difference in the hyperhomocys-
teinaemia prevalence between these groups and 126 con-
trols. In our recent study on plasma homocysteine levels in
109 MA patients and 117 healthy controls, mean homocys-
teine levels were higher in the headache patients than con-
trols, in the whole group and when the two sexes were con-
sidered separately; the differences were significant for the
whole groups and for men, but not for women [21].

A C � T change at nucleotide 677 in the methylen-
tetrahydrofolate reductase (MTHFR) gene has been identi-
fied as a cause of hyperhomocysteinaemia, which is a risk
factor for venous thrombosis and for IS [19]. Recent stud-
ies have shown the presence of this polymorphism in
patients with migraine. In two independent association
studies, Kowa et al. [22] and Kara et al. [23] found that the
TT677 genotype was a risk modifier for migraine and par-
ticularly for MA in Japanese and Turkish populations
respectively. Oterino et al. [24] genotyped 230 migraineurs
(152 migraine without aura, 78 with aura) and 204 non-
headache controls. They found no significant association
between migraine and the presence of this MTHFR poly-
morphism, although the polymorphism was more frequent
in MA patients (42%) than in migraine without aura
patients (29%) and controls (36%).

Prothrombin factor 1.2 (F1.2) is a cleavage product of
prothrombin, and F1.2 plasma levels are a sensitive and a
specific marker of ongoing thrombin generation and of
activation of the clotting cascade. F1.2 plasma levels are
elevated in patients with hypercoagulable states [25].
Plasma levels of F1.2 were determined in a sample of
patients with MA and migraine without aura: elevated F1.2
levels were found in 11 of 22 (50%) patients with MA,
while none of the patients with migraine without aura nor
any of the healthy volunteers had elevated levels [25].
These findings were supported by the study of D’Amico et
al. [26] which investigated 24 migraine without aura
patients and 32 MA patients in comparison to 57 non-
headache controls. A higher median concentration of the
F1.2 fragment was found in both migraine without aura and
MA patients than in controls, indicating that ongoing
thrombin generation was more prevalent in migraineurs.

Discussion

Migraine, particularly MA, is a risk factor for IS [2–4]. MA
may be an independent risk factor for IS in young women
under 45 years of age in the absence of other well-estab-
lished risk factor [4–6]. The mechanisms underlying this
association are obscure [6, 7]. One hypothesis is that shared
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risk factors may be the cause of this association. Although
the results of studies on various prothrombotic conditions
are conflicting, findings suggests a higher frequency of
some genetic prothrombotic abnormalities in MA patients.
Thus, persistent hypercoagulability due to abnormalities in
various steps of the coagulation cascade may explain the
tendency for MA patients to develop thromboembolic cere-
brovascular events, especially when they are exposed to an
additional procoagulant stress such as oral contraceptive
use, patent foramen ovale, smoking, hypercholesterolaemia
and coagulation factor alterations. Further studies on larger
samples are required to test this hypothesis.

References

1. Wolf PA, Cobb JL, D’Agostino RB (1992) Epidemiology of
stroke. In: Barnett JM, Mohr JP, Bennet MS, Yatsu FM (eds)
Stroke. Pathophysiology, diagnosis and management.
Churchill Livingstone, New York, pp 3–27

2. Merikangas KR, Fenton BT, Cheng SH, Stolar MJ, Risch N
(1997) Association between migraine and stroke a large-
scale epidemiological study of the United States. Arch
Neurol 54:362–368

3. Tietjen GE (2000) The relationship of migraine and stroke.
Neuroepidemiology 19:13–19

4. Carolei A, Marini C, De Matteis G and The Italian National
Research Council Study Group on Stroke in the Young
(1996) History of migraine and risk of cerebral ischaemia in
young adults. Lancet 347:1503–1506

5. Tzourio C, Tehindrazanarivelo A, Iglesias S et al (1995)
Case-control study of migraine and risk of ischaemia stroke
in young women. BMJ 310:830–833

6. Tzourio C, Bousser MG (2000) Migraine and risk of cerebral
infarction. Rev Neurol 156[Suppl 4]:4S47–4S56

7. Milhaud D, Bogousslavky J, van Melle G, Liot P (2001)
Ischemic stroke and active migraine. Neurology 57:1805–1811

8. Chabriat H, Tournier-Lasserve E, Vahedi K, Leys D, Joutel
A, Nibbio A, Bousser MG (1997) Autosomal dominant
migraine with MRI white-matter abnormalities mapping to
the CADASIL locus. Neurology 45:1086–1091

9. Ohno K, Isotani E, Hirakawa K (1997) MELAS presenting as
migraine complicated by stroke: case report. Neuroradiology
39:781–784

10. Montagna P (2000) Molecular genetics of migraine
headaches: a review Cephalalgia 20:3–14

11. Corral J, Iniesta JA, Gonzales-Conejero R, Lozano ML,
Rivera J, Vicente V (1998) Migraine and prothrombotic
genetic risk factors. Cephalalgia 18:257–260

12. Crassard I, Conard J, Bousser MG (2001) Migraine and
hemostasis. Cephalalgia 21:630–636

13. D’Amico D, Moschiano F, Leone M, Ariano C, Ciusani E,
Erba N, Grazzi L, Ferraris A, Schieroni F, Bussone G (1998)
Genetic abnormalities of the protein C system: shared risk
factors in young adults with migraine with aura and with
ischemic stroke? Cephalalgia 18:618–621

14. Kontula K, Ylikorkala A, Miettinen H, Vuorio A,
Kauppinen-Makelin R, Hamalainen L (1995) Arg506Gln
factor V mutation (factor V Leiden) in patients with ischemic
cerebrovascular disease and survivors of myocardial infarc-
tion. Thromb Haemost 73:558–580

15. Voetsch B, Damasceno BP, Camargo EC, Massaro A,
Bacheschi LA, Scaff M, Annichino-Bizzacchi JM, Arruda
VR (2000) Inherited thrombophilia as a risk factor for the
development of ischemic stroke in young adults. Thromb
Haemost 83:229–233

16. Robbins L (1991) Migraine and anticardiolipin antibodies –
case reports of 13 patients and the prevalence of antiphos-
pholipid antibodies in migraineurs. Headache 31:537–539

17. Soriani S, Borgna-Pignatti C, Trabetti E, Casartelli A,
Montagna P, Pignati PF (1998) Frequency of Factor V Leiden
in juvenile migraine with aura. Headache 38:779–781

18. Haan J, Kapelle LJ, de Ronde H, Ferrari MD, Bertina RM
(1997) The factor V Leiden is not a major risk factor for
migrainous cerebral infarction. Cephalalgia 17:605–607

19. Homocysteine Studies Collaboration (2002) Homocysteine
and risk of ischemic heart disease and stroke. JAMA
288:2012–2022

20. Hering-Hanit R, Gadoth N, Yavetz A, Gavendo S, Sela B
(2001) Is blood homocysteine elevated in migraine?
Headache 41:779–781

21. D’Amico D, Moschiano F, Attanasio A, Erba N, Ciusani E,
Schieroni F, Bussone G (2003) Hyperhomocysteinemia in
patients with migraine with aura. Cephalalgia 23:742
(abstract)

22. Kowa H, Yasui K, Takeshima T, Urakami K, Sakai F,
Nakashima K (2000) The homozygous C677T mutation in
the methylentetrahydrofolate reductase gene is a genetic risk
factor for migraine. Am J Med Genet (Neuropsychiatr
Genet) 96:762–764

23. Kara I, Sazci A, Ergul E, Kaya G, Kilic G (2003)
Association of the C677T and A1298C polymorphism in the
5,10 methylenetetrahydrofolate reductase gene in patients
with migraine risk. Mol Brain Res 111:84–90

24. Oterino A, Valle N, Bravo Y, Munoz P, Sanchez-Velasco P,
Ruiz-Alegria, Castillo J, Leyva-Cobian F, Vadillo A, Pascual
J (2004) MTHFR T677 homozygosis influences the presence
of aura in migraineurs. Cephalalgia 24:491–494

25. Hering-Hanit R, Friedman Z, Schlesinger I, Ellis M (2001)
Evidence for activation of the coagulation system in
migraine with aura. Cephalalgia 21:137–139

26. D’Amico D, Rigamonti A, Corsini E, Parati EA, Bussone G
(2003) Activation of the coagulation system in migraine
patients. Cephalalgia 23:750–751



Abstract Several case-control and cohort studies have sug-
gested an association between migraine and stroke. A sig-
nificantly higher risk for stroke was found in women under
the age of 45 years and for the subgroup with migraine with
aura, the posterior circulation being significantly more fre-
quently involved. The link between cardiac diseases and the
comorbidity migraine–stroke has been evaluated consider-
ing both possible relationships: a higher prevalence of a
vascular disease involving both heart and brain in
migraineurs, or a cardiac disorder, more prevalent in
migraineurs, with a possible aetiological role in migraine
attacks.

Key words Migraine • Stroke • Cardiac diseases • Mitral
valve prolapse • Patent foramen ovale

Several case-control and cohort studies have suggested an
association between migraine and stroke [1–8]. The case-
control studies found a significantly higher risk for stroke in
women under the age of 45 years and for the subgroup of
patients with migraine with aura [1–3, 6–8]. A recent case-
control study confirmed a significant association between
migraine and juvenile stroke in women suggesting that
migraine is an even more significant risk factor under the
age of 35 and that it is independent from other vascular risk
factors [9]. In the cohort studies, a significantly increased
risk for stroke in women of childbearing age with migraine
was observed as well [4, 5]. In migraine patients under the
age of 45, the posterior circulation, especially the posterior
cerebral artery territory, is significantly more frequently
involved [10]. Several radiological series have cited the
presence of subclinical lesions (typically in the white mat-
ter) in patients with migraine [11] and Kruit and coworkers
[12] recently published their data on the first population-
based study to address the issue of lesion prevalence. The
methodology adopted related magnetic resonance imaging
(MRI) findings to migraine type and frequency, the presence
of traditional vascular risk factors and the use of triptans and
ergotamines. The investigators used MRI to identify infarcts
(characterised by location and circulation) and the more
enigmatic white-matter lesions (deep vs. periventricular) in
patients with migraine (161 with aura and 134 without aura)
and 140 subjects without migraine. Overall there was no
significant difference in infarcts’ prevalence, but cerebellar
lesions were more common in the patients with migraine,
particularly in those with aura and with frequent attacks,
than in people who did not have migraine. Deep white mat-
ter lesions were more prevalent in women with migraine,
irrespective of type, and risk increased with the frequency of
attack. Oral contraceptive use further increased the risk of
deep white-matter lesions. Triptan use did not confer an
increased risk of subclinical lesions. Patients with migraine
with aura were 13.7 times as likely as controls to develop a
posterior cerebral territory infarct. Those who suffered one
or more migraine attacks per month were 9.3 times as like-
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ly to have an infarct as controls. The most likely conclusion
on this matter is that women, specifically those of child-
bearing age, have been identified as the population in which
migraine is more clearly an independent risk factor for
stroke, and those who use oral contraceptives are particu-
larly susceptible. In terms of absolute risk, the incidence of
ischaemic stroke in young women varies from 0.9 to 8.9 per
100 000 per year and was 3.56 per 100 000 in a recent case-
control study on the UK General Practice Research
Database [13] in which factors associated with an increased
risk were heart disease (OR: 10.5), heavy alcohol consump-
tion (OR: 8.5), previous venous thromboembolism (OR:
6.2), treated diabetes mellitus (OR: 4.7), hypertension (OR:
4.6), migraine (OR: 2.3) and use of combined oral contra-
ceptives (OR: 2.3). Light alcohol consumption was found to
be protective (OR: 1.7).

The link between cardiac diseases and the migraine-
stroke comorbidity has been evaluated considering both
possible relationships: a higher prevalence of a vascular
disease involving both heart and brain in migraineurs, or a
cardiac disorder, more prevalent in migraineurs, with a
possible aetiological role in migraine attacks.

Migraine and coronary heart disease

Migraine has been evaluated as an independent risk factor
for subsequent coronary heart disease events among
women in the Women’s Health Study (WHS) and in men in
the Physician’s Health Study (PHS). Female health profes-
sionals and male physicians reporting migraine were not at
increased risk for either subsequent major coronary heart
disease or for myocardial infarction or angina [14]. This
finding is consistent with a lack of association between
migraine and atherosclerotic cardiovascular disease.

The high prevalence of migraine and Raynaud’s phe-
nomenon in variant angina raises the possibility that a com-
mon underlying defect or mechanism may partially
account for all three conditions [15, 16].

Migraine and mitral valve prolapse

Mitral valve prolapse (MVP) is now identified both by
extensive epidemiologic studies and common clinical
experience as the most frequently encountered cardiac
valvular condition in the general population and is found in
about 6% of asymptomatic people, most commonly in
young women. During the last forty years, MVP has been
reported in an increasing variety of neurologic, muscular,
ophthalmologic and psychiatric disorders [17]. While con-
firming a prevalence of MVP in 20–59% of patients with
migraine [18–20], a review of the literature does not sup-

S130

port an increased incidence of stroke among migraineurs
with prolapsed mitral valve.

More recent investigations identified myxomatous
degeneration, redundancy of the valve and supraventricular
arrhythmias as risk factors for stroke in MVP. The most
recent cohort and case-control studies have cast doubt on
the role of uncomplicated MVP in stroke, even in young
adults.

Migraine, patent foramen ovale (PFO) and atrial septal
aneurysm (ASA)

Depending on the criteria used for diagnosis and the tech-
nology used in cardiac assessment, the prevalence of PFO
in the healthy population is approximately 20–25%. Case
series meta-analysis points to a strong association between
the presence of ASA+PFO and primary occurrence of cryp-
togenic stroke with all ages and those aged <55 years with
ASA+PFO having five times greater (95% CI 2.4–10.4)
and 16 times greater (95% CI 3.2–8.3) associative risk [21,
22]. The causative mechanisms of this association remain
speculative. Anecdotal reports of thrombi viewed passing
from the systemic venous circulation through a PFO to the
systemic arterial circulation have led to the suggestion of
embolisation of systemic venous thrombus via PFO as a
primary mechanism of disease. Such thrombi have gener-
ally appeared quite large and would typically account for
large vessel cerebro-occlusive disease and symptomatol-
ogy. However cryptogenic stroke in primary occurrence tri-
als and cryptogenic+PFO patients in secondary prevention
trials have tended to present with smaller territory, or
milder, neurologic events [23]. This has led to speculation
that smaller embolic material forms in situ within certain
PFO. More recently, a higher prevalence of right-to-left
shunt was observed in patients with migraine with aura
compared with healthy control subjects and a 41–48% PFO
prevalence has been documented in migraine with aura
patients [24–26]. It is tempting to speculate whether para-
doxical cerebral embolism may also be involved in the aura
of migraine attacks. Paradoxical microembolisation of
platelet clots to the terminal branches of posterior circula-
tion may occur. This might trigger a focal transient
ischaemia, which in turn might lead to the generation of the
aura-associated spreading depression. Similarly it could be
supposed that lungs act as a filter for substances in the
venous circulation that can trigger an attack of migraine
with aura if they reach the brain in sufficient concentra-
tions due to the presence of large amounts of these sub-
stances in some individuals or because the filtering capac-
ity of the lungs is overwhelmed by a right-to-left shunt.
Finally a genetically determined common endo-
thelial-endocardial dysfunction could be hypothesised. On
this subject recent reports on the effect of PFO percuta-
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neous closure on migraine with aura [27–30] are really
challenging and support improved basic aetiologic and epi-
demiologic study on the relationship between PFO and
migraine.
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Abstract Headache is generally regarded as a symptom of
high blood pressure in spite of conflicting opinions on the
association of headache and arterial hypertension. Most
studies have shown that mild chronic hypertension and
headache are not associated and this demonstration needs
to be implemented in clinical practice. Whether moderate
hypertension predisposes to headache remains controver-
sial, but there is little evidence that it does. Headaches
caused by significant disturbances in arterial pressure are
included in the section “Headache attributed to adisorders
of homeostasis” (code 10.3) of the 2nd edition of the
International Classification of Headache disorders.

Key words Headache • Arterial pressure • Hypertension

An association between hypertension and headache was
first proposed by Janeway in 1913 [1]. Many studies were
subsequently done and conflicting results have emerged
from investigations into the relationship between headache
and arterial blood pressure.

Bulpitt et al. observed that 31% of patients with
untreated severe hypertension complained of headache
compared with 15% of treated hypertensive patients and
controls without hypertension [2]. Cooper et al., in a sam-
ple of 11 710 hypertensive patients, reported that headache
was a common symptom related to high blood pressure
levels [3]. Rasmussen, in a Swedish population-based
study, observed that women with migraine showed signifi-
cantly higher diastolic blood pressure than those without
migraine [4]. By contrast, in another population-based
study, Walters found no differences in systolic and dias-
tolic blood pressure levels when individuals with headache
were compared with individuals who had not had a
headache in the previous year [5]. 

Two hundred consecutive patients with hypertension
were studied by Stewart in 1953, with 96 of them aware of
their blood pressure status. Among the people aware of
their hypertensive status, 71 (74%) complained of
headache, whereas among the 104 people who were not
aware of their blood pressure status, only 17 (16%) com-
plained of headache. Stewart concluded that once people
become aware of their hypertension diagnosis, the frequen-
cy of reported headache increases [6]. Using data from the
1960–1962 United States Health Examination Survey of
Adults, Weiss observed no differences in the occurrence of
headache among 6672 normotensive and hypertensive peo-
ple who were not aware of their blood pressure status [7].
Bensenor et al., using 24-hour ambulatory blood pressure
monitoring, did not demonstrate any difference in blood
pressure levels between women with and without chronic
daily headache [8]. More recently, Hansson et al. [9] con-
cluded that the incidence of headache can be reduced by
antihypertensive treatment, in a study using data from
seven randomised, double-blind, placebo-controlled trials.
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However, many studies question the role of angiotensin II
receptor antagonist in migraine prophylaxis and 50% of
patients in this study were also randomised to aspirin or
were using beta-blockers which are both drugs used for
migraine prophylaxis [10].  Wiehe et al. evaluated the asso-
ciation between headache and hypertension in a sample of
1174 individuals aged over 17 years, representative of
inhabitants of Porto Alegre, Brazil. Headache over their
lifetimes or in the last year, defined as episodic and chron-
ic tension type headache, was not associated with hyper-
tension. Individuals with optimal or normal blood pressure
complained of migraine more frequently than the partici-
pants with high-normal blood pressure or hypertension
[11]. Enough data are now available to conclude that mild
(140–159/90–99 mmHg) or moderate (160–179/100–109
mmHg) chronic arterial hypertension does not appear to
cause headache. Whether moderate hypertension predis-
poses to headache remains controversial. 

Headaches caused by significant disturbances in arteri-
al pressure are included in the section “Headache attributed
to disorders of homeostasis” (code 10.3) of the 2nd edition
of the International Classification of Headache disorders
[12] which considers that hypertension due to the follow-
ing can cause headache: pheochromocytoma, malignant
hypertension, preeclampsia and eclampsia and acute pres-
sor response to exogenous agents. Headaches due to severe
hypertension are usually a bioccipital throbbing but can be
generalised or a frontal throbbing (especially in children).
The headache is often present in the morning on awaken-
ing. The diastolic blood pressure is usually elevated to 120
mmHg or higher.

10.3.1 “Headache attributed to pheochromocytoma”

The most common symptom of pheochromocytoma is a
rapid-onset headache that is reported by up to 92% of
patients. The headache, which lasts less than an hour in
70% of cases, is bilateral, severe and throbbing, and may
be associated with nausea in 50% of cases. Some patients
may not get headaches even with blood pressures as high
as 260/100 mmHg. Hypertension, which is paroxysmal in
50% and sustained in 50%, is found in 90% of patients.
Paroxysmal hypertension may show elevations to 300/160
mmHg. Symptoms and signs of adrenergic stimulation are
common with sweating, palpitations and tachycardia each
reported by about 70% of patients. Anxiety, dizziness,
abdominal pain, chest pain, weight loss, heat intolerance,
nausea/vomiting, pallor (less often flushing), syncope, and
orthostatic hypotension may also occur. Many patients
have spells lasting between 15 and 60 minutes occurring
from several times per day to once or twice a year.
Paroxysms can begin spontaneously or be triggered by
physical exertion, certain medications, emotional stress,

changes in posture and increases in intraabdominal pres-
sure. Laboratory and imaging studies are required to estab-
lish diagnosis. A 24-hour urine collection reveals elevations
and sensitivity for diagnosis as follows: metanephrine and
normetanephrine, up to 98%; vanillymandelic acid, 60–%
to 70%; and total catecholamines, 60% to 79%. MRI of the
abdomen, pelvis, chest and neck is almost 100% sensitive
in detecting pheochromocytomas; CT scans have a sensi-
tivity of 95% and specificity of 65% for detection of adren-
al tumours. Scintigraphic imaging with I-131 metaiodoben-
zylguadnidine has a sensitivity of 88% and specificity of
99%. Indications include evaluation of extraadrenal, recur-
rent, or metastatic pheochromocytomas or those with silent
adrenal masses and borderline catecholamine levels. The
hypertension due to pheochromocytoma is treated first with
slow upward titration of an alpha-blocker (e.g., prazosin,
terazosin and phenoxybenzamine) and later addition of a
betablocker for rate control after full alpha-blockade. A
combination drug such as labetalol can sometimes be use-
ful. Direct vasodilators, calcium channel blockers, and
angiotensin-converting enzyme inhibitors are sometimes
used cautiously when the hypertension is resistant to initial
therapy. Surgical removal can be curative, especially in
benign tumours.

10.3.2 “Headache attributed to hypertensive crisis with-
out hypertensive encephalopathy”

This is a headache associated with a hypertensive crisis
(>160/120 mmHg) without clinical features of hypertensive
encephalopathy. Usually, the headache is bilateral, pulsat-
ing and precipitated by physical activity and resolves with-
in an hour after normalisation of blood pressure.
Vasopressor toxins and medications have to be ruled out as
causative factors.

10.3.3. “Headache attributed to hypertensive
encephalopathy”

Hypertensive encephalopathy is an acute cerebral syn-
drome due to sudden, severe hypertension. The rate and
extent of the rise in blood pressure are the most important
factors in the development of this condition. In those with
chronic hypertension, hypertensive encephalopathy may
not result unless the blood pressure is 250/150 mmHg or
higher. A previously normotensive person may develop the
encephalopathy with a lower elevation (160/100 mmHg).
The presenting symptoms can be headache, nausea and
vomiting. Complaints of blurred or dim vision, scintillating
scotoma or visual loss may also be reported. Anxiety, agi-
tation and then decreased levels of consciousness and
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sometimes seizures can follow. Papilledema and focal neu-
rologic deficits can be present.

10.3.4 “Headache attributed to pre-eclampsia”; 10.3.5
“Headache attributed to  eclampsia”

Preeclampsia occurs in up to 7% of pregnancies and
eclampsia is found in up to 0.3%. The criteria for
preeclampsia include the following: proteinuria of more
than 300 mg/day or two spot urines with more than 1 g pro-
tein/l collected more than 6 hours apart; oedema; hyperten-
sion persistently higher than 140/90 or relative hypertension
with a rise over a first-trimester baseline blood pressure of
at least 30 mmHg systolic or 15 mmHg diastolic; onset after
the 20th week of gestation up to 48 hours post partum.
Eclampsia occurs with the additional complications of
seizures or coma. As many as 45% of cases of eclampsia
have an onset post partum, with a mean of 6 days and up to
4 weeks. Risk factors for preeclampsia in primigravida are
prepregnancy hypertension, obesity, multiple abortions or
miscarriages, and cigarette smoking. The incidence of preg-
nancy-induced hypertension is greater in first or multiple
pregnancies and in younger and older women.

10.3.’6 “Headache attributed to acute pressor
response to an exogenous agent”

A sudden severe headache can occur due to a rapid
increase in blood pressure when patients taking
monoamine oxidase inhibitors drink red wine or eat foods
such as cheese, chicken livers, or pickled herring, which
have a high tyramine content, or also take sympath-
omimetic medications such as pseudoephedrine. Use of
illicit drugs with sympathomimetic actions such as

cocaine, methamphetamine and methylenedioxymetham-
phetamine (“ecstasy”) can also cause acute hypertension
(sometimes leading to strokes) and headache.
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Abstract Spontaneous intracranial hypotension (SIH) is a
syndrome of low cerebrospinal fluid (CSF) pressure char-
acterised by postural headaches in patients without any his-
tory of dural puncture or penetrating trauma. Described by
Schaltenbrand in 1938, SIH is thought to result from an
occult CSF leak resulting in decreased CSF volume and,
consequently, in low CSF pressure. Magnetic resonance
imaging of the head and spine has improved the diagnosis
of the syndrome showing peculiar radiographic abnormali-
ties including diffuse pachymeningeal enhancement, sub-
dural fluid collections and downward displacement of the
cerebral structures. Treatment of SIH headache should start
with conservative, non-invasive therapies while epidural
blood patch has emerged as the treatment of choice for
those symptomatic patients who have failed medical non-
invasive approaches.

Key words Headache • Cerebrospinal fluid • Spontaneous
intracranial hypotension

In 1938 Schaltenbrand, a German neurologist, first intro-
duced the term “aliquorrea” to describe the clinical mani-
festations of intracranial hypotension occurring sponta-
neously in patients who had not undergone lumbar puncture
[1]. He was not supported by modern technology, and his
theory of decreased cerebrospinal fluid (CSF) production
resulting in decreased CSF volume, was not sustained. In
1940, Henry Woltman, at the Mayo Clinic, gave a short but
very exhaustive clinical description of the entity: “occasion-
ally an occipital or frontal headache comes on when the
patient is up and about and leaves when the patient lies
down. Such a headache is often associated with low pressure
of the spinal fluid. Thus, it may resemble post-puncture
headache” [2]. From the 1950s to 1990s, new diagnostic
investigations such as radioisotope cisternography [3] and
CT myelography revealed that abnormal CSF dynamics and
CSF leaks were the causes of CSF depletion in patients with
spontaneous intracranial hypotension. Thanks to magnetic
resonance imaging (MRI), a broader clinical and imaging
spectrum of the disorder was recognised [4]. A recent study
of Schievink [5] showed how the syndrome is still com-
monly misdiagnosed and it highlighted the need of a greater
awareness of it in order to reduce delay in initiation of effec-
tive treatments.

The aetiology of spontaneous CSF leak often remains
undetermined. Only in a substantial minority of patients
there is a history of trivial or minor trauma. Recently,
defects of the dura and abnormalities of connective tissue
were found in patients with spontaneous CSF leaks, sug-
gesting that an underlying connective tissue disorder may
lead to dural weakness [6, 7]. Meningeal diverticula often
seen in patients with CSF leaks may be related to this tis-
sue disorder. It is possible that both factors, trauma and
weakened thecal sac, might cause CSK leaks.

The cardinal clinical manifestation of the syndrome is
orthostatic headache, a headache accentuated in the
upright position and relieved in the recumbent position [8,
9]. Pain may be throbbing or not, and also location, typi-

Neurol Sci (2004) 25:S135–S137
DOI 10.1007/s10072-004-0272-x

D. Grimaldi • E. Mea • L. Chiapparini • E. Ciceri • S. Nappini • M. Savoiardo • M. Castelli • P. Cortelli
M.R. Carriero • M. Leone • G. Bussone

Spontaneous low cerebrospinal pressure: a mini review

H E A D A C H E  A N D  S P O N T A N E O U S  I N T R A C R A N I A L  H Y P O T E N S I O N

E. Mea • L. Chiapparini • E. Ciceri • S. Nappini • M. Savoiardo
M. Castelli • M.R. Carriero • M. Leone (�) • G. Bussone
National Neurological Institute “C. Besta”
Via Celoria 11, I-20133 Milan, Italy
e-mail: leone@istituto-besta.it

D. Grimaldi • P. Cortelli
Dipartimento di Neuroscienze
Università di Modena e Reggio Emilia, Italy



cally bilateral, may be bifrontal, bifronto-occipital, holo-
cephalic or occipital. Pain is typically aggravated by any
form of head shaking or movement and by Valsalva-type
manoeuvres. The orthostatic features may disappear dur-
ing the course of the disease and a chronic daily headache
may develop, mimicking “transformed migraine”. Neck
or scapular pain can precede by days or weeks the
headache onset. Rarely the headache may start as a thun-
derclap headache and very rarely a paradoxical orthostat-
ic headache (headache relieved when the patient is
upright) may be noted. Other frequent clinical manifesta-
tions include nausea and vomiting, diplopia, dizziness,
hearing distortion, visual blurring and radicular upper
limb symptoms. Less frequent and consequently mislead-
ing, especially if not associated to headache, are
Parkinsonism, ataxia, frontotemporal dementia, and
symptoms and signs related to subdural haematomas.
Loss of CSF volume seems to be the key feature explain-
ing the clinical and imaging features of this syndrome:
descent of the brain leads to traction of various anchoring
pain-sensitive structures of the brain causing orthostatic
headache and related symptoms [10]. Dilatation of the
cerebral veins and venous sinuses may also be responsi-
ble for pain arousal.

Diagnostic investigations include CSF examination
and neuroradiological exams. CSF opening pressure is
typically but not invariably low (it is not rare to find
patients with symptomatic CSF leaks and normal CSF
pressure). The fluid is typically clear and occasionally
xanthochromic, protein concentration may be normal or
elevated (up to 1000 mg/dl), and sugar content is never
low. CSF leukocyte is normal or elevated: a primarily
lymphocytic pleocytosis up to 50 cells/mm3 is common.
Cytology and microbiology are always normal.

CT scanning of the head has a poor diagnostic power.
It may show subdural fluid collections or tentorial herni-
ation. MRI of the head and spine has improved the diag-
nosis of the syndrome showing peculiar radiographic
abnormalities [11, 12] including diffuse pachymeningeal
enhancement with gadolinium, the occurrence of subdur-
al haematomas and hygromas, descent of brain and cere-
bellar tonsilis mimicking type I Chiari malformation,
decrease in size of cisterns and ventricles (“ventricular
collapse”), diverticula, and extradural egress of CSF in
the paraspinal soft tissue. Radioisotope cisternography
with Indium-111 can provide clues revealing a rapid dis-
appearance of radioactive tracer from the subarachnoid
space and rapid accumulation in the bladder. Less fre-
quently the site of CSF leak can be identified as a zone of
parathecal activity. Computed tomographic myelography
with water-soluble contrast remains the test of choice for
locating the site of CSF leak, which is usually at cervico-
thoracic level and rarely at the skull base.

Therapeutic approaches usually start with conserva-
tive, non-invasive management including bed-rest, hydra-
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tion, analgesics, non-steroidal drugs, caffeine, tricyclic
antidepressants, ergot preparation and steroids. Bed-rest
is traditionally advocated by almost all patients who feel
sudden relief from their orthostatic symptoms. For the
other treatments the effectiveness remains unproven and
mostly anecdotal. Epidural blood-patch (EBP) has
emerged as the treatment of choice for those symptomatic
patients who have failed medical non-invasive treatments
[13]. It is performed by infusing 10–20 cc of autologous
blood into the epidural space at lumbar level. EBP effica-
cy has not been demonstrated by controlled studies but
relies on clinical evidence of almost half a century of
experience. The hypothesised mechanisms of action are
related to the volume replacement by compression of the
dura (immediate effect) and to the sealing of the dura
defect (latent effect). This is the reason why some patients
obtain immediate and persistent relief from EBP and other
patients need a longer period to improve completely or
unfortunately only partially. The efficacy of each blood
patch is about 30% even if it is noticed that EBP given at
the level of the leak (lumbar level) is more effective than
given at a distant site (typically cervical or thoracic lev-
els). Some patients may need more than one EBP; failure
to respond to one EBP does not guarantee failure of sub-
sequent EBP. Furthermore, non-responder patients to EBP
may be reasonably considered candidates for the surgical
sealing of the dura defect.

A few cases were described with symptomatic
intracranial hypertension after EDP or surgery for treat-
ment of spontaneous CSF leak. The true mechanism of
this “rebound” increased intracranial pressure is not
understood but it was transient and self-limiting [14].
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Abstract The cardinal and classic features of postural
headache and low cerebrospinal fluid (CSF) pressure in
intracranial hypotension may not dominate the clinical pic-
ture of the syndrome and may be associated with addition-
al various neurological symptoms and signs. Reports of
unusual clinical presentations continue to appear in the lit-
erature. Despite the considerable variability of the clinical
spectrum, neuroradiological studies reveal more constant
and characteristic features. Brain MRI findings include
intracranial pachymeningeal thickening and post-contrast
enhancement, subdural fluid collections and downward dis-
placement or “sagging” of the brain. Spinal MRI findings
include collapse of the dural sac with a festooned appear-
ance, intense epidural enhancement owing to dilatation of
the epidural venous plexus, and possible epidural fluid col-
lections. In fact, spinal studies may demonstrate CSF leak-
age from spinal dural defects, which are considered the
most common cause of the syndrome. Myelo-MR may sug-
gest the possible point of CSF leakage, by demonstrating

an irregular root sleeve; myelo-CT and radioisotope myelo-
cisternography (RMC) are often needed to confirm the
point of CSF leakage. Neuroimaging studies are, therefore,
essential for suggesting and confirming the diagnosis.

Key words Intracranial hypotension • Brain sagging • Dural
enhancement • Spinal epidural plexus dilatation

Introduction

Intracranial hypotension typically presents with postural
headache, often associated with one or more of the follow-
ing symptoms: nausea, vomiting, dizziness, diplopia, pho-
tophobia, hearing impairment, neck stiffness and blurred
vision [1]. It is the result of low cerebrospinal fluid (CSF)
volume caused by either spontaneous or post-traumatic
dural laceration. Iatrogenic causes include lumbar puncture
or overdraining ventricular or spinal shunts. Spontaneous
CSF leaks are uncommon and may manifest themselves as
obvious CSF leaks, such as rhinorrhoea in spontaneous
CSF fistulas at the level of the skull base, or cause a more
insidious syndrome commonly known as spontaneous
intracranial hypotension (SIH) [2].

In SIH the rupture of the dura usually occurs at weak
points that are present along the spinal root sleeves, where
meningeal diverticula are demonstrated often in the pres-
ence of connective tissue disorder [3]. In several cases of
SIH, however, CSF leakage is not demonstrated.

The syndrome usually has a benign course; however,
cases with stupor or coma caused by diencephalic com-
pression on the skull base or by large subdural haematomas
have been reported [4]. Many patients improve sponta-
neously, some patients require epidural blood patch (EBP);
in only well-selected cases is surgical repair necessary [5].
In these patients, precise localisation of the site of the CSF
leak is essential.
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Clinical considerations

A considerable variability exists in clinical manifestations.
In some cases, the headache is not postural and not the
dominant symptom; a few patients may have no headache
at all [1]. Even the cardinal diagnostic proof of the syn-
drome, i.e., low CSF pressure at lumbar puncture, may be
absent at the time of measurement [6].

Neuroradiological examinations

In SIH, the most informative neuroradiological examination
is brain MRI without and with contrast medium administra-
tion [7]. The imaging features of SIH may be confused with
other neurologic conditions. The herniation of the cerebellar
tonsils may be mistaken for a Chiari I malformation [8].
Meningeal, dural enhancement may be confused with
meningeal carcinomatosis, which, however, involves the lep-
tomeninges. Infective-inflammatory or granulomatous dis-
eases should also be considered; hypertrophic pachymenin-
gitis may be indistinguishable from SIH but usually has a
more focal involvement of the dura with greater thickening
[5]. Enlargement of the pituitary gland due to hyperaemia
may mimic a pituitary tumour. Enlargement of the spinal
epidural venous plexus may be misinterpreted with neoplas-
tic or inflammatory disease, or with engorgement due to a
discharging arteriovenous fistula [9].

Once the diagnosis of SIH is established, studies of the
spine should be performed to demonstrate the site of the

CSF leakage. These studies include: spinal MRI, myelo-
MRI, myelo-CT and radioisotope myelo-cisternography
(RMC).

Brain CT

It may demonstrate small or slit ventricles, indiscernible
basal cisterns, narrowing of the sylvian fissures and sub-
dural collections.

Brain MRI

Brain MRI performed without and with contrast medium
reveals the characteristic findings related to the CSF deple-
tion. They include: diffuse dural thickening and enhance-
ment, subdural fluid collections or haematomas and a sag-
ging brain with midbrain caudal displacement, decrease in
height of the perichiasmatic cisterns, inferior displacement
of the optic chiasm and hypothalamus, which may kink on
the dorsum sellae, descent and enlargement of the pons with
flattening of the peripontine cisterns, and downward tonsillar
displacement (Fig. 1a). Additional findings include: decrease
in size of the ventricles, pituitary enlargement and engorge-
ment of the dural venous sinuses [1, 7, 10].

The intracranial post-contrast examination demon-
strates diffuse involvement of the thickened dura along both
cerebral convexities, the falx, the tentorium and, often, the
clivus [10] (Fig. 1b). There is no abnormal leptomeningeal

Fig. 1 Mid-line sagittal T1-weighted image (a) demonstrates caudal displacement of the pons, effacement of the pre-pontine cistern and
decrease in height of the perichiasmatic and interpeduncolar cisterns. Caudal displacement of the tonsils is also noted. Contrast-
enhanced coronal T1-weighted image (b) in a different patient shows diffuse intense enhancement and thickening of the dura of the
convexities and tentorium. Coronal FLAIR image (c) in a third patient shows bilateral subdural fluid collections

a b c
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enhancement on the surface of the brainstem or in the
depth of the cortical sulci. In rare cases, no meningeal
abnormalities are seen on MRI.

The diffuse and intense pachymeningeal enhancement
may result either from thickening of the dura and tearing
of small, dilated intradural blood vessels owing to the trac-
tion from the sagging brain, or from vasodilatation of the
meningeal vessels in an attempt to compensate for the low
CSF volume, in agreement with to the Monro-Kellie
hypothesis. The dural hyperaemia also explains the
engorgement of the cerebral venous sinuses and the pitu-
itary enlargement [10].

The subdural fluid collections may be bilateral or uni-
lateral and are located over the cerebral convexity (Fig.
1c) [1, 7]. They are often thin, without mass effect and
often isointense or hyperintense with respect to the CSF
in T1- and T2-weighted images, depending upon presence
of blood, time from bleeding and protein concentration.
Subdural haematomas that compress and shift the brain
may sometimes form because of rupture of the bridging
veins [7].

The anatomic landmarks to measure, on midsagittal
images, the downward displacement of the brain, which is
a very specific finding in SIH, include: (1) the position of
the opening of the aqueduct of Sylvius (iter) relative to
the incisural line (a straight line drawn from the tubercu-
lum sellae to the point of confluence of the vein of Galen
into the straight sinus); (2) the position of the cerebellar
tonsils relative to the Chamberlain’s line (the line drawn
from the hard palate to the posterior lip of the foramen
magnum), and (3) the position of the fastigium of the
fourth ventricle relative to Twining’s line (from the tuber-
culum sellae to the internal occipital protuberance). The
normal position of the iter is –0.2±0.8 mm below the
incisural line. Significant displacement is a measurement
greater than two standard deviations: for the iter, 1.8 mm

below the incisural line. A fourth measurement is also
used: the normal tonsillar position is –0.1±2.1 mm below
the foramen magnum line (i.e., the line drawn from the
inferior tip of the clivus to the posterior tip of the foramen
magnum); significant displacement is >4.3 mm below the
foramen magnum line [7]. Descent of the iter and cere-
bellar tonsils may be seen singularly or coexist.
Downward displacement of the iter is usually more
marked than tonsillar herniation.

Spinal studies

Spinal neuroimaging is performed to determine the exact
location of the CSF leak when targeted EBP or surgical
repair of the dural laceration are considered.

Spinal MRI studies may reveal 3 types of characteristic
findings: (1) epidural fluid collections, (2) collapse of the
dural sac accompanied by engorgement of the epidural
venous plexus, and (3) abnormalities of the root sleeves [9].

The epidural collections usually extend along several
spinal levels and, probably, never reveal the exact site of
the CSF leak. They represent the epidural accumulation of
the CSF leaking out of the subarachnoid space. On axial
images, collapse of the spinal dural sac assumes a fes-
tooned appearance due to the points of adhesion or anchor-
ing of the spinal dura mater to the posterior longitudinal
ligament and to the nerve roots [9]. Axial and coronal T2-
weighted images may demonstrate extradural fluid
extravasation in the paraspinal soft tissue pointing to the
site of the leak.

Myelo-MR reveals meningeal diverticula or Tarlov’s
cysts that may represent the site of the leak (Fig. 2).

If no suggestions about the point of leakage are obtained
by MR and myelo-MR, RMC should be performed. It may

Fig. 2 MR-myelo-
graphy and axial T2-
weighted images at
lower dorsal level
demonstrate an irreg-
ularly dilatated root
sleeve on the right,
suggesting the proba-
ble point of CFS
leakage
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demonstrate accumulation of radioactivity outside the sub-
arachnoid space suggesting the approximate site of the leak.

If MRI or RMC strongly suggests the point of CSF leak-
age, a confirmation may be obtained by myelo-CT, which
gives fine details and has a better localising power than RMC
[9]. We consider myelo-CT necessary when a direct surgical
approach is planned, whereas the less precise localisation of
the leak provided by RMC (and sometimes even by MRI)
may be sufficient when EBP is considered.

References

1. Mokri B (2003) Headaches caused by decreased intracranial
pressure: diagnosis and management. Curr Opin Neurol
16:319–326

2. Rando TA, Fishman RA (1992) Spontaneous intracranial
hypotension: report of two cases and review of the literature.
Neurology 42:481–487

3. Mokri B, Maher CO, Sencakova D (2002) Spontaneous CSF
leaks: underlying disorder of connective tissue. Neurology
58:814–816

4. Pleasure SJ, Abosch A, Friedman J et al (1998) Spontaneous
intracranial hypotension resulting in stupor caused by dien-
cephalic compression. Neurology 50:1854–1857

5. Fishman RA, Dillon WP (1998) Some lessons learned about
the diagnosis and treatment of spontaneous intracranial
hypotension. AJNR Am J Neuroradiol 19:1001–1002

6. Mokri B, Hunter SF, Atkinson JLD, Piepgras DG (1998)
Orthostatic headaches caused by CSF leak but with normal
CSF pressure. Neurology 51:786–790

7. Pannullo SC, Reich JB, Krol G, Deck MDF et al (1993) MRI
changes in intracranial hypotension. Neurology 43:919–926

8. Schievnik WI (2003) Misdiagnosis of spontaneous intracra-
nial hypotension. Arch Neurol 60:1713–1718

9. Chiapparini L, Farina L, D’Incerti L, Erbetta A et al (2002)
Spinal radiological findings in nine patients with sponta-
neous intracranial hypotension. Neuroradiology 44:143–150

10. Fishman RA, Dillon WP (1993) Dural enhancement and
cerebral displacement secondary to intracranial hypotension.
Neurology 43:609–611





Abstract Headache can be either a late or early symptom
of a brain tumour, depending on the location of the tumour.
A constant, progressively increasing pain, or a change in
the character of headache pain, may alert the physician to
this occurrence. Fortunately most people with headache,
even persistent or severe headaches, do not have a tumour.
In this work we review the literature about prevalence of
headache as an isolated/early symptom of brain tumour and
report our experience.

Key words Brain tumours • Headache • Loco-regional
chemotherapy

Most patients complain of headache in manifold patholog-
ical situations, in particular in early brain tumours.
However, isolated headache as the presenting symptom of a
brain tumour is uncommon. Thus, it could be helpful to
identify specific features suggestive of brain tumour-relat-
ed headache; if such were the case, then also the issue of
the indication to neuroradiological examinations in the case
of headache could be addressed more profitably.

The impact of headache as a symptom in patients bear-
ing brain tumours is controversial in different epidemio-
logical studies. Headache among patients with brain
tumour has been found to be quite variable.

In brain tumours the clinical picture is characterised by
two levels of symptoms: general symptoms associated
with increased intracranial pressure and focal symptoms
related to tumour location. Headache is related to
increased intracranial pressure, but the incidence of this
symptom is overestimated and above all it is unusual as a
single, representative symptom of a brain tumour.

The discrepancies in evaluating headache are due to
differences in patients’ populations and in symptom
assessment, including age of the patients, delay or preco-
ciousness in diagnosing, tumour growth, tumour location
etc. The possibility of early neuroradiological detection
has indeed reduced the occurrence of headache as an onset
symptom.

Actually, in the pre CT era, headache was mentioned in
90% of cases, but for the last 20 years its incidence has been
critically reappraised and generally much less mentioned as
a peculiar signal at the beginning of a brain tumour symtom-
atology. Forsyth and Posner [1] calculated no more than
30%, and Vazquez and Barquero no more than 8% [2].

Epidemiological studies of the Childhood Brain Tumor
Consortium uphold that headache is very rare as an isolat-
ed early sign of a brain tumour [3], even if it is present in
60% of cases together with all the other neurological signs
of deficiency; in effect it is exceptional to find it as a lone
sign in more than 1% of children with brain tumour.
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Pathophysiology of headache in brain tumours

All the tissues covering the cranium are sensitive to
mechanical stimulation, in particular:
a. Skin and subcutaneous tissue, muscles, vessels and

periosteum of the skull;
b. All the structures of eye, ear and nasal cavity and sinuses;
c. Intracranial venous sinuses;
d. Dura at the base and the vessels within the dura mater

and pia-arachnoid;
e. Cranial nerves trigeminal, glossopharyngeal, vagus and

the first three cervical nerves.
Any kind of stimulation of these structures triggers a

pain sensation. Only the bony skull, the pia-arachnoid and the
dura covering the vertex of the brain, the brain’s parenchyma,
ependyma and choroids plexuses are insensitive.

Which are the mechanisms inducing symptomatic
headache in patients bearing brain tumours?

As a rule, headache from brain tumour is related to trac-
tion and displacement of intracranial pain-sensitive struc-
tures located in the blood vessels, cranial nerves and dura.
This is true but there are various conditions in which this
rule is not confirmed. The main factors causing headache
are reported in Table 1.

After this introduction it is worth mentioning that the
headache is only exceptionally an isolated symptom in
patients bearing brain tumour; usually it is combined with
the multifaceted symptomatology due to intracranial
hypertension. Moreover, the seriousness of hypertension is
not strictly linked with the severity of headache.
Nevertheless, tumours that obstruct cerebrospinal fluid
pathways such as infratentorial tumours are commonly
associated with headache (90–100%) and malignant
gliomas cause headache in approximately half of the
patients [2]. Also, headache can arise long before intracra-
nial pressure rises.

The experience at the National Neurological Institute
“Carlo Besta”

Between 2001 and 2003, 1253 patients were enrolled at the
Neurological Institute for the management of brain
tumours (Table 2). As the symptomatology of headache is
concerned, our data are merely indicative because they are
not statistically elaborated. Actually the description of
headache is not the end-point in our inquiry. In general we
can assess that metastatic brain tumours are more frequent-
ly accompanied by headache and in 22% this was the
beginning of symptoms. In medulloblastoma patients,
headache occurred as a presenting symptom in 16% of
cases but was very soon accompanied by vertigo and atax-
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ia. In all the other cases, headache was confirmed in no
more than 12% as an isolated sign, in the absence of any
other neurological manifestation. Moreover the headache is
not specific and there are no significant correlations
between progressive headache and the size of the tumour.

In our experience in the management of recurrent
glioblastoma patients, after surgery and local treatment by
intratumour delivery of chemotherapeutic drugs, the side
effect of headache occurred in 3% of the whole number of
repeated injections [4]. The same observation is true even if
the drugs are injected into the brain tumour mass by “con-
vection enhanced delivery”, which implies local infusion
by a minipump of 20–180 cc of drug solution over 5–7
days; this occurred without significant side effects [5] as if
the raised intracranial pressure does not cause headache.

This is a fact that conflicts with the demonstrable relief
of headache by lumbar puncture in lowering the cere-
brospinal fluid pressure in some patients.

The occurrence of headache is very inconstant also in
patients with a variable leptomeningeal carcinomatosis;
headache could arise in the absence of intracranial hyperten-
sion or lack of moderate cerebrospinal fluid obstruction [6].

Clinical presentation of headache in brain tumours

Which kind of headache is described in brain tumours?

The IHS (International Headache Society) [7] detailed in
1988 the expression of headache in cerebral tumours but
they do not mention peculiar characteristics of headache as
warning sign of a cerebral tumour, neither its intensity nor
its frequency, nor its duration, nor the possible associated
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Table 1 The main factors causing headache

a. Distortion of the dura mater and pain-sensitive intracranial 
vessels traction or dilatation and displacement of blood
vessels occurring in intracranial hypertension

b. Inflammation involving pain-sensitive structures

c. Meningeal irritation or its involvement in spreading tumours

d. Finally headache can emerge due to psychological
and biochemical causes

Table 2 Brain tumour patients treated at National Neurological
Institute “C. Besta” between 2001 and 2003

Malignant glioma (Grade III–IV) 524
Medulloblastomas 44
Astrocytoma and meningiomas 570
Metastases 115



vegetative component. Thus, the headache classification for
tumour-bearing patients is not functional in early diagnosis
of brain tumour and it is not of use to discriminate between
primary or symptomatic headache.

The pain is often paroxysmal at first, severe, moderate
in intensity, throbbing but obviously all these adjectives are
strictly linked to the specific time of the tumour’s evolu-
tion. Headache usually could worsen on awakening; more-
over it may wake up the subject at night, but these aspects
are not diagnostic. The attacks may last without any rule
and as the mass increases pain becomes more frequent and
finally is continuous, due to disturbance of CSF dynamics.
The pain is characteristically worsened by changes in pos-
ture, or bending down, and is improved by rest. It is accen-
tuated by exertion, coughing, sneezing or vomiting. The
headache is often generalised but if unilateral it is likely to
be on the side of the lesion.

Posterior fossa tumour can give rise to orbital pain due
to innervation of the tentorium by the first division of the
trigeminal nerve, but more commonly gives rise to occipi-
tal and neck pain.

Thus the headache being interpretable as a solitary
revealing symptom of brain tumour is exceptional; never-
theless clinicians are looking for some warning sign to dif-
ferentiate a secondary headache. A specific picture of
headache related to brain tumour does not exist. The most
common type of brain tumour-headache is “tension type”
seen in 77% of patients, and described as severe, worse in
the morning and accompanied by nausea and vomiting in
only 17% of cases [1]. Anamnesis is therefore the key to a
correct diagnosis. There is no different incidence of
headache due to primary or metastatic brain tumours; rather
the incidence is different in relation to the tumour’s loca-
tion, if supratentorial or rising in posterior fossa. Tumours
in children often occur in posterior fossa, so the headache
very frequently takes on significant evidence, seldom antic-
ipating all other symptomatology [1].

Generally the headache’s localisation does not match
with tumour’s location. The patients in 70% of cases com-
plain of pain on the frontal area and usually the ache occurs
bilaterally. A peculiarity is the fact that headache is not
manageable with pain-relieving drugs. It is a common myth
that the headache starts in the early morning; it occurs over
night or at any time, not necessarily following any effort. It
could occur during rest. In addition, its progressive course
is a myth too. Worsening is assessed in 15% of cases; more
frequently its trend in 60% of cases is discontinuous [2]. A
headache hiding a brain tumour is rather similar to a ten-
sion headache in 77% of cases and its beginning could be
deaf, deep heavy and the pain is wide-ranging the whole
brain. In 5–10% of cases it could mimic a classic migraine;
otherwise it is present as a mixed form with tension and
classic migraine combination [1].

Headache arising to a neurology clinic is very rarely due
to a tumour. Sudden exacerbation of headache may represent
haemorrhage into the tumour as in intraparenchymal
haematoma. It may occur in pituitary tumours for a pituitary
apoplexy causing a poorly localised headache. Sudden
headache may arise with colloid cysts of the third ventricle,
but can also occur with other intraventricular tumours.
Sudden obstruction of cerebral spinal flow, which may
accompany changes in posture, can result in a rapid
headache as well, with consciousness disturbances (Table 3).

Symptomatic headache could mimic a primary headache

Some specific symptomatic cases of headache beginning as
classic migraine or cluster headache have been described in
the literature as due to brain tumour. This event is excep-
tional. Moreover, the tumour generally rises from the struc-
tures of the brain stem, intra- and suprasellar tumour, pitu-
itary tumours or craniopharingiomas [8].
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Table 3 Headache characteristics in brain tumours (including low grade) according to Forsyth and Posner

Description “Tension type” “dull ache” “pressure like” and “sinus like” in 77%
“Migraine” in 9%–26% of cases
Worsens with cough, Valsalva manoeuvre and bending in 23% of cases
Interferes with sleep in 32% of cases

Timing Intermittent, develops and resolves in several hours

Duration Less than 1 month 29%
For 1–6 months in 26%
More than 6 months in 45% of cases

Intensity May be mild, moderate or severe. Mean intensity in 8.5/10 or in 6.5/10 of cases if associated or not with intracranial 
hypertension respectively

Associated Nausea and vomiting 38%
symptoms Visual disturbance 40%

Seizures 50%



Pituitary tumours are commonly associated with dis-
abling tension headache [9]. The accepted mechanisms for
headache in pituitary tumour are dural stretch and cav-
ernous sinus invasion. In a study of 63 patients [10] bearing
pituitary tumours designed to determine if there is a rela-
tionship between clinical headache scores and the pituitary
tumour volume, and the extent of cavernous sinus invasion
evaluated for each patient, the authors did not find any pos-
itive correlation between clinical headache score and pitu-
itary volume nor association between cavernous sinus inva-
sion and headache, but there was a strong association
between pituitary-associated headache and a family history
of headache [8]. As the correlation between headache and
craniopharingiomas is concerned in a recent review [10] of
a series of 93 patients, the majority of patients had present-
ed with neurological symptoms (75%), with tension
headaches (82%) as the most common presenting symptom
and the incidence of certain endocrine and ophthalmic
symptoms varied little from that in the literature.

Data suggest that a pituitary tumour or craniopharin-
gioma-associated headache is not simply related to the
most common physiological explanation of the stretch of
sensitive structures. Sudden bifrontal headache associated
with vague transient visual blurring but without nausea or
other associated symptoms is a migraine with atypical fig-
ure. An enlarged, cystic pituitary gland with a small intra-
parenchymal haemorrhage of adenoma was described as a
cause of symptomatology [9]. A very particular case of
headache described as short-lasting unilateral neuralgiform
headache attacks with conjunctival injection and tearing
(SUNCT) [11] syndrome that is a rare form of primary
headache disorder sometimes associated with posterior
fossa abnormalities, was found to be linked to pituitary ade-
noma. Prolactinoma and headache preceded more classical
pituitary symptoms associated with pituitary neoplasms;
administration of dopamine agonists led to complete reso-
lution of the SUNCT attacks.

Headache in cancer patients with new or changed
headache could have a value-warning of neurological evo-
lution for predicting intracranial metastases. These have
been found in 32.4% of cancer patients with headache as
the presenting symptom, but the headache was loaded-up of
significant mining if lasting from some weeks, associated
with emesis. This is a clinical picture coming first from the
MRI of the brain which is the gold standard for determin-
ing the presence of intracranial metastases [12].

But the question can be overturned if the question is
when headache becomes the principal indication for MRI.
There is some disagreement concerning the need to perform
neuroimaging studies in patients complaining of headache.
The aim of a retrospective study in more than 100 patients
[13] was to investigate the indications of neuroimaging
studies in the evaluation of primary headaches and their
effectiveness for diagnosis. The suspicion of diagnosis was
primary headache in 71% patients. Only one patient had an
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abnormality. The reason for applying a neuroimaging study
was that: in 20% of patients the migraine became more fre-
quent and the most frequent reason for performing a study
was common changes in characteristics of migraine. In
another study, more than 400 adult patients with chronic
headache were retrospectively reviewed [14]. Major abnor-
malities were found in 0.6% of those with migraine
headaches, 1.4% with tension headaches, none with mixed
migraine and tension headaches, 14.1% with atypical
headaches and 3.8% with other types of headaches.
Multivariate analysis showed that the atypical headache
type was the most significant predictor of major abnormali-
ty. Very similar data were referred also in paediatric
patients, indicating that neuroimaging studies have a very
limited value in the clinical evaluation of paediatric patients
with chronic headache [15].

In conclusion it is worth noting that the headache, very
frequently mentioned in epidemiological lists of brain
tumour patients, is an uncommon symptom if not associat-
ed to other neurological symptomatology. Moreover, even
in tumours of apparently the same size, location and histo-
logical type, the accompanying headache can be very dif-
ferent. The development, duration of headache, compen-
satory mechanisms of the brain, and the mental status of the
patients are important factors.

References

1. Forsyth PA, Posner JB (1993) Headaches in patients with brain
tumors: a study of 111 patients. Neurology 43:1678–1683

2. Vazquez-Barquero A, Ibanes FJ, Herrera S, Izquerdo
Berciano J, Pasqual J (1994) Isolated headache as the pre-
sent clinical manifestation of intracranial tumors: a prospec-
tive study. Cephalalgia 14:270–272

3. Childhood Brain Tumor Consortium (1991) The epidemiol-
ogy of headache among children with brain tumor: headache
in children with brain tumors. J Neurooncol 10:31–46

4. Boiardi A, Eoli M, Salmaggi A, Zappacosta B, Fariselli L,
Milanesi I, Broggi G, Silvani A (2001) Efficacy of intratum-
oral delivery of mitoxantrone in recurrent malignant glial
tumours. J Neurooncol 54:39–47

5. Lidar Z, Mardo Y, Jonas T, Pfeffer R, Faibel M, Nass D,
Hadani M, Ram ZJ (2004) Convection enhanced delivery of
paclitaxel for the treatment of recurrent malignant glioma:
aphase I/II clinical study. Neurosurgery 100:472–479

6. Weissman DE, Grossman SA (1986) Simultaneous lep-
tomeningeal and intramedullary spinal matastases in small
cell lung carcinoma. Med Pediatr Oncol 14:54–56

7. Headache Classification Committee of the International
Headache Society. (1988) Classification and diagnostic cri-
teria in headache disorders, cranial neuralgia and facial pain.
Cephalalgia 8:1–96

8. Levy MJ, Jager HR, Powell M, Matharu MS, Meeran K,
Goadsby PJ (2004) Pituitary volume and headache: size is
not everything. Arch Neurol 61:721–725

A. Boiardi et al.: Headache in brain tumours



9. Krimsky W, Weiss H (2003) Cryptic pituitary hemorrhage
presenting with headache. Headache 43:85–86

10. Larijani B, Bastanhagh MH, Pajouhi M, Kargar Shadab F,
Vasigh A, Aghakhani S (2004) Presentation and outcome of
93 cases of craniopharyngioma. Eur J Cancer Care 13:11–15

11. Matharu MS, Levy MJ, Merry RT, Goadsby PJ (2003)
SUNCT syndrome secondary to prolactinoma. J Neurol
Neurosurg Psychiatry 74:1590–1592

12. Christiaans MH, Kelder JC, Arnoldus EP, Tijssen CC (2002)
Prediction of intracranial metastases in cancer patients with
headache. Cancer 94:2063–2068

13. Bestue M, Gracia-Naya M, Santolaria L (2001) Reasons for
requesting neuroimaging studies in the evaluation of prima-
ry headache. Rev Neurol 33:127–130

14. Wang HZ, Simonson TM, Greco WR, Yuh WT (2001) Brain
MR imaging in the evaluation of chronic headache in
patients without other neurologic symptoms. Acad Radiol
8:405–408

15. Romero Sanchez J, Picazo Angelin B, Tapia Ceballos L,
Romero Gonzalez J, Diaz Cabrera R (1998) Effectiveness of
brain imaging in children with headache. An Esp Pediatr
49:487–490

A. Boiardi et al.: Headache in brain tumours S147



Abstract The subcommittee of the International Headache
Society for headache classification (ICHD-II) has recently
recognised that secondary headaches may occur in patients
affected by inflammatory diseases (ID) of the central ner-
vous system (CNS), classifying them among the headaches
attributed to non-vascular intracranial disorders. The aim of
the study was to verify the association between headache
and inflammatory non-infectious diseases of the CNS, by a
review of the literature data on the topic, integrated by per-
sonal cases and data. Secondary headaches may occur in
four main disorders: neurosarcoidosis (sec 7.3.1), aseptic
(non-infectious) meningitis (7.3.2), other non-infectious ID
(7.3.3) and lymphocytic hypophysitis (7.3.4). Headache
and/or primary headaches are frequently reported in
patients with neurosarcoidosis (30%), Behçet’s syndrome
(BS) (55%) and acute disseminated encephalomyelitis
(45–58%). Recent data show a high incidence of headache
also in multiple sclerosis (MS) (58%) (not mentioned in
ICHD-II). The association between headache and inflam-
matory dysimmune diseases of the CNS, in particular BS
and MS, might suggest a pathogenetic relationship.

