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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
E-mail: avanzini@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.

An author may make his/her article published by Springer available on his/her personal home
page, provided the source of the published article is cited and Springer is mentioned as the copy-
right owner. Authors are requested to create a link to the published article in Springer's internet
service.The link must be accompanied by the following text:“The original publication is available
at 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 ser-
vices, bibliographic networks, subscription agencies, library networks, and consortia.

The author warrants that this contribution is original and that he/she has full power to make
this grant. The author signs for and accepts responsibility for releasing this material on behalf of
any and all co-authors.

Title of article

Author(s)

Signature of author (s) 

Date
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❏ Yes, my name and address should be added to Springer's address pool.

To be completed by Springer:

Published in Volume Issue Year

Copyright 
Transfer Statement
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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 unencoded.

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 General population studies suggest a non-casual
association (comorbidity) between migraine, major
depression and anxiety disorders (panic attack disorder,
obsessive-compulsive disorder, generalised anxiety disor-
der). The risk of developing affective and anxiety disorders
is not increased uniformly in the different migraine sub-
types, but it is more elevated in migraine with aura
patients. The relationship between migraine and depres-
sion 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 dis-
order, whereas the presence of depression or panic attack
disorder is associated with a greater risk of developing
migraine, but not severe non-migraine headache).
Comorbidity with psychiatric disorders has also been
described for chronic tension-type headache and for chron-
ic daily headache, although these findings are based only
on clinical population data.

Key words Comorbidity • Migraine • Chronic tension-type
headache • Psychiatric disorders • Anxiety disorders

Comorbidity between headaches and psychiatric disorders
is a broad and, in some respects, still unexplored subject.
The headache subtype that has been most extensively
investigated for psychiatric comorbidity is migraine. The
association between migraine and psychiatric disorders
was described as early as last century. Several studies have
been published in the literature on the personality profiles
of migraineurs. General population studies aimed at inves-
tigating the relationship between migraine and specific
psychiatric disorders suggest the presence of a close rela-
tion between migraine, depression 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 dis-
orders 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 comorbidity 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
psychiatric disorders. The authors considered the subjects’
entire lifespan 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 coexisted 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 general-
ly preceding onset of migraine, which in turns precedes
onset of major depression.

A recent controlled study conducted in a community
setting confirms that migraine and depression were highly
comorbid (adjusted prevalence ratio, 2.7; 95% CI, 2.1–3.5)

Neurol Sci (2006) 27:S73–S76
DOI 10.1007/s10072-006-0574-2

P. Torelli • G. Lambru • G.C. Manzoni

Psychiatric comorbidity and headache: clinical and therapeutical
aspects

P S Y C H I AT R I C  C O M O R B I D I T Y  A N D  H E A D A C H E

P. Torelli (�) • G. Lambru • G.C. Manzoni
Headache Centre, Section of Neurology
Department of Neuroscience, University of Parma
c/o Ospedale Maggiore
Via Gramsci 14, I-43100 Parma, Italy
e-mail: paolatorelli@libero.it



and significant differences were maintained after control-
ling for gender, age and education. Moreover, migraine
and depression independently exert a significant negative
influence on health-related quality of life [4].

The comorbidity of headache and depression is rarely
studied in the elderly. Wang et al. conducted a door-to-
door survey to investigate the relationship of headache and
depression in a Chinese elderly population (age ≥65 years)
in two townships of Kinmen, Taiwan. The authors inter-
viewed 1421 subjects and, using scales specially designed
for elderly subjects, were able to demonstrate that the risk
of current depression was much greater in migraine suf-
ferers than in non-migraine patients [5].

To explain the nature of the relationship between
migraine and psychiatric disorders, Breslau et al. [6]
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 com-
pared with non-migraine patients (OR, 3.2; 95% CI,
2.3–4.6); in turn, depression patients that had not previ-
ously 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 asso-
ciation seems to arise from the two conditions reciprocal-
ly affecting each other in a sort of two-way “bi-direction-
al” relation rather than resulting from a one-way action
(i.e., migraine favouring onset of depression or depression
favouring onset of migraine), thus ruling out the possibil-
ity that mood disturbances may be secondary to repeated
migraine attacks. Further evidence for the specific rela-
tionship between migraine and depression is to be found in
another study by Breslau et al. [7], who recently investi-
gated 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 compa-
rable 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 developing depression

S74

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 depres-
sion 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 [8]. In 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 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).

Suggestive, but inconclusive evidence also exists that
indicates a potential association between migraine and
substance abuse. In cross-sectional investigations, sub-
stance-related disorders have been examined in only three
studies. Breslau et al. [2] found an increased risk of alco-
hol and drug abuse in migraine sufferers, while
Merikangas et al. [9] and the Epidemiological Catchment
Area Study [10] did not. As substance abuse is highly
comorbid with bipolar disorders, it is possible that the
increase of substance abuse in the Breslau study [2] may
be accounted for by comorbidity with bipolar disorders.

Unlike migraine, the comorbidity between tension-type
headache and psychiatric disorders has been investigated
only in clinical populations. Puca et al. [11] studied a sam-
ple of 217 patients with chronic (n=109) and episodic
(n=108) tension-type headache, who were followed at 10
Italian headache centres. Psychiatric comorbidity was
more frequent in chronic than in episodic tension-type
headache patients and depression was the psychiatric dis-

P. Torelli et al.: Psychiatric comorbidity and headache

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



order most frequently associated with the headache.
Holroyd et al. [12] measured psychosocial correlates in
245 chronic tension-type headache sufferers by employing
the Primary Care Evaluation for Mental Disorders: 35% of
cases were diagnosed with anxiety disorder and 29% with
a mood disorder. Based on these data, it can be assumed
that the frequency of psychiatric disorders in patients with
tension-type headache is increased three- to 15-fold com-
pared with “healthy” controls (who had fewer than 10
headache days per year). Of the three studies conducted in
clinical samples, none reported any significant differences
between migraine and tension-type headache in terms of
psychiatric comorbidity [13–15].

The study of the association of chronic daily headache
with psychiatric disorders is a highly controversial subject,
because lacking an unambiguous definition of this
headache group it is difficult to interpret current data. Verri
et al. [16] evaluated 88 consecutive patients with chronic
daily headache using the Structured Clinical Interview for
DSM-III-R in order to make a psychiatric diagnosis. The
percentage of those having at least one psychiatric disorder
was 90%. Generalised anxiety disorders represented the
most frequent diagnosis, while major depression and dys-
thymia accounted for 25% and 17% of diagnoses, respec-
tively. Moreover, mood disorders were more frequent in
patients who had had chronic headache for more than 5
years. Also in this study, the comparison between subjects
with headache and subjects with low back pain showed
that headache patients suffered more frequently from any
type of psychiatric disorder, with the exception of somato-
form conditions. This finding strengthens the hypothesis
that the psychiatric comorbidity found in chronic headache
patients is specific for that population and is not simply a
result of the presence of chronic pain. Juang et al. [17]
considered 261 consecutive patients with chronic daily
headache, including 152 patients with chronic migraine
and 92 patients with chronic tension-type headache. The
frequency of any type of anxiety disorder was significant-
ly higher in patients with chronic migraine than in those
with chronic tension-type headache. The same trend could
be seen when patients with depressive disorders were con-
sidered. Women were at higher risk of psychiatric comor-
bidity than men. Data about the unfavourable role possibly
played by psychiatric comorbidity on the outcome of
chronic daily headache are conflicting: some authors
found that poor outcome predictors included the presence
of major depression [18], while others showed that base-
line depression did not predict the persistence of chronic
daily headache [5]. 

There is still no definite evidence for the pathogenesis
of the comorbid disorders described in this review.
However, based on literature reports published so far, the
most plausible hypothesis is that migraine shares some
causative, genetical, biochemical or environmental factors
with depression and panic attack disorder. The comorbidi-
ty of psychiatric disorders with headache also has impor-

tant clinical and therapeutical 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].

As regards treatment of those forms of headache that
are comorbid with psychiatric disorders, there are no evi-
dence-based indications to date. From a practical view-
point, in treating migraine patients with depression it is
important to avoid use of mood-worsening drugs (i.e., flu-
narizine). For preventive treatment of migraine or tension-
type headache in patients who also have a mood disorder,
the recommended therapy is amitriptyline or a combina-
tion of amitriptyline and a selective serotonin reuptake
inhibitor (a group of drugs that, administered alone, are
not particularly effective in preventing migraine) [19]. For
migraine, a good alternative is to administer antiepileptic
drugs, such as sodium valproate or topiramate, which are
effective both in preventing headache and in treating psy-
chiatric disorders. For tension-type headache and migraine
associated with anxiety disorders, psychological interven-
tions could be considered, such as relaxation, biofeedback
and cognitive behavioural therapy, which have proved to
have a preventive effect both on headache and on anxiety
disorders.
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Abstract Migraine is a disorder in which central nervous
system (CNS) dysfunction might play a pivotal role. As
there are no consistent structural disturbances, clinical neu-
rophysiology methods seem particularly suited to study its
pathophysiology. This chapter will focus on a review of
neurophysiological studies that have provided an insight
into migraine pathogenesis. The results are in part contra-
dictory, which may be due to the methodology, patient
selection or timing of study. Nonetheless, quantitative elec-
troencephalography and magnetoencephalography record-
ings during migraine attacks provide strong, though indi-
rect, evidence favouring the occurrence of spreading corti-
cal depression during attacks of migraine with, and possi-
bly without, aura. Evoked cortical potential and nociceptive
blink reflex studies demonstrate that lack of habituation
during repetitive stimulation is a reproducible CNS dys-
function interictally in both migraine with and without
aura. Transcranial magnetic stimulations show excitability
changes of the visual cortex. The interictal migrainous CNS
dysfunction is likely to play a role in migraine pathogene-
sis, has a familial character and undergoes periodic modu-

lations with quasi-normalisation just before, during an
attack and after treatment with certain prophylactic agents.
In addition, neurophysiological methods have revealed sub-
clinical abnormalities of cerebellar function and neuromus-
cular transmission, which may improve phenotyping of
migraineurs for genetic and therapeutic studies.

Key words Neurophysiology • Migraine • Transcranial
magnetic stimulation • Evoked potentials • Event-related
potentials

Evoked potentials

Visual evoked potentials (VEP)

Various paradigms have been used to study visual evoked
responses in migraine. Abnormal steady-state response
evoked by a sine-wave visual stimulus (SVEP) was seen in
migraineurs, and improved after administration of pro-
pranalol [1–3]. Using flash or pattern reversal (PR), the
amplitude of visual evoked responses in migraineurs
between attacks was found to be normal in most studies,
but in some was increased or decreased compared to con-
trols [4]. Amplitude asymmetries were reported in several
studies [5–8]. When sequential blocks of averaged VEPs
are recorded during continuous PR stimulation,
migraineurs, with or without aura, are as a group charac-
terised by a lack of habituation, or even potentiation,
between the 1st and subsequent blocks of responses [9,
10]. This habituation deficit is of interest because it has
been found by several independent groups for various
modalities of sensory stimulation, including for event-
related potentials and nociceptive brain stem reflexes (see
below), has a familial character [11], and normalises dur-
ing attacks [12] and preventative treatment with beta-
blockers [13].
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Auditory evoked potentials (AEP)

Brainstem auditory evoked responses (BAER) and long
latency auditory evoked cortical potentials were found to
be normal in most studies of migraine patients [4]. More
recently however, and in agreement with VEP studies,
strong interictal dependence of the AEPs on stimulus
intensity was demonstrated in migraine [14] and attributed
to deficient habituation at all, but more so at high, stimu-
lation intensities [15]. Two independent studies [11, 16]
found evidence for a familial influence on intensity depen-
dence of auditory evoked potentials (IDAP) in
migraineurs, pointing towards a genetic background.

Gating of the auditory P50 response, which is thought to
be generated subcortically, was markedly reduced in
migraine without aura (MO) [17]. Contrary to schizophrenic
patients, in whom P50 gating is deficient with a low-ampli-
tude 1st response, migraineurs had a normal 1st P50.

Somatosensory evoked potentials (SSEP)

Subtle SSEPs abnormalities were reported in some
migraine studies: prolonged N13 latency interictally [18],
reduced P22/N30 amplitude interictally [19], prolonged
N19 latency and reduced amplitude during the aura [20].

In concordance with studies of VEPs and AEPs, Ozkul
and Uckardes [21] found potentiation of median nerve SSEP
N20 component in migraineurs, contrasting with habituation
in healthy controls. A recent study analysed high-frequency
oscillations (HFO) (600 Hz) embedded in the N20 compo-
nent of median nerve SSEP [22]. The early HFO burst,
which is thought to reflect action potential traffic in thalamo-
cortical projections, was reduced in migraine with and with-
out aura compared to normal controls, while the late burst,
attributed to cortical inhibitory interneurons, was normal.

Event-related potentials

Contingent negative variation (CNV) is a slow negative cor-
tical potential appearing during a reaction time task with a
warning and an imperative stimulus. Consistent studies from
different laboratories have shown that CNV amplitude is
increased in migraineurs between attacks compared to
healthy volunteers or tension-type headache patients
[23–27]. The difference is more pronounced for the early
CNV component, which is modulated by noradrenergic sys-
tems and attention. Taking age as a variable into account,
Kropp et al. [28] showed a decrease in early CNV amplitude
with ageing in healthy volunteers but not in migraineurs,
which they interpreted as a disturbance of cerebral matura-
tion. A strong familial influence on CNV parameters was
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reported by Siniatchkin et al. [29], who found abnormalities
not only in migraineurs but also in healthy subjects with a
positive family history for migraine [30].

Like modality-specific evoked potentials, CNV also
shows a lack of habituation between attacks [27, 31], espe-
cially the early component [27, 32], which normalises dur-
ing the attack [32, 33]. As normal CNV habituation in
healthy volunteers is reached only in adulthood, it was pro-
posed that the habituation deficit in migraineurs might
reflect a disturbance of cerebral maturation [28].

The early CNV component increased in amplitude during
the days preceding the attack [24, 29, 32, 33] but decreased
abruptly just before and during the attack [24, 32–34].

Studies of the P300 component of the classical “odd-
ball paradigm” gave conflicting results. In a paradigm
using visual stimuli, however, habituation, as assessed by
the increase of latency during trial repetition, was signifi-
cantly reduced in migraineurs interictally and normalised
during an attack in parallel with a decrease in platelet sero-
tonin content [35–37]. The P3a component in the passive
“oddball” paradigm reflects automatic processing of a
“novel” stimulus. In one study its normal habituation pat-
tern was replaced by potentiation in migraine [38].

Transcranial magnetic stimulation (TMS)

TMS has been developed to non-invasively study cortical
physiology. Both the motor and occipital cortices have
been investigated with TMS in migraine.

TMS of motor cortex

Most TMS studies of motor cortex in migraineurs have
shown either normal or an increased motor threshold (MT)
both in migraine with [39–41] and without aura [42] as well
as in familial hemiplegic migraine [43]. The only exception
to this is the study by van der Kamp et al. [44] who, on the
contrary, found reduced MT between attacks of patients with
migraine with aura (MA) or MO. Other parameters such as
cortical silent periods and intracortical inhibition tested with
paired TMS [45, 46] were also normal, except in one study
[47] where the cortical silent period was significantly short-
er in MA patients than in controls.

TMS of occipital cortex

Using TMS to study the occipital cortex is perhaps more
relevant to migraine because abnormal excitability of the
occipital cortex may be responsible of either spontaneous
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or visually triggered migraine aura [5]. Occipital cortex
excitability in migraine has been evaluated by the genera-
tion of phosphenes by TMS of occipital cortex and by the
modulatory effect of TMS on visual perception or on VEPs.

Conflicting results were obtained in studies of
phosphenes induced by occipital TMS. Several studies
show decreased thresholds for magnetophosphenes in
migraine, especially in MA [48–53]. In the same studies,
prevalence of magnetophosphenes was usually higher in
migraineurs than in healthy volunteers, but increased
prevalence with normal threshold [45] and the opposite
[54] have also been reported. The latter group [55] found
that prophylactic treatment with valproate was able to
increase PT in MA, but not in MO. By contrast, other stud-
ies have shown normal (or even decreased) prevalence
and/or normal (or increased) thresholds of magne-
tophosphenes in migraine [40, 41, 45, 56]. The discrepan-
cies between these results may be due to differences in
methodology and devices, subject recruitment, control for
proximity between the recordings and a migraine attack,
and individual perception and description of phosphenes.

As more objective indices of visual cortex excitabilty,
suppression of visual perception and VEPs were studied with
and without TMS. Single TMS pulses were thus shown to be
less effective in suppressing visual perceptions in MA
patients than in healthy controls [57, 58], which was thought
to reflect inadequate activation of cortical inhibitory
interneurons. Repetitive TMS (rTMS) is able to activate or
inhibit the underlying cortex depending on stimulation fre-
quency. When applied to the occipital cortex of migraineurs,
10 Hz rTMS, which is supposed to increase cortical
excitability, normalises habituation of PR-VEPs which is
deficient interictally and increases the amplitude of the 1st
block of averages. 1 Hz rTMS, supposedly inhibiting, has no
effect on the PR-VEP of migraineurs, but induces dishabitu-
ation in normal volunteers [59]. This would indicate that in
migraine between attacks the excitability level of the visual
cortex is lowered. However, knowledge from the physiolog-
ical effects of rTMS on the normal cortex may not be applic-
able to the interpretation of rTMS results in migraine.
Paradoxical effects of 1 Hz rTMS may indeed occur in MA
patients: lowering of magnetophosphene thresholds instead
of normal increase [45], decrease of reaction time in percep-
tion of illusory contours instead of increase in normals [60]
and facilitation of motor cortex instead of inhibition [61].
One possible explanation for these paradoxical findings
might be that cortical inhibitory interneurons are underacti-
vated at baseline in MA and stimulated by the 1 Hz rTMS.

Conclusions

Because of great inter- and intraindividual variability, none of
the neurophysiological tests has diagnostic usefulness in
migraine. However, most neurophysiologic studies have con-

tributed to a better understanding of migraine pathophysiolo-
gy, and continue to do so. Ictal electroencephalography and
above all magnetoencephalography recordings have provided
valuable arguments favouring the occurrence of cortical
spreading depression during MA. Evoked and event-related
potential studies have shown that cortical information pro-
cessing is characterised interictally by a lack of habituation in
migraine with and without aura. A similar deficit of habitua-
tion was found for the nociceptive specific blink reflex. The
neurobiological causes of the habituation deficit remain to be
determined, but they are undoubtedly reversible as habitua-
tion normalises just before and during an attack and after
treatment with neuromodulatory prophylactic agents. Certain
neurophysiological data suggest that the preactivation level
of sensory cortices is reduced in migraine, but others, like
those obtained with TMS of the visual cortex in some labo-
ratories, are in favour of underactivity of inhibitory interneu-
rons. These findings are not necessarily antagonistic, as one
consequence of reduced preactivation is decreased lateral
inhibition. Finally, the subclinical abnormalities reported in
cerebellar tests [62] and neuromuscular function [63] might
be incidental consequences of malfunctioning ion channels
or pumps. Striking features of results obtained with neuro-
physiological investigations in migraine are their heterogene-
ity and variability. This should not come as a surprise, how-
ever, if one keeps in mind that the migrainous diathesis is a
functional one, modulated by various internal and external
factors and markedly heterogeneous from a genetic point of
view. Most likely, the future of neurophysiologic testing in
migraine is therefore to contribute to a better phenotyping of
subgroups of patients for genetic and therapeutic studies and
possibly to the identification of dynamic functional changes
that modulate the disorder and may chronicise it.
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Abstract Over the last two decades magnetic resonance
spectroscopy has been extensively used to investigate the
role of energy metabolism impairment in the phys-
iopathology of migraine. In this paper we review the stud-
ies performed on migraine sufferers during headache
attacks as well as interictally. Overall there is currently
evidence that migraine is associated with a generalised dis-
order of energy metabolism and that this, in association
with other susceptibility factors, may be an important fea-
ture that lowers the threshold for triggering migraine
attacks.

Key words Migraine • Energy metabolism • MR spectroscopy

Introduction

The pathogenesis of migraine is still controversial and
there are still a number of unanswered questions. Over the
last two decades magnetic resonance spectroscopy (MRS)
has been extensively used to investigate the role of energy
metabolism impairment in the physiopathology of
migraine. In this paper we review the studies performed on
migraine sufferers during headache attacks as well as
interictally. Overall there is currently evidence that
migraine is associated with a generalised disorder of ener-
gy metabolism and that this, in association with other sus-
ceptibility factors, may be an important feature that lowers
the threshold for triggering migraine attacks.

In vivo evaluation of energy metabolism: magnetic
resonance spectroscopy

MRS is a non-invasive technique that allows the measure-
ment of several compounds in vivo, using a clinical MR
scanner, without the need for radioactive tracers.
Resonances in MR spectra are identified primarily by their
frequency, expressed as shift in frequency in parts per mil-
lion (ppm) relative to a standard.

Phosphorus MRS (31P-MRS)

31P-MRS quantifies phosphorus-containing compounds,
cytosolic pH (pHi) and free magnesium. The major com-
pounds detectable are ATP, phosphocreatine (PCr) and
inorganic phosphate (Pi). Free (metabolically active)
[ADP], the major regulator of the oxidative phosphoryla-
tion, can be calculated from the MRS data using the crea-
tine kinase equilibrium expression [1]. Moreover, tissue
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phosphorylation potential (PP=[ATP]/([ADP]x[Pi]), a
global index of readily available free energy in the cell,
can be calculated [2].

Clinical 31P-MRS is mainly used to assess energy
metabolism in the brain as well as in cardiac and skeletal
muscle. Skeletal muscle is an ideal tissue in which to
assess energy metabolism by 31P-MRS as it can be studied
conveniently at rest, during exercise and in the subsequent
recovery phase [3]. During incremental exercise there is a
progressive reduction of PCr, hydrolysed via the creatine
kinase reaction in order to buffer ATP concentration. As
soon as the exercise is stopped the PCr concentration
begins to return to its pre-exercise values as PCr is re-syn-
thesised from ATP. ATP production during recovery from
exercise is entirely due to oxidative phosphorylation [3];
thus the PCr re-synthesis rate reflects the mitochondrial
rate of ATP production.

Proton MRS (1H-MRS)

1H-MRS allows quantification of in vivo brain metabolites
present in mM concentrations. 1H-MRS can reach a spatial
resolution below 1 cm3 and thus provides metabolic infor-
mation from definite brain areas and systems. The most rel-
evant compounds that can be detected in vivo are N-acetyl-
aspartate (NAA), choline (Cho), myo-inositol (mI), crea-
tine/phosphocreatine (Cr) and lactate. NAA is a neuronal
marker as it is contained only in the neuronal bodies and
axons. Reduced NAA concentration can typically be seen
in neurodegenerative disorders [4], in areas of brain
ischaemia or in tumours. Lactate, which is the end-product
of glycolysis, accumulates in several pathological process-
es such as reduced substrate delivery in hypoxia, ischaemia
etc., increased energy demand (fast growing tumours) or
deficits of oxidative phosphorylation (mitochondrial
encephalomyopathies). All these conditions share a relative
deficit of mitochondrial ATP production [4].

MRS studies during headache attacks: the ischaemic
hypothesis

To test the hypothesis that brain acidosis caused by pro-
dromal vasospasm-induced ischaemia leads subsequently
to an increase in cerebral blood flow (CBF) and hence to
throbbing headache [5], Welch et al. first used 31P-MRS to
assess brain intracellular pH (pHi) and energy metabolism
in migraine patients [6, 7]. Twelve patients with migraine
without aura and 8 patients with migraine with aura were
studied. MR spectra were collected from up to four corti-
cal regions (frontal, frontotemporal, parieto-occipital,
occipital) during headache attacks (6 patients with
migraine without aura and 5 with aura) or interictally (6

patients with migraine without aura and 3 with aura). In
patients studied during attacks cortical pHi was normal, as
it was in patients studied interictally. In migraine patients
scanned during headache attacks normal pHi was associat-
ed to a 25% reduction in PCr to Pi ratio. In patients stud-
ied interictally the reduction in PCr/Pi was 15% but, due to
the small size of the group, failed to reach statistical sig-
nificance.

These findings led the authors to conclude that the
defect of brain bioenergetics in migraine patients during
headache attacks is unlikely to be secondary to brain
ischaemia, as normal brain pHi could not support the pres-
ence of brain acidosis.