Key words Headache • Inflammatory disease • Central ner-
vous system • Neurosarcoidosis • Behçet’s syndrome •

Multiple sclerosis

Introduction

The subcommittee of the International Headache Society
for headache classification (ICHD-II) has recently under-
lined that secondary headaches may occur in patients
affected by inflammatory diseases (ID) of the central ner-
vous system (CNS). Secondary headaches are recognised in
4 main non-infectious IDs: neurosarcoidosis (sec 7.3.1),
aseptic (non-infectious) meningitis (7.3.2), other non-infec-
tious ID (7.3.3) and lymphocytic hypophysitis (7.3.4) [1].

The aim of the study was to verify the association
between headache and ID of the CNS, by a review of the
literature data on the topic, with the focus on neurosar-
coidosis, Behçet’s syndrome (BS), acute disseminated
encephalomyelitis (ADEM) and multiple sclerosis (MS).

Methods

References were retrieved by electronic data base using the fol-
lowing key words: headache, migraine, tension headache, sar-
coidosis, Behçet syndrome, ADEM and MS. The literature data
were analysed in terms of incidence and characteristics of
headache and integrated by personal cases. The review was per-
formed following the ICHD-II classification.

Results of the review on secondary headache to CNS
inflammatory non-infectious diseases

Headache attributed to neurosarcoidosis

Sarcoidosis (NS) is a multisystem granulomatous disease
of unknown cause, most commonly affecting young adults.
Involvement of the CNS is clinically evident in 5% and
silent in 10% of the cases with systemic sarcoidosis: it may
occur at presentation in 10–30% of patients and more rarely
is strictly confined to the CNS. Sarcoid lesions are non-
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caseating epithelioid granulomas. Intracranial lesions,
detectable by magnetic resonance imaging (MRI), appear as
nodular or diffuse leptomeningeal thickening, mimicking
various forms of meningitides, neoplastic seeding including
carcinomatous and/or intra-parenchymatous lesions. MRI
findings have been included in the diagnostic criteria [2].

Clinical aspects with focus on headache

Any part of the CNS may be involved, resulting in a wide spec-
trum of clinical symptoms: headache is one of the most com-
mon neurological symptoms (see Table 1) [3]. Different kinds
of headache are likely to occur, in relation to neuropathologic
involvement: focal lesions, meningitis, cranial nerve palsies.
No typical characteristics of headache are known: however,
detailed information on these aspects is occasionally reported
in the published studies. Occipital radiating frontally
intractable headache with nausea and visual disturbances have
been reported in patients with isolated supratentorial tumour-
like lesions [4]. Diffuse or bifrontal pain is a more typical
symptom of leptomeningeal involvement, associated or not to
papilledema [5, 6]. Other forms of cranial pain may be related

to trigeminal or optic nerve involvement. Migraine has been
also reported [7].

Case report

A 56-year-old woman came to our observation for a painful
paresis of the third right cranial nerve, neuropapillitis and tran-
sient trigeminal neuralgia on the right side. MRI showed a
granulomatous lesion of the right cavernous sinus (Fig. 1).

Table 1 Neurosarcoidosis. Clinical signs and symptoms of CNS [3]

Symptoms Percentage of affected cases

Cranial nerve palsies 50
Headache 30
Seizures 10
Pituitary dysfunction 10
Sensory and motor deficits 10
Neuropsychological deficits 10
Cerebellar symptoms 10
Hydrocephalus 5
Meningitis 5

a b c

d e

Fig. 1a–e Axial T1-weighted images (a,
b) after contrast medium administration
(c, d). The inflammatory process fills
the right cavernous sinus. The enlarged
cavernous sinus contains abnormal soft
tissue isointense to grey matter (a, b),
and enhancing after contrast medium
administration (c, d). The CT scan
shows abnormal soft tissue density in
the orbital apex and gives more informa-
tion about the actual extension of the
granuloma (e). These features are com-
monly seen in meningioma or lym-
phoma too. Clinical history allows fur-
ther precision in differential diagnosis
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Steroid treatment allowed pain remission within 3 months, but
without effect on the neurological deficits. MRI showed a sig-
nificant reduction of the lesion after therapy. The diagnostic
work-up (angiotensin converting enzyme level, chest CT scan,
BAL, gallium scintigraphy) allowed the diagnosis of probable
neurosarcoidosis [2].

Headache attributed to other non-infectious inflammatory
diseases

Headache can be associated with but is not usually a pre-
senting or dominant symptom of systemic lupus erythe-
matosus (SLE), antiphospholipid antibody syndrome, Vogt-
Koyanagi-Harada syndrome [1]. The headaches reported in
demyelinating disorders of the CNS, such as ADEM, BS
and MS, have been analysed in the following sections.

Acute disseminated encephalomyelitis

ADEM is an uncommon, acute, demyelinating disorder of
the CNS, typically occurring after infections or vaccina-

tions. Autoimmune response to myelin basic protein trig-
gered by infection or immunisation is considered to be a
possible aetiologic factor. The diagnosis is based on clini-
cal, MRI and CSF findings [8].

Clinical aspects with focus on headache
Clinical features include sudden onset of multifocal neuro-
logical disturbances such as bilateral optic neuritis, aphasia,
motor and sensory deficits, ataxia, movement disorders and
signs of acute meningoencephalomyelopathy with
meningism, decreased level of consciousness and seizures.
Headache is a frequent symptom at onset, occurring in
45–58% of cases [9, 10]: it is usually severe, worsening with-
in a few days, associated with vomiting, photophobia and
meningism.

Case report
This 22-year-old woman was affected, 7 months before her
hospitalisation in our institute, by an acute episode charac-
terised by headache, confusional state and ataxia. Brain MRI
revealed disseminated encephalomyelitis (Fig. 2), confirmed
by cerebral biopsy. She was treated with high dosages of
steroids with partial recovery. She complained of persistent

Fig. 2a–d Axial proton-density images (a,
b) show large and scattered white matter
lesions involving both hemispheres.
Dense and irregular enhancement of por-
tions of lesions is evident on T1-weighted
images after gadolinium (c, d). Although
there are large lesions, the mass effect is
not prominent

a b

c d
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frontal headache (chronic post-intracranial disorder
headache). CSF examination was within normal limits.

Behçet’s syndrome

BS is a chronic multisystem T-cell mediated disorder, associ-
ated with HLA–B5 and B 51 antigens; vasculitis is the under-
lying pathogenetic process, which can be seen in the retina,
brain and subcutaneous tissue. In 1990 the International Study
Group for BS published the diagnostic criteria [11].

Clinical aspects with focus on headache
Neurological involvement is reported in 22–50% of the cases
(NeuroBehçet). Three main patterns have been identified: 1.
Parenchymal CNS (65%) (brain stem syndrome, diffuse
pseudobulbar and stroke-like); 2. Intracranial hypertension
with papilledema (27.5%); 3. Meningitis-like (7.5%) [12].

Headache is a frequent manifestation of the disease, its
incidence ranging from 4 to 64% [12–16] (Table 2). It is the
most common initial symptom of favourable prognostic
value [15]. According to Evans [17], different types of
headache may occur in BS, as in the general population, as
related to specific neurological involvement and also to ocu-
lar manifestations.

Case report
This 47-year-old woman was affected by right uveitis asso-
ciated with fronto orbital pain, and by oral and genital
ulcers from 7 years. She complained of recurrent episodes
of paraparesis and parestesias of the legs, gradually wors-
ening from 2 years. CSF revealed oligoclonal bands. Brain
and cervical spinal cord MRI showed demyelinating
lesions (Fig. 3). She was treated with azathioprine with
clinical stabilisation and remission of pain.

Table 2 Headache in BS

Author Incidence of headache Type of headache (%)
No. cases/no. of patients (%)

Serdaroglu, 1989 [14] 26/323  (8) Migraine (65), tension headache (19)
Farah, 1998 [13] 1/24  (4) nr
Al-Fahad, 1999 [12] 22/40  (55) nr
Siva, 2001 [15] 296/460  (64) Migraine (29.5), tension headache (57.5)
Ashjazadeh, 2003 [16] 80/96  (83.3) nr

Fig. 3a–c The neuroradiological features of the patient’s brain is weak and incon-
sistent. Axial T2-weighted image (a) reveals only three small, focal and punctate
hyperintensities in the periventricular and subcortical white matter. The periven-
tricular lesion is marked hypointense on T1-weighted image after gadolinium (b),
consistent with loss of cerebral tissue. On the other hand, sagittal T2-weighted
image (c) demonstrates several foci of high signal intensity in the cervical cord.

a b c
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Multiple sclerosis

MS is a chronic inflammatory demyelinating disease of the
CNS, characterised as having dissemination of lesions in
both time and space. The diagnostic criteria have been
recently revised [18].

Clinical aspects with focus on headache
The signs and symptoms are quite various, as any part of
the CNS may be involved in the different forms of the dis-
ease (remitting–relapsing, secondary and primary pro-
gressive).

Pain is frequently reported in MS [19]. The relationship
between MS and headache has been investigated with
conflicting results. MS is not mentioned by ICDH-II
among the IDs associated to secondary headaches. The
lifetime prevalence of headache in MS patients is report-
ed at between 4% and 58% [20, 21] and the frequency of
headache as MS onset symptom is reported at between 1.6
and 26% [20, 22]. In a recent study we investigated the
lifetime prevalence of headache and primary headache in

137 patients with clinically definite MS. The prevalence
of all headaches was 57.7%. Migraine was found in 25%;
tension-type headache in 31.9% [23]. These figures are
higher than that reported in the general population [24].
The role of MS treatments in exacerbating pre-existing
headaches and triggering de novo headache syndromes
has recently been emphasised [21, 25]. The headache is
significantly more frequent in MS patients receiving inter-
feron than placebo [26], although the presence of other
comorbidities which may correlate with the presence or
worsening of headache cannot be excluded.

Case report
This 31-year-old woman was affected by MS, which began
4 years before, with episodes of dysestesia of the left leg and
arm and transient paraparesis. The MRI examination con-
firmed the diagnosis (Fig. 4). She was treated with Betaferon
for one year and remained relapse-free. However, the treat-
ment was interrupted for severe migraine without aura, flu-
like syndrome and sicca syndrome. Haematological exami-
nation revealed high autoantibodies levels.

a b

c d

Fig. 4a-d Axial T2-weighted images in
acute MS (a, b) demonstrate large plaques
in the periventricular white matter extend-
ing to the subcortical white matter with
extensive oedema. Several months later,
after beta interferon therapy, the lesions
have almost completely resolved (c, d)
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Conclusions

Headache can be associated with, but is not usually a pre-
senting or dominant symptom of ID of the CNS [1].
However headache is frequently reported in these diseases
and namely neurosarcoidosis (30%), BS (55%), ADEM
(45–58%) and MS (58%) (not mentioned in ICHD-II).
Different types of headache may occur, as in the general
population and as related to specific neuropathologic
involvement. A common pathogenesis might be hypothe-
sised in some cases (mainly BS and MS): the diseases are
immune T-cell mediated and the brainstem is frequently
involved [12, 27]. There is evidence that several brainstem
areas are involved in the pathophysiology of migraine [28].
The diagnosis of secondary headaches should be revised
according to ICHD-II criteria, in order to better understand
the relationship between the two conditions.
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Abstract In this work, we examine the neuroradiologic fea-
tures of the main non vascular clinical conditions responsible
for secondary headache; excluding CSF hypotension, which
will be treated extensively in another work in this supple-
ment. Headache is not a constant feature of intracranial mass
lesions, even of large extension. Headache has a high diag-
nostic value in children, as it can be the only heralding symp-
tom, sometimes even for a long time, of severe intracranial
pathologies, which later give rise to seizure or focal neuro-
logical signs. Particular attention should be paid to children
affected by leukaemia under pharmacological treatment, in
which headache is almost always the presenting symptom of
serious neurological syndromes, consequent to antiblastic
drugs.

Key words Neuroradiology • Secondary headaches

Headache in intracranial tumours

Headache is not a constant clinical feature of intracranial
masses, as it develops only if pain-sensitive structures, like
the meningeal sheats, are stimulated or when intracranial
pressure rises [1–4]. These events are much more likely in
the following instances:
– Intracranial mass of large extension. This intuitive

notion is generally valid, but we observed some cases of
very large tumours or giant aneurysms which were
never responsible for headache.

– Obstruction of CSF outflow, giving rise to hypertensive
hydrocephalus. This event is more frequently related to
tumours of the posterior brain; headache may be the
only symptom of infratentorial tumours in children.

– Obstruction of venous outflow. When a tumour
obstructs a venous sinus, thus slowing or even stopping
blood outflow, the circulation into alternative venous
routes increases. This event leads to dilatation of these
venous structures and stimulation of meningeal pain-
sensitive structures. Of course, these alternative routes
may be insufficient for appropriate venous outflow, and
brain swelling or venous infarcts may develop.

– Primitive meningeal involvement. Some highly metastatic
tumours, such as lung or breast carcinoma or leukaemia,
may cause a state of meningeal carcinomatosis and stim-
ulate pain nerve fibres directly.

– Lesions of the skull base without involvement of brain
parenchyma; this condition may lead to a delayed diag-
nosis, as it may not be evidenced by standard brain
imaging techniques.

Idiopathic intracranial hypertension syndrome

The diagnosis is clinical as neuroradiologic studies may only
exclude most other causes of headache. This benign syndrome
is more frequently observed in obese women of young age and
is often associated to the finding of an empty sella.
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Headache in children

Headache should never be underestimated in children, as it may
be the only symptom of a mass in the posterior cranial fossa.

A peculiar case is represented by children affected by
leukaemia and under drug treatment [5–11]. In this instance
the appearance of headache should prompt urgent neurora-
diologic examination. According to the experience of our
Department of Paediatric Haematology, which is the referral
centre for haematologic disorders, headache may represent
the presenting symptom of a serious neurological syndrome
characterised by confusion, seizures and blindness.

There are two possible causes of this syndrome, both of
which may be diagnosed with neuroimaging techniques:
reversible posterior leukoencephalopathy and cerebral
venous thrombosis.

Reversible posterior leukoencephalopathy. This syndrome
has no specific clinical features and can clearly be demonstrat-
ed with NMR imaging of the brain. It is linked to brain dam-
age induced by antiblastic drugs (methotrexate, cyclosporine,
steroids), especially in the induction phase of the therapy, and
is reversible after treatment withdrawal.

Cerebral venous thrombosis. The clinical onset is often
similar; the diagnosis can be made with CT or RMN scan of
the brain.

Headache after head trauma

Severe head traumas are usually extensively investigated.
Head traumas of milder severity, however, may be asymp-

tomatic in the acute phase and later develop neurological
syndromes, which may present headache as the only
symptom.
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Abstract Chronic tension-type headache and fibromyalgia
have striking clinical and pathophysiologic similarities. They
can be associated in patients. In both conditions there is evi-
dence of altered processing of peripheral nociceptive infor-
mation. Peripheral sensitisation of musculotendinous noci-
ceptors may play a role and, at least in chronic tension-type
headache, there are indications of central sensitisation. As
for the clinical presentation, there also pathophysiological
differences between the two disorders. A better understand-
ing of both these differences and similarities may hopefully
help in the future management of patients.

Key words Tension-type headache • Fibromyalgia •

Nociception

Chronic tension-type headache (CTTH) is, like fibromyal-
gia (FM), a chronic pain syndrome of unknown origin.
Both conditions also have in common clinical, therapeutic
and pathophysiologic features. Clinically, CTTH and FM
are not homogenous, more frequent in females, influenced
by various trigger factors including life events and hor-
monal changes, co-morbid with depression and genetical-
ly influenced. There are common denominators in the
therapeutic strategies used in CTTH and FM patients: tri-
cyclic antidepressants and physical therapy are, if com-
bined, the most effective treatments and acute pharma-
cotherapy is based on non-steroidal anti-inflammatory
drugs. From a pathophysiologic point of view, hypersensi-
tivity to various nociceptive stimuli is found in both con-
ditions. In particular, increased peripheral as well as cen-
tral sensitisation are thought to play a role in CTTH and
FM. For instance, the stimulus-response function for man-
ual pressure over a tender muscle in FM or trapezius mus-
cle in CTTH is linear and thus qualitatively different from
that of normal muscle [1, 2].

We have compared the modulation of pressure pain
thresholds (PPTs) during isometric muscular contraction
in patients with CTTH or FM [3]. Contrary to healthy vol-
unteers (n=22) in whom PPTs increase during contraction,
there was no change, or even a slight decrease, over the
temporalis muscle in CTTH (n=18), but also in FM with-
out disabling headache (n=18) and in patients having both
CTTH and FM (n=12) (Fig. 1). Relative to healthy controls
the PPT was already lower before the contraction, more so
in the FM group. By contrast, over the extensor muscles of
the upper forearm, PPT increased normally in patients
with CTTH, but not in those who suffered from FM or
from both conditions (Fig. 2). These results suggest that
sensitisation of central nociceptors plays a pivotal role in
the pathophysiology of FM and CTTH. However, in the
latter sensitisation seems to be restricted segmentally to
the trigeminal system, while it diffusely involves spinal
and brain stem levels in the former.
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Fig. 1 Pressure pain thresholds (in
kiloPascal) over the right temporalis muscle
(midportion) in 3 groups of patients and a
group of healthy volunteers before, during
and after isometric contraction by tooth-
clenching. *p<0.05 vs. healthy volunteers

Fig. 2 Pressure pain thresholds (in
kiloPascal) over right posterior forearm
extensors (extensor digitorum communis)
in 3 groups of patients and a group of
healthy volunteers before, during and
after isometric contraction. *p<0.05 vs.
healthy volunteers

Fig. 3 Ratio of monopolar rectified EMG
activity (area under the curve in µV x s)
between trapezius muscle non-tender and ten-
der points in the 3 groups of patients. *p<0.05
vs. chronic tension-type headache
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We have also performed monopolar needle electromyo-
gram (mEMG) recordings in the trapezius muscle compar-
ing tender and non-tender points on palpation in FM
(n=11), CTTH (n=5) and in patients having both FM and
CTTH (n=9). The area of the rectified EMG activity was
significantly higher in tender (65.8±14.6 µV x s) than in
non-tender (17.7±4.5 µV x s) trapezius points in FM
(p=0.005). The ratio between tender point EMG and non-
tender point EMG was close to 3 in FM and patients having
CTTH and FM in combination, but it was close to 1 in pure
CTTH patients (Fig. 3), which did not confirm results by
Hubbard and Berkoff [4]. In FM, but not in CTTH, sus-
tained muscle activation might thus represent a peripheral
trigger in tender, and possibly trigger, points. Of interest for
the discussion of myofascial factors is the fact that, by con-
trast with FM, in which musculo-tendinous tender points
are a crucial part of the diagnosis, this is not a necessary
diagnostic criterion in CTTH. Although the vast majority of
CTTH patients have pericranial tenderness on manual pal-
pation, a subgroup of patients without such tenderness is
maintained in the International Headache Classification. It
is not clear if this subgroup has a different pathophysiolo-
gy and needs specific treatment approaches.

It was hypothesised some years ago that cytokines may
play a major pathogenic role in FM and that they could be
the link between peripheral mechanisms and central sensi-
tisation (see [5] for a review). Cytokines have also been
examined in primary headaches, but their exact position in
the pathophysiologic puzzle of them is still not clear; nor
is it in FM or CTTH. Finally, an inhibitory brain stem
reflex, exteroceptive suppression of temporalis muscle,

which may be reduced in CTTH patients, was found nor-
mal in FM [6].

To conclude, there are both striking similarities and
differences between CTTH and FM. The most reliable
common denominator is probably central sensitisation of
nociceptive pathways. Although in both conditions this
produces abnormal perception of pain in the head and in
peripheral limbs, the abnormality is much more pro-
nounced in the trigeminal system in CTTH.
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Abstract Anticonvulsant drugs have been used in migraine
prophylaxis since 1970. In recent years, new antiepileptic
medications have given rise to much interest in pain con-
trol. Primary headaches prophylaxis is still based on old
drugs, and physicians facing these conditions are always
prompted to use any new possible choice. Among primary
headaches, the most studied drug over last 15 years was
divalproex sodium, and many papers showed its efficacy in
the treatment of migraine headaches. Valproate is well tol-
erated and many dosages have been used with success. For
the newer drugs, such as gabapentin, lamotrigine or topira-
mate, evidence is less strong but has been rapidly increas-
ing in the last 5 years. In particular, topiramate has much
more evidence of a good efficacy and a safe profile. We
review the principal characteristics of their use, according
to dosages, lasting of treatments, side effects and signifi-
cant efficacy.

Key words Anticonvulsant drugs • Carbamazepine •

Divalproex • Lamotrigine • Gabapentin • Topiramate •

Zonisamide • Vigabatrin • Oxcarbazepine • Levetiracetam •

Migraine prophylaxis

Migraine prophylaxis is still an open problem. In 1997,
Ramadan et al. [1] reviewed all published English reports of
randomised, double-blind, placebo controlled trials of
migraine prophylactic drugs and wrote that “most reported
trials have doubtful scientific merit and have been poorly
reported. Also, an agent that provides more than 50%
improvement in migraine headache frequency is still await-
ed”. In their review, the Authors considered b-blockers, tri-
cyclics, calcium channel blockers, anticonvulsants (dival-
proex sodium and carbamazepine (CBZ)), antiserotonin
agents, clonidine and selective serotonin reuptake inhibitors
(SSRIs). They finally stated that “the recent trials of dival-
proex are steps in the right direction but they have not pro-
vided us yet with the answer to migraine prevention”.

Multiple threads of research over the last 10–15 years
have led to the concept that migraines are generated from a
hyperexcitable brain [2–4]. Consequently, the improving
knowledge about the mechanism of action of anticonvul-
sant medications has focused on their use as first-line ther-
apy for prevention of migraine. Anticonvulsants for
migraine prophylaxis have been tested since 1970 [5], but
most studies have been performed since the 1990s. CBZ
was the first drug used. Since 1988, divalproex sodium has
been the antiepileptic drug more studied in clinical trials. In
recent years, the new anticonvulsant drugs (e.g., lamotrig-
ine, gabapentin, topiramate, oxcarbazepine) have been
employed to treat migraine condition.

Carbamazepine

Rompel and Bauermeister [5], in a cross-over, randomised,
double-blind, placebo-controlled trial using three tablets
per day (strength not specified), showed that 38/45 patients
improved compared with 13/48 on placebo. No other study
has investigated CBZ until 2000, when Krusz [6] presented
his work at the “Headache 2000” congress, held in London.
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In this open study, 40 patients were treated with a mean
dosage of 550 mg/day for 2–6 months; 30 patients report-
ed a reduction of almost 70% in the frequency of their
migraine headaches, and headache in the remaining
migraines were about 40% less severe.

Divalproex sodium

In all of the clinical studies, whether open, retrospective
or placebo-controlled and double-blind, divalproex sodi-
um was an effective preventive treatment for migraine.
Divalproex sodium has been studied as a prophylactic
medication for migraine without aura [7], migraine with
and without aura [8–10], transformed migraine [11, 12],
refractory migraine [13, 14], persistent migraine aura
[15], and paediatric migraine [16–18]. The efficacy of
divalproex sodium has been compared with that of
propanolol [19] and flunarizine [20].

Several reviews have summarised the clinical benefit
of divalproex sodium in migraine [21–23]. Most patients
received a dosage of 500–1000 mg, although the drug was
also effective at low (400 mg/day) and high (2500
mg/day) dosage [10, 11, 24]. Before starting treatment, it
is useful to obtain baseline laboratory data, including
complete blood count and serum chemistry with liver
enzymes. These should be repeated at two and six months,
particularly in patients receiving polytherapy [21].
Recommended starting dose is 500 mg/day, with titration
to 1000 mg/day in case of failure. Higher dosages are not
indicated [23–25]. Efficacy of this medication has been
reported also in long-lasting treatment for chronic daily
headache [26]. Divalproex sodium safety has been exten-
sively studied and documented. Adverse events were usu-
ally mild or moderate in severity and transient. Nausea
was the most common side effect, followed by alopecia,
tremor, asthenia, dyspepsia, somnolence and weight gain.
In an open-label, long-term study, Silberstein et al. [27]
noted that side-effects were distinguishable in three
groups: (a) nausea, vomiting, dizziness and dyspepsia
were generally greatly reduced during treatment; (b) som-
nolence, asthenia and diarrhoea were reduced, by approx-
imately 50% or more; and (c) other adverse events, such
as tremor and weight gain, remained relatively constant
over time.

Recently, a new indication for divalproex sodium has
been explored: as a drug for acute treatment of migraine
crises [28–33]. Intravenous sodium valproate (300–1000
mg) has good efficacy with minimal side effects: unusual
taste sensation, somnolence, burning at injection site, nau-
sea and dizziness. When compared with intravenous dihy-
droergotamine, the efficacy was similar but divalproex
sodium caused significantly fewer adverse events [31, 32].

Finally, the divalproex sodium may be considered in
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the prophylaxis of migraine in children. A retrospective
study found great clinical efficacy in children receiving a
daily dosage of 15–45 mg divalproex sodium per kilogram
body weight: 50% or more reduction in headache frequen-
cy was seen in 78.5% of patients after 4 months of treat-
ment and 9.5% of the patients became pain free [16]. A
second, open-label study [17] testing a daily dosage of
250–1125 mg divalproex sodium (3.09–32.89 mg/kg body
weight) also found great clinical efficacy: a 50% or greater
reduction in headache frequency was seen in 65% of
patients (the treatment duration was not indicated), and
26% of the patients become headache-free. A third open-
label study [18], treated 10 patients for 12 weeks at the
dosage of 500–1000 mg/day, and showed a significant
reduction in frequency, severity, and duration of headache,
with few adverse effects, mainly dizziness, drowsiness and
increasing in appetite. These studies strongly support the
efficacy of divalproex sodium in young people but, unfor-
tunately, the lack of controlled design makes these data not
fully reliable.

Lamotrigine

The first report on the use of lamotrigine in migraine pro-
phylaxis was published in 1997 [34]. In the study, 37
patients were randomised to placebo and 40 to treatment
with lamotrigine. Active treatment either was started at the
full dose of 200 mg/day (18 patients) or with a slow dose-
escalation (19 patients) to avoid skin reaction.
Improvement was greater on placebo and these changes,
not statistically significant, indicate that lamotrigine is
ineffective for migraine prophylaxis.

In 1999, Lampl et al. [35] enrolled 15 patients with
migraine with aura or aura without migraine and treated
them for a period of 4 months, with a 3-month follow-up.
Lamotrigine was slowly titrated up to 100 mg/day. Aura
symptoms were significantly reduced from baseline to
month 4. In all 15 cases, increases in aura frequency and
duration were observed following cessation of treatment.

D’Andrea et al. [36] studied 24 patients affected by
migraine with aura with a high frequency of attacks. The
patients underwent 3 months of therapy with lamotrigine
at 100 mg/day. Of the 21 patients who completed the
study, 13 were symptom-free at the third month of therapy.
Only one patient was completely unresponsive to the drug.

In all three of the previously discussed studies, adverse
events were mild or moderate, and were mainly skin rash,
paresthesias, dizziness and sleep disturbances.

There are case reports [37, 38] in which lamotrigine is
mentioned as having potential benefit in the treatment of
short-lasting, unilateral, neuralgiform headache with con-
junctival injection and tearing (SUNCT), but a controlled
trial has never been conducted.
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Gabapentin

Gabapentin has only been recently employed in the treat-
ment of migraine with or without aura. A double blind, ran-
domised, placebo-controlled study was carried out on 63
patients (35 treatment, 28 placebo) at a dosage of 1200
mg/day for 3 months [39]. Adverse events were mild and
transient, and no patients withdrew because of side-effects.
Drowsiness, dizziness, tremor, ataxia and fatigue were the
major complaints, and occurred in 13 patients (27%). All
three study groups (placebo, migraine with aura, migraine
without aura) obtained significant improvement at the third
month of therapy vs. baseline. No significant difference
was observed between active treatment and placebo.

Mathew et al. [40] treated 98 patients with gabapentin,
administered in increasing dosage up to 2400 mg/day after
4 weeks. A significant response was observed in these
patients compared to 45 who received placebo: there was a
50% reduction of migraine in 46.6% of treated and 16.1%
of placebo patients. Adverse events were similar to those in
the previous study, but led to withdrawal of 16.3% of treat-
ed patients and 8.9% of placebo patients.

Topiramate

After the report of the efficacy of topiramate in cluster
headache patients [41], increasing interest has been focused
on its use in migraine prophylaxis. The first reports were pre-
sented at the “Headache 2000” congress. From these studies,
no definitive conclusion can be drawn about the efficacy of
topiramate. Only two studies were double-blind and placebo-
controlled [42, 43]; in both of them, treatment group was
very exiguous, respectively only 19 and 15 patients, and their
results are controversial, with less than 50% of patients treat-
ed experiencing an improvement in headache frequency. Two
open-label studies reported a low rate of improvement [44]
or insufficient data and few patients [45]. Another study was
retrospective [46], with different dosage as add-on therapy,
no clear end-point indicators and insufficient data. Finally,
one report analyses topiramate in combination with other
drugs [47], and the last study demonstrated only that topira-
mate is associated with weight loss [48].

After these reports at the “Headache 2000” congress,
several studies have been published. Mathew et al. [49], in
a retrospective analysis on 178 patients (96 with trans-
formed migraine (TM), 70 with episodic migraine, and 12
with cluster headache (CH)) observed a significant reduc-
tion in headache frequency and severity in both migraine
groups, while 9 episodic CH patients “exhibited a substan-
tial or moderate improvement of symptoms”, and none of
three chronic CH patients had any benefit. None of the CH
patients had a complete remission of pain. Topiramate was

the only therapy for episodic migraine patients; it was used
as add-on therapy for CH and TM. Treatment started at a
dose of 25 mg/day, with a slowly titration up to 300
mg/day. The period of treatment lasted between 6 and 15
months. The most common side effects were paresthesias,
cognitive slowing, dizziness, and weight loss.

The Silberstein group [50] lead to similar conclusion
with a retrospective analysis of 74 patients (24 with episod-
ic migraine and 50 with TM), treated for six or more weeks
at a mean daily dosage of 200 mg of topiramate. Episodic
migraine patients showed a significant headache reduction
from 9.9 days to 5.1 days per month; TM patients a signif-
icant headache reduction from 25.7 days to 17.7 days per
month. The percentage of patients whose headache fre-
quency was reduced by >50% was 58.3% for episodic
migraine and 38.0% for chronic migraine. Again, also in
this study, patients might receive monotherapy (20%) or
polytherapy (80%), but no difference was seen in treatment
efficacy. Adverse effects were similar to the previous study.

Von Seggern et al. [51], in a retrospective study on 69
patients treated at a mean dosage of 100 mg/day (range
25–500 mg/day) for 4–24 weeks (mean 12 weeks),
observed a significant improvement in 41% of patients with
severe–moderate attacks (28-day headache frequency
10.6±8.4 at baseline, 7.4±7.7 at the end of treatment) and
26% in patients with mild headache crisis. The most com-
mon adverse effects were paresthesias, drowsiness, diar-
rhoea, decreased appetite and weight loss. Twenty patients
discontinued the treatment because of side effects, and 7
due to lack of response.

Hershey et al. [52] reported an open study on childhood
migraine. Ninety-seven patients were treated with a mean
daily dose of 84 mg of topiramate, with a very slow titra-
tion (12.5 mg every 2 weeks). At the first follow-up visit,
about three months after starting treatment, 75 patients
were evaluated and showed a significant reduction in mean
headache frequency, from 16.5±10.0 to 11.6±10.2 days per
month. The side effects more frequently reported were cog-
nitive impairment, weight loss and sensory disturbances.

Recently, two large controlled trials [53, 54] have been
conducted in a similar design: 4 groups, each one of about
120 patients, received 50 mg/day, 100 mg/day, or 200 mg/day
of topiramate, and placebo. Both the studies included 26
weeks of therapy (2 weeks wash-out, 4 weeks baseline, 8
weeks titration phase and 18 weeks of full doses treatment),
were randomised, double-blind, parallel group, and placebo
controlled. Brandes et al. [53] analysed an intent-to-treat
population of 468 patients. Primary efficacy measure was
comparison of the reduction in mean 28-day monthly
migraine frequency from the baseline phase through the
entire double-blind phase between the groups treated with
topiramate and placebo. The headache frequency decreased
significantly for patients receiving topiramate at 100 mg/day
(5.8 days per months at baseline � 3.5 during double-blind
phase) and 200 mg/day (5.1 � 3.0), either in respect to base-
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line or to the placebo (5.6 � 4.5). No significant reduction
was observed in topiramate 50 mg/day group (5.4 � 4.1).
The responder rate (proportion of patients with ≥50% reduc-
tion in monthly migraine frequency) was significantly greater
with topiramate at 50 mg/day (39%), 100 mg/day (49%), 200
mg/day (47%) vs. placebo (23%). Rescue medication use was
significantly reduced in 100 mg/day and in 200 mg/day topi-
ramate groups. Silberstein et al. [54], analysing data on 469
patients composing the intent-to-treat population, found sim-
ilar results: mean monthly migraine frequency significantly
decreased in 100 mg/day (5.4 � 3.3) and 200 mg/day (5.6 �
3.3) topiramate groups, and no significant reduction in 50
mg/day group (6.4 � 4.8) vs. placebo (5.6 � 4.6). The
responder rate was significantly decreased in all topiramate
groups (50 mg � 35.9%, 100 mg � 54%, 200 mg � 52.3%)
vs. placebo (22.6%). Adverse events in the treatment group
included paresthesias, fatigue, cognitive impairment, nausea,
anorexia, weight loss and taste perversion. Paresthesia and
difficulty with concentration seem to be dose dependent and
promptly resolved over time with discontinuation.

The Authors consider 100 mg/day the best dose as effica-
cy and safety profile.

Finally, topiramate was recently [55] employed in a small
group of chronic migraine patients. In this double-blind, ran-
domised, placebo-controlled, parallel-group study, days with
headache significantly decreased after 2 months of treatment
at low doses of topiramate (50 mg/day): 20.9 at baseline vs.
8.1 during the last 4 weeks of treatment. Placebo group
showed similar values at baseline and during treatment (20.8
vs. 20.6 days of headache). The percentage of responders is
very high in the treatment group at the end of treatment; 71%
vs. 7% in the placebo group.

In migraine with aura, topiramate does not seem to be
effective in reducing migraine aura symptoms, while headache
intensity and frequency were significantly decreased [56].

Zonisamide

Results of 2 retrospective, open-label studies of zonisamide
(ZNS) in episodic migraine prophylaxis have been pub-
lished [57, 58]. In the first study [57], 34 patients received
ZNS as add-on therapy up to the dosage of 400 mg/day. A
40% reduction from baseline in headache severity, 50%
reduction in headache duration, and 25% reduction in
headache frequency were reported at 3 months. In the sec-
ond study [58], similar for number and typology of
patients, improvement was observed in 42% of patients.

ZNS was assessed in a population with chronic daily
headache (transformed migraine), refractory to previous
treatment, at the dosages of 100 mg/day and 200 mg/day.
After a period of 3 months of treatment, headache time (fre-
quency´duration) decreased by 50% and the number of
headache days per month showed a reduction of 34% [59].
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Vigabatrin

Ghose et al. [60], in a double-blind, cross-over, ran-
domised, placebo-controlled study, treated 23 patients suf-
fering from migraine with or without aura. After 12 weeks
of treatment with the trial medication, titrated up to a max-
imum of 2000 mg/day, a total of 19 patients completed the
study. None of them became completely free from
headaches. Compared to placebo, severity, duration and
migraine index were slightly but significantly reduced. No
serious adverse events were observed.

Levetiracetam

Levetiracetam was studied in three open-label studies.
Krusz [61] treated 30 migraine patients with increasing
daily dosage from 250 up to 2000 mg; 14 patients reported
≥50% reduction in migraine frequency and severity with 3
months of treatment. Drake et al. [62] studied 62 patients
with migraine with aura (10), without aura (40) and daily
headache (12). Dose started with 1000 mg/day increasing
up to 3000 mg/day. The authors reported significant reduc-
tion in headache after the first month of therapy, at a dosage
of >1500 mg/day. Cochran treated 20 patients, suffering
from migraine with or without aura, refractory to previous
therapies [63]. The dose ranged from 500 mg/day up to
2000 mg/day. Levetiracetam showed significant reduction
of headache frequency, severity and/or duration in the
majority of patients (11/20). Only two patients referred one
side effect each: dry eyes and dizziness.

Levetiracetam was employed also intravenously for
acute intractable migraine: 50% of 16 patients had com-
plete relief and the global reduction of pain was 77.2%,
using dosages between 400 and 11 200 mg, administered in
less than an hour [64]. Miller [65], retrospectively,
reviewed data on 19 paediatric patients (mean age, 11.9
years), most of them (79%) affected by migraine with or
without aura, treated at doses ranging from 250 to 1500
mg/day. Mean duration of treatment was 4.1 months. Ten
patients (52.6%) were headache free, 7 (36.8%) had a
reduction in headache and two patients did not respond to
the therapy.

Oxcarbazepine

An open-label study treated over 30 refractory migraine
patients [66] with oxcarbazepine, titred to an average of
1800 mg/day. The Author reported seven early successes,
but it is not clear what happened to the other patients, and
if the benefit had a significant value.
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Cochrane review

Published in 2000, the Cochrane review of “anticonvulsant
drugs for acute and chronic pain” [67], considered only
three placebo-controlled studies of migraine prophylaxis,
during the period from January 1966 to February 1994.
Two studies [2, 5] showed greater effect with the anticon-
vulsant than with placebo. The authors stated that “these
studies showed anticonvulsant to be effective”.
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Abstract Trigeminal autonomic cephalalgias (TACs) are a
group of primary headache syndromes characterised by two
main clinical characteristics: pain and oculofacial auto-
nomic phenomena. Three headache forms are grouped as
TACs: cluster headache (CH), paroxysmal hemicrania (PH)
and short-lasting unilateral neuralgiform headache attacks
with conjunctival injection and tearing (SUNCT) [1]. These
are distinguished mainly on the basis of attack duration. It
lasts from 15 to 180 min in CH, from 2 to 30 min in PH and
from 5 to 240 s in SUNCT. The most effective drug pre-
ventative in PH is indomethacin even if in few cases other
non-steroidal anti-inflammatory drugs have been reported
to be effective [2]. SUNCT is commonly described as drug
resistant. Recent studies report that lamotrigin may be the
drug of choice for SUNCT [3, 4].

Key words Cluster headache • Paroxysmal hemicrania •

SUNCT • Therapy • Deep brain stimulation

Cluster headache

The aim of prevention is to stop all attacks if possible or at
least to bring the attacks under control with no or low inci-
dence of side effects. The improvement should last as long
as possible in patients with chronic cluster headache (CCH)
or until the cluster period has ceased. Much information
derives from open-label trials or clinical experience.
Preventive drugs commonly used are verapamil, lithium,
corticosteroids, methysergide, ergot derivatives and val-
proic acid; several new drugs may also be effective and are
reported below.

Verapamil

Verapamil is the preventive medication of choice for both
prolonged episodic and CCH [5, 6] in the range 240–480
mg daily. Higher doses can be necessary. It may cause heart
block by slowing atrioventricular node conduction and
EKG should be performed while the patient is taking the
drug. The daily dose may be increased by 80–120 mg each
week or two. The most common side effect is constipation;
less frequent side effects are dizziness, distal oedema, nau-
sea, fatigue, hypotension and bradycardia. Beta-blockers
must not be given concurrently.

Lithium

Lithium is effective to prevent CH but more in the chronic
(CCH) form of the disease [6]. Most patients benefit from
600–1200 mg/day. Lithium serum levels have to be checked
in order to prevent side effects. These are: agitation, postur-
al tremor of the hands, insomnia, weakness, nausea, thirst,
slurred speech and blurred vision. Toxicity is signalled by
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nausea, vomiting, anorexia, diarrhoea, confusion, extrapyra-
midal signs and seizures. Hypothyroidism and polyuria can
occur. Renal and thyroid function tests are performed prior
to and during treatment. It has a narrow therapeutic window,
and its side effects have to be carefully looked for.

Methysergide

Clinical experience demonstrates that methysergide is an
effective preventive for CH. Starting dose is 1 mg/day in
order to minimise side effects and increments should be by
1 mg (in tid regime) every 5 days. It can be raised up to 12
mg/day. Common short-term side effects are nausea, vomit-
ing, dizziness, muscle cramps, abdominal pain and peripher-
al oedema. Due to its vasoconstrictive properties, coronary
or peripheral arterial insufficiency are both contraindica-
tions. Prolonged treatment may rarely cause retroperitoneal,
pulmonary, pleural or cardiac fibrosis. To minimise the risks
of vasoconstriction effects, injectable sumatriptan should be
administered a few hours apart from methysergide intake.

Corticosteroids

Prednisone, prednisolone and dexamethasone are the most
rapidly effective preventive treatment for CH. Both oral
prednisone and prednisolone are given to a maximum of 60
mg once daily for 5–10 days and thereafter the dose is
decreased by 5–10 mg every 3 days. Due to its fast action
to render patients pain free, dexamethasone (8 mg im or po
daily for 5–7 days) is useful at the start of a cluster period,
together with other preventives until the latter begin their
effects. Corticosteroids carry the risk of serious side
effects: osteonecrosis is among these.

Valproic Acid

In open-label studies, sodium valproate was effective in
54–73 % of CH patients [7, 8]. But in a double-blind,
placebo-controlled, parallel group study its effectiveness
was similar to placebo [9]. Other studies are needed to con-
firm usefulness of valproate in CH.

Topiramate

Topiramate (25–200 mg/day in a total of 30 episodic and 22
chronic CH patients [10–12] was moderately or markedly
effective in 70% of CH patients. Some of the patients were
given topiramate together with corticosteroids; others entered
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the study at the end of their cluster period. These observations
could partly explain the good results. In a subsequent multi-
centre open-label study on 36 CH patients (23 ECH, 10
CCH), 21% had a reduction of more than 50% in headache
frequency during the 20-day study period and the response
was not dose-related [13]. Side effects are reported in about
40% of studied cases. Limbs paresthesia, somnolence, dizzi-
ness, cognitive symptoms, ataxia, mood changes, psychosis
and weight loss are commonly reported. Glaucoma may also
occur. To minimise side effects the starting dose should be 25
mg/day which can be increased 25 mg every week.

Ergotamine

It may be particularly helpful when attacks are predictable:
in such cases the drug (2–4 mg/day) should be taken 30–60
min beforehand or before bedtime.

Dihydroergotamine

Repetitive intravenous dihydroergotamine is effective both
in episodic and chronic intractable CH and this improve-
ment is long lasting.

Pizotifen

An open-label study and one controlled trial [14] reported
pizotifen to be moderately effective.

Melatonin

In view of the fact that serum melatonin is reduced in CH
patients, particularly during a cluster bout [15], melatonin
has been evaluated as a preventive agent in CH. In a dou-
ble-blind pilot study of melatonin versus placebo [16], 20
patients (18 episodic, 2 chronic) were randomised to either
10 mg melatonin or placebo for two weeks. A reduction in
the mean number of daily attacks and a strong trend
towards reduced analgesic consumption was reported in the
melatonin group. Melatonin has also been reported to be
effective as an add-on therapy in sporadic cases.

Greater occipital nerve blockade

Injection of local steroids around the greater occipital nerve
(GON) ipsilateral to the pain is widely used [17] as a pre-
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ventative treatment. In the absence of controlled studies, it
is difficult to know if effectiveness of this method is attrib-
utable to a pure effect of corticosteroid on occipital mus-
cles or if the effect is related to a specific effect on GON.

Miscellaneous

Various other drugs, including gabapentin, intransal cap-
saicine, intransal civamide, naratriptan, eletriptan,
baclofen, botulinum toxin, chlorpromazine, transdermal
clonidine and hyperbaric oxygen have been tried. Further
trials are required to verify the efficacy of these agents.

Surgery

Surgery is a last-resort measure in treatment-resistant chron-
ic cluster patients. Patients must be carefully selected.

Destructive surgical procedures

Candidates for destructive surgery are chronically
intractable cluster patients whose headaches are unilateral
with no history of side shift. In patients whose attacks
alternate sides, the risk of a contralateral recurrence after
surgery is rather high. Various procedures that interrupt
either the trigeminal sensory or autonomic (cranial
parasympathetic) pathways can be performed although
few are associated with long-lasting benefit; in addition
side effects can be severely debilitating.

Deep brain stimulation

Positron emission tomography (PET) has revealed activa-
tion of the ipsilateral posterior inferior hypothalamic grey
matter during CH attacks [18, 19] and voxel-based mor-
phometric magnetic resonance imaging (MRI) has docu-
mented alteration of the same area [20]. These and other
findings suggested that the CH generator is located there
[18]. By analogy with the use of electrode stimulation for
intractable movement disorders it was reasoned that stereo-
tactic stimulation of this area might interfere with this gen-
erator and relieve intractable forms of CH [21]. The first
patient who received hypothalamic stimulation was suffer-
ing from severe chronic bilateral intractable CHs; destruc-
tive surgery to the left trigeminal was absolutely con-
traindicated. Electrode implantation and continuous stimu-
lation of the left posterior inferior hypothalamus resolved

the left attacks [21]. After four destructive operations on
the right trigeminal, right side attacks recurred. Electrode
implantation (with continuous stimulation) to the right
resulted in immediate resolution of the right side pain. On
several occasions, both known and unknown to the patient,
the stimulators were turned off: in all cases crises reap-
peared and all instances disappeared relatively quickly
after turning stimulation back on. The only side effects
were transient and observed during long-term bilateral
stimulation. After 42 months (left) and 31 months (right) of
follow-up the patient remains crisis-free without the need
for pharmacological prophylaxis [22]. Another 13 patients
with intractable CCH have been successfully treated by
hypothalamic stimulation [23]. The procedures were well
tolerated with no significant adverse events [24]. However,
a report on six other intractable CCH patients who under-
went hypothalamic electrode implantation showed that the
approach is not without dangers: one of the patients died
post-operatively following intracerebral haemorrhage [25].
All deep brain electrode implantation procedures are asso-
ciated with a small risk of mortality due to intracerebral
haemorrhage. This kind of procedure can be performed
only by a highly experienced neurosurgical group.
Activation of ipsilateral hypothalamus has been reported
also in short-lasting unilateral neuralgiform headache
attacks with conjunctival injection and tearing (SUNCT)
[26]. Due to inconsistent results of destructive surgery in
drug-resistant SUNCT patients [27], hypothalamic stimula-
tion has been tried in one chronic intractable SUNCT
patient. The eleven-month follow-up shows deep brain
stimulation is effective and safe also for SUNCT [28, 29].
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Abstract Antidepressants are included in evidence-based
guidelines for the prophylactic therapy of migraine.
Although they can cause several side effects depending on
the neurochemical activity, and are to be used with caution
in older patients, some of them have a well-documented
efficacy. Amitriptyline is classified as a Group 1 drug,
whereas Fluoxetine is included in Group 2. There is fair
support for the effectiveness of other serotonine reuptake
inhibitors in migraine prevention. Amitriptyline has
demonstrated a consistent efficacy in Chronic Tension Type
Headache, and Mirtazapine has a promising profile for the
treatment of the same disease.

Key words Migraine • Chronic headache • Antidepressants

Introduction

Antidepressants are included in the major medication group
for preventive headache treatment. The goal of preventive
treatment is to decrease the proneness of the nervous system to
head pain, reduce the frequency of attacks, improve response
to acute medications and reduce disability, improving patients’
quality of life while keeping side effects to a minimum.

Until the publication of evidence-based guidelines for pre-
vention of migraine, the pharmacological care of these patients
was based on expert opinion without the backing efficacy data
from well-designed trials. The 2001 consensus recommenda-
tions [1], mainly based on a review of published scientific evi-
dence, classified medications depending on overall quality of
scientific strength, frequency and severity of adverse events,
degree of scientific effect and clinical impression of such
effects. According to the criteria used for rating the efficacy of
preventive pharmacological therapies (Table 1), the US
Headache Consortium classified as a Group 1 drug the
Tricyclic Antidepressant (TCA) Amitriptyline, as a Group 2
drug the Serotonine Reuptake Inhibitor (SSRI) drug Fluoxetine
and as Group 3 drugs the TCAs Nortriptyline, Doxepin and
Imipramin, the SSRIs Fluvoxamine, Paroxetine and Sertraline
and other antidepressants such as Trazodone and Serotonin
Norepinephrine Reuptake Inhibitors (SNRI) Venlafaxine and
Mirtazapine.

The current available antidepressants have different
mechanisms of action, namely monoamine oxidase inhibi-
tion, monoamine reuptake inhibition and monoamine recep-
tor-target activity.

Mechanisms of action and pharmacology of 
antidepressants

SSRIs, TCAs and SNRIs act on the increase of synaptic
norepinephrine (NE) or serotonin (5-HT) by the inhibition
of high-affinity reuptake whereas monoamine oxidase
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inhibitors (MAOIs) block the degradation of cate-
cholamines.

Treatment with antidepressants (MAOIs, TCAs and
SSRIs) generally leads to a significant decrease of beta-
adrenergic receptor density (down-regulation dependent on
an intact 5-HT system) and NE-stimulated cyclic AMP
response; in case of long-term therapy, antidepressants give
rise to a reduction in 5-HT2 (but not 5-HT1) receptor-bind-
ing and imipramine-binding sites (related to the 5-HT
uptake system). This decrease in receptor-binding sites is
not correlated with an altered function [2].

Other neurochemical activities of TCA include the up-
regulation of GABA-B receptor, the down-regulation of
histamine receptor and the enhancement of neuronal sensi-
tivity to substance P. They also interact with endogenous
adenosine systems, both at peripheral and central sites,
inhibiting neurogenic uptake of adenosine (increasing the
availability and activating the specific receptors), conse-
quently enhancing the electrophysiological activity. This is
consistent with antinociceptive effect due to an activation
of adenosine A1 receptors (resulting in inhibition of adeny-
late cyclase) [3].

Despite these molecular properties, the mechanism by
which antidepressants affect headache prophylaxis remains
doubtful: surely it is not linked to the treatment of an
underlying depression. The response in ameliorating pain
syndromes (including headache) is quicker than the expect-
ed antidepressant effect and an antimigraine favourable
activity is often achieved with lower dosages than those
required for a complete antidepressant effect [4].
Furthermore, in animal models of pain, antidepressants are
able to potentiate the effects of opioids, if administered at
the same time [5].
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TCAs are lipid-soluble and strongly bind to plasma pro-
teins, having a high volume of distribution.

The absorption, distribution and excretion of TCAs are
widely individual, with 10–30-fold variation in different
patients.

TCAs also exert an antihistamine and antimuscarinic
activity, causing the majority of disturbing side effects
(Table 2).

Implications for TCA and SSRI use

When a TCA therapy is to be started, we have to consider
that dose range is wide and should be individualised.
TCAs are generally sedating, so it is advisable to start with
a low dose, at bedtime, and increase it slowly (depending
on the response and whether side effects occur). SSRIs
could be given in a single dose, in the morning: they are
less sedating than TCA. Regarding the global activity pro-
file of TCA, we have to consider the possibility that any
antidepressant drug may induce hypomania and reduce the
seizure threshold.

The commonest side effects of TCAs are due to their
interactions with different neurotransmitters and their specif-
ic receptors: the commonest are the antimuscarinic (dry-
mouth, mental confusion, tachycardia, palpitations, urinary
retention), the antihistaminic (responsible for carbohydrate
cravings and weight gain) and the effects due to adrenergic
activity (orthostatic hypotension, palpitations, reflex tachy-
cardia). Amitriptyline particularly is rarely causative of inap-
propriate secretion of ADH. In older patients, tremors, con-
fusion and delirium could be due to muscarinic side effects.

B. Colombo et al.: Prophylaxis of headaches

Table 1 Criteria used for rating the efficacy of preventive pharmacological therapies

Group 1: Medium to high efficacy, good strength of evidence, and a range of severity (mild to moderate) and frequency (infrequent to
frequent) of side effects

Group 2: Lower efficacy than Group 1, or limited strength of evidence, and mild to moderate side effects
Group 3: Clinically efficacious based on consensus and clinical experience, but no scientific evidence of efficacy
Group 4: Medium to high efficacy, good strength of evidence, but with side effects concerns
Group 5: Evidence indicating no efficacy over placebo

Table 2 Side effects of TCAs

Cholinergic: Dry mouth, constipation, urinary retention, decreased sweating, blurred vision, sinus tachycardia

Histamine type 1: Drowsiness, sedation, weight gain, hypotension

Histamine type 2: Mental confusion

Serotoninergic: Nausea, sweating, increased bowel mobility

Alfa1 adrenergic: Postural hypotension, dizziness, reflex tachycardia

Dopaminergic: Tremor, muscular hypertonia, tardive dyskinesia
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Considering this side-effects profile and the best risk-to-
benefit ratio, it is advisable to utilise a medication that pro-
duces weight gain in underweight patients, or tertiary TCAs
(with sedating effect) at bedtime in patients with sleep trou-
bles. Older patients with hypotension or cardiac disease
should not use TCAs. They are to be used with caution in
patients with a history of seizures, urinary retention, angle-
closure glaucoma and hepatic, renal and thyroid disease.
The use of TCAs is contraindicated in patients taking
MAOIs. The coexistence of depression provides the thera-
peutic opportunity for the utilization of TCAs or SSRIs.

Potential drugs interactions should be evaluated before
starting a migraine prophylaxis with SSRI: a small risk of
serotonin syndrome is to be considered if the patient is
utilising triptans for the treatment of acute attacks.
Serotonin syndrome is characterised by at least 3 of the
following: mental status changes, agitation, myoclonus,
hyperreflexia, shivering, tremor, diarrhoea, incoordina-
tion, diaphoresis or fever. A review revealed 18 cases of
mild or moderate, reversible potential serotonin syndrome
in patients treated with SSRI or lithium and sumatriptan.
The syndrome was fully resolved when one of the drugs
was discontinued [6].

Migraine prophylactic therapy

Amitriptyline is a tertiary amine tricyclic, with a sedative
effect and antimuscarinic activity. Several studies have
shown this drug to be successful in preventing migraine. It
is one of the most commonly prescribed preventive drugs
in the United States.

Migraineurs with comorbidity for depression may tol-
erate higher doses: generally the starting dose is 10–25 mg
at bedtime, being the therapeutical dose ranging from 10 to
400 mg/day.

Antinociceptive activity of Amitriptyline is also due to
potentiation of the effect of endogenous opioids and to the
augmentation of descending inhibitory influence on noci-
ceptive pathways by inhibition of reuptake of biogenic
amines at spinal and supraspinal level [7].

Nortriptyline is a secondary amine, less sedating than
tertiary amines, being a metabolite (the N-dimethyl deriv-
ative) of Amitriptyline. The starting dose is 10–25 mg at
bedtime, being the therapeutical dose ranging from 10 to
150 mg/day.

SSRIs have poor evidence of efficacy in preventive
treatment of migraine. They have a tolerability profile
superior to TCAs, having minimal antihistaminic and
antimuscarinic activity. They produce less weight gain and
fewer cardiovascular effects. SSRIs have minimal affinity
with dopamine D2, 5-HT1A, 5-HT2A, alpha-1 and beta
receptors. Due to this best tolerability profile, the use of
SSRIs as a preventive treatment for migraine may be con-

sidered in patients with comorbid depression, although the
recommendation lacks the backing efficacy data from
well-designed clinical trials. Nevertheless, some small tri-
als with SSRI gave positive evidence of efficacy.

Two recent studies indicated a possible clinical benefit
in migraine prevention with Fluoxetine. Particularly in one
study the efficacy was evident from the third month of
treatment, with a reduction in total pain index in treated
group if compared with placebo. Starting dose is 10 mg in
the morning, with dose ranging from 10 to 80 mg/day [8].

Sertraline was tested in a double blind study with
headache frequency and severity measured over an 8-week
period (50 mg each morning in the first 4-week period and
100 mg in the second 4-week period). The study failed to
demonstrate a beneficial effect of Sertraline on the fre-
quency or severity of migraine or the functional impair-
ment due to the attacks [9].

Fluvoxamine was reported in a double blind, positive
control vs. Amitriptyline study (64 patients) to reduce the
number and severity of attacks when compared to a baseline
period without prophylactic medication for migraine [10].

In a 6-month study vs. Flunarizine, Citalopram (20
mg/day) group of 30 non-depressed migraine patients
showed a significant migraine index reduction beginning
from the second and especially from the third month of
treatment [11].

In a retrospective study based on 114 patients suffering
from migraine, Venlafaxine (median dose of 150 mg)
treated patients (101 patients were included in the analy-
sis, 56 of them reporting pure migraine with or without
aura) demonstrated a reduction in the number of
headaches per month (p<0.001) with maximum efficacy
during months 6 and 7. Fifty-four per cent of pure
migraine affected patients had a reduction of 50% or more
in the frequency of their moderate-to-severe headaches
from baseline to final visit. No significant difference was
noted between patients suffering from comorbid depres-
sive or anxiety disorders and those without them [12].

The inhibitor of MAOI Phenelzine at a dose of 15 mg
TID was shown to be effective in prevention of migraine
only in an open-label study. The management of this drug
is difficult, the side effects very common (insomnia, ortho-
static hypotension, constipation, weight gain) and the
compliance very low [13].

Chronic headaches prophylactic treatment

A recent meta-analysis of randomised placebo-controlled
trials on antidepressants as prophylactic treatment for
chronic headaches included 38 studies (25 on migraine, 12
on tension headaches and 1 on both). Studies were
screened for inclusion based on criteria of quality and
measurable outcomes reported [14].



TCAs were utilised in 18 studies (Amitriptyline in 12,
Clomipramine in 3, Doxepine in 2, Maprotiline in 1 study),
SSRI in 7 studies (Fluvoxamine in 1, Citalopram in 1,
Fluoxetine in 2, Femoxetine in 3). Mianserin (a serotonin-
blocking agent) was utilised in 1 study. Results showed that
patients receiving antidepressants were twice as likely to
report headache improvement, with about three patients need-
ing treatment to improve 1 patient’s symptoms, and a reduc-
tion in analgesic consumption. TCAs and Mianserin were
effective in reducing headache burden, whereas SSRIs gave
less certain results. Antidepressants appear equally effective
for chronic tension-type headaches and chronic migraine.
Only Amitriptyline has been studied in sufficient numbers of
patients to demonstrate statistically significant benefits.

Another review evaluated the pharmacological treat-
ment of chronic daily headaches (transformed migraine,
chronic tension type headaches, analgesic overuse
headaches) [15]. Although a large part of the studies were
anecdotal, or open-label and many of them do not define
criteria for efficacy, antidepressants were considered as the
drugs of choice for the treatment of chronic daily headache,
with evidence of activity both with TCAs and SSRIs.

A recent 9-week small study (27 patients) was unable to
demonstrate any significant benefit from a combined
scheme (Amitriptyline plus Fluoxetine) over Amitriptyline
alone in the treatment of transformed migraine (chronic
daily headache) [16]. The analgesic effect of Amitriptyline
compared to Citalopram was explored in a recent study
analysing platelet 5-HT levels during preventive treatment
of chronic tension type headache in 40 patients. The results
(reduced platelet 5-HT levels after treatment with
Citalopram compared to Amitriptyline and placebo in con-
trast to the better clinical effect of Amitriptyline) demon-
strated that other mechanisms, rather than the 5-HT reup-
take inhibition, are important for the antinociceptive activ-
ity of Amitriptyline, namely NMDA receptor antagonism,
blockade of muscarinic receptors and Na+, Ca+ and K+
channels [17].

In an open-label trial Paroxetine (10–40 mg) failed to
reduce chronic tension type headache in a group of 31
patients who were not responsive to a previous treatment
with Amitriptyline [18].

Sertraline (50 mg/day) was not superior to Amitriptyline
(25 mg) in the prophylactic treatment of chronic tension
type headache in a 12-week period of treatment in a group
of 85 non-depressed patients. There was a significant effi-
cacy of Amitriptyline if compared to Sertraline both in the
headache symptoms (measured with headache index) and
in the drug consumption reductions at the second and third
month of treatment. It is noticeable that Amitriptilyne was
effective in a dose that is much lower than the recommend-
ed dose for the treatment of depression [19].