MRS studies in between headache attacks:
the “intrinsic” deficit of energy metabolism

In the study of migraine patients during headache attacks,
important confounding factors are represented by brain
metabolic and blood flow changes that may be secondary
to the activation of central pain mechanisms rather than
being the cause of headache and associated phenomena.
Therefore, since the late 1980s our group has extensively
investigated energy metabolism in the posterior cortex of
different groups of migraine patients in between attacks.
Eight patients with “complicated” migraine (4 with pro-
longed aura and 4 with migraine strokes) were first inves-
tigated. In the patient group brain PCr/Pi was reduced by
35% [8], indicating that a deficit of brain energy metabo-
lism is, at least in patients with severe forms of migraine,
present outside attack periods and may therefore be an
intrinsic feature of the migraineur’s brain, predisposing to
trigger headache attacks. Interestingly, in the same study,
the assessment of skeletal muscle mitochondrial ATP pro-
duction rate by 31P-MRS revealed a substantial deficit in
migraine patients. The in vivo skeletal muscle findings
were in keeping with increased blood lactic acidosis under
effort in the cycloergometer test [9] and with altered mito-
chondrial function in the skeletal muscle and platelets of
some of these patients [8, 9]. A deficit of brain and skele-
tal muscle energy metabolism was later detected interictal-
ly in patients with milder forms of migraine such as
migraine with [10] and without aura [11]. The interictal
study of the occipital visual cortex using proton MRS of
patients with migraine with visual aura revealed high lev-
els of lactate [12, 13], which typically accumulates in
cases of mitochondrial dysfunction [14].

Consistent with a generalised deficit of oxidative
metabolism, decreased enzymatic activity of complex I
(NADH-dh) and complex IV (COX) as well as of citrate
synthase was found in the platelets of patients with and
without aura, free from any medication and not suffering
from migraine attacks for at least one week [15]. High
plasma lactic and pyruvic acid were also found to be
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increased in migraine patients with and without aura in
headache-free periods [16].

Overall, interictal 31P-MRS studies have shown that
different types of migraine including migraine stroke,
migraine with prolonged aura, with aura and without aura
share a multisystemic impairment of energy metabolism
that is more severe, in both skeletal muscle [17] and brain
[18], in patients with a more severe clinical phenotype.

The finding of an interictal deficit of brain and muscle
bioenergetics in paediatric patients with migraine with aura
similar to that found in adult patients [19] has strengthened
the hypothesis that a bioenergetics defect, unrelated to the
age of migraine onset, migraine sub-type, number of attacks
experienced, medications used and ageing, is: (i) an intrin-
sic feature of migraine, and (ii) a pathogenic background
able to enhance the susceptibility to develop headache when
brain energy demand is increased and/or the supply of oxi-
disable substrates and oxygen is decreased.

Brain 31P-MRS studies of migraine patients have
shown an association between the bionergetics deficit and
reduced free magnesium concentration during attacks [20]
as well as interictally [18, 19]. Low magnesium content
has also been found in serum, erythrocytes and mononu-
clear cells of migraine patients and in serum and saliva of
adult and paediatric migraine patients [21–24]. When
assessed interictally, free magnesium concentration in the
brain showed a trend in keeping with the severity of clini-
cal phenotype, being the lowest in patients with migraine
stroke and the highest in patients with migraine without
aura [18]. Although the link between brain energy metab-
olism deficit and reduced magnesium is not clear, low
magnesium could contribute to increased neuronal insta-
bility and hyperexcitability, by influencing calcium chan-
nel activity, and thus enhancing brain susceptibility to
migraine attacks [25].

Therapy based on correction of energy metabolism
deficit

The evidence that impaired energy metabolism is a feature
common to different types of migraine prompted the clin-
ical evaluation of pharmacological treatments aimed at
correcting the oxidative metabolism deficit in migraine
patients.

Riboflavin, a vitamin required for the activity of flavoen-
zymes in the mitochondrial electron transport chain, was
administered (400 mg/day for three months) to migraine
patients without and with aura, resulting in reduced attack
frequency and headache days, compared to placebo [26].

Coenzyme Q10 [27] is a compound that plays a pivotal
role in the mitochondrial electron transport chain. The
administration of coenzyme Q10 (300 mg/day) to migraine
patients with and without aura had beneficial results simi-
lar to those obtained with the administration of riboflavin.

The administration of both riboflavin and coenzyme Q10

was clinically effective and well tolerated by migraine
patients, supporting the use of drugs enhancing mitochon-
drial activity in the prophylaxis of migraine attacks.

Conclusions

Different types of migraine share a deficit of energy
metabolism that has been demonstrated interictally in
brain and extra-neural tissues. The molecular mechanisms
leading to oxidative deficit in migraine are still unknown.
Abnormalities of mtDNA are found in migraine only occa-
sionally [28] and have not been confirmed in systematic
studies [29]. Nevertheless the defect of energy metabolism
appears to be an intrinsic feature of migraine that may con-
tribute to the pathogenic background able to enhance the
susceptibility to headache and associated neurological
deficits when brain energy demand is increased and/or the
supply of oxidisable substrates and oxygen is decreased.
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Abstract Migraine headaches have a complex pathophysi-
ology; both vascular and neuronal mechanisms have been
proposed. One possible scenario begins with brain-initiat-
ed events evolving to cortical spreading depression (CSD),
which in turn activates the trigeminal nerve to cause
headaches. Experimental evidence supports a relationship
between CSD as a cause of migraine aura as well as CSD
as a cause of trigeminal activation. Susceptibility to CSD
and to migraine appears to be genetically determined. In
some migraine subtypes, genes controlling translocation of
calcium, sodium and potassium have been implicated, per-
haps altering the susceptibility to CSD. This chapter
briefly reviews current knowledge pertaining to migraine
pathophysiology with emphasis on current notions linking
disturbances in ion flux to the genesis of headache.

Key words Migraine • Physiopathology • Trigeminal nerve •

Neurogenic inflammation • Spreading depression

Trigeminovascular system and migraine

Migraine has the characteristics of a visceral pain [1]. Like
other viscera, the brain parenchyma is insensate; however,
its coverings and blood vessels are pain sensitive. Dura
mater, together with vessels supplying the meninges,
receives a dense sensory and autonomic innervation.
Noxious stimulation originating from these structures is
referred to the forehead, neck or occipital skin areas
because nociceptive fibres coming from the intracranial
structures converge on the same pool of second-order sen-
sory neurons within the trigeminal nucleus caudalis or
upper cervical dorsal horns together with nociceptive
inputs from the above-noted cutaneous tissues. Ascending
fibres from second-order neurons to thalamus send collat-
erals to autonomic nuclei in the brain stem and to the
hypothalamus, which may account for autonomic symp-
toms and fatigue, appetite disturbances and malaise fre-
quently observed in migraineurs [1, 2].

According to current theories of migraine, initial acti-
vation of meningeal nociceptors releases calcitonin gene-
related peptide (CGRP) and substance P from
trigeminocervical nerve endings and, hence, induces
vasodilation and plasma protein extravasation in dura
mater, leading to “neurogenic” inflammation with the par-
ticipation of resident macrophages and mast cells [3, 4].
Supporting this hypothesis, CGRP levels were found to be
increased in jugular vein of patients during migraine
attacks [5]. Despite current limitations in imaging neuro-
genic inflammation in humans, leakage from the lep-
tomeningeal vessels has been shown on gadolinium-
enhanced magnetic resonance images (MRIs) in at least
one case of typical migraine with aura [6], two cases of
prolonged migraine aura [7, 8] and during spontaneous [9,
10] or familial hemiplegic migraine attacks [11, 12].
Leakage was consistently observed over the affected hemi-
spheric regions corresponding to patients’ symptoms. T1
axial or fluid-attenuated inversion recovery (FLAIR) MRI
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images captured a couple of hours after administration of
gadolinium T-DPTA appears to be the best approach to
document the meningeal leakage. However, this issue has
not been studied systematically, and the resolution of cur-
rent techniques may only be sufficient to detect relatively
major leaks seen after prolonged attacks.

Further, albeit indirect, support for activation of
trigeminovascular system during migraine comes from
similarities between some clinical features of migraine
pain and observations made on rodent models of sensitisa-
tion. It has been proposed that sensitisation of peripheral
sensory nerve endings, later followed by sensitisation of
central trigeminocervical neurons, may render the noci-
ceptive fibres sensitive to arterial pulse and head move-
ments, which may account for the throbbing nature of
migraine pain and its worsening during coughing, bending
over and rapid head movement [13]. Sensitisation of cen-
tral neurons may also account for the extracranial tender-
ness and cutaneous allodynia seen in these patients. In
fact, development of cutaneous allodynia first in the fore-
head ipsilateral to headache, later on the ipsilateral and
eventually on the contralateral hand over the course of a
migraine attack has been documented [14].

Basic and clinical pharmacological observations also
share several similarities, suggesting involvement of the
trigeminovascular system during migraine. The clinically
proven potent anti-migraine drugs dihydroergotamine and
sumatriptan are effective in blocking neuropeptide release
and neurogenic inflammation induced by electrical stimu-
lation of the trigeminal ganglion in rodents [15].
Inhibition of peptide release within trigeminal nucleus
caudalis has also been inferred [16]. Stimulation of the
trigeminal ganglion causes CGRP release in the plasma
obtained from cerebral venous blood in experimental ani-
mals and humans. Triptans inhibit CGRP release induced
by trigeminal ganglion activation in experimental animals
as well as after successful treatment of migraine attacks
[15, 17]. In parallel with preclinical data, a potent CGRP
blocker, BIBN4096BS, was reportedly effective in abort-
ing acute migraine attacks [18], conforming with the idea
that animal models of neurogenic inflammation may serve
as screening tests for discovering potential anti-migraine
compounds despite some limitations and expected species
differences.

Can CSD activate the trigeminovascular system?

As discussed above, the trigeminocervical nerves inner-
vate the meninges and very likely participate in the gene-
sis of migraine pain. However, the mechanisms that trig-
ger migraine attacks are not well understood. A link
between cortical spreading depression (CSD) and
migraine pathogenesis was hypothesised more than 40
years ago [3, 19, 20]. However, unequivocal evidence has

been difficult to obtain until recent developments in MR
imaging, optical imaging, magnetoencephalography and
migraine genetics, which provided more compelling evi-
dence for the potential role of CSD in inducing migraine
pain. On the other hand, recent experimental data also
clearly demonstrated that, in the rat, CSD might activate
the trigeminovascular afferents, as suggested by earlier
studies [21], and induced a long-lasting blood-flow
enhancement within the middle meningeal artery and plas-
ma protein leakage in the dura mater [22]. In this study,
Bolay et al. found that lesion experimentsthat the vasodi-
lation was caused by release of vasoactive agents from
parasympathetic vascular projections originating from the
superior salivatory nucleus, whereas the protein extravasa-
tion was mediated through release of pro-inflammatory
peptides from trigeminal axon collaterals innervating the
meninges. A neurokinin-1 receptor inhibitor attenuated the
meningeal changes, suggesting that these receptors medi-
ate inflammation. Inflammation in the meninges persisted
after CSDs had subsided, demonstrating that a transient
parenchymal event may be a source of lasting nociceptive
activity. As pointed out by Iadecola, although there are
many questions that await answers, the work of Bolay et
al. represents a step forward in our understanding of the
link between aura and migraine headache by suggesting a
mechanism through which neural events initiated within
the substance of the brain can produce pain through central
and peripheral reflexive actions resulting in meningeal
inflammation [23].

Unlike animals, changes in DC potential have been dif-
ficult to detect in humans over the scalp, but have been
shown with intracranial electrocorticography during neuro-
surgery in patients with head trauma [24, 25]. Recently,
magnetoencephalography has been successfully used to
demonstrate the presence of a CSD-like electrical activity
during migraine aura and headache, as focal DC potential
shifts propagating across the cortex induce changes in the
magnetic field outside the cranium [26, 27]. Nevertheless,
reliable detection of small DC potential changes originating
from the convoluted human cortex during migraine attacks
remains a difficult challenge. However, using high-field
functional MRI with near-continuous recording during
visual aura in three subjects, Hadjikhani et al. recently
observed blood oxygenation level-dependent (BOLD) sig-
nal changes that demonstrated at least eight characteristics
of CSD as time-locked to percept onset of the aura [28].
Initially, a focal increase in BOLD signal, possibly reflect-
ing vasodilation, developed within extrastriate cortex. This
BOLD change progressed contiguously and slowly over
occipital cortex, congruent with the retinotopy of the visu-
al percept. Following the same retinotopic progression, the
BOLD signal then diminished (possibly reflecting vasocon-
striction after the initial vasodilation), as did the BOLD
response to visual activation. During periods with no visu-
al stimulation, but while the subject was experiencing scin-
tillations, BOLD signal followed the retinotopic progres-
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sion of the visual percept. As noted by Hadjikani et al., this
approach revealed at least eight neurovascular events in the
occipital cortex that resemble CSD: (i) an initial cortical
grey hyperaemia, with (ii) a characteristic duration, and
(iii) a characteristic velocity, which (iv) is followed by
hypoperfusion, and shows (v) an attenuated response to
visual activation, and (vi) a recovery to baseline mean level,
and (vii) a concurrent recovery of the stimulus-driven acti-
vation and finally (viii), like CSD, this spreading phenom-
enon did not cross prominent sulci (e.g., the parieto-occip-
ital sulcus). These observations strongly suggest that an
electrophysiological event such as CSD generates the aura
in human visual cortex.

Spreading depression, discovered by Leão in 1944, is a
self-propagating depolarisation of neurons and glia associ-
ated with depressed neuronal electrical activity and transient
loss of membrane ionic gradients, and massive surges of
extracellular potassium, intracellular calcium as well as
neurotransmitters [27, 29]. Leão first observed that CSD
leads to transient dilatation of pial arteries [30]. Following
this transient hyperperfusion, hypoperfusion ensues, which
persists long after CSD waves have passed. Spreading
depression has been demonstrated in almost all the grey
matter regions of the central nervous system [27]. The CA1
sector of the hippocampal formation is the most prone, fol-
lowed by the neocortex. The highly convoluted cortex of
primates, especially in humans, is relatively more resistant
to CSDs. Accordingly, the presence of CSD in migraineurs
was questioned for a long time by some investigators.
However, several imaging studies of patients during
migraine with aura showed unilateral regions of occipital
hypoperfusion that tend to spread rostrally from the occipi-
tal cortex and persist into the headache phase [31]. These
perfusion changes spread at a rate that is consistent with the
propagation of CSD. Interestingly, spreading cerebral perfu-
sion changes have also been reported in migraine without
aura, which could explain some of the spreading sensory
symptoms expressed by some migraineurs [32, 33]. The
possibility that CSD or CSD-like events generated within
clinically silent brain regions may play a role in the patho-
physiology of migraine without aura has recently been
strengthened by demonstration that migraine prophylactic
drugs, which are effective in reducing the frequency of
migraine attacks with aura as well as without aura, suppress
CSD generation [34]. In that study, Ayata et al. convincing-
ly showed that five commonly used migraine prophylactic
drugs of different pharmacological classes increased the
threshold to CSD elicitation after chronic systemic treat-
ment. The hypothesis that migraine attacks can be sup-
pressed by inhibiting CSDs had been tested by several
investigators before. However, in these studies, all prophy-
lactic drugs were evaluated after acute or short-duration (1
week) systemic administration with generally negative
results. The new findings suggest that 3–4 weeks of treat-
ment may be necessary to achieve therapeutic efficacy, and
that if treatment continues beyond 3–4 weeks, the drugs

may become even more effective. These findings are inter-
esting in that potential candidates of prophylactic drugs may
be identified by their CSD-suppressing activity when
administered chronically in animal models.

Recently, CSD was shown to activate matrix metallo-
proteases with an attendant enduring increase in vascular
permeability and perhaps enable trigeminovascular activa-
tion [35]. Gürsoy-Özdemir et al. found that, beginning at
3–6 h, MMP-9 levels increased within cortex ipsilateral to
the CSD and persisted for at least 48 h. Immunoreactivities
to laminin, endothelial barrier antigen and zona occludens-
1 diminished in the ipsilateral cortex, suggesting that CSD
triggered disruption of proteins critical to the integrity of
the blood-brain barrier (BBB). In fact, plasma protein
leakage and brain oedema developed starting 3 h after
CSD. Gelatinolytic activity and albumin leakage were sup-
pressed by the metalloprotease inhibitor GM6001 and pro-
tein leakage was not detected in MMP-9-null mice, impli-
cating the MMP-9 isoform in barrier disruption.
Interestingly, in some imaging studies performed during
complicated or prolonged migraine attacks, intraparenchy-
mal extravasation of the contrast agent indicates break-
down of the BBB seen 2–4 h after the administration of
gadolinium [7–10, 12].

What triggers CSD in human brain?

It is not yet clear how CSD can be triggered in human cor-
tex during migraine aura. A number of diverse stimuli trig-
ger CSD including direct cortical trauma, exposure to high
concentrations of excitatory amino acids or K+, direct elec-
trical stimulation, inhibition of Na+/K+-ATPase and energy
failure [27]. Genetic and environmental factors may mod-
ulate individual susceptibility by lowering the CSD thresh-
old, and cortical excitation may cause sufficient elevation
in extracellular K+ and glutamate to initiate CSD.
Consistent with this hypothesis, several studies have sug-
gested that interictal excitability may be increased in
migraineurs [36, 37], although others disagree [38, 39].
Recently, mice carrying a human FHM type 1 mutation
(R192Q in P/Q-type Ca++ channel) were shown to express
an abnormally low CSD threshold, and this phenotype was
associated with enhanced neurotransmitter release [40].

Recently identified FHM mutations provide some clues
as to how genetic predispositions render the brain more
susceptible to CSDs [41]. For example, in FHM1, a lower
CSD threshold can be attributed to attendant changes in
glutamate release due to enhanced calcium influx into
presynaptic terminals via mutated P/Q type calcium chan-
nels [42]. In FHM2, one can posit that clearance of synap-
tic glutamate and potassium by astrocytes is slowed during
intense synaptic activity because of Na+/K+-ATPase hap-
loinsufficiency [43]. In FHM3, mutation in the voltage-
gated sodium channel [44] may disrupt the inactivation



kinetics of action potentials on glutamatergic terminals
during intense activity and hence cause uncontrolled glu-
tamate release because normally elevations in extracellular
potassium from 4 to 8–10 mM depress excitatory synaptic
transmission by slowing sodium channel recovery from
inactivation [45]. Other proteins (e.g., transporters or
channels) relevant to CSD also may render the nervous
system susceptible to CSD and migraine. In fact, a muta-
tion in the glutamate transporter EAAT1 was recently
reported to cause episodic ataxia, hemiplegic migraine and
seizures [46]. Interestingly, single nucleotide polymor-
phisms in the insulin receptor gene are associated with
migraine. These receptors are expressed on astrocytes and
possibly have an impact on CSD by disrupting glucose
utilisation and the energetics of synaptic metabolism [47].
Disturbances in synaptic energy metabolism may also
relate to migraine headache development in patients with a
mitochondrial DNA polymorphism (mitochondrial
encephalomyopathy with lactic acidosis and stroke-like
episodes). It appears possible that during cell stress (con-
ditions not yet defined), a normally compensated but mar-
ginally operative glutamate cycle (reduced safety factor)
may fail, causing paroxysmal onset of CSD.
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Abstract Migraine with aura is a common disorder in
industrialised countries, affecting up to 5% of the adult
population. Although migraine aura is usually a benign
disorder, in rare instances it can be the cause of serious
neurologic complications. The most common is migrain-
ous stroke, defined as a persistent neurologic deficit fol-
lowing the aura with evidence of brain infarction at neu-
roimaging and lack of alternative explanations. The most
likely pathogenic mechanism is brain ischaemia induced
by cortical spreading depression, but other possibilities,
such as intracranic arterial dissection or embolism through
patent foramen ovale need to be considered. Other compli-
cations are migraine-related seizures, which are probably
caused by neuronal hyperexcitability in migraineurs, and
persistent auras without infarction. These disorders are of
both clinical and scientific interest, as they throw light on
the complex and not yet fully understood relationship
between migraine with aura, stroke and epilepsy.

Key words Migraine with aura • Stroke • Migraine-related
epilepsy • Persistent aura

Introduction

Migraine with aura is a common disorder affecting
3%–5% of the adult population [1] in industrialised coun-
tries. According to the International Headache Society
(IHS), this disorder is characterised by focal neurological
symptoms involving the visual system, sensibility or
speech, followed by migraine within one hour [2]. These
symptoms are typically positive, taking the form of bright
or “scintillating” scotomas, but also negative visual field
abnormalities are possible. The focal disorders have a slow
and progressive onset and are typically completely
reversible within one hour, without residual neurological
deficits. Although migraine aura is usually a benign disor-
der, in rare instances it can be complicated by serious
adverse events. These complications are of both clinical
and scientific interest, as they may help to improve our
understanding of the pathogenetic mechanism of migraine
with aura.

Migrainous stroke

The best known complication of migraine  is migrainous
stroke. The IHS defines it as a persistent neurological
deficit continuing a migraine aura, with evidence of
ischaemic lesion in a coherent area at neuroimaging and no
explanation other than migraine after extensive examina-
tion [2]. Furthermore, the residual neurological deficit has
to be similar to the migraine aura.

According to the data reported in large hospital series,
the incidence of migrainous stroke may be higher than pre-
viously thought: 0.5%–1.5% of all strokes and up to
10%–14% in young patients [3, 4]. The most common
clinical sign in these patients was a homonymous field
defect due to a posterior cerebral artery infarct, but other
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arterial territories as well as single or multiple lacunar
infarcts have been reported. Also retinal infarcts and
ischaemic optic neuropathies have been described as com-
plications of retinal migraine [5]. The pathogenetic mech-
anisms responsible for migraine strokes are still poorly
understood, but a possible explanation is that they might
be due to regional oligaemia consequent to cortical
spreading depression (CSD). The initial event of CSD is a
spontaneous neuronal depolarisation moving slowly
across the visual cortex, which has a clinical counterpart
in the scintillating (positive) scotoma. The negative sco-
tomas may represent the following suppression of neu-
ronal function. These dynamic neuronal events are associ-
ated with concomitant alterations in vascular perfusion, in
the form of a transient hyperaemia followed by a more
prolonged state of oligaemia and reduced cerebral perfu-
sion. During normal migraine auras, the level of perfusion
does not reach the ischaemic threshold and is anyhow cou-
pled with the reduced neuronal metabolism. We may spec-
ulate that, instead, in migrainous stroke this metabolic
coupling is not present, so that the energetic needs of neu-
rons exceed the vascular supply. Furthermore, during
migraine attacks blood platelets are overactivated and
have hyperaggregability, increasing the probability of
local clot formation and distal vessel occlusion. In most
instances then, the first event in true migraine-induced
ischaemia is neuronal depolarisation, which then triggers
alterations of the cerebral perfusion and vasoconstriction,
eventually leading to brain ischaemia.

Another possibility which needs to be considered,
however, is that repeated vasoconstriction, together with
migraine-induced platelet aggregation and endothelial
activation, may lead to alterations of the vessel wall, thus
increasing the risk of dissection, intramural clot formation
and embolisation in distal territories. As a matter of fact,
carotid dissection has been shown to be more frequent in
patients with migraine with aura [6]. This increased risk
may also be due to the higher activity of protease of extra-
cellular matrix in migraine patients, with consequent
abnormality of the vessel wall and higher susceptibility to
dissection [7].

Before a diagnosis of migrainous infarction is made,
however, extensive studies, including cardiac and vascu-
lar, need to be performed, as required by the IHS classifi-
cation. In fact, the relationship between migraine, aura and
stroke is a complex one, and mechanisms other than a
direct cause/effect relationship are possible. Migraine aura
may well be the consequence, rather than the cause, of
cerebral ischaemia. Furthermore both migraine with aura
and stroke may be secondary to a third underlying condi-
tion. The existence of pathogenetic mechanisms other than
ischaemia induced by CSD is suggested by the finding that
while migraine with aura is a known risk factor for stroke
in young women [8], no gender difference has been
demonstrated in a study limited to migrainous infarction
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[9]. Moreover, in a retrospective series by Iglesias and
Bousser in which over 200 patients previously diagnosed
as affected by migrainous infarction were re-examined
with strict application of IHS criteria, in only 40 cases was
the diagnosed confirmed, while the remaining were affect-
ed by other cardiac or vascular conditions [10]. Some were
affected by intracranial arterial dissection or aneurysm or
patent foramen ovale (PFO). Both dissection and PFO are
more common in migraineurs than in the general popula-
tion and they increase the risk of embolic stroke. In
migraine patients with these vascular or cardiac condi-
tions, migraine aura followed by ischaemic stroke is prob-
ably the result of cerebral embolism, rather than the
expression of true migraine infarction. This interpretation
is supported by the finding that PFO closure may reduce
the incidence of migraine with aura [11]. These data, how-
ever, may be subject to bias, and need to be confirmed in
randomised trials, such as those already started in the UK.

Other intracranial lesions that may be responsible for
secondary migraine with aura and ischaemic stroke are
artero-venous malformations and leptomeningeal
angiomatosis, as observed in Sturge-Weber syndrome [12].
A prompt diagnosis of these disorders is of great clinical rel-
evance, as their treatment avoids the risk of stroke recur-
rence and may also reduce the headache itself. Then, the
first step in the diagnostic work-up of patients with possible
migrainous stroke is to identify potentially treatable disor-
ders at high risk.

Migraine-related epilepsy

The second well documented, albeit rare, serious adverse
event that may be triggered by migraine aura is the induc-
tion of seizures. The IHS defines this complication as a
seizure of any kind occurring in continuation of migraine
aura or within one hour from the resolution of symptoms
[2]. Again, the relationship between migraine and epilepsy
is complex, as the two disorders have a high comorbidity
and probably share the same genetic risk factors, as shown
by the higher epilepsy rate in migraineurs with aura.
Moreover, as discussed in the case of migrainous strokes,
both migraine and seizures may be secondary to intracra-
nial brain lesions or to genetic disease. In a recent case
series by Marks et al. of 395 adult patients with epilepsy,
20% were also affected by migraine and only 3% had
seizures during or immediately after a migraine aura [13].
In this group of patients visual aura was clearly and con-
sistently followed by focal seizures involving the same
brain area as the aura, sometimes with secondary general-
isation.

The mechanisms through which the aura may give rise
to epilepsy are not known, but one may speculate that the
reduced regional blood flow during CSD may also reduce
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the epileptic threshold. An alternative explanation may be
that repeated episodes of migraine in combination with
genetic or environmental factors may lead to focal cortical
injury and reorganisation, resulting in a tendency toward
seizures, but in most reported cases no evidence of brain
lesions could be found despite accurate investigation, such
as NMR imaging. In one reported case of migraine-related
seizures, fully reversible areas of signal intensity at T2-
weighted and FLAIR NMR were described [14]. These
areas disappeared without causing permanent lesions,
changed site from one episode to the next and were in rela-
tion with the symptoms reported.

In these patients, for whom the terms of migraine-relat-
ed epilepsy have been proposed, a good response of both
epileptic and migraine manifestations could often be
achieved with the use of combined antiepileptic treat-
ments, often involving lamotrigine, valproate and topira-
mate. These observations raise some interesting points
about the pathogenetic mechanisms of migraine. In partic-
ular, they support the notion that the primary event respon-
sible for aura is neuronal hyperexcitability, which may be
the common pathogenic mechanism of both disorders. As
a matter of fact, functional NMR imaging studies have
demonstrated abnormal excitability of widespread regions
of the occipital, occipito-temporal and occipito-parietal
cortex of migraineurs during stressful visual conditions
[15]. These alterations were correlated with impaired visu-
al processing at psychophysiological testing. It is interest-
ing to note that stressful linear stimuli have been shown to
excite visual cortex epileptic discharges, probably by
inducing hyperexcitability of line detector neurons in the
occipital cortex [16].

The cause of neuronal hyperexcitability in migraine
with aura is unknown, but it may be linked to instability of
cell membrane potential. The latter could in turn be due to
impaired oxidative metabolism, with consequent energy
depletion and failure to maintain membrane potential
under conditions of high energetic needs. This hypothesis
is supported by recent studies with NMR spectroscopy
imaging, in which levels of N-acetylaspartate were shown
to fall compared with normal controls in conditions of
visual stress [17]. Moreover, localised 31 phosphorus
spectroscopy pointed to dysfunction of brain mitochondria
in migraineurs [18]. The relevance of mitochondrial dys-
function is further stressed by the coexistence of migraine
with aura and epilepsy in mitochondrial myopathy,
encephalopathy, lactic acidosis and stroke (MELAS) syn-
drome, a disorder caused by an inherited mutation of mito-
chondrial DNA. No mitochondrial mutations, however,
have been detected in migraineurs with or without aura not
affected by MELAS. Other possible mechanisms responsi-
ble for neuronal hyper-reactivity could be imbalance
between excitatory (glutamatergic) and inhibitory (gabaer-
gic) systems or mutations of membrane channels with
alterations of neuronal conduction. A gain of function

mutation of brain-specific P/Q calcium channel has been
demonstrated to be present both in familiar hemiplegic
migraine type 1 and in inherited absence epilepsy [19].

Persistent aura without infarcts

Another complication of migraine described in the second
edition of the IHS classification is persistent aura without
infarcts. This condition is characterised by aura symptoms
lasting for more than a week without neuroradiologic evi-
dence of cerebral infarcts, which cannot be explained by
other conditions [2]. Aura symptoms may involve: the
motor, sensory or visual systems, either positive or nega-
tive. This rare disorder occurs more frequently in patients
affected by genetic forms of migraine, such as familiar
hemiplegic migraine type 1 or 2 (FHM type 1 or 2) or more
complex genetic disorders such as cerebral autosomic
dominant angiopathy with subcortical infarcts and lacunar
state (CADASIL) or MELAS. FHM are hereditary syn-
dromes characterised by long-lasting motor deficits; type
1, also associated with absence epilepsy, is due to a gain of
function mutation of a brain-specific calcium channel [19].
The increased membrane conductance resulting from the
mutation may determine membrane potential instability
and lead to neuronal hyperexcitability, CSD and long-last-
ing hypoperfusion, explaining the severity and long length
of the aura in these patients. FHM type 2 is due to a mis-
sense mutation of an intracellular ATPase linked to mem-
brane Na/K pump which may also determine impairment
of membrane potential and hyperexcitability [20]. MELAS
is a complex disorder characterised by encephalopathy
with seizures, stroke-like infarcts, lactic acidosis and
determined by a mutation of mitochondrial DNA with
impairment of energy metabolism. Severe attacks of
migraine with long-lasting auras are also part of the clini-
cal spectrum. Finally, persistent auras may be seen in
patients affected by CADASIL, a complex syndrome
determined by a mutation in the signalling protein
NOTCH-3 [21]. Aside from patients with genetic syn-
dromes, persistent aura without infarction is a rare occur-
rence. So far, 20 patients with long-lasting visual auras
have been described, and 10 of these have been studied
with advanced NMR perfusion and diffusion imaging tech-
niques or SPECT. In these patients, reduced perfusion of
occipital cortex could be demonstrated during auras, while
it returned to normal levels after resolution of symptoms
[22]. The level of perfusion, however, was superior to the
critical ischaemic threshold and no permanent brain lesion
could be detected. These findings are consistent with the
notion that CSD and localised brain oligaemia are the
pathogenetic mechanisms responsible for the neurological
symptoms. The reason why cerebral oligaemia is sustained
in these rare patients is still not understood.
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Migraine with aura, epilepsy and stroke: new insights
into a complex relationship

The relationships between migraine aura, ischaemic stroke
and epilepsy are complex and bi-directional, so that no
simple cause-effect links can be established. However,
some general features can indeed be outlined and may
serve as an overall scheme (Fig. 1). Genetic and environ-
mental factors with a multigenic mode of inheritance can
lead to a state of neuronal hypersensibility; these yet
unknown genes could be involved in the maintenance of
neuronal metabolism and homeostasis, with membrane
electric properties or with glutamatergic transmission.
Neuronal instability may in turn increase the risk of both
epilepsy and migraine with aura. The existence of a com-
mon pool of susceptibility genes shared by migraine has
been demonstrated in a recent work by Hollstein and col-
leagues. Furthermore, we have examples of rare heredi-
tary diseases that may give rise to both migraine with aura
of unusual severity and epilepsy. On the other hand, a dif-
ferent set of genes, linked to platelet function, vessel reac-
tivity or extracellular matrix, may increase the suscepti-
bility of ischaemic stroke and migraine. Also in this case,
an autosomic dominant disease, CADASIL, may manifest
with migraine with long-lasting aura and ischaemic lacu-
nar strokes. Then, the genetic factors inherited may
explain the comorbidity of migraine, epilepsy and stroke.

On a different level, the migraine attack itself, may, in
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rare instances, trigger stroke or epilepsy or, exceptionally,
even both. The common mechanism involved seems to be
CSD. Indeed, cortical hypoperfusion may further decrease
the epileptic threshold of neurons, starting the epileptic
discharge in already susceptible neurons. If the cortical
blood supply is further reduced and is combined with
platelet hyperaggregation, neurons may be irreversibly
damaged and the aura may be responsible for ischaemic
stroke. Once an ischaemic lesion has developed, it may in
its turn cause cortical remodelling and became a source of
focal epileptic activity. Finally, if cortical hypoperfusion
is moderate but unusually long lasting, focal neurological
deficits may be persistent without a structural brain
lesion.

The trigeminovascular theory provides a conceptual
framework to understand the complexity of migraine with
aura, at once a disease and a clinical manifestation of a
disease, characterised by the coexistence of neuronal
hyperactivation and vascular phenomena. Part of this
complexity, however, is rather dependent on the great het-
erogeneity that characterises vascular phenomena, and
migrainous stroke in particular. Indeed, a relevant portion
of what we call migrainous stroke may be the conse-
quence of several different factors, such as embolism
through OP or intracranial artery dissection. The exten-
sive and accurate clinical, neuroradiologic and cardiovas-
cular investigation of patients with migrainous stroke in
observational trials is then still necessary and may lead to
unexpected results.
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Abstract Migraine with aura (MwA) sufferers, at times,
need specific treatments. This is the case when the auras are
frequent, prolonged and cause anxiety and distress.
Abnormal release of glutamate, which may trigger auras,
and abnormal platelet behaviour, which constitutes a possi-
ble predisposing factor to MwA, are possible targets for
MwA-specific prophylactic therapy. Here we present
results obtained using lamotrigine (two open trials), an
agent known to inhibit glutamate release, and picotamide,
an antiplatelet drug, in the prophylactic treatment of MwA
sufferers. Lamotrigine significantly reduced the frequency
of MwA attacks, and picotamide together with lamotrigine
reduced the duration and/or the occurrence of auras. In
comparison to lamotrigine, the therapy with picotamide
may have some advantages such as the use of the therapeu-
tic dose from the first day of treatment (lamotrigine needs
one month or more to reach such a dose) and the possibili-
ty to prevent cerebral ischaemic events and migraine stroke,
a rare but severe complication of MwA attacks.

Key words Migraine with aura • Neuronal hyperexcitability •

Lamotrigine • Platelet activation • Picotamide

Introduction

Migraine with aura (MwA) is a primary headache disorder
that affects up to 30% of migraine sufferers [1]. In some
patients, MwA is associated with attacks of migraine with-
out aura [1]. This coexistence in headache sufferers has
sparked a debate as to whether these two forms of migraine
are clinically distinct entities. The International Headache
Society’s (IHS) diagnostic criteria for MwA [2] provide a
clinical description of the aura, the disorder’s most distinc-
tive feature: transient, unilateral or bilateral visual, sensory
or motor symptoms due to a possible recurrent reversible,
idiopathic dysfunction of the cortex or brainstem.

The most challenging task for the physician confronted
with this easy-to-diagnose form of migraine is to select the
most effective treatment. A clinical history is important to
uncover and avoid possible triggering factors such as oral
contraceptives and light stimuli. Once these have been iden-
tified, the main questions are what drugs to use and whether
a preventive regimen is justified. A no less important con-
sideration is whether the aura should be specifically treated,
particularly when the duration of neurological symptoms
and the modality of their appearance may constitute a cause
of severe anxiety and distress in these patients (sudden loss
of vision in visual field, strength in one arm, etc.). This
occurs more often when the aura lasts one hour or more (at
times the symptoms of aura last days, as in prolonged auras)
and the frequency is high. In addition, although infrequent-
ly, aura may trigger a cerebral ischaemic attack with per-
manent neurological deficits (migraine stroke). A review of
the literature (databases used were MEDLINE on PubMed,
Embase, Healthstar, Cochrane databases and CINAHL) on
the acute treatment of aura and its prophylaxis indicates that
the therapeutic options to cope with the needs of MwA suf-
ferers are very few and not always tailored to prevent the
neurological symptoms [3].

Here we briefly describe the possible chain of events of
aura pathophysiology and circulating factors that could
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predispose and/or precipitate MwA attacks. Based on this
evidence, we suggest possible specific therapeutic strate-
gies for MwA.

Aura pathophysiology

Functional evidence suggests that visual aura is a neuronal
event similar to the spreading depression (SD) triggered on
the cortex of the rabbit by potassium described by Leao [4].
The initial event is a spontaneous neuronal depolarisation
moving slowly (3 mm/min) on the occipital cortex, which
has its clinical counterpart in the scintillating contour (posi-
tive scotoma). A negative scotoma (the dark area inside scin-
tillations) may represent the following suppression of neu-
ronal function [5]. Neurophysiological studies, using neuro-
magnetometer and transcranial stimulation of occipital cor-
tex, support the hypothesis that a neuronal hyperexcitability
[6] is the predisposing factor that causes the initial cortical
event [7, 8]. Glutamic and aspartic acids are excitatory
amino acids that elicit and support SD in animal models [9].
Elevated levels of these excitatory neurotransmitters have
been found in platelets of MwA sufferers [10, 11]. Platelets
constitute a fair model to study glutamate function of the
neuron [12]. Thus if these platelet findings mirror similar
abnormal levels in neurons, it is possible that an increased
release of glutamate from dendrites or soma depolarises
occipital cortex mediating SD.

The factors that predispose to MwA attacks are
unknown, however an increased susceptibility to the release
of platelet dense bodies (in which glutamate is contained)
[13–15] together with a low threshold of platelets to aggre-
gating agents such as platelet-activating factor (PAF) and
ADP, may predispose MwA sufferers to auras [16–18]. This
may be particularly true when platelet anomalies match, in
the same migraine patient, with the presence of patent fora-
men ovale (PFO) [19] and atrial septum aneurysm (ASA)
[20], heart conditions significantly more frequent in MwA.
The abnormal platelet behaviour together with heart con-
genital anomalies increase the possibility of platelet aggre-
gate formation in the microcirculation with local release of
glutamate and possible focal minute cerebral ischaemia.
Both events may determine release of potassium and gluta-
mate from glia and cortical neurons of MwA, in which a
defect of brain oxidative metabolism has been demonstrated
[21], and auras.

From pathophysiology to treatments of MwA

Release of glutamate from platelet and neurons may con-
stitute an important step in triggering neuronal depolarisa-
tion and the occurrence of the aura. Hence drugs that

potentially interfere with the impact of glutamate on
hyperexcitable neurons may prevent MwA attacks.

Lamotrigine is an antiepileptic agent active in blocking
partial and generalised seizures [22]. It acts by blocking
voltage-dependent sensitive channels, leading to inhibition
of neuronal release of glutamate [23]. We treated, in an
open-label study, 24 MwA patients with high frequency of
attacks (6.1±4.1), during a one-month run as reported in a
diary, with 100 mg of lamotrigine on a daily basis (start-
ing with 25 mg/day and increasing by 25 mg every week).
The frequency of attacks decreased significantly from
6.1±4.1 to 0.7±1.3/month (p<0.0001) during a three-
month trial. The duration and the intensity of the pain of
residual crisis remained unchanged. Five patients suffered
also from migraine without aura attacks, the frequency of
which remained unchanged [24]. The latter finding con-
firms that lamotrigine is not useful in migraine without
aura, where the cortical events triggered by glutamate may
be not present [25]. These findings are confirmed by a
recent, controlled, three-year, prospective, open study.
Fifty-nine MwA sufferers were treated with lamotrigine
with a starting dose of 25 mg; the dosage was increased by
25 mg monthly, not exceeding 300 mg/day. Treatment
response was defined as a reduction of aura frequency
each month by at least 50%. Lamotrigine significantly
reduced both frequency and duration of auras (mean
1.5±0.6 each month before vs. 0.4±0.7 after treatment,
p<0.001). Furthermore, three-quarters of the patients with
a reduction of aura symptoms experienced a significant
reduction of migraine attacks (mean 2.1±1.0 each month
before vs. 1.2±1.1 after treatment, p<0.001) [26]. These
two studies, together with other previous open-label stud-
ies [27–30], suggest that lamotrigine constitutes a specific
prophylactic treatment of MwA.

Another possible option of MwA prophylactic treat-
ment is to reduce the low threshold to platelet activation
and aggregation in MwA patients. This therapeutic strate-
gy may be particularly useful in those subjects with a con-
comitant presence of PFO and ASA where the possibility
of platelet microaggregate occurrence is more probable.
Picotamide is an antiplatelet agent with a dual mechanism
of action: inhibition of thromboxane A2 synthase and
antagonism of TX2 receptors [31]. In order to ascertain the
possible usefulness of picotamide, we performed a pilot
study [32] administering the drug at a dose of 300 mg
twice daily, to 22 patients affected by MwA with high fre-
quency of attacks (6.85±3.83 in the run-in trimester). A
detailed diary reporting neurological symptoms, duration
of the aura and frequency of attacks was compiled by
patients along the trial time (six months picotamide regi-
men). Picotamide has shown a significant efficacy in
reducing the number of auras (from 6.85±3.83 to
2.55±2.89/month; p<0.0001) and the duration of the aura
(from 36.75±20.28 to 17.75±16.26 min; p<0.0001). In
25% of patients MwA totally disappeared. No serious
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adverse events accompanied the treatment. The results
demonstrate that picotamide is a useful therapy in the pro-
phylaxis of MwA.

Conclusions

The results obtained from the studies presented above
clearly suggest that it is possible to prevent MwA attacks
with agents that interfere with the pathophysiological
chain of events that may trigger the aura. Lamotrigine, in
contrast to topiramate [33], another antiglutamatergic drug
known to be highly effective in the therapy of epilepsy,
seems to be the specific treatment. Promising results are
obtained by using an antiplatelet agent such as picotamide.
Like lamotrigine, picotamide significantly reduces the fre-
quency and length of auras. This treatment is particularly
indicated when platelet activation is more probable to
occur i.e. in those patients with PFO and ASA. One advan-
tage of picotamide vs. lamotrigine is that using the former,
the therapeutic dose of the drug can be administered earli-
er, in the first day of treatment. Lamotrigine has to be
increased slowly and needs month(s) to reach the proper
dose. In addition, picotamide treatment is a good prophy-
laxis to prevent ischaemic events [34] and migraine stroke,
which is an infrequent but severe complication of MwA
attacks [35]. Indeed, the results obtained with lamotrigine
and picotamide have to be confirmed with double-blind,
placebo-controlled trials.
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Abstract The placebo effect is the effect that follows the
administration of an inert treatment (the placebo), be it
pharmacological or not. It is important to understand that a
placebo procedure simulates a therapy through the sur-
rounding psychosocial context. Therefore, the study of the
placebo effect is the study of the psychosocial context
around the patient and its effects on the patient’s brain. The
real placebo response is a psychobiological phenomenon
that can be due to different mechanisms, for example expec-
tation and conditioning. Thus, there is not a single placebo
effect but many, so that we have to look for different mech-
anisms in different conditions and in different systems and
apparatuses. Today we are beginning to understand some of
the neurobiological mechanisms of the placebo response,
and this knowledge may help better understand the top-
down control of the incoming sensory input, like pain, and
the intricate interaction between mind and body.

Key words Placebo • Pain • Analgesia • Endogenous
opioids • Cholecystokinin

The investigation of the placebo effect is full of pitfalls and
drawbacks because, in order to identify a real psychobio-
logical placebo response, several other phenomena have to
be ruled out. In fact, the placebo itself is not always the
cause of the effect that is observed and this represents a
source of confusion [1]. For example, most painful condi-
tions show a spontaneous temporal variation that is known
as natural history. If subjects take a placebo just before
their discomfort starts decreasing, they may believe that
the placebo is effective, although that decrease would have
occurred anyway. This is not a placebo effect but a sponta-
neous remission. Another example is regression to the
mean, a statistical phenomenon assuming that individuals
tend to receive their initial clinical assessment when their
pain is near its greatest intensity, and that their pain level
is likely to be lower when they return for a second pain
assessment. These examples show that, although an
improvement may occur after the administration of a place-
bo, the placebo is not necessarily the cause of the effect that
is observed. As these phenomena are sometimes difficult to
identify, the mechanisms of the placebo response must be
investigated under strictly controlled experimental condi-
tions [1]. For example, in order to rule out spontaneous
remission, a group taking the placebo is compared to a
group receiving no treatment, the latter giving information
on the natural course of the symptom. The difference
between the placebo group and the no-treatment group rep-
resents the real psychobiological placebo response.

The placebo effect involves both cognitive factors and
conditioning mechanisms. In the first case, the deceptive
administration of a placebo treatment may lead the sub-
jects to believe that the treatment is effective. Some stud-
ies show that different verbal instructions lead to different
expectations and thus to different responses, and this plays
a fundamental role in the placebo effect [2, 3]. Not only
may the context around a therapy act through expectation
and conscious anticipatory processes, but there are some
lines of evidence indicating that the placebo response is
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sometimes a conditioned response due to repeated associ-
ations between a conditioned stimulus (e.g., shape and
colour of pills) and an unconditioned stimulus (the active
substance of pills) [2, 3]. In this case, it is the context itself
that is the conditioned stimulus. However, even by consid-
ering a typical conditioning procedure, it has been shown
that a conditioned placebo analgesic response can result
from conditioning but it is actually mediated by expecta-
tion. In other words, conditioning would lead to the expec-
tation that a given event will follow another event, and this
occurs on the basis of the information that the conditioned
stimulus provides about the unconditioned stimulus [3].

There is experimental evidence that some physiological
functions are affected by placebos through anticipatory con-
scious processes whereas some other functions undergo an
unconscious mechanism of conditioning. For example, ver-
bally induced expectations of analgesia or hyperalgesia
antagonise completely the effects of pre-conditioning in
experimental pain. By contrast, verbally induced expecta-
tions of increase or decrease of growth hormone and cortisol
do not have any effect on the secretion of these hormones.
However, if pre-conditioning is carried out with the 5-
HT1B/1D agonist, sumatriptan, which stimulates growth hor-
mone and inhibits cortisol secretion, a significant increase of
growth hormone and decrease of cortisol blood concentra-
tions can be found after placebo administration, even though
opposite verbal suggestions are given. These findings sug-
gest that placebo responses are mediated by conditioning
when unconscious physiological functions, like hormonal
secretion, are involved, whereas they are mediated by expec-
tation when conscious physiological processes, like pain,
come into play. Thus the placebo effect seems to be a phe-
nomenon which can be learned either consciously or uncon-
sciously, depending on the system that is involved [3].

Several studies show that placebo analgesia is antago-
nised by the opioid antagonist, naloxone, thus suggesting a
mediation by endogenous opioids [2]. The cholecystokinin
(CCK) antagonist, proglumide, has been found to enhance
the placebo analgesic effect [4], which indicates that CCK
has an inhibitory role in placebo-induced analgesia. The
placebo analgesic response is thus the result of the balance
between endogenous opioids and endogenous CCK.

Placebo analgesia is not always mediated by endoge-
nous opioids. If the placebo response is induced by means
of strong expectation cues, it can be blocked by naloxone,
but if it is induced by means of prior conditioning with a
non-opioid drug it is naloxone-insensitive [2]. Today we
know that specific placebo analgesic responses can be
obtained in different parts of the body, and that these
responses are naloxone-reversible, which suggests that the
placebo-activated endogenous opioid systems have a
somatotopic organisation [5].