A recent randomised, double-blind, placebo-controlled,
8 weeks crossover trial in 24 non-depressed patients affect-
ed by chronic tension type headache showed that
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Mirtazapine (an alfa2-adrenergic receptor blocker on nora-
drenergic and serotoninergic presynaptic neurons) 15–30
mg/day was able to reduce headache duration and headache
intensity (calculated as area under the curve) by 34% more
than placebo [20]. The efficacy of Mirtazapine in this study
was of the same magnitude as that reported for
Amitriptyline, suggesting the possible use of Mirtazapine in
patients not responsive or who cannot tolerate Amitriptyline
in chronic tension type headache. Mirtazapine has a selec-
tive stimulant effect of the postsynaptic 5-HT1-type recep-
tors, a high affinity for histamine H1 receptors and may
modulate the opioid system.

Conclusions

Although several antidepressants have been studied for
their potential effect in preventing migraine, only
Amitriptyline has a background of robust and consistent
evidence-based results of efficacy. There is fair support for
the effectiveness of SSRI in migraine prophylaxis.

Amitriptyline has a good efficacy in the prevention of
chronic tension type headache, and Mirtazapine has a
promising profile for the treatment of the same pathology.

Side effects and comorbidity have to be carefully eval-
uated before starting a prophylactic treatment with TCAs or
SSRIs.
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Abstract In this paper we review new treatment options for
migraine prevention. Because we focus on new drugs, some
of the data we present herein were acquired in well design
double blind, controlled studies, while the efficacy of other
medication is supported only by open, uncontrolled trials
(noted in the text wherever appropriate).

Key words Migraine prevention • Headache prevention •

Migraine treatment

Introduction

Migraine is a heterogeneous condition that results in a
range of symptom profiles and various degrees of dis-
ability both within and among different individuals [1,
2]. The disability of migraine can be severe and imposes
a considerable burden on the sufferer, the family and
society [3–5]. In this paper we review new treatment
options for migraine prevention. Because we focus on
new drugs, some of the data we present herein were
acquired in well designed, double-blind, controlled stud-
ies, while the efficacy of other medication is supported
only by open, uncontrolled trials (noted in the text wher-
ever appropriate).

Migraine pathophysiology – a brief overview

Migraine is a primary neurological disorder with a clear
genetic basis [6]. For some uncommon forms of migraine,
such as familial hemiplegic migraine, the most common
mutation affects a gene on chromosome 19p13 that codes
for a neuronal P/Q type calcium channel [6, 7]. During the
migraine attack neural events result in cortical spreading
depression and meningeal blood vessels inflammation,
which in turn results in pain, further nerve activation and
vasodilation [7–9].

The migraine pain is understood as a combination of
altered perception (due to peripheral or central sensitisa-
tion) of stimuli that are usually not painful, as well as the
activation of a feed-forward neurovascular dilator mecha-
nism in the first (ophthalmic) division of the trigeminal
nerve [9]. The electrical phenomenon of cortical spread-
ing depression is the presumed substrate of migraine aura;
spreading depression may also occur in migraine without
aura.
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Migraine is considered a state of brain-hyperexcitabil-
ity. Therefore, glutamate (increasing the pain) and GABA
(decreasing the pain) have figured prominently in theories
of migraine pathogenesis, though brain levels of these
transmitters have not been directly measured in migraine
sufferers. An imbalance in the glutamate/GABA levels
may at least partially explain this hyperexcitability
[10–16]. Additionally, alteration in mitochondrial metab-
olism is also associated with cortical spreading depres-
sion in some models. Addressing glutamate/GABA path-
ways, or interfering in the mitochondrial metabolism
seems to be the mechanism of action of some of the drugs
discussed herein.

What is new in migraine prevention

There are several drugs being tested based on our better com-
prehension of migraine pathophysiology. Medications from a
broad range of classes have demonstrated efficacy in pre-
venting migraines. Clinicians are most familiar with the data
supporting use of β-adrenergic blockers, antidepressants, cal-
cium-channel antagonists and valproate [17]. Some of these
effective agents were discovered serendipitously after use for
other purposes and still represent the majority of prescrip-
tions written for migraine prevention. Some of the available
migraine preventive options are listed in Table 1, and the evi-
dence regarding their use has been extensively reviewed [17].
Because most of them are considered standard preventive
medications, they will not be discussed herein.

Topiramate (Topamax) 

Topiramate (TPM) is a neuromodulator agent that recent-
ly received an approvable letter in the US from the FDA
for migraine prophylaxis. Launch is expected in August,
2004. TPM has GABA-agonist and glutamate inhibiting
properties. It also blockades Na and Ca channels, and
inhibits carbonic anhydrase [18]. In therapeutic doses,
TPM bioavailability is >80%. Protein binding is around
15%, and 50–80% of the drug is excreted unchanged in the
urine. Cmax is reached from 1.3 to 1.7 h, and the T1/2 ranges
from 19 to 23 h, therefore permitting once a day dosing in
some patients [18, 19].

Recent data show that TPM does not have significant
interaction with the triptans, amitriptyline, propranolol or
lamotrigine [20]. In doses ≤200 mg/day TPM does not
demonstrate significant interaction with oestrogen or prog-
estin components of third-generation oral contraceptives.
TPM modestly increases the plasma levels of haloperidol
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and metformin, and decreases the levels of lithium.
Carbamazepine decreases TPM blood levels. It is pregnan-
cy category C (should just be used when the benefits justi-
fy the potential risks) [20].

Initial reports of TPM in the prevention of migraine
come from 1999 [21] and were followed by two pilot, dou-
ble-blind, placebo-controlled trials completed afterwards
[22, 23].

Two large multicentre randomised, double-blind, place-
bo-controlled studies, using very similar methods,
assessed the efficacy of TPM in migraine prevention.
These are the largest trials to date in regard to migraine
prevention. Both were conducted over a 26-week period
(8-week titration phase and 18-week maintenance).
Patients were randomised equally to receive either place-
bo, or TPM at 50 mg/day, 100 mg/day or 200 mg/day. TPM
was initiated at a dose of 25 mg/day and was titrated to the
target dose at a rate of 25 mg/week. Primary endpoint was
reduction in migraine frequency. Findings were that the 50
mg dose was statistically more effective than placebo and
less effective than 100 mg and 200 mg, which were equal-
ly effective (Fig. 1) [24, 25].

TPM is well tolerated when started at a low dose, usu-
ally 15 or 25 mg and increased weekly up to 60–100 mg.
If no benefit is noticed in one month but no side effects
have occurred, the dose can be slowly raised up to
150–400 mg/day, usually without significant AEs (person-
al observation of an author (AR)). TPM is usually associ-
ated with weight loss, not weight gain (3.3–4.1% of the
baseline weight on the 100 mg dose, in some patients, Fig.
2) [26]. It frequently causes distal paresthesias in the
extremities, which is often transient (it is treatment limit-
ing in 8% of the patients in the clinical trials). Some
patients note that carbonated beverages taste strange. A
less common side effect that the patient must be warned
about is cognitive dysfunction and word-finding difficulty
which are fully reversible with therapy discontinuation. A
few cases have been reported of reversible acute angle-clo-
sure glaucoma associated with TPM use. The incidence of
TPM-related kidney stones is around 1.5%, and patients
receiving this medication should be advised to maintain a
reasonable daily liquid intake. Very rarely, oligohydrosis
and hyperthermia have been described in patients receiv-
ing TPM (Data on file. Ortho-McNeil Pharmaceutical,
Inc.). Paediatric patients should be monitored closely for
evidence of decreased sweating and increased body tem-
perature, especially in hot weather, and caution should be
used when TPM is prescribed with other drugs that predis-
pose patients to heat-related disorders (e.g., other carbon-
ic anhydrase inhibitors and drugs with anticholinergic
activity). As some patients develop a hyperchloremic
metabolic acidosis, the FDA suggests checking blood work
periodically in patients on TM.
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Table 1 Selected preventive therapies for migraine

Generic treatment                                                    Doses

Alpha2-agonists
Clonidine tablets 0.05 mg to 0.3 mg/day
Guanfacine tablets 1 mg

Anticonvulsants
Divalproex sodium tablets* 500 mg to 1500 mg/day
Gabapentin tablets* 300 mg to 3000 mg
Levetiracetam tablets 1500 mg to 4500 mg
Topiramate tablets* 50 mg to 400 mg
Zonisamide capsules 100 mg to 400 mg

Antidepressants
MAOIs 

Phenelzine tablets 30 mg to 90 mg/day
TCA

Amitriptyline tablets* 30 mg to 150 mg
Nortriptyline tablets 30 mg to 100 mg

SSRIs Fluoxetine tablets 10 to 40 mg
Sertraline tablets 25 to 100 mg
Paroxetine tablets 10 to 30 mg
Venlafaxine tablets 37.5 mg to 225 mg
Mirtazapine tablets 15 mg to 45 mg

Beta-blockers
Atenolol tablets* 25 mg to 100 mg
Metoprolol tablets 50 mg to 200 mg
Nadolol tablets 20 mg to 200 mg
Propranolol tablets* 30 mg to 240 mg
Timolol tablets* 10 mg to 30 mg

Calcium channel antagonists
Verapamil tablets* 120 mg to 720 mg
Nimodipine tablets 40 mg tid
Diltiazem tablets 30 to 60 mg tid
Nisoldipine tablets 10 mg to 40 mg qd
Amlodipine tablets 2.5 mg to 10 mg qd

NSAIDs for prevention
Naproxen sodium tablets* 500 mg to 1100 mg/day
Ketoprofen tablets tablets 150 mg/day
Mefanamic acid tablets 1500 mg/day
Flurbiprofen tablets 200 mg/day

Serotonergic agents
Methysergide tablets* 2 mg to 12 mg
Cyproheptadine tablets 2 mg to 16 mg
Pizotifen tablets* 1.5 mg to 3 mg

Miscellaneous
Monteleukast sodium tablets 5 mg to 20 mg
Lisinopril tablets 10 to 40 mg
Botulinum toxin A injection 25 units to 100 units (IM)
Feverfew tablets 50 mg to 82 mg/day
Magnesium gluconate tablets 400 mg to 600 mg/day
Riboflavin tablets 400 mg/day
Petasites 75 mg* 75 mg bid

* Evidence for moderate efficacy from at least two well designed placebo-controlled trials



Levetiracetam (Keppra) 

Levetiracetam (LEV) is a new anticonvulsant with an
unknown mechanism of action. Its efficacy in migraine pre-
vention may be related to a possible effect on cortical
spreading depression, which is an early pathophysiological
process in a migrainous attack.

Open trials have shown the efficacy of LEV in the treat-
ment of refractory migraine [27].

In an open study, Drake et al. [28] studied 10 patients with
migraine with aura, 40 with migraine without aura and 12
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patients suffering from daily headache. Other preventive and
abortive medications were continued. There was a statistically
significant decrease in headache frequency and severity after
the first month. A double-blind, controlled trial is under way.

We recently conducted a study assessing the efficacy of
LEV in the preventive treatment of refractory transformed
migraine. Median headache frequency per month at base-
line was 24.9 and a significant reduction of headache fre-
quency was obtained in 1 month (19.4, p<0.001), 2 months
(18.4, p<0.001) and 3 months (18.0, p<0.001) (Table 2). At
baseline, the mean number of moderate or severe days was
16.8, compared to 13.2 after 1 month (NS). Significance
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Fig. 2 Weight loss in participants of two
clinical trials of TPM in the prevention
of migraine

Table 2 Efficacy of levetiracetam in the preventive treatment of refractory transformed migraine

Endpoint Baseline 3 months p value

Headache frequency 24.9 18.0 <0.001
Moderate or severe headache 16.8 11.7 <0.01
MIDAS scores 62.8 40.8 0.01
HIT scores 63.4 59.4 <0.01
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Fig. 1 Efficacy of TPM in the
preventive treatment of migraine
(from reference 28, modified)
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was reached after 2 months (11.9, p<0.01) and 3 months
(11.7, p<0.01). The mean MIDAS scores were significant-
ly reduced at 3 months, compared to baseline (40.8 vs.
62.8, p=0.01). Mean HIT scores at baseline were 63.4,
compared to 59.4 after 3 months (p<0.01). Fifteen (50%)
patients reported side effects and, considering the ITT
population, 5 (16.7%) dropped out of the study because of
side effects. No serious adverse effects were reported [29].

LEV is started at 250 mg at night and increased 250
mg each week. Minimally effective doses appear to be
1500 mg and most patients need 2000–2500 mg/day with
few AEs.

The side effects of LEV reported in initial clinical tri-
als for epilepsy occurred in at least 3% of the patients and
presented as fatigue or tiredness, somnolence, dizziness
and infection (common cold or upper respiratory tract
infection).

Zonisamide (Zonegran)

Zonisamide (ZNS) is a sulfonamide derivative, chemically
and structurally unrelated to other anti-epileptic drugs,
recently introduced into the United States. It has been
available in Japan and in Korea for the last 10 years where
it was usually indicated as adjunctive therapy for partial
seizures. Two open studies of ZNS in the treatment of
refractory migraine were recently presented as abstracts
showing its efficacy, especially regarding headache inten-
sity and frequency [30, 31]. The first trial included 34
migraine patients who were resistant to other preventive
treatments. ZNS was started at a dose of 100 mg/day and
titrated, as tolerated, to 400 mg/day. The headache severi-

ty was significantly reduced but figures were not present-
ed [30]. In the second study, 37 patients with refractory
migraine and mixed headache syndromes were investigat-
ed. All had failed to respond to at least two preventive, but
not specified, agents before. When the poster was present-
ed 27 patients had already been evaluated and 14 patients
revealed decreasing headache frequency [31]. Considering
the fact that these studies involved very difficult to treat
headache patients, these data support the potential utility
of ZNS in the treatment of refractory migraine overall,
although controlled studies are still lacking. The side
effects reported in these studies were paresthesias, fatigue,
anxiety and weight loss. Agitated dysphoria and difficulty
concentrating were also observed.

Botulinum toxin (Botox)

Botulinum Toxin (BTX)-A has been approved in the U.S.A.
for blepharospasm and recently for forehead wrinkles.
Some open-label, noncontrolled studies of BTX-A sug-
gested benefits for patients with migraine and tension-type
headache [32–34].

Recently, antinociceptive effects of BTX have been pos-
tulated. A study using rat trigeminal ganglion neurons
demonstrated that BTX-A can directly decrease the amount
of calcitonin gene-related peptide (CGRP) released from
trigeminal neurons. The authors suggest that the efficacy of
BTX-A may be at least partially explained by this mecha-
nism as well as its direct effect on muscles [35].

A recent double-blind study, evaluating 25 Unit (25-U)
and 75-U doses showed that, compared with vehicle treat-
ment, subjects in the 25-U BTX-A treatment group had sig-
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Fig. 3 Percentage of subjects with at least a decrease of two headaches in the frequency of their migraines (after reference 36). p<0.05
at 3 months



nificantly fewer migraine attacks per month, a reduced max-
imum severity of migraine pain, a reduced number of days
using acute care migraine medications and reduced inci-
dence of migraine-associated vomiting (Fig. 3). Those in the
75-U group were not significantly better than placebo [36].

A study assessing the efficacy of BTX-A in 100
patients with refractory headaches (migraine and chronic
daily headaches) showed a statistically significant reduc-
tion of the frequency of headache days starting 1 month
after BTX-A was administered (28.2 days vs. 14.2 days at
the baseline, p<0.001), which was maintained through the
three months of study. Similarly, a significant reduction in
the headache index (40.3 vs. 22.3 p<0.001) and number of
severe days with headache per month (4.9 vs. 2.6,
p<0.001) were found at 1 month and maintained trough the
3 months of study. MIDAS scores were reduced from 34.5
at baseline to 15.9 at 3 months (p<0.001) [37].

A typical treatment protocol is to inject BTX symmet-
rically into glabellar, frontalis and temporalis muscles and
also into other pericranial regions. The major side effect,
avoidable with proper placement, is mild ptosis that usual-
ly lasts less than one week. Injections can be repeated
every 3–6 months if patients have a beneficial effect,
which wears off after 3–6 months post-treatment. Standard
protocols tend to use 60–100-U in multiple sites from the
forehead to the cervical muscles [38]. Side effects are usu-
ally mild and transient and include frontal weakness, pto-
sis (in migraine trials other kind of weakness are infre-
quently reported) and pain in the injection sites.

Tizanidine (Zanaflex) 

Tizanidine (TZN) is a centrally acting, pre-synaptic alpha-
2 adrenergic agonist. Its mechanism of action is thought to
be through a decrease of norepinephrine release from the
locus coeruleus in the upper, dorsal pons. TZN was recent-
ly investigated in the preventive treatment of chronic daily
headache. The overall headache index (frequencywaverage
intensitywduration) declined significantly. Mild-to-moder-
ate adverse events, such as somnolence, asthenia and dry
mouth were reported by more than 10% of the patients but
only three discontinued treatment due to adverse events
[39]. A recent double-blind, multicentre study assessed
this drug in the treatment of chronic daily headache and
found the following results after one month of utilisation
of TZN: mean reduction in the total headache days of 30%
vs. 22% for the placebo group; mean reduction of 55% in
the number of days with severe pain vs. 21%; and mean
reduction in the headache index of 54% vs. 19%. The
mean dosage used was 18 mg/day (range 2–24, SD 6.4,
median 20) divided equally over three dose intervals/day.
Adverse effects were also reported by >10% of the
patients and presented as somnolence (47%), dizziness
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(24%), dry mouth (23%) and asthenia (19%). Dropouts
due to adverse events did not differ significantly between
TZN and placebo [40].

Nefazodone (Serzone)

Nefazodone hydrochloride is an antidepressant with a dis-
tinct and atypical mechanism of action. It is a potent,
selective 5-HT2 antagonist that moderately blocks sero-
tonin and noradrenaline/norepinephrine reuptake, with
minimal affinity for cholinergic, histaminic or alpha-
adrenergic receptors. The potency and specificity of its 5-
HT2 antagonism suggests that nefazodone might be partic-
ularly effective in the preventive treatment of CDH.

A recent open-label study involving 52 patients with
chronic daily headache treated with nefazodone (median
dose 300 mg/day) for 12 weeks revealed significant
improvement for all headache diary measures [41]. During
the last month of treatment, 71% of the patients complet-
ing the study showed at least a 50% reduction in headache
index compared to baseline, and 59% had at least a 75%
improvement. Significant improvements were also seen in
pain disability index, quality of life and depression.
Common mild-to-moderate adverse events reported by
10% or more of the patients included fatigue, nausea, dry
mouth, dizziness, sleep disturbance, blurred vision, irri-
tability/nervousness and sedation. It is important to note
that NFZ is metabolised by CYP450 3A4 and patients on
it cannot be given eletriptan. In the spring of 2004, this
drug was removed from the market in the US due to cases
of liver toxicity.

Lisinopril (Prinivil and Zestril)

Lisinopril (LSN) is an angiotensin-converting enzyme
(ACE) inhibitor frequently used to treat hypertension and
heart failure. It blocks the conversion of angiotensin I to
angiotensin II, it also alters sympathetic function, inhibits
free radical activity and blocks degradation of bradykinin,
encephalin and substance P [42]. LSN has a clear potential
for migraine prophylaxis as migraineurs may have the
ACE DD gene, which codes for a higher ACE activity
[43]. LSN was studied in a double-blind, placebo-con-
trolled, crossover trial for the preventive treatment of
migraine in 60 patients. The dose used was 20 mg/day
divided over two doses and among the 47 patients who
completed the study, the decrease of various endpoints:
hours with headache, days with headache, days with
migraine, index of headache severity and doses of symp-
tomatic medications used. The main side effects are
cough, hypotension and fatigue. The oral dose of LSN for
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use in hypertension ranges from 5 to 40 mg daily (in sin-
gle or divided doses), with 10 mg daily as appropriate for
the initiation of therapy.

Candesartan (Atacand)

A recent double-blind, placebo-controlled crossover study
performed in a Norwegian neurological outpatient clinic
assessed the efficacy of angiotensin II receptor blocker can-
desartan (CST) in the prevention of migraine. Sixty patients
went through a placebo run-in period of 4 weeks, followed
by two 12-week treatment periods separated by 4 weeks of
placebo washout. Thirty patients were randomly assigned
to receive one 16-mg CST cilexetil tablet daily in the first
treatment period followed by 1 placebo tablet daily in the
second period. The remaining 30 received placebo followed
by CST. After 12 weeks, the mean number of days with
headache was 18.5 with placebo vs. 13.6 with CST
(p=0.001) in the intention-to-treat analysis (n=57). Some
secondary end points also favoured CST, including hours
with headache (139 vs. 95; p<0.001), days with migraine
(12.6 vs. 9.0; p<0.001), hours with migraine (92.2 vs. 59.4;
p<0.001), headache severity index (293 vs. 191; p<0.001),
level of disability (20.6 vs. 14.1; p<0.001) and days of sick
leave (3.9 vs. 1.4; p=0.01), although there were no signifi-
cant differences in health-related quality of life. The num-
ber of CST responders (≥50% response compared to place-
bo) was 18 (31.6%) of 57 for days with headache and 23
(40.4%) of 57 for days with migraine. Adverse events were
mild and infrequent [44].

Petasites (Petadolex)

Petasites (PTS) is an extract from the plant Petasites
hybridus (butterbur) found throughout Europe and parts of
Asia, which has been used for medicinal purposes for cen-
turies. This compound has been marketed in Germany for
migraine and seems to act through calcium channel regula-
tion and inhibition of peptide-leukotriene biosynthesis [45].
Two studies have analysed the possible efficacy of PTS in
migraine prophylaxis. The first was a randomised, double-
blind, placebo-controlled trial with 50 mg twice daily,
which significantly reduced the number of migraine attacks
and migraine days per month [46]. Recently another study
conducted by Lipton et al. [47] enrolled 245 patients in a 5-
month study who received either 50 mg, 75 mg or placebo
twice daily. The 4-month mean attack count was reduced by
48% in patients who received 75 mg bid while those receiv-
ing 50 mg twice daily presented with a 34% reduction and
those who have taken placebo 26% (p<0.01). The potential
side effects of liver damage and carcinogenesis in animals

are thought to be related to the pyrrolizidine alkaloids of
butterbur, which were removed in the commercially avail-
able presentations.

Coenzyme Q10

There has been recent interest in the role that mitochondria
may play in migraine pathogenesis. Clues from magnetic
resonance spectroscopy (MRS) studies and DNA analysis
[48, 49] suggest that migraine, at least in a subset of indi-
viduals, may be the result of mitochondrial impairment.
Coenzyme Q10 is a naturally occurring substance and an
essential element of the mitochondrial electron transport
chain. A recent open trial by Rozen et al. [50] assessed the
efficacy of coenzyme Q10 as a preventive treatment for
migraine. Thirty-two patients with migraine were treated
with coenzyme Q10 at a dose of 150 mg/day. Thirty-one of
32 patients completed the study; 61.3% of patients had a
greater than 50% reduction in number of days with
migraine headache. The average number of days with
migraine during the baseline period was 7.34 and this
decreased to 2.95 after 3 months of therapy, which was a
statistically significant response (p<0.0001). Mean reduc-
tion in migraine frequency after 1 month of treatment was
13.1% and this increased to 55.3% by the end of 3 months.
Mean migraine attack frequency was 4.85 during the base-
line period and this decreased to 2.81 attacks by the end of
the study period, which was a statistically significant
response (p<0.001). There were no side effects noted with
coenzyme Q10.

Coenzyme Q was recently assessed in a double-blind
trial by Sandor et al. [51]. After 3 months, patients receiv-
ing 100 mg of coenzyme Q had less attacks per month
(p<0.01), days with headache (p<0.05) and days with nau-
sea (p<0.05). A total of 47.6% of those receiving coenzyme
Q had more than 50% reduction in the frequency of pain,
vs. 14.3% in the placebo group. One patient in the active
group withdrew from the study due to cutaneous allergy.

There are many new preventive medications, some
working better in one patient vs. another, and some work-
ing together in combination in attempts at polytherapy. The
best method for choosing one medication over another still
seems to be looking at comorbidities, or what medications
have been successful in the past.
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Abstract Headache is one of the most common symptoms
that leads patients to the emergency room (ER) and is often
related to diseases requiring prompt diagnosis and immedi-
ate treatment. This consideration brought us to consider the
importance of the neurologist in improving the management
of patients arriving in the ER with headache. We carried out
a study for testing the degree of agreement between ER
physician and neurologist using patient evaluation at
headache centre (HC) as the gold standard. One hundred and
seventeen patients with idiopathic (78) or symptomatic (39)
headache were evaluated by the ER physician, the ER neu-
rologist and the HC expert. The ER physician and the HC
expert reached a fair agreement (Kappa=0.40); the other two
pairs reached a moderate agreement (Kappa=0.57–0.60).
There was no significant difference in the agreement of the
three evaluators in patients with impairment of daily living
activities or aged over 40. The agreement between the ER
physician and the neurologist was lower (Kappa=0.58), espe-
cially in patients with their first headache episode. Based on
our results, patients seen at the ER for a headache episode
can be fairly successfully managed by the ER physician,
except those who present a first attack, for whom neurologi-
cal consultation is needed.

Key words Headache • Emergency room • Diagnosis

Introduction

The prevalence of headache in the emergency room (ER) is
about 1–2% [1–5] and is considered the most common clin-
ical condition that leads patients to the ER. Headache is a
symptom related to many diseases requiring prompt diagno-
sis and immediate management (like subarachnoid haemor-
rhage, tumour and cerebral infections). A correct diagnosis
is then necessary for early management and for the optimi-
sation of ER medical activities, with consequent cost-sav-
ing. The neurologist is considered the main protagonist for
a correct diagnosis of the aetiology of headache, but he may
not always be part of the medical staff of the ER. Moreover,
definite data in the literature showing the value of neurolog-
ical assessment and the correctness of the aetiological diag-
nosis by neurologists in ER are missing. For these reasons
we wanted to assess: (1) the reliability of the diagnosis of
headache as made by different physicians working in the
ER, according to simplified categories; and (2) the validity
of the diagnosis comparing ER physician and ER neurolo-
gist evaluations with that of a headache expert, considered
to be the gold standard.

Materials and methods

The study included patients presenting in the ER with headache as
their major symptom from June 2000 to January 2001. We includ-
ed patients over 17, able to give written consent and to fill a self-
administered questionnaire, including demographic and clinical
data. Information was obtained about the frequency, severity and
duration of pain, its timing (first vs. repeated episode), the related
disability, the presence of relevant comorbidities and the modality
of transport to the ER (i.e., ambulance or other means). For each
patient, the ER physician collected the history and reported the clin-
ical findings and the ER diagnostic work-up in a separate form in
which he/she was also asked to make a diagnosis, expressed in sim-
ple categories (idiopathic vs. symptomatic headache vs. headache of
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uncertain origin). Using a separate form having a similar format,
the neurologist in charge was also asked to record his/her consulta-
tion, to indicate any diagnostic test he/she might have requested,
and to make the headache diagnosis according to the above-men-
tioned simplified categories. Every patient was then invited at no
charge to return to a preplanned outpatient visit at the hospital
headache centre (HC), were a board-certified expert in headache
and related disorders (HC expert) reported his/her consultation in a
separate form including a definite diagnosis, expressed in detail
and in one of the above simplified categories. The diagnosis made
at HC was made with reference to the International Headache
Society criteria [6] and was selected as the gold standard. Each
investigator was asked to evaluate the patient as in everyday prac-
tice and to formulate the diagnosis at the end of the diagnostic
work-up, which was carried out in the ER for the ER physician and
neurologist and at the end of the preplanned visit for the HC expert.
Each investigator had no access at any time to the form filled by the
other investigators. The data were processed and analysed using the
statistical package SPSS-11.0 for PC. Using the Kappa statistic [7],
inter-rater agreement was calculated for all patients visited by the
three investigators and for sub-groups, defined by age older than 40
years, presence of a first headache episode, complete interference
with daily living activities and ambulance transport. In accordance
to Landis and Koch [8], agreement was deemed poor (Kappa<0),
slight (Kappa=0.00–0.20), fair (Kappa=0.21–0.40), moderate
(Kappa=0.41–0.60), substantial (Kappa=0.61–0.80) and almost
perfect (Kappa=0.81–1.00). The study was approved by the
Institutional Review Board of the hospital.

Results

We evaluated 346 patients, 117 (33.8%) of whom were
examined by all investigators and were elected for inclusion
in the present study. Included and excluded patients were
fairly similar with reference to the demographic features and
the main clinical characteristics.

The commonest clinical conditions were migraine with-
out aura and vascular (hypertensive) headache. Of the 117
patients eligible for this study, the percent diagnosed as idio-
pathic headache was 62.4% for the ER physician and 71.8%
for the ER neurologist. Patients with symptomatic headache
were 25.6% for the ER neurologist and 29.1% for the ER
physician. In addition, headache of uncertain origin was diag-
nosed in 8.5% of patients by ER physicians and in 2.6% by
ER neurologists. In the whole sample, agreement was fair
between the ER physician and the HC expert (Kappa=0.40)
and moderate for the other two pairs (Kappa=0.57 and 0.60).
In patients with a first headache episode agreement was mod-
erate between the ER physician and ER neurologist
(Kappa=0.58) but it was fair between the ER and HC neurol-
ogist (Kappa=0.24). This latter finding was the indicator of
the lowest inter-rater agreement. In patients with complete
impairment of daily living activities, agreement was moder-
ate between the ER physician and HC expert (Kappa=0.51)
and substantial for the other two pairs (Kappa=0.65). The ER
physician and neurologist had a substantial agreement for
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patients aged >40 years, although both investigators had a
less satisfactory (fair and moderate) agreement with the HC
expert. The best agreement was found for patients arriving to
the ER by ambulance (Kappa=0.78). In this latter (albeit
small) group, agreement was substantial between ER physi-
cian and neurologist and between neurologist and HC expert.
With few exceptions, agreement was most satisfactory
between the ER neurologist and HC expert and least satisfac-
tory between the ER physician and HC expert.

Discussion

We found that the ER physician, ER neurologist and HC
expert can make a diagnosis of symptomatic headache in fair-
ly similar proportions. As the diagnosis made by the HC
expert was selected as the gold standard, this finding may be
interpreted as the evidence of a fairly satisfactory diagnostic
assessment by the ER physician, expressed as symptomatic vs.
idiopathic headache, with a modest diagnostic gain after neu-
rological consultation. Inter-rater agreement was best between
the two study neurologists in most cases. However this was not
true for older patients and for those seen at their first headache
episode; in these cases the best agreement was found between
the two ER investigators. This finding may be subject to dif-
ferent interpretations. First of all, the setting in which ER
physicians and ER neurologists were working was similar and
different from that of the HC expert. This might have forced
them to concord on the discharge diagnosis more commonly
than actually done by the gold standard. Second, older age and
having a first headache episode is in itself sufficient reason for
a physician to suspect an underlying clinical condition as a
cause of headache, especially in patients with selected comor-
bid conditions, like head trauma or arterial hypertension
(which were fairly common in our sample). These same con-
ditions may have appeared less relevant at the time of the visit
at the HC. Third, given the small numbers and the fairly simi-
lar figures, the possibility of chance findings cannot be exclud-
ed. Assuming that a measure of correctness of the diagnosis
made by the ER physician lies in its concordance with the HC
expert, a correct diagnosis was best made in patients arriving
to the ER by ambulance and in those with headache heavily
interfering with daily living activities. These two features may
be a hallmark of disease severity [9, 10] and help the ER
physician in making a correct diagnosis of symptomatic vs.
idiopathic headache through a more intensive work-up. The
study has several limitations. First of all, the assessment of
inter-rater agreement was made in a sub-group of patients
which included only subjects with complete information.
Although the general characteristics of these patients were
comparable to those of the rest of the overall ER population,
selection bias cannot be entirely excluded. Second, this was a
single-centre survey conducted in a university hospital, and
our results may not necessarily be applicable to different hos-
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pital settings. Third, the aetiologic diagnoses were arbitrarily
simplified into idiopathic and symptomatic. For this reason,
and because of the sample size, we cannot estimate the cor-
rectness and the homogeneity of more precise diagnostic cat-
egories (i.e., vascular, traumatic headache, etc.). Fourth, the
diagnoses were collapsed into dichotomic categories
(obtained after pooling into a single group patients with
symptomatic headache with those in whom diagnosis was
uncertain). This decision can be contended. However, the
cases in which the diagnosis was uncertain were 8.5% for the
ER physician and only 2.6% for the ER neurologist. In addi-
tion, it can be accepted that a patient with headache of uncer-
tain aetiology is managed as a patient with presumed sympto-
matic headache and subjected to the same diagnostic work-
up. Our conclusion can be summarised as follows: the ER
physician is an important figure in the ER and he/she can fair-
ly successfully manage patients arriving for an episode of
headache. Neurologists can give a significant additional con-
tribution for patients arriving in the ER for a first episode of
headache. However, our data suggest that the neurological
consultation is deemed necessary for a correct diagnosis and
prompt management with consequent cost-saving. We believe
in the importance of further prospective multicentric studies,
which could improve the agreement between neurologists and
physicians in the ER. Moreover, we recommend the promo-
tion of training courses for ER physicians  as to better define
the problems related to management of headache in the ER.



Abstract Headache is a common problem in an emergency
department. The main task of the emergency room (ER)
doctor is to differentiate the primary forms from the sec-
ondary ones. Given that secondary headaches can manifest
themselves in such a wide variety of ways, a differential
diagnosis can then become extremely difficult. Guidelines
can be found in the literature which help ER doctors with
this task. Here we propose a procedure whereby four dif-
ferent clinical scenarios are defined for nontraumatic
headache and then evidence-based suggestions are given
for managing them in the emergency department.

Key words Headache • Emergency department •

Emergency room • Guidelines

Headache is a widespread condition and, in a large number
of cases, is a limitation to a patient’s normal working life as
well as his social and personal life, with both high direct
and indirect costs.

Numerous epidemiological studies have shown that
migraine affects around 15–18% of women and 6% of men
at some point in their lives, and reaches its peak between 25
and 55 years of age, when a person is at the most produc-
tive in their working life [1].

Anyone who works in an emergency department is well
aware that headache is a very common symptom and
accounts for 3–15 % of all patients treated in a year in an
emergency department [2]. Of these patients, around 15% are
admitted to hospital and in 30% of cases the patient is referred
to a specialist, usually a neurologist [3]. Our data show that in
the emergency room (ER) of Forli’ Hospital, headache
accounted for around 1.2% of the total patient number in
2003, with the patient staying in the ER, and consequently
keeping staff busy and using resources, for about 3 hours.

Although there are more than 300 medical conditions
which can be linked to headache, fortunately most of them
are benign. However, as headache can also be an early
symptom of a potentially life threatening condition, it is
crucial to adopt a systematic approach to differential
headache diagnosis: this will help the ER doctor identify
the symptomatic forms using clinical and instrumental
resources available to the best of his ability [4].

Published data tell us that, except for secondary and
hence potentially dangerous forms of headache, a certain
number of patients still “use” the Emergency Department
as a last resort for headache, thus for pain, which they are
unable to deal with themselves as no one has ever taught
them how to do so [5–7].

That said, it is imperative that the various specialists
involved in emergency treatment of headache all follow the
same suggestions which have been taken from the best
proven evidence in literature, namely that they follow
guidelines.
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Over the past years, the number of publications on the
subject of “guidelines” has risen steadily to the point that
even scientific works with undeniable methodological lim-
itations are now considered valid. Initially these publica-
tions were based more on the consensus of a few “experts”
rather than on the actual evidence of success in literature.
At times they aimed mainly at restricting access to
resources (number of patients admitted, neuroimaging etc.)
rather than providing a scientifically based decision-mak-
ing tool which could help doctors deal with problems of
this kind [8].

Two other important aspects to be considered are
implementation and the possibility that guidelines could
influence a doctor’s clinical decisions; without local sup-
port, including clinical audit and constructive feedback, it
is unlikely that these guidelines can be of much practical
use and change the way problems are managed.

As far as headache management in the emergency
department is concerned, there are a number of specific
publications [9, 10] which provide guidelines using a cor-
rect methodological approach.

In December 2000 a multidisciplinary group for non-
traumatic headache in the emergency department was
formed, whose aim was to provide the ER doctor with a
guideline which could easily be put into practice for diag-
nosing and treating nontraumatic headache in the emer-
gency department. The multidisciplinary nature of the
group was guaranteed by the presence of neurologists,
radiologists, ED doctors, clinical epidemiologists, experts
in infectious diseases and health care administrators.

The first step was to identify the most common clinical
cases of patients presenting to the emergency department
with headache, and then to define four different clinical
scenarios.

For each of these scenarios, we then researched the sci-
entific evidence found in literature and defined the most
appropriate procedure to follow in a particular situation (in
terms of using the resources available).

This protocol was put into practice at Forli’ Hospital
between 2001 and 2003. The effectiveness of the procedure
was measured by looking at the number of patients admit-
ted to the Department of Neurology for DRG 25 and the

number of repeated visits to the ER for headache. We
noticed that both these parameters remained contained. As
we had not initially set up a clinical audit, the data referring
to 2003 appeared less encouraging, displaying a slight pre-
dictable worsening situation.

In short, we believe that ER doctors need simple guide-
lines which can be easily adapted and put into practice in
different circumstances. We believe that the procedure pro-
posed in this article satisfies these criteria.

There is still the need, however, to evaluate the real clin-
ical implementation of our proposed model.
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Abstract Patients with headache commonly seek care at an
emergency department (ED). Patients with headache in fact
account for between 1 and 2% of admissions to an ED.
Therefore the ED physician must recognize symptoms and
characteristics of headache that signal a potential significant
organic problem in order to select appropriate tests and
treatment. Key to the correct management of headache in
ED is a careful, thorough history of the patient. This article
summarizes what the ED physician should take into consid-
eration in order to distinguish who simply needs reassur-
ance and analgesia and who needs further investigation.

Key words Primary headache • Secondary headache •

Subarachnoid haemorrhage • Migraine • Cluster headache •
Tension-type headache

Headache accounts for between 1% and 2% of admissions to
an emergency department (ED) [1, 2]. Most of the patients
have a history of chronic syndrome such as migraine or daily
tensive headache, while others will present acutely with a
headache or recent onset. About one third of these patients
have subarachnoid haemorrhage (SAH) or other intracranial
potentially fatal conditions, which need urgent investigations.
This clearly indicates that the modality of onset (acute vs.
sub-acute or chronic) is crucial for the classification and dif-
ferential diagnosis [2]. Family history, pain characteristics
and associated neurological and non-neurological signs or
symptoms are also important.

Modality of onset

Acute headaches are new headaches which occurred in the
last few days, hours or even minutes or those which are clear-
ly different from any the patient has experienced before.
Acute onset is the hallmark of cerebrovascular disorders, in
particular SAH. The classic presentation of SAH is a gener-
alized headache, which comes on abruptly, becomes severe
in a few seconds and is often associated with transient (syn-
cope) or permanent loss of consciousness, vomiting and neck
stiffness; signs of meningeal irritation, however, may not
occur until several hours after headache onset [3].

A proportion of patients with cerebral venous and sinus
thrombosis (CVST) have an acute headache that cannot be
distinguished from SAH. In most cases, however, headache
is sub-acute. Raised intracranial pressure or associated neu-
rological signs are often present; intracranial haemorrhage
happens in 35%–50% of patients [4, 5].

Headache may be associated or, rarely, be the present-
ing symptom of thrombotic or embolic stroke. Transient
ischaemic attacks (TIA) may be associated with headache
in approximately 50% of cases. Ipsilateral facial, dental or
cervical pain may be the only manifestation of internal
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carotid or vertebral artery dissection, but often there are
associated neurological signs [6].

The role of hypertension as a cause of acute headache
should not be over-emphasized and it would be less than
prudent to attribute the headache simply to high blood pres-
sure without looking for other causes, particularly in the
elderly [1]. Blood pressure, in fact, may rise as a conse-
quence of intracranial haemorrhage or subdural haematoma
because of sympathetic hypersensitivity [1, 2]. Headache
may complicate paroxysmal increase of blood pressure lev-
els, for example, in patients with pheochromocytoma, but
evidence supporting a connection between chronic hyper-
tension and headache is scant. Moreover, diastolic pressure
must probably be at least 110 mmHg to cause headache.
Blood pressure of 250/150 mmHg or higher, characteristic
of malignant hypertension, produces cerebral oedema and
displaces pain-sensitive intracranial structures. In this case
lethargy, hemiparesis or seizures may ensue.

Another cause of acute onset headache, although
developing from hours to days, is meningitis (or menin-
goencephalitis). Fever, chills, altered consciousness and
signs of meningeal irritation should lead to the correct
diagnosis.

Less common and benign causes of acute headache are
those which follow seizures or sexual intercourse
(“coital”). Post ictal confusion and lethargy which follow
tonic–clonic seizures must be, however, differentiated
from those of SAH and meningitis. Physicians must be
aware that headache occurring during sexual intercourse,
although generally of a benign nature, may be also deter-
mined by SAH caused by sudden elevation of blood pres-
sure occurring during excitement. Further investigations
(i.e., brain CT scan) are warranted when doubt exists or
when the coital headache is the “first-ever”.

Other benign acute-onset headache follows a lumbar
puncture (up to three days later), or occurs during acute
sinusitis, after exposure to toxins such as carbon monox-
ide or cocaine abuse.

Benign “thunderclap headache” has to be considered in
alert patients with abrupt onset headache without neuro-
logical signs; CT scan and lumbar punctures are mandato-
ry but negative. It recurs in approximately 20% of the
cases [7].

Physicians should also consider the possibility that
patients who present to the ED with headache may be hav-
ing their first attack of a primary headache such as
migraine or cluster headache. The age of the patient may
help to make a correct diagnosis as approximately 65% of
SAH occur during the fourth to sixth decade, while more
than 90% of migraineurs experience their first attack
before 40 years and also the mean age of onset of cluster
headache is less than 30 years [8, 9]. Acute ocular pain
mimicking migraine and cluster headache may also be the
presenting feature of acute iritis and glaucoma.

Causes of sub-acute onset headaches include giant-cell
(Horton’s) arteritis, benign intracranial hypertension

(pseudotumour cerebri) and intracranial masses such as
tumours, subdural haematomas and abscesses. 

In the first case, women are affected twice as frequent-
ly as men, there are signs of polymyalgia rheumatica
(malaise, weight loss, normochromic anaemia, myalgia
located to proximal limbs, arthralgia, fever, elevated ery-
throsedimentation rate) or specific hallmarks of vasculitis
involving the external carotid arterial system such as nodu-
larity, erythema or tenderness over the temporal artery, jaw
claudication or sudden visual loss [10]. 

Pseudotumour cerebri is mostly idiopathic; the typical
patient is a young overweight woman, who complains of
blurred vision or diplopia. Moderate to severe papilloede-
ma secondary to increase in intracranial pressure is present
in almost 90% of patients; diplopia is due to abducens
nerve palsy [4]. 

An intracranial mass produces headache whenever it
compresses or strains pain-sensitive structures. Mass size
and rate of growth influence the temporal pattern of the
headache. Pain may be absent, intermittent or easily
relieved by an over-the-counter analgesic early in the ill-
ness. Headache is the presenting symptom of a brain
tumour in 36%–50% of cases, while headache is present in
80% of patients at the time of diagnosis.

Chronic or recurrent pain occurs in primary headaches
such as tension-type headache (TTH), migraine, cluster
headache and other trigeminal autonomic cephalalgias [4, 11].

Family history

Relatives of patients with migraine or cluster headache
may also be affected.

Characteristic of pain

A comprehensive anamnesis of patients presenting in ED
with headache should include questions about quality,
location, duration and temporal pattern of the pain as well
as about conditions which relieve or exacerbate it.

Pulsating or throbbing pain is described in migraine,
hypertensive encephalopathy and often also in tension
headache. In such a condition patients usually complain of
bilateral occipital or also of “pressure” or of a “tight band”
around the head. Pain related to intracranial mass lesions
is usually dull and steady. Neuralgias causes lancinating,
sharp, very short (few seconds to minutes) pain localized
to the distribution area of the nerve involved (usually the
second or the third division of fifth nerve in trigeminal
neuralgia and the pharynx and external auditory meatus in
the glossopharyngeal). Coital headache may be either dull
during sexual excitement or a severe sudden pain at the
time of orgasm.
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Severity of pain is largely dependent on patient psy-
chology and does not provide a reliable guide to aetiolo-
gy. The “worst headache of my life”, however, is often the
complaint of patients with SAH. Cluster headache is also
reported to be extraordinary painful, while TTH tends to
be a less severe form.

Pain is invariably unilateral in cluster headache and in
the majority of migraine attacks. In 40% of patients with
migraine, however, it can be bilateral or start on one side
and then become generalized [8]. Ocular or retro-ocular
location is common in migraine and cluster headache,
trigeminal or post-herpetic neuralgia, optic neuritis,
Tolosa-Hunt syndrome, characterized by episodic orbital
pain and paralysis of the third, fourth or sixth cranial
nerve (due to aneurysm or thrombosis of cavernous sinus,
tumours, benign granuloma), and ophthalmologic disor-
ders such as acute iritis or glaucoma. Pain can be local-
ized to one or several of the para nasal sinuses involved in
acute infection. When a tumour is the cause of headache,
in about one third of the patients headache overlies the
projection of the tumour to the nearest skull surface (“it
hurts right here”). Pain may however be referred to the
vertex and frontal region or to the occiput according to
tumour location above or under the tentorium [4]. As
there is a significant overlap between characteristics of
pain caused by brain tumours and primary headaches,
possible clues to a correct diagnosis are once again recent
onset, change of character of pain, lock-sided pain not
resembling primary unilateral headaches and vomiting in
patients without history of migraine.

Duration of pain varies from seconds to days.
Migraine lasts 4–72 h, cluster headache 15–180 min if
untreated. The median frequency of migraine is 1.5 per
month; cluster headache attacks recur from one every
other day to eight per day. At least five recurrent attacks
are needed for the diagnosis. SAH headache develops
usually within moments, sometimes over a few minutes,
lasts from at least one hour to days to weeks. Coital
headaches subside in minutes or even days [1, 2, 8, 9].

Headache from mass lesions as from sinusitis and
hypertension are maximal on awakening. Cluster
headache often awakes patients from sleep and tends to
recur at the same time. Migraine may worsen during
menses. Tension headache is often maximal at the end of
a workday or after stressful situations.

Migraine is relieved by dark, sleep, vomiting and
exacerbated by head movement. Coughing, sneezing or
Valsalva’s manoeuvre increase intracranial pressure and
worsen discomfort due to intracranial mass headache,
meningitis and pseudotumour cerebri. Sneezing, bending
forward, blowing the nose exacerbate pain in patients
with sinusitis. Postural headache (severe when upright,
nearly absent when lying down) is a typical feature of low
cerebrospinal fluid (CSF) pressure (lumbar puncture, CSF
leak, head injury) [1, 2].

Associated signs or symptoms

The presence of neurological abnormalities in patients
suffering chronic (weeks to months) headache are due to
structural brain lesions. In episodic headaches, the disor-
der is likely to be benign when signs or symptoms precede
headache; on the other hand they suggest a structural
lesion when they appear during or after the headache or
when they continue after headache resolution (with the
possible exception of the rare hemiplegics migraine, in
which hemiplegia may outlast the headache) [4].

Intraparenchymal or intraventricular haemorrhage and
ischaemic stroke produce focal signs, which should alert
the ED physician. When the rupture of a berry aneurysm is
the cause of SAH (75%–85% of the cases), however, bleed-
ing occurs in the subarachnoid space and prominent focal
signs are uncommon. An exception is the ipsilateral oculo-
motor palsy caused by rupture of an aneurysm of the pos-
terior communicating artery. Dissection of the internal
carotid artery may be accompanied by an ipsilateral
Horner’s syndrome, monocular blindness, or controlateral
motor or sensory symptoms. Focal neurological signs, such
as motor and sensory deficits, aphasia, hemianopia and
focal seizures are the most common finding in CVST [5].

Meningeal signs can be readily assessed by flexing the
neck and noting whether this produces flexion of the
knee. Meningeal irritation affects head flexion, while cer-
vical spine disorders restrict movement in all directions.

Twenty-sixty percent of patients with migraine can often
accurately predict the headache occurrence as they have pre-
monitory symptoms such as feeling tired or having difficulty
concentrating. The typical migraine aura develops over 5–20
min, lasts less than one hour and precedes or accompanies
headache. Aura consists in the majority of cases in visual dis-
turbances (99% of the cases), including scotomata,
phosphenes, geometric forms, loss of vision, and in more
complicated forms, teichopsia, fortification spectra, micro-
or macropsia, zoom or mosaic vision; unilateral sensory
(hand arm and cheirooral paresthesias) and motor symptoms
can occur. Language disturbances, altered consciousness
associated with dèjà-vu or jamais-vu or more elaborated
trance-like states are other manifestations. In the “basilar
type migraine” there are bilateral symptoms (diffuse
headache, simultaneous bilateral temporal and/or nasal visu-
al disturbances, paresthesias, paresis) and changes in mental
status (syncope, somnolence, stupor), dysarthria, vertigo, tin-
nitus, diminished hearing loss, diplopia, nystagmus, ataxia.

Migrainous aura phenomena can be distinguished
from those which ensue during seizure or TIA because
they proceed slowly and last longer. Visual disturbances
also suggest an intracranial process involving the optic
nerve or central visual pathways, or glaucoma.

Cluster headache is typically accompanied by ipsilat-
eral autonomic features such as conjunctival injection or
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rhinorrhoea, nasal congestion, eyelid oedema, forehead
and facial sweating, miosis or ptosis, and in many cases
restlessness and agitation which may help to distinguish
those patients from migraineurs who generally lie down
and look for rest during headache attacks.

Papilledema, the hallmark of increased intracranial
pressure, may be seen in space-occupying intracranial
masses, pseudotumour cerebri, and hypertensive
encephalopathy. Superficial retinal haemorrhages (sub-
hyaloid) suggest SAH.

Vomiting, nausea and photophobia are common in
migraine but also in SAH and meningitis. Fever and chills
indicate an infection; weight loss suggests cancer, giant cell
arteritis or depression.
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Abstract The headache is a very frequent symptom and rep-
resents the 0.36%–2.5% of all reasons of claim to
Emergency Department. Even if it is rarely related to high
risk diseases, it is mandatory to promptly differentiate life-
threatening conditions. In order to establish a correct diag-
nostic and therapeutic pathway and ask for aimed specialis-
tic consultation, the emergency physician must be familiar
with the various categories of headache. It is important to
distinguish between essential headache and secondary
headache. All patients presenting to the emergency depart-
ment with the complaint of headache should be interviewed
carefully regarding their history. The quality of pain associ-
ated with the intensity, location, rate, duration, modality of
onset, relieving or worsening conditions, response to drugs,
symptoms or signs associated must be investigated as well.
Careful neurological examination including the vision of
fundus oculi and the evaluation of rigor nucalis can provide
further important diagnostic information. Laboratory exams
do not usually give significant issues in the majority of
patients with headache. However, dosage of inflammation
index can be useful when an infective or inflammatory dis-

ease is suspected. CT scan can rule-out the suspicion of
organic intracranial causes.When the physician suspects
meningitis or subarachnoid hemorrhage (SAH) not showed
by CT scanning, rachicentesis can turn out diagnostic. The
modality of onset, clinical characteristics and differential
diagnosis of subarachnoid hemorrhage, intracranial hyper-
tension, colloidal cyst of the third ventricle, trigeminal neu-
ralgia, temporal arteritis and pituitary adenomas and
apoplexy will be discussed. These diseases are not only of
neurological and neurosurgical interest, but involve also the
physician in the Emergency Department.

Key words Headache • Life-threatening disease • Emergency
Department

General remarks

The headache is a condition of pain of any genesis located in
the head and resulting from an alteration of the nociceptor’s
chain of activation; headache is a very frequent symptom and
represents 0.36–2.5% of all reasons of claim to the
Emergency Department. However, the headache is due to
pathologies with a high morbidity and mortality only in a
low percentage of cases. These three aspects (vagueness of
the symptom, high frequency in the general population and
low incidence of pathologies with high risk) make headache
a very particular symptom; indeed, excluding a situation of
immediate danger is very important for every symptom, but
for headache this aspect is even more remarkable. At the
same time, this must not lead to an indiscriminate use of
diagnostic investigations, such as computerized tomography,
which, even though not invasive, represents a biological and
economic price for the whole population.

Generally, those forms of headache with acute onset and
suspicious aspects may present to the Emergency
Department, while conditions of chronic migraine will be
managed from specialised outpatients.
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In order to establish a correct diagnostic and therapeutic
pathway and ask for aimed specialised consultation, the
emergency physician must be familiar with the various cate-
gories of headache.

The first great subdivision can be made between prima-
ry or essential headache, in which no specific organic rea-
son is recognisable and secondary headache due to a spe-
cific reason.

Among primary headaches are those of vascular aetiolo-
gy and tension-type (muscle contraction) headache: 4.5–20%
of patients visiting at the Emergency Department will be suf-
fering from vascular headache; a lot more patients are affect-
ed by this condition included in the so-called tension-type
headache; the emergency physician can be reassured that
organic causes of headache rarely occur (<1%).

Differential diagnosis of the patient presenting with
headache is essential to rule out organic disease and estab-
lish an appropriate treatment: all patients presenting to the
Emergency Department with the complaint of headache
should be interviewed carefully regarding their history.
Careful neurological examination including the vision of
fundus oculi and the evaluation of rigor nucalis must equal-
ly be performed.

At first, headaches of neurosurgical interest must be dif-
ferentiated from primary headache; we must not forget that
patients with a chronic headache are at risk for other kinds of
headache; therefore, it is very important to immediately find
out if the characteristics of the present headache are similar to
the headache which the patient usually suffers from.

The quality of pain must be understood immediately; this
figure, associated with the intensity, location, rate, duration,
modality of onset, relieving or worsening conditions,
response to drugs, symptoms or signs associated and with
anamnesis and clinical history of the patient, can guide
towards a diagnostic supposition, which must be confirmed
by means of instrumental examinations.

Once we have defined the parameters of pain, we must
wonder if the symptomatology could be related to a condition
of elevated intracranial pressure or a haemorrhagic event such
as SAH; in the first case we must pay attention to evolution
over time, while in the second case the modality of onset must
be investigated. We need to rule out these risks which are the
most serious conditions requiring early diagnosis and man-
agement. It is essential to manage between the explanations
that the patient and his family want to give: the “cervical
arthrosis”, the stress, the “nervous breakdown”, the “intestinal
congestion”, getting one’s bearings towards the possibility of
high blood pressure or other primitive headache.

The absence of vomiting, the normality of fundus oculi
and the lack of any other concurrent symptom, included in a
normal neurological examination, do not allow the exclusion
of organic intracranial reasons, like intracranial neoplasms
and elevated intracranial pressure, as the cause of headache;
generally, a headache suffered by a patient with clear neuro-
sis must not be attributed in all haste to functional reasons.

Usually, laboratory exams do not allow diagnosis in the
majority of patients with headache. A complete blood count
and dosage of inflammation index (sedimentation rate, C-reac-
tive protein, electrophoresis of protein) should be performed if
there is any suspicion of an infection, or if marked anaemia is
suspected (which could cause a hypoxia-related vascular
headache). Vomiting, often associated with migraine, can lead
to dehydration: evaluation of renal function and plasmatic
electrolytes should be obtained. In order to rule out temporal
arteritis, sedimentation rate and dosage of C-reactive protein
should be obtained for all adult patients with recent onset of
headache or a change in the character of the headache. Altered
values of glycaemia, azotemia and ammoniemia can indicate
a condition of metabolic imbalance.

CT scan can rule out the suspicion of organic intracranial
causes and, if possible, magnetic resonance imaging (MRI)
allows definitive diagnostic confirmation.

Rachicentesis is an important diagnostic tool in the
Emergency Department. If the emergency physician suspects
meningitis or a subarachnoid haemorrhage (SAH) not shown
by CT scanning, easy visual examination of the cere-
brospinal fluid (CSF) can turn out diagnostic: in the first case
it will be cloudy if not purulent because of the high cellular
count (CSF’s leucocytosis), while in the case of a SAH it will
be xanthochromic.

Subarachnoid haemorrhage

Bleeding of a cerebral aneurysm is the cause of spontaneous
SAH in about two-thirds of cases; SAH represents a patholog-
ical condition associated with a high morbidity and mortality.

The blood flows quickly from the aneurysm and tends
to spread inside the subarachnoid spaces, the cerebral
parenchyma or in the ventricular system. The entity of the
haemorrhage is connected to the size of aneurysm’s point
of breakage: bleeding arrest occurs when a balance of
pressure is reached at both sides of the wall of the
aneurysm. When the point of breakage is small, this bal-
ance is achieved early through a cisternal plugging: in
these cases, the symptomatology is usually limited to the
headache only. On the contrary, when the breakage is
greater, the bleeding will stop only when the intracranial
pressure equalises the blood pressure causing the condi-
tion called “flow arrest”: loss of consciousness will be the
clinical consequence; the duration and reversibility of this
clinical condition are due to the entity of the haemorrhage
and to the CSF buffer system to lower the intracranial pres-
sure to physiological values. The first haemorrhagic event
can be of minor entity and for this reason it might not be
recognised; the second one is usually much more dramatic
with a high risk of mortality.

Therefore, the emergency physician must be able to sus-
pect a SAH even in the presence of headache alone; he must
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request an urgent CT scanning and, if positive for SAH, a
neurosurgical consultation.

A recent study published in the New England Journal of
Medicine [1], stressed the importance of suspecting SAH in
patients presenting at the Emergency Department with
headache alone and normal neurological examination: about
20% of these patients have a SAH.

The headache is the distinctive sign of the SAH, present-
ing in about 97% of cases. It is an unusual, very strong
headache, with a typically acute onset, generally localised in
the nuchal region or behind the orbits and described by the
patient as “the worst headache of my life” (thunderclap
headache). It may rise suddenly during daily rest (20% dur-
ing sleep) or in relationship with the manoeuvres of abdom-
inal press or with a physical strain. Increased intracranial
pressure is the cause of many associated symptoms like pho-
tophobia, nausea, vomiting and loss of consciousness;
meningismus and focal neurological signs may also be pre-
sent. Vomiting is the typical “neurological vomiting” and
appears very early, within minutes or, at most, a few hours
from the onset of the headache.

Frequently, headache is associated with deficit of a cra-
nial nerve; usually, the common oculomotor nerve (third cra-
nial nerve) is involved and ptosis of the eyelid, diplopia,
diverging squinting and anisocoria will appear after a few
minutes or some hours from the headache’s onset.

Sometimes focal neurological deficit, motor or sensitive,
and language disorders may be present at the onset.

Furthermore, partial or generalised epileptic fit may be
the first symptom and the cause of loss of consciousness.

A stiff neck is an important sign but it is not essential
for the diagnosis of SAH. It is due to meningeal involve-
ment from inflammation caused by bleeding in the sub-
arachnoid space: meningismus appears only after 24–48 h
from the haemorrhagic event, and so, stiff neck may be
missed if the bleeding traces back to a few hours before the
medical evaluation. 

Ocular haemorrhage is a peculiar sign and may be found
in 20–40% of cases; it is usually associated to the rupture of
an aneurysm of the anterior circulation. The exploration of
fundus oculi allows it to be seen in the presence of a normal
optic papilla.

When the SAH is of a minor entity, it can be misdiagnosed;
in this case of “sentinel haemorrhage”, the headache can be
also very great and associated with nausea, dizziness and
slightly altered levels of consciousness, but it lasts for a short
time. In about 40% of these cases, a second haemorrhagic event
with clear signs and symptoms of severe SAH occurs after
6–20 days.

The suspicion of a SAH imposes the need for a CT scan. A
CT scan of fourth generation, high resolution and high quality,
performed within 48 h from the SAH, allows visualisation of
the presence of recent blood in more than 95% of cases, to
specify its distribution in the subarachnoid spaces and discover
the possible site of bleeding.

A lumbar puncture (LP) should be performed in those
patients presenting to the Emergency Department for a deep
headache with acute onset when CT scan is negative for bleed-
ing or cannot exclude a SAH.

LP is the most sensitive test for identification of a SAH but
the possible presence of a focal lesion is an absolute con-
traindication. Therefore, a CT scan must be always performed
before LP when increased intracranial pressure is suspected.