The investigation of placebo analgesia by means of
positron emission tomography found that similar regions
of the brain are affected by both a placebo and a narcotic

drug, thus suggesting a related mechanism in placebo-
induced and opioid-induced analgesia [6]. In fact, the admin-
istration of a placebo induced the activation of the rostral
anterior cingulate cortex (rACC) and the orbitofrontal cortex
(OrbC). Moreover, there was a significant covariation in
activity between the rACC and the lower pons/medulla cor-
responding to the rostral ventromedial medulla (RVM), and
a subsignificant covariation between the rACC and the peri-
aqueductal grey (PAG), which suggests that a descending
rACC/PAG/RVM pain-modulating circuit is involved in
placebo analgesia. It is important to point out that ACC and
PAG are rich in opioid receptors, thus confirming the phar-
macological studies with naloxone described above. By
using functional magnetic resonance imaging to analyse the
brain regions that are involved in placebo analgesia, another
study showed that the activity of different regions involved in
pain transmission, such as the thalamus, the anterior insula
(aINS) and the caudal rACC, was decreased following a
placebo treatment, thus indicating a reduction of the noci-
ceptive transmission along the pain pathways [7]. In addi-
tion, during the anticipatory phase of the placebo analgesic
response, an activation of the dorsolateral prefrontal cortex
(DLPFC), OrbC, superior parietal cortex, PAG and other
frontal regions occurs, suggesting the activation of a cogni-
tive-evaluative network just before the placebo response. A
recent study, which used in vivo receptor binding techniques,
identified the regions where the endogenous opioids are
released [8]. These regions include the pregenual rostral
anterior cingulate, DLPFC, INS and the nucleus accumbens,
which confirms once again the pharmacological blockade
of placebo analgesia by opioid antagonists.

Placebo-activated endogenous opioids have also been
shown to induce respiratory depression [9], indicating that
they act not only on pain mechanisms, but on the respirato-
ry centres as well. Also β-adrenergic sympathetic activity is
reduced in placebo analgesia, and this might be due to
either pain reduction itself or a direct action of placebo-
activated endogenous opioids [10]. Some non-opioid mech-
anisms, such as the serotonin 5-HT1B/1D receptors, have
also been investigated, but further research is needed [3].

The placebo response is not limited to pain and analge-
sia, but it also occurs in many other conditions. The inte-
gration of the understanding of the placebo mechanisms in
the field of pain and in other diseases is essential to iden-
tify similarities and differences that might help better
understand the complexity of the placebo effect. For exam-
ple, as described above, placebo-induced hormonal
responses can be obtained after repeated administrations of
sumatriptan [3], so can placebo-induced immunosuppres-
sive responses after repeated administrations of
cyclosporin [11], which suggests a mechanism of
Pavlovian conditioning in the endocrine and immune sys-
tems. Parkinson’s disease has also been used as an inter-
esting model to understand the neurobiological mecha-
nisms of the placebo response. In fact, it has been shown
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that placebo administration in patients with Parkinson’s
disease activates endogenous dopamine in the striatum
[12] and modifies the pattern of neuronal activity in the
subthalamic nucleus [13].

Some of the best evidence to support the important role
of expectations and the top-down modulation of pain and
analgesia is the decreased effectiveness of hidden therapies.
It is possible to eliminate the placebo (psychosocial) com-
ponent and to analyse the pharmacodynamic effects of an
analgesic treatment, free of any psychological contamina-
tion. To eliminate the patient’s expectations, the patient is
made completely unaware that a medical therapy is being
carried out. To do this, drugs are administered through
covert infusions by computer-controlled machines. The cru-
cial point here is that the patients do not know that any anal-
gesic is being injected, so that they do not expect anything.
In post-operative pain, it was found that a hidden injection
of different painkillers, like morphine, buprenorphine, tra-
madol, ketorolac and metamizol, in which the patients do
not expect any outcome, is significantly less effective than
an open one, in which the patients know that a pain reduc-
tion will occur [14].

The difference between open and hidden administration
represents the placebo component, and underscores the
importance of the placebo response in clinical practice. In
fact, it basically shows that the specific effect of a treatment
and the placebo response are additive. As no placebo is
given, the difference between an open and hidden injection
cannot be called a placebo effect. Nevertheless it strongly
indicates the important role of the psychosocial component
of a therapy and the importance of the patient’s perception
that a therapy is being received. This new approach to the
identification of the placebo effect might have an important
impact on the design of clinical trials [1, 15].
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Abstract Functional neuroimaging in headache patients
has revolutionised our understanding of these syndromes
and provided unique insights into some of the commonest
maladies in man, suggesting that at least migraine and
cluster headache are primarily driven from the brain.
Repeated and independent findings reinforce the crucial
role for the brain stem in acute and probably also in chron-
ic migraine, and the hypothalamic grey in several trigemi-
no-autonomic headaches. If further studies confirm these
findings, a better understanding will be gained of where
and how acute and preventative therapy can be targeted.
Given the rapid advances in functional neuroimaging, in
particular newer techniques, such as voxel-based mor-
phometry and magnetic resonance spectrometry, function-
al imaging continues to play a significant role and opens
new avenues in targeting the neural substrates in individ-
ual primary headache syndromes.

Key words Headache • Migraine • Functional imaging •

Morphometry • PET

Functional anatomy of migraine

Numerous excellent studies have confirmed that the aura
phase of migraine is associated with a reduction in cerebral
blood flow [1–3]. However, the link between aura and
headache remains controversial, despite some valuable
theoretical considerations [4]. It must be remembered that
only 15% of migraineurs have aura, and the rest do not
show any consistent demonstrable changes in blood flow.

The early functional imaging work using positron emis-
sion tomography (PET) demonstrated a consistent increase
in regional cerebral blood flow (rCBF) in the rostral brain
stem that persisted, even after sumatriptan had induced
complete relief from headache, nausea, phonophobia and
photophobia [5]. This increase was not seen outside the
attack and has been confirmed in a single case study [6].
Dysfunction of the regulation of brain-stem nuclei involved
in anti-nociception and extra- and intracerebral vascular
control provides 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 reports by
Raskin et al. [7] and Veloso et al. [8] on non-headache
patients who developed migraine-like episodes after stereo-
tactic placement of electrodes in the periaqueductal grey
matter (PAG) for treatment of chronic pain. Certainly, acti-
vation of the brain stem per se has been reported in many
pain conditions other than migraine, including tonic cold
stimulation [9], laser-induced pain [10], painful touch pro-
duced by a stylus [11] and even experiencing empathetic
pain when someone else suffers pain [12].

However, using H2
15O-labelled PET, Goadsby and co-

workers reinforced the view that migraine is a subcortical
disorder with significant brain-stem involvement, investi-
gating five patients during a spontaneous migraine attack
and providing evidence for long-lasting dorsal pontine
activation in migraine [13]. What’s more, the same group,
investigating 24 migraine patients during nitroglycerin
(NTG)-induced migraine attacks, redefined the exact
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brain-stem activation in terms of an ipsilateral activation
in the dorsal pons in strictly halfsided migraine attacks,
whereas a bilateral activation was found in patients suffer-
ing from bilateral headaches [14]. Also recently, eight
patients with chronic migraine (≥15 days per month of
attacks of migraine without aura) [15], who had shown a
marked beneficial response to implanted bilateral suboc-
cipital stimulators, were studied using PET. Comparing
stimulation (improved headache) with no stimulation
(headache) demonstrated significant changes in rCBF in
the dorsal rostral pons, anterior cingulate cortex (ACC)
and cuneus, correlated to pain scores [16]. The localisa-
tion and persistence of activity during stimulation is exact-
ly consistent with the above-mentioned region activated in
episodic migraine and suggests a crucial role for this
structure in the pathophysiology of chronic migraine [16].

For more than two decades a growing body of evidence
has accumulated towards training- and injury-induced
functional plasticity at different levels in the adult human
central nervous system. In humans, functional reorganisa-
tion was shown in phantom pain and chronic back pain
[17, 18], leading to the concept of “maladaptive plastici-
ty”. Compared with healthy volunteers, migraine patients
also exhibited a larger relative activation of the contralat-
eral primary sensorimotor cortex and a rostral displace-
ment of the supplementary motor area [19]. This study
suggests that functional cortical changes may occur in
patients with migraine, but in the light of a relapsing-
remitting syndrome, need to be confirmed.

Functional anatomy of trigeminal autonomic
cephalalgias

Trigeminal autonomic cephalalgia (TAC) is a relatively
new term [15], first proposed by Goadsby and Lipton [20]
for a group of primary headaches with pain and autonom-
ic involvement in the facial area of the trigeminal nerve
[21]. PET data of a spontaneous cluster headache attack
revealed in an individual patient an activation pattern com-
parable with that observed in NTG-induced cluster
headache [22]. Consequently, it appears unlikely that pre-
vious imaging data on this disease were confounded by
NTG. Interestingly, a trend of brain-stem activation was
also observed in this patient, which may point to a more
general activation of this brain structure in pain and
headache instead of being specific to migraine.

Although the headache syndromes of this group, name-
ly cluster headache, paroxysmal hemicrania and SUNCT,
clearly share typical clinical features, in most cases a sub-
classification is possible and reasonable, as therapeutical
regimen and response differ. A recent case report investi-
gated, using f-MRI, a 68-year-old patient suffering from
excruciating trigemino-autonomic headache attacks, in
whom frequency, duration and therapeutic response
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allowed no clear-cut classification to one of the subtypes
of TAC. However, the cerebral activation pattern was sim-
ilar although not identical to those previously observed in
cluster headache [23] and short-lasting, unilateral, neural-
giform headache with conjunctival injection and tearing
(SUNCT) [24], with a prominent activation in the hypo-
thalamic grey matter [25]. This case study underlines the
conceptual value of the term “TAC” for the group of
headaches focusing around the trigeminal-autonomic
reflex and moreover emphasises the importance of the
hypothalamus as a key region in the pathophysiological
process of this entity.

Another recent case report of two SUNCT patients
investigated using f-MRI and BOLD reported a bilateral
hypothalamic activation, which even positively correlated
to increasing pain levels [26]. This report certainly
strengthens the role of the hypothalamus in the pathophys-
iology of TACs, but considering that only 2 patients are
reported, it probably does not justify questioning the basis
for the laterality of the attacks.

Hemicrania continua is a strictly unilateral, continuous
headache of moderate intensity, with superimposed exac-
erbations of severe intensity that are accompanied by
trigeminal autonomic features and migrainous symptoms
[27]. The syndrome is exquisitely responsive to
indomethacin. In seven patients with hemicrania continua
a significant activation of the contralateral posterior hypo-
thalamus and ipsilateral dorsal rostral pons in association
with the headache was described. In addition, there was
activation of the ipsilateral ventrolateral midbrain, which
extended over the red nucleus and the substantia nigra, and
bilateral pontomedullary junction. This study demonstrat-
ed nicely that the neuroimaging markers of trigeminal
autonomic headaches and migrainous syndromes are
demonstrated in hemicrania continua, mirroring the clini-
cal phenotype, which in fact exhibits a certain overlap with
trigeminal autonomic headaches and migraine [28]. Taken
together, just as in the case of an atypical trigemino-auto-
nomic headache [25], the functional imaging data in hem-
icrania continua [28] and paroxysmal hemicrania [29]
impressively emphasise that primary headache syndromes
can be distinguished on a functional neuroanatomic basis
by areas of activation specific to the clinical presentation.

Structural anatomy of primary headaches

Until recently, functional imaging of acute headache attacks
was limited to PET studies, due to methodological issues of
functional MRI and BOLD responses. Considering the dis-
cussion regarding laterality and exact location of headache-
specific activation in brain-stem areas in migraine [6, 13,
30], it will be valuable to use f-MRI, making use of the
higher temporal and spatial resolution. As it is now possible
to use f-MRI to even measure activation in the trigeminal
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ganglion and spinal trigeminal nucleus [31], these advances
are likely to contribute greatly to the diagnosis and treat-
ment of clinical pain conditions such as migraine, cluster
headache and possibly even tension-type headache. In this
context it is noteworthy that two recent studies developed
and implemented experimental painful stimulation of the
trigeminal nerve, which can be applied with event-related
paradigms by using MRI [32, 33].

Voxel-based morphometry (VBM) is a new fully auto-
mated whole brain technique that is sensitive to subtle
macroscopic and mesoscopic structural differences
between groups of subjects. Using VBM a significant
structural difference in grey matter density, a ‘lesion’ coin-
ciding with the inferior posterior hypothalamus, was found
in cluster headache [34] but not in migraine patients [35]
when compared to healthy volunteers. A more recent work
investigated, using MRI and VBM, 20 patients suffering
from chronic tension-type headache (CTTH) and 20
patients with medication-overuse headache and compared
them to 40 controls with no headache history. Only
patients with CTTH demonstrated a significant grey matter
decrease in regions known to be involved in pain process-
ing [36]. This finding implies that the alterations are spe-
cific to CTTH rather than a response to chronic head pain
or chronification per se. In contrast to traditional concepts
focussing on functional plasticity, recent studies suggest
that cortical plasticity at a structural level plays a pivotal
role in learning and memory. Consistent with this view, 3-
month training of a visuo-motor skill has proven to induce
structural reorganisation in specific brain areas as mea-
sured by VBM [37]. A very recent work demonstrated
structural changes in chronic back pain [38], even follow-
ing 5 days of repetitive transcranial magnetic stimulation
(rTMS) treatment [39], underlining the value of morpho-
metric approaches such as VBM, diffusion tensor imaging
(DTI) and deformation-based morphometry (DBM) in the
examination of chronic head pain syndromes.

Conclusions

Functional neuroimaging in patients has certainly revolu-
tionised our insights into primary headache syndromes
[40, 41]. In migraine, functional imaging provided infor-
mation that transient, spatially restricted changes in brain
blood flow accompany the aura [2, 3]. Regarding the gen-
esis of primary headache syndromes, the early functional
imaging work using PET strongly suggests that the
observed activation in migraine (brain stem) [5] and in
cluster headache (hypothalamic grey) [42] is involved in
the pain process in a permissive or triggering manner
rather than simply as a response to first division nocicep-
tion per se [43]. Using the advanced method of VBM, it
has been suggested that there is a correlation between the
brain area activated, particularly in acute cluster headache,

the posterior hypothalamic grey matter, and some change
in grey matter in the same region [34]. This work has even
led to the successful introduction of a therapeutic target
using deep brain stimulation of the posterior hypothalamic
grey matter [44, 45]. Moreover, also in a PET study in
cluster headache and experimental headache [46, 47], a
vasodilation of major basal vessels has been observed,
which is nonspecific to the cause and most likely the effect
of a trigemino-parasympathetic reflex.
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Abstract The pathogenesis of migraine is still unclear, but
much evidence suggests a role of inflammation in pain gen-
eration. Calcitonin gene related peptide, nitric oxide and
cytokines are all molecules shown to be involved both in
animal and human studies. The glutamatergic system is
also described as a possible mechanism leading to neuronal
hyperexcitability and cortical spreading depression (CSD).
Excitotoxic neural death, due to excessive release of the
amino acid in the extracellular space, may represent a con-
sequence of protracted CSD and oligaemia and may be
involved in migrainous infarction and aspecific lesions seen
on T2-weighted NMR imaging.

Key words Migraine • Inflammation • Cytokines •

Glutamate • Spreading depression

Despite the increasing amount of antimigrainous com-
pounds, since validated experimental models and reliable
biochemical markers in humans are still lacking, no definite
data about migraine pathophysiology are yet available.
Migraine has up to now been considered to be a neurovas-
cular pain syndrome, triggered by abnormal neuronal
excitability in the cerebral cortex, producing susceptibility
to cortical spreading depression (CSD) and peripheral sen-
sitisation of the trigeminal vascular system. The latter mech-
anism is mainly involved in pain generation. Indeed, from
several studies conducted in animals, the role of both central
and peripheral components of the trigeminal pathway has
been shown [1, 2]. Moreover, Moskowitz et al. have provid-
ed a series of experiments to suggest that the pain of
migraine may be a form of sterile neurogenic inflammation
(NI) [3, 4]. According to this NI theory, ions and inflamma-
tory agents are released in the vicinity of sensory fibres
innervating the meninges, where they activate and sensitise
peripheral nociceptors. In dura mater, NI involves the
release of various vasoactive neuropeptides from trigeminal
perivascular fibres, which evoke a cascade of events charac-
terised by vasodilatation, plasma protein extravasation and
the release of proinflammatory mediators such as
bradykinin, prostanoids and protons [4]. As a matter of fact,
stimulation of the trigeminal ganglion in animals leads to
plasma extravasation and sterile inflammation of the sur-
rounding dura mater. Moreover, plasma extravasation can be
blocked by ergot alkaloids, NSAIDs and sumatriptan, which
are conventional therapies for migraine [4–6].

Among the various substances investigated in the NI
process, the leading role for its genesis is supposed to be
played by calcitonin gene related peptide (CGRP) [7]. This
vasoactive neuropeptide is present in nonmyelinated fibres
of the trigeminal ganglion and higher amounts of the pep-
tide are released after electrical stimulation of the ganglion
[8]. In addition to regulating vascular function, CGRP can
also influence several immune responses. It interacts with
lymphocytes as well as macrophages and modulates the
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production of proinflammatory cytokines [9]. In human
studies, high levels of CGRP in jugular venous blood have
been detected during a migraine attack [10].

In this scenario, the hypothesis of migraine as an
inflammatory disorder was recently suggested by Waeber
and Moskowitz [11]; furthermore, recent findings have
suggested a possible involvement of several inflammatory
molecules in migraine pathogenesis.

Among them, nitric oxide (NO) may play a pivotal role.
Indeed, infusion of nitroglycerin (NTG), a NO donor,
induces a delayed inflammatory response within the rat
dura mater, with upregulation of proinflammatory cytokine
IL-1beta and IL-6 [12]. As a matter of fact, the response to
NTG infusion resembles what has been previously report-
ed after trigeminal ganglion stimulation. Moreover, NTG
infusion in predisposed subjects causes a delayed migraine
attack [13].

Cytokines are important mediators of the inflammatory
pathway and have been recently linked to migraine patho-
genesis. Cytokines and their receptors are widely
expressed in the CNS by all cell types, including neurons,
indicating that they may act on neuronal receptors. For
example TNF-alpha and IL-6 administered centrally or
peripherally are able to cause hyperalgesia. According to
this evidence, cytokines are now considered to be pain
mediators in neurovascular inflammation and they may
cause the generation of migraine pain [14]. In this scenario,
many studies on humans have focused the attention on
peripheral and central levels of cytokines, but data are con-
troversial. In a study conducted on patients with migraine
without aura, higher serum levels of TNF-alpha and IL-1
beta were described interictally, but during the attack the
plasma levels of IL-1 alpha, IL-1 beta and TNF-alpha were
not increased [15]. Other authors showed that TNF alpha
levels, in patients with migraine, during attack and attack-
free periods, did not differ significantly with respect to the
levels of a healthy control group [14]. One study suggest-
ed that they might be increased during the attack [16].
Munno et al. observed no differences in IFN-gamma in
migraine patients and controls, while they found differ-
ences in levels of IL-4 and IL-5 [17]. In summary, although
controversial, these studies have indicated that immuno-
logical changes are present in migraineurs. It is still
unknown what might be the triggering factor that activates
the inflammatory cascade leading to a migrainous attack.
In our opinion it is possible that a genetic predisposition to
have an abnormal inflammatory response to exogenous
stimuli (such as infections, food or other environmental
factors) could represent a trigger for headache attacks.
Indeed, a possible genetic background of migraine patho-
genesis is highlighted by the strictly familial transmission
of the disease, by twin studies and by the recent findings of
the genetic mutations causing hemiplegic familial
migraine. For future research, an interesting issue would be
to better evaluate genetic polymorphisms of molecules
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involved in inflammation. For example, a recent Italian
study has shown an association between a polymorphism in
TNF-alpha gene and migraine [18]. Although a genetic pre-
disposition to proinflammatory response is a possible trig-
gering factor for headache generation, other mechanisms
have been described.

Among them, CSD is the most well documented mecha-
nism capable of generating a migraine attack by itself. In
fact it is now hypothesised that migraine patients, particular-
ly within the aura group, have a higher susceptibility to CSD
(the concept of “hyperexcitable brain”) with respect to
healthy subjects. A possible explanation for this predisposi-
tion derives from studies investigating glutamatergic neuro-
transmission [19]. Indeed, increased levels of glutamate and
decreased levels of magnesium are able to produce abnormal
neuronal excitability, as was shown for epileptic patients.
Glutamate is the major excitatory neurotransmitter in the
central nervous system, and participates significantly in
brain energy metabolism. Various experiments and observa-
tions, both clinical and preclinical, have implicated the glu-
tamatergic system in migraine. In rodent studies, glutamate
and taurine are released during CSD, moreover glutamate is
able to elicit and propagate CSD and the induction of CSD
by magnesium depletion could act because of the release of
NMDA receptor channels [20–22].

Also interesting is the role of glutamate transmission in
pain generation. Indeed glutamate excites trigeminal nucle-
us caudalis neurons when locally applied, and extracellular
levels of glutamate rise following a noxious stimulus along
the trigeminal nerve [23, 24]. Animal studies have identi-
fied all the different glutamate receptors on the trigeminal
system. Moreover, glutamate is involved in neuronal sensi-
tisation at the level of the trigeminal nucleus, a process
involved in allodynia.

In cat models of superior sagittal sinus (SSS) stimula-
tion, a pain-producing intracranial structure in humans, a
frequency-dependent increase of blood flow in the trigemi-
nal nucleus caudalis has been described. NMDA receptor
antagonist MK-801 can attenuate these changes, in a dose-
dependent manner. Moreover MK-801 is also active in
reducing the neuronal firing of trigeminal nucleus caudalis
after electrical stimulation of the SSS [25, 26].

A number of clinical studies provide further support for
the role of glutamate in migraine pathogenesis. The first
example of the link between glutamate and headache was
made in late 1960s, when the so-called Chinese restaurant
syndrome was firstly described. Furthermore, from biochem-
ical studies, a difference in glutamate plasma levels between
migraineurs and controls has been shown, although with
inconsistent results. In fact two studies indicate higher levels
in migraine patients with respect to controls [27, 28], while
in one study no differences were found [29]. Higher gluta-
mate CSF levels in migraine patients with respect to healthy
subjects have been described [30]. Moreover, increased glu-
tamate levels in platelets from migraineurs [29], and higher
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erythrocyte/plasma concentration ratio of glutamate in chil-
dren affected by migraine [31] have been shown. Recently
our laboratory has described a functional regulation of gluta-
mate transport due to glutamate plasma levels. In fact it
seems that higher glutamate plasma levels are able to stimu-
late an increase in its uptake by platelets [32]. In our study,
migraine with aura (MwA) subjects showed higher levels of
glutamate uptake with respect to controls (data not pub-
lished). As a matter of fact, we can speculate that migraineurs
have an altered peripheral glutamate homeostasis that, if
reflected similarly in the brain, may suggest that migraine
patients have persistent hyperexcitability.

According to these data, it is possible that migraine
patients are at risk of excitotoxic mechanisms. Excitotoxicity
is a complex mechanism characterised by neural death due to
excessive release of glutamate in the extracellular space.
Higher amounts of this amino acid are able to cause cell death
by apoptotic mechanisms linked to increased intracellular cal-
cium concentration. Its possible involvement in migraine is
suggested, but few experimental data are available. However,
it is possible that extreme phenomena, such as migrainous
infarction, are a consequence of a massive release of glutamate
into the extracellular neuronal space during a prolonged
migrainous attack. Indeed, there is no convincing evidence
that migraine stroke is caused by vascular disease. Migraine is
an electrical disease of abnormally functioning pacemaker
neurons in the raphe nuclei, which initially activate and subse-
quently inhibit wide areas of the brain leading to CSD and oli-
gaemia, processes in which large amounts of glutamate are
released. The higher amount of CSF glutamate levels previ-
ously described [30] might be able to cause neuronal death.
Moreover, if migrainous infarction is a consequence of pro-
tracted oligaemia that causes platelet activation and aggrega-
tion, it is possible that an excitotoxic mechanism is due to the
excessive release of glutamate by platelets. Moreover, typical
findings in migraine patients are magnetic resonance abnor-
malities, seen best on T2-weighted images. These abnormali-
ties are usually interpreted as evidence of microvascular dis-
ease, but the aetiology is unknown. It is possible that also these
lesions could be linked to excitotoxic mechanisms. In this sce-
nario, the therapeutic use of antiepileptic drugs with an
antiglutamatergic activity, such as lamotrigine (recently
described as effective in MwA prophylaxis [33]), could also
be protective against excitotoxicity. More studies are needed
regarding these particular issues.

As suggested for inflammatory mechanisms, it is also
possible that genetic alterations affecting proteins involved
in the glutamate pathway might be able to predispose sub-
jects to migraine and aura phenomenon. This is suggested
by the recent finding of a genetic mutation affecting the
glutamate transporter EAAT1 that has been described in a
patient suffering from episodic ataxia, seizures and hemi-
plegic migraine [34]. This mutation may lead to a
decreased glutamate uptake from synaptic cleft, with
increased extracellular glutamate levels inducing neuronal
hyperexcitability, seizures and hemiplegic migraine.

Finally, inflammatory and excitotoxic mechanisms are
strictly related and mutually interplaying. Cytokines may
affect glutamate release and uptake from neurons, astro-
cytes and platelets, and glutamate may stimulate cytokine
release from all these cellular elements [35]. From this
recent experimental evidence it is not surprising that the
two phenomena may be operative in migraine pathogenesis,
as widely shown also in stroke mechanisms [36].
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Abstract The need for novel therapeutic strategies for the
treatment of migraine and other primary headaches is well
recognised. Although the underlying mechanism(s) and the
molecular targets that should be tackled by novel medi-
cines are still uncertain, significant improvements have
been made in the last decade in the treatment of migraine.
Strong evidence in experimental animal models and clini-
cal investigation focus on drugs that limit the phenomena
promoted by activation of neurons of the trigeminal gan-
glion at the level of both their central and peripheral
perivascular endings. Identification of compounds that
abort the migraine attack by precisely targeting different
mechanisms should also help to recompose the puzzle of
migraine pathogenesis.

Key words Neurogenic inflammation • CGRP • Serotonin
5-HT1 receptor • Migraine • Vasodilatation

Introduction

The possibility that genetic abnormalities orchestrate the
sequence of events that eventually result in a migraine
attack is generally accepted. However, attempts to precise-
ly define the specific gene(s) involved in this process have
not been successful. Thus, genetic alteration of receptors
supposedly involved in the pathogenesis of migraine such
as dopamine or serotonin receptors has not brought much
progress in implementing novel therapies. Mutations in the
calcium-channel voltage-dependent P/Q-type α-1A sub-
unit (CACNA1A) gene in familial hemiplegic migraine
(FMH) type 1 [1], in the gene ATP1A2, which encodes the
α-2 subunit of the Na+/K+ pump, in FHM type 2 [2] and in
the neuronal voltage channel sodium (SCN1) gene in FHM
type 3 [3] do not seem to support the discovery of new
medicines. Pathophysiological and pharmacological evi-
dence supports the view that neurovascular changes cause
the symptoms of migraine attacks. However, much uncer-
tainty remains on the anatomical localisation and patho-
physiological functioning of the neural structures that are
thought to trigger migraine attacks [4]. In spite of signifi-
cant improvements in the currently available drugs, this
uncertainty is reflected in the still not completely satisfac-
tory medicines used for the acute treatment of migraine
attacks and, more importantly, in the poor outcome
obtained with the drugs used in migraine prophylaxis.

Neurogenic inflammation

Different hypotheses have been proposed to explain the
migraine mechanism. The validity of these proposals is of
key importance for the development of novel therapeutic
strategies. Neuroimaging techniques have shown that
migraine attacks are associated with changes, suggesting the
brain stem as the anatomical site where the process driving
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the migraine attack and the area susceptible to the migraine
triggers may be located [5]. Neural activation at these sites
may eventually result in the dilatation of cranial blood ves-
sels [6]. A cortical spreading depression, as evidenced in
experimental animals, might be the cause of the migraine
aura, which results not from a purely ischaemic phenome-
non, but rather from an initial neuronal dysfunction.
Activation of the trigeminal perivascular innervation could
be the cause of a painful reflex vasodilatation of the cranial
blood vessels that follows the cerebral oligaemia [4, 6].

Whatever the initiating stimulus in the brain from
which the migraine attack originates, abnormal excitation
of trigeminal ganglion neurons is regarded as a necessary
step for the development of the pain, the vascular changes
and other associated symptoms of the migraine headache.
Thus, trigeminal sensory neurons are interesting targets for
the development of novel migraine medicines. Of particu-
lar interest is a subpopulation of polymodal A-δ and C pri-
mary sensory neurons of the trigeminal ganglion charac-
terised by their ability to synthesise and release the calci-
tonin gene-related peptide (CGRP) and the tachykinins,
substance P (SP) and neurokinin A (NKA) [7]. SP, NKA
and CGRP released from peripheral endings of primary
sensory neurons cause a series of proinflammatory
responses at the vascular and extravascular levels collec-
tively referred to as ‘neurogenic inflammation’ [7].
SP/NKA via activation of NK1 receptors increase plasma
protein leakage in meningeal venules, whereas CGRP
dilates intra- and extracranial arteries. The transient recep-
tor potential vanilloid-1 (TRPV1) [8], selectively activated
by capsaicin and expressed in peptidergic sensory neurons,
has been of paramount importance for the current under-
standing of neurogenic inflammation. Capsaicin excites
(and at high doses desensitises) TRPV1, thus producing
burning pain and releasing sensory neuropeptides. TRPV1-
positive and neuropeptide-containing primary sensory neu-
rons of the trigeminal ganglia express on their plasma
membrane a large panel of excitatory and inhibitory recep-
tors and channels [7], and some of these signalling proteins
are successful targeted by analgesics or antimigraine drugs.

Calcitonin gene-related peptide and its receptor 
antagonists

A series of clinical trials have failed to show efficacy of
NK1 receptor antagonists, including RPR100893 [9],
GR205171 [10] or lanepitant [11] for the acute treatment of
migraine attacks [12]. Absence of efficacy could be due to a
variety of pharmacokinetic or other reasons. However, the
relevance of neurogenic plasma extravasation in man is
questioned by the failure of capsaicin to increase plasma
leakage in the human skin [13]. Thus, more attention has
been paid to the physiological pharmacological functions of
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CGRP and CGRP receptors. The 37-amino acid neuropep-
tide CGRP [14] is abundantly expressed in the nervous sys-
tem. The 7 transmembrane domains rat [15] and the human
[16] calcitonin receptor-like receptor (CL) were cloned as
orphan receptors because CGRP did not bind these recep-
tors. However, the discovery of a single transmembrane
domain protein with 148 amino acids required to associate
with CL to confer receptor activity, termed receptor activity-
modifying protein (RAMP) [17], clarified the issue. The
association of the RAMP1 with the CL receptor [18] pro-
duces a functional CGRP1 receptor. A high-affinity (Ki,
14.4±6.3 pM) competitive non-peptide antagonist for human
CGRP1 receptors BIBN4096BS [19] and other antagonists
such as compound 1 and SB-273779, with affinities lower
than that of BIBN4096BS [20], have been recently reported.

CGRP and migraine

Trigeminal sensory nerve fibres abundantly distributed
around cerebral blood vessels express CGRP immunoreac-
tivity [21]. The release of CGRP from human tissues con-
taining non-trigeminal [22] or trigeminal [23] sensory nerve
endings has been documented. CGRP released from
perivascular sensory nerve fibres acts on arteriolar smooth
muscle layer producing profound dilatation. Exogenous
CGRP or endogenous CGRP cause a nitric oxide (NO)- and
endothelium-independent, and cyclic AMP-dependent
relaxation of the vascular smooth muscle. However, in cer-
tain vessels CGRP relaxes vascular smooth muscle via an
endothelial, NO-dependent mechanism. CGRP is one of the
most potent vasodilator substances identified to date in the
microcirculation [24], and dilates cranial blood vessels [25].

A migraine-like headache is produced by the intra-
venous infusion of CGRP [26], and infusion of NO pro-
duces a migraine-like headache associated to increased
plasma CGRP levels [27]. The changes in plasma CGRP
levels during migraine attacks significantly correlated with
the headache intensity and CGRP levels are considerably
higher in migraine patients at baseline [27]. These and
other findings have suggested the hypothesis to treat the
migraine attack, by limiting neurogenic inflammatory
vasodilatation, through the blockade of CGRP receptors by
selective antagonists. CGRP8–37, a peptide CGRP receptor
antagonist, proved ineffective in migraine treatment [28],
probably because of its low potency and very short half-
life. In contrast, the observation that the ultrapotent CGRP
receptor antagonist, BIBN4096BS [19], reduced the
vasodilatation induced by trigeminal stimulation in mar-
mosets and capsaicin-induced vasodilatation of porcine
carotid arteries suggested that this drug could be devel-
oped as an effective antimigraine medicine. In a recent
clinical trial, BIBN4096BS was found to be an effective
and safe treatment for migraine attacks [29].

P. Geppetti et al.: Novel therapeutic targets



5-HT1 receptor agonists and other drugs as inhibitors
of neurogenic inflammation

Diverse vascular (constriction of dilated cranial blood ves-
sels and carotid arteriovenous anastomoses) [30] or neu-
rovascular mechanisms [4] have been proposed to explain
why ergotamine and triptans abort migraine attacks.
Abundance of 5-HT1B/1D receptors expression in human
trigeminal ganglion neurons supports the view that stimu-
lation of presynaptic serotonin receptors by triptans may
result in neuronal inhibition with reduced CGRP release
from perivascular trigeminal nerve endings and reduced
neurogenic inflammation and inhibition of nociceptive
transmission [25].

A similar mechanism has been claimed for the antimi-
graine action of the agonist of the adenosine A1 receptor,
GR79236. Stimulation of adenosine A1 receptors inhibits
neurogenic vasodilatation in rats [31], trigeminal nocicep-
tion and CGRP release in cats [32], and trigeminal noci-
ception in humans [33]. The initial excitement about the
positive clinical antimigraine effect of GR79236 has been
limited by the need for a better definition of the safety pro-
file of adenosine A1 receptor agonists. A series of high-
affinity antagonists of the TRPV1 channel are currently
being developed in search of drugs acting on neuropathic
and inflammatory pain. Some of these drugs are also cur-
rently being investigated for their antimigraine potential.
The idea underlying the possibility that TRPV1 antago-
nists may be beneficial in migraine is based on the hypoth-
esis that the channel behaves as an integrator of pain sig-
nals originated by diverse mediators (protons,
prostaglandins or bradykinin, eicosanoids, nerve growth
factor, etc.) via different intracellular pathways (protein
kinase A, protein kinase C or phospholipase C) [34].
However, this investigation is still at a very early stage and
no clinical data are available yet.

The specific role of neurogenic vasodilatation and
vasodilatation in migraine

Triptans should not be used or used cautiously in patients
with cardiovascular diseases, because it is believed that
they maintain some vasoconstrictor activity. Thus, triptans
acting solely at the neuronal level could be desirable.
However, a selective 5-HT1D agonist, PNU-109291, was
found to be ineffective in the acute treatment of migraine,
and a specific 5-HT1F receptor agonist, LY334370, showed
efficacy only when used at doses which may interact with
5-HT1B receptors (see [35]). Thus, the issue whether to be
effective in migraine triptans should retain some affinity
for the 5-HT1B receptor subtype and, hence, some con-
strictor activity in the cranial vessels, is still unresolved.

Effectiveness of BIBN4096BS further underlines the role
of vasodilatation in the migraine mechanism. Although
intravenous BIBN4096BS has been shown to inhibit
trigeminocervical activity upon stimulation of the superior
sagittal sinus [36], there is no clear evidence that this pep-
toid molecule easily crosses the blood-brain barrier. Thus,
the antimigraine effect should be limited to the effect of
BIBN4096BS at peripheral targets, such as vasodilator
CGRP receptors in the arterial smooth muscle. This con-
clusion implies that, if a purely antivasodilating compound
aborts the migraine attack and the associated nausea, vom-
iting, photophobia and phonophobia, we should admit that,
in the cascade of events of the migraine attack, vasodilata-
tion contributes to producing the migraine headache and
the associated symptoms.
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Abstract Over the last few decades, worldwide headache
research has made very significant progress. Italy has
played a prominent role in this research experience,
through several groups of investigators that have regularly
been conducting basically independent high-profile stud-
ies. A review of the headache literature in the last few
decades shows that Italy, which has traditionally been
among the countries at the frontline of headache research
– nearly 10% of all the articles published in 1984 in
Headache and Cephalalgia concerned studies conducted
by Italian headache centres – is now second only to the
United States. As many as 33 of the 243 articles published
in the two journals in 2004 were from Italian research
groups, accounting for 13.6% of the total. The next goal is
to raise Italian headache research to increasingly higher
scientific levels by capitalising on the skills and enthusi-
asm of young researchers.

Key words Headache • Scientific research • Headache centres

The development of headache research worldwide has
been quite impressive over the last few decades, both in
terms of number and scientific quality of the studies con-
ducted so far. The great progress achieved is probably the
result of a fortunate and beneficial commonality of inter-
ests by passionate and skilled investigators, public bodies
and institutions at the vanguard of research, and highly
qualified and sensitive private companies.

The huge leap forward taken by headache research is
clearly summarised by ten milestones that, more than any
other breakthroughs in this field, have marked the last 30
years: (1) The recognition of the role played by spreading
depression in migraine with aura, based on the findings from
studies on cerebral bloodflow by a group of Danish
researchers in the early 1980s; (2) the headache categorisa-
tion by the International Headache Society, with the publica-
tion in 1988 of the first headache classification, followed in
2004 by the revised second edition; (3) the introduction in
the early 1990s of sumatriptan and in later years of other trip-
tans, a new class of drugs that are of fundamental importance
in the symptomatic treatment of migraine and of cluster
headache; (4) the definition of the epidemiological scope of
the major primary headache forms in general populations all
over the world; (5) the refinement of the scientific methods
for treatment evaluation; (6) the discovery of a genetic basis
for familial hemiplegic migraine; (7) the application of
increasingly sophisticated investigational methods leading to
evidence of cortical hyperexcitability as a possible underly-
ing mechanism of the migrainous “trait”; (8) the detection of
new clinical entities, such as hemicrania continua, hypnic
headache, SUNCT and new daily persistent headache; (9)
the study of comorbidity and the risk of developing other dis-
orders in migraine and tension-type headache; (10) the
development and validation of disability-measuring tools
and the introduction of the quality of life concept for proper
evaluation and management of headache patients.

The rapidly advancing rate of headache evolution is
witnessed by the increasingly frequent organisation of
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conferences, meetings and courses specially devoted to the
study of the different aspects of primary headaches, by the
large number of Italian- and English-language textbooks
published on headache in the last few years, and, above
all, by the huge number of first-rate scientific articles pub-
lished in many important international journals.

Even restricting our review to the two major interna-
tional journals on headache (Headache and Cephalalgia)
and not considering here all the other journals that not
infrequently publish articles on this subject, we can see
that the 83 original articles were published in 1984 (48 in
Headache and 35 in Cephalalgia), but in 2004 this number
had risen to 243 (122 in Headache and 121 in Cephalalgia)
– a nearly three-fold increase!

Any review that does not consider articles published in
general neurology journals certainly has its limitations.
All the same, a comparative analysis of the scientific liter-
ature published in the two journals 20 years apart can pro-
vide indications that may lead to interesting conclusions.

Firstly, there has been an increasingly wider interest in
headache research and studies have been multiplying also
in countries that were traditionally not concerned with it.
So, now we can see that 19 countries conducted studies
published in Headache and Cephalalgia in 1984, but this
had increased to 40 by 2004. In addition, while 20 years
ago headache research was basically concentrated in the
United States, Western Europe and the Nordic countries,
today there are research groups regularly publishing their
studies also in South America (in 2004, 7 of the published
studies were by Brazilian authors and 4 by Mexican
authors), in Eastern Europe (in 2004, 7 studies were con-
ducted in Turkey, 4 in Hungary and 3 in Balkan countries)
and in Asia (in 2004, 6 studies were conducted in Japan, 5
in Taiwan and 3 in India).

Secondly, we can see that, while some countries seem
to have lost interest in headache research or at least are lag-
ging behind (for example, Norway and Finland, which
together in 1984 accounted for 15.7% of all the articles

S116

published in Headache and Cephalalgia, in 2004 made up
only 2.5%), other countries have made great progress and
are now especially active in headache research (Germany’s
percentage has increased from 1.2% to 8.2%, Denmark’s
from 2.4% to 5% and Spain’s from 1.2% to 3.7%).

Let’s see now how Italy has fared. It has certainly done
very well. Italy is a country that has traditionally been at
the forefront of headache research. As early as 20 years
ago, it already occupied a prominent position among the
major contributors of studies published in headache jour-
nals (8 of the 83 studies published in 1984 in Headache
and Cephalalgia, accounting for 9.6% of the total, were
conducted in this country). This position is now even more
prominent: 33 of the 243 articles published in the two jour-
nals in 2004 were by Italian authors, accounting for
13.6%. A figure that is second only to the United States.

A feature that distinguishes Italy from the rest of the
world – with the possible exception of the United States
which, however, is a far larger country – is the much larg-
er number of groups actively involved in headache
research: in Italy, there are at least 10 headache centres
that are regularly conducting basically independent stud-
ies, which are then just as regularly published in the major
headache journals.

These are incontrovertible data and we can be really
proud of it. Italy definitely plays a very important role in
worldwide headache research. Unfortunately, however, the
eminent scientific value of Italian papers is not matched by
a correspondingly prominent role of this country in inter-
national headache management.

What I think is important is to stress the need to focus
all our efforts on raising the scientific level of Italian
headache research, year after year, by keeping to a path
that has been beaten for several decades now. To this end,
we shall have to capitalise on the proven skills of those
younger researchers that are working hard, often with
great difficulties but with unfailing enthusiasm, in our
headache centres.

G.C. Manzoni: Headache research in Italy



Abstract Various treatment strategies have been proposed
to help clinicians provide the most effective acute treat-
ment for migraine patients. Stratified care is based on the
concept that the most appropriate initial treatment can be
prescribed after evaluation of each patient’s headache
characteristics. The results of a large multicentre trial
showed that when patients were stratified according to dis-
ability grade, clinical outcomes were significantly better
than with step-care approaches. Prospective studies have
shown that treating migraines with triptans when pain is
mild (early intervention) considerably increases success
rates for endpoints (pain-free at 2 h, sustained pain-free
state) for which triptans had relatively poor efficacy in piv-
otal trials, and which contribute most to patient satisfac-
tion. Stratified care and early treatment are also cost-effec-
tive. However these strategies are not suitable for all
patients. Stratified care may be rendered difficult by med-
ication contraindications and changes in attack character-
istics over time. Early triptan intervention carries a risk of
medication overuse and might not be indicated in patients
with lack of pain progression. Successful implementation
of both strategies requires that physicians are well
informed, and that they elicit an exhaustive headache his-
tory from each patient.

Key words Migraine • Treatment strategies • Acute
treatment • Stratified care • Early intervention

Introduction

Drug therapies for migraine are acute (or symptomatic)
and prophylactic. Prophylaxis should be considered in
patients with frequent migraines, high disability level and
unsatisfactory response or contraindications to acute med-
ications, or in those who are at risk of medication overuse
[1, 2]. Acute treatment is necessary for almost all patients;
its aims are to reduce the severity of the pain and associat-
ed symptoms, and to lessen the impact of migraine on
daily functioning [1, 2]. In the last few years, the attention
of clinical research has focused on two strategies that may
help clinicians to administer acute migraine therapies more
successfully: (a) the stratified care approach [3–5]; and (b)
the early intervention approach [6–18]. Both strategies aim
to optimise migraine management and enhance acute treat-
ment outcomes. This paper reviews the evidence support-
ing the use of these strategies, and evaluates their advan-
tages and disadvantages in clinical practice.

The stratified care approach

Simple analgesics are routinely given as first-line acute
treatments for migraine patients. If these have been previ-
ously used without success, various combination medica-
tions (analgesics plus either caffeine, antiemetics, barbitu-
rates or narcotics) are typically tried, while specific
migraine therapies (nowadays mainly triptans) are often
considered third- or fourth-line therapies, being prescribed
when several other treatments have failed [3, 4]. This man-
agement strategy is termed step-care across attacks.
Another commonly used strategy is step-care within
attacks: patients treat a single attack with a non-specific
drug, and if this is unsuccessful, they take an alternative
treatment several hours later (and subsequently another, if
necessary) until the headache improves significantly or
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disappears. Step-care approaches are simple and intuitive,
but their application may result in delaying the assumption
of a successful treatment in patients with severe
migraines. In addition, patients must return for visits or
repeatedly contact their physicians when initial treatments
fail in order to obtain the next rung up in the pharmaco-
logical ladder, at least until a successful treatment pro-
gram has been established. During this process, patients
may lapse from care and physicians may become discour-
aged. Furthermore, repeated medical encounters and failed
prescriptions increase costs notably.

An alternative to step-care is stratified care. In strati-
fied care, treatment is based on a personalised assessment
of the patient’s medical needs. The aim is to use informa-
tion obtained at the first consultation to predict the opti-
mum therapy for a given patient. Lipton and Stewart pro-
posed that patients can be stratified (categorised into
treatment groups) on the basis of their migraine-related
disability, and assessed with a standardised instrument, the
Migraine Disability Assessment Score (MIDAS) question-
naire [3, 4]. MIDAS consists of five questions investigating
the influence of headache over the preceding three months
in all activity domains (paid, school or household work,
and recreational, social or family activities). MIDAS has
been validated and shown to have a good test-retest relia-
bility and internal consistency [19–21].

Based on the MIDAS score (the sum of the scores of
the five questions) migraineurs are categorised into one of
four disability grades: grade I, minimal or infrequent dis-
ability, total score 0–5; grade II, mild disability, total score
6–10; grade III, moderate disability, score 11–20; and
grade IV, severe disability, score 21 or more. Patients with
minimal or mild disability (grades I and II), can be treated
with non-specific drugs (NSAIDs, analgesics); those with
moderate to severe disability (grades III and IV) are given
triptans as first-choice treatment.

With stratified care, more disabled patients are likely
to receive migraine-specific treatment sooner than in step-
care, reducing their suffering and minimising risks of laps-
ing from care, self-medicating and overusing medications.
Stratified care may also reduce follow-up visits, phone
calls and failed prescriptions.

A controlled parallel-group open-label clinical trial
was conducted by the Disability in Strategies Study
(DISC) group [5]. Migraineurs with MIDAS grade II, III
or IV were randomly assigned to: (a) stratified care
(n=279, intention-to-treat analysis), (b) step-care across
attacks (n=271) or (c) step-care within attacks (n=285). In
stratified care patients with MIDAS grade II were treated
for up to 6 attacks with aspirin 800–1000 mg plus meto-
clopramide 10 mg, and patients with MIDAS grade III–V
were treated for up to 6 attacks with zolmitriptan 2.5 mg.
In step-care across attacks initial treatment was with
aspirin plus metoclopramide, regardless of MIDAS grade;
patients not responding in at least 2 of the first 3 attacks
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switched to zolmitriptan to treat the remaining 3 attacks. In
step-care within attacks, initial treatment for all attacks,
regardless of grade, was aspirin plus metoclopramide;
patients not responding to treatment after 2 h in each
attack escalated to zolmitriptan.

The study found that stratified care provided signifi-
cantly better clinical outcomes than step-care strategies.
Headache response rate (proportion of patients with inten-
sity reduction from severe/moderate at baseline to mild or
absent at 2 h) was significantly greater (p<0.001 both
comparisons) in the stratified care group (52.7%) than in
the groups with step-care across attacks (40.6%) and step-
care within attacks (36.4%). Findings were similar for the
pain-free endpoint (pain absent 2 h from dosing), with sig-
nificantly more stratified care patients reporting no pain
than step-care patients (p=0.003 both comparisons).
Stratified care patients also reported less disability after
treatment than step-care patients (p<0.001).

The cost-effectiveness of stratified care and step-care
across attacks was compared using a decision-analytic
model to simulate a year of migraine treatment. The simula-
tions employed data from the US [22] and UK health-care
systems [23]. The estimated one-year direct health-care
costs per patient were $534.73 for step-care and $546.04 for
stratified care in the US simulation, and £156.82 for stepped
care and £151.57 for stratified care in the UK simulation.
These data indicate that stratified care is cost-effective,
delivering improved clinical outcomes with no additional
annual cost in the UK simulation [23], and a small addition-
al direct cost in the US simulation [22].