Also, this procedure involves the risk of neurological wors-
ening, particularly in those patients with an altered level of con-
sciousness and/or focal neurological deficit: in fact, the sudden
decrease of the CSF’s pressure may increase the vasal trans-
mural pressure and cause a new haemorrhagic event. Slow
removal of a few millilitres of CSF with a fine spinal needle is
mandatory. The evidence of xanthochromia or red blood cells
in the spinal fluid is diagnostic for bleeding.

Intracranial hypertension

The intracranial lesions, whether of tumoral, vascular or
inflammatory origin, can cause traction, dislocation, strain-
ing or inflammation of those intracranial structures that con-
tain nociceptors.

Headache is the main symptom of this condition of
increased intracranial pressure, also known as intracranial
hypertension. In these cases, it is more frequent and severe
when the intracranial pressure is unstable with an increased
pulsatility; a relationship between the intensity of headache
and intracranial pressure’s values is not recognised. During
the first period of increase of intracranial pressure, the
headache has an intermittent pattern with few preferential
exacerbations throughout the day: during the second half of
the night and upon waking. Sometimes this headache is asso-
ciated or followed by vomiting with the typical onset not pre-
ceded by nausea and after which the headache can com-
pletely resolve.

Pain is situated either in the fronto-orbital or occipito-cer-
vical region, but it can also occur in a more restricted and lat-
eral area. This is a gravative headache, initially responsive to
normal analgesic therapy but with a typical worsening pattern:
it becomes subcontinuous, with frequent exacerbations; finally,
it can be continuous, insensible to analgesic drugs, associated
with apathy, motor and thinking impairment and psychic dis-
turbances. The neurologic examination can point out diplopia
(due to VI cranial nerve palsy) and focal neurologic deficits
depending on the location of the pathological process. The bot-
tom eye examination can reveal a shade and with elevated mar-
gins optic papilla (oedema and papillar stasis).

Nowadays, the widespread availability of modern diagnos-
tic tools allows the early recognition of any intracranial lesions
responsible for intracranial hypertension. Therefore, the emer-
gency physician can play an important role in understanding
whether a headache is the presenting symptom of a persistent
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intracranial hypertension, and so to address the patient to a
proper diagnostic study.

An intracranial lesion with a rapid growth, like a cerebral
glioma, exerts a traction on the nociceptive receptors of the
skull, resulting in an intense headache frequently requiring an
emergency physician’s evaluation. Conversely, in the case of a
neoplasm with a slow growth, like a meningioma, the patient
will suffer from a transient and mild headache, responsive to
normal analgesics; rarely, an Emergency Room evaluation will
be required before the occurrence of other symptoms or signs.

The patient affected by a cerebral neoplasm often describes
headache as a deep, dull, gravative, constant and rarely pulsat-
ing pain. It can be very severe, but normally not as impairing as
an hemicranial attack. The worsening of headache reflects the
growth of tumoral mass and perilesional oedema. Pain is gen-
erally stressed by transient increase of intracranial hyperten-
sion like Valsalva’s manoeuvre or physical exercise.

Besides tumours, other diseases can be responsible for
intracranial hypertension resulting in headache.

An intracranial abscess must always be suspected in a
patient with severe headache and papilledema associated
with signs of infection such as fever, leucocytosis, eritrosed-
imentation velocity and C-reactive protein level increase.

A chronic subdural haematoma should be the first diag-
nostic hypothesis in the old or adult patient taking antiaggre-
gant therapy and with a history of head trauma in the previ-
ous 2–3 months (even if mild), who complains of typical
intracranial hypertension headache associated with confu-
sion, motor and thinking impairment. Intracranial hyperten-
sion is possible before appearing neurological deficits.

Furthermore, when a gravative headache presents abrupt-
ly and with a worsening pattern a dural venous sinus throm-
bosis (venous congestion and decreased CSF reabsorption)
must be suspected. Both vasal wall inflammation and
intracranial hypertension are determinant for the onset, often
as first symptom, of headache. Concerning cortical veins
thrombosis, often associated to dural sinuses involvement,
headache tends to be more severe and lateralised. To the con-
trary, when cavernous sinus thrombosis occurs, severe
headache is located in the retro-orbital region. An intense,
gravative retro-orbital pain associated to III cranial nerve
palsy, sometimes sensitive disturbances of the first and sec-
ond trigeminal branches and simpatic ocular deficit, repre-
sents the Tolosa-Hunt syndrome. This syndrome is caused by
a thrombotic obstruction of the cavernous sinus and of the
omolateral superior ophthalmic vein as a consequence of a
non-infective, chronic inflammatory process.

Pituitary adenomas

Almost half of patients with giant pituitary adenomas com-
plain of long duration headache. This is due to the straining
of dura mater of diaphragma sellae and walls of cavernous

sinuses, which is full of trigeminal nociceptors and therefore
extremely sensitive. It is generally described as a dull pain or
a distressing sensation localised at the fronto-temporal
regions or behind the orbits, more rarely at the occipital
region or over the whole skull.

Pituitary apoplexy

The headache of pituitary apoplexy is similar for qualitative
characteristics but it is different for time and modality of
onset.

Pituitary apoplexy is due to necrosis and haemorrhage of
a pituitary adenoma which causes the fast increase of the
neoplasm; usually, it occurs in the cromophobic and
eosinophilic adenomas. Clinically, it is identical to the post-
partum pituitary apoplexy (Sheehan’s Syndrome).

Haemorrhage and necrosis of the adenoma induces:
(a) a sudden increase of volume inside the sellar region with

a consequent mechanical straining of walls of cavernous
sinuses and sprain or compression of the cranial nerves
within it;

(b) straining and raising of diaphragma sellae;
(c) discharge of necrotic tissue and blood from the sellar region,

which can reach the subarachnoid space of basal cisterns;
(d) an acute pituitary insufficiency.

Clinically the patient has:
(a) deep headache with acute onset, localised to the frontal

region or to one or both eyes, due to suffering of the
trigeminal nerve;

(b) sudden appearance of ophthalmoplegia; it involves one or
both eyes, is partial or asymmetrical and is due to the
stretching of the oculomotor cranial nerves through the
cavernous sinuses;

(c) meningismus, hyperthermia and slightly haematic cere-
brospinal fluid, due to the effusion of blood into the sub-
arachnoid cisterns;

(d) sudden worsening of sight because of acute compression
of the optic nerve;

(e) severe hypotension and alterations of the level of con-
sciousness, due to the sudden pituitary and consequent
acute hypocorticosurrenalism. 
The diagnosis is relatively easy when a pituitary adeno-

ma was already diagnosed; CT scan clearly shows the pres-
ence of a mass located in the sellar region.

Colloidal cyst of the III ventricle

This is a peculiar kind of headache due to acute intracranial
hypertension. It is caused by the sudden onset of hydro-
cephalus secondary to the abrupt obstruction of CSF path-
ways. It is a spherical cyst, that can move inside the III ven-



tricle. With changes of position of the head, the cyst can
close partially and subsequently totally the Monro’s forami-
nas; this leads to a sudden headache, diffuse and gravative,
when the patient bends over. Pain usually lasts some min-
utes/hours and then it completely disappears. It is not a com-
mon cause of headache, but it must be suspected in patients
who have no tracts of primitive headache and are not affect-
ed by arterial hypertension.

Trigeminal neuralgia

Idiopathic or essential trigeminal neuralgia occurs mostly
between 50 and 60 years of age. Patients complain of a facial
or frontal pain, lasting from a few seconds up to two minutes.
The pain typically involves the region of a peripheral branch
of the trigeminal nerve, often the second one; it is paroxys-
tic, very severe and comparable to electric discharge, often
leading to a facial muscular spasm. Pain attacks last for a
short time and are more frequent in the morning. Between
the attacks, patients are fully asymptomatic.

Secondary or symptomatic trigeminal neuralgia is typical
of the young and is referred as persistent, chronic, dull pain.
It is present during the night too, and is associated with other
neurological symptoms (i.e., hypoesthesia in the same terri-
tory affected by neuralgic pain). Most of the causes of sec-
ondary trigeminal neuralgia are of neurosurgical interest:
intracranial aneurysms, giant-cell arteritis and intracranial
tumours affecting Gasser’s ganglion.

Temporal arteritis

Giant-cell arteritis (also known as temporal or Horton’s
arteritis) is the most frequent arteritic affection. Aetiology is
autoimmune and adult females (over 50 years) are almost
exclusively affected. The first symptom is usually a dull,
gravative, worsening headache, sometimes associated with
fever; skin surrounding the temporal artery is flushed end
swollen; pain can be stressed by palpation of the arteries
involved in the inflammatory process (superficial temporal
artery and its branches). A prompt diagnosis and an immedi-
ate cortisonic treatment are mandatory to avoid the ischaemic
degeneration of tissues involved in the arteritic process, espe-
cially the retina. Blindness occurs in 50% of untreated cases.

The symptom of a significant increase of eritrosedimenta-
tion velocity (more than 100 mm/min) can be useful in diag-
nosis. The most important diagnostic procedure is the biopsy
of an involved artery. False negative specimens can occur, as
the inflammatory process has a segmentary distribution.

Giant-cell arteritis must always be suspected when a per-
sistent headache occurs in an otherwise asymptomatic adult
female.
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How to differentiate an ominous headache from 
a common one

Hereby is a list of practical criteria to distinguish primary
headaches from intracranial hypertension:
- Migraine shows a familiar recurrence; in the family histo-

ry of a patient, other cases of migraine are usually present.
It begins during childhood; pain is pulsating, presenting in
well defined areas: fronto-temporal or latero-nucal.
Migraine attacks are generally stereotyped; patients know
the duration, the occasional insurgence of vomiting (gen-
erally seven to eight hours after the insurgence of
headache), the modification of pain from a pulsating to a
gravative form. Patients do not describe the full picture of
their migraine if not adequately interrogated. It should also
be reminded that migraine responds only to a few drugs,
usually ineffective towards other kinds of headache.
Another important aspect of migraine is the site of occur-
rence: migraine attacks involve predominantly one side of
the head, but usually involved alternatingly both sides.
Diagnosis of migraine cannot be the first one if pain occurs
invariably on the same side of the head.

- Cluster headache has some characteristic aspects and is
more difficult to misdiagnose. The most relevant data are:
the site of pain (usually the inner orbita), the severity of
pain (unbearable and uncontrollable), the duration of the
attacks (generally not exceeding two hours). During the
cluster, pain can occur several times a day. Duration of the
cluster (one month, approximately) and its recurrence
(once a year usually) can be foreseen. In this case, too, an
accurate collection of a patient’s history is very important.

- Tensive headache is a very common form of headache. It
is the typical “circle around the head” lasting days,
weeks, months or years in a recurrent, if not continuative,
way. It is a gravative-constrictive headache and can affect
the frontal or nucal region, usually with an alternation the
two sides. It responds to common analgesic drugs, usual-
ly taken by patients in a great quantity. Young patients are
mostly affected, even if it is less characteristic – in this
regard – than migraine and anxiety, obsessive and often
depressive personality tracts and phobia are present. As
this kind of headache is common in neurotic patients,
these aspects must be accurately identified. A physician
should not overlook these patients considering them just
as “neurotics”. Tensive headache is common in neurotic
patients, but being neurotic is not a sufficient condition
for having a tensive headache.

- None of these forms of headache can be diagnosed by
means of instrumental tools. Adequate anamnestic and
clinic evaluation is essential for diagnosis.

- Some particular headaches:
(a) A different kind of headache can occur in adults and

old people who do not present a chronic headache. It
begins during night and is generally diffuse and grav-
ative, but can also be pulsating: it is caused by blood
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hypertension in patients who are not knowingly
affected by hypertension. In this case, when emotion-
al and mood disorders are not present, it is necessary
to perform blood pressure measurements on several
consecutive days. In fact, the finding of a normal
blood pressure value with a single measurement has
poor significance.

(b) Metabolic imbalances too can be responsible for
headache (glycaemia, azotemia, ammoniemia disor-
ders). In these cases the presence of symptoms other
than headache can lead to a correct diagnosis.

A few don’ts:
- Considering a cervical spondylosis responsible for

headache. Patients consulting a physician for headache
quite often receive the inappropriate diagnosis of “cervi-
cal spondylosis”, and sometimes this is true also for
young patients. This spondylosis is usually nonexistent
or, if present, is not responsible for the headache. It is
surely better to completely forget about this cervical
spondylosis.

- Giving too much importance to “stress”. This is another
great mistake in the diagnosis of headache. Following a
patient who complains about common problems of life,
without objective findings, can be very dangerous. If one
suspects the presence of emotional disorders contributing
to the genesis of headache, one must be certain.

- Accepting relatives’ interpretation, especially in the case
of children. “He says he suffers from headache because
he doesn’t want to go to school or doesn’t want to make
his homework, but he always feels good when it’s time to
play”. This can be the case, of course, but other factors
can play a role. Reporting one’s symptoms or pain is not
very easy, and this is particularly true for children.

- Addressing patients to a Headache Unit just because
they have had a headache for ten days. Headache Units
are dedicated to the treatment of primary, i.e., chronic,
headaches. In the case of a headache of recent origin,
one must first rule out the presence of an underlying

organic diseases. One should not forget that dedicated
units generally have a long waiting list and in the mean-
while the situation can change, even in a dramatic way.

- Do not misdiagnose a history of chronic headache.
Patients with chronic headache often have different forms
of headache. Usually they are not able to spontaneously
describe these forms, but they can distinguish the differ-
ent attacks if properly asked to. In this way, they can
recognise a headache related to intracranial hypertension,
because it is different from their usual pain.

- Do not make a diagnosis of headache without a clini-
cal basis. Do not abuse the diagnosis of “headache of
unknown cause”. Following a precise scheme, collect-
ing all the information needed to build a diagnosis does
not require excessive time or peculiar diagnostic skills.
On the contrary, it could lead to a reduction in time. In
other words, ruling out primary headaches, or
headaches secondary to blood hypertension, metabolic
imbalances, etc., does not mean obtaining a circum-
stantiate diagnosis, but to select a suspect headache. In
this case, it is important to obtain a further evaluation,
also in the emergency unit (a simple CT scan can be
enough).
Finally, it is necessary to stress that in the Emergency

Unit a circumstantiate diagnosis of the headache is not
required, but it is more important to understand if we are
facing a suspect headache. The history taking is not a com-
mon dialogue; the patient can tell the physician some mis-
leading information, focussing his/her attention only on
the intensity of the pain, disregarding other parameters.
The physician has to guide the dialogue, following a men-
tal scheme about the kind, site, frequency, etc., of the pain.
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Abstract An impressive number of studies regarding the
usefulness of neurophysiological procedures in primary
headaches have been performed, but some of their results are
difficult to interpret. However electrophysiological methods
are useful to investigate peripheral and central mechanisms
underlying this disorders. Taken globally, this results argue
in favour of the neuronal pathogenesis of migraine as a final
result of modified brainstem inputs to the cortex and/or con-
sequence of a functional neuronal derangement. In this paper
are briefly reviewed some of the principal data nowadays
reported.
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Transcranial magnetic stimulation

Introduction

Migraine is today considered a disorder in which both neu-
ronal and vascular mechanisms play a pathophysiological
role [1]. Electrophysiological techniques have been used to
obtain additional data concerning pathophysiological
aspects of the headaches rather than diagnosis of pain dis-
orders. In this way, the basic tools in the diagnostic proce-
dure of headaches remain, without doubt, careful clinical
examination and an accurate collection of anamnestic data.
Although an impressive number of neurophysiological
studies have been performed in migraineurs and headache
sufferers, some of their results are difficult to summarise
because of the lack of normative data or because of the poor
homogeneity of patients groups. However, electrophysio-
logical methods are useful to investigate peripheral and
central mechanisms underlying these disorders and the neu-
rophysiologist has a lot of tests and procedures available in
the diagnostic setting. Guidelines for their use have been
recently published [2, 3]. The neurophysiological methods
that have been used in migraine must be considered: elec-
troencephalography (EEG), evoked potentials (EPs), reflex
responses, autonomic tests and transcranial magnetic stim-
ulation (TMS).

Electroencephalography

The utility of EEG in the diagnosis of patients with headache
has been controversial and when EEG is used to explore
migraine pathophysiology it is not easy to compare the results
from different studies because different methodological pro-
tocols have been applied. Although early EEG studies of
migraine emphasised the frequent abnormal recordings, con-
temporary reviewers have criticised most studies for various
methodological omissions and flaws [4]. Interictal EEG is not
useful in the routine evaluation of headache patients but it
may be useful in those headache patients who have unusual
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symptoms that suggest possible seizure disorders. A clinical
EEG is clearly indicated in patients with acute headache
attacks when either epilepsy, basilar migraine, migraine with
prolonged aura or alternating hemiplegia is suspected.
Headache patients groups seem to have increased EEG
responses to photic stimulation but a useful biological mark-
er for migraine has not been found. Quantitative frequency
analysis of EEG (QEEG), with or without topographic brain
mapping, is generally recommended only in conjunction with
visual EEG interpretation performed by a skilled observer [5].
Routine EEG and brain mapping studies indicate that the
attack of migraine is associated with a local reduction of elec-
trocortical activity. The EEG abnormalities may outlast the
migraine attack by several days and probably can precede the
attack [4]. Interictal EEG is not routinely indicated in the
diagnostic evaluation of headache patients but it retains strong
indication if the clinical history suggests a possible diagnosis
of epilepsy and, in ictal phase, during episodes with compli-
cated aura and/or decreased consciousness or confusion.

Evoked potentials

Evoked (EPs) and event-related potentials (ERPs) have been
extensively studied in migraine patients during the interictal
period and suggest that cortical information processing is
abnormal compared to normal subjects. For instance, a strong
intensity dependence of auditory evoked potentials (AEP) is
found in migraine with or without aura patients [6].
Amplitudes of averaged visual evoked potentials (VEP) with
flash or pattern-reversal stimulation were higher in migraine
with or without aura than in healthy controls in a number of
studies [7, 8]. Habituation (i.e., amplitude decrease), which
can be observed in most healthy subjects, is deficient in
migraineurs or even replaced by potentiation (i.e., amplitude
increase) [9], showing that the migrainous brain is hypersen-
sitive to visual stimuli [10]. ERP contingent negative varia-
tion (CNV) shows marked changes in temporal relation to the
attack: its amplitude tends to normalise during the attack and
to increase before it [11]. All the studies, taken together, have
only limited usefulness in the diagnosis of headache.

Reflex responses

Migraine research has focused on the trigeminal nocicep-
tive system as a pivotal player in the pathophysiology of
migraine. Neurophysiological studies have revealed abnor-
mal activity of some brainstem nuclei in patients with
headache and several electrophysiological techniques have
been used to explore polysynaptic reflexes in these subjects.

One way of studying the trigeminal system is to exam-
ine blink reflex (BR) and corneal reflex (CR) responses
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because the afferent part of the reflex arch is via the trigem-
inal nerve [12]. BR and CR, both brain-stem reflexes, are
reflected in a bilateral closure of the eleydis after an elec-
trical stimulus, usually delivered to the supraorbital nerve.
These responses are considered to be protective reflexes
with three components: the initial ipsilateral component
with brief latency (R1), a late second bilateral component
(R2) and a bilateral ultralate component (R3). Meanwhile
the precise nature of R1 and R2 is still debated, and the R3
is considered to be a nociceptive component. Two late bilat-
eral symmetrical components characterise the CR. As
recently reported [13], the R2 component of the BR was
over six times greater during migraine than during the
headache-free interval, consistent with sensitisation of
cutaneous nociceptive afferents or second-order neurones
in the trigeminal nucleus caudalis. Trigeminal sensitisation
may also persist subclinically during the headache-free
interval [14]. Whether the failure of inhibitory processes,
such as “diffuse noxious inhibitory controls” [15], con-
tributes to trigeminal sensitisation in migraine sufferers
requires further investigation. 

A shortened or absent late exteroceptive suppression (ES)
phase of temporalis muscle activity has been described in
chronic tension-type headache and possibly linked to a
chronic dysfunction of antinociceptive brain-stem mecha-
nisms, but the literature contains conflicting data [16, 17].
The several abnormalities described in primary headaches
for BR and CR lack sensitivity and specificity.

Autonomic tests

The autonomic nervous system consists of three parts: sym-
pathetic, parasympathetic and enteric nervous systems.
Each of these is divided into subsystems according to the
effector organs innervated by the terminal neurones.
Sympathetic and parasympathetic neurones are actually
defined on the basis of anatomical rather than functional
criteria [18].

Hypotheses regarding the mechanisms of possible sym-
pathetic nervous system involvement in the generation and
maintenance of pain have been formulated and tested in ani-
mal and human experimental models [19]. In cluster
headache patients, the autonomic tests elicit a specific pat-
tern of cardiovascular and pupillary responses which sug-
gests a systemic sympathetic hyperactivation probably asso-
ciated with a concomitant pupillary sympathetic hypofunc-
tion and an altered opioid modulation [20]. The diagnosis
and management of autonomic disorders are highly depen-
dent on the testing procedures used. Neurophysiological
techniques have revealed several autonomic disturbances in
primary headache and, in particular, in cluster headache
[21], but the clinical relevance of these findings remains to
be verified [22].
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Transcranial magnetic stimulation

Transcranial electromagnetic stimulation (TMS) is an atrau-
matic and well-studied tool which is able to directly assess
excitability of both motor and visual cortices as well as intra-
cortical inhibition in the motor cortex when paired stimuli are
applied with short interstimulus interval [23]. Using the TMS
a number of research groups have demonstrated that the visu-
al cortex of migraineurs is functionally hyperexcitable. In
these patients the threshold level of TMS required to evoke
reports of phosphenes in subjects stimulated over the occiput
was significantly lower in patients, particularly migraine with
aura, than in controls [24, 25]. Though TMS evidence is high-
ly consistent with the notion that the cortex of migraine
patients may be susceptible to episodes of cortical spreading
depression, up to now there have been conflicting findings
[26] and the mechanism giving rise to the imbalanced
excitability of the occipital cortex has hitherto been unclear.

References

1. Moskowitz MA (1993) Neurogenic inflammation in the
pathophysiology and treatment of migraine. Neurology
43:S16–S20

2. Lewis DW, Ashawal S, Dahl G et al (2002) Practice parameter.
Evaluation of children and adolescents with recurrent
headaches: report of the Quality Standards Subcommittee of the
American Academy of Neurology and the Practice Committee
of the Child Neurology Society. Neurology 59:490–498

3. Sandrini G, Friberg W, Janig R et al (2004) Neurophysiological
tests and neuroimaging procedures in non-acute headache:
guidelines and recommendations. Eur J Neurol 11:217–224

4. Sand T (2003) Electroencephalography in migraine: a review
focus on quantitative electroencephalography and the migraine
vs epilepsy relationship. Cephalalgia 23[Suppl 1]:5–11

5. Nuwer M (1997) Assessment of digital EEG, quantitative
EEG and EEG brain mapping. Report of the American
Academy of Neurology and the American Clinical
Neurophysiology Society. Neurology 49:227–292

6. Wang W, Timsit-Berthier M, Schoenen J (1996) Intensity
dependence of auditory evoked potentials in migraine: an
indication of cortical potentiation and low serotoninergic neu-
rotransmission? Neurology 46:1404–1409

7. Gawel M, Connolly JF, Clifford Rose F (1983) Migraine
patients exhibit abnormalities in the visual evoked potentials.
Headache 23:49–52

8. Judit A, Sandor PS, Schoenen J (2000) Habituation of visual
and intensity dependence of auditory evoked cortical poten-
tials tends to normalize just before and during the migraine
attack. Cephalalgia 20:714–719

9. Afra J, Proietti-Cecchini A, De Pasqua V, Albert A, Schoenen
J (1998) Visual evoked potentials during long periods of pat-
tern-reversal stimulation in migraine. Brain 121:233–241

10. Ambrosini A, Maertens de Noordhout, Sandor P, Schoenen J
(2003) Electrophysiological studies in migraine: a compre-
hensive review of their interest and limitations. Cephalalgia
23 [Suppl. 1]:13–31

11. Kropp P, Gerber WD (1998) Prediction of migraine attacks
using a slow cortical potential, the contingent variation.
Neurosci Lett 257:73–76

12. Katsarava Z, Giffin N, Diener HC, Kaube H (2003) Abnormal
habituation  of nociceptive blink reflex in migraine-evidence
for increased excitability of trigeminal nociception.
Cephalalgia 23:814–819

13. Kaube H, Katsarava Z, Przywara T, Drepper J, Ellich J, Diener
HC (2002) Acute migraine headache: possible sensitization of
neurons in the spinal trigeminal nucleus? Neurology
58:1234–1238

14. Sandrini G, Cecchini AP, Milanov I, Tassorfelli C, Buzzi MG,
Nappi G (2002) Electrophysiological evidence for trigeminal
neuron sensitization in patients with migraine. Neurosci Lett
317:135–138

15. Ellrich J, Katsarava Z, Przywara S, Kaube H (2001) Is the R3
component of the human blink reflex nociceptive in origin?
Pain 91:389–395

16. Schoenen J, Jamart B, Gerard P, Lenarduzzi P, Delwaide PJ
(1987) Exteroceptive suppression of temporalis muscle activ-
ity in chronic headache. Neurology 37:1834–1836

17. Sandrini G, Friberg L, Schoenen J, Nappi G (2003) Exploring
pathophysiology of headache. Cephalalgia 23[Suppl 1]:1–52

18. Janig W (2001) Relationship between pain and autonomic
phenomena in headache and other pain syndromes.
Cephalalgia 23 [Suppl 1]:43–48

19. Janig W, Baron R (2002) Complex regional pain syndrome is
a disease of the central nervous system. Clin Auton Res
12:150–164

20. Boiardi A, Munari L, Milanesi I, Paggetta C, Lamperti E,
Bussone G (1988) Impaired cardiovascular reflexes in cluster
headache and migraine patients: evidence for an autonomic
dysfunction. Headache 28:417–422

21. Salvesen R, Sand T, Sjaastad O (1988) Cluster headache:
combined assessment with pupillometry and evoporimetry.
Cephalalgia 8:211–218

22. Schoenen J, Thomsen LL (2000) Neurophysiology and auto-
nomic dysfunction in migraine. In: Olesen J, Tfelt-Hansen P,
Welch KMA (eds) The headaches, 2nd Edn. Lippincott
Williams & Wilkins, Philadelphia, PA

23. Hallett M (1996) Transcranial magnetic stimulation: a useful
tool for clinical neurophysiology. Ann Neurol 40:344–345

24. Aurora SK, Ahmad BK, Welch KMA, Bhardwaj P, Ramadan
NM (1988) Transcranial magnetic stimulation confirms
hyperexcitability of occipital cortex in migraine. Neurology
50:1111–1114

25. Aguggia M, Zibetti M, Febbraro A, Mutani R (1999)
Transcranial magnetic stimulation in migraine with aura: fur-
ther evidence of occipital cortex hyperexcitability.
Cephalalgia 19:465

26. Afra J, Mascia A, Gerard P, Maertens de Noordhout A,
Schoenen J (1998) Interictal cortical excitability in migraine:
a study using transcranial motor stimulation of motor and
visual cortices. Ann Neurol 44:209–215

M. Aguggia: Neurophysiological tests in primary headaches S205



Abstract In the past, cerebral venous thrombosis (CVT) was
considered a rare, devastating disease. The widespread use of
angiography, magnetic resonance imaging (MRI) and mag-
netic resonance angiography (MRA) over the years has made
early diagnosis of CVT possible and has completely changed
the perception of this condition. CVT is much more common
than previously thought. It has a wide spectrum of clinical
presentation, multiple causes and unpredictable outcome. In
contrast to arterial stroke, headache is the most frequent and,
at times, the only symptom of CVT. It is crucial to recognise
the association of headache with CVT in order to reach a cor-
rect diagnosis and to start the appropriate treatment as soon as
possible. Therefore in order to define the headache features
useful for an early diagnosis of CVT we reviewed the current
literature on this topic and performed both a retrospective and
a prospective study. In the literature we found that this
headache has no specific features as it can be of any grade of
severity and is slightly more frequently diffuse than localised.
Its onset is usually subacute over a few days but it can also be
acute or chronic. It is mostly persistent but can occasionally
be intermittent. Headache attributed to CVT is sometimes
misleading, mimicking migraine, subarachnoid haemorrhage,
CSF hypertension or hypotension. However this information
has been derived from case series which lacked a control
group and thus have low statistical strength. Our retrospective
study, confirmed by preliminary results in the prospective
multicentric study, showed that headache in CVT is as often

acute as subacute, and that it is more frequently localised than
diffuse. Finally, both studies showed a significant correlation
between headache of acute onset and severe intensity and
CVT. We then conclude that these headache features, espe-
cially in the presence of underlying prothrombotic conditions,
should lead clinicians to consider the diagnosis of CVT and
to require appropriate neuroimaging examinations.

Key words Headache • Cerebral venous thrombosis

Although fairly infrequent, cerebral venous thrombosis (CVT)
is more common than once thought. The mode of presentation
is highly variable, rendering CVT a diagnostic challenge. The
widespread use of angiography, magnetic resonance imaging
(MRI) and magnetic resonance angiography (MRA) over the
years has made early diagnosis of CVT possible and has com-
pletely changed the perception of this disease. In fact CVT is
much more common than previously thought [1].

In all series headache is the most frequent (80–90%) and
often the presenting symptom of CVT [2]. Headache can be
the sole clinical manifestation at onset and during the course
of the disease. Moreover it is probably present more often
than reported, as some comatose or aphasic patients might
not have been able to report their headache [3]. Headache is
also the most frequent heralding symptom (70% in Ameri
and Bousser’s series, 73% in puerperial cases and 61% in
non-puerperial cases in the series of Cantu and
Barinagarrementeria) [4, 5].

In contrast to arterial stroke, headache is the most fre-
quent symptom in CVT [3]. It is probably caused by two
main factors: the increased intracranial pressure, and the
local involvement of the pain-sensitive fibres of the dura
mater by distension of the sinus wall, local inflammation or
leakage of blood on the surface of the brain [3].

The International Headache Society (IHS) Classification
defined criteria for the diagnosis of headache attributed to
CVT [6].
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A. Any new headache (with or without other neurological
signs) fulfilling criteria C and D.

B. Neuroimaging evidence of CVT.
C. Headache and other neurological signs (if present) devel-

op in close temporal relation to CVT.
D. Headache resolves within 1 month after appropriate

treatment.

Thus current criteria for CVT headache are of little use
as an aid to early diagnosis, especially when headache is
the only symptom. Furthermore, adherence to these crite-
ria can lead to severe delay in diagnosis and initiation of
appropriate therapy.

Headache has no specific features: it can be of any
grade of severity and is slightly more frequently diffuse
(58%) than localised (42%) [2, 4]. Its onset is usually sub-
acute over a few days, but it can also be acute or chronic,
respectively in 16% and 13% of cases in Ameri’s series
[3]. Pain is mostly persistent but can occasionally be inter-
mittent [3]; it is typically worse on recumbency and pre-
sent on awaking and is aggravated by a short-term rise in
venous pressure as in stooping or coughing [3]. According
to IHS classification, headache attributed to CVT is most
often diffuse, progressive, severe and associated with
other signs of intracranial hypertension [6].

As previously stated, headache can be the sole clinical
manifestation of CVT, but in over 90% of cases it is asso-
ciated with focal signs (neurological deficits or seizures)
and signs of intracranial hypertension; subacute
encephalopathy or cavernous sinus syndrome [6].

The headache is sometimes a misleading symptom,
mimicking migraine, subarachnoid haemorrhage, CSF
hypertension or hypotension [3, 4, 6]. As a matter of fact,
headache attributed to CVT can be mistaken for migraine
because of unilaterality, intermittent course and associated
visual phenomena mimicking aura [7]. Moreover, CVT
should be considered in the aetiological diagnosis of thun-
derclap headache, as some authors reported cases of this
headache due to CVT [2, 8, 9]. This may constitute a diag-
nostic challenge, as thunderclap headache can be associat-
ed to three other severe conditions: subarachnoid haemor-
rhage, migraine and carotid or vertebral artery dissection,
but it can also be idiopathic (benign thunderclap
headache). The exact cause of acute headache in CVT is
unknown; possible explanations include intra-parenchy-
mal haemorrhage, subarachnoid haemorrhage or venous
haemorrhagic infarct [10, 11].

CVT can sometimes mimic idiopathic intracranial hyper-
tension [12–14]. Because the recognition of CVT has prog-
nostic and therapeutic implications, MRI with magnetic res-
onance venography when necessary should be performed in
patients with isolated intracranial hypertension.

Another possible cause of CVT of relevance in clinical
practice is lumbar puncture. When a typical post-lumbar
puncture headache loses its postural component, an inves-

tigation should be performed to rule out CVT [15].
Early diagnosis of CVT is essential because the poten-

tial for recovery is high if adequate therapeutic measures,
including heparin administration, are taken early in the
course of the disease [1, 16]. It is thus essential to recog-
nise the association of headache with CVT.

However, as reported above, so far no specific features
of CVT headache have been reported in current literature.
We then carried out a study to identify headache charac-
teristics useful for early CVT diagnosis. By means of a ret-
rospective analysis we re-examined 57 cases diagnosed as
CVT between January 1990 and December 2001 in three
hospitals in and around Milan, Italy.

We reviewed information on clinical presentation
(headache, focal neurological deficits, seizures and altered
consciousness), headache features at onset and during dis-
ease course, neuroradiological findings, aetiology, treat-
ment and outcome.

To identify headache characteristics potentially useful
for the early diagnosis of CVT we compared headache
characteristics in the patients who presented headache dur-
ing CVT with those in 95 people consecutively admitted to
the emergency room from 1 June to 31 July 2000 for
headache. These headache sufferers had similar mean age
and sex distribution to the CVT patients with headache.

Eighteen patients (31.6%) were male and 39 (68.4%)
female (female:male ratio=2.2:1); mean age was 42
(range: 16–78). According to previous works we defined
three modes of CVT symptoms onset: acute (<48 h), sub-
acute (48 h–1 month) and chronic (>1 month) [1, 6]. Onset
was acute in 42% of cases, subacute in 47% and chronic in
11%. The most frequent CVT symptom was headache
(86.0%) and it was the sole manifestation in 17 patients
(29.8%). Thirty patients (52.6%) presented focal neurolog-
ical deficits, 20 patients (35.1%) had seizures and 17
patients (29.8%) had altered consciousness. Headache was
the initial CVT symptom in 72.0% of cases. In 62.3% it
was among and sometimes the only reason of emergency
room admittance (this data refers to 53 patients admitted to
the emergency room). The main characteristics of
headache are summarised in Table 1. At onset pain was
more frequently localised (74.1%) and continuous
(69.0%). The mode of onset of pain was mostly acute–sub-
acute and the intensity moderate–severe. The onset of
headache was acute in 45% of our patients, 7% of whom
presented a thunderclap headache. In our patients with
thunderclap headache, CSF was haemorrhagic mimicking
subarachnoid haemorrhage. In 15 patients pain was wors-
ened by recumbency, Valsalva’s manoeuvre and physical
exercise. Fifteen patients complained of nausea and/or
vomiting, three had photophobia and nausea and two only
photophobia. Pain was refractory to common analgesics in
82.6% of cases. On univariate analysis, we found a posi-
tive correlation between CVT, acute headache onset
(p<0.005) and severe headache (p=0.024).



S208 E. Agostoni: Headache in cerebral venous thrombosis

Based on these results we designed a prospective mul-
ticentric study [17] recruiting cases diagnosed as CVT
starting from January 2003. We have so far studied 35
patients (5 male and 30 female) from the ages of 18 to 78.
The main characteristics of headache are summarised in
Table 2. Thus, also in the prospective study we confirm
that the most common kind of headache onset was the sub-
acute one, but we found a higher rate of patients with acute
onset than previously reported [4]. Moreover, the percent-
age of patients who had headache as the only CVT mani-
festation was much higher in our retrospective study than
in previous reports [4], but this data was not confirmed in
the prospective study, in which data similar to those by
Ameri and Bousser were found. A possible interpretation
of these findings may be that our study population differs
significantly from the one described by Ameri and Bousser
with respect to the aetiologic factors. In fact, many of the
patients of that study were affected by Behçet’s syndrome,
which presented with chronic headache and was associat-
ed with other neurological signs and symptoms [3].

A third relevant observation in our studies is that
headache was more often localised than diffuse. This differs
from the first reports and from the IHS classification com-
ments, but it is in accordance with the findings of a more
recent prospective study in a Brazilian population [18].
Again, differences in the composition of the populations
studied and in study design may explain these discrepancies.
In fact both our studies and the Brazilian work were specifi-
cally designed to highlight headache features, while previous
retrospective studies had more general purposes.

Finally, on univariate analysis (chi-square), we found a
positive correlation between CVT, acute headache onset
(p=0.001) and severe headache (p=0.004). These prelimi-
nary results seem in accordance with our previous findings
in the retrospective study, suggesting that CVT is more
often associated with acute-onset headache of severe
intensity. According to our studies, these features, espe-
cially in the presence of underlying prothrombotic condi-
tions, which are to be investigated by a meticulous anam-
nesis also in the emergency department, should lead to

Table 1 Retrospective study: headache characteristics in 49 CVT patients who presented headache and in controls

Variable Headache at the onset Headache in controls
in CVT patient (n=49) (n=95)

n Valid % n Valid %

Onset
Acute 18 45.0 11 11.6
Subacute 16 40.0 41 43.2
Chronic 6 15.0 43 45.3
Missing information 9 0

Site
Localised 21 75.0 49 58.3
Anterior 13 61.9 33 67.3
Posterior 8 38.1 16 32.7
Generalised 7 25.0 35 41.7
Missing information 21 11

Intensity
Mild 6 15.0 28 29.8
Moderate 18 45.0 48 51.1
Severe 16 40.0 18 19.1
Missing information 9 1

Type
Continuous 20 69.0 60 63.2
Intermittent 8 24.1 27 28.4
Continuous+intermittent 2 6.9 8 8.4
Missing information 19 0

Response to analgesics n=23 n=23
No 19 82.6 16 69.6
Yes 4 17.4 7 30.4
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consideration of the diagnosis of CVT and to the require-
ment of neuroimaging examinations. As CT scan is normal
in patients with proven CVT in 10–20% of cases [6], MRI
must be performed when clinical suspicion remains after a
normal or non-specific CT scan.

In conclusion, the question if headache could be con-
sidered a clinical marker for early diagnosis of CVT
remains open considering data from the literature. The pre-
liminary data from our prospective multicentric study sug-
gest that some headache characteristics could help the
clinician in the early management of CVT. These data are
promising in order to clarify the role of headache as an
early clinical marker of CVT.
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Abstract Oral contraceptives (OCs) are a safe and highly
effective method of birth control, but can also be associat-
ed with some risks, mainly a potential thrombotic risk. OCs
may condition the course of headache and sometimes start
it, but their influence on the clinical evolution of migraine
is not easily assessable. The last Classification of Headache
Disorders of the International Headache Society clearly
identifies an “exogenous hormone-induced headache” that
could be triggered by intake of OCs. Old high-dose OCs
could effectively worsen headache in a significant propor-
tion of patients, but the newest formulations influence
headache course to a lesser extent. In any case, while an
increase in migraine frequency or intensity do not oblige
the cessation of OCs, experiencing a migraine aura for the
first time, or even a clear worsening of a preexistent aura
suggest discontinuation of OCs. Even if both migraine and
OCs intake are associated with an increased risk of
ischaemic stroke, migraine per se is not a contraindication
for OCs use; however, patients suffering from migraine

with aura generally show a greater thrombotic risk than
women with migraine without aura. Other risk factors
(patient’s age, tobacco use, hypertension, hyperlipidaemia,
obesity and diabetes) must be carefully considered when
prescribing OCs in migraine patients. Furthermore, all
OCs, even those with low oestrogen content, are a major
risk for venous thrombosis, particularly in women with
hereditary thrombophilia. A thorough laboratory control of
the genetics of prothrombotic factors and coagulative para-
meters should precede any decision of OCs prescription in
migraine patients.

Key words Migraine • Oral contraceptives • Risk factors •

Stroke • Venous thrombosis

Oral contraceptives (OCs) are a safe and highly effective
method of contraception for the majority of women.
Moreover, they add some other health benefits, such as pro-
tection against ovarian and endometrial cancer, pelvic
inflammatory disease and ectopic pregnancy [1]. OCs are
not free from risks: their use is associated with an increased
risk of circulatory diseases, mainly a potential thrombotic
risk, that appears to be strictly related to the quantity of
hormone content [2]. In order to produce safer formula-
tions, the ethinyloestradiol (EE) content in combined OCs
has progressively decreased: early OCs contained 100 µg
EE or even more; in the late 1970s EE content decreased to
35 µg, and now it has been reduced to 15 µg in some for-
mulations. In an attempt to minimise the associated andro-
genic side effects, the progesterone components of OCs
have not only been reduced in dosage, but also the type of
synthetic progestins has been changed. Several different
progestogens are available in current formulations, and the
newest progestational agents are less androgenic and have
less effect on carbohydrate and lipid metabolism than prior
progestins. The new formulations of OCs, containing less
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than 35 µg of EE and one of the new progestins, are com-
parable in efficacy to each other and to older established
agents.

As at least 20% of females of reproductive age are
affected by migraine, millions of migrainous women are
every day administered OCs or are planning to take them.

When a woman decides to start OCs, a first problemat-
ic issue has to be considered: can OCs use provoke
migraine? And, if she is already a migraine sufferer: (a)
Can the clinical evolution of migraine be predicted? (b)
Can risk factors, mainly those related to ischaemic stroke
(IS), but also to venous thrombosis (VT), advise against
OCs intake?

Is migraine triggered by OCs use? Is clinical evolution
of migraine under OCs predictable?

Some Authors pointed out that headache is one of the most
frequent side effects associated with the use of OCs [3].

Nevertheless, it is not easy to evaluate the influence of
OCs on the clinical evolution of migraine [4]. A number of
studies performed on the course of migraine during pill
intake are retrospective in nature and do not provide a clear
description and classification of headaches that may occur.
Other methodological biases are present: the duration of
the observation period and the time between the beginning
of OCs intake and headache occurrence are not clearly
reported; moreover, very few studies distinguish between
the combined OCs and the progestogen-only pill [5].

However, it is generally accepted that OCs may influ-
ence the course of headache and sometimes start a
headache.

The last International Classification of Headache
Disorders (ICHD-II), identifies at least two entities that can
evidently be related to OCs use [6]: exogenous hormone-
induced headache (code 8.3.1) and oestrogen-withdrawal
headache (code 8.4.3).

Among the diagnostics criteria of the first entity, two
are of special interest for us:
- Headache or migraine develops or markedly worsens

within three months of commencing exogenous hor-
mones.

- Headache or migraine resolves or reverts to its previous
pattern within three months after total discontinuation
of exogenous hormones.
ICHD-II acknowledges that sometimes OCs use can

start or worsen migraine, and OCs dismission can stop this
headache or at least revert it to its previous state.

In a large prospective but uncontrolled study, Larsson-
Cohn and Lundberg [7] found that 10.3% of women with-
out a previous headache history experienced migraine
attacks during an observation period lasting 12 months,
while on high dose OCs (≥50 µg EE). More recent double-

S212

blind placebo-controlled studies showed no difference
between OCs and placebo in headache incidence [5].

Considering the actual pharmacological composition of
OCs, a difference in OCs effects on migraine course prob-
ably has to be searched in the treatment regimen rather than
in the quality or quantity of steroids. Recent studies on hor-
monal replacement therapy in menopause [8] reported that
the use of combined and continuous treatment has the lower
impact on migraine frequency and symptomatic drug intake
and it is largely better tolerated than sequential, intermittent
oestrogens/progestogens supplementation. Consequently,
in case of OCs assumption, the first choice should be a
combined monophasic regimen. Moreover, this type of for-
mulation in most cases concentrates migraine attacks in the
withdrawal week, allowing the prescription of a short-term
prophylaxis (i.e., NSAIDs, coxibs, triptans, oestradiol sup-
plementation). In selected cases of intractable menstrual
migraine, the continuous intake of OCs for 42 or 63 days
can reduce the number of menstrual attacks [4].

Nevertheless, clinical evidence suggests that, also with
the newest formulations, OCs can sometimes modify the
pattern of the individual migraine attacks. This may lead a
patient to have her head pain features worsened or to expe-
rience a migraine aura for the first time, or even a more fre-
quent, prolonged or intense aura than before.

On the contrary, some Authors reported that a signifi-
cant percentage of women with migraine actually improved
when OCs were started, in a proportion as high as 35% [7];
but literature data on migraine amelioration under OCs are
highly controversial [9, 10].

Are migraine patients at risk when taking OCs?

Migraine per se is not a contraindication for the use of
OCs, even if both migraine and OCs intake are associated
with an increased risk of IS [11–14]. Therefore, the use of
OCs in migrainous women could allow a combination of
independent risk factors, enhancing the relative possibility
to develop IS. The absolute risk of IS is very low in young
women affected by migraine (19 per 100 000/year vs. 6 per
100 000/year in healthy females) and now OCs contain even
lower doses of EE, reducing at minimum the risk of stroke.
Nevertheless the risk can be higher and should suggest not
prescribing or stopping the OCs.

Some risk factors are common to all females undergo-
ing an OCs course: patient’s age, tobacco use, hyperten-
sion, hyperlipidaemia, obesity and diabetes [11, 15]. But
particular attention should be given among headache suf-
ferers to migraine subtypes. Migraine with aura increases
the relative risk of IS twice as much as migraine without
aura. However, in absolute terms, when a patient suffer-
ing from migraine with aura, aged less than 35 years, uses
low dose OCs (<35 µg EE), the expected frequency of IS
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is 30 per 100 000/year. The addition of other factors fur-
ther increases the risk of IS, with an odds ratio of 34
reported for the combination of migraine, OCs and smok-
ing [11, 13].

Until now we do not exactly know whether the risk
could be different for women with pre-existing migraine
with aura who start OCs compared with women who devel-
op aura for the first time during OCs intake. Moreover,
patients with prolonged or high frequency auras could be at
higher risk than those with simple or infrequent auras [5].
Unfortunately, this statement is not yet supported by objec-
tives studies.

Finally, we cannot forget that all OCs, even those with
low oestrogen content, are a major risk for VT [16], partic-
ularly in women with hereditary thrombophilia, in whom
the risk can be increased more than a hundred fold [15]. In
developed countries, OCs replaced infection and postpar-
tum as major risk factors for VT.

In patients suffering from migraine with aura, some
genes linked to VT seem to influence the susceptibility to
the disease [17]. The C677T variant in the methylenete-
trahydrofolate reductase gene is significantly over repre-
sented in migraine patients compared to controls.
Moreover, an increased frequency of activated protein C
resistance, due to Arg506Gln factor V mutation, and of pro-
tein S deficiency has been demonstrated in patients suffer-
ing from migraine, overall if with aura [18].

Practical recommendations

When a female migraine sufferer decides to take OCs, risks
and benefits should be thoroughly discussed with her.

Migraine patients under OCs should carefully monitor
headache frequency, duration and severity; in particular
they must immediately signal to the physician the new
onset of focal neurological symptoms [15].

In migraine without aura, OCs use is probably safe, pro-
vided that no other significant stroke risk factors are present.

In migraine with aura sufferers, the decision on OCs
intake should be carefully individualised. If auras are rela-
tively infrequent (no more than one a month), short (less than
30 min) and only visual, and the patient is young (under age
30), the risk may be acceptable. In these patients probably
the use of a progestogen-only pill should be the best and
safest choice. In case of prolonged or frequent or complicat-
ed auras, or when additional risk factors are present, the
patient should be strongly discouraged from using OCs [15].

If, during OCs intake, migraine patients develop an aura
for the first time, or if the previous aura worsens, they
should stop the pill. Should the features of migraine with-
out aura attacks worsen, a discontinuation would be recom-
mendable, but not mandatory, provided that the patients can
easily manage their headaches and avoid analgesic overuse.

Addendum

A thorough laboratory control of the genetics of prothrom-
botic factors and coagulative parameters should precede
any decision of OCs prescription in migraine patients.
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Abstract Patients with subarachnoid haemorrhage (SAH)
frequently describe the occurrence of an underestimated or
even ignored severe headache in the days or weeks preced-
ing the bleeding. If recognised early, this warning headache
might lead to specific investigations and, if indicated, a sur-
gical approach might avoid a dramatic haemorrhagic event.
In a recent and exhaustive systematic review, the incidence
of a sentinel headache (SH) was evaluated in a range of
10–43% of SAH patients. SH seems to be due to a minor
bleeding from a leak of a berry aneurysm and usually
occurs in the preceding two weeks. Such a period is similar
to the one for rebleeding in SAH and supports the hypoth-
esis of the warning leak. Nevertheless, a warning headache
can precede a SAH in unruptured aneurysm even without a
minor bleeding. Underestimation or misdiagnosis of SH
depends on incorrect evaluation of the headache character-
istics (unusual, severe, abrupt, thunderclap), overestimation
of cranial CT sensitivity (false negative increasing over the
elapsing time), failure to perform lumbar puncture (LP) in
patients with negative CT, incorrect evaluation of CSF find-
ings (xanthochromia may be absent in the first 12 h) and
failure to differentiate traumatic tap from true SAH.
Considering the diagnosis of SH in all cases of a severe,
sudden-onset (thunderclap) headache, and performing all
the appropriate diagnostic exams, including LP if neces-
sary, could prevent subsequent massive bleeding and its
invalidating or fatal consequences.

Key words Sentinel headache • Subarachnoid haemorrhage

“The worst headache in my life”: what it means, what
could it hide, what we have to do?

Headache is the main complaint in 20% of outpatients con-
sulting the neurologist [1] and about 1.2–4.5% of all adult
patients presenting to an emergency department (ED) com-
plaining of a headache [2, 3]. Of these, 4.3–6.4% are sec-
ondary headaches and 0.5% have a vascular pathogenesis
[4]. Data from the “NEU” Project, concerning neurological
burden of Neurology in the Emergency in Italy, showed that
headache (23%) and cerebrovascular diseases (26%) were
the main cause of neurological consultations in ED [5].
About 12–25% of all patients presenting to the ED with a
sudden-onset severe headache, described as the “worst of
their lives”, have a subarachnoid haemorrhage (SAH) [6,
7]. In a large prospective observational study, among 455
patients presenting to ED for headache, 107 had a “worst
headache” and 20 patients of this group (19.5%) had a
SAH, diagnosed by cranial CT scan in 18 patients and by
lumbar puncture (LP) in two with negative CT scan [7].
Although less than 1/1000 of patients presenting to ED has
a SAH [1], early recognition is critical considering the high
lethality of the disease and because early surgery of an
identified aneurysm improves outcomes.

Patients with SAH frequently describe the occurrence
of an underestimated or even ignored severe headache in
the days or weeks preceding the bleeding. If recognised
early, this warning headache might lead to specific investi-
gations and, if indicated, a surgical approach can avoid a
dramatic haemorrhagic event. Over 60 years ago,
Richardson and Hyland [8] observed that SAH patients
admitted to hospital frequently reported a misdiagnosed
severe headache preceding the event. True incidence of this
warning headache is difficult to evaluate. In a recent and
exhaustive systematic review, the incidence of a sentinel
headache (SH) was evaluated in a range of 10–43% of SAH
patients [9]. The wide range of incidence could be due to a
recall bias, but some studies comparing SH incidence in
aneurysmal SAH vs. non aneurysmal SAH or stroke,
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reported in those groups an incidence of just 4 and 5%
respectively, when only severe previous characteristic
headache was considered [10].

SH seems to be due to a minor bleeding from a leak of
a berry aneurysm, firstly defined as “warning leak” by
Gillingham in 1958 [11]. Usually SH occurs in the preced-
ing two weeks, with a peak within 24 h and a minor peak
in the 7–14 days before. Such a period is similar to the one
for rebleeding in SAH and supports the hypothesis of the
warning leak.

Nevertheless, a warning headache can precede a SAH
in unruptured aneurysm even without a minor bleeding.
This could be caused by stretching or dissection of the
aneurysm wall.

As a misdiagnosis could produce serious consequences,
physicians should pay attention to all worrisome headaches
presenting the characteristic “red flags” suggesting a possible
intracranial structural pathology, such as the sudden onset of
a severe headache (thunderclap headache) typical of a SAH
[12]. Symptoms and signs characteristic of SAH are severe
sudden-onset headache (74%), frequently associated with
nausea or vomiting (77%), loss of consciousness (53%), neu-
rological signs including consciousness impairment (64%)
and neck stiffness (35%) [13].

Cranial CT scan is the first choice investigation in sus-
pected SAH but the sensitivity is related to the time
elapsed from the bleeding, detecting blood in 95% within
24 hours, in 74% on the third day, in 50% after one week,
in 30% after two weeks and absence of abnormal findings
after three weeks. CSF examination with spectrophotome-
try, performed after 12 h, shows a higher sensitivity, with
evidence of xanthochromia in 100% of SAH within 14
days, in 70% in the third week and in 40% in the fourth.
Because of its risks, LP should be performed only after
cranial CT [14]. Thin slices (5 mm) cranial CT should be
performed, because small blood collections may not be
evident with thicker slices (10 mm) [15]. Brain MRI
showed nearly the same sensitivity in acute phase (94%)
and higher sensitivity in subacute phase (100%) [16]. If
strong clinical evidence of SAH is still present in the
absence of abnormal findings in all the previously
described exams, MR angiography or conventional
angiography is suggested to exclude the presence of an
unruptured cerebral aneurysm.

Usually the characteristic clinical features of SAH such
as the presence of neurological signs and symptoms, con-
sciousness impairment and neck stiffness are not present in
SH. Underestimation or misdiagnosis of SH depends on
incorrect evaluation of the headache characteristics (unusu-
al, severe, abrupt, thunderclap), overestimation of cranial
CT sensitivity (false negative increasing over the elapsing
time), failure to perform LP in patients with negative CT,
incorrect evaluation of CSF findings (xanthochromia may
be absent in the first 12 h) and failure to differentiate trau-
matic tap from true SAH [17]. The wide spectrum of inci-
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dence range among different studies is probably related to
the frequency of misdiagnosis rather than a recall bias.
Physicians’ competence and health care organisation allow
a correct diagnosis [6, 9]. Educational programmes have
been associated with a lower frequency of misdiagnosis
[18]. Considering the diagnosis of SH in all cases of a
severe, sudden-onset (thunderclap) headache, and perform-
ing all the appropriate diagnostic exams, including LP if
necessary, could prevent subsequent massive bleeding and
its invalidating or fatal consequences.
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Abstract Because of the lack of biochemical or neuroradi-
ological markers, the diagnostic assessment of primary
headaches rests on a clinical history collected by an experi-
enced physician; the articulated criteria of the International
Headache Society (IHS) represent the only available tool to
test objectively the diagnostic hypothesis rising from clini-
cal interview. However, the complexity reached by IHS cri-
teria still represents its major limit to extensive application,
at least in common clinical settings. The use of modern
information technology (IT), which is specifically designed
to manage complex problems with a large number of vari-
ables, seems to be the best choice to counteract the com-
plexity of IHS classification. In this paper AIDA CEFALEE, a
user-friendly client-server database for the management of
headache patients, is presented. The system integrates a
computer assisted diagnosis module, which may help to
extend the correct use of IHS diagnostic criteria to any clin-
ical setting. The interoperability of the system may repre-
sent the possible infrastructure of a National Network of
ANIRCEF Headache Centres.

Key words Computed assisted diagnosis • Database •

Primary headache • IHS classification • ICHD-2

Introduction

Each primary headache is characterised by clusters of
symptoms, which are relatively homogeneous in different
patients and in the same patient over time. Because of the
substantial lack of biochemical or neuroradiological mark-
ers it is the reduced variability of the clinical spectrum that
plays a central role in ruling out or not the diagnostic
hypothesis rising from the clinical history. Thus, in this
unique field of human pathology, diagnostic assessment
rests on patients’ clinical presentation of a detailed history
collected by an experienced physician.

Consequently, a classification of headaches is aimed not
only to individuate the nosographic confines of different
primary conditions, but represents the only available tool to
“objectively” test diagnostic hypotheses.

The first attempt to classify headaches was made by the
Ad Hoc Committee, in 1962 [1]. This pioneering work had
many positive aspects, but it was based essentially on
descriptive criteria and used an ambiguous terminology,
which did not promote international exchange. In 1988, the
International Headache Society (IHS) proposed a headache
classification [2], now at the second edition [3], which for
the first time ordered the matter in a hierarchic manner and
proposed operative diagnostic criteria, which reciprocally
exclude each other. The outcome is a complex tool, not
very agile, which nevertheless allows an international inter-
operability and can be used, although with some limita-
tions, as a control on the working clinical diagnosis.

No doubt, the complexity reached by the IHS criteria
represents a major limit of the classification, failing to pro-
mote its extensive applications, at least in common clinical
settings.

An example of such a complexity is reported in Table 1,
where the criteria of three different forms of migraine with
aura (typical, hemiplegic and basilar) are compared. While
criteria A (minimum number of attacks) and E (exclusion of
secondary causes) are common to the three forms, criteria
B, C and D show relevant differences.
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According to criterion B, differences between the typi-
cal and the hemiplegic form are limited to the necessary
presence of paresis in the latter, while basilar migraine
requires the presence of at least two symptoms out of a list
of nine, all sharing a possible bihemispheric nature. Thus,
a definite bilateral homonymous hemianopia does not sat-
isfy criterion B for basilar migraine, which requires bilat-
eral visual symptoms in both fields. In the same way,
paresthesias of limbs needs to be bilateral and simultane-
ous to fit criterion B for basilar migraine.

According to criteria C and D, the typical form
requires, in C, the presence of at least two out of three ele-
ments including: unilateral symptoms, gradual or progres-
sive development of symptoms over at least 5 min, and a
duration of symptoms between 5 and 60 min. Also the
hemiplegic form requires, in criterion C, the presence of
two elements out of three. Among these, however, the uni-
lateral character of symptoms disappears, substituted by
the appearance of migraine within 1 h. But the latter corre-
sponds, in typical aura with migraine headache and in
basilar migraine criteria, to the whole criterion D and is
therefore mandatory to these diagnosis. In other words,
only in the hemiplegic form is the lack of pain still com-
patible with a definite diagnosis if the remaining two ele-
ments of criterion C are present. A further difference
exists: in hemiplegic migraine the duration up to 24 h of
each symptom is still compatible with a definite diagnosis.

These apparently subtle distinctions reflect significant

pathogenetic differences. For example: if a homonymous
visual impairment strongly suggests a focal occipital mech-
anism, as that of typical aura, the same symptom cannot be
attributed to a bihemispheric disturbance, as that of basilar
aura. Further: if the paresis in the hemiplegic form actual-
ly persists in many patients for over 60 min, which is the
cut-off value for typical aura, it is necessary to state that
also duration of other focal impairments, likely sustained
by the same pathogenesis, could reach the same length.

Reported examples clearly show that, if an objective
validation of diagnosis is among the goals of IHS classifi-
cation, a rich articulation of criteria cannot be avoided.

On the other hand, it is equally clear that the large num-
ber of variables to be considered, the complexity and the
multiplicity of diagnostic algorithms (32 in the first three
chapters) may undermine the correct application of IHS cri-
teria, at least in daily clinical practice.

A possible solution for this problem is the use of modern
information technology (IT), which is specifically designed to
manage complex problems with a large number of variables.

These themes, coupled with the vast diffusion of IT in
the medical field, prompted us to design a computerised
medical chart for the management of headache patients.
The aim was the creation of a user-friendly application in
order to simplify clinical procedures related to the medical
work-up for headache patients, and to obtain automated
recognition of IHS criteria for the main forms of primary
headaches.

Table 1 Comparison of IHS criteria for three different types of migraine with aura

Typical aura with Sporadic hemiplegic migraine (1.2.5) Basilar-type migraine (1.2.6)
migraine headache (1.2.1)

A At least 2 attacks fulfilling criteria B–D At least 2 attacks fulfilling criteria B–C At least 2 attacks fulfilling criteria B–D
B Aura consisting of at least 1 Aura consisting of fully reversible Aura consisting of at least 2 of the

of the following symptoms but no motor weakness and at least 1 following fully reversible symptoms
motor weakness: of the following: but no motor weakness:

• fully reversible visual symptom • fully reversible visual symptom dysarthria; vertigo; tinnitus; hypacusia;
(including positive and/or negative features); (including positive and/or negative features); diplopia; visual symptoms 
• fully reversible sensory symptom • fully reversible sensory symptom simultaneously in both temporal
(including positive and/or negative features); (including positive and/or negative features); and nasal field of both eyes; ataxia; 
• fully reversible dysphasic speech disturbance. • fully reversible dysphasic speech disturbance. decreased level of consciousness; 

simultaneously bilateral paresthesias.