A cost-effectiveness was also performed on DISC [5]
study data [24]. Mean health service costs were higher in the
stratified care group (mean cost over 6 attacks £28.25, com-
pared to £11.74 and £23.15 in the step-care across and with-
in attacks groups, respectively). By contrast, mean produc-
tivity costs over 6 attacks were lower in the stratified group
(£112.22 vs. £144.70 and £127.53 in the step-care groups).
Total cost was, therefore, lowest for stratified care (£138.95
vs. £157.19 for step-care across attacks and £148.53 for
step-care within attacks), although these figures did not dif-
fer significantly. Stratified care was therefore markedly
more cost-effective from a societal perspective.

Early triptan treatment

In most triptan trials, patients were instructed to take the
study medication when the pain was moderate/severe, as
the primary end-point was the proportion of patients
achieving headache response, defined as change from
moderate or severe pain to no or mild pain two hours after
dosing [25, 26]. However, it has emerged that migraineur
aspirations with regard to treatment are rapid and total
relief from pain and accompanying symptoms, with low
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recurrence rate, and that many patients are unsatisfied with
their migraine treatments according to these criteria [27,
28]. These findings led the International Headache Society
(IHS) to propose 2-h pain-free response (complete free-
dom from pain within 2 h after dosing), and sustained
pain-free response (pain-free state within 2 h after dosing,
with no use of rescue medication and no recurrence of
headache within 24 h) as optimal endpoints [29]. These
endpoints seem difficult to achieve with triptans. The
meta-analysis of trials with oral triptans published by
Ferrari et al. [26] showed that only about 30% of patients
were pain-free at 2 h with most triptans (sumatriptan
100/50 mg, zolmitriptan 2.5 mg and eletriptan 40 mg),
with higher rates – but never reaching 40% – for rizatrip-
tan 10 mg and almotriptan 12.5 mg; in only 18%–27% of
cases were sustained pain-free states obtained.

That triptan efficacy may be enhanced by treating the
migraine attack when the pain is mild (“early interven-
tion”) was first suggested by Cady et al. [6] from the post
hoc analysis of a subgroup of patients enrolled in a double-
blind placebo-controlled crossover study of sumatriptan 50
mg vs. placebo. In protocol violators (who took study med-
ication when pain was mild), the pain-free rate at 2 h was
much higher (50%) than in those who used sumatriptan
when the pain was moderate or severe (27%). Other post
hoc analyses of data from sumatriptan studies [7] and
almotriptan studies [8–10] also indicated that triptans pro-
vided higher pain-free response rates when headaches
were treated during mild pain or within an hour of
migraine onset.

Following these retrospective findings [6–10], prospec-
tive early intervention studies with several triptans were
conducted [11–18]. Overall, outcomes with early interven-
tion were better than those reported in the meta-analysis of
trials in which attacks could be treated only when of mod-
erate/severe intensity [26]. For example, in two placebo-
controlled studies [11], 57% and 50% of those who took
sumatriptan 100 and 50 mg, respectively, were pain-free 2
h from dosing (both significantly higher than placebo,
29%). Pain-free rates were 51.1% for sumatriptan 50 mg
and 66.2% for sumatriptan 100 mg (vs. 19.6% for placebo,
p<0.001) in a randomised double-blind placebo-controlled
parallel-group trial using a fast-disintegrating rapid-
release sumatriptan formulation [12]. The proportions of
patients with sustained pain-free response in this study
were significantly (p<0.001) higher in the sumatriptan
groups (32.1% for 50 mg and 40.1% for 100 mg) than in
the placebo group (9.8%).

Early treatment outcomes were also encouraging for
other endpoints. For example, in the study of Mathew et al.
[13], a pain-free response just one hour after taking riza-
triptan 10 mg occurred in a fairly high proportion of
attacks (45% vs. 8% of attacks treated with placebo), and
in the Carpay et al. [12] study, significantly more patients
who received rapid-release sumatriptan 100 mg were pain-
free at 30, 45 and 60 min than those who took placebo.

When pain progression on sumatriptan, zolmitriptan and
eletriptan was compared with that on placebo, significant-
ly fewer triptan patients had progression to moderate or
severe pain 2–4 h post-dose [14–17].

The effects of early vs. delayed triptan assumption
were compared in an open-label trial [18], in which the
difference in favour of early intervention was only just sig-
nificant, and in three prospective controlled studies [13,
15, 16]. In the Mathew et al. study [13] patients who took
medication when the pain was moderate/severe (10% on
rizatriptan and 8% on placebo) reported a significantly
lower (p<0.01) 2-h pain-free response than the majority of
patients who took the medication when the pain was mild.
The randomised placebo-controlled two-way crossover
trial of Cady et al. [15] analysed responses when frova-
triptan or placebo was administered as soon as mild
migraine was experienced, followed by the other medica-
tion 2 h later (only if the headache progressed).
Significantly higher 2-h pain-free and sustained pain-free
responses were found when frovatriptan was administered
first (early treatment) than when frovatriptan was adminis-
tered after progression to moderate/severe (delayed treat-
ment). In the Brandes et al. eletriptan study [16], patients
were instructed to treat the pain as soon as they were sure
they were experiencing a migraine attack, but were not
required to take medication only when the pain was mild.
This approach allowed direct comparison of outcomes in
terms of pain severity at administration (mild vs. moder-
ate/severe) and also interaction between pain intensity and
timing of administration (<1 h vs. ≥1 h). Pain severity con-
tributed more to positive outcomes than timing: pain-free
rates were higher in the group who treated attacks with
eletriptan 40 mg when the pain was mild (68%) than in
those who treated when the pain was moderate/severe
(39%); while no time-related difference in the mild sub-
group was found (69% for administration <1 h, 67% for
administration ≥1 h).

Economic aspects of early intervention have been evalu-
ated in three studies [30–32]. Cady et al. [30] retrospective-
ly analysed data from a dose-finding sumatriptan trial, find-
ing that the total cost of early migraine treatment with suma-
triptan 50 mg and 100 mg was $31.68 and $20.16, respec-
tively, per patient per year lower than habitual late use.

Applying an analytical decision model to published
data [31] it was found that early intervention with suma-
triptan 50 mg and 100 mg significantly reduced both med-
ical care costs and productivity loss compared to treatment
when pain was moderate/severe. Productivity loss due to
migraine attacks treated when pain was mild vs. when pain
was moderate/severe was evaluated retrospectively from
the data of a clinical trial in which patients used their usual
non-triptan therapy and sumatriptan [32]. Although early
intervention significantly reduced productivity loss com-
pared to treatment when pain was moderate/severe for both
triptan and non-triptan therapy, productivity loss was con-
sistently lower for sumatriptan than non-triptan therapy for
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all pre-dose pain intensity levels, indicating that the eco-
nomic benefits of early intervention with sumatriptan
exceed those of delayed intervention.

Stratified care and early intervention strategies in
clinical practice

As noted, the results of the large multicentre DISC trial [5]
showed that when patients are stratified according to
MIDAS disability grade, clinical outcomes were signifi-
cantly better than with two major step-care approaches
(step-care across attacks and step-care within attacks).
Although triptans are more expensive than non-specific
treatments, stratified care can be cost-effective, in some
cases reducing the direct costs of treatment and in any event
considerably reducing indirect costs. The stratified care
approach is incorporated in the treatment guidelines of the
US Consortium [1], which in fact recommends triptans as
an appropriate initial treatment in patients with moderate to
severe migraine and no contraindications for their use.

Clinical experience also suggests that the stratified care
approach makes it easier for the physician to quickly select
the initial treatment that is most likely to successfully
reduce pain, control disability and satisfy the patient; the
possibility that more disabled patients lapse from care and
turn to self-medication (with risks of medication overuse)
also seems reduced. However several factors may conspire
to modify stratified care choices. Among these are: con-
traindications to a given therapy, individual variations in
responses to treatment, adverse events and changes in
attack characteristics over time.

Prospective controlled trials with several triptans
showed that early intervention considerably increases suc-
cess rates for endpoints (pain-free at 2 h, sustained pain-
free state, lack of pain progression) for which triptans had
relatively poor efficacy in the pivotal trials (when attacks
were treated when pain was moderate/severe) [26] and
which contribute most to patient satisfaction [27, 28].
Furthermore, according to three published studies [30–32],
early triptan intervention is more cost-effective than delay-
ing treatment.

However, early treatment trials were characterised by
wide variations in methodology and design, and also defi-
nition of early intervention. Early intervention has time
and intensity components. The intensity component was
investigated in all studies (patients were instructed to treat
attacks only when the pain was mild), while time varied: as
early as possible [13, 15]; not later than an hour after pain
onset [12, 18]; within 2 h of onset [11]; and within 4 h of
onset [14]. In the only study in which interaction between
pain intensity and timing of administration were evaluated,
dosing when the pain was mild contributed more to posi-
tive outcomes than timing per se [16].
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It is important to note, however, that early (when pain
is mild) triptan intervention may not be easy to apply to all
patients. Some patients experience rapid onset attacks, par-
ticularly those brought on by a trigger or developing dur-
ing sleep. Foley et al. [33] found that 74% of patients treat-
ed their migraine attack within an hour of pain onset, but
about 85% reported that the pain was moderate or severe at
the time of assumption. Furthermore, an early intervention
“culture” may have disadvantages in clinical practice [34,
35]. Patients may be tempted to use triptans to treat short
self-limiting migraine, or other headaches, particularly
tension-type headache which often coexist in the same
patient – as reported in 49% of migraineurs in a primary
care survey [36]. The difficulties inherent in early treat-
ment were brought into sharp relief by Foley et al. [33],
who found that 49% of surveyed migraineurs reported
delaying or avoiding taking acute medication for migraine.
Reasons given included wanting to wait and see if it really
was a migraine (69%) and only wanting to take medication
for a severe attack (46%). Most importantly, an early inter-
vention culture may inadvertently encourage medication
overuse, particularly in patients with frequent migraines.

In view of these considerations, we advise early treat-
ment only for patients (a) with attacks always characterised
by rapid progression of pain or associated symptoms, (b)
with a high recurrence rate or (c) who seem to develop
allodynia at an early stage. With regard to the latter point,
studies of Burstein et al. [37, 38], suggest that triptan effi-
cacy is related to the development of central sensitisation
in the trigeminal nucleus during the progression of a
migraine attack, which results in cutaneous allodynia.
Triptan administration was unable to induce a pain-free
state in the presence of allodynia, and as allodynia devel-
ops during the first hour of an attack in most migraineurs,
the opportunity for achieving an optimal therapeutic
response should be enhanced by early triptan intervention.

To conclude, Sheftell and Tepper emphasised that good
clinical decisions require a critical appraisal of the scien-
tific evidence, clinical experience (including knowledge of
the individual patient and his/her attack characteristics) as
well as an ascertainment of patient preferences [39]. It fol-
lows that successful implementation of the new treatment
strategies requires that physicians be well informed and
updated, and that they carefully ascertain the history and
severity of the headache, and patient satisfaction with the
current treatment. Patient questionnaires have been devel-
oped to assist these aspects. MIDAS is a simple instrument
that provides reliable data for informing initial treatment
choices [5, 19, 20]. The recently developed Migraine ACT
[40] also appears useful. It is a four-item assessment tool
developed to identify patients requiring a change in their
acute migraine medication. It is brief, simple and reliable
[40] and addresses the clinically relevant domains of
headache impact, global assessment of relief, consistency
of response and emotional response.
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Abstract The triptans were developed for the acute treat-
ment of a migraine attack and have revolutionised the treat-
ment of this disorder since their introduction in the early
1990s. Although their mechanisms of actions are similar and
based on the stimulation of specific serotonin (5-hydrox-
ytryptamine) receptors including peripheral 1B and central
and peripheral 1D subtypes, each triptan has its own distinc-
tive pK properties that result in different profiles of efficacy
and tolerability. Triptans work by decreasing neurogenic
inflammation peripherally in the meninges, vasoconstriction
of meningeal vessels and by modulating secondary-order
neurons in the brain stem. Studies of patient attitudes

towards their acute care regimens reveal that they are often
unhappy with some aspect of their treatment – usually the
speed of action, degree of efficacy, presence of adverse
events and the need for additional doses due to frequent
and/or rapid recurrence. The majority of patients, when
asked in a clinical trial performed at tertiary care headache
centres, are willing to try another triptan. The aim of this
article is to review the pK and clinical characteristics of
these acute care, migraine-specific triptan medications and
discuss how their individual characteristics lead to their pre-
ferred choice in various clinical scenarios. The pK and clin-
ical efficacy data presented are taken from older published
studies in which triptans were compared to placebo or each
other, but the patients were asked to wait till the headache
reached moderate or severe intensity prior to taking study
medication. New studies have looked at early treatment par-
adigms and result in better efficacy data, but are difficult to
compare due to different endpoints.

Key words Triptans • Migraine treatment • Acute treatment
of migraine • Serotonin 1B and 1D agonists • Headache
therapy

Introduction

All 7 triptans available in the US and many other countries
are 5-hydroxytryptamine (5-HT)1B/1D agonists. However,
each triptan has its own distinctive pK properties that
result in different profiles of efficacy and tolerability [1,
2]. These differences may be translated into clinical
strengths and weaknesses, which in turn can be used in
special ways to improve migraine therapy. Thus, although
triptans are more similar than different, their differences
can be used by the clinician to optimise patient manage-
ment. At major headache centres worldwide, where one
would expect patients are receiving expert and optimal
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care, most patients are unsatisfied with their acute
migraine treatment [3]. Most of the patients studied at 3
centres (54%) had no benefit within the first hour of treat-
ment from their usual care. The maximum benefit took
more than 1 h to be reached in 69%, and more than 2 h in
36%. After the maximum benefit had been reached, pain
worsened in 61%. Although 58% were satisfied with the
degree of relief, 37% were dissatisfied with the speed of
effect, 50% with the recurrence of pain and 42% with the
need for a second dose. Most were satisfied with the tol-
erability (56%). Finally, most (79.7%) said they were will-
ing to try another acute care medication. In this study we
review the clinical and pharmacological difference among
the triptans. We use these differences to suggest strategies
for dealing with specific subpopulations of migraineurs.

Methods

We compared the pK and clinical characteristics of the 7 triptans
by conducting Medline searches and obtaining peer-reviewed
information on the 7 available triptans. We used this information
to define 9 clinical scenarios of acute migraine headache attacks.
Based on evidence and clinical experience, we propose a strate-
gy of choosing triptans for each scenario of attack. Finally, seven
questions that are asked of patients at The New England Center
for Headache to determine if their triptan is the optimal treatment
for them will be listed.

Results

Sumatriptan

Sumatriptan, the first triptan, was synthesised by Patrick
Humphrey who was working at Glaxo in the UK. This dis-
covery set the standards for investigations that led to 6
other marketed triptans around the world. Sumatriptan
offers flexibility of form, with three separate modes of
administration in the form of a 6-mg, self-administered,
subcutaneous injection, 50- and 100-mg tablets, and a 20-
mg nasal spray. The multiple dose forms enable the physi-
cian to match the medication to the specific characteristics
of the attack. Sumatriptan has the lowest lipophilicity of
the triptans, a relatively short plasma half-life of two hours
and is extensively metabolised via first pass metabolism in
the liver by monoamine oxidase type A (MAO-A) [4].

The injection has a very short Tmax of 0.2 h with a fast
onset of action starting at 10–15 min. Its extremely high
bioavailability of 97% contributes to its favourable
headache response and efficacy of 50% at just 30 min after
dosing, 77% at one hour and over 80% by two hours.
(Headache response is defined as a moderate to severe
intensity headache becoming mild or absent in 2 h.) It has
a headache recurrence rate of 34%–38% and a slightly

S124

higher rate of typical triptan side effects, such as nausea,
paraesthesias, flushing and tight sensations in the chest
and neck. It is the preferred way of treating patients who
vomit early in the course of their attack as well as those
whose nausea is severe, who wake up with the headache
already intense and those whose migraine pain reaches
maximum intensity in less than an hour.

Sumatriptan oral tablets have a low bioavailability of
14% with a Tmax of 2–2.5 h leading to a 2-h response rate
of 61% with both the 50-mg and 100-mg doses. (This is
derived from the older studies that required the patient to
wait until the headache intensity was moderate or severe
before taking the medication). In the newer triptan studies
the patients take their triptan early, when the headache is
milder, which in some cases is prior to the onset of central
sensitisation. These newer studies using 100-mg tablets
given when the pain is mild show better response rates and
actually very good 2-h pain-free rates in the 75% range.
Tablets have fewer adverse events, are easier for patients to
take and are preferred by many patients over either the
injection or the nasal spray.

The nasal spray form of sumatriptan is available as 5-
and 20-mg doses but only the 20-mg dose is used by spe-
cialists. It has a bioavailability of 17% and a highly variable
Tmax of 0.08–4 h, and results in a rapid onset of action, aver-
aging 15–30 min, which is between that of the injection and
the tablet. Up to 40% of patients responded in 30 min and
approximately 63% in 2 h in the 5 positive double-blind,
placebo-controlled trials performed. Some patients do not
like the taste, and irregular absorption from the nose can
cause most of the nasally introduced sumatriptan to enter
the GI tract leading to inconsistent efficacy.

The 25 mg suppository is available in Europe and Asia but
not the USA. Rectal sumatriptan is superior to placebo after
30 min [5] and 60 min, the mean therapeutic gain being 31%
(95% CI 25%–37%), and as high as 43% in some studies.

To summarise the data on sumatriptan, what makes it dif-
ferent is its flexibility of form, combined with the unmatched
speed and potency of the injection, and the intermediate
speed of onset of the nasal spray, both forms being faster in
onset than all oral triptans. The suppository is well absorbed
even in the patient who is nauseated or vomiting.

Zolmitriptan

Zolmitriptan was developed by Graeme Martin at Burroughs
Wellcome in the UK with the goal of creating a more
lipophilic, longer half-life, more bioavailable, rapidly
absorbed and centrally active oral tablet than sumatriptan.
The other 5 marketed triptans followed, each having some
pK profile improvement with the intent of a better clinical
profile [6, 7]. Zolmitriptan (Zomig) tablets are available in
2.5- and 5-mg sizes. The parent compound of zolmitriptan is
metabolised first by the cytochrome P450 system and then
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the active metabolite, which has a 50% longer half-life and
more potency at the serotonin receptors than the parent com-
pound, is further broken down by MAO-A. Zolmitriptan has
a Tmax of 2 h, a half-life of 3 h and bioavailability of
40%–48%. Zolmitriptan is more lipophilic than sumatriptan,
and has a 2-h headache response rate of 62%–67%, with
recurrence rate of about 30%. It has the best published con-
sistency of all the triptans with 95% of patients successfully
treating their attacks with one or two doses of 2.5- or 5-mg in
a one-year, open trial. In this same trial, a second dose of
zolmitriptan given at 2 h for persistent headache when the first
dose failed to be effective, resulted in a statistically increased
likelihood of a pain-free response. Zomig ZMT, an orange-
flavoured orally disintegrating tablet, was released in 2001 in
the USA. It has almost identical characteristics to the conven-
tional zolmitriptan tablets but is more convenient to use, can
be taken without water, and can be used when a patient has
nausea. Neither of the triptan ODT tablets has been shown in
studies to work faster than conventional tablets.

Zolmitriptan 5-mg nasal spray is easy to use and has a
very fast onset of headache relief and pain freedom in
some patients, 10 min and 15 min respectively. It also has
a high degree of sustained pain freedom, 49% good con-
sistency of effect and good adverse event profile.

Thus, what makes zolmitriptan different from the other
triptans is a proven ability to treat persistent headache
when the first dose fails, resulting in the highest consis-
tency of response over time, with 95% of attacks aborted
at 2 h with one or two doses of zolmitriptan over one year.

Zolmitriptan nasal spray is easy to use with fast onset
of action and few adverse events.

Naratriptan

Naratriptan is available as 1- and 2.5-mg tablets. It is referred
to as the gentle triptan as it has a slower onset of action, with
a lower recurrence rate than both sumatriptan and rizatriptan,
as well as a favourable side-effect profile [7]. It has a Tmax of
2–3 h, a bioavailability of 63% in men and 74% in women,
and is the most lipophilic of the available triptans.
Naratriptan has a relatively long half life at 5–6.3 h. It has
significant renal excretion, and is also metabolised by sever-
al CYP 450 enzymes but not MAO, so it can be given with
MAO inhibitor antidepressants without interaction.
Headache response is 48% at 2 h, but reaches 66% by 4 h, so
it is clearly one of the 2 slower acting triptans. Naratriptan
prevented menstrual migraine in a placebo-controlled, mini
prophylaxis trial, and is particularly helpful in patients who
have poorly tolerated side effects or frequent, early recur-
rence after treatment with other triptans.

Naratriptan differs from other triptans with its slower
onset of efficacy, its gentle side-effect profile, its lower
recurrence rate and its proven effectiveness in preventing
menstrual migraine.

Rizatriptan

Rizatriptan is one of the fast acting, oral triptans available in
5- and 10-mg dosages as both a conventional tablet and a
mint-flavoured, orally disintegrating tablet or ODT (MLT in
the USA). It is moderately lipophilic, has a very short Tmax

of 1.3 h as a tablet (somewhat longer for the melt form), and
a bioavailability of 45%. The two-hour headache response
is 67%–77%, with a slightly faster onset of action for some
patients than the other three triptans it was studied against.
The one- and two-hour pain-free data are highest for riza-
triptan. It has a greater likelihood of 2-h pain-free response,
with no recurrence or use of rescue medication over the next
22 h (termed the 2-h sustained pain free response) when
compared directly to sumatriptan, naratriptan and zolmitrip-
tan in head-to-head trials. Tablet consumption per attack,
prospectively studied, is thus lower. The optimal dose for
rizatriptan is 10 mg, but when propranolol is given con-
comitantly, the plasma concentration of rizatriptan is raised,
and the dose should be reduced to 5 mg.

The differences between rizatriptan and the other avail-
able triptans include a slightly faster onset of effect, and a
greater likelihood of 2-h pain-free and sustained pain-free
response, with lower tablet consumption per attack.

Almotriptan

Almotriptan is only available in a 12.5-mg tablet, and has a
Tmax of 1.4–3.8 h, the highest oral triptan bioavailability of
70%–80% and a half-life of slightly over 3 h. Almotriptan
is metabolised by both CYP 3A4 and MAO-A and then
renally excreted. The two-hour headache response is
57%–65%, similar to sumatriptan tablets, and its recurrence
rate was identical in direct comparison trials. Almotriptan
differed from sumatriptan only in having a more favourable
adverse event profile in this head-to-head trial.

Frovatriptan

Frovatriptan is only available in a 2.5-mg tablet with a Tmax

of 2–4 h, a bioavailability of 24%–30% and an extremely
long half life of 26 h. It has a slower onset of action, as
does naratriptan, with a 2-h response rate of 36%–46%,
which increases to 60% at 4 h. Like naratriptan and
almotriptan, frovatriptan also has a dual route of elimina-
tion via both hepatic metabolism (cytochrome P450 1A2)
and renal excretion. There is no metabolism via the MAO
system. The pharmacokinetics of frovatriptan are not sig-
nificantly altered by drugs such as propranolol, moclobe-
mide, other antidepressants and ergotamine. It may be a
good medication to try in long-duration or slow-onset
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attacks, menstrual migraine or preventively in some
patients with chronic daily headache (naratriptan has also
been tried that way). Although there was no difference in
the recurrence rate of frovatriptan in direct comparison
with sumatriptan, a large open-label extension trial found
that the one third of patients who achieved significant
headache relief at 2 h maintained this quick response over
a year, coupled with an extremely low (6%) recurrence
rate. Thus, the long half-life of frovatriptan may make it a
useful medication for the subset of patients who demon-
strate both a quick headache response and remarkably low
recurrence rate when compared to the other triptans.

Eletriptan

Eletriptan, which has been more intensely marketed in the
USA than most other countries, has a very short Tmax of
1–2 h, a bioavailability of 50% and a half life of 3.6–5.5 h.
The 80-mg dose of eletriptan has a high 2-h headache
response of 65%–77%. It is also available in 40-mg and
20-mg tablets. In the US, 40 mg is the maximum allowable
single dose, whereas some countries allow an 80-mg dose.
In the EU, 40 mg must be tried first. If 40 mg followed by
another 40-mg dose in 2 h is not effective in 2 of 3 trials,
and there are no significant adverse events, an 80-mg dose
may be taken at the start of a headache. Other triptans have
relatively flat dose-response curves, while eletriptan has a
steep change in efficacy going from 20 to 40 to 80 mg, and
this can allow for flexibility in dosage titration. Eletriptan
is the most lipophilic triptan, and is metabolised exclu-
sively by CYP 3A4. Patients are not allowed to use eletrip-
tan if they are on any of the following potent CYP 3A4
inhibitors: ketoconazole, itraconazole, nefazodone, trole-
andomycin, clarithromycin, ritonavir and nelfinavir. This
represents an important difference from the other triptans.