C At least 2 of the following: At least 2 of the following: At least 1 of the following:

• homonymous visual symptoms and/or unilateral • at least 1 aura symptom develops gradually • at least 1 aura symptom develops
sensory symptoms; over 5 min or more and/or different aura gradually over 5 min or more and/or
•at least 1 aura symptom develops gradually over symptoms occur in successions over 5 min different symptoms occur in successions
5 min or more and/or different aura symptoms or more; over 5 min or more;
occur in successions over 5 min or more; • each aura symptom lasts between 5 min and 24 h; • each aura symptom lasts between
• each aura symptom lasts between 5 and 60 min. • headache fulfilling criteria B–D for 1.1 5 and 60 min.

Migraine without aura begins during the aura
or follows aura within 60 min.

D Headache fulfilling criteria B–D for 1.1 Migraine No first- or second-degree relative has attacks Headache fulfilling criteria B–D for 1.1
without aura begins during the aura or follows fulfilling these criteria A–E. Migraine without aura begins during 
aura within 60 min. the aura or follows aura within 60 min.

E Not attributed to another disorder Not attributed to another disorder Not attributed to another disorder
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Advantages of computerisation: assisted diagnosis

The computerisation of anamnesis in the form of a struc-
tured interview permits comprehensive exploration of all
variables that are present in the diagnostic criteria of the
main primary headaches, and allows automation of the
management of various parameters and the formulation of
diagnosis.

The computer assisted diagnosis system does not take
the place of the neurologist and his experience, but can
accelerate medical work up, while preserving a high level
of precision.

The clinical data computerisation’s advantages are var-
ious and include:

• the homogeneous acquisition of data by more physi-
cians in the same hospital or in different hospitals which
use the same system;

• the prompt availability of patients’ data in real time;
• the possibility of selections of homogeneous groups of

patients through different combinations of a large num-
ber of parameters (for instance, to obtain general statis-
tical analyses in real time);

• a comprehensive automation of medical work-up
(assisted diagnosis, automatic prescription writing, pre-
arranged titration schemes, etc.).

Drawbacks of computerisation

Computerisation of medical data is not free from draw-
backs; the major one is probably the non-homogeneous
capacity of health care staff in using computer technology,

and the reticence to change the accustomed procedures.
Some other disadvantages of computerisation, which are
easy to overcome, are:
– the necessity to protect data, in agreement with current

laws on privacy;
– keeping daily backup of the data;
– the need of prompt technical assistance to avoid mal-

functioning.

Proposal for a computer assisted diagnosis database for
the management of headache patients

For many years the Headache Centre of the Federico II
University of Naples has been using a specialised, indepen-
dently created database, based on the widespread MS
Access platform. This is a client-server type software that
allows its use by different clients simultaneously, accessing
the same centralised computer (server). This system, named
as AIDA CEFALEE (Archivio Informatico con funzioni di
Diagnosi Assistita per Cefalee – Informatic Register with
Assisted Diagnosis for Headaches), has had many modifi-
cations over time. At present, the software integrates a
module for a computer-assisted diagnosis developed in
cooperation with ANIRCEF (Associazione Neurologica
Italiana per la ricerca sulle Cefalee – Italian Neurological
Association for Headache Research). The module has been
recently updated at the second edition of the IHS criteria.
The current operative features of this system are:
1. The anamnesis is acquired through a sequence of items dis-

tinguished in: mandatory, suggested and optional.
Considering only the mandatory items the system allows a
very rapid acquisition of all the basic information needed to
achieve a definite diagnosis of primary headache (Fig. 1).

Fig. 1 Structured headache anamnesis
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2. After data acquisition the system suggests a single or a
multiple diagnosis for each reported pain in agreement
with the 2004 criteria (primary forms described in the first
three chapters and the most common forms described in
the fourth and eighth chapters). This suggested diagnosis
may be accepted or easily modified (Fig. 2).

3. Once the anamnesis has been acquired and the diagno-
sis formulated, the system provides a fluent textual
translation of the information selected from a datasheet.
This allows a quick update on patients’ clinical history
at follow up (Fig. 3).

4. The system allows the user to follow up each patient
boundlessly and retain a track of each medical exami-
nation and of treatments administered over time.

5. The writing prescription is assisted too: drugs can be
selected from a prearranged list according to the opera-

tor’s preferences. The system permits the user to select
patterns of dose and prescription notes and also com-
plex titration models.

6. The making out of a prescription is completely auto-
mated. Optionally, it is possible to include in the prescrip-
tion the whole textual clinical history, and/or results of
neurological examination. Moreover, a single operator’s
prearranged titration patterns can be easily selected and
printed for subsequent patients’ reference.

7. The database is extensively searchable using a wide com-
bination of personal or clinical variables; the output
includes a generic statistical analysis of the selected
groups: total number of patients, male/female rate, mean
age and standard deviations and total number of medical
consultations. The selected data may be displayed or print-
ed as an analytical or synthetic report (Fig. 4).

Fig. 2 Assisted diagnosis

Fig. 3 Textural translation of clinical history
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8. This system also permits storage of the headache patient
data acquired in different Headache Centres. If exten-
sively implemented, this system could promote the cre-
ation of a national network of ANIRCEF headache cen-
tres, based on the shared use of the application. Thus, an
“Italian Headache Register ANIRCEF” could be creat-
ed, useful either for research purposes or for follow-up
of management parameters. Further planned develop-
ment of the software includes a multi-language platform
to promote international research cooperation.

Finally, renouncing the assisted diagnosis and accepting to
write extensively each clinical history, the system is suit-
able for the digitalisation of non-headache patients, too.
Thus, it could be used as the only tool for the management
of the whole outpatients activity of a physician.

Conclusions

AIDA CEFALEE is an innovative tool, which may accelerate
and improve the acquisition of headache patients’ data and,

comprehensively, of all outpatients’ clinical activity. The
availability of a computer assisted diagnosis module may
extend the correct use of IHS diagnostic criteria to common
clinical settings. The interoperability of the system repre-
sents the possible infrastructure of a National Network of
ANIRCEF Headache Centres. The system may be further
developed to reach a multi-language interoperability for
international research teamwork.
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Abstract Headache is one of the most common conditions
to affect children and adolescents in industrialised coun-
tries. Studies indicate a prevalence of 8% to 60% [1]. In
over 40% of migraineurs the condition begins before 18
years of age [1]. For clinical researchers, headache in the
young is of interest because its causes are easier to investi-
gate than in older people, as the clinical history is brief, the
condition has had no time to become chronic, and it is not
accompanied by changes in pain neuromodulation and neu-
rotransmission, or the development of a chronic pain/stress-
related personality that is common in adults with long-
standing headache. The wide variation in reported
headache prevalence in young people may be ascribed to
lack of representativity of studies and vagueness of diag-
nostic criteria in studies performed before 1988. The publi-
cation of the International Headache Society IHS classifi-
cation in 1988 [2] for the first time made it possible to
accurately diagnose the various headache forms. The diag-
nostic criteria for adults were adopted for use in young
patients. Since that time a burgeoning number of studies on
headache in young people have been published.

Key words Headache • Paediatric age • Classification •

Pharmacological treatment • Behavioural therapies

Application of the 1988 IHS classification showed it to
have some lacunae when applied to paediatric headache.
The new IHS classification [3] drew attention in paragraph
1.1 (migraine without aura) to some specific characteristics
of migraine forms in the young. Thus, it is now explicitly
recognised that migraine may last less than 72 hours, that
migraine pain may not be unilateral (as in adult migraine),
and that phonophobia and photophobia may not always be
present. By contrast, the criteria used for the diagnosis of
migraine with aura and tension-type headache in adults
seem to be substantially valid for young people. The sub-
ject of clinical evolution of headache in young people is of
major interest. The common clinical experience is that chil-
dren with headache go through periods, which may last for
months or even years, in which the pain attacks no longer
occur; this is particularly the case with tension-type
headaches. It is also recognised that migraine headache
may transform into tension-type headache and vice versa;
and also that these two forms may coexist at least in the
early phases. These complications pose problems for diag-
nosis and may therefore influence the choice of therapy.
The main diagnostic categories in young people are
migraine with and without aura, tension-type headache and
more rarely cluster headache. Chronic headache forms have
only recently begun to be recognised in young people.
Although the IHS criteria have produced a rational and
almost universally accepted guide to headache diagnosis, it
remains important to assess the condition by eliciting a
complete history. This is to ensure the highest probability
of a correct diagnosis and hence choice of the most effec-
tive therapy, and also to identify any triggering factors for
the headache, alterations in sleep–waking cycle, dietary
patterns, a too-sedentary lifestyle and problems at home or
school. Treatment for the various forms of childhood
headache has been the subject of wide debate in recent
years. For migraine and tension-type headache, the same
drugs as used in adults are widely prescribed for children
but at reduced dosage. Over the last 15 years behavioural
therapies, mainly biofeedback, have become established as
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valid alternatives to drugs. The efficacy of these treatments
has been established both by controlled studies and by
long-term follow-up studies [4]. For migraine without aura
in children with attack frequency of less than five per
month, symptomatic treatments that abort individual
attacks are preferred.

Paracetamol is the first choice drug. Aspirin is a valid
alternative for older children; but should be used with
extreme caution in patients under 12 years of age.
Paracetamol and aspirin are effective mainly for mild to
moderate migraine. To control nausea and vomiting, meto-
clopramide is usually effective. Oral, intramuscular or
intravenous ergotamine may be useful to abort severe
migraine. NSAIDS may be effective; in particular ibupro-
fen. The triptans are increasingly popular as aborting
agents for migraine episodes in young people. Most
patients obtain benefit within an hour of consumption [5,
6]. In a double-blind study with oral sumatriptan conduct-
ed on 302 adolescents with migraine without aura, suma-
triptan was significantly more effective than placebo [5].
Similarly positive results have been obtained with suma-
triptan nasal spray for migraine without aura attacks, in
controlled double-blind studies [6], with no significant side
effects reported.

Rizatriptan has been assessed in migraine patients of
12–17 years: 66% had benefit within two hours of con-
sumption; no significant side effects were observed [6].

Studies on rizatriptan, zolmitriptan and naratriptan are
under way in children and adolescents with migraine with-
out aura. If, after a period of observation lasting 4–6 weeks,
headaches are shown to be frequent and severe, then pro-
phylaxis should be considered. A multidrug regimen is not
advisable in young people. A single drug at the lowest pos-
sible dose is the ideal. Treatment should last two to three
months. Side effects should be monitored attentively.

For migraine without aura, prophylaxis should be con-
sidered when headache frequency exceeds 4 episodes per
month and the attacks are so severe or prolonged that they
interfere with school or normal activities. Drugs commonly
used for migraine without aura are beta blockers, calcium
antagonists, pizotifen, tricyclic antidepressives, cyprohepta-
dine and valproate. The only beta blocker that seems effica-
cious in childhood migraine is propanolol. Propanolol is also
well tolerated in children, although it may on occasion pro-
voke tiredness, asthenia and depression.

The only calcium antagonist recommended for young
people is flunarizine. It is generally well tolerated and effi-
cacious, although it may provoke sedation, increased
appetite and depression.

Of the serotonin antagonists, both pizotifen and cypro-
heptadine have been found to be significantly more effica-
cious than placebo in childhood migraine without aura [7].
For both of these drugs, common side effects are increase in
weight, somnolence and vertigo. Sodium valproate is a use-
ful alternative therapy that seems to be able to reduce the
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intensity and frequency of migraine attacks, although data
from controlled trails are lacking [8]. Magnesium salts have
recently emerged as another alternative for treating childhood
headache. They are very well tolerated and clinical experi-
ence is that they are effective in reducing the intensity and fre-
quency of crises. There is evidence that magnesium may be
involved in precipitating migraine attacks [8] although exact-
ly how it does this has not been clarified. For tension-type
headache, whose pathogenesis differs from that of migraine,
acute treatments are generally less effective. Paracetamol and
aspirin may sometimes be useful. For the prophylaxis of ten-
sion-type headache in children, the first choice medication is
low dose amitriptyline continued for a long period. Side
effects include somnolence and increased weight.

Behavioural therapies, particularly relaxation tech-
niques and biofeedback, have been shown to be effective
treatments in children and adolescents suffering from dif-
ferent forms of primary headaches by meta-analyses of
both long-term follow-up data and controlled studies [4].
Biofeedback was introduced in the second half of the 1970s
and remains the best studied behavioural approach to
headache [4]. In biofeedback, biological activities consid-
ered outside of voluntary control, such as heart rate, muscle
tension and body temperature are monitored and the data
are fed back in real time to the patient. After training, the
patient is able to bring these activities under voluntary con-
trol by means of feedback monitoring. In the case of
migraine, the patient learns to control peripheral tempera-
ture. Peripheral vasoconstriction occurs during a migraine
headache and peripheral temperature decreases (typically
monitored at the fingertips). The patient learns, by relaxing,
to bring about peripheral vasodilatation and increase tem-
perature, which is normally accompanied by a reduction in
headache pain intensity. When the patient becomes adept
with this technique he/she is able to use it to prevent
migraine attacks. The theoretical underpinning for tension-
type headache differs from that of migraine. Such
headaches are often caused or accompanied by increased
tension in head and neck muscles, in the context of
increased anxiety or stress. When a patient learns to reduce
this tension through feedback monitoring, the pain is also
alleviated. Thus electromyographic biofeedback is typical-
ly used as treatment for tension-type headache. It is found
that young patients quickly learn to relax their head and
neck muscles by this means. Clinical experience, long-term
follow-up studies (1–3 years) and controlled studies have
amply confirmed the validity of these behavioural
approaches [4]. The clinical improvement reaches 80%
with thermal biofeedback and relaxation training, and if we
consider also that these techniques are totally without side
effects, they are highly attractive as headache therapy in
young people. More recently techniques based on the use of
tapes with relaxation exercises to perform at home have
been used successfully to treat childhood headache [4].

The choice of therapy in a young headache patient

L. Grazzi: Headache in children and adolescents



requires care. It is important first of all to reassure the par-
ents that the condition is benign. Advice should also be
given regarding aspects of lifestyle that may constitute a
barrier to treatment success. Prophylaxis may be useful
with frequent and intense headaches. If pharmacological
prophylaxis is indicated, this does not exclude the use of
behavioural treatments. Therapies should always be tai-
lored to the needs and characteristics of the individual
patient and should be reviewed periodically.
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Abstract Migraine occurrence is strongly influenced by the
hormonal fluctuations of the female reproductive cycle; at
least 60% of women affected by migraine relate the period-
icity of their attacks to the menstrual cycle. The so-called
menstrual migraine, which occurs immediately before, dur-
ing or at the end of the menstrual flow, has been a largely
undefined condition, including some clinical subtypes which
are not well defined. In the last edition of the International
Classification of Headache Disorders (ICHD-II), menstrual
migraine gained new attention in the Appendix, where three
clinical patterns were pointed out: pure menstrual migraine
without aura; menstrually related migraine without aura and
non-menstrual migraine without aura. Menstrual migraine
attacks show severe intensity, long duration (lasting even
more than 72 h), marked unresponsiveness to pharmacolog-
ical treatments, and present higher recurrence rate and work-
related disability than non-menstrual attacks. The pharma-
cological treatment of menstrual migraine can require spe-
cific cyclic prophylactic approaches (non-steroidal anti-

inflammatory drugs, coxibs, magnesium, long half-life trip-
tans or oestrogen supplements in various formulations), but
usually the low frequency of attacks suggests a first
approach with specific symptomatic drugs. Preference
should be given to triptans, due to their specificity in con-
trolling migraine pain and its accompanying symptomatol-
ogy; among them, in particular for sumatriptan, many spe-
cific studies proved a real effectiveness in the management
of acute menstrual migraine attack.

Key words Headache classification • Menstrual cycle •

Migraine • Sumatriptan • Treatment

Migraine occurrence is strongly conditioned by the hor-
monal fluctuations of the female reproductive cycle, the
major determinant of head pain attacks probably being the
fall of oestrogen levels during the premenstrual phase of the
cycle [1, 2].

At least 60% of women affected by migraine relate the
periodicity of their attacks to the menstrual cycle: this is the
so-called menstrual migraine, which occurs immediately
before, during or at the end of the menstrual flow.

Introducing a criterion of simple temporal definition, in
the past some authors distinguished between premenstrual
migraine, related to the wider symptomatology of the pre-
menstrual syndrome, and the so-called menstrual migraine,
which is associated with the painful phase of menstrual
flow. To these two different entities we could probably add
a third one, the late menstrual migraine, in order to
embrace those attacks which occur at the end of the men-
strual flow [3].

To better define the widely undetermined “perimen-
strual period” in which attacks must develop to be proper-
ly called “menstrual”, in the last few years the concept of
a “menstrual window” was introduced. This period, fol-
lowing the most restrictive criteria in recent literature,
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spreads from days –2 and +2 in relation to the beginning
of the menstrual flow (which is day +1) or, according to
the less severe inclusion criteria, from –3 to +5 (some-
times even +7).

In the last edition [4] of the International Classification
of Headache Disorders (ICHD-II), published by the
International Headache Society (IHS), menstrual
migraine, not clearly defined in the former Classification
[5], finally gains new attention and appears in the
Appendix. Three clinical patterns are pointed out:
- pure menstrual migraine (PMM) without aura (code

A1.1.1) in which attacks, fulfilling criteria for
migraine without aura, exclusively occur in the men-
strual window, extended from days –2 to +3 of men-
struation in at least two out of three menstrual cycles;

- menstrually related migraine (MRM) without aura
(code A1.1.2), in which the attacks of migraine without
aura always occur on days –2 to +3, in at least two out
of three menstrual cycles and additionally at other
times of the cycle, due to different trigger factors or
also apparently without any specific reason;

- non-menstrual migraine (NMM) without aura (code
A1.1.3), in which the attacks, fulfilling criteria for
migraine without aura, have no menstrual relationship,
in a menstruating woman.
Menstrual attacks are mostly migraine without aura (an

aura could occur only in some exceptional cases).
Generally, every menstrual cycle is associated with an
attack of very severe intensity, of long duration (lasting
even more than 72 h according to the IHS Classification),
aggravated by very important vegetative phenomena, par-
ticularly unresponsive to pharmacological treatments and
with high probabilities of relapse.

In the past, some authors [2, 6], according to their clin-
ical experience, reported that menstrual migraine attacks
are longer, produce a greater disability and are less
responsive to pharmacological approaches than the non-
menstrual ones. Only recently, these assertions have been
confirmed by controlled trials.

An Italian multicentric study [3] carried out on women
affected by MRM, where migraine attack features,
migraine work-related disability and response to sympto-
matic drugs were considered comparing the perimenstrual
attacks to the non-menstrual attacks, demonstrated that the
former were significantly longer, associated to a greater
work disability and to a less pharmacological response
than the latter. Perimenstrual attacks were split into three
groups (premenstrual, occurring on days –2 and –1; men-
strual, on the first and second day of menstruation; and
late menstrual, on days +3 to +7 of the cycle). Many dif-
ferences were found between perimenstrual and non-men-
strual attacks: the former were significantly longer and
significantly less responsive to acute attack treatment;
from the point of view of disability, a significantly greater
number of work hours was lost due to premenstrual
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attacks and headache recurrence was significantly higher
in premenstrual and menstrual attacks.

From a therapeutical point of view, menstrual migraine
could require a specific prophylaxis [2, 6]. Depending on
each woman’s wishes, the regularity of menstrual cycle,
need for contraception, timing of attacks in relation to
bleeding, presence of dysmenorrhoea or menorrhagia, sev-
eral options can be tried, both non-hormonal and hormon-
al. At the present, non-steroidal anti-inflammatory drugs
(NSAIDs), coxibs, magnesium supplementation, long
half-life triptans and oestrogen supplements in various
formulations, administered perimenstrually, are frequently
used drug strategies. However, as menstrual migraine has
a relatively low frequency of attacks, it needs above all a
correct prescription of a specific treatment. The same
classes of drugs used to treat migraine tout-court are pre-
scribed, and so we can use triptans, ergot derivatives,
NSAIDs, various analgesics and antiemetic agents, alone
or in combination. The preference is always granted to
triptans, because of their ability to control head-pain and
accompanying symptomatology and also because for some
of them, in particular sumatriptan [7], many specific stud-
ies proved a real effectiveness in the acute attack treatment
of menstrual migraine. The administration of subcuta-
neous or oral sumatriptan in order to achieve pain relief
(defined as the reduction of headache severity from severe
to mild or from moderate to none) at two hours post-dos-
ing has proved to be significantly more effective than
placebo.

The result obtained by Nett et al. [8] is still more
encouraging, as it shows the possibility of oral sumatriptan
(100 mg and 50 mg) obtained a pain-free condition at two
hours in a high percentage of menstrual migraine sufferers
(51% and 47% respectively for the two dosages), provided
that the drug is taken in the first phases of pain, when allo-
dynia [9], which compromises a good therapeutic result of
triptans, is not yet started.
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Abstract Headache is one of the commonest conditions to
affect children and adolescents in industrialised countries.
Studies indicate a prevalence of 8–60% [1]. In over 40% of
migraineurs the condition begins before 18 years of age [1].
For clinical researchers, headache in the young is of inter-
est because its causes are easier to investigate than in older
people, as the clinical history is brief, the condition has had
no time to become chronic, and it is not accompanied by
changes in pain neuromodulation and neurotransmission,
or the development of a chronic pain/stress-related person-
ality that is common in adults with longstanding headache.
The wide variation in reported headache prevalence in
young people may be ascribed to lack of representativity of
studies and vagueness of diagnostic criteria in studies per-
formed before 1988. The publication of the International
Headache Society IHS classification in 1988 [2] for the
first time made it possible to accurately diagnose the vari-
ous headache forms. The diagnostic criteria for adults were
adopted for use in young patients. Since that time a bur-
geoning number of studies on headache in young people
have been published.

Key words Headache • Paediatric age • Classification •
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Treatment for the various forms of childhood headache has
been the subject of wide debate in recent years. For
migraine and tension-type headache, the same drugs as used
in adults are widely prescribed for children but at reduced
dosage. Over the last 15 years behavioural therapies, main-
ly biofeedback, have become established as valid alterna-
tives to drugs. The efficacy of these treatments has been
established both by controlled studies and by long-term fol-
low-up studies [3]. For migraine without aura in children
with attack frequency of less than five per month, symptom-
atic treatments that abort individual attacks are preferred.
The triptans are increasingly popular as aborting agents for
migraine in young people. Rizatriptan has been assessed in
migraine patients of 12–17 years: 66% had benefit within
two hours of consumption; no significant side effects were
observed. Studies on rizatriptan, zolmitriptan and naratrip-
tan are under way in children and adolescents with
headaches. If, after a period of observation lasting 4–6
weeks, headaches are shown to be frequent and severe, then
prophylaxis should be considered. A multidrug regimen is
not advisable in young people. A single drug at the lowest
possible dose is the ideal. Treatment should last two to three
months. Side effects should be monitored attentively [4, 5].

For tension-type headache, whose pathogenesis differs
from that of migraine, acute treatments are generally less
effective. For the prophylaxis of tension-type headache in
children, the first choice medication is low dose amitripty-
line continued for a long period. Side effects include som-
nolence and increased weight [4, 5]. Behavioural therapies,
particularly relaxation techniques and biofeedback have
been shown to be effective treatments in childhood and
adolescent headache by meta-analyses of both long-term
follow-up data and controlled studies. Clinical experience,
long-term follow-up studies (1–3 years) and controlled
studies have amply confirmed the validity of these behav-
ioural approaches [3]. The clinical improvement reaches
80% with thermal biofeedback and relaxation training, and
if we consider also that these techniques are totally without
side effects, they are highly attractive as headache therapy
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in young people. More recently techniques based on the
use of tapes with exercises to perform at home have been
used successfully to treat childhood headache [3]. The
choice of therapy in a young headache patient requires
care. It is important first of all to reassure the parents that
the condition is benign. Advice should also be given
regarding aspects of lifestyle that may constitute a barrier
to treatment success. For example, headache triggers
should be identified and eliminated. Similarly, any person-
al, family or school problems should be identified and
where possible resolved, perhaps with psychological or
other support. Prophylaxis may be useful with frequent and
intense headaches. If pharmacological prophylaxis is indi-
cated, this does not exclude the use of behavioural treat-
ments. Biofeedback is established as a highly effective
behavioural treatment without side effects. Regular follow-
up is essential for young patients; therapy should always be
tailored to the needs and characteristics of the individual
patient and should be reviewed periodically.
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Abstract General population studies suggest a non-casual
association (co-morbidity) between migraine, major depres-
sion and anxiety disorders (panic attack disorder, obsessive-
compulsive disorder, generalised anxiety disorder). The risk
of developing affective and anxiety disorders has not
increased uniformly in the different migraine subtypes, but it
is more elevated in migraine with aura patients. The relation-
ship between migraine and depression is “bi-directional” (i.e.,
migraineurs have a more than three-fold risk of developing
depression compared with non-migraine patients, while
depression patients that have never suffered from migraine
before have a more than three-fold risk of developing
migraine compared with non-depressed patients) and specific
(i.e., the presence of migraine or severe non-migraine
headache increases a patient’s risk of developing depression
or panic attack disorder, whereas the presence of depression
or panic attack disorder is associated with a greater risk of
developing migraine, but not severe non-migraine headache).
The association described in this review has significant patho-
genetic, clinical and therapeutical implications.

Key words Co-morbidity • Migraine • Severe headache •

Psychiatric disorders • Anxiety disorders • Panic attack dis-
order • Suicide

The association between migraine and psychiatric disorders
was described as early as last century, but of the several
studies published in the literature on the personality pro-
files of migraineurs, those aimed at investigating the rela-
tionship between migraine and specific psychiatric disor-
ders are few in number. General population studies suggest
the presence of a close relation between migraine, depres-
sion and anxiety disorders.

Merikangas et al. [1] investigated 457 Zurich-based
27–28-year-old subjects using a semi-structured interview
according to the DSM-III criteria to detect psychiatric disor-
ders in the year preceding the study. The authors found an
increased risk of developing major depression (OR=2.2,
95% CI=1.1–4.8) and anxiety disorders (OR=2.7, 95%
CI=1.5–5.1) in migraine patients compared with non-
migraine controls.

Breslau et al. [2] studied migraine co-morbidity with
psychiatric disorders in 1007 Detroit-based 21–30-year-old
subjects using the 1988 International Headache Society
(IHS) classification criteria for migraine with aura and
migraine without aura [3] and the DSM-III criteria for psy-
chiatric disorders. The authors considered the subjects’
entire life-span before the study and their findings showed
that migraineurs had a greater risk of developing affective
and anxiety disorders, especially when they suffered from
migraine with aura (Table 1). Anxiety disorders and major
depression co-existed in 30% of migraine patients.

Based on a retrospective evaluation in the two studies
reported above [1, 2], it appears that the disturbances have
a distinctive time sequence, with onset of anxiety generally
preceding onset of migraine, which in turns precedes onset
of major depression.

To explain the nature of the relationship between migraine
and psychiatric disorders, Breslau et al. [4] reviewed the 1007
subjects interviewed in 1989 three and a half years later. They
found that migraineurs had a more than three-fold relative risk
of developing depression compared with non-migraine
patients (OR=3.2, 95% CI=2.3–4.6) and, in turn, depression
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patients that had not previously suffered from migraine had a
more than three-fold relative risk of developing migraine
compared with non-depressed patients (OR=3.1, 95%
CI=2.0–5.0). The association seems to arise from the two con-
ditions reciprocally affecting each other in a sort of two-way
“bi-directional” relation rather than resulting from a one-way
action (i.e., migraine favouring onset of depression or depres-
sion favouring onset of migraine), thus ruling out the possi-
bility that mood disturbances may be secondary to repeated
migraine attacks. Further evidence for the specific relation-
ship between migraine and depression is to be found in anoth-
er study by Breslau et al. [5], who recently investigated three
groups of subjects, including 536 patients with migraine, 162
patients with severe non-migraine headache (i.e., a headache
whose severity and disability are comparable to migraine) and
586 healthy controls. The study population was selected at
random from a population of 4765 people aged 25–55. The
lifetime prevalence rate of major depression was 40.7% in the
migraine group, 35.8% in the severe non-migraine headache
group and 16.0% in the control group. The presence of the
headache pain was associated to an increased risk of develop-
ing depression disorders, the OR being 2.35 (95%
CI=1.84–3.01) for migraine patients and 3.56 (95%
CI=2.38–5.32) for patients with severe non-migraine
headache, while depression patients showed a greater risk of
developing migraine (OR 2.75, 95% CI=2.17–3.48), but not
severe non-migraine headache (OR 1.63, 95% CI=0.94–2.83).

A similar association seems to exist also between
migraine, severe non-migraine headache and panic attack
disorder [6]. A study conducted on 683 patients with
migraine, 253 patients with severe headache and 760 con-
trols without headache showed a lifetime prevalence rate of
panic attack disorder of 15.9% (19.6% in migraine with aura
and 14.3% in migraine without aura), 13.0% and 3.6%,
respectively, in the three groups. As was the case with
depression disorders, the presence of headache increased the
risk of developing panic attack disorder, with an OR of 3.55
(95% CI=2.18–5.76) for migraine patients and of 5.75 (95%
CI=2.70–12.27) for patients with severe headache that did

not fulfil migraine criteria. On the other hand, patients with
panic attack disorder had an increased risk of developing
migraine (OR=2.10, 95% CI=1.44–3.08), but not severe non-
migraine headache (OR=1.85, 95% CI=0.71–4.84).

There is still no definite evidence for the pathogenesis of
the co-morbid disorders described in this review. However,
based on literature reports to date, the most plausible
hypothesis is that migraine shares some causative, genetical,
biochemical or environmental factors with depression and
panic attack disorder. The co-morbidity of psychiatric disor-
ders with headache also has important clinical and thera-
peutical implications, all the more so that suicide attempts
seem to be more frequent in migraineurs than in the general
population, in females and in patients with migraine with
aura. Indeed, the frequency of suicide attempts among these
populations is double that in people with depression [2].
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Table 1 Psychiatric disorders in patients with migraine without aura and migraine with aura

Psychiatric disorder Migraine without aura Migraine with aura

OR adjusted 95% CI OR adjusted 95% CI

Major depression 2.2 1.2–4.0 4.0 2.2–7.2

Bipolar disorder I 2.4 0.5–11.3 7.3 2.2–24.6

Bipolar disorder II 2.5 0.5–11.9 5.2 1.4–19.9

Panic attack disorder 3.0 1.0–9.4 10.4 4.5–24.1

Obsessive-compulsive disorder 4.8 1.8–12.7 5.0 1.8–14.6

Generalised anxiety disorder 5.5 2.3–13.2 4.1 1.4–11.5

Phobic disorder 1.8 1.0–3.0 2.9 1.7–5.0
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Abstract The exact pathogenesis of migraine remains to be
determined. In particular there is increasing evidence for
the neural basis of migraine. We now have a body of data
supporting the concept of central neuronal hyperexcitabili-
ty as a pivotal physiological disturbance predisposing to
migraine. The reasons for increased neuronal excitability
may be multifactorial. Most recently, abnormality of calci-
um channels has been introduced as a potential mechanism
of interictal neuronal excitability. Mutant voltage gated P/Q
type calcium channel genes likely influence presynaptic
neurotransmitter release, possibly of excitatory amino-acid
systems or inhibitory. It could therefore be hypothesised
that genetic abnormalities result in a lowered threshold of
response to trigger factors. There is also evidence from
spectroscopic studies that magnesium is low in migraine.
We currently conceive of a migraine attack as originating in
the brain. Triggers of an attack initiate a depolarising neu-
roelectric and metabolic event likened to the spreading
depression of Leao. This event activates the headache and
associated features of the attack by mechanisms that remain
to be determined, but appear to involve either peripheral
trigeminovascular or brain stem pathways, or both.
Excitability of cell membranes, perhaps in part genetically
determined, is the brain’s route of susceptibility to attacks.
Factors that increase or decrease neuronal excitability con-
stitute the threshold for triggering attacks.

Key words Migraine • Pathophysiology 

Migraine is a complex neurobiological disorder that has
been recognised since antiquity. The core features of
migraine are headache, which is usually throbbing and
often unilateral, and associated features of nausea, sensitiv-
ity to light and sound, and exacerbation with head move-
ment. Migraine has long been regarded as a vascular disor-
der because of the throbbing nature of the pain. However,
vascular changes do not provide sufficient explanation for
the pathophysiology of migraine. Up to one third of
patients do not have throbbing pain. One of the most pow-
erful arguments against the vascular theory is that it is in
absolute conflict with the blood flow data that should be its
greatest support. It is clear from Olesen’s studies [1], and
reinforced by the more recent studies of Cutrer et al. [2]
that the headache phase of migraine with aura starts while
blood flow is still reduced. Thus, the headache pain cannot
be due simply to vasodilation. There seems to be an
increasing body of evidence for the concept of central neu-
ronal hyperexcitability as a pivotal physiological distur-
bance predisposing to migraine. The reasons for increased
neuronal excitability may be multifactorial. Most recently,
abnormality of calcium channels has been introduced as a
potential mechanism of interictal neuronal excitability.
Mutant voltage-gated P/Q type calcium channel genes like-
ly influence presynaptic neurotransmitter release, possibly
of excitatory amino-acid systems or inhibitory. In familial
hemiplegic migraine (FHM), the CACNA1A gene on chro-
mosome 19 is involved in half families, but at least two
other genes have to be identified. An increasing number of
mutations in the CACNA1A gene have been identified,
which are associated with a broad clinical spectrum,
including FHM type 1. Neuronal calcium channels mediate
serotonin (5HT) release within the midbrain. Therefore,
dysfunction of these channels might impair serotonin
release and predispose patients to migraine or impair their
self-aborting mechanism. Also of interest are the interac-
tions of magnesium with calcium channels, in the light of
magnesium deficiency in the cortex of migraineurs and the
role of calcium channels in spreading depression, which
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may initiate migraine aura. Recently, migraine has been
linked also to chromosome 1; the gene mutation is linked
to Na/K ATPase. De Fusco et al. [3] showed that the gene
ATPIA2, which encodes the alpha2 subunit of the Na+/K+
pump, is associated with familial hemiplegic migraine type
2 (FHM2) and is linked to chromosome 1q23. This muta-
tion results in a loss of function of a single allele of
ATP1A2. This is the first report that associates a mutation
in the Na+/K+ pump to the genetics involved in migraine.
This may lend support to the idea that cortical spreading
depression (CSD) is the putative mechanism of migraine
with aura. Therefore, while there exists an obvious link
between these subtypes of migraine which possess a clas-
sic mendelian inheritance pattern, it is for the moment dif-
ficult to say if genetic mutations or polymorphisms could
represent risk factors for the more common types of
migraine with or without aura. Occipital cortex excitabili-
ty in migraine has been evaluated by the generation of
phosphenes by transcranial magnetic stimulation (TMS) of
occipital cortex. The first study reported a low threshold
for generation of phosphenes in subjects with migraine
with aura, inferring hyperexcitability of the occipital cortex
[4, 5]. Hadjikhani et al. [6] were able, by functional MRI,
to record induced and spontaneous migraine aura. They
conclude that migraine aura is not evoked by ischaemia.
More likely, it is evoked by aberrant firing of neurons and
related cellular elements characteristic of CSD. Vascular
changes follow changes in neuronal activity during the
visual aura. Future studies using similar techniques should
clarify the correlation of the onset of the headache pain to
better understand the relationship between CSD and pain.
Experimental spreading cortical depression (SCD) has
similar characteristics to migraine with aura [7]. This adds
further evidence that SCD is the putative mechanism of
migraine aura. The trigeminovascular hypothesis states that
migraine pain is caused by inflammation and dilation of
the meningeal arteries, particularly those located within the
dura mater. The inflammation results from the actions of
neuropeptides, which are released from primary sensory
nerve terminals innervating the dural vessels. Anatomic
and physiologic research looking into the pain of migraine
provides evidence implicating trigeminal innervation of
cranial vessels as a key factor in migraine pathophysiology.
The unmyelinated nerve fibres of the trigeminovascular
system arise from the ophthalmic division of the trigeminal
nerve and upper cervical dorsal roots. Localised within the
nerves of the trigeminal system are the neuropeptides,
including calcitonin gene-related peptide (CGRP), as well
as neurokinin A and substance P. CGRP is a potent neu-
rovascular peptide and levels are elevated in migraine. Its
release may be responsible for vasodilation and the
increased extracerebral blood flow observed in migraine
[8]. The trigeminovascular pain pathway begins with trans-
mission in the caudal brain stem and high cervical spinal
cord. Impulses are relayed via the quintothalamic tract to
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the thalamus, which processes vascular pain. The final step
in the process is the cortical connection, which continues to
be investigated. The first human study to show activation in
the brain stem used positron emission tomography (PET)
performed in subjects during spontaneous migraine [9].
Because PET lacks sufficient resolution for exact anatomi-
cal localisation, the activation was hypothesised to be in the
regions of dorsal raphe nuclei (DRN), periaqueductal grey
(PAG) and locus ceruleus (LC). An isolated case report
found red nucleus (RN) and substantia nigra (SN) to be
activated in a spontaneous migraine attack [10]. The same
authors also now report the RN and SN to be activated in
the subjects with visually triggered migraine. The RN and
SN are best known for their functional roles in motor con-
trol. The RN, however, has also been associated with pain
and/or nociception. Numerous animal studies have docu-
mented a response of RN neurons to a variety of sensory
and noxious stimuli. In a PET study performed on normal
volunteers during capsaicin-induced pain, ipsilateral activa-
tion of RN was documented [11]. It remains to be clarified
whether or not the RN is involved in the pain pathways or
in the motor response to pain. Further studies were done in
the interictal period to identify activation in these struc-
tures. These observations prompted study of iron home-
ostasis in the RN, SN and PAG of episodic and chronic
migraine patients; elevation in tissue iron is associated with
altered cellular function. High-resolution magnetic reso-
nance imaging (MRI) techniques were used to map the
transverse relaxation rates R2 (1/T2), R2’ (1/T2’) and R2’
(R2’-R2) in brain, and in particular the PAG, RN and SN.
These measures are sensitive to shifts in the paramagnetic
properties of free iron in brain tissue and blood [12]. A pos-
itive correlation was noted between the duration of illness
and the increase in R2’ for the episodic migraine (EM) and
chronic daily headache (CDH) groups. The R2’ are reflec-
tive of increased tissue iron levels in the PAG of people
with EM with and without aura, and CDH, which further
increase with duration of the disorder. These findings may
suggest a mechanism of migraine and the burden of illness.
The PAG is the centre of the brain’s powerful descending
analgesic network. MRI has determined that iron home-
ostasis is selectively and progressively impaired over time.
This finding may be directly attributable to iron-catalysed,
free-radical cell damage [13]. These changes correlate with
duration of migraine frequency, are independent from the
presence of aura, and do not correlate with patient age. The
risk of brain infarcts increased with migraine attack fre-
quency (p<0.005 for trend). In patients with ≥1 attack per
month, the risk was 9.3 times higher, compared to controls
[14]. Overall, significant differences in the prevalence of
deep white matter lesions were not detected between
migraineurs and controls. However, increased risk for these
lesions was observed among women. The risk increased
with migraine attack frequency and was similar for patients
with migraine with aura and those with migraine without
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aura. Due to the higher risk of brain lesions associated
with increased migraine attack frequency, future studies
are recommended to assess whether prevention or early
abortion of migraine attacks will diminish the risk of brain
lesions, and to identify any subgroups that are likely to
benefit. Most migraine patients exhibit cutaneous allody-
nia inside and outside their pain-referred areas during
migraine attacks. Burstein et al. [15] studied the develop-
ment of cutaneous allodynia in migraine by measuring the
pain thresholds in the head and forearms of a patient at
several points during the migraine attack (1, 2 and 4 hours
after onset) and compared the pain thresholds in the
absence of an attack. This study demonstrated that a few
minutes after the initial activation of the patient’s periph-
eral nociceptors, these became sensitised and mediated the
symptoms of cranial hypersensitivity. The barrage of
impulses then activated second-order neurons and initiated
their sensitisation, mediating the development of cuta-
neous allodynia on the ipsilateral head. The sensitised sec-
ond-order neurons activated and eventually sensitised
third-order neurons leading to allodynia on the patient’s
contralateral head and forearms by the 2-hour point, a full
hour after the initial allodynia on the ipsilateral head. The
authors concluded that this progression of symptoms calls
for the early use of antimigraine drugs that target periph-
eral nociceptors before central sensitisation occurs.
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Abstract The goal of migraine treatment is to alleviate the
symptoms of acute attacks and improve patients’ quality of
life. Therapeutic options and strategies principally rely on
three types of approach: correction of causative factors;
acute treatment of attacks; and prophylaxis. The quality of
evidence supporting efficacy, personal experience, tolerabil-
ity and safety profiles must guide the choice of a particular
medication; nonetheless, we ought to keep in mind that ther-
apeutic options should also be customised to target the indi-
vidual patient, both in terms of personal characteristics and
underlying comorbidities. Also, the framework of informa-
tion the patient is given represents an essential component of
migraine management, along with his/her active involvement
in the therapeutic program and schedule.

Key words Migraine • Trigger factors • Acute treatment •

Prophylaxis

Appropriate migraine control occurs when we accomplish a
successful combination of acute treatment, targeting the
symptoms of the attacks, and preventive therapy, aimed at
restraining the predisposition to attacks. Many factors can
possibly influence the choice of a treatment strategy; howev-
er, identification of potential trigger factors is the prelimi-
nary goal to achieve. In fact, proper healthcare begins with
patient education and information, allowing the recognition
and ultimately the avoidance of identifiable trigger factors.
For example, useful general recommendations include: avoid
specific foods; maintain a regular lifestyle (meal times, noc-
turnal sleep); reduce physical and psychological stresses;
and perform physical activity. Other factors, such as the use
of either oral contraceptives or antihypertensive agents, may
potentially worsen migraine occurrence; in this perspective,
their employment needs to be evaluated within specific sub-
groups of patients.

After having chosen the best route of administration for
each individual subject, we should instruct the patient to take
prescribed acute medications as soon as migraine attack ini-
tiates, and to be a compliant medication user, both in terms
of timing and dose.

The choice of a particular acute migraine pharmacother-
apy must take into account the effects of past treatments as
well as the presence of concomitant disorders. Indeed, gas-
tritis, ulcer or kidney disease may be exacerbated by
NSAIDs administration, whereas myocardial infarction,
angina pectoris, cerebrovascular diseases and uncontrolled
hypertension contraindicate the use of ergots and triptans. In
the last few years, a so-called “stratified care” model has
been introduced for the management of migraine headache.
This strategy is based on the concept that a prompt prescrip-
tion of the most effective treatment option would improve
the management of the disease, in contrast with the “stepped
care” idea, which supports the use of progressively more
potent medications. The “stratified care” scheme recom-
mends the choice of an acute treatment that is closely con-
nected with the disability grade caused by headache,
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assessed through a reliable tool such as the MIDAS ques-
tionnaire. Patients suffering a mild disability can be treated
with non-specific drugs (NSAIDs, analgesics); in case of
moderate-to-severe disabilities, triptans (available in a vari-
ety of formulations: tablets, wafers or dispersible tablets,
rectal suppository, nasal spray, vials for subcutaneous
administration) are considered the first-choice treatment.
This approach reduces the risk that patients affected by
severe forms of migraine will lapse from care, because the
potential repetitive failure associated with the “stepped
care” paradigm could lead to self-prescription and eventu-
ally to medication overuse.

Reduction of the frequency and severity of attacks can be
obtained through prophylactic treatment. While previous
recommendations have focused on patients who experience
4 or more headache days per month, recent guidelines sug-
gested a broader spectrum evaluation based upon individual
patient needs (response to acute treatments, disability, etc.),
and paid more attention to recovery of normal functioning
and improvement of health-related quality of life. So far, it
has been shown that preventive therapies can reduce the inci-
dence of acute treatment, restraining medication overuse.
Preventive treatments should be given starting with the low-
est effective dose, and slowly increasing it until clinical ben-
efits are achieved or treatment-related adverse events occur.
The quality of evidence supporting efficacy, personal expe-
rience, tolerability and safety profiles must guide the choice
of a particular medication. Patients should be instructed
about: the rationale directing the selection of a specific drug;
how long after therapy start they can expect clinical benefits;
potential treatment-related side effects. The use of a
headache diary is also crucial when monitoring therapy out-
come. Yet, individual patient characteristics (weight, sex,

age) and possible comorbidities must be considered. To this
end, flunarizine may be useful when treating underweight
patients with anxiety problems; in patients affected by both
migraine and hypertension, beta-blockers allow management
of two disorders with a single drug; amitriptyline may be
used to treat comorbid depression. Topiramate is the best
opportunity when disorders like asthma, arterial hypotension
or depression impede the use of beta-blockers and flunar-
izine, and when weight gain (an adverse event shared by all
the other preventive drugs) must be avoided or may reduce
compliance. In fact, compliance is a key factor for success-
ful pharmacotherapy, along with patient involvement in
treatment decisions and processes. Finally, non-pharmaco-
logical approaches, such as biofeedback, relaxation training
and acupuncture, may be of utility in preventing migraine.
These are the first-choice options for children and for people
in whom preventive agents are contraindicated.
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Abstract The importance of evidence-based medicine is
often underestimated when migraine preventive treatments
are chosen. Evidence from large, well-conducted, placebo-
controlled trials of sufficient duration should be given par-
ticular consideration when evaluating the efficacy, tolera-
bility and safety of a medication for a broad range of
patients. Pizotifen, propranolol, flunarizine, amitriptyline,
divalproex sodium and topiramate have all been evaluated
for efficacy in migraine prevention in double-blind, place-
bo-controlled trials. The largest clinical programme in
migraine prevention, studying these or any other agents,
was comprised of 2 pivotal trials, as well as other studies,
evaluating topiramate for preventive therapy in migraine.
Results from these trials indicated that topiramate (100
mg/day) has proven safety and efficacy in migraine preven-
tion. Response rates were high, and onset of action usually
occurred within the first month of treatment. Therefore,
topiramate has demonstrated safety and represents an effec-
tive option in the prevention of migraine, as supported by
extensive clinical research.

Key words Migraine • Evidence-based medicine • Topiramate

Introduction

Migraine is a common episodic headache disorder often
associated with an impaired quality of life. However,
migraine is often under-diagnosed and under-treated [1].
Preventive, prophylactic treatment of migraine should be
considered for patients who are significantly disabled by
attacks and unresponsive to acute rescue treatment, and for
those who respond to acute treatment but experience fre-
quent attacks, as there is an increased likelihood of drug-
induced (rebound) headache in this population [2].

Practice guidelines developed by the US Headache
Consortium emphasise an evidence-based approach in the
evaluation and selection of preventive migraine therapies
[1]. Evidence from large, well-conducted, placebo-con-
trolled trials of sufficient duration should be given particu-
lar consideration when evaluating the efficacy, tolerability
and safety of a medication for a broad range of patients.
Recently, two very large trials of this type (>480 patients in
each study) have been conducted, to assess the efficacy of
topiramate for migraine prevention [3, 4].

Materials and methods

Eligibility requirements for patients enrolled in both of the large
clinical studies of topiramate included a migraine frequency of
between 3 and 12 migraines during the 28-day baseline period.
Prior to the baseline phase of the trial, any migraine-preventive
medications being taken by patients were tapered off. Patients
were randomised to 1 of 4 possible groups: placebo, or topiramate
at doses of 50 mg/day, 100 mg/day or 200 mg/day. During the
first 8 weeks of the double-blind portion of the trial, patients in
the topiramate groups were started on 25 mg/day and this dose
was increased by 25 mg/week until either the target dose was
reached or the patient was unable to tolerate further increases in
dose. In the remaining 18 weeks of the trial, patients were main-
tained on the topiramate dose that they were receiving at the end
of the first 8 weeks [3, 4].
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The primary efficacy end point in both trials was a compari-
son of the topiramate and placebo groups in the reduction in mean
monthly migraine frequency from baseline through the double-
blind phase. Secondary efficacy end points included the time to
onset of action, the responder rate (defined as the proportion of
patients with ≥50% reduction in monthly migraine frequency),
reduction in mean monthly migraine days and reduction in the
number of days per month requiring rescue medication [3, 4].

Results

Figure 1 shows the mean changes from baseline in monthly
migraine frequency for patients on topiramate at a dose of
100 mg/day vs. placebo from the study of Silberstein et al.
[3]. The results of the studies of both Silberstein et al. and
Brandes et al. are remarkably similar and demonstrate that a
decrease of between 2.1 and 2.3 migraine episodes per
month is evident at the end of the study period in the patient
groups receiving topiramate at a dose of 100 mg/day.

Significant decreases in mean monthly migraine fre-
quency relative to placebo were seen in both studies after
patients received only 1 month of treatment with topira-
mate at a dose of 100 mg/day. Other results include respon-
der rates of 54.0% [3] and 49% [4] for the groups receiv-
ing topiramate at 100 mg/day as well as significant reduc-
tions in the mean monthly migraine days and mean month-
ly rescue medication days for the patients in groups receiv-
ing topiramate at 100 mg/day [3, 4].

In both studies, topiramate at 100 mg/day was shown to
have an acceptable tolerability profile. The most common
adverse events associated with topiramate were paresthesia,
fatigue, anorexia and nausea [3, 4]. In addition, use of top-
iramate was associated with weight loss [3, 4].
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Fig. 1 Mean change from baseline in monthly
migraine frequency. p<0.02 for patients treated with
topiramate at 100 mg/day vs. placebo [3]

Placebo (n=115)

Topiramate 100 mg (n=125)

Month

Mean change
from baseline,
monthly migraine
frequency





MIGRAINE:
DISABILITY AND SOCIAL COSTS

Sponsored by Merck Sharp & Dohme





Abstract The study has been conducted in 9 European coun-
tries, interviewing 200 women in each country, aged 18–35,
in fully working or studying period, to get a total of 1810
people. Migraine or severe headache was recognised and
patients were studied to understand their behaviour. The fea-
tures and severity of headache, the use of different drugs, the
relationship between physicians and patients, the disability
during attacks, the psychological aspects and the feeling of
impotence that migraine patients experienced during their
lives, are analysed and reported.

Key words Migraine • Daily activities • Quality of life •

Social relationships • Therapeutic approach

Introduction

Headache, and migraine, is one of the more frequent com-
plaints prompting a patient to seek medical care. In the last
decade, more importance has been drawn to quality of life of
migraineurs, shifting the target of therapies from reduction
of pain to wellbeing of patients [1–4].
The goal of this study is to quantify migraine impact on daily
activities.

Method

The study was conducted in 9 different countries in Europe and
Mediterranean regions. In each country, about 200 women were inter-
viewed about migraine or severe headaches. The sample globally
consists of 1810 women, aged 18–35 years, studying full-time or
working full-time or part-time, with at least six severe headaches or
migraine attacks in the previous year.

When headache was not treated, it was pulsating on one side of
the head, with at least one of the following: (1) nausea or vomiting,
(2) photophobia, (3) phonophobia, (4) pain lasting from 2 hours to
2 days, (5) visual aura. Pain makes it impossible to work or to study,
or the patient must remain for two or more hours at rest in bed.
Finally, none of the patients suffered from daily headache and they
took over the counter drugs (OTC) or prescription drugs (Rx) to
treat the pain.

Results

The mean frequency of attacks was 6–11/year in 38% of the
sample (low frequency – LF), 12–23/year in 33% (medium
frequency – MF) and 24 or more in the remaining 29% of the
sample (high frequency – HF). The highest percentage of HF
attacks was seen in Germany, the lowest in Finland. The
highest percentage of LF attacks was seen in the
Netherlands, the lowest in Germany.
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During the attacks, about three quarters of the patients pre-
sent photophobia, phonophobia and a duration between a few
hours and two days; 59% of the sample presents nausea and/or
vomiting.

Only 11% knew of triptans as treatment choice for
migraine attacks, and there was a great difference in using
triptans for migraine headache: 50% of Swedish people used
these specific compounds, but only 1% of the Greek sample
used triptans for migraine. Italy was the country in which
most migraine people used OTC only: 75% of the sample, vs.
32% of Finnish people, the lowest rate of OTC use. Regarding
the doctor–patient relationship, only half of the sample talked
to the physician about their headache. Thirty-nine per cent of
the migraine patients did not believe that the doctor under-
stood the problems that migraine produces in daily activities.

The burden of migraine on activities is very remarkable:
in the six months before the interview, 46% of the sample
lost working or school days, and 41% were late at school or
the workplace due to migraine. Again, 3 out of 4 patients
stated that migraine reduces productivity at work or school.
Moreover, more than 70% are not able to carry out what they
have to do during their working/school activity, and 39%
reported that migraine negatively influences their working
efficiency or school performances. About half of the sample
stated that their superiors, or teachers, do not understand the
effects migraine has on working/school performances.

More than 60% of interviewed patients declared that they
spend less time with family and friends because of migraine,
and 41% feel unable to devote themselves to family. This
feeling is particularly clear for Italian women (Fig. 1).
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Fifty-six per cent of the sample declared that migraine
inhibits and reduces time for holidays, hobbies and special
events. The feeling of wellbeing is seriously compromised:
86% of the women stated that life would be better if they had
no migraine, 56% have a feeling of frustration, and they also
feel a sense of anger (46%), depression (44%), inability (36%),
anxiousness (34%), and 38% have fear of the next attack.

Conclusion

These data clearly show that migraine is a remarkable and
common cause of temporary disability and produces decre-
ments in health-related quality of life. Few patients consult a
physician for this problem and most migraineurs use non-
specific drugs to control their head pain.
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Abstract Workplace disability due to migraine has not
been extensively researched in non-English speaking coun-
tries. We assessed the repercussions of headache, and par-
ticularly of migraine, on work in a sample of employees
from an Italian company (Bulgari). Information was
obtained through a self-answering questionnaire in “all
headaches” sufferers, and through direct interview in
migraine sufferers (diagnosis according to IHS criteria).
Headache frequency, pain intensity and headache-related
disability were higher in migraineurs than in “all
headaches” sufferers. About a quarter of migraineurs
missed at least one day in the three months prior to the
interview due to headache, and around 10% lost two or
more days over the same period. Moore than 50% of
migraineurs reported 1–7 days per month at work with
headache, with reduction in productivity level by 50% or
more in 15% of respondents. Our data confirmed that
headaches, and particularly migraine, cause a considerable
reduction in workplace productivity. Workplace interven-
tions to effectively manage migraine are needed.

Key words Headache • Migraine • Workplace • Disability

Migraine is particularly likely to affect people during the
most productive years of their lives, and thus migraineurs
can be impaired in their workplace activities [1–3].
Workplace disability due to migraine has not been exten-
sively researched in non-English speaking countries. We
studied a sample of employees from an Italian company,
assessing the repercussions of headache disorders, and par-
ticularly of migraine, on work. This study was conducted at
the headquarters and some shops (Rome) of the company
Bulgari, involving 300 employees.

In the first part of the study a self-answering question-
naire was distributed to the employees to determine the
presence of headache episodes during the previous year,
and the impact of these headaches on workplace activities.
All employees were also asked if they were interested in
making an appointment to interview with a neurologist
experienced in headache diagnosis. All interviewed sub-
jects gave informed consent. During the interview (which
took place during regular work hours), information neces-
sary to assess the diagnosis of primary headaches according
to the International Headache Society criteria [4] was col-
lected. Subjects with a diagnosis of migraine were then
asked about: (a) days of work missed due to migraine, and
days worked while suffering headache in the previous three
months; (b) reduction in productivity in these days, using a
0–100% performance scale, in which 0 meant no reduction
and 100% meant total inability to work; (c) impairment in
different kinds of activities (physical: lifting heavy objects,
going up or down stairs, etc.; activities requiring mental
effort: writing letters, attending meetings; interactions with
colleagues: irritability or inability to interact or discuss
problems).

A total of 250 subjects responded to the questionnaire.
Among these 118 (48%) reported headache during the pre-
vious year. Twenty-four per cent of them had less than 3
headache episodes during the last year, and 44% had 3 or
more headaches during the last year; 19% of the total sam-
ple reported more than 1 headache per month, and 13%
more than 3 headaches per month. The average headache
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severity was: mild in 37%, moderate in 55%, severe in 8%
of the respondents. Four per cent missed at least one work
day over the previous 3 months. Days spent at work with
headache over the same period were: 1–2 in 13%, 3–5 in
12%, 6 or more in 9% and none in 35% (the mean number
being 4.03; not specified in 31%).

Among the 46 subjects who requested to interview with
the neurologist, 10 had a tension-type headache, while a
diagnosis of migraine was made in 36 of them. The num-
ber of headache episodes per month over the previous 3
months was 1–3 in 55%, 4 in 26% and 5 or more in 15%
(not specified in 4%). Days missed over the previous 3
months were: none in 78%, at least one in 22% (1 in 13%,
2 or more in 9%). Days spent at work with headache were:
none in 20%; 1–3 in 24%; 4–7 in 20%; 8–10 in 17%; and
11 or more in 9% (mean number 5.4). In these days, 50%
migraineurs were impaired by 50% or more of their normal
performances, 39% by 30–40%, and 44% by 0–20%.
Forty-six per cent reported limitation of physical activity,
87% reported difficulties with activities requiring mental
effort and 46% reported compromised interactions with
colleagues.

This was the second Italian study to assess workplace
disability caused by migraine on a company-wide basis,
based on information provided by employees, obtained
through a self-answering questionnaire in “all headaches”
sufferers, and through direct interview in migraineurs.
Some differences in “all headaches” subjects as compared
to migraine sufferers were found. Headache frequency,
pain intensity and, more importantly, headache-related dis-
ability, were all higher in migraine subjects. In fact, at least
one absence from work during the previous three months
was reported by only 4% of “all headaches” sufferers, and
by 22% of migraine sufferers; the mean number of days
spent at work during a headache episode was 4 in “all
headaches”, and 5.40 in migraines. Even though the num-
ber of subjects involved in the study was limited, the
results were similar to those found in a previous study on
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107 migraineurs from another Italian company [5]. As in
the first study, about a quarter of migraineurs missed at
least one day in the three months prior to the interview due
to headache, and around 10% lost two or more days over
the same period. When migraineurs stay at work during
headache episodes a consequent reduction in their produc-
tivity was noted: more than 50% of subjects with migraine
reported 1–7 days per month at work with headache, with
reduction in productivity level by 50% or more in 15% of
respondents.

Our data confirmed that migraine causes notable work-
place disability and a considerable reduction in productivi-
ty. The implication is that headache disorders in the work-
place deserve more attention than they currently receive,
and that workplace interventions to effectively manage
migraine could ultimately produce an economic benefit for
society as a whole.
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Abstract In most cases, diagnosis of the various headache
subtypes is possible through the accurate collection of med-
ical history data. However, sometimes serious problems of
differential diagnosis may be encountered. Therefore, the
distinction between migraine without aura and tension-type
headache is not always easy, the relationship between
chronic migraine and medication overuse headache is a
complex one, and differentiation of chronic tension-type
headache vs. new daily-persistent headache is often prob-
lematic. A clear knowledge of the distinctive clinical fea-
tures of the various headache subtypes is necessary to
establish a correct diagnosis in the group of unilateral
headaches with short-lived attacks and in the group of
headaches with nocturnal onset.

Key words Headache • Migraine • Tension-type headache •
Cluster headache • New daily persistent headache • Hypnic
headache • Sleep apnoea headache

The clinical features of most primary headaches are so dis-
tinctive and consistent that they easily allow clinicians to
establish a correct diagnosis through the accurate and
detailed reconstruction of the patient’s past medical histo-
ry. The revised edition of the International Headache
Society classification (ICHD-II) [1] is especially helpful in
this respect, as it provides a set of precise diagnostic crite-
ria for each one of the listed headache forms.

From a review of ICHD-II, it appears that there are three
major issues that basically involve the two most important
forms of primary headache, i.e., migraine without aura
(MO) and tension-type headache (TTH), but are bound to
have an impact also on the forms included in Group 4
(other primary headaches) and in Group 8 (headache attrib-
uted to a substance or its withdrawal).