In summary, each triptan has its own characteristics and
may have a special place in individualised treatment.
Sumatriptan has the highest potency (injection), quickest
onset (injection and nasal spray) and greatest flexibility of
form. Zolmitriptan, which also has three dose forms, has the
highest consistency in open-label studies, and can be suc-
cessfully used for persistent headache. Its nasal spray has a
neutral taste and has 10-min efficacy vs. placebo.
(Sumatriptan nasal spray has 15-min efficacy but the two
have not been compared in a head-to-head trial). Naratriptan
has the gentlest side effect profile and lowest directly com-
pared recurrence rate. Rizatriptan has a slightly quicker
onset of effect than the other available oral triptans, with the
greatest likelihood of a 2-h pain-free and sustained pain-free
response at 24 h and lowest tablet consumption per attack.
Almotriptan has the efficacy of oral sumatriptan, with a
more favourable side-effect profile, directly compared.
Frovatriptan has the longest half life, and a significant sub-
set of patients with consistently quick headache relief and
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very low recurrence. Eletriptan has the highest lipophilicity,
a clear and flexible dose-response curve, and a very high 2-
h headache response. It is contraindicated if a patient is on
any of 7 potent CYP 3A4 inhibitors. Future clinical usage
and trials of these different medications may further differ-
entiate their therapeutic niches.

Which triptan is right for which patient?

The selection of an acute antimigraine drug for a patient
depends upon the stratification of the patient’s migraine
attack by peak intensity, time to peak intensity, level of asso-
ciated symptoms such as nausea, vomiting and photophobia,
time to associated symptoms, presence of comorbid diseases,
and concomitant treatments that might cause drug-drug inter-
actions [7]. The clinician has in his or her armamentarium an
ever-expanding variety of medications, available in multiple
formulations and dosages, with good safety and tolerability
profiles. Triptans can be chosen according to various selec-
tion criteria, driven by both evidence and experience.

Here are some examples of different migraine scenar-
ios and the rationale for selection of specific triptans for
each.

Example 1

The patient wakes up at about 5 a.m., slightly earlier than
on a usual day, with an ongoing migraine attack at or close
to peak intensity, high level of disability and the presence
of photophobia, phonophobia and severe vomiting.
Considerations: Selecting the most appropriate acute care
medication for this type of patient involves going to non-
oral forms of triptans that will bypass poor GI tract absorp-
tion and have a rapid onset of therapeutic effect.
First choices: Sumatriptan 6-mg subcutaneous injection,
or a nasal spray or suppository. These should work quick-
ly and effectively and do not have to be taken with water,
which could worsen the vomiting. A tablet would probably
not be well absorbed.
First alternatives: Sumatriptan and zolmitriptan NS;
sumatriptan suppository (where available).
Second alternatives: Use an antiemetic suppository such
as prochlorperazine 10 mg or promethazine 50 mg or oth-
ers, followed by any of the rapid-acting oral triptans:
sumatriptan, zolmitriptan, rizatriptan, almotriptan or
eletriptan. Sometimes the ODT form of ondansetron 4 mg
is very effective in blocking nausea and vomiting.
Third alternatives: Use a non-triptan but relatively
migraine-specific medication (e.g., an ergot) in a non-oral
form: dihydroergotamine (DHE) IM or SC, dihydroergota-
mine NS, ergotamine tartrate suppository (which might
increase the nausea and must be preceded by an antiemetic).
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Example 2

The patient wakes up with migraine at peak intensity, has
severe disability, photophobia and phonophobia, but is not
vomiting and may or may not be nauseated.
Considerations: A good approach could be an orally disin-
tegrating tablet, avoiding fluid intake, which might exacer-
bate nausea. Intranasal and SC formulations, as well as the
5 fast-acting conventional tablets are options. For severe
nausea, an antiemetic suppository could be used first.
First choices: Zolmitriptan 5 mg ODT; rizatriptan 10 mg
ODT; sumatriptan or zolmitriptan NS.
Alternatives: Sumatriptan 100 mg tablet, zolmitriptan 5
mg tablet, rizatriptan 10 mg tablet, almotriptan 12.5 mg
tablet, or eletriptan 40 or 80 mg tablet.

Example 3

The patient has menstrually related migraine, with pain
and nausea that build slowly over 4–6 h on or within 2 days
of the first day of menstrual flow.
Considerations: Selecting the most appropriate drug might
take into account the duration of action and convenience of
administration of the medication. Although there is no pub-
lished evidence, it makes sense to use triptans with a longer
half-life in this situation in the hope that the effect will last
longer as these patients often have a headache that persists
for several days.
First choices: Frovatriptan 2.5 mg, naratriptan 2.5 mg.
Alternatives: Zolmitriptan 5 mg, almotriptan 12.5 mg,
eletriptan 40 or 80 mg where allowed, zolmitriptan 5 mg
tablet or ODT, or rizatriptan 10 mg tablet or ODT.

If the headaches recur for several days, consider mini
prophylaxis prior to the next cycle, giving any triptan
BID-TID starting 2–3 days before the projected first day
of the headache. Frovatriptan and naratriptan have been
well studied in this mode of administration and might have
a slight edge due to their longer half-lives, but all triptans
may work to treat menstrually related migraine. Only
frovatriptan is currently being pursued for a menstrually
related migraine indication from the FDA. A less expen-
sive and potentially effective mini prophylaxis can be
done with a large dose of an NSAID given BID (such as
naproxen sodium 550 mg) starting 3 days before the pro-
jected headache and until the susceptibility to headache is
gone. If that does not help, one can add pulsed oestrogen
delivered via skin patch (oestradiol patch 0.1 mg) in the
same time frame. It is also possible to give 3 months of
continuous oestrogen and then withdraw. This may even-
tuate in only 4 menstrual cycles with headache per year
instead of 12.

Example 4

The patient experiences adverse events when using suma-
triptan, zolmitriptan or rizatriptan, such as tightening of the
throat, chest pain, nausea, asthenia or sleepiness. Although
this is quite uncommon it does happen occasionally.
Considerations: These symptoms do not usually represent a
cardiac problem but are typical triptan adverse events. After
appropriate evaluation of these symptoms, the patient can be
switched to another triptan. Selecting the most appropriate
drug might take into account the favourable adverse events
profile of the following three triptans:
First choices: Almotriptan 12.5 mg, naratriptan 2.5 mg,
frovatriptan 2.5 mg.

Example 5

The patient has a migraine attack that reaches peak intensity
within 3 h associated with significant disability. When riza-
triptan is used, the patient obtains rapid, complete relief of
pain, disability and associated symptoms, but always has sig-
nificant recurrence by 8–10 h.
Considerations: This patient needs a high-efficacy, quick-
onset but lower-recurrence triptan or the addition of an
NSAID. The only triptan with lower recurrence directly
compared to sumatriptan and rizatriptan is naratriptan (in
comparison to placebo only, frovatriptan has a low recur-
rence rate).
First choice: Naratriptan 2.5 mg, frovatriptan 2.5 mg.
Second choice: Adding an NSAID (naproxen sodium 550
mg BID or celecoxib 100 or 200 mg BID) to the original
effective triptan to provide quicker and more effective
action and reduced recurrence.
Alternatives: Other fast-acting triptans (zolmitriptan 5 mg;
eletriptan 40 or 80 mg; almotriptan 12.5 mg) can be used
with an NSAID to provide quick action and reduced recur-
rence.

Example 6

The patient has migraine with significant disability. She
wants the fastest possible oral relief available that will
reduce or terminate the disability.
Considerations: All of the five faster-acting oral triptans
may work, and one may work better than the others.
First choice: Try any of the 5 fast-acting triptan tablets: suma-
triptan, zolmitriptan, rizatriptan, almotriptan or eletriptan.
Second choice: Zolmitriptan 5 mg NS.
Alternatives: Sumatriptan 20 mg NS, Imitrex 6 mg SC.
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Example 7

If a patient uses any form of sumatriptan and needs
instructions to use another form later on in the day for
either lack of complete response or recurrence of the
headache after a good response, the following is suggest-
ed: If the patient used one 6-mg SC injection (which is
50% of the daily allowable 2 injection dose), she can then
use additional tablets (100 mg more, which is half of the
FDA allowed oral dose – but 200 mg more according to all
other international regulatory agencies) or a dose of suma-
triptan nasal spray (one 20 mg additional dose).

Example 8

If a patient, who usually responds to a triptan, on occasion
does not respond adequately to a maximal daily dose of
that triptan, give a 4 mg dexamethasone tablet, which may
be repeated once in 3 h. Alternatively, suggest the patient
go to an urgent care facility for intravenous treatment. This
could be an IV suite in a headache care facility, an urgent
care centre or emergency ward of a hospital. Some combi-
nation of the following medications intravenously should
be helpful: divalproex sodium (Depacon), dihydroergota-
mine, metoclopramide, droperidol, prochlorperazine,
chlorpromazine, diphenhydramine, propofol, ketorolac,
dexamethasone and magnesium. Opiates PO or IM should
be only used rarely, if at all, when all other treatments fail.

Example 9

If a patient does not do well on any oral or nasal triptan,
taken early in the migraine attack, try DHE NS (Migranal
in the USA) 2 mg, which may be repeated once after 2 h.
Alternatives: Self-administered DHE 1 mg SC or IM; self-
administered 6 mg sumatriptan SC.

Seven questions to ask patients to determine if their
current triptan is working optimally. If it is not, then
consider switching triptans

1. How quickly does your medicine begin to work? (Over
45 min may be too long).
2. When has it reached its maximal effect? (Over 2 h may
be long, but 4 h is certainly too long).
3. When it has reached its maximum effect, what percent-
age of the headache is gone? (If the headache is less than
80%–100% gone, this is an inadequate response). No pain
by 2 h is preferable. Otherwise the headache is more likely
to recur within 24 h.
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4. Does the triptan cause any side effects? (Any significant
side effect that makes the patient think twice about taking the
drug early in the attack is not acceptable). Some adverse
events will be tolerated if the drug is very effective [8].
5. Does the headache recur or worsen within 24 h after the
patient is significantly improved? (Recurrence in more that
20–30% of attacks or rapid recurrence in less than 8–10 h
is not acceptable).
6. How often can the patient become pain-free and not
have to take any further medication (one and done), which
is a sustained pain-free response? (>50% is optimal).
7. How consistently does the triptan work well? (It should
work at least 2 out of 3 times to be considered consistent-
ly effective).

Conclusions

There are many options to treat a migraine attack, and trip-
tans should be selected depending on the unique modal char-
acteristics of the patient’s attacks and the different triptan pK
characteristics, routes of administration and significant clini-
cal endpoints. The clinician must decide how to select,
sequence and combine these acute treatment options for opti-
mal effect. Continued clinical use and familiarity with results
of clinical trials should make it possible for the interested and
knowledgeable physician to match individual patient needs
with the specific characteristics of the triptans to optimise
therapeutic benefit. In spite of the differences among the trip-
tans, the individual patient response seems to be idiosyncrat-
ic and possibly genetically determined. Patients may need to
try several triptans, and the physician can help to analyse the
answers to the questions posed above, before determining
which triptan is best for the patient [9,10]. This may be a bet-
ter method of picking the correct triptan for a patient than try-
ing to make an educated guess as to which triptan will work
the best. In the end, the triptans are more similar than differ-
ent, although patient responses differ. The right triptan for
each patient is the one that works the best [7].
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Abstract There are extensive interactions between the neur-
al structures involved in pain sensation and autonomic con-
trol. The insular and anterior cingulate cortices, amygdala,
hypothalamus, periaqueductal grey, parabrachial nucleus,
nucleus of the solitary tract, ventrolateral medulla and raphe
nuclei receive converging nociceptive and visceral inputs
from the spinal and trigeminal dorsal horns and initiate
arousal, affective, autonomic, motor and pain modulatory
responses to painful stimuli. This review will focus on some
central pain-autonomic interactions potentially relevant for
the pathophysiology of primary headache.

Key words Hypothalamus • Periaqueductal grey • Medulla •

Sympathetic

Introduction

Pain sensation and modulation and control of autonomic
output are integrated by a central network that is critical
for adaptation and survival. Many brain regions receive
convergent nociceptive and viscerosensory inputs and con-
tain groups of neurons that initiate autonomic, antinoci-
ceptive and behavioural responses to these stimuli [1, 2].
There are extensive interactions between the nociceptive
and the autonomic systems at the levels of the central and
peripheral nervous systems. Clinical examples are the
sympathetic-nociceptor interactions in chronic regional
pain syndromes and the interactions between trigeminal
input and superior salivatory nucleus output in trigemino-
autonomic cephalalgias. However, the focus of this review
is on the integration of nociceptive and visceral inputs in
the central nervous system and the central mechanisms
controlling autonomic output and pain modulation output
in response to pain.

Overview of the central autonomic network

The central autonomic network consists of highly inter-
connected areas distributed throughout the neuraxis. They
include the insular and anterior cingulate cortices; the cen-
tral nucleus of the amygdala; several areas of the hypo-
thalamus; the midbrain periaqueductal grey matter (PAG);
the parabrachial nucleus (PBN) in the pons; and, in the
medulla, the nucleus of the solitary tract (NTS), ventrolat-
eral reticular formation (VLM) and raphe nuclei [1]. These
areas receive converging visceral and nociceptive inputs
(as well as inputs from thermoreceptors and muscle
ergoreceptors) and generate stimulus-specific patterns of
autonomic responses via projections to preganglionic sym-
pathetic and parasympathetic neurons. Many of these areas
are also components of pain modulatory circuits and con-
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trol nociceptive processing via projections to the spinal
and trigeminal dorsal horns.

The insula is the primary viscerosensory cortex and is
also the primary cortical area receiving pain and tempera-
ture information [3] and is activated in response to viscer-
al as well as nociceptive stimuli in humans [4]. It is con-
nected to the amygdala, lateral hypothalamus and brain-
stem autonomic areas, including the NTS, PBM and VLM
[2]. The anterior cingulate cortex receives nociceptive
inputs and is extensively connected with several areas of
the central autonomic network [5]. The anterior cingulate
is the cortical relay of the so-called medial pain system
involved in affective and motivational components of pain
sensation [6]. There is anterior cingulate activation during
the thermal-grill illusion of pain [7], imagined pain [8]
and migraine [9], as well as during goal-directed behav-
iours associated with sympathetic activation [10].

The amygdala nuclear complex provides emotional sig-
nificance to sensory stimuli, including pain. Its effector
structure is the central nucleus, which via its connections
with the bed nucleus of the stria terminalis, hypothalamus
and brainstem, initiates autonomic, endocrine and motor
outputs that are critical for expression of emotional respons-
es [11] including conditioned fear in response to pain.

The hypothalamus has a central role of integrated auto-
nomic and endocrine responses necessary for homeostasis
and adaptation to internal or external stimuli. It includes the
suprachiasmatic nucleus (circadian pacemaker); medial
preoptic area, involved in thermoregulation; paraventricular
nucleus (PVN) involved in responses to stress [12]; the
arcuate and ventromedial hypothalamus, involved in regula-
tion of food intake; and the posterior hypothalamic (PHA)
[13] and lateral hypothalamic areas, involved in arousal,
autonomic control and pain modulation.

The PAG consists of different longitudinal columns that
receive specific nociceptive inputs and initiate stimulus-
specific autonomic, somatic and antinociceptive responses
to external stressors, including pain [14]. The PBN is a
major relay centre for converging visceral, nociceptive and
thermoreceptive information to the forebrain and contains
separate subnuclei involved in taste, salivation, gastroin-
testinal activity, cardiovascular activity and respiration.

The NTS is the first relay station for general visceral
and taste afferents and relays viscerosensory information
to all central autonomic regions, both directly and via the
PBN. The NTS is also critically involved in all medullary
reflexes controlling cardiovascular, respiratory and gas-
trointestinal functions. The VLM contains neurons con-
trolling vasomotor tone, cardiac function and respiration.
For example, the rostral VLM provides the major tonic
excitatory input to the sympathetic preganglionic vasomo-
tor neurons, and the caudal VLM mediate several cardio-
vascular reflexes. Catecholaminergic neurons of the VLM,
including A1 and C1 groups, project to the hypothalamus
and autonomic neurons of the spinal cord and participate
in control of endocrine and sympathetic outflows. The

medullary raphe contains serotonergic neurons that project
to the spinal cord and control nociceptive, sympathetic and
respiratory functions.

Convergence of pain and visceral inputs to the central
autonomic network

Neurons in lamina I and lamina V of the spinal dorsal horn
and the trigeminal nucleus caudalis (trigeminal dorsal horn)
provide a major input to the thalamus as well as many areas
of the central autonomic network. Neurons at all these levels
frequently receive convergent somatic and visceral inputs
[3]. Lamina I neurons provide “labelled lines” that convey
specific nociceptive, thermal, visceral and muscle sensations
and project to the posterior portion of the ventromedial
nucleus of the thalamus (VMpo), which relays this intero-
ceptive information to the dorsal posterior insular cortex [4].
Lamina I also projects to the ventral caudal part of the
mediodorsal nucleus of the thalamus (MDvc), which relays
nociceptive information to anterior cingulate cortex, involved
in affective and arousal components of the pain sensation.

A key feature of the spinal and trigeminal nociceptive
pathways is that they provide collaterals that converge at every
level with projections of the brainstem visceral pathways. The
insular cortex receives visceral and nociceptive inputs via
ascending projections from the NTS and PBN relaying on the
thalamus. The NTS has a viscerotopic organisation and
receives taste, oesophageal, gastric, intestinal, cardiovascular
and respiratory afferents. It also receives nociceptive informa-
tion from the dorsal horn and trigeminal nucleus caudalis, and
some NTS neurons respond to both nociceptive and visceral
input. Most of the ascending NTS projections relay in the dif-
ferent subnuclei of the PBN, which also receives converging
nociceptive and viscerosensitive inputs from lamina I. The
PBN projects to the central nucleus of the amygdala, thala-
mus, hypothalamus, PAG and medulla. The thalamic territory
receiving visceral inputs from the PBN is adjacent to that
receiving nociceptive and thermoreceptive spinothalamic and
trigemino-thalamic pathways, and projects to the upper lip of
opercular cortex and adjacent anterior insula.

Spinal and trigeminal nociceptive inputs reach, both
directly and via the NTS and particularly the PBN, all sub-
cortical components of the central autonomic network,
including the amygdala, hypothalamus, PAG, VLM (includ-
ing the A1/C1 groups) and ventromedial medulla, including
the raphe nuclei.

Functional consequences

The areas of the central autonomic network activated by
noxious stimuli initiate autonomic and pain modulatory
effects that are critical components of the behavioural and
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adaptive responses to pain. Whereas nociceptive inputs may
trigger autonomic response via the NTS, PBN, amygdala,
hypothalamus and VLM, painful stimuli also have direct
access to effector preganglionic autonomic neurons.
Nociceptive afferents activate neurons in lamina I, V, VII and
X of the thoracic and upper lumbar spinal cord, which pro-
ject monosynaptically to preganglionic sympathetic neurons
at the same spinal segment. This provides the basis for seg-
mental somatosympathetic and viscerosympathetic reflexes.
Neurons of the trigeminal nucleus caudalis may activate,
both directly or via the adjacent reticular formation of the
NTS, preganglionic parasympathetic neurons of the superior
salivatory nucleus. These neurons provide preganglionic
inputs via the facial nerve to the pterygopalantine ganglion,
which innervates the blood vessels of the head and neck, as
well as the lacrimal glands and nasal mucosa.

There are direct projections from the spinal and trigemi-
nal dorsal horns that terminate on catecholaminergic cell
groups of the VLM and pons, including the A1, C1 and A5
groups. These neurons project to the hypothalamus, interme-
diolateral cell column and dorsal horn, and modulate auto-
nomic, endocrine and antinociceptive responses. Via the
PBN and its connections with the amygdala and thalamus,
nociceptive inputs trigger emotional and arousal responses
associated with autonomic and endocrine activation. These
responses may also be triggered via direct spino- and
trigemino-hypothalamic projections.

Two important examples of interaction between the pain
and autonomic systems are those involving the PAG and
hypothalamus. The lateral PAG, which receives well localised
cutaneous nociceptive inputs from the spinal and trigeminal
dorsal horns, initiates flight-or-flight responses characterised
by sympathetic activation with hypertension and tachycardia,
and blood flow redistribution to the face (fight) or lower limbs
(flight). These responses are associated with opioid-indepen-
dent analgesia and reflect active emotional coping in response
to escapable stimuli [15]. In contrast, the ventrolateral PAG,
which receives poorly localised somatic, visceral and muscle
inputs, initiates responses characterised by hypotension,
bradycardia, immobility and hyporeactivity to the environ-
ment. This is associated with opioid-dependent analgesia and
reflects passive copying mechanisms in response to
inescapable stimuli [14, 15]. The lateral and ventrolateral
columns of the PAG provide descending inputs to different
targets in the VLM and ventromedial medulla, which mediate
both the cardiovascular and pain-modulatory responses. The
lateral PAG projects to sympathoexcitatory neurons of the
rostral VLM, whereas the ventrolateral PAG strongly projects
to the region containing cardiac vagal premotor neurons and
to the medullary raphe. Inputs from the ventrolateral PAG to
the medullary raphe contribute to sympathoinhibition as well
as dual modulation of pain sensation. The PAG, via neurons
in the ventromedial medulla, including the serotonergic raphe
magnus neurons, exerts a dual modulatory control on noci-
ceptive relay at the level of the spinal or trigeminal dorsal

horns. For example, administration of the 5-HT1B/D agonist
naratriptan into the ventrolateral PAG decreases the response
of neurons of the trigeminal nucleus caudalis to nociceptive
inputs from the dura mater [16], whereas blockade of the P/Q
channels in the ventrolateral PAG enhances nociceptive
trigeminal responses [17].

Several areas of the hypothalamus are activated by noci-
ceptive inputs, participate in autonomic control and have
been implicated in mechanisms of pain modulation. Many of
these areas project to autonomic and pain-controlling regions
of the brainstem, including the PAG, PBN, NTS, VLM and
raphe, as well as to the spinal and trigeminal dorsal horns
and preganglionic autonomic nuclei. The PHA has recently
been the focus of interest as it is activated ipsilaterally dur-
ing cluster headaches [18]; and contralaterally during hemi-
crania continua [19]. Its stimulation relieves both headaches
and autonomic symptoms in patients with cluster headache
[20] and SUNCT [21]. The mechanisms underlying the role
of the PHA in headache are incompletely understood. The
PHA has a complex chemoarchitecture and connectivity
[13]. It receives direct inputs from the anterior cingulate cor-
tex; lateral septal nucleus, preoptic, ventromedial and lateral
hypothalamus; and ventrolateral PAG, as well as mesopon-
tine tegmentum, dorsal raphe nucleus; external PBN; dorsal
raphe nucleus and noradrenergic neurons of the VLM.
Activation of glutamate, muscarinic or NPY receptors or
blockade of GABAA receptors in the PHA elicit sympa-
thoexcitation, defence/escape behaviour and antinociception.
The PHA contains several neurochemically distinct cell
groups that may mediate these responses. Most PHA neurons
synthesise glutamate and fewer synthesise GABA. One
important population of PHA neurons is those neurons syn-
thesising hypocretin/orexin (Hypocr/Orx) A and B [22].
These neurons are also located in the lateral hypothalamus
around the fornix (perifornical region). Hypocr/Orx neurons
are activated by nociceptive stimuli and provide widespread
projections to other hypothalamic areas, brain stem and
spinal cord [22]. Through these extensive projections, the
Hypocr/Orx neurons of the lateral and PHA exert wide-
spread effects on the sleep-wake cycle, food intake, auto-
nomic control and nociceptive modulation. For example,
projections to the suprachiasmatic nucleus may contribute
to modulation of circadian rhythm and those to the ventro-
lateral preoptic area and monoaminergic neurons promote
arousal. Other projections reach autonomic nuclei, includ-
ing the PVN, PBN, NTS, VLM, nucleus ambiguus and
intermediolateral cell column. Excitatory projections to the
PVN or intermediolateral cell column increase sympathetic
outflow and collateral inputs to the NTS and nucleus
ambiguus regulate baroreflex responses. Hypocr/Orx pro-
jections also reach structures involved in nociceptive relay
and modulation, including the PAG [23] and superficial and
deep layers of the trigeminal and spinal dorsal horns [24].
Hypocr/Orx exerts complex effects in pain modulation. For
example, administration of orexin A in the PHA results in
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inhibition of the responses of trigeminal second-order neu-
rons to noxious thermal stimulation of the face, whereas
orexin B increases these responses [25].