Differential diagnosis between MO and TTH

Recognising typical MO from typical TTH is certainly not
difficult, but in clinical practice – or in the strict application
of the ICHD-II diagnostic criteria – it is not always easy to
discriminate between a not entirely typical form of MO that
shares some TTH features and a not entirely typical form of
TTH that shares some migraine features. These are those
forms of headache that, prior to the 1988 International
Headache Society (IHS) classification [2], were described
as mixed or combined headaches in clinical practice.
Today, without going so far as to force a distinction
between probable MO and probable TTH, they are consid-
ered as forms of MO and TTH that minimally fulfil the
diagnostic criteria of ICHD-II. The differential diagnosis
between MO and TTH may be further compounded by the
fact that frequently at onset the clinical features of the
attacks are typical of TTH, only to evolve into distinctive
MO features within a few hours, especially if the attack is
untreated.
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Relationship between chronic migraine (CM) and 
medication-overuse headache (MOH)

Among the possible complications of migraine, ICHD-II
introduces CM, stating in the diagnostic criteria that it is an
MO form that must have been present for at least 15 days
a month for over 3 months at the time of observation. In its
description of CM, ICHD-II stresses that this headache
subtype occurs in the absence of medication overuse,
apparently to avoid any possible confusion with MOH,
which is coded to 8.2 in the ICHD-II classification. Apart
from the obvious consideration that the description of CM
provided by ICHD-II does not end all criticism over the
previous IHS classification shortcomings in the section of
chronic daily headache, one cannot help but wonder when
such a diagnosis may ever be made in clinical practice.
Indeed, it is hardly conceivable that a patient suffering
from migraine for more than 15 days a month would use
symptomatic drugs (for example, triptans) no more than 10
times a month.

Differential diagnosis between chronic tension-type
headache (CTTH) and new daily-persistent headache
(NDPH)

For the first time, ICHD-II includes NDPH in a headache
classification. This is a headache subtype originally
described by Vanast [3] in 1986 based on the observation of
45 cases, but the clinical profile traced by ICHD-II for this
form is considerably different from Vanast’s description
and is more consistent with later reports by Silberstein et
al. [4] and by Li and Rozen [5]. Basically, the ICHD-II
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diagnostic criteria for NDPH are very similar to those for
CTTH, the only difference being reportedly that it is chron-
ic ab initio and has a strictly daily recurrence pattern.
Unfortunately, in clinical practice it is almost always diffi-
cult to determine the exact mode of onset, which may date
back several years; for that reason, the differential diagno-
sis between CTTH and NDPH is certainly not easy.

Apart from the issues related to the need of formally
fulfilling the ICHD-II criteria for diagnosis of primary
headache, it is important to underline a few clinical aspects
that are common to very different headache subtypes, both
primary and secondary, and as such may pose serious prob-
lems of differential diagnosis.

Unilateral headache with short-lasting attacks

This grouping includes some forms of primary headache
coded to Group 3 of ICHD-II (cluster headache and other
trigeminal autonomic cephalalgias), such as cluster
headache (CH), paroxysmal hemicrania (PH) and short-
lasting, unilateral neuralgiform headache attacks with con-
junctival injection and tearing (SUNCT), but also primary
stabbing headache coded to Group 4 (other primary
headaches) and classical trigeminal neuralgia coded to
Group 13 (cranial neuralgias and central causes of facial
pain). Besides differences related to sex distribution, the
major diagnostic discriminants are pain intensity – moder-
ate only in SUNCT and severe or very severe in all other
forms – the presence (in CH, PH and SUNCT) or absence
(in primary stabbing headache and in trigeminal neuralgia)
of accompanying autonomic symptoms, and response to
indomethacin – present only in primary stabbing headache
and PH (Table 1).

G.C. Manzoni, P. Torelli: Headache screening and diagnosis

Table 1 Differential diagnosis of short-lasting, unilateral headache attacks

Cluster Paroxysmal SUNCT Primary  Classical
headache hemicrania stabbing trigeminal 

headache neuralgia

Gender M>F F>M M>F F>M F>M
Pain

Type Lancinating Claw-like, Stabbing, pulsating Stabbing Sharp, stabbing, electric 
throbbing shock-like

Intensity Severe, very severe Severe Moderate Severe Severe, very severe
Location Orbital, supraorbital, Orbital, Orbital 1st division of the 2nd and/or 3rd divisions

temporal supraorbital, supraorbital, trigeminal nerve of the trigeminal nerve
temporal temporal

Attack duration 15–180 min 2–30 min 5–240 s Up to a few seconds <1 s–2 min

Attack frequency 1/2/days–8/day >5/day 3–200/day One to many/day Many/day
Autonomic + + + - -
features
Response - ++ - + -
to indomethacin



Sleep-related headaches

This grouping includes both primary and secondary
headache forms. Also thanks to the large number of differ-
ential clinical features, a correct diagnosis is easily made
through the accurate and detailed collection of medical his-
tory data (Table 2). The only headache form that occurs
solely during sleep is hypnic headache; CH, PH and MO
may occur both during sleep and in the daytime. When they
have their onset during sleep, CH attacks tend to occur dur-
ing the first REM phase, while MO attacks occur just
before awakening. Sleep apnoea headache is present upon
awakening. In addition to those reported in Table 2, there
are other headache forms that can occur during sleep. Most
noteworthy among them are headache attributed to sub-
stance withdrawal, whose clinical features may vary with
the type of substance used, and arterial hypertension
headache. Although it does not fall in the diagnostic cate-
gories coded in ICHD-II, the latter is not rare in clinical
practice; it usually awakens the patient in the dead of the

night, pain intensity does not seem to vary directly with
blood pressure values and the patient gets some relief from
the headache while standing upright.
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Table 2 Differential diagnosis of sleep-related headaches

Hypnic Cluster Paroxysmal Migraine Sleep apnoea 
headache headache hemicrania headache

Gender (M:F) 1:1.7 3:1 1:3 1:3
Pain

Type Dull Lancinating Claw-like, throbbing Pulsating Pressing
Intensity Moderate Severe, very severe Severe Moderate, severe Mild, moderate
Side Bilateral Unilateral Unilateral Unilateral/bilateral Bilateral

Attack duration 15–180 min 15–180 min 2–30 min 4–72 h <30 min
Attack frequency >15/month 1/2/days–8/day >5/day 1–5/month >15/month
Attack timing Only during sleep Sometimes Sometimes Often at awakening Upon awakening

REM-phase related during sleep
Autonomic - + + + -
features
Response + + - - -
to lithium
Response to - - ++ - (+) -
Indomethacin



Abstract Migraine is a highly prevalent and disabling ill-
ness that remains substantially undiagnosed in primary care.
Validated migraine screening tools are of potential value in
addressing this important barrier for migraine treatment.
Herein we briefly discuss reasons for screening migraine in
the primary care setting, and focus on the ID-migraine, a
validated migraine screening tool. 

Key words Migraine • Screening • ID-migraine

Introduction

Migraine remains a substantially under-diagnosed and under-
treated condition in the United States [1]. Screening and dis-
ability tools can help remove barriers to care and improve
treatment [2, 3]. Clearly, lack of diagnosis is a big barrier to
care and precludes effective management of migraine.
Recently, the US Headache Consortium (the Consortium) pro-
vided a multispecialty consensus on the diagnosis and treat-
ment of migraine [4, 5]. One approach to improving diagnosis
in the primary care arena, recommended by the Consortium, is
to employ screening or case-finding instruments.
ID-migraine is a well-validated migraine screening test,
developed by Lipton et al. [6]. In this paper we briefly
review the main features of ID-migraine.

ID-migraine

The rationale for migraine screening arises from the sub-
stantial undetected burden of disease. In the US, about half
of migraine sufferers report ever receiving a medical diag-
nosis of migraine [7].

ID-migraine was found to be a valid and reliable
screening instrument for migraine headaches in primary
care [6]. The first phase of its development involved 563
patients presenting for routine appointments at 26 primary
care practice sites – the setting of intended use of ID-
migraine. Eligible subjects were those reporting the occur-
rence of at least 2 headaches in the previous 3 months. In
addition, they had to either want to talk to the doctor about
their headaches or report that the headaches interfered
with their lives. The pre-screening questions were intend-
ed to target individuals likely to benefit from treatment.
Each subject completed a self-administered screening
questionnaire that consisted of 9 questions referring to the
severity and nature of headache pain, the presence of asso-
ciated migraine symptoms, and the extent to which the
headaches resulted in disability (Table 1).
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Study subjects then underwent independent diagnostic
evaluations performed by headache specialists, who com-
pleted semi-structured diagnostic questionnaires and
examined the patients. Using the IHS criteria, a gold-stan-
dard diagnosis of migraine was made. The sensitivities and
specificities of each item from the 9-item screener were
computed (Table 1).

Logistic regression was used to identify those screener
items that were most strongly associated with the gold-
standard migraine diagnosis. The items which were inde-
pendently associated with migraine included disability
(missing 1 or more days in the previous 3 months due to
headache), nausea and photophobia (Table 2).

Individuals who indicated that they had two of three of
these features were said to screen positive for migraine.
ID-migraine had a sensitivity of 0.81, a specificity of 0.75
and a PPV of 93% for a clinical diagnosis of IHS migraine.
This means that 93% of patients who screened positive had
the disease. In addition, 21 subjects took the questionnaire
twice; test-retest reliability was good (Kappa coefficient of
0.68). The excellent performance characteristics of the 3-
item ID-migraine instrument suggest that it can be a simple

method for increasing the diagnostic recognition of
migraine in the primary care setting.

It is interesting to note that 2 out of 3 questions on ID-
migraine regard associated symptoms of migraine (nausea
and photophobia), while the first question asks about dis-
ability. Because migraine is usually a disabling disorder
characterised not just by pain, but also by the presence of
at least one associated symptom, the message delivered by
the ID-migraine studies could be summarised as follow: In
subjects presenting with headache in the primary care set-
ting, any disability plus one associated symptom, or no
disability in the presence of two associated symptoms pre-
dict a diagnosis of migraine in 93% of the cases. Because
ID-migraine was not validated to diagnose probable
migraine (PM) (a migraine subtype where just one
migraine feature is missing), one can assume that an
important proportion of the other 7% would fill criteria for
PM, and just a small subset of those who screen positive
have something else. Indeed, the Landmark Study showed
that 82% of the headaches that were classified as non-
migraine headaches in the primary care setting were
migraine or PM [8].

Table 1 Sensitivity and specificity of individual screener items vs. the gold-standard migraine diagnosis

Item Sensitivity Specificity

1. Pain is worse on just one side 0.75 0.50

2. Pain is pounding, pulsing, or throbbing 0.87 0.22

3. Pain is moderate or severe 0.94 0.16

4. Pain is made worse by activities such as walking or climbing stairs 0.67 0.57

5. You feel nauseated or sick to your stomach 0.60 0.81

6. You see spots, stars, zig-zags, lines or grey areas for several minutes or more before or during 0.43 0.74
your headaches (aura symptoms)

7. Light bothers you (a lot more than when you don’t have headaches) 0.75 0.74

8. Sound bothers you (a lot more than when you don’t have headaches) 0.83 0.56

9. Functional impairment due to headache in last 3 months 0.87 0.52

Table 2 The ID-migraine 

Do you have headaches that limit your ability to work, study or enjoy life?
Do you want to talk to your healthcare professional about your headaches?
Please answer these questions and give your answers to your healthcare professional.
During the last 3 months, did you have the following with your headaches:

You felt nauseated or sick to your stomach
(   ) Yes        (   ) No

Light bothered you (a lot more that when you don’t have headaches)
(   ) Yes        (   ) No

Your headaches limited your ability to work, study or do what you needed to do for at least one day.
(   ) Yes        (   ) No
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Conclusions

If we are missing about 50% of existing migraineurs with
our current state of diagnostic acumen in the primary care
setting, then we have to improve on that percentage. If a
simple 3-question screening tool can produce a 93% posi-
tive predictive value for diagnosis of new cases of
migraine, then this and other screening tools should be
widely applied in the primary care arena to capture more
migraineurs. Then these patients, rather than lying in bed
with severe headache, vomiting and disability, will be able
to be treated with effective, acute care medications rather
than simple over the counter, non-specific analgesics.
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Abstract During the last decade researchers have begun to
employ standardised methodologies to investigate the glob-
al impact of primary headaches. Disease-specific instru-
ments have been developed to measure headache-related
disability. The MIDAS questionnaire, which is the most
extensively studied of these instruments, was designed to
assess the overall impact of headaches over the 3 months
before compilation. The MIDAS questionnaire is an opti-
mal tool to assess headache-related disability in adults in
relation to patients’ daily activities [1]. Primary headaches
are a recurrent problem for children and adolescents. Forty
percent of children have experienced headaches by the age
of 7 years increasing to 75% by the age of 15 [2]. In a
recent report [3] we determined the suitability of the
MIDAS questionnaire in its original form for assessing dis-
ability in children and adolescents suffering from different
kinds of headache. This was the first step of a line of
research aimed to develop a new MIDAS questionnaire
adapted for young patients. In this second study the aims
were: (1) to produce a new version of the MIDAS ques-
tionnaire specific for young patients suffering from differ-
ent forms of headache; (2) to assess the reliability of this
new instrument; (3) to assess its sensitivity to treatment
intervention.

Key words Paediatric headache • Disability • MIDAS ques-
tionnaire

Adult patients with primary headaches often have poor
headache-related quality of life and reduced functioning in
daily activities. The MIDAS (Migraine Disability
Assessment) questionnaire is the most extensively studied
instrument to assess headache-related disability in adults.
Young people too frequently suffer from headache but the
impact of headache on their lives has only recently come
under scrutiny. Recently a new version of MIDAS for ado-
lescent migraine and headache sufferers has been proposed
by Hershey [4] and some changes have been made to mea-
sure and assess disability in young patients and the impact
of migraine on children’s day-to-day activities.

The purpose of this study was to develop a new disabili-
ty questionnaire tailored to the needs of children and adoles-
cents suffering from different types of headache by using the
original MIDAS questionnaire. Two separate studies were
conducted. In the first study a sample of 95 headache suffer-
ers aged 7–17 completed the original MIDAS questionnaire
for adults using our Italian validated form [5] on 2 occasions
for the test-retest reliability. Test-retest reliability for the
MIDAS total score and the individual items (exploring dis-
ability in different activity domains) was evaluated by the
Spearman rank correlation test. Participants were also ques-
tioned about the adequacy of the questionnaire [3].

In the second study 85 patients completed the modified
version of the MIDAS questionnaire developed on the basis
of information obtained from the first study. The main
changes concerned wording: the terms work, household
family social leisure were replaced with school, homework
and physical activity. Test-retest reliability was assessed
through the same method used in the first study.

MIDAS scores at the baseline and at one-month retest
using the original version of the test ranged from 0.32 to
0.72. The Italian adaptation of the MIDAS questionnaire
designed for young headache sufferers showed high test-
retest reliability with Spearman coefficients ranging from
0.69 to 0.82.

Our aim was to develop a brief instrument to capture the
impact of headache disorders on children and adolescents,
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in terms of time lost in the main activity domains of young
people.

The finding suggests that the questionnaire offers a
more comprehensive assessment of headache impact than
that obtained by considering headache frequency and
intensity alone. Moreover MIDAS junior is an optimal
instrument for assessing headache-related disability in
children and adolescents with different headache types.
Although this finding requires confirmation by larger scale
studies, it suggests that MIDAS junior may be useful as an
outcome measure in clinical practice.
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Abstract Following the diagnostic indications of the
Guidelines for the diagnosis and therapy of juvenile
headache, we present the results of a prospective, multicen-
tre study of headache patients aimed at evaluating the util-
ity of neuroradiologic testing in the diagnosis of headache.
A total of 6535 subjects up to age 18 were studied, and
1485 underwent neuroimaging testing based on the indica-
tions of the diagnostic Flow-Chart. Abnormal results were
observed in 273 (18.5%) subjects. Incidental findings were
observed in 138 (9.3%) subjects, not correlated with the
headache pathology, whereas alterations that led to the
diagnosis of secondary headache were observed in 135
(9.1%) subjects. In conclusion, our data support a greater
incidence of positive neuroimaging examinations among
patients who underwent testing based on suspicion of a sec-
ondary headache pathology when compared with the low
percentages observed in study populations.

Key words Headache • Children • Adolescent •

Neuroimaging • TC scan • MRI • Diagnosis

Introduction

The role of neuroimaging studies in the diagnosis of juve-
nile headache is still controversial. Conflicting percentages
in the literature for positive significant lesions reflect the
examinations of patients who either presented to the
Emergency Room for headache or referred to dedicated
headache centres. Following the diagnostic indications of
the Guidelines for the diagnosis and therapy of juvenile
headache, we present the results of a prospective, multicen-
tre study of headache patients aimed at evaluating the util-
ity of neuroradiologic testing in the diagnosis of headache.

Materials and methods

A total of 6535 subjects up to age 18 were studied by means of a
questionnaire sent to 29 Italian centres dedicated to the study of
juvenile headache. Of these, 2886 males and 3400 females (mean
age 11.3 years), all first-time headache referral patients, were
examined in a 12-month period from September 1, 2002 to August
31, 2003, using the diagnostic criteria of the IHS (1988). Of 6535
patients, 1485 (683 males and 802 females, mean age 11 years),
underwent neuroimaging testing based on the indications of the
diagnostic Flow-Chart.

Results

Abnormal results were observed in 273 (18.5%) subjects.
Incidental findings were observed in 138 (9.3%) subjects,
not correlated with the headache pathology, whereas alter-
ations that led to the diagnosis of secondary headache were
observed in 135 (9.1%) subjects. The 138 significant
lesions found were as follows: sinusitis, 79 (57.2%);
intracranial space-occupying lesions, 24 (17.4%); hydro-
cephalus, 8 (5.8%); vascular alterations, 6 (4.3%); arach-
noid cysts with parenchymal compression, 4 (2.9%);
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ischaemic lesions, 3 (2.2%); cerebral venous thrombosis, 2
(1.4%); signs of cranial trauma, 2 (1.4%); cerebral
haematoma, 2 (1.4%); and other forms, 8 (5.8%).

Discussion and conclusions

The prevalence of headache in school-age children is 75%
[1] and is thus a frequent cause of medical visits. In deal-
ing with a child with headache, the first step is to exclude
the presence of tumours, because this pathology is includ-
ed in the group of solid neoplastic lesions that are second
only to leukaemia, having an estimated annual frequency
of 3 per 100 000 [2]. The data from the literature underline
the importance of the anamnesis and the physical examina-
tion. A retrospective study in 1997 [3] emphasised the
importance of seven predictive factors of space-occupying
lesions, including sleep-related headache, no family histo-
ry of headache, vomiting, absence of visual symptoms,
headache of less than six months’ duration, headache asso-
ciated with confusion, and the presence of abnormal neu-
rologic examination findings. Similar data emerged from a
review [4] of 5 studies that had examined a total of 526
patients affected by unclassified headache, all with neuro-
logical signs on physical examination, in whom surgically
treatable cerebral lesions were found in 2.7% of the cases.
In the same review, a retrospective study was conducted on
a population of children and adolescents with a history of
migraine and chronic daily headache with normal physical
and neurological examinations, in whom cerebral abnor-
malities were found in 3.7% and 16.6%, respectively,
which did not, however, change the diagnosis. Similarly, in
other studies [5, 6] the percentages of incidental abnormal-
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ities found in headache patients were equal to 4.4% and
3.8%, respectively. In conclusion, our data support a
greater incidence of positive neuroimaging examinations
among patients who underwent testing based on suspicion
of a secondary headache pathology when compared with
the low percentages observed in study populations.

These data confirm that, while neuroimaging testing
does not represent a fundamental step in the diagnostic pro-
tocol of juvenile headache, it can play an indispensable
role, especially in the presence of a suspect secondary
headache, by increasing the probability of diagnosis.
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Abstract In an open, preliminary trial we evaluated the use
of picotamide, an antiplatelet drug, in the prophylactic treat-
ment of migraine aura (MA). Twenty-two women suffering
from migraine with typical aura or MA without headache,
diagnosed according to International Headache Society cri-
teria, entered a nine-month study. They underwent a three-
month run-in period free of prophylactic drugs, followed by
a six-month treatment period (subdivided in two trimesters,
TI and TII) with 300 mg of picotamide administered twice
daily. A detailed diary reporting neurological symptoms,
duration and frequency of MA was compiled by patients
along the trial time. The number of MA significantly
decreased during treatment (from 6.85±3.82 in the run-in
trimester to 2.85±2.72 during TI and to 2.55±2.89 during
TII). Also, MA duration was decreased significantly, being
36.75±20.28 min during run-in, 20.00±16.94 during TI and
17.75±16.26 during TII. In 25% of patients MA totally dis-
appeared. The number and the features of aura neurological
symptoms were also positively modified by the use of pico-
tamide. No serious adverse event was provoked by pico-

tamide administration. Picotamide is effective in reducing
MA frequency, duration and symptomatology. The effect is
clearly evident in the first trimester of treatment and is main-
tained with no further modifications during the second
trimester.

Key words Aura • Migraine • Picotamide • Platelets •

Prophylaxis

Introduction

The treatment of migraine aura (MA) symptoms often repre-
sents a major clinical problem for headache specialists. In
fact, even if aura is usually relatively infrequent, it can under
some circumstances present characteristics of high severity
or frequency that can request a medical treatment.

Although vascular changes are no longer considered the
primary cause of migraine headache, and the genesis of aura
could be mainly linked to neuronal changes [1] due to the
cortical spreading depression (SD) and changes in ion home-
ostasis, especially that of glutamate [2, 3], resulting in corti-
cal hypoperfusion through neuronal depolarisation in the
cerebral cortex, platelets could probably still play an impor-
tant role in MA pathogenesis. Platelets of migraine sufferers,
in fact, present several functional anomalies regarding the
content of granules and their secretion, adequately stimulat-
ed [4]. In particular, in comparison to healthy control sub-
jects, higher levels of excitatory amino acids, such as glu-
tamic and aspartic acids, are stored in dense bodies. During
migraine attacks, platelet activation occurs with release of
dense bodies content in cerebral circulation [5]. The possible
high concentration of glutamate and aspartate in cerebrovas-
cular bed may contribute to the initiation and propagation of
SD and aura. Based on these considerations, theoretically
any prophylactic treatment with antiaggregating agents may
prevent the MA by inhibiting platelet dense bodies release.
Therefore, we questioned whether a treatment with pico-
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tamide [6, 7], an antiplatelet drug with a dual mechanism of
action (inhibition of thromboxane A2 (TXA2), synthase and
antagonism of TXA2 receptors) may be useful in the pro-
phylactic treatment of MA. To this end, we performed an
open pilot study administering picotamide to MA sufferers
with high frequency of attacks.

Patients and methods

Twenty-two female patients (mean age 36.7±11.5 years, range
18–54) suffering from migraine with aura, meeting International
Headache Society diagnostic criteria for migraine with typical aura
(n=19) or MA without headache (n=3) [8], were enrolled in a nine-
month study.

Criteria for the admission to the study were as follows: age rang-
ing from 18 to 60 years; a minimum two-year history of migraine with
aura and/or aura without migraine; attacks occurring at least once a
month; no past or present diseases, and in particular no history of
cerebral focal activation; no pregnancy or lactation; no inadequate
contraception. No migraine prophylaxis was allowed during the study,
other than picotamide, and within the last month prior to the begin-
ning of the trial; no restriction was placed on analgesic intake.

All patients gave their informed consent to participation in the
study. Patients included in the study underwent a three-month run-
in period followed by a six-month treatment period (subdivided
into two trimesters, TI and TII). Picotamide was administered at
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300 mg daily for the first week and then raised to 300 mg b.i.d. for
the remainder of the study period. A detailed diary reporting symp-
toms, duration and frequency of MA was compiled by patients and
carefully reviewed along the trial time.

The statistical evaluation of aura frequency and duration was
performed using an ANOVA test for repeated measures; in order to
localise the source of variance a post-hoc Bonferroni t test was then
applied. The aura symptoms (subdivided into visual, sensory,
speech and motor symptoms) and their frequencies, detailed in
Table 1, were not statistically analysed in this paper. All analyses
were performed using the Statistical Package for the Social
Sciences (SPSS) software program (version 8.0). All values given
in the following text are reported as arithmetic means (±1 S.D.)

Results

Twenty-two patients entered the study; two of them with-
drew from the trial because of a mild adverse event, menor-
rhagia. Type, frequency and duration of aura in all patients
are summarised in Table 1. The attacks’ frequency decreased
significantly from 6.85±3.82 in the run-in trimester to
2.85±2.72 during the first treatment trimester and to
2.55±2.89 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; TI vs. TII: n.s.) In 5 out of 20 (25%) patients
who completed the study, MA totally disappeared; only three
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Table 1 Aura symptoms, duration and frequency of aura during run-in period and the two trimesters of therapy

Patient Run-in TI TII

N. Age Symptoms Duration N. attacks Symptoms Duration N. attacks Symptoms Duration N. attacks

1 54 V S 60 19 – 10 10 S 40 11
2 23 V 30 12 V 30 16 V 25 14
3 47 V S 45 19 A 30 13 S 30 11
4 28 V P S 40 19 V P 30 16 V P S 40 17
5 19 V 40 13 V 20 12 V 15 12
6 48 V 30 13 V 30 13 V 30 13
7 24 V 20 14 V 20 14 V 20 14
8 54 P S M 75 10 P S M 50 17 P S M 55 11
9 26 M 15 13 M 15 11 – 10 10

10 25 V 45 13 – 10 10 – 10 10
11 33 V M 15 14 V 15 12 V 15 12
12 29 P 50 13 – 10 10 P 15 11
13 27 V M 10 16 V M 10 12 M 15 11
14 39 V P M 15 18 V 15 12 V 15 15
15 33 V S 20 16 V S 15 10 V 15 16
16 29 V P 35 19 V P 35 12 – 10 10
17 35 V 25 12 V 15 15 V 10 12
18 47 V P S M 60 16 V 30 11 – 10 10
19 18 V P S M 75 13 V P S M 60 11 V P 35 11
20 25 V S 40 15 – 10 10 – 10 10

TI, first trimester of therapy; TII, second trimester of therapy; N. attacks, total number of attacks in the period considered
Features of aura symptoms: V, visual aura (fortification without or with scotoma); P, sensory aura (half sided and/or upper extremity and/or
lower extremity paresthesia); M, motor aura (bilateral/unilateral paresis of arms and/or legs); S, speech aura (aphasia and/or dysarthria)



patients (15%) were completely unresponsive to treatment.
Aura duration was markedly reduced by the entire treatment
course, being 36.75±20.28 during run-in, 20.00±16.94 dur-
ing TI and 17.75±16.26 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; TI vs. TII: n.s.).

Individual changes in MA symptomatology are also sum-
marised in Table 1. In general, there was a marked ameliora-
tion of the features of aura neurological symptoms.

Among the patients who completed the study, moderate
diarrhoea in the first two weeks of drug intake in one patient
and mild gastralgia during the whole treatment period in
another patient were the unique adverse events reported.

Discussion

The results of the present study show that picotamide is
effective in reducing MA frequency, duration and sympto-
matology. The effect is clearly evident in the first trimester of
treatment and is maintained with no further modifications
during the second trimester.

The modality of action of picotamide is largely unknown,
however the inhibition of platelet activation and of the secre-
tion of excitatory amino acids from dense granules in the
cerebral circulation can be a possible explanation. Glutamate
plays a critical role in initiating and propagating SD, through
a stimulation of specific glutamate receptors linked to
NMDA channels. SD is considered the pathophysiological
mechanism that underlies the MA. Thus, any drug that
blocks NMDA receptors or other channels that modulate glu-
tamate excitatory action in CNS can be a useful strategy in
the treatment of MA. Animal and clinical evidences [1, 9, 10]
support this hypothesis. In animal studies, when NMDA
receptors were antagonised, the cortical SD was inhibited.
Lamotrigine, an antiepileptic agent that is a negative modu-
lator of excitatory aminoacids, blocks NMDA and is very
effective in treating MA [2, 3]. However this drug may have

skin and CNS side effects and its usefulness may be limited.
Our study suggests that picotamide is a safe drug, with

minor possible side effects, that can be routinely used when
prophylactic treatment of MA is required. Nevertheless, this
is an open study and should be interpreted with caution, and
in any case confirmed by larger studies with placebo control
and with longer follow-up periods.
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Abstract Recurrent headaches are a significant health
problem for young patients. Most current investigations
have employed limited modalities (either medication or
behavioural) and few have included treatment comparisons.
The purpose of this study was to compare relaxation train-
ing (provided in a limited contact format) and amitriptyline
in the treatment of young tension-type headache (TTH) suf-
ferers. Follow-up is planned for 3, 6 and 12 months, at
which time patients complete headache logs and an Italian
version of the Migraine Disability Assessment (MIDAS)
Questionnaire that has been adapted for this age group. Two
groups of TTH sufferers of similar age and characteristics
were studied. Clinical results, MIDAS total score, and indi-
vidual values for items A and B were collected at the first
follow-up (3 months). The clinical improvement is signifi-
cant for both groups. Although the clinical results are sim-
ilar in both groups, relaxation therapy seems to be more
accepted than pharmacological therapy. These data, howev-
er, are preliminary and the sample sizes are small, so these
conclusions are tentative. We will continue our data collec-
tion for 12 months.

Key words Pharmacological treatment • Behavioural treat-
ment • Young patients • Tension-type headache

Recurrent headaches are a significant health problem for chil-
dren and adolescents; 40% of children have experienced
headaches by the age of 7 years increasing to 75% by the age
of 15 [1]. Most current investigations have employed limited
modalities (either medication or behavioural) and few have
included treatment comparisons [2–5]. The purpose of this
study was to compare relaxation training (provided in a lim-
ited contact format) and amitriptyline in the treatment of
young tension-type headache (TTH) sufferers according to
the IHS criteria [6]. Follow-up is planned for 3, 6 and 12
months. Two groups of patients aged 8–16 participated in this
study. Then the patients were assigned to 2 different thera-
peutic programs: the first was a pharmacological program,
consisted of amitriptyline 10 mg once a day for a period of 3
months. The second therapy consisted of a minimal contact
relaxation program, 4 sessions at the hospital, in small groups
of patients (3–4 patients), once every 15 days, for 45 minutes.
Also a tape for daily home exercises was given.

The patients of both groups had to complete the daily
headache diary from the beginning to the end of the thera-
py and also every month before every follow-up visit.

The therapy program was selected according to the
problems of the patients and their parents (long school
schedule, long distance from the hospital).

The clinical improvement is significant for both groups
(pharmacological group – days of headache per month: pre-
treatment 17±11, post-treatment 5.6±6.7; behavioural
group – days of headache per month: pre-treatment
12.1±10.1, post-treatment 6.4±9.6).

In the pharmacological group, only 10 patients came to
the clinic for the follow-up visit. Seven of the 17 patients
assigned to this condition refused the pharmacological ther-
apy because of the onset of side effects and/or non-compli-
ance. In the behavioural group, all patients have remained
in the study. However, only 9 have been able to complete
the 3-month follow-up thus far. All of these 9 came regu-
larly for the sessions and practised routinely at home. These
patients appeared to be compliant and accepting of treat-
ment although we did not assess this formally.
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Although the clinical results are similar in both groups,
relaxation therapy seems to be more accepted than phar-
macological therapy. These data, however, are preliminary
and the sample sizes are small, so these conclusions are
tentative. We will continue our data collection for 12
months.
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Abstract Patients with chronic migraine and medication
overuse are particularly difficult to treat. No clear consensus
exists about treatment strategies to be used and little data
exists about the functional impact of headache in these
patients. The purpose of the study was to determine (1) the
clinical course of a sample of chronic migraine patients with
medication overuse 36 months following treatment interven-
tion and (2) whether functional impairment, assessed by the
Migraine Disability Assessment (MIDAS) questionnaire,
improved upon treatment. Of 106 patients meeting the crite-
ria for chronic migraine with medication overuse (according
to Silberstein and Lipton [1]), 71 went on to complete a
structured inpatient treatment, consisting of medication
withdrawal and then prophylactic treatment. As a group, the
patients were significantly improved at 36-month follow-up,
with respect to 2 headache parameters (days of headache per
month and number of used medications per month assessed
by the diary card) and 2 measures of functional impact

extracted from the MIDAS questionnaire (MIDAS total
score and frequency of headache). Chronic migraine accom-
panied with medication overuse led to considerable disabili-
ty prior to treatment. However, notable improvement both in
headache parameters and in disability measures occurred
concurrently with treatment. This suggests that successful
treatment has more wide-ranging positive benefits beyond
mere symptom reduction. To our knowledge, this is the first
investigation where the MIDAS questionnaire has been used
as an outcome measure in patients with chronic headache to
assess disability during such a long follow-up period.

Key words Chronic migraine • Medication overuse •

Migraine Disability Assessment (MIDAS) questionnaire •

Disability • Outcome

Patients with chronic headaches and medication overuse are
particularly difficult to treat, for several reasons. As already
considered in a preceding report [2], prophylactic medications
that otherwise are effective will rarely benefit these individu-
als. Although several treatment studies have been published
with chronic headache and medication overuse [1], it is diffi-
cult to make comparative statements. The main reason is
because different diagnostic criteria have been used leading to
heterogenous groups. Additionally, few studies have evaluat-
ed the functional impact of chronic migraine [3] and no report
has been published about the impact of the illness on ability
function in these patients after treatment interventions. In the
preceding investigation [2] we studied a group of chronic
migraine patients with medication overuse after inpatient
treatment withdrawal, during a follow-up period of 1 year
after treatment intervention, by monitoring clinical course and
disability changes. In this second step we determined (1) the
clinical course of the patients with drug overuse 36 months
following in-patient treatment, and (2) whether functional
impairment, assessed by the Migraine Disability Assessment
(MIDAS) questionnaire [4], improved upon treatment. Of 106
patients meeting criteria for chronic migraine with medication
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overuse [1], 71 went on to complete a structured inpatient
treatment, consisting of medication withdrawal and then pro-
phylactic treatment. The measures used to assess outcome
were: days of headache/month; number of symptomatic med-
ications consumed per month; MIDAS total score. MIDAS is
an extensively studied and well-validated measure of
headache-related disability [4]. The Italian translation of the
MIDAS was used [5]. The MIDAS and headache diary
recordings were made prior to treatment and at 12, 24 and 36
months following treatment completion. Patients were signif-
icantly improved at follow-up assessments, relative to pre-
treatment for all measures (days of headache/month 25±4.1
vs. 8.9±7 vs. 8.4±7.5 vs. 9.8±6; medications/month 48.6±29.6
vs. 11.8±19.6 vs. 11.3±18.7 vs. 13.9±16.8; MIDAS total score
69.3±58.2 vs. 32.4±41.3 vs. 28.6±40.4 vs. 16.6±35.5).
Chronic migraine accompanied with medication overuse led
to considerable disability prior to treatment. Considerable
improvement was noted for both diary-based measures of
headache activity, both MIDAS-based measures of headache
activity, and most importantly, the overall measure of disabil-
ity obtained from the MIDAS. This finding confirms previous
preliminary results in patients who were followed for a short-
er follow-up period [2] and suggests that successful treatment
has more wide-ranging positive benefits beyond mere symp-
tom reduction, even for this difficult-to-treat population. The
results show a significant improvement of ability to function
in everyday activities after in-patient withdrawal and at the
same time this is correlated to a decrease of days of headache
per month and of medication intake per month. Although our

results are highly encouraging, with a long follow-up period,
they are by no means definitive. The major limitation is the
absence of a control or comparison condition. We felt it was
important first to test whether an effect on disability was pre-
sent before proceeding with a more controlled trial. Further,
it may prove fruitful to compare different treatment
approaches and examine whether response is related to the
type of medication.
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Abstract Migraine is a common disorder and is a major
cause of disability and loss of working performance in
western countries. Therefore, many tools have been devel-
oped to assess migraine related disability. Among these, the
Migraine Disability Assessment (MIDAS) questionnaire
has been shown to be of particular interest, as it is valid,
reliable and useful for therapeutic decisions. In this pilot
study, we address the validity of the MIDAS questionnaire
in an unselected population of migraine patients in the
emergency setting. We found that the MIDAS scores in the
emergency room were similar to those collected in a spe-
cialised headache centre. This result suggests that the
MIDAS questionnaire could be reliably used in the emer-
gency setting, hence avoiding unnecessary delays in the
treatment of migraine patients.

Key words Migraine • Disability • Emergency room

Introduction

Migraine is associated with a high disability and is respon-
sible for a high social burden in western countries [1].
Moreover, inefficient communication of migraine disability
between patients and their physicians is an important factor
in determining therapeutic failure and drop from care [2].
Therefore, accurate assessment of the migraine related dis-
ability is of crucial importance in the management of these
patients. To this aim, the Migraine Disability Assessment
(MIDAS) questionnaire has been developed and validated,
and has been shown to be simple, highly consistent and use-
ful for therapeutic decisions [3]. However, the validity of the
MIDAS questionnaire has never been tested in an unselect-
ed population in the emergency room.

In the present study, our main goal was to assess the valid-
ity and applicability of the MIDAS score in the emergency
room, in an unselected population of migraine sufferers.

Patients and methods

We enrolled 45 consecutive patients who were referred to the
emergency room of the “San Gerardo” Hospital of Monza, Italy,
for migraine between May 2001 and February 2002 and who were
diagnosed as migraineurs by the emergency room neurologist,
according to the criteria of the International Headache Society
(IHS) [4]. After clinical evaluation by the emergency room physi-
cian and by the consultant neurologist, all patients were asked to
complete the MIDAS score, Italian version [5]. They received
analgesic treatment as appropriate and were asked to return to a
second visit in the headache centre, which was performed within
a week in the headache centre. The demographic characteristics of
the patients enrolled are shown in Table 1. No medical treatment
was prescribed for the period between the two visits. At this time,
patients were asked again to complete the questionnaire.

Concordance between the MIDAS scores in the emergency
room and in the headache centre was tested by the Spearman corre-
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lation test. Patients were also divided into two groups: severely dis-
abled (MIDAS score≥11) and not severely disabled (MIDAS<11)
and a concordance index was calculated (see Table 1).

Results

Mean MIDAS score was 20±5 in the emergency room and
22±4 in the headache centre (±SD); no statistical differ-
ence between the two values was evident.

By performing the Spearman correlation test between
MIDAS score for each patient in the emergency room and
in the headache centre, we found a good concordance
(Spearman coefficient=0.78); this data was confirmed in
the analysis of the contingency table for the dichotomic
variable “severe disability” (k=0.73) (see Table 1).

Discussion

In this study we found that the concordance between the
MIDAS score in the emergency room and in our headache
centre was good. We also found that, by dividing patients
into severely disabled and not severely disabled at the
emergency room visit, the majority of patients would be in
the same group at the emergency room and at the ambula-
tory visit. Hence, although we are currently increasing the
sample size in order to confirm these preliminary observa-
tions, we can conclude that the MIDAS questionnaire
could be reliably used in the emergency setting, in an uns-
elected population of migraine patients. This issue needed
to be addressed, as several factors, including a tendency to

overrate disability in stressful situations, may theoretically
have been a possible source of bias. In fact, one may spec-
ulate that the slight excess of patients rated as severely dis-
abled in the emergency room and not severely disabled in
the headache centre compared to those who displayed the
opposite behaviour (as shown in Table 1), might reflect
such a tendency.

The practical implication of our finding is that symptom-
atic and prophylactic therapeutic decisions might be taken
according to patients’ disability at the time of the visit in the
emergency department, without need of delaying this deci-
sion. This strategy may possibly lead to both an earlier ben-
efit on migraine patient quality of life and a better manage-
ment of this condition with likely reduction of costs.
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Table 1 MIDAS score concordance between the evaluations performed in the emergency room (ER) and in the headache centre (HC) of
the “S. Gerardo” Hospital, Monza, Italy on 45 migraine patients recruited from May 2001 to February 2002 (M/F ratio 16/29; age: 38±10
years, mean±SD)

Headache centre (HC) Total HC

MS<11 MS≥11

Emergency room (ER) MS<11 16 4 20
MS≥11 8 17 25

Total 24 21 45

MS, MIDAS score. Patients were defined either as not severely disabled (MS<11), or severely disabled (MS≥11)
Concordance index=0.73



Abstract The aim of the study was to design and test a new,
easy to use, assessment tool, the Migraine Assessment of
Current Therapy (Migraine-ACT), for identifying patients
who require a change in their acute treatment. A 27-item
questionnaire was developed by an international advisory
board including questions formulated in four domains:
headache impact, global assessment of relief, consistency
of response and emotional response. Migraine patients
entered a multinational, prospective study to investigate the
test-retest reliability and construct validity of the tool,
which was completed by the patients on two occasions.
Test-retest reliability was assessed by Pearson’s and by
Spearman correlation coefficients. Construct validity was
assessed by correlating patients’ answers to the 27-item
questionnaire with those of well-reported measures: SF-36,
MIDAS and Migraine Therapy Assessment Questionnaire

(MTAQ). The test-retest reliability of the 27 initial ques-
tions ranged from good to excellent. Correlations of all
items with SF-36, MIDAS and MTAQ scores – assessed by
discriminatory t-tests – indicated that the following 4 were
the most discriminating items: Does your migraine medica-
tion work consistently, in the majority of your attacks?
Does the headache pain disappear within 2 hours? Are you
able to function normally within 2 hours? Are you com-
fortable enough with your medication to be able to plan
your daily activities? The 4-item Migraine-ACT is a brief,
simple, and reliable assessment tool to identify patients
who require a change in their acute migraine treatment, and
can be recommended for primary care physicians, neurolo-
gists and headache clinicians.

Key words Migraine • Acute treatment • Migraine-ACT

Currently available measures of the efficacy of acute
migraine medications (e.g., pain relief, quality of life and
disability measures) are not frequently used in primary
care. They may be too burdensome and complicated for
routine use [1, 2, 3]. We aimed to design and test a new,
easy to use, 4-item assessment tool, the Migraine
Assessment of Current Therapy (Migraine-ACT) question-
naire, for use by clinicians to identify patients who require
a change in their current acute treatment [4].

A 27-item Migraine-ACT questionnaire was developed
by an international advisory board of headache specialists
from existing validated questionnaires. Questions were
answered as yes or no and formulated in four domains:
headache impact, global assessment of relief, consistency of
response and emotional response. Migraine patients entered
a multinational, prospective, non-randomised study to inves-
tigate the test–retest reliability and construct validity of the
27-item Migraine-ACT. Patients completed the Migraine-
ACT on two occasions, separated by a 1-week interval, and
test-retest reliability was assessed by Pearson product
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moment and Spearman rank measures. Construct validity
was assessed by correlating patients’ answers to the 27-
item Migraine-ACT with those to the Short-Form 36 quali-
ty of life questionnaire (SF-36), the Migraine Disability
Assessment (MIDAS) questionnaire and the Migraine
Therapy Assessment Questionnaire (MTAQ).
Discriminatory t-tests were used to identify the four
Migraine-ACT questions (one in each domain) which dis-
criminated best between the domains of the SF-36, MIDAS
and MTAQ. These four items constituted the final 4-item
Migraine-ACT.

Full results of the Migraine-ACT study have been pub-
lished elsewhere [4]. The test-retest reliability of the 27
Migraine-ACT questions ranged from good to excellent
(r=0.539–0.785), and correlation coefficients were highly
significant for all items. Correlations of Migraine-ACT items
with SF-36 and MIDAS items and SF-36, MIDAS and
MTAQ total scores indicated that the following were the most
discriminating items, in the respective four domains, and
constitute the final 4-item Migraine-ACT questionnaire.

Consistency of response – Does your migraine medica-
tion work consistently, in the majority of your attacks?

Global assessment of relief – Does the headache pain
disappear within 2 hours?

Impact – Are you able to function normally within 2
hours?

Emotional response – Are you comfortable enough with
your medication to be able to plan your daily activities?

The 4-item Migraine-ACT was highly reliable
(Spearman/Pearson measure r=0.82). The individual ques-
tions, and the total 4-item Migraine-ACT score, showed
good correlation with items of the SF-36, MIDAS and
MTAQ questionnaires.

The 4-item Migraine-ACT questionnaire is an assess-
ment tool to identify patients who require a change in their
current acute migraine treatment. It is brief, simple, reli-
able, accurate, and can be recommended for everyday clin-
ical use by primary care physicians, neurologists and
headache clinicians.
The Italian version is reported in Figure 1.

Fig. 1 Italian version of the 4-item Migraine-ACT
questionnaire 
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Abstract Cluster headache (CH) is characterised by unilat-
eral pain and ipsilateral autonomic features. To date, no
molecular genetic evidence has been shown for CH. Small
pedigrees and low penetrance render the identification of
the CH-gene quite difficult. Nonetheless the association of
CH and migraine to a new class of amine, namely trace or
elusive amines such as tyramine, octopamine and
synephrine, has recently been demonstrated. In particular,
in comparison to healthy control subjects, all these neuro-
transmitters have been found to be greatly elevated in CH
sufferers in plasma and platelets both in active and remis-
sion periods. A cluster of gene-encoding G-protein-coupled
receptors that bind and are activated by trace amines was
identified in the long arm of chromosome 6q23. We evalu-
ated two families with CH by linkage analysis to 6q23
region and the mutation scanning of the TAR 1, TAR 3,
TAR 4, TAR 5, PNR and GPR58 genes by denaturing high
liquid chromatography is in progress in 16 familial cases.

Key words Cluster headache • Elusive amine • Trace amine
receptor

Cluster headache (CH), the most disabling form of primary
headache, is characterised by unilateral pain that occurs in
association with ipsilateral cranial autonomic features and,
in most patients, has a remarkable circannual and circadian
periodicity. In about 80% of the patients, the attacks occur
in clusters (frequent attacks in a period of weeks or
months), the remaining 20% have CH with no such attack-
free period. The prevalence of CH is estimated to be
between one person per 1000 and 1 per 500 and is three to
seven times higher in men than women. Epidemiological
surveys indicate that first-degree relatives are five to eigh-
teen times more likely to have CH than the general popula-
tion and second degree relatives have one to three times
higher risk only [1]. The increased familial risk of CH and
the concordance in monozygotic twin pairs strongly sug-
gest the significance of genetic and environmental factors
in CH aetiology. To date, no molecular genetic evidence
has been shown for CH. Same families with few affected
members show an autosomal dominant pattern of inheri-
tance. Small pedigrees and low penetrance render the iden-
tification of the CH-gene quite difficult.

The fact that CH may change over the years and that
different forms occur within the same family suggests a
common cause of episodic and chronic CH.

Nonetheless the association of CH and migraine to a
new class of amine, namely trace or elusive amines such as
tyramine, octopamine and synephrine, has recently been
demonstrated. In particular, in comparison to healthy con-
trol subjects, all these neurotransmitters have been found to
be greatly elevated in CH patient plasma and platelets both
in active and remission periods [2]. However, the hypothe-
sis that trace amines may contribute to the pathophysiology
of primary headaches was proposed several year ago by
Hanington, when she observed that some foods rich in tyra-
mine (chocolate and some cheese) caused severe headache.
Whether these high circulating trace amine levels, either
alone or in association with other factors, underlie any sus-
ceptibility to CH remains to be determined.
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Recently, a cluster of gene encoding G-protein-coupled
receptors (TAR 1, TAR 3, TAR 4, TAR 5, PNR and GPR58)
that bind and are activated by trace amines was identified
in the long arm of chromosome 6q23. This family of
intronless genes shows high sequence homology and the
typical 7 transmembrane domains of GPCR. High concen-
trations of octopamine have been found in neurological
areas (amygdala, hypothalamus and locus coeruleus)
where trace amine receptors are highly expressed, so this
indirect molecular evidence suggests a possible role of elu-
sive amines in neurological diseases [3].

We performed linkage analysis in two small families
with CH to provide evidence in favour of or against linkage
between the disease and the 6q23 region. The first family
included 4 affected individuals (two men and two women),
while the second two affected first cousins only. We
analysed four  microsatellites from the 6q23 region
(D6S287, D6S262, D6S292, D6S308) in order to test link-
age to chromosome 6. Two-point LOD scores were calculat-
ed for each marker locus under a single-locus model with
assumed dominant inheritance and incomplete penetrance
using MLINK from LINKAGE package. No disease segre-
gating haplotype could be identified, which, together with
negative LOD score values obtained, suggest that this par-
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ticular region is not associated in our two families with CH.
Moreover, the mutation scanning of the TAR 1, TAR 3, TAR
4, TAR 5, PNR and GPR58 genes by denaturing high liquid
chromatography (D-HPLC) is in progress in 16 familial
cases: a nonsense mutation previously reported in TAR 3 [4],
and several polymorphisms in TAR 1, TAR 3, TAR 4, TAR
5, PNR and GPR58 were recognized.

Our preliminary data confirm that at present, no molec-
ular genetic clues have been identified for CH.
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Abstract We present a retrospective clinical study of 18
cases of new daily persistent headache (NDPH), a rare
chronic headache, included in the fourth chapter of the II
IHS classification; the pathophysiology of NDPH is
unknown but a link with viral infections (especially
Epstein-Barr virus (EBV)) has been suggested. Comparing
our series with the other two published until now, we did
not find any particular difference, as regards to clinical
aspects. However, our laboratory tests show a recent her-
pes simplex virus infection in 42% and cytomegalovirus in
11% of cases; moreover we could not find any EBV infec-
tion. Our data suggest that viruses other than EBV can
play a role in NDPH.

Key words New daily persistent headache • Clinical
characteristics • Laboratory tests • Viral infection

New daily persistent headache (NDPH) was first described
by Vanast [1] in 1986 and was included by Silberstein et al.
[2] in 1994 in his classification of chronic headaches. The
II edition of the IHS classification of headache disorders
[3] included NDPH in its fourth chapter. Beside the prima-
ry subtype, secondary NDPH has been described [4]. Only
two retrospective series have been published until now [1,
5]; little is known about clinical aspects of NDPH. A link
with viral (in particular Epstein-Barr virus (EBV)) infec-
tions has been postulated [6, 7].

By means of a computerised database, we retrospec-
tively analysed 2232 new headaches diagnosed from June
1998 to March 2004 in our headache centre. NDPH were
diagnosed according to the II edition of IHS classification
[3] and, before its publication, following the Silberstein
criteria [2].

Two hundred and sixty-five (11.8%) were “chronic
headache”: 96 of them (36.5%) chronic tension-type
headache, 149 (56.6%) transformed migraine, 18 (6.7%)
NDPH and 2 (0.7%) hemicrania continua. Among 18
NDPH, 11 were females and 7 males. Mean age of onset
was 23 years (ranging from 15 to 76 years) in females and
39 in males (ranging from 13 to 62 years). Peak age of
onset was the third decade in females and the fourth
decade in males. All patients were able to recall the period
of onset of headache with an error margin less than 7 days.
Mean period between onset of symptoms and first consul-
tation was 126 days. We observed a family history of
headache in 33% of cases and another 33% had a previous
headache (migraine-like). The onset of NDPH was related
to flu-like symptoms in 2 cases and to abdominal surgery
in 2 other. Pain, always bilateral, was diffuse in 50% of
cases, occipito-nuchal in 22%, frontal in 17% and referred
to the vertex in 11%. The intensity of pain was mild in 5
cases and moderate in 13. Headache was described as dull
in all cases, but 61% of patients experienced periods of
throbbing pain. Fourteen patients described “migrainous”
accompanying symptoms: nausea (50% of them), photo-
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phobia (27%) and phonophobia (17%). Headache index
was always >0.7. None of them presented drug abuse.
Neuroimaging (CT in 15 cases, NMR in 11) was negative
in all patients but one, in which NMR showed a type I
Arnold-Chiari malformation. Virologic tests were per-
formed in 14 patients. We found evidence of recent (ele-
vated titre of IgM antibodies) herpes simplex virus (HSV)
infection in 6 patients (42%) and of cytomegalovirus
(CMV) in 2 (11%); we did not find any EBV infection. As
regards to prognosis, 15.3% of our patients were pain-free
at 6 months, 40% at 12 months and 66% at 24 months. All
patients received at least one treatment. Most of them were
treated with Amitriptyline (16 patients), followed by flu-
narizine (7 cases) and sodium valproate (6 patients). We
could not analyse the efficacy of therapies, however no
drug seemed to be effective.

In Table 1 we compare some of our results with those
of Vanast [1] and Li [5]. Our prevalence is consistent with
those described by other authors [8–10]. The clinical char-
acteristics of our patients are similar to those of the series
of Vanast and Li and Rozen. As regards to laboratory tests,
we could not find any EBV infection, but we observed
recent HSV infection in 42% and, more rarely, recent
CMV infection. Notably, all these cases had a recent onset
of headache (no longer than 60 days). Our data confirm
that, as previously suggested, viruses other than EBV can
play a role in pathogenesis of NDPH.
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Table 1 Comparison of some clinical aspects among three series of NDPH

Vanast LI and Rozen Our series

Number 45 56 18

Sex ratio (F:M) 1.4:1 2.5:1 1.6:1

Family history none 29% 33%

Prior headache none 38% 33%

Precipitanting factors None Flu-like 30% Flu-like 11%
Surgery 12% Surgery 11%
Stress 12%

Pain Steady 72% Throbbing 55% Dull 100%
Pounding 28% Pressure 54% Throbbing 61%

Nausea M 57% 68% 50%
F 53%

Photophobia M 26% 66% 27%
F 42%

Phonophobia M 21% 60% 17%
F 53%

Prognosis M: 6 mo 68%, 12 mo – 6 mo 15%
80%, 24 mo 86% 12 mo 40%
F: 6 mo 52%, 12 mo 24 mo 66%
58%, 24 mo 73%

Virology – Past EBV infection in 71% Recent HSV infection 
in 42%
Recent CMV
infection in 11%



Abstract We investigate phase synchronisation in EEG
recordings from migraine patients. We use the analytic sig-
nal technique, based on the Hilbert transform, and find that
migraine brains are characterised by enhanced alpha band
phase synchronisation in the presence of visual stimuli. In
migraine, the brain synchronises to the idling rhythm of the
visual areas under certain photic stimulations; hypersyn-
chronisation of the alpha rhythm may suggest a state of cor-
tical hypoexcitability during the interictal phase of
migraine.

Key words Migraine • EEG • Visual stimulation • Alpha
synchronisation

Introduction

Studies of evoked potentials and transcranial magnetic stimula-
tion (TMS) during migraine attacks revealed abnormalities of
cortical information processing and excitability: the use of TMS
to assess visual cortex excitability seems to have yielded con-
flicting results, ranging from increased to decreased excitabili-
ty of the visual cortex, depending on the technical and clinical
variables [1]. When subjects are submitted to multimodal stim-
ulations, several changes occur in ongoing EEG/MEG activity
that signal activation of cortical regions. Increased cellular
excitability in thalamo-cortical systems results in a low ampli-
tude, desynchronised EEG. However, when patches of neurons
display coherent activity in the alpha band, an active processing
of information is very unlikely, and it may be assumed that the
corresponding networks are deactivated [2].

The aim of this study was to compute phase synchroni-
sation in multichannel EEG in the alpha band during repet-
itive flash stimulation in migraine patients without aura, in
order to assess the state of ongoing EEG activity during
visual stimulation in the pain-free phase.

Methods

Subjects

The patient group consisted of 15 migraine patients without aura
(eight male, seven female), diagnosed according to IHS criteria
(2004). At the moment of examination patients were all in the
interictal state. Fifteen healthy subjects, sex- and age-matched,
served as a control group.

Stimuli

Flash stimuli with a luminous frequency of 0.2 J were used to elic-
it the SVEPs. Stimulus frequencies were presented in a random
order. In this experiment, we used frequencies of 3, 6, 9, 12, 15, 18,
21, 24 and 27 Hz.
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Recording

Electrodes were positioned according to the International 10–20
system, at 19 scalp derivations. The reference electrode was posi-
tioned at the linked earlobes (A1–A2), with the ground electrode
placed over the nasion.

EEG analysis

For all stimulus frequencies, we evaluated the phase synchronisa-
tion index proposed by Tass et al. [3]. The analysis was previously
detailed [4].

Results

Considering the EEG filtered in the alpha range, our super-
vised analysis showed that the index of phase synchronisa-
tion  separated the patients and controls for the 9, 24 and 27
Hz stimulus frequencies. For the 9, 24 and 27 Hz stimuli,
hyper-phase synchronisation was observed in patients,
whereas healthy subjects were characterised by reduced
phase synchronisation (Fig. 1). Most of the electrodes sepa-
rated patients from controls. No significant correlation was
found between the index of phase synchronisation and the
duration of pathology and frequency of migraine.

Discussion

Our data show that for patients, the mean phase synchroni-
sation of the alpha rhythm increases in the presence of
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visual stimuli, whereas it decreases in controls; the phe-
nomenon described here is extended over the entire cortex,
rather than localised to a limited region.

We can hypothesise that the migraine brain shows an idling
rhythm of the visual areas, extended over the entire cortex, sug-
gesting a diffuse cortical inactivation under certain photic stim-
ulations. The alpha band synchronisation under certain frequen-
cies may thus be considered an interictal pattern, probably
intrinsic to migraine and predisposing to the attack. Taken
together, the results of the study confirm that the employment of
non-linear EEG analysis may outline subtle functional changes
in the migraine brain. A crucial aspect of this question regards
the possible subtle cognitive changes linked with the abnormal
cortical information processing during sensory stimulation.
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Fig. 1 In the case of the 24 Hz stim-
ulus, the mean index of phase syn-
chronisation (for patients and con-
trols) is represented for all 18 elec-
trodes. On average, phase synchroni-
sation increases for patients and
decreases for controls

controls
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Abstract Cortical hyperexcitability was studied in
migraine patients using reaction times (RT’s) and Event-
Related Potentials (ERP) to the Stroop test. We found a
slower RTs in patients if compared to controls, supporting
the hypothesis of a mild cortical functions impairment even
in interictal periods  in this group of patients.

Key words Event-related potentials • Habituation physiology •
Migraine

Central neuronal hyperexcitability is proposed to be the puta-
tive basis for  physiologic disturbances in migraine [1–3].
Studies using event-related potentials (ERPs), as well as
transcranial magnetic stimulation studies have shown the
presence of such hyperexcitability, although results have
been conflicting so far [4–6].

The aim of this study was to investigate the involvement
of executive functions and to map cortical hyperexcitability
using reaction times (RTs) and ERPs to the Stroop test [7], a
neuropsychological test involving visuomotor, associative
and frontal cortical functions [8].

In our study, 13 right-handed patients with migraine
(mean age 42.2±12 years, 6 migraine without aura, 7
migraine with aura), and 13 normal subjects (mean age
40.1±12.5 years) participated in the study. All patients were
free from migraine attacks in the 72 h preceding the test.

Stroop test RTs were evaluated in simple, Go–No Go and
choice paradigms using a computerised system, and ERPs
during mental performance of the Stroop test were obtained
from 32 scalp electrodes.

Group grand average Student’s t-test analysis of ERP was
performed, as well as Student’s t-test analysis of RTs, omit-
ted and committed errors at the Stroop test.

Compared to controls, migraine patients had slower
(p<0.05) RTs to Stroop Test stimuli in the complex paradigm
(Fig. 1), while simple RTs and accuracy by means of com-
mitted and omitted errors (Figs. 2 and 3) did not differ
between the two groups.

Compared to controls, migraine patients showed a signif-
icantly higher amplitude and duration of the positive compo-
nent at around 400 ms over occipital (p<0.01) and parietal
(p<0.05) areas, with no significant differences over the
frontal areas (Fig. 4).

Discussion

Our findings of slower RTs support the hypothesis of a mild
impairment of higher cortical functions even in interictal
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Fig. 1 Reaction times to Stroop
test stimuli in migraineurs
(black bars) and controls (white
bars). Controls showed signifi-
cantly slower RTs in chioce
paradigms, both to congruent
and incongruent stimuli, com-
pared to healthy subjects 

Fig. 2 Committed errors in
Stroop test in migraineurs
(black bars) and controls (white
bars). No significant difference
was found between the two
groups, although in choice par-
adigm migraineurs committed
more errors than controls 

Fig. 3 Omitted errors in Stroop
test in migraineurs (black bars)
and controls (white bars). No
significant difference was found
between the two groups,
although in choice paradigm
migraineurs omitted more
responses than controls 
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periods in migraine patients [9], suggesting the need of
high-sensitivity methods to spot out such abnormalities.
The higher expression of long-latency ERPs components
over occipital and parietal areas supports previous results
[10] of lack of habituation and overweight of cortical exci-
tatory vs. inhibitory processes in migraine patients.

Further investigations are needed in order to determine
whether the poorer performance at the Stroop test in
migraine patients is to be related to aspecific cortical
changes such as impairment of inhibitory processes, or to
involvement of specific cognitive domains.
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Migraine is a common neurovascular disorder charac-
terised by severe episodes of headache and autonomic-
neurological symptoms. In clinical practice, we usually
observe visual disturbances in migraineurs. The aura in
migraine is usually visual (80–90% of cases). The majori-
ty of migraine attacks are accompanied by photophobia;
approximately 60% of migraine attacks are caused by
environmental light stimuli, like sunshine or restless and
intermittent lights. There is also evidence that visual func-
tions in migraineurs differ from those of normal subjects,
even between attacks. Visual evoked potentials (VEP) are
a functional option which facilitate assessment of the visu-
al pathway. The presence of VEP changes was reported in
previous studies but the results were often conflicting. In
the headache-free interval, some authors showed differ-
ence of amplitude or latencies of P100 between
migraineurs and healthy control subjects; others did not
show any difference. With pattern reversal stimuli, Benna,
Mariani, Drake, Tagliati and Polich were unable to demon-
strate differences between migraineurs and controls [1–5].
In contrast, Kennard and Khalil showed a P100 latency
increase in migraine patients between attacks, with a P100
amplitude increase in the patients studied by Khalil [6, 7].
Moreover, in an interictal study of sequential blocks of
pattern-reversal VEP lasting 2 min, an amplitude increase
over the time was shown [8]. This finding was explained as
a potentiation of the response in patients as opposed to
habituation in the control subject, in keeping with a simi-
lar study by Afra et al. where the stimulation lasted 15 min
[9]. In 1999, Oelkers observed that habituation behaviour
in migraine seemed to be affected in a complex way,
depending on stimulating conditions, rather than being
generally impaired [10].

The aims of the current study were to assess VEP
changes in migraine and to evaluate the role of the preven-
tive therapy in the balance of the visual functions.

We studied 73 subjects: 53 migraineurs recruited from
a headache centre (48 females and 5 males, mean age 37.6
years) and 20 healthy control subjects (15 females and 5
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Abstract Migraine is a chronic disorder. Visual symptoms
and hypersensitivity to light stimuli are common. The aim
of this study is the analysis of visual system in
migraineurs by visual evoked potentials (VEP). We stud-
ied 53 migraineurs (21 with prophylactic migraine treat-
ment and 32 without preventive therapy) and 20 healthy
control subjects. We found lower P100 latencies in
migraineurs without therapy compared to controls. In
treated patients, P100 latencies showed the same trend
seen in the control group. We speculate a different respon-
siveness of the visual system in migraineurs probably due
to a dysmodulation of sensor input leading to facilitation
of visual processing.

Key words Migraine • Visual evoked potentials • Visual
system
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males, mean age 34.6 years). Twenty-one migraineurs, 15
migraine without aura (MO) and 6 migraine with aura
(MA), had a prophylactic migraine treatment and 32 (19
MO and 13 MA) had no preventive therapy. The drugs
used were: beta blockers, antiepileptic drugs (sodium val-
proate), 5-HT receptor antagonists (pizotifen), calcium-
channel blockers (flunarizine) and antidepressants
(amitriptyline). The diagnosis of migraine was in accord-
ance with the IHS classification. None of the patients had
ocular disorders or other neurological diseases. The mean
frequency of migraine attacks was 5 per month in MO and
1.5 per month in MA; they had a disease-history of about
15 years. Aura symptoms included visual (37% of
patients), together with sensory (42%) and aphasic (21%)
symptoms. The patients were studied at least 5 days after
the last attack. All treated patients benefited from medica-
tion in terms of migraine frequency and pain intensity
reduction. Recordings were performed by the same tech-
nician in standard conditions (in a quiet room with
dimmed light, patients seated in an armchair, 1 m in front
of a television monitor (mean luminance 240 cd/m2)).
Stimuli were presented as a checkerboard pattern of black
and white squares subtending 4° 0.5’ of arc (contrast
100%) at a reversal frequency of 3 Hz. With one eye
patched, subjects were instructed to fixate on a point in the
middle of the screen. The active electrode was inserted into
the scalp in the midline over the occipital region, 2.5 cm
above the inion. During uninterrupted stimulation, sequen-
tial blocks of 100 responses were averaged for a total dura-

tion of 9 min. We studied the amplitudes and latencies of the
VEP components. We first compared VEP latencies and
amplitudes between the right and the left eyes within each
population. Because t-test revealed non-significant differ-
ences between the two eyes, we subsequently calculated
mean values from both eyes for each subject. We estimated
the variability of the responses in repeated stimulations with
ANOVA for repeated measures test. We found that the P100
latencies did not change during the stimulation. Therefore,
we used the 15 measurements of every group to obtain a
much more reliable mean value; then, we used ANOVA one
way test for group comparison. Migraineurs without pre-
ventive therapy presented lower P100 latencies compared
with healthy control subjects; instead, the P100 latencies of
treated migraineurs showed the same trend in the healthy
control subjects (Fig. 1). In the group of migraineurs with-
out prophylactic treatment, there was a trend toward a
shorter latency in MA compared to MO (Fig. 2).

The observed decrease of P100 latency in patients with
migraine is not easy to explain. Morphological changes in
the optic nerves and the central pathways can be excluded
because the three groups were well matched with regard
to sex and age characteristics. This finding suggests a dif-
ferent responsiveness of the visual system in migraineurs
due to a dysmodulation of sensor input, leading to facili-
tation of visual processing. With preventive migraine ther-
apy, this difference disappears. Further study is necessary
to understand this interesting topic and to make clear the
differences between MA and MO visual responsiveness.

Fig. 1 P100 latencies in healthy control
subjects, migraine patients without and
with prophylaxis
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Fig. 2 P100 latencies in healthy control
subjects, migraine patients without and
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Introduction

Pathophysiological mechanisms of migraine, daily chronic
headache (DCH) and fibromyalgia, relevant clinical expres-
sions of non organic chronic pain (NOCP), are still not well
defined [1–3]. The suggestive temporal sequence migraine
� DCH � fibromyalgia observed in the same patient led
us to identify an interesting subgroup of patients, which has
been evaluated.

Materials and methods

We studied 100 patients (87 F and 13 M, age 39–58), admitted
to our Unit between 1998 and 2003. Migraine was diagnosed
according to IHS 1988 criteria [4], DCH according to Nappi
and Manzoni (1988) criteria [5], and fibromyalgia according to
ARA 1990 criteria [6] and using the Campbell test. All patients
underwent Psychometric Tests (PT), Psychophysiological
Profile (PPP), Psychosomatic Interview (PI) and biochemical
analyses.

Results

All the patients showed the same evolution of clinical fea-
tures: (1) onset of migraine (7–19 years old), continued
for 14 years mean (10–18); (2) gradual onset of DCH,
continued for 6.5 years mean (4–9); (3) fibromyalgia as
spreading of pain to cervical, scapulo-humeral, dorso-
lumbar levels and progressively to legs and arms.
Epidemiological data showed a female prevalence (87%)
whereas clinical data showed an unsatisfactory response
to treatment in patients affected by migraine and DCH
(92%). PT showed anxiety in 57%, depression in 39%,
obsessive trait in 55%, somatisation in 71% and alex-
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Abstract Aim of this study is to evaluate if migraine, daily
chronic headache and fibromyalgia  in the same patient can
be considered as an evolutive continuum of non organic
chronic pain. Therefore, migraine, daily chronic headache
and fibromyalgia should be considered the expression of
chronic antinociceptive system alteration.



ithymia in 47%. PPP showed alterations of variables
EMG, HR, SCL, THP in 84% and of 2–3 of them in 16%.
PI showed an unsatisfactory relationship with parents dur-
ing adolescence in 62%, many loss-events (in family, work
and personal relationships) in 51% and brosithymia in
67%. Use of ARA criteria and the Campbell test showed a
positive response in 11–15 of 18 tender points and a score
of 6–12 in all patients respectively. Biochemical tests were
normal.

Conclusions

Our data support the hypothesis that migraine, DCH and
fibromyalgia can be considered as a “continuum” of NOCP
[7, 8]. A common genetic basis, synergetically working
with other factors (emotional, personality features, stress-
ing events and medication overuse) should cause a chron-
ic antinociceptive system alteration and therefore a pro-
gressive increase (hyperalgesia) and diffusion (panalge-
sia) of pain.
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Abstract We examined a group of 18 consecutive patients
with spontaneous cerebrospinal fluid leak syndrome
(SCSFLS) and investigated clinical, MRI, radioisotope find-
ings and therapeutic outcome of this syndrome.

Key words Postural headache • Spontaneous intracranial
hypotension • Meningeal enhancement • Cerebrospinal
fluid leak • Subdural haematoma

Introduction

Spontaneous intracranial hypotension (SIH) is characterized
by postural headache, diffuse pachymeningeal gadolinium
enhancement (DPGE) on brain MRI and low cerebrospinal
fluid (CSF) pressure in the lateral decubitus (≤60 mmH2O)
and sitting. SIH can be associated with subdural fluid collec-
tions (SFC) (chronic subdural haematoma, hygroma).
Possible associated symptoms include neck pain, back pain,
radicular upper-limb symptoms, nausea and vomiting, diplo-
pia, visual blurring, bitemporal hemianopsia, tinnitus and
vertigo, and anorexia. Recently, various atypical patients
have also been reported [1]. The syndrome usually resolves
spontaneously, with bed rest, in a few weeks. Spontaneous
CSF leakage from a spinal dural tear has been suggested as
the underlying pathogenic mechanism of SIH.

Materials and methods

In the period 1992–2003, we observed 18 patients (12 females and
6 males) affected by spontaneous cerebrospinal fluid leak syndrome
(SCSFLS). The age range was 24–66 years (mean: 35 years).

Results

Orthostatic headache was present as an onset symptom in 17
(94%) subject ; in 1 patient headache was non postural. The
headache was localized (mainly frontal or occipital–nuchal)
and generally pressing, sometimes tightening/pulsating. Four
patients complained of nausea and vomiting, 8 of vertigo, 6
of diplopia (paresis of the III and IV cranial nerves bilateral-
ly in 1 case, and of the VI cranial nerve in 5 patients), and 2
of tinnitus and 3 of back pain (2 dorsal and 1 cervical–dor-
sal). Brain gadolinium MRI, performed in all patients, car-
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ried out before the lumbar puncture, showed a DPGE in 16
patients (88%) (Fig. 1) and it was absent in 2 patients (11%).
It was possible to observe the presence of SFC in 7 cases,
hygroma in  3 patients (16%) and bilateral chronic subdural
haematoma (BCSH) in 4 patients (22%) (Fig. 1). Six
patients (33%) presented a brain descent. Spinal MRI and
MRI myelography, performed in 7 patients, revealed cervi-
cal pachymeningeal enhancement in 5 cases, dorsal syringo-
mielia in 1 patient with type 1 Arnold-Chiari malformation
(ACM), sacral radicular cystes (1 patient) and sacral bilateral
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meningeal diverticula in 1 patient with Marfan’s syndrome
(MS) (Fig. 3). CSF pressure was low in 12 patients and nor-
mal in 2 patients. In 4 patients it was not possible to measure
it because of the presence of BCSH with mass effect (3
patients) and anticoagulant therapy (1 patient). Analysis of
CSF revealed raised albumin (up to a maximum of 125 mg/dl)
in 7 subjects and a slightly raised cell count (up to a maxi-
mum of 8 cells/mm3) in 5 patients. The meningeal biopsy car-
ried out on the first subject (1992) revealed pachymeningeal
fibrosis and the presence of intra- and perivascular granu-
locyte infiltrates. Radioisotope cisternography (RCS), perfor-
med in 7 cases, was normal in 2 patients (28%), in 3 cases
(42%) it showed limited ascent of the tracer to the cerebral
convexity and early appearance of the tracer in the bladder,
and in the other 2 (28%) showed leakage sites (cervical in 1
case and dorsal dorsal-cranial in the other) (Fig. 2). Lumbar
epidural blood patch (EBP) was performed in 2 patients
(11%). In 1 patient it was performed 3 times, with headache
recovery; the patient with ACM underwent occipital decom-
pression. BCSH with mass effect was drained in 3 patients
(16%). SCSFLS was misdiagnosis at time of BCSH draining
in 2 patients. In 14 patients (77%) treatment consisted of bed
rest and abundant hydration with recovery after a period of
3–4 weeks. No relapses were reported during the follow-up,
which ranged from 9 months to 6 years.

Discussion

The diffuse meningeal enhancement is limited to the dura
mater, which correlates well with the absence of contrast
uptake at the level of the sulci in the cerebral circonvolu-
tions, which are covered only by the leptomeninges.
Meningeal biopsy does not show significant alterations.

E. Ferrante et al.: Spontaneous CSF leak syndrome

Fig. 1 Brain gadolinium MRI. Coronal section showing diffuse
pachymeningeal thickening and enhancement, and fronto-parie-
tal chronic subdural haematomas bilaterally

Fig. 2 RCS 2 h after injection of tracer, shows diffusion of radioi-
sotope into the extra-arachnoidal space in the region of the cer-
vicothoracic junction

Fig. 3 MRI myelography shows bilateral sacral meningeal diver-
ticula



Orthostatic headache is caused by compensatory vasodila-
tion of the dural sinuses and meningeal blood vessels and
by traction or distorsion of various anchoring pain-sensitive
structures of the brain due to a brain descent caused by redu-
ced hydrostatic force. In patients with nonpostural conti-
nuous headache (1 patient in our case series), headache is
probably caused by traction, also in the recumbent position,
exerted on pain-sensitive structures [2]. Diplopia is caused
by paresis of the oculomotor nerves as a result of distortion
of the nerve trunks. The vestibular and auditory symptoms
are probably attribuatable to variations in intralabyrinthine
pressure. SIH generally results from spontaneous CSF leaks.
There is probably a fragility of the spinal meninges at the
level of the radicular nerve root sleeves that level predispo-
ses to the formation of meningeal diverticula or to dural tears
following a traumatic event. Recently, abnormal or deficient
fibrillin, elastin or both in dermal fibroblast cultures of
patients diagnosed with spontaneous CSF leaks and connec-
tive tissue disorders have been described [3]. Spinal menin-
geal diverticula have been described in patients with MS [4]. 

It is currently thought that the most likely cause of the
DPGE in SIH is compensatory dilation of the dural veins.
Indeed, according to the theory of Monro-Kellie, SFCs are
also volume compensatory phenomena in response to loss of
CSF volume. BCSH is caused by tearing of the bridging
veins, caused by brain descent as a result of reduced hydro-
static force. Brain descent is probably caused by loss of
buoyancy due to lack of CSF. Alternatively, the cervical dural
and peridural enhancement could be attributed to dilation of
the peridural venous plexus following a “collapse” of the
dural sac, in turn caused by low CSF pressure. Several
authors have recently argued that the syndrome is caused by

reduced CSF volume rather than reduced CSF pressure [1],
as the latter was found, in some cases, to be normal (24). The
CSF pleocytosis and increased protein concentrations are
also most likely secondary phenomena, related to diapedesis
of cells and leakage of protein from dilated meningeal veins.
Treatment of SCSFS involves, above all, bed rest. If this the-
rapeutic measure is ineffective and when the site of the CSF
leak is known, EBP  can be tried with the aim of stopping the
CSF leak by plugging the dural gap. Should even this treat-
ment prove ineffective, surgery can be performed. The hea-
dache in SIH, like the various neuroradiological alterations,
tends, in any case, to recede spontaneously thanks to sponta-
neous healing of the dural tear. In conclusion, patients with
SCSFL syndrome have distinct MRI and RCS abnormalities
and generally respond favourably to bed rest and hydration.
Sometimes EBP or surgical treatment is necessary.
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Optic neuritis (ON) can be a general term that refers to any
inflammatory optic neuropathy, but it usually denotes an
acute disease of the optic nerve attributed to focal inflamma-
tion associated with demyelination. It induces subacute visu-
al loss together with pain worsened by eye movements [1].

ON is the most common acute optic neuropathy in peo-
ple aging from 18 to 45. Women are more often affected
than men.

According to the ONTT (Optic Neuritis Study Group,
1991) the typical clinical profile of ON is represented by
an acute unilateral visual dysfunction with ocular pain
aggravated by eye movements. Ophthalmological evalua-
tion shows reduced visual acuity, impaired colour vision
and contrast sensitivity, visual field defect, relative affer-
ent pupillary defect and normal or swollen optic disc.
There is a progression of visual dysfunction over 1–2
weeks, and then visual acuity begins to improve. After sev-
eral weeks, the optic disc is pale and atrophic; residual
defects in colour vision and visual field are common [2].

In clinical practice ON is mainly diagnosed by oph-
thalmologists and less frequently by neurologists.
Diagnostic criteria for ON are included in the new
Classification of the International Headache Society (IHS
2004), as code 13.13 (code 12.1.2.1 in the former IHS
Classification 1988), and in other classification systems,
both in neurological and in ophthalmologic fields [2–8].

Nevertheless, diagnostic criteria are not uniform and
therefore diagnosis of ON is still mainly formulated
according to clinical experience only.

The aims of this study were to verify the application of
IHS classification in clinical practice and to identify the
qualifying ocular pain aspects that could increase the
specificity of the diagnosis of ON.

We conducted a retrospective assessment of the charac-
teristics of patients with ON, diagnosed from January 1st
1990 to June 1st 2000. We analysed the anamnestic, clini-
cal and instrumental data and focused on symptoms and
signs that would be necessary to diagnose ON, according
to IHS criteria. We verified the clinical data reported in the
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Abstract Optic neuritis (ON) refers to any inflammatory
optic neuropathy. In clinical practice ON is mainly diag-
nosed by ophthalmologists and less frequently by neurol-
ogists. ON diagnostic criteria are included in the
Classification of International Headache Society (IHS)
and in other classification systems, both in neurological
and ophthalmologic fields. The aims of this study were to
verify the application of IHS ON diagnostic criteria in
clinical practice and the role of the ocular pain qualitative
aspects. We performed a partially retrospective (140
cases) and prospective (43 cases) study analysing the clin-
ical characteristics of patients with ON. We observed retro
orbital pain in a huge percentage of patients; it was pro-
voked or spontaneous and worsened by eye movements.
We found that the new IHS classification criteria (IHS
2004) do not fully satisfy the requirements for ON diag-
nosis. Further study is necessary to validate the diagnostic
criteria of ON in clinical practice.

Key words Optic neuritis • Pain • Diagnostic criteria



A. Protti et al.: Diagnostic criteria of optic neuritis S297

case history by a standardised telephone investigation. The
total number of cases was 140, including relapses.

Moreover, we conducted a prospective analysis, from
June 1st 2000 to April 31st 2004, using the same method
of investigation. Patients with a visual defect were evalu-
ated by an ophthalmologist and a neurologist, and admit-
ted to the neurological department for further observation.

All patients were submitted to an anamnestic interview
with a semi-structured questionnaire (the same used in the
retrospective analysis). The total number of ON was 43,
including relapses.

In the retrospective study, retro orbital pain was pre-
sent in 71% of patients: spontaneous in 21%, only pro-
voked by eye movements in 37% and spontaneous and
worsened by eye movement in 42%.

In the prospective study, the retro orbital pain was pre-
sent in 68% of patients: only provoked in 41% and spon-
taneous and worsened by eye movements in 59%. No
patients showed spontaneous pain only.

According to IHS 1988, we could achieve the ON diag-
nosis only in a subgroup of patients who presented retro
orbital pain (71% in the retrospective study and 68% in the
prospective study).

Based on these findings, we can speculate that, in clin-
ical practice, diagnosis of ON is not achieved in agreement
with the IHS criteria, as the pain component is often miss-
ing.

Our data suggest that the presence of retro orbital pain
is an important component to identifying ON. It may
increase the specificity of the diagnosis.

In the prospective study we found no patients with
spontaneous pain; this is probably due to a more accurate
procedure of data acquisition in real time, which is inde-
pendent from memory bias.

We attempted to apply the new IHS classification (HIS
2004), which better defines the characteristics of the pain
(point A), and we noticed that only 42% of patients with
pain in the retrospective study and 59% of the patients

with pain in the prospective study would fulfil the new
diagnostic criteria. According to the new IHS criteria the
percentage of patients that fulfilled the ON diagnosis is
reduced compared to that obtained with the previous IHS
1988. New IHS criteria of ON don’t contemplate the retro
orbital pain exclusively provoked by eye movements,
which is instead frequently observed in clinical practice.

The IHS criteria are an important clinical support to
diagnosis ON, but they don’t fully satisfy the clinical char-
acteristics for a correct diagnosis. In clinical practice pain
provoked by eye movements is frequently observed.
Further clinical prospective studies should be designed to
validate the diagnostic criteria of ON.
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Abstract The main aim of this study is to look for early
clinical markers of cerebral venous thrombosis (CVT). As
headache represents the major clinical manifestation at pre-
sentation we focused our attention on this symptom. We
present the preliminary results of a prospective multicentric
study that includes cases diagnosed as CVT in the partici-
pating centres. We have so far studied 35 patients (5 males

and 30 females) from the ages of 18 to 78. The most fre-
quent manifestation was headache (77.1%). It was more
frequently localised (66.7%) and continuous (77.8%). The
onset of pain was mostly acute–subacute (38.5%–50.0%)
and the intensity moderate–severe (37.0%–51.9%). On uni-
variate analysis, we found a positive correlation between
CVT, acute headache onset (p=0.001) and severe headache
(p=0.004). These preliminary results seem in accordance
with our previous findings in the retrospective study, sug-
gesting that CVT is more often associated with acute-onset
headache of severe intensity.

Key words Cerebral venous thrombosis • Headache • Early
diagnosis

The perception of cerebral venous thrombosis (CVT) has
changed dramatically over the past two decades. Although
uncommon, CVT is more frequent than usually thought. It
has no uniform pattern of presentation but a huge variety of
signs and modes of onset and a variable severity [1]. Early
diagnosis of CVT is crucial because its potential for recov-
ery is considerably high, particularly if adequate therapeutic
measures, including heparin, are taken early [2]. The main
aim of this study is to look for early clinical markers of CVT.
As headache represents the major clinical manifestation at
presentation [3] we focused our attention on this symptom.
We present the preliminary results of a prospective multicen-
tric study that includes cases diagnosed as CVT between
January 2003 and June 2004 in the participating hospitals
(22 centres). It is based on the results of a previous retro-
spective study conducted in three hospitals in and around
Milan (“S. Gerardo” Hospital of Monza, Niguarda Hospital
and National Neurological Institute “C. Besta” of Milan).
The study is sponsored by the “Associazione Neurologica
Italiana per la Ricerca sulle Cefalee” (ANIRCEF) and by
the “Associazione per una Scuola delle Cefalee” (ASC).

Only cases occurring in adulthood (i.e., over 15 years of
age) were included in this study. We have so far studied 35
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patients. CVT diagnosis was based on MRI associated with
magnetic resonance angiography in 33 patients and on trans-
femoral angiography in 2 patients. Thirty-two patients were
admitted to the emergency room for clinical manifestations of
CVT while three came from neurological ambulatory. To
identify some of the characteristics of headache which may be
useful in the early diagnosis of CVT we compared our
patients with headache (27 patients out 35) with a control pop-
ulation including 71 subjects consecutively admitted to the
emergency room of the “San Gerardo” Hospital complaining
of headache from 1st June to 31st July 2000. These subjects
were comparable to our CVT patients with headache for age
and sex (controls: 16.9% male, 83.1% female; mean age 44.7
years/CVT patients with headache: 14.8% male, 85.2%
female; mean age 43.2 years). Five patients (14.3%) were
male and 30 (85.7%) female. The mean age was 44.0 (range:
18–78). Onset was acute in 37.1% of cases, subacute in
48.6%, and chronic in 14.3% [1]. The most frequent sign was
headache (77.1%). Nineteen patients (54.3%) presented focal
deficits, 14 patients (40.0%) had seizures, 13 patients (37.1%)
altered consciousness and 8 patients (24.2%) neuropsycho-
logical deficits. Headache was the initial symptom in 77.1%
of cases (in one patient it was associated with dizziness, in one
other with visual disturbances and in a third with both). In 19
patients out of 32 (59.4%), headache was among and some-
times the only reason of emergency room admittance. At onset
it was more frequently localised (66.7%) and continuous
(77.8%). The mode of onset of pain was mostly acute-suba-
cute (38.5%–50.0%) and the intensity moderate-severe
(37.0%–51.9%). Pain was worsened by physical exercise
(33.3%), Valsalva’s manoeuvre (25.9%), orthostatism (22.2%)
and recumbency (7.4%). Twenty patients complained of
accompanying symptoms such as nausea and/or vomiting,
photophobia, phonophobia, visual blurring and dizziness. On
univariate analysis (chi-square), we found a positive correla-
tion between CVT, acute headache onset (p=0.001) and severe
headache (p=0.004). The following aetiologic factors were
found: oral contraceptives (34.3%), anaemia (14.3%),
antiphospholipid antibody syndrome (11.4%), puerperium
(8.6%), pregnancy (5.7%), extracerebral tumours (5.7%),
hyperhomocystinemia (5.7%), protein-C deficiency (5.7%),
protein-S deficiency (2.9%), antithrombin III deficiency
(2.9%), activated protein C resistance (2.9%), infections
(2.9%), piastrinosis (2.9%) and meningiomas (2.9%). Nine
patients had two or more risk factors. Putative aetiological
factors were absent in 20.0% of cases. Twenty-five patients
(71.4%) had complete recovery, nine (25.7%) had mild-mod-
erate sequelae and one patient (2.9%) had severe sequelae.
The treatments used were: heparin i.v. (51.4%), low molecu-
lar weight heparin (37.1%), oral anticoagulant therapy (8.6%)
and locoregional thrombolysis (2.9%).

Headache is a common complaint in the emergency
room and is a fairly aspecific symptom [4]. However, occa-
sionally headache can be the manifestation of ominous and
sometimes elusive disorders, such as CVT [5]. In fact,

headache can represent the sole clinical manifestation at the
onset or during the course of the disease [6]. The
International Headache Society (IHS) defined criteria for the
diagnosis of headache attributed to CVT [7]. According to
the IHS Classification, headache in CVT has no specific
characteristics. In our study we found a positive correlation
between CVT, acute headache onset (p=0.001) and severe
headache (p=0.004). These preliminary results seem in
accordance with our previous findings in a retrospective
study, suggesting that CVT is more often associated with
acute-onset headache of severe intensity. These features,
especially in patients with underlying prothrombotic condi-
tions, which have to be investigated with a meticulous anam-
nesis also in the emergency department, should lead to con-
sideration of the diagnosis of CVT and to the requirement of
neuroimaging examinations. As CT scan is normal in
patients with proven CVT in 10%–20% of cases [6], MRI
must be performed when clinical suspicion remains after a
normal or non specific CT scan.

Patients are from San Gerardo Hospital, Monza: E. Agostoni, S.
Iurlaro, E. Beghi, P. Santoro, A. Aliprandi; San Paolo Hospital,
Milano: N. Massetto; Niguarda Hospital, Milano: A. Guccione, A.
Ciccone, A. Gatti, I. Santilli; Polyclinic of Messina: M. Autunno, R.
Di Leo; San Raffaele Hospital, Milano: B. Colombo, P. Rossi; Civil
Hospital, Brescia: T. Di Monda, R. Rao, P. Liberini; Mauriziano
Hospital, Torino: M. Gionco, P. Cristofanelli, A. Febbraro, C. Labate,
M. Maniscalco, L. Sosso, F. Trenini; Polyclinic of Modena: P.
Cortelli, D. Grimaldi; San Bortolo Hospital, Vicenza: F. Perini;
Moscati Hospital, Avellino: F. D’Onofrio
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Abstract Migraine is a common and chronic disorder. It is
considered benign but several studies have suggested it as a
rare risk factor for ischaemic stroke. The association is still
conflicting and seems to be restricted to particular sub-
groups of patients (i.e., women under the age of 45, with
migraine with aura, and particularly ones who smoke and
use oral contraceptives). The pathogenetic mechanisms
underlying this condition are not known. We describe 6
cases of migrainous stroke fully meeting the diagnostic cri-
teria of the International Headache Society (IHS). For each
patient, demographic and anamnestic data, clinical fea-
tures, results of laboratory tests and neuroimaging findings
were recorded. Five of the 6 cases were women (median
age of 29, range from 23 to 40). The man was 36. All
patients fulfilled the IHS criteria for migraine with aura. At
the time of the event, 2 patients were taking oral contra-
ceptives and smoked, one patient smoked and three patients
had no vascular risk factors. The stroke manifested as
homonymous hemianopia in 3 patients, lower homonymous

quadrantopia in 1 patient and sensory symptom in 1 patient.
The neurological examination was normal in 1 case. All
patients underwent several tests with negative results:
blood test (antithrombin III, protein C or S, autoantibod-
ies), transthoracic and transoesophageal echocardiography,
extracranial and intracranial Doppler sonography, and
angiography which was not performed in 1 patient. All
patients had a cerebral infarct visible on neuroimaging
study (MRI): posterior cerebral artery in 4, middle cerebral
artery in 1 and anterior cerebral artery in 1. We support the
findings reported by others that migrainous stroke is more
common in young women affected by migraine with aura.
In consideration of the high prevalence of migraine in the
population, further research is indicated and necessary to
establish if migraine is independent from other vascular
risk factors.

Key words Migraine • Stroke • Risk factor

Introduction

Migraine is a common and chronic disorder. It is usually
considered benign but a number of studies have suggested
it as an independent risk factor for ischaemic stroke. The
association between migraine and stroke seems to be
greater in particular subgroups of patients (i.e., women
under the age of 45, who suffer from migraine with aura,
and especially ones who smoke and use oral contracep-
tives) [1–4]. The posterior circulation territory seems to be
more affected. The pathogenetic mechanisms underlying
this condition are at present not known. Over the years, fur-
thermore, there have been several radiological series that
cite the presence of subclinical lesions most typical in the
white matter, in patients with migraine. Whether the preva-
lence of these lesions exceeds that in patients without
migraine and the cause of these lesions are matters still
under debate [5, 6].
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Case reports

We describe 6 cases of migrainous stroke fully meeting the
diagnostic criteria of the International Headache Society
(IHS, 1988) [7]. For each patient, demographic and
anamnestic data, clinical features, results of laboratory
tests and neuroimaging findings were recorded.

Five of the 6 cases were women (median age of 29,
range from 23 to 40). The man was 36. All patients pre-
sented a history of migraine with aura according to the IHS
criteria (1988) for 10 years. The aura was visual in 5 of the
6 cases. At the time of the event, 2 patients were taking oral
contraceptives and smoked, one patient smoked, and three
patients had no vascular risk factors. The patients with vas-
cular risk factors had an earlier onset of the stroke (26 vs.
35). The stroke manifested as homonymous hemianopia in
3 patients, lower homonymous quadrantopia in 1 patient
and sensory symptom in 1 patient. The neurological exam-
ination was normal in 1 case. All patients underwent sev-
eral tests to exclude other causes of ischaemic stroke:
blood test (antithrombin III, protein C or S, autoantibodies,
homocysteine), transthoracic and transoesophageal
echocardiography, extracranial and intracranial Doppler
sonography, and angiography which was not performed in
1 patient. All tests had negative results. All patients had a
cerebral infarct visible on neuroimaging study (MRI): pos-
terior cerebral artery in 4 (the patients with visual deficits),
middle cerebral artery in 1 and anterior cerebral artery in
1. Clinical follow-ups at 6 and 12 months showed
unchanged neurological signs in 4 patients and an
improvement in 1 patient.

Discussion

The relationship between migraine and stroke is complex
and still conflicting. The characteristics of our patients
support the findings that migrainous stroke is more com-

mon in young women affected by migraine with aura.
Smoking and oral contraceptives seem to increase the risk. In
consideration of the high prevalence of migraine in the popu-
lation, it is very important to establish if migraine is indepen-
dent from other vascular risk factors. Further study is also
necessary to understand the nature of the subclinical lesions
found in patients with migraine. Are they a marker for
ischaemia-induced migraine, are they a consequence of
migraine, and are they really silent [5]? Answering these ques-
tions is of extreme importance for the management of patients
with migraine. The absolute risk of stroke among young
women is low, but it is fundamental to establish if there is a
need to recommend a preventive treatment and to advise them
not to smoke and to use only low oestrogen content pills.
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ITALIAN SURVEY (OSSERVATORIO PERMANENTE) TO
RECOGNISE AND PROMOTE MIGRAINE SUFFERING
PATIENTS’ WELL-BEING
F. Frediani1, G. Casucci2, G. Bussone3

1Centro Cefalee, Divisione di Neurologia, Policlinico “S. Pietro”,
Ponte S. Pietro (BG), Italy
2U.O. Medicina Generale, Casa di Cura “S. Francesco”, Telese
Terme (BN), Italy
3Divisione di Neurologia III, Istituto Nazionale Neurologico “Carlo
Besta”, Milan, Italy

Among primary headaches, migraine affects 12–15% of the adult popu-
lation in Italy, representing one of the most common medical complaints,
and a major cause of both social and familial problems. Furthermore,
especially if not properly recognised and treated, it may cause significant
economic losses, due to decreased workplace productivity amounting to
more than 3 thousand billion euro per year. Despite the high incidence,
only a minor percentage of migraine patients consult their own general
practitioner (GP) and even less a specialist. These data are surprising
considering that around 50% of the attacks are severe and totally dis-
abling, 44% are moderate and only 6% can be defined as mild. This pic-
ture is worsened by the fact that about 40% of migraine suffering patients
are misdiagnosed. A consequence of under-recognition or misdiagnosis
is a delay of proper treatment that could significantly improve disability
and patient’s quality of life by controlling the attacks’ frequency, severi-
ty and duration. In this context, the GP plays a pivotal role being the
patient’s first consultant and his/her proper diagnosis becomes an impor-
tant screening of the population, which could eventually be directed to a
Headache Centre for further assessments. The GP is the ideal link
between the migraineur and the Headache Centre’s Specialist for a prop-
er and efficient collaboration focussed on the patient’s well-being. With
the aim of significantly improving this collaboration, an Italian Survey
named “Osservatorio Nazionale Permanente” has recently started col-
lecting new and updated information on the disease’s epidemiology. Data
will be collected by GPs especially trained on migraine through the par-
ticipation of an “ad hoc” Continual Medical Education (CME) course.
This will assure the double objective of improving both the GP’s scien-
tific knowledge and the reliability of the collected data. The project is
running and preliminary data will be presented.

2
GLUTAMATE IN MIGRAINE
M. Vaccaro, C. Riva, L. Tremolizzo, M. Longoni, A. Aliprandi, A.
Rigamonti*, M. Leone*, G. Bussone*, E. Agostoni, C. Ferrarese
Department of Neuroscience, University of Milano-Bicocca, San
Gerardo Hospital, Monza, Italy
*Neurologic Institute “C. Besta”, Milano, Italy

Glutamate may play a role in the pathogenesis of migraine: increased lev-
els of glutamate have been reported in plasma and platelets from
migraine patients and glutamate release in brain may be involved in the
beginning and propagation of spreading depression. To further under-
stand the mechanisms of glutamatergic dysfunction in this pathology we
assessed plasma glutamate levels and platelet glutamate uptake in
patients with various migraine disorders. Platelets possess glutamate
transporters and uptake mechanism similar to those described in central
nervous system, so they can be considered a useful peripheral model of
glutamatergic neurons. We measured plasma glutamate levels and
platelet glutamate uptake in 25 patients with “familial” migraine with
aura (at least one related affected), 15 patients with “sporadic” migraine
with aura (no related affected), 25 patients with migraine without aura
and 20 healthy controls. Plasma glutamate levels were analysed by HPLC
and platelet uptake was determined using 3H Glut. Plasma glutamate lev-
els were increased in all types of migraine patients, especially in those

with “familial” migraine with aura (p<0.01). Also platelet glutamate
uptake was increased in “familial” migraine with aura. In the other
groups of patients the results were different. We suggest that enhanced
platelet glutamate transport may be linked to increased levels of gluta-
mate in plasma, considering that glutamate may stimulate its own cellu-
lar transport in platelets. Our hypothesis is that migraine with aura and
migraine without aura could have different pathogenetic mechanisms and
that unknown genetic factors could be involved in “familial” migraine.

3
DISABILITY IN MIGRAINEURS WHO NEED A PREVENTIVE
TREATMENT
D. D’Amico*, M. Quarti, N. Massetto, F. Frediani, R. Rao, A. Coppola,
C. Lovati, B. Colombo, P. Rossi, S. Usai*, G. Bussone* for the
“Progetto Cefalee Lombardia” Group
*National Neurological Institute “C. Besta”, Milan, Italy

Migraine has a wide range of impacts resulting in different grades of
functional disability. The Migraine Disability Assessment Score
(MIDAS) is a scientific instrument which captures headache-related
disability. Studies on general populations and on clinical samples
showed that migraineurs were disabled in all activity domains. The aim
of the study was to assess headache-related disability in a sample of
migraine patients in whom a preventive treatment was prescribed. A
group of 172 consecutive subjects with migraine without aura attend-
ing 13 Headache Centers in Lombardia, and in whom a preventive
treatment was needed, entered the study. All patients (151 women, 21
men; mean age 36 years SD 10) completed the Italian version of
MIDAS after the decision of prescribing a preventive treatment was
taken by the physician. The MIDAS total score in these patients was:
mean 33.6 SD 31.7, median 27.5. Migraineurs in whom prophylaxis is
needed showed marked disability on daily functioning, with
mean/median MIDAS total scores which were higher than those found
in migraineurs from the general population (USA, 97 patients: mean
19.5, median 14; UK, 100 patients: mean 12.8, median 9), and also in
non-selected migraineurs attending a Headache Center (Italy, 264
patients: mean 23.4, median 19). Our results also suggest that disabili-
ty level obtained by the MIDAS questionnaire might guide physicians
to assess the need for preventive treatment in individual patients.
Further studies are needed to test the utility and validity of this use of
MIDAS in clinical practice.

4
QUALITY OF LIFE IN MIGRAINEURS WHO ATTEND
HEADACHE CENTERS IN LOMBARDIA
D. D’Amico*, P. Santoro, P. Bernardoni, S. Misceo, R. De Marco, M.C.
Tonini, E. Ferrante, F. Moschiano, M. Quarti, N. Massetto, S.
Guccione, R. Rao, A. Solari, G. Bussone* for the “Progetto Cefalee
Lombardia” Group
*National Neurological Institute “C. Besta”, Milan, Italy

Migraine is characterised by low health-related quality of life
(HRQOL). The aim of this study was to investigate HRQOL in a group
of subjects with migraine without aura attending 13 Headache Centers
in Lombardia using a standardised generic instrument, the Short Form-
36 (SF-36). A sample of 172 consecutive migraine without aura
patients were enrolled (mean age 36 years SD 10; mean illness dura-
tion 16.9 years SD 10; 151 women, 21 men). All patients completed the
Italian versions of the SF-36 survey at their first consultation. The
scores of all scales (domains) of the questionnaire were calculated, and
they were compared with the normative Italian values by Student’s t-
test with Bonferroni correction. Migraine patients’ mean SF-36 scores
were numerically lower than those in the Italian general population for
all scales. Scores were significantly lower than normal for the follow-
ing scales: RP, BP, GH, VT and SF (p<0.0001). Our data confirmed the
marked reduction in HRQOL that characterises migraine patients.
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EARLY HEADACHE-RELATED BEHAVIOURS: A SINGLE
CENTRE, 6-WEEK CROSS-SECTIONAL STUDY
L. Bernasconi*,**, B. Colombo*,**, F. Martinelli-Boneschi*, P.
Annovazzi*,**, G. Comi*
*Department of Neurology, IRCCS Ospedale San Raffaele, Milan,
Italy
**Headache Research Unit, IRCCS Ospedale San Raffaele, Milan, Italy

Objective To evaluate early headache-related behaviours (analgesic
drugs versus alternative behaviours) correlating data to school atten-
dance and geographic variables.
Subjects One hundred and fifteen patients (81.7% females, mean
age=38.01±11.09) coming from 13 Italian regions (79.2% coming
from Northern Italian regions, 20.8% from Southern Italian regions)
participated in the study. Subjects consecutively enrolled in a 6-week
period were first-visit outpatients suffering from either migraine with
(n=13) or without (n=74) aura, and chronic headache (n=28).
Methods An anonymous questionnaire was administered before the
visit. Items investigated school attendance, place of birth and living,
headache duration and drugs taken, first behaviour after headache, time
interval between behaviour and headache onset, and further pain-killer
strategies. In case of drug intake we asked who proposed the treatment
to the patient (general practitioner, neurologist, friends or relatives).
Results Subjects’ school attendance was elementary school (13%),
secondary school (23.5%), high school (47 %) and university degree
(16.5%). 50.4% of patients took an analgesic drug as their first
behaviour after headache onset. Alternative strategies were chosen in
48.7% of cases (remove attention from pain, massage painful zone,
move head and neck, relax in low light) and 0.9% of subjects did not
answer the question. In 68.7% of cases, the first behaviour was taken
within 1 h after headache onset. Analgesic drugs are assumed as the
first or following strategy (within 6 h from headache onset) and are
associated in most cases with trying to relax in low light. Thirteen
per cent of patients did not take any drug during headache. Only
3.5% took a pain-killer drug after 6 h of pain.NSAID was the most
commonly used drugs, while triptans were used by 16.5% of
patients. 6.9% of patients took a drug under the suggestion of rela-
tives and friends. In 46% of cases patients followed general practi-
tioner prescriptions, while 26% of patients were previously visited
by a neurologist.
Conclusions A sensible percentage of patients still choose strategies
other than drug intake as their first behaviour after pain onset; fur-
thermore, few patients use new specific drugs for headache attacks.
Our data stress once again the need for adequate attention to behav-
ioural education of patients, and of specific training of general prac-
titioners on pharmacologic strategies.
Further statistical analysis on correlations between behavioural
strategies, disease duration, geographic place of origin and therapy
are in progress.

8
CYTOKINES PLASMA LEVELS DURING MIGRAINE
ATTACKS: EXPRESSION OF NEUROGENIC INFLAMMA-
TION?
F. Perini, G. D’Andrea*, E. Galloni, F. Pignatelli, G. Billo, S. Alba,
G. Bussone^, V. Toso
Centro Cefalee e Malattie Cerebrovascolari, Ospedale S. Bortolo
Ulss 6, Vicenza, Italy
*Centro Cefalee e Malattie Cerebrovascolari, Villa Margherita,
Arcugnano (VI), Italy
^Centro Cefalee, National Neurological Institute “C. Besta”, Milan, Italy

Background and purpose Cytokines play an important role in sev-
eral physiological and pathological settings such as immunology,
inflammation and pain. The role of cytokines in the pathophysiolo-
gy of migraine attacks is uncertain, and generally interpreted as a
possible immune dysfunction. In addition, pro-inflammatory
cytokines such as IL-1β and tumour necrosis factor alpha (TNFα),
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They indicated that migraineurs attending Headache Centers show
lower scores than those found in the general population in all quality of
life domains but two (PF, MH), and that the negative influence of
migraine is particularly evident on the extent to which physical health and
pain interfered with work and social activities, but also involves patients’
perception of their general health status.

5
TRIGEMINAL NEURALGIA OR SUNCT? A CASE REPORT
S. Massari, S. Misceo, C. Marsile, G.E. Molini, S. Sasanelli
U.O. di Neurologia Azienda Ospedaliera di Melegnano, Milan, Italy

A 59-year-old woman presented with a ten-year history of left sided
trigeminal neuralgia (I–II division) with initial response to carba-
mazepine but progressive worsening in the last year. The patient
described frequent paroxysms of severe, shooting or burning pain,
strictly left sided, centred on the orbit and forehead. The attacks were
of short duration: a few seconds (min 10–max 40 s). The pain was asso-
ciated with ipsilateral lacrimation, conjunctival injection, oedema and
eyelid ptosis. The pain was not responsive to corticosteroid and non-
steroidal anti-inflammatory agents administered i.v. It improved with
tramadolo administered by subcutaneous pump at the dosage of 8 mg/h
(200 mg/day) for four days associated with carbamazepine 600
mg/daily. The atypical presentation of trigeminal neuralgia pain attacks
with autonomic features responsive to carbamazepine was discussed
for a differential diagnosis with other forms of trigeminal autonomic
cephalalgias (TACs).

6
CYTOKINES PLASMA LEVELS DURING INTERICTAL PERI-
ODS, MIGRAINE ATTACK AND AFTER SUMATRIPTAN
TREATMENT
I. Munno, M. Marinaro*, A. Bassi**, M.A. Cassiano**, V.
Causarano**, V. Centonze**
Internal Medicine, Immunology and Infectious Disease Department,
University of Bari, Italy
*Istituto Superiore di Sanità, Immunology Department, Roma, Italy
**Headache Unit, Internal Medicine, P.O. “F. Jaia”, Conversano,
Bari, Italy

Introduction Several studies report a possible role of cytokines net-
work in the pathophysiology of migraine. The aim of this study is to
evaluate the plasma levels of interferon (IFN)-γ, interleukin (IL)-4, IL-
5 and IL-10 during the interictal period, during migraine attack and
after sumatriptan treatment.
Study design In the first part of this study, 32 patients suffering from
migraine without aura (MWA) diagnosed according to IHS 1988 crite-
ria were assessed during the interictal period to evaluate the contribu-
tion of cytokines in the pathophysiology of migraine. To this end, plas-
ma levels of IFN-γ, IL-4, IL-5 and IL-10 were measured by enzyme
linked immunosorbent assay techniques (ELISA). Plasma levels of
both IFN-γ and IL-10 were not increased in MWA patients and did not
differ significantly from healthy controls. Of interest, we observed a
strong increase of IL-5 levels in 84.3% of MWA patients as well as
increased IL-4 levels in 37.5% of MWA patients. In the second part of
this study, 23 of 32 MWA patients were monitored during active
headache periods and also 10 patients 30 min after administration of
sumatriptan (6 mg sc). Plasma levels of IL-4, IL-5, IL-10 and IFN-γ,
were measured by ELISA techniques. Interestingly, we observed low
to undetectable IL-5 and IL-4 levels, whereas high IL-10 levels were
seen in 52.2% of the patients. IFN-γ plasma levels were undetectable in
all patients. After treatment with sumatriptan, 10 patients showed a
subsequent decrease in IL-10 and increase in both IL-4 and IL-5 plas-
ma levels.
Conclusions Although these findings are derived from a limited num-
ber of patients, the apparent return to the IL-4 and IL-5 cytokine pro-
file observed during the interictal period leads us to speculate that a
preferential enhancement of Th2-type cytokine production may con-
tribute to the pathogenesis of migraine.



and, more recently, some anti-inflammatory cytokines such as IL-10
seem to play a significant role in modulation of the pain threshold.
In order to study the occurrence and the significance of these inflam-
mation and pain inducers in migraine we measured a panel of
cytokines during and outside painful attacks.
Methods We studied 28 migraine patients and 18 healthy control
subjects measuring serum levels of IL-6, IL-10, TNFα, IL-4, IL-1β
and IL-2.
Results Circulating levels of IL-10, TNFα and IL-1β during attacks
were significantly higher in comparison to their levels outside
attacks (p=0.0003, p=0.03 and p=0.05 respectively). IL-10 and TNF
serum levels were higher in patients studied soon after the headache
onset and lower over time (p=0.004 and p=0.05).
Conclusion We demonstrated that TNF-α, IL-1β and IL-10 are
involved in the pathogenesis of migraine attacks.

9
ACQUIRED TRANSIENT STUTTERING ASSOCIATED WITH
MIGRAINE ATTACKS
E. Natalè, M. Demma, G. Didato*, B. Fierro*, O. Daniele*
U.O. Neurologia, Ospedale Civico, ARNAS, Palermo, Italy
*Dipartimento di Neurologia e Psichiatria, Università di Palermo,
Palermo, Italy

Clinical case It deals with a 36-year-old migrainous woman with
attacks of throbbing pain involving bilateral frontal–parietal region
with irradiation to occipital region. Attacks usually last several hours
to 3 days, accompanied by vomiting and photophobia. For 4 years
she has been suffering from attacks of migraine accompanied by
right hemiparesis and stuttering lasting less than 24 h. During the
last episode, in our ward, neurologic examination showed mild right
hemiparesis with weakness and hypaesthesia and speech difficulties
with explosive uttering of first vowels or consonant of words. She
slows her fluency to avoid, at least partially, this trouble. Routine
blood tests and ultrasounds of neck vessels were normal as well as
brain CT scan and MRI. Angio-MR showed only a trifurcation of
right MCA and bending of left PCA. Neuropsychological tests
showed mild deficit in repetition of words with hesitation in uttering
words (stuttering) and in reading aloud with similar features.
Hemiparesis and stuttering disappeared after 24 h. In conclusion, it
deals with a rare case of transient stuttering accompanying migrain-
ous attacks with right hemiparesis without aphasia.
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GENDER RATIO OF MIGRAINE WITHOUT AURA: IS IT
CHANGING OVER THE YEARS?
L. Cucurachi, P. Torelli, G.C. Manzoni
Headache Centre, Section of Neurology, Department of
Neuroscience, University of Parma, Italy

Migraine without aura (MO) is known to affect women much more fre-
quently than men. Various studies in the literature suggest a female-to-
male ratio (F:M) ranging from 2:1 to 3:1. This study intends to deter-
mine if there is a variation of F:M ratio in subjects with the onset of
disease before 1960, in the 1960s, in the 1970s, in the 1980s and
between 1990 and 1995. We have considered all patients with MO,
according to the 2nd edition of the classification of the International
Headache Society (n=3457, 2642 women and 815 men), consecutively
referred to Parma Headache Centre between 1 January 1976 and 31
December 1995. In the general sample, F:M ratio is 3.2:1, the age at
the first visit is 34.8±13.1 years (35.9±12.5 years for women and
32.3±14.4 years for men). The changes in the F:M ratio of MO over the
years have been investigated through a comparative analysis of the dis-
tribution of the disease by sex and decade of onset in these patients.
The F:M ratio fluctuates from 3.6:1 for patients with MO onset before
1960 to 3.4:1, 3.3:1 and 2.9:1 for patients with MO onset in the 1960s,
1970s, 1980s and 1990s respectively. These results have not shown a
statistically significant change of F:M ratio during the study period;
however, it is possible to highlight a trend to reduction. On the con-
trary, a study carried out by our Centre in 1997 has found an increase
of F:M ratio over the same period (before 1960–1995) for patients with

cluster headache. These data suggest that the observed variations in
F:M ratio are probably the consequence of an actual change over time
of the prevalence of the primary headaches more than of a different
flow to our Centre.

11
MAGNESIUM AS A TREATMENT FOR PEDIATRIC TEN-
SION-TYPE HEADACHE: A CLINICAL REPLICATION
SERIES
L. Grazzi, F. Andrasik*, S. Usai, C. Peccarisi, G. Bussone
National Neurological Institute “C.Besta,” Milan, Italy
*Institute for Human and Machine Cognition, University of West
Florida, Pensacola, FL, USA

Background Clinicians caring for young headache sufferers have
been hampered by the absence of safe, well-tolerated and efficacious
preventive agents. Investigations with adult and child migraineurs
have demonstrated the usefulness of magnesium supplementation.
Several theories of tension-type headache (TTH) suggest magnesium
may be of value for this headache type as well.
Objective To determine the initial utility of magnesium salt as a
treatment for pediatric episodic and chronic TTH.
Methods Five children/adolescents with episodic and four children/ado-
lescents with chronic TTH were treated with 2.25 g of magnesium pidolate
twice per day for two months and then followed for one year, in a clinical
replication series. Anxiety and depression were monitored as well.
Results The patients with episodic TTH revealed 78.4% symptom
reduction, with 80% of the sample achieving reductions greater than
50%. The patients with chronic TTH revealed 87.3% symptom reduc-
tion, with 100% of the sample achieving reductions greater than 50%.
Analgesic consumption decreased significantly for chronic TTH. Only
one child consumed medication in the episodic TTH group. No signifi-
cant changes occurred with respect to depression and anxiety, but these
measures were not clinically elevated at the start of treatment.
Conclusions Although this clinical replication series is uncontrolled,
the initial findings are encouraging and suggest further, more well-
controlled research is warranted

12
MAGNESIUM IN SERUM FROM MIGRAINOUS PATIENTS
AND HEALTHY CONTROLS
C. Lovati, E. Mailland, S. Rosa, R. Dominici*, C. Valente*, G.
Alberti, C. Franzini*, P. Bertora, C. Mariani
Chair of Neurology, L. Sacco Department of Medical Sciences,
Università degli Studi, Milan, Italy
*Department of Clinical Biochemistry, L. Sacco Hospital, Milan,
Italy

Background Magnesium (Mg) supplementation seems to be an
effective treatment of migraine attacks.
Objective To determine the range of Mg in serum of patients with
migraine compared with healthy control subjects (HC).
Methods Total Mg levels were measured by means of a colorimetric
assay performed on an automatic analyser, in sera from 81 patients (6
men, 75 women, aged 17–63) affected by migraine (with or without
aura), consecutively evaluated by the outpatient Headache Unit of our
neurological department, and from 68 HC (36 men, 32 women, aged
22–58). The following variables were taken into account for sub-
group analysis: gender; presence or absence of aura; hormonal con-
traception or hormone replacement therapy; predominantly menstru-
al migraine. Statistical analysis was performed by unpaired t-test.
Results Migraine patients showed higher serum Mg levels than HC
(2.24±0.3 vs. 2.09±0.23 mg/dl; p=0.0012). The difference in Mg levels
was apparent either in men (2.35±0.15 vs. 2.07±0.2 mg/dl; p=0.0035)
and in women (2.23±0.32 vs. 2.1±0.260 mg/dl; p=0.035). Subgroup
analysis did not disclose significant differences in Mg levels according to
presence or absence of aura (2.20±0.28 vs. 2.25±0.32 mg/dl; p=NS), pre-
dominantly perimenstrual vs. non-menstrual migraine in women
(2.29±0.34 vs. 2.17±0.28 mg/dl; p=NS), or oestrogen use in women from
either group (migraine patients and HC).
Discussion and conclusions Although Mg is effective in treating and pre-
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ABDOMINAL MIGRAINE PERSISTING IN ADULT AGE: A
CASE REPORT
F. d’Onofrio, D. Cologno*, V. Petretta, G. Casucci**, C.
Caltagirone*, G. Bussone+

Azienda Ospedaliera “S.G. Moscati”, Avellino, Italy
*I.R.C.C.S. Santa Lucia Foundation, Rome, Italy
**Clinica San Francesco, Telese Terme (BN), Italy
+National Neurological Institute “C. Besta”, Milan, Italy

Abdominal migraine is one of the variants of migraine headache which
typically occurs in children. It is coded as 1.3.2 in the 2nd edition of the
IHS classification within the group “Childhood periodic syndromes that
are commonly precursors of migraine”. Abdominal migraine is charac-
terised by attacks of periodic bouts of abdominal pain lasting for about
two hours. Pain may be accompanied by nausea, vomiting, anorexia and
pallor. The affected children commonly develop typical migraine later in
their life. We report a case of a 23-year-old woman affected by attacks of
recurrent abdominal pain accompanied by migraine. Abdominal pain
attacks started in adolescence, persisting without headache until she was
21-year-old. At this time, she experienced paresthesias to hands, tongue
and nape lasting less than 5 min, followed by migraine pain accompanied
by nausea, photophobia and phonophobia and associated to acute abdom-
inal pain. In two attacks there was a loss of consciousness with urinary
and faecal incontinence, as reported in other case reports. Neuroimaging
investigations and laboratory testing excluded any underlying organic dis-
ease. Flunarizine was only partially effective in preventing attacks, where-
as complete remission of abdominal pain was obtained during a 4-month
treatment period with pizotifen, although one single migraine without
aura attack occurred. Attacks fulfil IHS diagnostic criteria for “abdominal
migraine”, although of late onset. This case report suggests that “abdom-
inal migraine” is a migrainous disorder to be hypothesised in adult
patients after having excluded any organic disease.

16
PAINFUL OPHTHALMOPLEGIA (TOLOSA-HUNT SYN-
DROME): NEUROIMAGING AND STEROID TREATMENT
CORRELATIONS IN FIVE CASES
E. Ferrante, A. Brioschi, A. Savino
Ospedale Niguarda, IRCCS, Istituto Auxologico Italiano, Piancavallo,
Milano, Verbania, Italy

Objective To evaluate correlations between clinical evolution, neu-
roimaging and steroid treatment in patients affected by Tolosa-Hunt
syndrome (THS).
Background THS is a rare painful ophthalmoplegia often due to non-
specific granulomatous inflammation in the cavernous sinus or superior
orbital fissure. Diagnostic criteria are based on oculomotor nerves
involvement, steroid responsiveness and/or demonstration of granuloma
by MRI or biopsy and exclusion of other causes (tumours, vasculitis,
basal meningitis, sarcoidosis, aneurysm, diabetes and ophthalmoplegic
migraine), according to the International Headache Society (IHS 2004).
Methods We report 5 patients (3 males, 2 females, age range: 35–65
years) affected by THS according to IHS inclusion criteria. All
patients underwent general, neurological and ophthalmologic exami-
nations, routine blood tests, serum inflammatory and infectious tests,
autoantibodies, angiotensin converting enzyme, tumour markers and
gadolinium enhancement brain MRI. Cerebral angiography and cav-
ernous sinus biopsy were performed in 1 patient, and CSF examina-
tion was performed in 1 patient.
Results In 3 patients, laboratory data and neuroimaging were normal
at onset of symptoms; high dose steroid therapy was promptly start-
ed (desamethasone 16 mg bid i.m. tapered in 4 weeks) within 5 days
from onset of symptoms. Pain disappeared within 60 h, ocular palsies
within 5 days from onset therapy. Two other patients had cavernous
soft-tissue mass at gadolinium enhanced brain MRI and lightly
increased sedimentation rate. Cavernous sinus mass biopsy was per-
formed in 1 case showing nonspecific inflammatory abnormalities.
These 2 patients underwent high dose steroid therapy only after 1
month from the onset of symptoms and showed slow improvement
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venting migraine, especially the menses-associated variety, its effect is
apparently unrelated to a supposed Mg-deficient status in patients with
migraine; in fact, they appear to have higher total Mg levels than healthy
people. It can be speculated that migraine patients need to attain higher
Mg levels in serum in order to compensate for a tendency to lose more Mg
or to face a lower efficiency of Mg transporters on cell membranes.

13
SUNCT SYNDROME IS RESPONSIVE TO VERAPAMIL: A
CASE REPORT
M. Abbate, S. Gangemi, M.C. Narbone
Department of Neurosciences, University of Messina, Italy

SUNCT is a rare form of short-lasting headache classified in the last
International Classification of Headache Disorders (ICHD-II) as a pri-
mary headache; however the literature discloses some cases of sec-
ondary SUNCT syndrome. SUNCT syndrome is remarkably refractory
to pharmacotherapy; in particular it appears unresponsive to drugs usu-
ally useful in the treatment of other short-lasting headaches; verapamil
even had been reported to worsen SUNCT attacks. We describe a 61-
year-old man who came to our observation in November 1999, because
of a stabbing pain, strictly localised in the right supraorbital region,
accompanied by ipsilateral conjunctival injection, lacrimation and rhin-
orrhoea. His headache history started in February 1992 when each pain
attack lasted 30–60 s, occurred once or twice a day and recurred every
one or two months; this attack period lasted nine months. A second
attack period appeared in June 1993 and lasted one month; on this occa-
sion the attacks occurred twice a day and recurred weekly. In June 1999
the above attacks reappeared, showing an increasing worsening until
November 1999, when the attacks lasted 60–240 s each and occurred up
to 20 times per day; so the patient came to our attention. His neurolog-
ical and general examinations were normal; his personal history
revealed the presence of high blood level of triglycerides. A MRI and
MRI angiography of the brain revealed the presence of a previous right
cerebellar lacunar infarct. We started treatment with verapamil (240 mg
bid); two days later our patient experienced a complete absence of the
attacks. Since then the patient came back to us in February 2004. He had
been continuing with the verapamil treatment, at the same dosage; so he
had sporadic attacks lasting about 30 s and consisting of the painful
phase alone; he never had local autonomic manifestations. Whenever
the patient tried to reduce verapamil dose, taking a daily dose of 180 mg
per day, the clinical picture worsened markedly. The value of this case
is the dramatic response of the clinical picture to verapamil. This find-
ing suggests care is needed in using verapamil as a pharmacological
precipitation of SUNCT attacks and reconsideration of its use as a pro-
phylactic treatment of SUNCT.

14
MIGRAINE AND FOOD
A. Ganga, V. Perria, M. Falchi, L. Mannu, G. Rosati
Operative Unit “Centro di Diagnosi e Cura delle Cefalee”, c/o
Neurological Clinic, University of Sassari, Azienda USL N°1,
Sassari, Italy

Although since ancient times a possible relationship has been observed
between the outbreak of migraine crisis and some foods, little progress
has been made so far in the identification of that relationship. The most
implicated foods are: (1) foodstuff containing vasoactive amines (like
tiramine, histamine and serotonine), and (2) foods with vasoactive
action (direct action: nitrites and nitrates, monosodic glutamate, alco-
hol and liquorice; indirect action: chocolate, caffeine, ice cream, aspar-
tame). The aetiopathogenetic hypotheses so far formulated are: (1)
congenital deficit of some enzymes, (2) activation of immune system,
and (3) aspecific allergic mechanism in the intestine (hypothesis
excluded from more recent studies).
Conclusions Our research induced us to conclude that, in predisposed
subjects, migraine could be caused by a multifactorial process, in some
way based on a vasoactive action, direct or mediated. However, from
this evident approximation, emerges the need for studies to resolve the
innumerable and complicated problems which regulate the connection
between migraine and diet.



with complete recovery within 2 months. Cavernous sinus mass dis-
appeared after 6 months on brain MRI. No patients showed any clin-
ical relapse during follow-up (from 3 to 10 years, mean 6 years).
Conclusions Our report confirms that steroid treatment has to be
started early during the course of the disease to obtain a more rapid
resolution of symptoms and signs, possibly preventing anatomical
damage. MRI could have a positive prognostic value predicting
steroid efficacy and clinical outcome.

17
INTERFERON AND HEADACHE: 2 CLINICAL CASES
V. Centonze, A. Bassi, M.A. Cassiano, V. Causarano, N. Morelli
Headache Unit, Internal Medicine, P.O. “F. Jaia”, Conversano, Bari,
Italy

Introduction Several studies report the onset, during interferon (IFN)
treatment, of relevant psychopathological side effects like depression,
anxiety, and a no better specified “headache”. The aim of the study is
to report the onset of a “migraine-like” headache in 2 patients affect-
ed by Chronic Hepatitis C, diagnosed according to biological, instru-
mental and morphological criteria, treated with IFN-alfa1 3 MU i.m.
thrice weekly, for 2 cycles of 6 months each.
Case reports Case 1: Male, age 43, professional man, married, 1 son; dur-
ing first two months of treatment, the patient complained of the onset of
rapidly severe headache, localised in fronts and temples bilaterally, irradi-
ated to nape, throbbing, accompanied by asthenia, photophobia, phono-
phobia, nausea, lasting 2–4 h. Headache disappeared without analgesic
use. Afterwards, the patient referred two attacks similar in clinical features
to the first one, with a pain-free period of about 2 months. During the sec-
ond IFN treatment another 4 attacks occurred, treated with NSAIDs.
Follow up after interruption of IFN therapy showed the disappearance of
headache attacks. There was no personal or family history of headache.
Case 2: Male, age 48, employer, married, 2 sons. During the first IFN
cycle, despite asthenia and a slight “flu-like illness”, treated with ASA dur-
ing the first two weeks only, the patient referred the rapid onset of severe
headache, localised in fronts and temples bilaterally, sometimes diffuse in
other parts of the head, throbbing, accompanied by asthenia, depression,
photophobia, phonophobia, nausea, lasting 2–6 h, responsive to NSAIDs
medication. During the whole cycle of IFN treatment, the patient referred
7 attacks, with 20–40 pain-free days. Follow up after interruption of IFN
therapy showed disappearance of headache attacks. There was no person-
al history of headache, but only familial history (a sister).
Discussion The analogy between referred headache and clinical fea-
ture of migraine and interactions between IFN and serotoninergic neu-
rotransmitter system, suggests that further research is necessary to
investigate the “IFN-migraine model” as a tool to study the patho-
physiological mechanism of migraine.

18
SYMPTOMATIC CLUSTER HEADACHE FOLLOWING AN
ISCHAEMIC LESION OF THE TRIGEMINOCERVICAL COM-
PLEX
P. Barbanti, A. Truini, G. Fabbrini, G. Cruccu
Department of Neurological Sciences, University La Sapienza, Rome,
Italy

Case report A 65-year-old man, who had never suffered from headache
before, showed the abrupt onset of an excruciating throbbing pain in the left
orbital/temporal region accompanied by intense lacrimation, eye redness
and eyelid oedema, lasting 30–40 min, 1–3 times a day at regular times,
unresponsive to common analgesics. The clinical picture was indistin-
guishable from idiopathic cluster headache (CH). Three days later he com-
plained also of unsteadiness while walking and was hospitalised. During
the following 24 h he experienced another 2 CH-like attacks successfully
treated with O2 and showed progressive dysphonia and dysphagia. The neu-
rological examination revealed a left Horner’s syndrome, nystagmus, atax-
ia, slight right hemiparesis, left facial hypoesthesia, right hemicorporal
hypoesthesia, brisk deep tendon reflexes and Babinski sign on the right.
Cranial MRI revealed a massive ischaemic lesion of the trigeminal nucleus
caudalis from the medulla to the higher segments of the spinal cord. R1
component of blink reflex was spared whereas R2 was bilaterally absent

after stimulation of the affected side. SEPs after median nerve stimulation
showed no abnormalities. These data suggested a lesion of trigeminal
spinal nucleus with the sparing of medial lemniscus. The patient died of
severe pulmonary complications 3 days after admission to hospital.
Conclusions Rapid clinical and radiological investigations are needed
when CH symptoms begin in the elderly, as CH-like pain may be at
first the only symptom of a lesion of the trigeminocervical complex.

19
SPONTANEOUS CSF LEAKAGE: UNKNOWN REASON OF
HEADACHE IN NON TRAUMATIC BILATERAL CHRONIC
SUBDURAL HEMATOMA
E. Ferrante, A. La Camera, A. Savino*, F. Spanò°, M. Collice
Dipartimento di Neuroscienze, Niguarda Hospital, Milan, Italy
*Dipartimento di Medicina Interna, Niguarda Hospital, Milan, Italy
°Dipartimento Cardiologico, Niguarda Hospital, Milan, Italy

Background SIH is an important cause of headache but is not a well
recognised entity. The misdiagnosis of SIH can have serious conse-
quences: bilateral chronic subdural hematoma (BCSH).
Methods During the last 3 years (from April 2001 to March 2004) in
Niguarda Hospital, 28 non traumatic BCSHs were surgically treated.
A retrospective evaluation demonstrated that 26 cases were assigned
to defined reasons (cardiac diseases in anticoagulant therapy, hyper-
tension, coagulation deficits, hepatic diseases, etc). Only 2 cases
were of unknown cause. We describe these cases.
Results First case: a 58-year-old man with orthostatic frontal headache,
vomiting and dizziness. Because the headache worsened, after 23 days,
the patient was admitted in our hospital. A cerebral CT scan showed a
BCSH. He was operated on but the headache did not resolve and CT scan
after ten days showed a reaccumulation of right subdural collection. The
patient was again treated and the headache improved two days after the
second operation. MRI with gadolinium, after six months from the begin-
ning of symptoms, showed a diffuse pachymeningeal enhancement, a sign
of SIH. The patient is asymptomatic at 2 years follow-up. The second case
was a 58-year-old man, affected by mellitus diabetes, with acute ortho-
static headache and subsequent hearing loss. After 45 days he presented
diplopia and mental confusion. Brain CT and MRI, without contrast,
showed a BCSH. The patient underwent a craniectomy at the 66th day
after the beginning of headache. In the operating room the burr holes per-
formed discovered absence of blood clot and showed a bilateral collection
of subdural citrin and dense liquid. Despite transient improvement of
headache, CT scans showed a recurrence of subdural collection and the
patient was operated on after 12 days on the left side and after 17 days on
the right side with headache recovery. A MRI 3 months after showed cau-
dal dislocation of brain and displacement of pons against clivus, signs of
SIH. The diplopia disappeared after 4 months.
Conclusions In these cases the BSCH is a fluid collection, related to
SIH by CSF leakage. The headache is the first symptom and the direct
result of CSF volume reduction and the downward displacement of the
brain structures. Symptomatic subdural collections misdiagnosed may
require surgical evacuation, but the recurrence rate is increased if the
CSF leakage is not treated. Cerebral and spine MRI with gadolinium
are necessary before surgical treatment in suspected cases of SIH.

20
SUBOCCIPITAL DECOMPRESSIVE CRANIOTOMY RESOLVES
COUGH HEADACHE SECONDARY TO CHIARI TYPE 1 MAL-
FORMATION
E. Sancisi, G. Pierangeli, S. Cevoli, E. Minguzzi, M. Tassinari, C.
Monaldini, S. Zanigni, P. Montagna, P. Cortelli*
Dipartimento di Scienze Neurologiche, Università di Bologna, Italy
*Dipartimento di Neuroscienze, Università di Modena e Reggio
Emilia, Italy

Introduction Headache triggered by cough or other sudden Valsalva
manoeuvres is a symptom of intracranial disease and usually does not
respond to medical therapy. We describe a patient with secondary
headache due to Chiari malformation type I who initially responded to
treatment with indomethacin and whose headache disappeared after
suboccipital decompressive craniotomy.
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months, although they could be interrupted for a few hours by naproxen.
Physical examination showed decreased range of neck motion, pain on
compression of the right occipital area and stiffness of paravertebral mus-
cles. Two primary headaches were initially considered: chronic tension-
type headache and hemicrania continua. The first was unsatisfactory main-
ly because of the constant unilateral location; the second was ruled out by
lack of response to indomethacin. We performed cerebral CT which was
normal. Cervical MRI with contrast revealed an expansile lytic lesion in
the right lateral mass of C1, without spinal cord or nerve root compression,
suggesting vertebral ABC. In accord with the International Headache
Society classification, we diagnosed cervicogenic headache due to ABC in
the first vertebra. We conclude that it is important to consider a secondary
headache in patients with strictly unilateral pain and atypical features.
ABC of the cervical vertebrae should be suspected when there is pain in
the occipital-cervical regions, even though this condition rarely affects ver-
tebrae (1.3% of cases): three other patients with ABC of the atlas have
been reported, all had occipital pain.

23
TOLOSA-HUNT LIKE SYNDROME IN NASAL POLYPOSIS
M. Longoni, S. Iurlaro, A. Aliprandi, L. Fumagalli, M. Vaccaro, P.
Santoro, C. Ferrarese, E. Agostoni
Department of Neurology, S. Gerardo Hospital, University of
Milano-Bicocca, Monza, Italy

Tolosa-Hunt syndrome (THS) is a painful ophthalmoplegia caused by
nonspecific inflammation (noncaseating granulomatous or nongranuloma-
tous) within the cavernous sinus or superior orbital fissure. According to
the International Headache Society, the diagnostic criteria of THS include
at least one episode of unilateral or bilateral orbital pain for an average of
8 weeks if untreated, with associated paresis of one or more of the third,
fourth and sixth cranial nerves, and exclusion of other causative lesions by
neuroimaging and (not compulsory) carotid angiogram. In this case report
we described a Tolosa-Hunt like syndrome due to nasal polyps. A 68-year-
old man with a past medical history of mitral valve replacement and sev-
eral previous nasal polypectomies was admitted at our emergency depart-
ment with a seven-day history of violent right-sided, steady orbital–peri-
orbital pain and frontal headache associated with nausea and vomiting. His
symptoms progressed over several days with double vision, although the
CT scan performed at the onset of headache was normal. On the initial
physical examination he had a partial third and partial sixth nerve palsy on
the right without any other neurological sign. To better evaluate these clin-
ical findings, an MRI scan with gadolinium was performed and an
enhanced lesion of the spheno-ethmoidal structure infiltrating the right
small wing of the sphenoidal bone and the right cavernous sinus was
depicted. At the second day of shelter the patient developed fever, the chest
X-ray and the urine analysis were normal, and the haemocultures were
positive for Streptococcus pneumoniae. For this reason the patient
received an antibiotic therapy and because of the MRI finding he started
with steroids. After a few days of treatment the headache completely
recovered as well as fever. The patient was then evaluated by the neuro-
surgeon and the ear, nose and throat (ENT) specialist who advised a nasal
fibroscopy. Finally the presence of several polyps, the biggest close to the
posterior part of the ethmoidal bone on the right, and mucosal thickness
was detected. Therefore the patient continued with steroids e.v. for five
days followed by seven days of per os therapy. At the end he fully recov-
ered and the CT scan performed later revealed a sharp reduction in polyps.

24
SPONTANEOUS INTRACRANIAL HYPOTENSION IN A
PATIENT WITH MARFAN’S SYNDROME
S. Iurlaro, C. DeGrandi*, P. Apale, A. Aliprandi, C. Ferrarese, E.
Agostoni
Department of Neurology, University of Milano-Bicocca, S. Gerardo
Hospital, Monza, Italy
*Department of Neuroradiology, University of Milano-Bicocca, S.
Gerardo Hospital, Monza, Italy

Despite progress in the understanding of the clinical and imaging
spectrum of intracranial hypotension syndrome (IHS), the cause of
spontaneous CSF leakage often remains unknown. A pre-existing
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Case history A 59-year-old man complained of short-lasting
headache following Valsalva-like manoeuvres or when getting up
from a lying position. The headache started 4 years earlier and, at the
time of our evaluation, was very frequent (more than 15/day). The
pain had a sudden onset and lasted less than 30 s, resolving as soon as
the triggering event or activity ceased. It was described as severe,
sharp, bilateral and widespread. The headache initially responded to
treatment with indomethacin 25 mg tid. The neurologic examination
was normal, as was computed tomography scan and routine laborato-
ry tests. Brain and cervical spine magnetic resonance imaging (MRI)
revealed a Chiari malformation type I and syringomyelia extending
from C1 to C2 associated with cord damage. The headache rapidly
worsened after diagnosis and became continuous in the orthostatic
position. He underwent neurosurgical decompression and duraplasty,
after which the headache completely disappeared.
Conclusions This case underlines the necessity of MRI in patients with
cough headache irrespective of their response to indomethacin. The fact
that postoperatively the headache was no longer present suggests that the
pain is produced by traction and pressure on pain-sensitive structures due
to the impaction of the cerebellar tonsils in the foramen magnum.

21
HEADACHE IN MS PATIENTS TREATED WITH INTERFERONS
A. Rigamonti, L. La Mantia, D. D’Amico, N. Mascoli, G. Bussone, C.
Milanese
National Neurological Institute “C. Besta”, Milan, Italy

Recent data suggest aggravation of pre-existing headache or onset of a
new headache in MS patients receiving interferons (IFN). The aim of the
study was to assess the onset of headache and/or the changes in pre-exist-
ing headache in MS patients treated with immunomodulatory agents. We
recruited a sample of consecutive patients treated with IFN, azatioprine
(AZA) or glatiramer (GLA). All patients underwent a semi-structured
interview guided by a questionnaire which sought information needed to
diagnose headache type according to the International Headache
Classification criteria. Attention was focused on the onset of headache
before or after the start of treatments for MS, and on the possible changes
in headache parameters (mean severity and duration of pain, mean fre-
quency of attacks, presence of accompanying symptoms). A total of 150
MS patients entered the study (100 females, 50 males; mean age 38.6;
relapsing–remitting MS in 115, and a secondary progressive form in 35
patients). Among them 109 were treated with IFN, 27 with AZA and 14
with GLA. In 46 patients headache was present before starting treatment:
in 41.3% the diagnosis was migraine without aura (1.1), in 10.8%
migraine not fulfilling all the criteria (1.7) and in 47.9% tension-type
headache (2.1). Patients were then divided into 3 treatment groups in order
to evaluate changes in headache and onset of a new headache syndrome.
Headache was worse in 5.6% patients in the IFN group, in none of the
AZA and in the GLA groups. A new headache started in 38 patients (1.1
in 10; 1.7 in 4; TTH in 24 patients): none of those patients treated with
AZA or GLA developed a new headache, while 34.8% in the IFN group
reported de novo headaches (1.1 in 26.3%, 1.7 in 10.5%, TTH in 63.2%).
Our results showed that IFN treatment may exacerbate pre-existing
headaches and may trigger de novo headaches in MS patients. Further
studies are needed to understand the possible mechanisms of these phe-
nomena, which seem to be related only to IFN, and not to other
immunomodulatory treatments.

22
CERVICOGENIC HEADACHE IN A PATIENT WITH
ANEURYSMAL BONE CYST
D. D’Amico, E. Mea, L. Massimo, L. Grazzi, G. Bussone
National Neurological Institute “C. Besta”, Milan, Italy

Aneurysmal bone cyst (ABC) is a benign tumour which occurs frequent-
ly in young patients, usually characterised by painful swelling and by an
expansile appearance on radiographs. We describe a 16-year-old boy who
for 3 years had had episodes of severe sudden onset fixed unilateral pain
in the right mastoid region, lasting 2–3 h, irradiating to the ipsilateral fron-
totemporal and cervical regions, and accompanied by bilateral tearing. The
attacks were episodic initially, but became continuous over the last 3



weakness or defect of the dura is a possible cause in some patients.
We describe a 40-year-old woman who was admitted into the hospi-
tal complaining of severe headache. It was clearly related to posi-
tion, worsening upon standing and resolving upon assuming a supine
position. Analgesics failed to give relief. The neurological exam was
normal. Anamnesis was negative for head or back trauma and vigor-
ous exercise. On the assumption of orthostatic headache due to
hypotension syndrome, a brain gadolinium-enhanced MRI was per-
formed. It revealed diffuse pachymeningeal enhancement with
gadolinium and the presence of subdural hygromas, which are the
most commonly described imaging abnormalities in IHS. Spine MRI
demonstrated a widening of the sacral dural sac, the probable site of
CSF leakage. Lumbosacral dural ectasia is considered one of the
major criteria for the diagnosis of Marfan’s syndrome (prevalence
92%) and the familiar anamnesis revealed that the patient’s daughter
was affected. The patient was tall with long slim limbs and a careful
examination revealed severe scoliosis, kyphosis, pectus excavatum,
wrist sign of Walker-Murdoch and stiae atrophica of the skin.
Neither cardiological nor ocular abnormalities were detected.
Diagnosis of Marfan’s syndrome was made. The patient was treated
successfully with bed rest and intravenous saline infusion.
Connective tissue disorders, and among these Marfan’s syndrome,
can be associated with meningeal abnormalities such as arachnoid
diverticula and sac ectasia. Previous observations suggested that in
at least some patients with spontaneous intracranial hypotension
connective tissue disorders may lead to dural weakness and may
facilitate CSF leaks.

25
A CASE OF MIGRAINE-INDUCED EPILEPSY
E. Mea, S. Franceschetti, M. Leone, D. D’Amico, G. Bussone
National Neurological Institute “C. Besta”, Milan, Italy

Migraine (particularly migraine with aura) and epilepsy are charac-
terised by paroxysmal, transient alterations of neurologic function,
usually with a normal neurological examination between events.
Epidemiological studies indicate an association between migraine
and epilepsy with increased prevalence of migraine in patients with
epilepsy and vice versa. A 28-year-old man presented who had suf-
fered from migraine attacks with and without aura (scintillating sco-
toma and visual loss in bitemporal hemifield lasting about 30 min)
since the age of 13. In March 2002, while playing videogames (inter-
mittent photic stimulation) and with a migraine aura in course, he
developed, for the first time, a generalised seizure. Neurological
examination was unremarkable. Cerebral MRI, and EEG with polyg-
raphy performed a few months before our observation were normal.
The occurrence of an epileptic seizure after intermittent photic stim-
ulation in the context of a history of migraine attacks with visual
aura, suggests an occipital seizure with secondary generalisation. The
relationship between photo-sensitive seizures and migraine with aura
may be due to an altered state of the occipital cortex which gives rise
to both disorders. Alternatively, the migraine or its aura may have
caused cerebral damage that became an epileptic focus. Support for
this hypothesis in the present patient is provided by the fact he had
been using lorazepam, on aura onset, to successfully reduce the dura-
tion of the aura and suppress the ensuing headache.

26
CLUSTER-LIKE HEADACHE SYNDROME OR ATYPICAL
TACS AS PRESENTING SYMPTOM OF MS?
A.P. Cannatà, B. Maccarini, A. Magnoni, M. Sgarzi, F. Frediani
Neurological Department, Policlinico “S. Pietro”, Ponte S. Pietro
(BG), Italy

We describe a case of a 29-year-old male affected by a “cluster like”
syndrome as the presenting symptom of possible multiple sclerosis.
The patient came to our observation with a 10-year history of spo-
radic headaches. In the last 3 years the attack rate increased with
low response to pharmacological treatment. Pain was excruciating

in and around the right eye, continual and lasting 6–8 h. Attacks
recurred 1–2 times per week. There were no other associated fea-
tures, as well as lacrimation, photo- or phonophobia, rhinorrhoea,
miosis, ptosis, conjunctival injection, eyelid oedema, nausea or
vomiting. Attacks were relieved using rizatriptan per OS.
Neurological examination showed only brisk reflexes in all four
limbs; there were no other physical findings. Because of atypical
characteristic features (attacks lasting more than three hours, no typ-
ical periodism, no autonomic signs), and the presence of brisk
reflexes, the patient underwent a brain MRI examination. MRI scan
revealed multiple periventricular demyelinating lesions. On 19 April
2004, the patient was admitted to our neurological department. Four
days before admission he referred electric shock-like feelings down
the back on flexing the neck, clearly indicating Lhérmitte’s sign.
Laboratory data were normal. MRI imaging of spinal cord showed a
lesion at cervical level, with a strong enhancement, indicating
inflammatory active lesion. Cerebral spinal fluid examination was
completely normal, with no oligoclonal bands and no increased IgG
proteins. PEV, BAEP and PESS were normal. Visual field examina-
tion was normal. Headache attacks slowly decreased during the
month before hospital admission. At the discharge head pain was
completely resolved. The patient was treated with high dosage
steroid infusion, with resolution of Lhérmitte’s sign. Neurological
examination was unchanged. We discuss the possible interpretation
of headache, resembling cluster headache but maybe more appro-
priately thought of as prolonged TACs syndrome. When a patient
shows atypical signs for primary headache, however, it is mandato-
ry to investigate with neuroimaging tools. Again, we look to the pos-
sible link between demyelinating diseases and head pain. Finally,
the therapeutical aspects will be analysed.

27
A RARE REPORT OF FAMILIAL RECURRENCE OF THE
THROMBOPHILIC STATUS ASSOCIATED TO MIGRAINE
WITHOUT AURA
V. Pizza, D. De Lucia**, G. Volpe, A. Agresta, E. Lamaida, F.
Infante*, N. Schiavo*, A. Bianchi++, C. Colucci d’Amato+

Neurophysiopathology Service, S. Luca Hospital, Vallo della
Lucania (SA), Italy
*Laboratory of Analysis Service, S. Luca Hospital, Vallo della
Lucania (SA), Italy
**Laboratory of Haemostasis and Thrombosis, II University of
Naples, Italy
+Department of Neurological Sciences, II University of Naples, Italy
++Pharmacology Department, Catania and Salerno University, Italy

Introduction Several studies have reported a thrombophilic status
associated to migraine with aura.
Case report FA (father) (male, 55 years), FM and FMA (son and
daughter) (21 years and 24 years, respectively) are affected by
migraine without aura (IHS ’88 criteria) from 35 and 7 years old
respectively and with a familial history of cardio-vascular disease
(myocardial infarction in FA). Data of laboratory examinations for
screening of the prothrombotic risk revealed respectively: FA, (FM)
[FMA]: Fg 515 (341) [389] mg/dl (range 265.5±40.4), PAI-1 95 (65)
[35] ng/ml (32.5±11.5), F1+2 1.55 (1.05) [0.55] nM (0.48±0.35), D-
Dimer(s) 485 (285) [185] ng/ml (185±115), Factor II 134 (132)
[144] % (100±25), Factor V 130 [93.4] % (100±25), Factor VIII 152
(148) [132] % (100±45), Factor IX 134 (128) [182] % (100±25),
Factor XII 184 (202) [208] % (100±25), Hcy 42.6 (32.4) [9.74]
?mol/l (8.0±3.5). Gene polymorphisms: FV Leiden GG (GG) [GG],
MTHFR gene: TT/AC (CT/AA) [CT/AA], Prothrombin gene
(G20210A): GG (GG) [GG], PAI-1 gene: 4G5G (4G5G) [4G5G],
ACE gene: I/D (I/I) [I/I].
Conclusions Our data have demonstrated a strict association
between migraine without aura, familial history of cardiovascular
disease and prothrombotic genetic risk factors. So, haemostatic risk
factors for arterial thrombosis could also be a helpful tool for study-
ing migraine without aura patients.
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tigation showed heterozygous mutation 521GÆA in the exons 4 of
NOTCH3 gene on chromosome 19p13.1, responsible for aminoacidic
substitution CysÆTyr.
Discussion CADASIL’s diagnosis is not easy: in our patient this
diagnosis suggested to onset age, neuroimaging and clinical signs
was genetically confirmed. CADASIL begins with migraine with
aura in about one-third of patients, so in young patients a brain MRI
and prophylaxis with ASA are always recommended.

30
TRANSIENT HEADACHE, IMPAIRMENT OF CONSCIOUS-
NESS AND BASAL GANGLIA OEDEMA AS TYPICAL PRE-
SENTATION OF UNUSUAL DEEP CEREBRAL VEIN THROM-
BOSIS. A CASE REPORT
F. Grassi, F. Piamarta*, C. Tonini, G. Calabrese**, D. Mantica, G.
Perri, D. Cittani
Department of Neurology, “G. Salvini” Hospital, Garbagnate
Milanese (MI), Italy
*Department of Neurology, University Milano-Bicocca, San Gerardo
Hospital, Monza, Italy
**Department of Radiology, “G. Salvini” Hospital, Garbagnate
Milanese (MI), Italy

Cerebral vein and dural sinus thrombosis is an uncommon condition
with a wide spectrum of clinical presentation and outcome. We
describe the case of a 31-year-old woman who experienced an acute
episode of mild headache associated to a fluctuation of consciousness.
Neurological examination demonstrated a mild pyramidal involvement
on the right side. A basal brain scan CT showed a hypodensity in the
left thalamus, putamen and caudate. Therapy with desametasone was
started and a brain MRI was performed in order to exclude a neoplasm.
This study indicated a signal hyperintensity in T2 weighted sequences
in left basal ganglia and a linear hyperintensity in the left fornix region.
This finding suggested a possible deep cerebral veins thrombosis. The
hypothesis was confirmed with a conventional angiography. The
patient started anticoagulant therapy and clinical conditions improved
dramatically. A screening for thrombophilia demonstrated a prothrom-
bine gene mutation in homozygosis and a MTHFR gene mutation in
heterozygosis so the anticoagulation should be performed for long
time. In conclusion, if a patient presents with focal neurological
deficits, headache and mental obtundtation, deep cerebral vein throm-
bosis might be suspected. Early recognition of this clinical entity and
treatment are fundamental for a favourable outcome.

31
MIGRAINE WITH AURA IN A PATIENT WITH CARDIAC
MYXOMA: CASE REPORT
L. Caputi, D. D’Amico, M.R. Carriero, C. Matarazzo, G.
Boncoraglio, G. Bussone, E.A. Parati 
National Neurological Institute “C. Besta”, Milan, Italy

Atrial myxoma is a primary cardiac tumour which is known to cause
stroke in young people or other neurological or cardiac disturbances
(syncopal episodes, seizures, dyspnoea, pulmonary oedema). A few
cases of an association between cardiac myxoma and migraine have
been reported. We describe a 48-year woman who reported episodes
characterized by transient neurological symptoms followed by
headache from the age of 33 years. During the first 5 years she com-
plained of paresthesias in the right arm sometimes associated with
dysphasia, lasting about 20 minutes, followed by severe, throbbing,
bilateral headache, lasting 4–8 hours, without autonomic symptoms.
During the following 10 years, the neurological symptoms were char-
acterized by visual disturbances (zig-zag lights, lasting about 30 min-
utes). The frequency of these episodes was usually 2–4 per month,
with rare periods of 10–15 attacks per month. Routine blood examina-
tions were normal. Cerebral MRI and MRI angiography did not show
any abnormal finding. A transesophageal echocardiography (TEE) was
performed to evaluate the presence of PFO: it showed a solid, oval
mass in the left atrium in contact with the interatrial septum, corre-
sponding to atrial myxoma. Only a few cases of patients with migraine
and cardiac myxoma have been reported, but they were different from
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INTERATRIAL SEPTAL ABNORMALITIES AND MIGRAINE
WITH AURA: TWO-YEAR FOLLOW-UP RESULTS OF TRAN-
SCATHETER CLOSURE OF THE CARDIAC DEFECT IN TWO
MIGRAINE WITH AURA (MWA) PATIENTS
S. Zanigni, G. Pierangeli, S. Cevoli, C. Monaldini, E. Sancisi, A.
Donti*, P. Montagna, P. Cortelli**
Dipartimento di Scienze Neurologiche, Università di Bologna, Italy
*Dipartimento di Cardiologia e Cardiochirurgia Pediatrica,
Ospedale S. Orsola-Malpighi, Bologna, Italy
**Dipartimento di Neuroscienze, Università di Modena e Reggio
Emilia, Italy

Migraine with aura (MwA) has been associated with interatrial septal
abnormalities in the literature. We have followed for two years two
patients affected by MwA with visual aura who underwent transcatheter
closure of interatrial septal abnormalities. Case 1: A 40-year-old woman
suffering 8 attacks/year of MwA since the age of 12 years. Her migraine
was partially responsive to Zolmitriptan. MRI showed multiple ischaemic
brain lesions. A patent foramen ovale (PFO) was detected when she was
38 years old and she underwent closure of PFO by transcatheter tech-
nique. In the month after the intervention she presented 6–7 episodes of
isolated visual aura but subsequently has not suffered from MwA during
the follow-up. Case 2: A 49-year-old man affected by MwA since the age
of 15 years; the attacks occurred once a month and were responsive to
Sumatriptan. At the age of 18 years an interatrial defect type II was
detected and he underwent closure of the abnormality by transcatheter
technique when he was 46 years old. Immediately after closure a
migraine aura status began with attacks recurring every day for three
months. The MRI was normal. Symptoms disappeared after the start of
oral Acetazolamide (250 mg twice a day). The therapy lasted 4 months
and then he presented only one episode of aura during the follow-up.
Conclusions Patients had a worsening of visual auras (one case respon-
sive to Acetazolamide) after closure of their interatrial defects but they
have not suffered from MwA attacks during the two-year follow-up. This
evidence may confirm the pathogenetic role of cardiac right-to-left shunt
in the genesis of aura attacks in migraineurs and underlines the impor-
tance of cardiac evaluation for interatrial septal abnormalities in MwA.

29
SYMPTOMATIC MIGRAINE WITH VISUAL AURA, FIRST
CLINICAL SIGNUM CADASIL’S PRESENTATION
D. Mantica, P. Anzini, C. Tonini, F. Grassi, F. Piamarta*, A. Coppola,
G. Perri, G. Calabrese**, D. Cittani
Department of Neurology, “G. Salvini” Hospital, Garbagnate
Milanese (MI), Italy
*Department of Neurology, University Milano-Bicocca, San Gerardo
Hospital, Monza, Italy
**Department of Radiology, “G. Salvini” Hospital, Garbagnate
Milanese (MI), Italy

Background Cerebral autosomal dominant arteriopathy with subcor-
tical infarcts and leukoencephalopathy (CADASIL) is a rare heredi-
tary neurodegenerative pathology of recurrent stroke, TIA, vascular
dementia and migraine with aura.
Case report A 60-year-old woman was admitted to our neurological
department for acute ischaemic attack. Pathological history revealed
migraine with visual aura from 30 years, hypertension from 20 years,
TIA 10 years ago, moderate cognitive impairment associated to depres-
sion and hypercholesterolaemia. The neurological examination demon-
strated temporal–spatial disorientation, dysarthria, and mild right
facial-crural pyramidal signs. Brain CT scan in urgency showed severe
leukoraiosis; Ecocolordoppler TSA was normal; clinical laboratory
tests confirmed lipoidoproteinosis and hypercholesterolaemia. A brain
MRI with gadolinium showed confluent lacunar encephalopathy brain
stem, corpus callosum and bilateral basal ganglia; periventricular white
matter signal alterations (leukoraiosis) and cortical–subcortical atro-
phy. Neuropsychological assessment (MMSE score=14.30/30, clock
test=4/10, GDS=10/15) indicated moderate dementia and depression.
Cerebrospinal fluid tests demonstrated: light positivity for 14.3.3 pro-
tein, levels of TAU protein of 560 pg/ml (n.v. 66.2–276). Genetic inves-



our case because in some of them: migraine presentation was atypical
and/or other neurological symptoms were present, or cardiac or gener-
al symptoms were present. In our case, the clinical presentation
allowed a diagnosis of typical migraine with aura with non-migraine
headache, according to the International Headache Society criteria
(2004), the only unusual feature being the high frequency of attacks.
Our report suggests that cardiac investigations, namely TEE may be
warranted in patients with migraine with aura, not only to investigate
the presence of PFO, but also to rule out atrial myxoma, a rare but
important conditions.

32
MIGRAINE WITH AURA IN A PATIENT WITH OCCIPITAL
AVM: CASE REPORT
E. Mea, D. D’Amico, M. Curone, V. Tullo, G. Bussone
National Neurological Institute “C. Besta”, Milan, Italy

Several patients have been reported in whom migraine (migraine with
aura) was associated with cerebral arteriovenous malformations
(AVMs). The relationship between migraine and AVMs is unclear:
instances where attacks have disappeared following surgical removal
of AVM support a relationship, but several other reported surgical
outcomes do not. We describe a 40-year-old man who reported
episodes of visual loss in the left temporal hemifield lasting about 30
min. These attacks occurred irregularly (7–9 episodes/year, often in
clusters of 2–3 attacks on successive days). At age 37 he began suf-
fering from right-sided, severe, throbbing headaches that developed
shortly after a visual episode subsided, usually lasted 1–2 h, and were
accompanied by nausea, but not by photo or phonophobia. Cerebral
CT scan, performed a few months before our observation, following
a car accident, showed a right parietal–occipital vascular lesion. We
performed a cerebral angiography which revealed an AVM in the
right parietal–occipital region, fed from branches of anterior, middle
and posterior cerebral arteries. Neurological examination was unre-
markable. Visual field examination revealed homonymous inferior
quadrantanopsia of which the patient was unaware. According to the
International Headache Society classification, the attacks in our
patient satisfied the criteria for typical aura with non migraine
headache. The unusual features were: the presence of typical aura
without headache over a long period (14 years), the side-locked
nature of the headache, the unchanging presentation of the aura and
the absence of family history of migraine. This case suggests that
neuroimaging may sometimes be justified in patients with migraine
with aura in the presence of unusual or infrequent features.

33
HEADACHE IN ULCERATIVE COLITIS: AN OMINOUS ASSO-
CIATION FOR CEREBRAL VENOUS THROMBOSIS
S. Iurlaro, A. Aliprandi, P. Santoro, L. Marzorati, C. Ferrarese, E.
Agostoni
Department of Neurology, University of Milano-Bicocca, S. Gerardo
Hospital, Monza, Italy

Ulcerative colitis (UC) is often complicated by various intestinal and
extraintestinal manifestations during the course of the disease.
Among the extraintestinal ones, thromboembolic disease is a major
complication because of its high incidence (1.2–7.5% in vitam,
32–39% in necropsy series) and severe prognosis (among these
patients the mortality is 25%). Several case reports (mostly published
in journals of gastroenterology) reported the association between UC
and cerebral venous thrombosis (CVT); some of these point out that
UC is not just a risk factor but also seems to constitute a negative
prognostic factor for CVT both quoad vitam and quoad valetudinem.
We report the case of a 20-year-old woman suffering from UC who
came to the Emergency Room (ER) of our Hospital complaining of
severe headache for the past few days. Basal CT scan was negative
and the patient was discharged after overnight observation. The day
after she returned to the ER for persistence of the headache and was
admitted to the hospital. The following day the patient presented gen-
eralised tonic clonic seizures followed by hemiparesis and aphasia.

CT scan with contrast injection revealed the presence of indirect
signs of CVT (nodular enhancing lesions in left subcortical hypoden-
sity). The diagnosis of thrombosis of the superior sagittal sinus was
confirmed by a brain MRI. Anticoagulant therapy with i.v. heparin
was immediately started but the patient worsened (hemiplegia,
coma). Basal CT scan revealed a large haematoma in the left cerebral
hemisphere which was promptly evacuated. The patient continued to
deteriorate and expired. This case provides some suggestions: (1) the
need to carry out a meticulous anamnesis even in the Emergency
Room, (2) the need to look for signs and symptoms which, associat-
ed with anamnestic data, could represent indicators useful for early
diagnosis of CVT and lead to more sensitive neuroimaging examina-
tions (MRI-MRA), as basal CT scan can be normal in 30% of cases.

34
HEADACHE, CEREBRAL HEMORRHAGE AND MOYAMOYA
DISEASE: CASE REPORT
L. Fumagalli, P. Santoro, S. Iurlaro, A. Aliprandi, M. Longoni, M.
Vaccaro, C. Ferrarese, E. Agostoni
Department of Neurology, University of Milano-Bicocca, S. Gerardo
Hospital, Monza, Italy

We describe a case of Moyamoya syndrome with the presentation of
left thalamic haematoma in a 42-year-old female patient. She present-
ed with sudden moderate headache in left fronto-temporal region
associated with bilateral visual loss. She had a family history of cere-
bral haemorrhages and hypertension. Three years before she had been
diagnosed with vascular hypertension and recurrent thrombophlebitis.
On admission she reported moderate headache and bilateral visual
loss, and the neurological evaluation was normal. Brain CT showed a
small haematoma in left thalamo-subthalamic region. Cerebral MRI
confirmed the presence of the haematoma in the left thalamus and lim-
bic region; there were also areas of marked hyperintensity at T2 with
hypertrophic collateral circulation compatible with vasculopathy. We
continued the diagnostic investigation with cerebral angiography,
which revealed the typical angiographic features of Moyamoya dis-
ease with stenosis of the supraclinoid portion of both internal carotid
arteries and the presence of abnormal collateral vessels. As in the lit-
erature a correlation (about 8%) between Moyamoya and renal artery
lesion is reported, we performed renal echography which was normal.
Moyamoya is a rare disorder of uncertain cause characterised by the
irreversible narrowing or occlusion of the main blood vessels to the
brain and the consequent formation of abnormal vessels in the region
of basal ganglia. This angiopathy is called Moyamoya which means in
Japanese “puff of smoke” as the appearance of the abnormal vascular
network on angiograms. This disease primarily affects children, ado-
lescents and young adults in the third to fourth decades of life.
Females are more frequently affected than males (M/F ratio of 2:3).
Hemiplegia of sudden onset resulting from brain ischaemia, epileptic
seizures and signs of mental retardation constitutes the prevailing pre-
sentation in childhood. In young patients, Moyamoya disease is usu-
ally associated with headaches, speech difficulties, recurrent paralytic
episodes and hemorrhage. Visual abnormalities such as hemianopia,
diplopia and bilaterally diminished visual acuity may occur alone or
in combination: papilledema may indicate subarachnoid or cerebral
haemorrhage. Moyamoya aetiology is unknown, and it might be con-
genital or acquired. In a few patients, it has been attributed to an auto-
somal recessive trait and it has been associated with congenital dis-
eases such as neurofibromatosis and sickle-cell disease. Recent
genome research suggested that the genetic locus for the disease is on
chromosomes 3, 6 and 17 but only among familial Moyamoya disease.
Other work hypothesises that it may be caused by secondary, acquired
causes, such as viral or bacterial infection or that it may be an immun-
odisorder. Arteriography and MRI imaging are diagnostic in
Moyamoya disease. Treatment is symptomatic and supportive.
Therapy with anticoagulants, aspirin and vasodilators may be given to
patients affected by stroke and TIAs to reduce the risk of future
attacks. There are different types of revascularisation surgery that may
be performed in some cases: children in particular respond better to
surgery treatment than adults.
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a left fronto-orbital headache in conjunction with left eye lacrimation
and conjunctival injection, unresponsive to NSAIDS and followed by
dysphagia and difficulty in the tongue’s movements. No recent histo-
ry of head or neck trauma was reported. Neurological examination
showed left eye ptosis, left hypoglossal nerve palsy and right hemi-
paresis. Blood chemistry and haematology were normal (included
markers of coagulation and of inflammatory and autoimmune dis-
eases). General examination ruled out connective tissues disorders.
Brain MRI was unchanged. Cerebral angiography disclosed two sym-
metric pseudoaneurysms in the prepetrosal tract of both ICAs;
intracranial vessels were regular. A self-expanding Wallstent was
placed in the left ICA pseudoaneurysm. A few hours following the
procedure, the patient presented a left partial Horner Syndrome, left-
sided cluster-like headache and carotidynia. The symptoms recovered
spontaneously in two days. The patient was discharged on ticlopidine
500 mg daily and ASA 100 mg daily.
At one-month follow-up angiography, left ICA’s diameter was normal
and the pseudoaneurysm had disappeared. Unfortunately a new one
appeared at the beginning of the left common carotid artery. One
week before the procedure, the patient had experienced a neck trau-
ma during a car crash.
Conclusions Young patients with history of dissection, presenting
with atypical headache and/or neck pain, should undergo extensive
investigations in search of dissection recurrences.
As there is no evidence that conservative treatment can prevent dis-
section recurrence or pseudoaneurysms enlargement, a more invasive
treatment, such as endovascular stent placement, is justified in select-
ed cases.

37
PRIMARY HEADACHE ASSOCIATED WITH SEXUAL ACTIV-
ITY AND CEREBRAL HEMORRHAGE: CASE REPORT
L. Fumagalli, P. Santoro, S. Iurlaro, A. Aliprandi, M. Longoni, M.
Vaccaro, C. Ferrarese, E. Agostoni
Department of Neurology, University of Milano-Bicocca, S. Gerardo
Hospital, Monza, Italy

We describe a case of right thalamic haematoma in a 39-year-old
male patient who presented with thunderclap headache followed by
left hemiparesis during sexual activity. He had a history of tabagism,
tension-type headache treated with analgesic drugs and frequent
episodes of moderate headache during sexual activity. On admission
the neurological evaluation showed right-arm weakness and ataxia,
brisk reflexes on the left side and left Babinski sign; the patient also
reported paresthesias at his left hand. Brain CT showed a small
haematoma in right basal ganglia, confirmed by cerebral MRI.
AngioRM and cerebral angiography, performed to exclude cerebral
aneurysms and AVM, were normal. All symptoms disappeared with-
in 2 weeks from the onset. The second edition of International
Headache Classification includes two distinct subtypes of primary
headache related to sexual activity: the preorgasmic headache and the
orgasmic headache. The former is characterised by a dull ache in the
head, associated with tensing of shoulders, neck and facial muscles,
occurring during sexual activity and increasing with sexual excite-
ment. The latter is an explosive headache that occurs suddenly at the
orgasm and which may be related to haemodynamic changes.
Therefore, orgasmic headache may also mimic subarachnoid haem-
orrhage (SAH). In the case of SAH, however, the headache usually
lasts longer, with accompanying neurologic symptoms and signs. The
pathophysiological mechanisms of primary sexual headache are
haemodynamic changes and stretching of pain-sensitive intracranial
structures. In particular, two different pathogenetic mechanisms of
coital headache have been suggested: (1) disturbance of venous out-
flow and dysfunction of antinociceptive systems; (2) increase of arte-
rial pressure combined with tonic tension of pericranial muscles on
the background of cervicogenic disturbances. Our case then high-
lights the importance of an accurate diagnosis of sexual headache, as
it may be associated with brain disorders such as SAH, cerebral
venous thrombosis, pituitary apoplexia and cerebral haemorrhage. In
fact, blood pressure increase, which has been considered one possi-
ble causes of primary sexual headache, may constitute a risk factor
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MIGRAINE, PFO AND STROKE: TWO CASE REPORTS
L. Fumagalli, P. Santoro, S. Iurlaro, A. Aliprandi, M. Longoni, M.
Vaccaro, C. Ferrarese, E. Agostoni
Department of Neurology, University of Milano-Bicocca, S. Gerardo
Hospital, Monza, Italy

Patent foramen ovale (PFO) or atrial septal aneurysm (ASA) alone, in
the literature, are reported to increase risk of subsequent stroke among
patients who had a cryptogenic stroke. This risk is further increased by
their association. Recently a higher prevalence of right-to-left interatri-
al shunt in patients with a history of migraine with aura has been
demonstrated. Percutaneous closure of PFO can reduce the risk of
ischaemic stroke and reduces the frequency of migraine attacks. We
describe two cases of ischaemic stroke in young women affected by
migraine with aura. The first was a 37-year-old female who presented
with acute basilar thrombosis. She was affected by migraine with aura
characterised by transitory hemiparesis and visual deficits. Brain CT on
admission was normal, while cerebral MRI+angioRM showed an acute
basilar artery thrombosis. The patient was treated with intraarterial
thrombolysis with a complete reperfusion of vertebro-basilar territory,
even if a subsequent cerebral MRI showed recent left pons and right
cerebellar infarcts. Transoesophageal echocardiography was performed
and it showed the presence of PFO with right-to-left interatrial shunt
and a right atrial intramural thrombosis. The patient was treated with
heparin followed by oral anticoagulant therapy. On neurological follow-
up after one month she presented gait ataxia; she was waiting for per-
cutaneous closure of the PFO. In the second case, we describe a 31-
year-old woman who reported acute headache, right hemiparesis and
aphasia. She had a history of migraine with visual aura and without aura
and she reported a retinal artery occlusion at the age of 26 years old.
Cerebral CT on admission was normal while brain RMI+angioRM
showed a recent infarct in left hemisphere and a thrombosis of the dis-
tant middle cerebral artery (MCA). Cerebral angiography confirmed the
occlusion of the MCA; the patient was treated with intraarterial throm-
bolysis with urokinase with subsequent reperfusion. Transoesophageal
echocardiography showed the PFO with right-to-left interatrial shunt
and ASA. During recovery the patient was treated with heparin and then
with oral anticoagulants. On follow-up at one week the patient present-
ed rare episodes of anomia and cerebral angiography was normal. Both
migraine with aura and PFO may constitute a minor risk factor for
ischaemic stroke, although evidence in the literature for the PFO are still
scant. As PFO is present in a significant portion of migraine with aura
patients, we may argue that the pathogenic link between migraine with
aura and stroke may be, at least in part, the presence of the PFO itself.
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CLUSTER-LIKE HEADACHE IN DISSECTING ANEURYSM
OF THE EXTRACRANIAL INTERNAL CAROTID ARTERY:
CASE REPORT
L. Brighina, R. Frigerio, R. Marina*, P. Santoro, C. Ferrarese, E.
Agostoni
Department of Neurology, University of Milano-Bicocca, S. Gerardo
Hospital, Monza, Italy
*Department of Neuroradiology, S. Gerardo Hospital, Monza, Italy

Background Cluster-like headache has been reported in only two
cases of extracranial not aneurysmal internal carotid artery (ICA) dis-
section. ICA dissecting aneurysms are often multiple, thus suggest-
ing a severe underlying arteriopathy, such as fibromuscular dysplasia,
which predisposes to recurrence. The frequency of this later event is
probably underestimated, because it is often oligosymptomatic.
Case report A 42-year-old white woman, without cerebrovascular
risk factors or history of primary headache. When she was 39, fol-
lowing a mild commotive head trauma, she complained of a persis-
tent migraine-like headache with a right hemiparesis at the neurolog-
ical examination.
Head MRI showed several, bilateral signal alterations in the white
matter and a diagnosis of primary CNS vasculitis was made. She
referred to our department for the sudden onset, two weeks before, of



for intracranial hemorrhage during sexual activity. In this case, treat-
ment with beta-blocking drugs may be of great benefit by both reduc-
ing headache severity and frequency and lowering the hemorrhagic
risk of these patients.

38
HEADACHE IN CRANIAL AND CERVICAL DYSTONIA
P. Barbanti, G. Fabbrini, C. Pauletti, G. Cruccu, A. Berardelli
Department of Neurological Sciences, University “La Sapienza”,
Rome, Italy

Background The headache due to craniocervical dystonia has been
introduced in the new IHS classification.
Objective To investigate the frequency and the characteristics of
headache in patients affected by cranial and/or cervical dystonia.
Methods Case-control study. We studied patients with cranial and/or
cervical dystonia treated with botulinum toxin type A (BoNT/A) con-
secutively seen at our Center for Movement Disorders from 15
September 2003 to 31 January 2004. Characteristics of dystonia and
lifetime or current headache were gathered by face-to-face interviews
with structured questionnaires.
Results Forty-five dystonic patients (56.2%) and 40 healthy controls
(50%) had lifetime or current headache. Only one patient met the
diagnostic criteria for headache attributable to craniocervical dysto-
nia. No significant differences in the frequency of the different types
of headache between dystonic patients and controls were found,
migraine being the most common form. The headache appeared or
worsened in 20% of the patients following dystonia onset, whereas it
improved or disappeared in 26.7% following BoNT/A treatment. The
type and the outcome of headache following the onset of dystonia or
BoNT/A treatment were not influenced by the type of dystonia (cer-
vical or cranial) nor by the dose or the duration of BoNT/A treatment.
Conclusions The frequency of current headache in patients with
craniocervical dystonia is lower than that expected in patients with a
hyperactivity of cervical or cranial muscles. This could be ascribed to
the effects of BoNT/A on head pain or to the derangement of basal
ganglia nociceptive sensorimotor integration and modulation.
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FAMILIAL LATE-ONSET MIGRAINE  WITH AURA
G. Bonavina, G. Pierangeli*, S. Cevoli*, C. Monaldini*, S. Zanigni*,
E. Sancisi*, R. D’Alessandro*, P. Cortelli**
Dipartimento di Neuroscienze, Università di Parma, Italy
*Dipartimento di Scienze Neurologiche, Università di Bologna, Italy
**Dipartimento di Neuroscienze, Università di Modena e Reggio
Emilia, Italy

Headache prevalence and aetiology vary dramatically with age. The
prevalence of primary headache disorders declines with age, whereas
the prevalence of secondary headache disorders increases. In evaluat-
ing elderly patients with new onset of headache, a high index of sus-
picion for organic disease is required, especially in patients in the
stroke age bracket who present with a history of neurologic deficit.
We describe a 77-year-old woman (G.L.) who presented rapid onset
(<5 min) marching paresthesias on her left hand and arm followed by
migrainous headache, visual disturbances and speech difficulty.
Neurological examination, CT scan and SPECT were unremarkable;
blood tests disclosed mild hypercholesterolaemia and mild hyperfib-
rinogenaemia. An echocolordoppler of carotid arteries showed a
stenosis of 35% of the internal right carotid artery. During the fol-
lowing year she had another four similar episodes. She had suffered
migraine without aura since she was a teenager and attacks after
menopause; she had been on antihypertensive treatment since the age
of 72. Our patient referred similar episodes in her mother and her
three sisters. We directly interviewed her mother (M.C.), now 100
years old who describes transient episodes of dysarthria followed by
mild migrainous headache after 5–10 min since she was 60 years old.
One month ago she had another migraine attack. The patient’s two
sisters (70 and 68 years old) and a son aged 53 had similar episodes
of transient dysarthria with or without headache after the age of 50

years. We describe a family in which migraine with aura developed
after 50 years of age and persists at the age of 100 in one member.
Our observation suggests a genetic basis for this rare form of late-
onset migraine with aura.
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INCREASED DOPAMINE PLATELET LEVELS IN MIGRAINE
AND CLUSTER HEADACHE
G. D’Andrea, F. Perini*, M. Leone**, A. Farruggio+, G.P. Nordera,
G. Bussone**
Headache and Cerebrovascular Centers of Casa di Cura “ Villa
Margherita” Arcugnano (VI), Italy
*Neurology Department of Vicenza Hospital, Vicenza, Italy
**National Neurological Institute “C. Besta”, Milan, Italy
+Pathology Department of Este-Monselice Hospital, Padua, Italy

The pathophysiology of migraine is complex and not completely
understood. Recently it has been suggested that dopaminergic system
may play an important role in initiation and perhaps in the sustaining
of migraine attacks. This hypothesis is supported by results of a func-
tional MRI-BOLD study in which it has been shown that an increased
intensity of MR signal occurs in substantia nigra and red nucleus
before the appearance of visual triggered symptoms in migraine with
aura (MwA) patients. In addition, high levels of DOPAC, a stable
metabolite of dopamine (DA), are reported in CSF of migraine with-
out aura (MwoA) and MwA patients during their migraine attacks. In
order to study the possible abnormal variations of circulating DA in
primary headaches, we measured its levels in plasma and platelets in
37 MwoA, 14 MwA and 41 cluster headache (CH) sufferers during
headache-free periods and in a group of 40 healthy control subjects.
In plasma DA was very rarely detected in all groups studied. In
platelets DA was detected in the majority of subjects and, in compar-
ison to control group, levels of DA were significantly higher in
platelets of MwoA and CH patients (p<0.0001; p<0.0001, respective-
ly). DA platelet levels were also higher in MwA, however the differ-
ence with control group did not reach statistical significance
(p=0.08). These data show that levels of plasma DA are, perhaps
physiologically, very low and under the sensitivity of our HPLC
methodology. In contrast, DA accumulates in platelets and their lev-
els are significantly higher in all patient groups studied, in particular
in MwoA and CH. These results suggest that the synthesis of DA is
abnormally increased in primary headaches and metabolic abnormal-
ities of this catecholamine may play a significant.
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ELUSIVE AMINE LEVELS ARE ELEVATED IN PLATELETS
OF MWOA AND MWA
G. D’Andrea, S. Terrazzino*, S. Perini§, M. Leone**, A. Farruggio°,
G. Bussone**
Headache and Cerebrovascular Centers of Villa Margherita
Neurologic Clinic, Arcugnano (VI), Italy
§Neurology Department, Vicenza Hospital, Italy
**National Neurological Institute “C. Besta”, Milan, Italy
*Research & Innovation (R&I) Company, Padua, Italy
°Department of Pathology, Este-Monselice Hospital, Padua, Italy

Elusive amines such as tyramine, octopamine and synephrine, products
of alternative tyrosine metabolism, seem implicated in the pathogene-
sis of primary headaches. In fact their levels are found elevated in plas-
ma of migraine without aura (MwoA), migraine with aura (MwA) and
particularly cluster headache (CH) sufferers. The high levels of elusive
amines also in platelets of CH patients support the former hypothesis
at least for this primary headache [1]. In order to further evaluate the
role of elusive amines in the pathogenesis of migraine we measured
levels of tyramine, octopamine and synephrine in platelets of 37
MwoA and 14 MwA during headache-free periods, and 40 healthy
control subjects. In comparison to control subjects, levels of platelet
tyramine, octopamine and synephrine were significantly more elevated
in MwA sufferers (p<0.0001, p<0.01, p<0.01 respectively). In MwoA
platelet levels of all amines were higher than in controls but only for
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After the implantation of electrodes and DBS of the posterior hypo-
thalamus the BP responses to the isometric exercise are impaired in
both the stimulator on and off condition. We speculate that this struc-
ture may play a role in CC network controlling the acute cardiovas-
cular responses to isometric exercise.

43
EFFECTS OF CGRP, SP, PAF, GALANIN CATECHOLAMINES
AND ELUSIVE AMINES ON CYTOKINES PRODUCTION BY
HUMAN MONOCYTIC CELL LINE  IN VITRO
F. Perini1, G. D’Andrea2, E. Galloni1, V. Bordoni3, S. Alba1, L.M.
Dopazo Fernandez1, C. Ronco3, V. Toso1

1Department of Neurology, St. Bortolo Hospital, Vicenza, Italy
2Headache and Cerebrovascular Center of Villa Margherita,

Arcugnano (VI), Italy
3Department of Nephrology, St. Bortolo Hospital, Vicenza, Italy

Background and purpose It has been shown that during migraine
attacks platelets and leukocytes are activated. The origin of this phe-
nomenon is unknown. It has been hypothesised that such cell anom-
alous behaviour is induced by substances released in the vascular bed
such as: calcitonin gene related peptide (CGRP) and substance P (SP)
from trigeminovascular endings; and serotonin, catecholamines and
elusive amines from platelets and/or other physiological sources. In
order to evaluate the possible action of CGRP, SP and other sub-
stances on white cells functions we tested in vitro their ability to
induce release of cytokines production from human monocytic cells
line (HML). To this end we incubated HML with the following sub-
stances: platelet activating factor (PAF), dopamine (DA), tyramine
(TYR), octopamine (OCT), noradrenalin (NE), galanin (GAL), neu-
ropeptide Y (NPY), CGRP and SP. We measured levels of TNFa, IL-
2, IL-4 and IL-6 after different time points.
Materials and methods U937 cells derived from a human monocyt-
ic line were incubated with PAF, DA, TYR, OCT, NE, GAL, NPY,
CGRP and SP at 10-3 and 10-7 mM at 37°C with 5% CO2 for 24 h.
After the incubation we collected 1.8 ml of supernatant obtained by
centrifugation of cultured cells. Then we assayed IL-6, IL-2, IL-4 and
TNFa by ELISA technique (Bender diagnostic). The viability of cells
was checked by trypan blue exclusion method. LPS was used as pos-
itive control.
Results PAF, DA, GAL, OCT, SP and CGRP induced IL-2 secretion
but the other substances (TYR, NE, NPY) had no effects.
PAF, DA, GAL, OCT and CGRP induced TNFa production, while
TYR, NE, NPY and SP had no effects. There was no production of
IL-6 and IL-4 by any of the substances used.
Conclusions This study shows that PAF, DA, GAL, OCT, SP and
CGRP are able to stimulate human monocytes line in vitro to produce
cytokines. These results may have some implication on the under-
standing of aspects of pathophysiology of migraine attacks.
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octopamine was the difference highly statistically significant
(p<00001). When we compared levels of elusive amines between the
two migraine groups, platelet levels of octopamine were significantly
higher in the MwoA patient group (p=0.02). These results clearly show
that platelet levels of elusive amines are significantly elevated in both
migraine types; octopamine reached the maximum levels in MwoA
patients. This study further supports the hypothesis that an abnormali-
ty of elusive amine metabolism characterises both MwoA and MwA
and may contribute to the pathogenesis of migraine.
Reference
1. D’Andrea G, Terrazzino S, Leon A, Fortin D, Perini F, Granella F,

Bussone G (2004) Elevated levels of circulating trace amines in
primary headaches
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CARDIOVASCULAR RESPONSES TO ISOMETRIC EXERCISE
AFTER HYPOTHALAMIC DEEP BRAIN STIMULATION
(DBS) IN CHRONIC INTRACTABLE CLUSTER HEADACHE
PATIENTS
P. Guaraldi, D. Grimaldi, G. Barletta*, G. Pierangeli*, P. Cortelli
Department of Neuroscience, University of Modena e Reggio Emilia,
Modena, Italy
*Department of Neurological Science, University of Bologna,
Bologna, Italy

Purpose/aim the cardiovascular responses to isometric handgrip
(HG) are due to the activation of the muscular afferent fibres and
feed-forward mechanisms called “central command” (CC). This
manoeuvre does not involve the baroreflex arc. Our aim was to assess
the cardiovascular responses to HG in patients with intractable chron-
ic cluster headache (CH) before and after the therapeutic DBS of pos-
terior hypothalamic grey matter.
Subjects and methods Ten intractable chronic CH patients (8 male,
35±9) with bilateral (2 pz) or monolateral (8 pz) posterior hypothal-
amic grey matter stimulation underwent 3–5 min of HG, in 3 differ-
ent conditions: (A) preoperatively; (B) after implantation stimulator
“off” (C) after implantation stimulator “on”. The studies were con-
ducted for 80±127 days (range=25–487). We continuously monitored
systolic and diastolic blood pressure (SBP, DBP; portapress model
II), heart rate (HR; Grass 7P511), and oronasal and abdominal
breathing (Grass 7p1). The changes with respect to the basal value of
SBD, DBP and HR at the last minute of the HG were calculated.
Results are presented for each parameter in the condition (A), (B)
and (C) respectively. Basal values: SBP (mmHg): 110±8; 115±10;
114±7. DBP (mmHg): 61±5; 67±10; 69±6. HR (beats/min): 69±8;
72±9; 70±10. HG=∆SBP (mmHg): 29±6; 17±7*; 12±7*. ∆DBP
(mmHg): 23±5; 14±6*; 9±5*. HR (beats/min): 14±5; 13±8; 9±6.
(*p<0.05 vs. preimplantation condition).
Conclusions Basal values are similar in the 3 conditions examined.
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