Summary

There is abundant experimental and clinical evidence for
close interactions between the nociceptive and the autonom-
ic nervous systems at all levels of the neuraxis. Pain and vis-
ceral sensation converge at the level of the spinal and trigem-
inal dorsal horns, brainstem, hypothalamus, amygdala, thal-
amus and insular cortex. These inputs initiate integrated
autonomic and pain modulatory effects, as well as endocrine
and motor responses to the perception and arousal and emo-
tional reaction to pain. Advances in functional neuroimaging
in human painful states, including primary headaches, have
provided further insight into the components of this network
that may have a critical role in the pathophysiology of these
conditions, thus providing potential targets for pharmacolog-
ical or surgical techniques.
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Abstract Pain is one of the most common experiences of
humans. Neuroimaging techniques can visualize the main
brain areas involved in pain modulation, the pain matrix. It
is noteworthy that many of the brain areas forming the pain
matrix are also involved in modulating autonomic nervous
system (ANS) activity that in turn plays a major role in
determining the best adaptive response to the pain experi-
ence. The tight connection between the pain system and
ANS is also evident from neuroanatomical studies indicat-
ing that the lamina 1 neurons receive both painful and vis-
ceral stimuli from all visceral organs giving rise to the
spinothalamocortical pathway concerned with conveying
interoceptive information to central structures. The result-
ing interoceptive stream projects to the viscerosensory cor-
tex in the mid-insula and onto the right anterior insula and
orbitofrontal cortices. Right anterior insula activation is
involved in the sympathetic arousal associated with mental
tasks. This brain region receives numerous other inputs
including pain and painful stimuli are conveyed somato-
topically to both insulae. A similar somatotopic organiza-
tion of painful stimuli has also been shown in the basal
ganglia involved in cognitive, affective, motor and auto-
nomic states. This highly specialized organization of noci-
ceptive information in these brain areas may subserve a
number of functions, particularly of coupling pain with the
most appropriate autonomic states and affective/emotional

states. The anterior cingulated cortex, another brain area
playing a crucial role in nociception, is also directly
involved in the control of autonomic functions such as
arousal during volitional behaviour, including effortful
cognitive processing. It is evident that the nociceptive sys-
tem and ANS closely interact in many processes involved
in maintaining internal homeostatis and in order to give the
most appropriate biological substrate for cognitive, affec-
tive and emotional states. 

Key words Pain • Autonomic nervous system • Pain matrix •
Behaviour

Pain, a complex response

Pain is one of the most common experiences of humans. It
is usually considered to have two basic aspects: sensory-
discriminative and affective-cognitive. The first aspect
allows the localisation and typification (discrimination) of
the painful stimulus. Neurons with cell bodies in the dor-
sal horn are concerned with the transmission of painful
stimuli from peripheral nociceptors. Their projections con-
stitute the spinothalamic pathway and reach the ventropos-
terolateral nucleus of the controlateral thalamus conserv-
ing their somatotopic organisation; here they synapse,
relaying their signals to the somatosensory cortex. This
well known pathway has few synapses, and its activation
gives rise to well characterised and experimentally repro-
ducible responses.

The second or affective-cognitive aspect of pain per-
ception is that responsible for associating and integrating
the peripheral pain stimulus to an affective or cognitive
experience that typically gives rise to behavioural respons-
es. This second component encourages responses to pain
stimuli that limit the damage of the noxious stimuli and
promote survival. In humans, this affective component of
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pain is extremely variable (from overwhelming to
insignificant), as it may be influenced by the individual’s
personality and previous experiences particularly pain
experience, but also cultural and social experience. Thus a
simple pain stimulus from the periphery may give rise to a
variety of affective states and responses, which in turn
lead to a wide variety of behaviours: flight, avoidance,
adaptation, resignation, anger, etc. The affective aspect of
pain is mediated by complex interactions between various
brain areas.

Neuroimaging techniques can visualise the main com-
ponents of these pain pathways, also known as the lateral
and medial pain systems [1]. In both lateral and medial
pain system activation, the autonomic nervous system
plays a major role in developing the most appropriate
reaction, including immediate responses and long-term
adaptation [2, 3].

The pain matrix

Neuroimaging studies (including PET, fMRI, BOLD-MRI,
ligand-PET) performed during various types of nociceptive
stimulation demonstrate activation/deactivation of numer-
ous brain areas, including the cingulate cortex (anterior and
posterior), insulae, frontal and prefrontal cortices, primary
(S1) and secondary somatosensory (S2) cortices, thalamus,
basal ganglia, cerebellum, amygdala, hippocampus, parts
of the parietal and temporal cortices, brainstem structures,
mainly periaqueductal grey matter (PAG) (for review see
refs [1, 2]). However, it would be unusual for all these
structures to be activated together in all painful conditions.
Furthermore, different brain regions are more or less acti-
vated depending on the interplay of the physical, affective
and cognitive factors that influence the subjective experi-
ence of pain, and also on the damage incurred, and duration
and location of the nociceptive input.

Brainstem modulatory function on nociceptive stimuli

The descending pain modulatory system is well charac-
terised both in anatomical and neurophysiological terms;
it regulates nociceptive processing largely within the dor-
sal horn [4]. Depending on circumstances, it may facilitate
or inhibit the transmission of nociceptive signals centrally
[5]. It has recently been shown that the descending pain
modulatory system is altered in conditions of chronic pain
(central sensitisation) and other functional pain disorders,
in that the inhibitory system is dysfunctional or the facili-
tatory system is activated [6]. Animal studies have shown
that PAG, rostroventromedial medulla, parabrachial nucle-
us, dorsal reticular nucleus and nucleus cuneiformis are

involved in the mechanisms leading to central sensitisation
states and hyperalgesia [7]. These findings have been cor-
roborated in a human model of secondary hyperalgesia,
and it is now accepted that these structures, in addition to
the dorsal horn, are involved in generating and maintaining
central sensitisation [8].

In post-stroke chronic pain patients a marked reduction
of opioid (11 C-diprenorphine) receptor binding in key
brain regions concerned with nociceptive processing has
been reported [9]. Such a reduction is observed in the con-
tralateral thalamus, the parietal, secondary somatosensory,
insular and lateral prefrontal cortices, and along the mid-
line in anterior cingulate, posterior cingulate and midbrain
grey matter. None of these observed changes were related
to the site of the stroke lesion [9].

These findings and those of other studies [10] indicate
that imbalanced excitatory and inhibitory mechanisms in
the pain matrix involving the brainstem contribute signifi-
cantly to the generation or modulation of pain experience.
Descending brainstem pathways modulating nociceptive
transmission centripetally are also involved in mediating
cognition-related pain modulatory processes such as occur
in placebo-induced analgesia [11]. Furthermore, in behav-
iourally induced analgesia, activity changes in cortical-
subcortical structures (amygdala, anterior cingulate cortex,
insulae and prefrontal cortex (PFC)) are accompanied by
simultaneous changes in the brainstem. Petrovic et al. [12]
used PET to show that both placebo and opioid analgesia
are associated with increased activity of the rostral anteri-
or cingulate cortex (ACC) and that the activity in this area
and the brainstem waxed and waned together during place-
bo and opioid analgesia, but not during pain. Wager et al.
[13] investigated whether placebo treatments were able to
produce analgesia by altering expectations. Using a condi-
tioning design, they found that placebo analgesia was asso-
ciated with decreased brain activity in the brain regions
(thalamus, insulae and ACC) classically concerned with
pain processing. But there was increased activity in the
PFC during anticipation of pain.

The PFC is concerned with maintaining and updating
internal representations of expectations. In particular it was
found that stronger PFC activation during anticipation cor-
related with greater placebo-induced pain relief and lower
activity in other central regions concerned with pain. It was
also found that activity in the PAG region was enhanced
during pain anticipation, and that this activity correlated
significantly with activity in the dorsolateral PFC. This lat-
ter finding is consistent with the suggestion that activity in
the PFC triggers opioid release within the brainstem so that
the descending pain modulatory system inhibits the trans-
mission of pain signals from the dorsal horn.

Given the evidence that expectation can influence the
efficacy of placebo analgesia, it seemed reasonable to
expect that attention could influence brainstem activity
and hence nociceptive processing. High-resolution fMRI
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has been used to investigate brain activation within the
PAG to painful stimuli in normal subjects. Subjects were
asked to either focus on or distract themselves from the
painful stimuli. During distraction, pain intensity was
reduced while PAG activation was significantly increased.
This study clearly suggests the PAG is a site for higher cor-
tical control of pain modulation in humans [11].

The pain matrix and the autonomic nervous system
matrix

As is evident from the above review, many of the structures
involved in the pain matrix are important centres of the
autonomic nervous system, and play major roles in affec-
tive/emotional states and cognitive processes. Pain serves
reactions and functions concerned with survival. It is not
surprising therefore that the pain matrix and autonomic ner-
vous system are closely interconnected both functionally
and anatomically. Changes in autonomic nervous system
activity accompany all changes in the internal environment:
increased heart rate during anxiety or love making, shaking
with fear, and flushing with rage or mortification are
expressions of affective experience and clearly indicate
simultaneous activation of cognitive-affective states and the
autonomic. The same applies to painful conditions.

Autonomic nervous system afferents

Thin afferent fibres from numerous types of sensory recep-
tors convey interoceptive information to the spinal cord
and along the vagus for subsequent relay to more central
structures. Central chemoreceptors, including those in the
hypothalamus, also monitor the internal environment
directly. Neuroanatomical studies indicate that the lamina
I spinothalamocortical pathway is particularly concerned
with conveying interoceptive information, and that within
the diencephalon this pathway merges with those from the
cranial nerves, including the vagus [14]. The resulting
interoceptive stream projects to the viscerosensory cortex
in the mid-insula [15] and onto the right anterior insula
and orbitofrontal cortices. This is the putative site of vis-
cerosensory awareness. Right anterior insula activation is
involved in the sympathetic arousal associated with mental
tasks [16]. This brain region receives numerous other
inputs including touch [14] and pain [17]. It is noteworthy
that painful stimuli are conveyed somatotopically to both
insulae [17]. A similar somatotopic organisation of painful
stimuli has also been shown in the basal ganglia [18]
involved in cognitive, affective, motor and autonomic
states [19]. This highly specialised organisation of noci-
ceptive information in these brain areas may serve a num-

ber of functions, particularly that of coupling pain with the
most appropriate autonomic states and affective/emotional
states. The ACC, another brain area playing a crucial role
in nociception, is also directly involved in the control of
autonomic functions such as arousal during volitional
behaviour, including effortful cognitive processing [20].

Autonomic nervous system efferents

The autonomic nervous system is the main regulator of
internal bodily functions. Its two major efferent compo-
nents, the sympathetic and parasympathetic, provide neural
input to every major organ and system. Its homeostatic func-
tion is ensured by sympathetic and parasympathetic nuclei
within the hypothalamus, pons and medulla. Sympathetic
nuclei in the hypothalamus and the dorsal pons, in close
proximity to ascending neuromodulator pathways, are
implicated in cortical arousal and motivational signalling.
Interactions between medullary, pontine and hypothalamic
centres may support the generation of autonomic response
patterns evoked differentially across physiological or behav-
ioural challenges [21]. Locus coeruleus noradrenergic pro-
jections to the thalamus and cortex (A6 and A4 cell groups)
are also implicated in cerebral arousal and alertness,
enhanced attention, and the sensory processing of environ-
mental stimuli including learning processes [22]. The neu-
rons in the locus coeruleus and caudal part of the lateral
tegmentum are also able to modulate painful information at
the spinal level directly on lamina I of the spinal cord [23].
Cerebral arousal and alertness, enhanced attention, and the
sensory processing of environmental stimuli promoted by
the ANS play a crucial role in pain processing. In turn, the
pain matrix, including prefrontal and limbic cortices (cingu-
late, medial temporal and insulae) and the amygdala, exert
influences on autonomic control via connections with the
hypothalamus and brainstem [24].
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Abstract The hypothalamus is a key neural region in the
regulation of sleep, its anterior part implicated in sleep
facilitation, while the posterior hypothalamus acts in a bal-
anced way to maintain wakefulness. The hypothalamus
forms part of the so-called central autonomic network, reg-
ulating body homeostasis and controlling pain. To this
effect, it is strongly wired to more rostral and caudal areas,
in particular the brainstem periaqueductal grey, the locus
coeruleus and the median raphe nuclei, all involved in
sleep mechanisms and also in the descending control of
pain perception. The hypothalamus, especially its posteri-
or regions, becomes activated during attacks of the so-
called trigeminal autonomic cephalalgias (TACs), while
brainstem, especially dorsal pontine, activity shows up
during migraine attacks. The hypothalamus and intercon-
nected brainstem areas likely represent the neural sites
responsible for the chronobiological features of some
headaches, in particular the sleep-related attacks typical of
the TACs, migraines and the hypnic headaches.

Key words Hypothalamus • Sleep • Headache • Cluster
headache • Migraine

Introduction

Ever since the pioneering works of Von Economo, the
hypothalamus has been known as a neural structure
involved in the regulation of sleep. Von Economo’s
insights were derived from pure clinical observations and
pathological studies of cases of encephalitis lethargica,
and led him to propose that the hypothalamus contains
centres that, in its anterior portion, facilitate sleep, where-
as the posterior regions maintain wakefulness [1]. Von
Economo’s clinical-pathological insights have been amply
substantiated by subsequent neuro-physiological research,
which now considers the hypothalamus as a neural
“switch” effecting the transition from wakefulness to sleep
[2]. More recent is the appreciation that the hypothalamus
is also involved in the control of pain and in the pathogen-
ic mechanisms of headaches. This view of the hypothala-
mus derives from advances in the functional imaging of
primary headaches. Here again it must be remarked how
clinical ingenuity, based on patients’ observation and logi-
cal reasoning, had already proposed a role for the hypo-
thalamus in cluster headaches (CH) [3] and in the prodro-
mal symptoms of migraine attacks [4]. There is also ample
clinical evidence that some headaches and sleep are inter-
twined conditions, and a role for the hypothalamus has
been proposed for such interplay [5]. Research studies
conducted along these clinical suggestions are beginning
to elucidate the basic mechanisms involved, and it is more
than likely that they will evolve into a new view of hypo-
thalamic physiology.

Hypothalamic regulation of sleep

The ascending arousal system originating from the brain-
stem reticular formation has a first branch (mainly from
the pedunculo-pontine and laterodorsal tegmental nuclei)
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to the thalamus for transmission of sensory information to
the cortex, and a second branch (mainly from the locus
coeruleus and raphe nuclei, the periaqueductal grey
(PAG), the posterior hypothalamus and tubero-mammil-
lary neurons) that bypasses the thalamus and activates the
lateral hypothalamic area and basal forebrain [2]. Lesions
to this pathway produce sleepiness and coma, and this net-
work is especially active during wakefulness. The anterior
hypothalamus contains the ventro-lateral preoptic (VPLO)
nucleus, which is prominently active during sleep and
which innervates neurons in the hypothalamus and the
brainstem arousal pathways. Damage to the VPLO pro-
duced insomnia in Von Economo’s patients. The VPLO
receives afferences and is inhibited by the ascending
arousal pathways that itself controls, so that a circuitry is
present in the hypothalamus whereby activity in one site
inhibits inputs from the other one, in a way reminiscent of
the so-called “flip-flop” switches designed to produce dis-
crete states with a sharp transition [2]. Too sharp transi-
tions however may become disturbing, and a stabilising
effect on the hypothalamic switch is provided by the orex-
ins, neuropeptides secreted by posterior-lateral hypothala-
mic area neurons active during wakefulness, which rein-
force the arousal systems. The hypothalamus is probably
also involved in both the homeostatic control of sleep,
possibly through the action of adenosine on receptors
located near the VPLO or in the basal forebrain, and the
circadian sleep system, as the suprachiasmatic nucleus,
the master clock responsible for 24-h circadian rhythms,
acts via the adjacent hypothalamic subparaventricular
zone and the dorsomedian nucleus, the latter in turn pro-
viding strong input to the VPLO and orexinergic neurons.
Remarkably, cortical, especially limbic and visceral, sen-
sory afferences relay to the arousal system and the sleep
and circadian systems of the hypothalamus, thus providing
the basis for behavioural adaptation and survival.

Headaches and their association with sleep

The relationships between sleep and headaches are com-
plex and manifold [6, 7]. It is generally true that headache
may represent the symptom of an underlying primary
sleep disorder, or, contrariwise, that disturbed sleep may
proceed from a headache; moreover both disordered sleep
and headache may be symptoms of an underlying different
disease, and sleep disturbance and headache may both be
related to a unique pathogenic process. An example of
headache as a symptom of a sleep disorder is found in
those patients who present with poorly defined headaches
that occur at night or on awakening, in particular when
there is no evidence of an underlying psychiatric disorder
or analgesic overuse, and in whom sleep evaluation with
polysomnography (PSG) may confirm the presence of a

treatable sleep disturbance (such as obstructive sleep
apnoea syndrome or periodic limb movements in sleep)
that causes extensive sleep fragmentation. In migraine,
while sleep deprivation is a well known trigger for
headaches, attacks often recover with sleep [8]. Repeated
episodes of CH occurring during the main sleep period
necessarily disrupt sleep cycling and continuity.

For our present purposes however, it is more interesting
to examine that evidence concerning the co-morbidity
between primary headaches and sleep disorders, which
may point out pathogenic mechanisms common to these
two conditions. Many clinical findings suggest this, one
being the higher prevalence of some sleep disorders in
migraine patients. Migraine and parasomnias in particular
appear to be related. Parasomnias are undesirable physical
phenomena that appear during sleep [9] and they occur
with much greater frequency in patients with migraine
than in control subjects. The prevalence of somnambulism
in patients with migraine ranges from 30% to 55% (in con-
trols 5%–16%), and pavor nocturnus seems also more
prevalent with migraine. Barabas et al. [10] found a high
frequency of somnambulism in 222 children suffering
from migraine headache, which they attributed to a sero-
tonin abnormality underlying both conditions and led them
even to propose that “somnambulism might be considered
as a minor diagnostic criterion in the clinical diagnosis of
childhood migraine”. A higher prevalence of sleep distur-
bances, including the parasomnias, in migraine children
was confirmed by Bruni et al. [11] and Miller et al. [12].
Even though the direction of the relationship between
headaches and sleep disturbances could not be determined,
Bruni et al. [11] suggested a common intrinsic origin for
the association between sleep and migraine. Remarkable in
view of the fact that narcolepsy-catalepsy is a hypothalam-
ic disease with absent orexin levels in the CSF, is the co-
morbidity between migraine and narcolepsy found in some
studies. An association between the two was found by
Dahmen et al. [13, 14] in samples of up to 100 narcoleptic
patients, with narcolepsy preceding the clinical onset of
migraine by 10 years as a mean. These findings were later
disputed in a case-control study of 96 patients by the
DMKG Study Group [15], in which the different migraine
frequency in patients and controls (21.9% and 19.8%,
respectively) was not significant. Tension-type headache
tentatively attributed to sleep disturbances was however
significantly more frequent in narcolepsy patients (60.3%
vs. 40.7%, p=0.006). CH and narcolepsy may also share
some pathogenic mechanisms. Rainero et al. [16] reported
a genetic association between a polymorphism of the
hypocretin receptor 2 gene, on which the orexins implicat-
ed in narcolepsy-cataplexy act, and CH.

The best circumstantial suggestion of a pathogenic
relationship comes however from those headaches that
occur as a sleep-related phenomenon. The sleep-related
headaches constitute a heterogeneous group of different
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headache entities but with the common feature of occur-
rence during sleep or upon awakening. Most sleep-related
headaches are daytime headache conditions that also occur
during sleep: these include migraine, CH and chronic
paroxysmal hemicrania (CPH). There are however other
headaches that occur solely with sleep, for example, the
hypnic headaches (HH). Such primary headache disorders
(migraine, CH, CPH and HH) moreover often occur during
specific sleep stages and therefore seem to be intimately
associated with the physiology of sleep.

In migraine, approximately 50% of attacks occur
between 4:00 a.m. and 9:00 a.m. Migraine headaches seem
not to have a fixed association with a particular sleep
stage: the patient may awaken with a migraine out of REM
sleep, or the attacks may occur in relationship to stage III
and IV NREM sleep. A relationship with REM sleep and
with morning arousals after larger amounts of stage III–IV
and REM sleep [17], and the fact that migraine can some-
times arise out of a dream [18], are however all features in
agreement with the earlier findings of Dexter and
Weitzman [19], who performed PSG in 6 migraine
patients, showing that nocturnal attacks happened when
awakening from REM sleep. Intriguingly, migraine attacks
sometimes follow a circadian rhythm with a peak occur-
rence in the early morning. Moreover, almost 60% of
patients with migraine report elation, irritability, depres-
sion, hunger, thirst or drowsiness during the 24 h preced-
ing headache, symptoms which suggest a hypothalamic
site of origin [4]. The cyclic or periodic nature of the
migraine syndrome, with attacks triggered by changes in
the external or internal milieu and bodily biorhythms, such
as hormonal changes (menstruation) and alterations in
sleep-wake cycles and sleep phases (jet lag and shift
work), by seasonal cycles and the light-dark cycle, and by
changes in daily routine such as mealtimes, work-rest
activity, weekends or any kind of scheduled activity, all
seem to indicate a hypothalamic mechanism [17].
Migraine may indeed be viewed as a disturbance of the
cerebral circuits concerned with adaptive homeostatic
mechanisms [20].

Cluster headache (CH) attacks occur daily during clus-
ter periods lasting one to two months. A strong predilec-
tion for the main sleep period is well recognised, CH
attacks being strongly related to REM sleep. They follow a
daily (circadian/ultradian) rhythm with peak times at 1–2
a.m., 1 p.m., 3 p.m. and 9 p.m. The dramatic predilection
of CH for nocturnal sleep was already known to Wolff,
who maintained that “the majority of cluster headaches
occurs always or commonly during sleep, with pain so
severe that it startles the patient from bed before he or she
is fully awake” [21]. CH attacks often occur about 90 min
after the onset of sleep, at the time of the first REM sleep,
even though attacks may also occur during stages II–IV
NREM sleep. All these features indicate a relationship
with the biological clock. Infradian clock mechanisms are

also likely involved, with remarkable half-year, yearly or
even biennial cycling of the clusters: CH bouts indeed
appear to be regulated by the photoperiod (i.e., the length
of the daytime), being more intense at the summer and
winter solstices, and less so around the equinoxes [17].
Also pointing to the hypothalamus are the several abnor-
malities in hormonal secretions described in CH [22], and
the efficacy of lithium, which is thought to selectively
accumulate in the hypothalamus, enhancing serotonergic
transmission and modifying circadian rhythms [23].

Chronic paroxysmal hemicrania (CPH) resembles CH
in that attacks appear also to be strongly associated with
REM sleep [24].

Hypnic headache (HH) [25] among the primary
headaches represents the single entity uniquely associated
with sleep. Its diagnostic criteria [26] indeed require that
attacks develop only during sleep, and awaken the patient.
Many patients always experience the attack at the same
time in the night (so-called alarm-clock headache), and
caffeine and lithium have been effective treatments in sev-
eral reported cases. PSG recordings performed in HH have
shown how attacks emerge from REM sleep stages
[27–30]. Evers and Goadsby [31], in a review of 71 pub-
lished cases, emphasised how on PSG done in 7 patients,
attacks always occurred during REM in 3 and during
NREM sleep stage III in 1 patient, and how in all 3 patients
with REM-associated HH, the attack occurred during the
first REM stage. One of these patients had multiple REM-
associated attacks per night. Another 7 patients reported
onset of headache attacks during dreams, 3 of them during
nightmares or vivid dreams. Sleep quality was however
normal except for a decreased sleep efficiency in 5. A role
for sleep O2 desaturation was discounted as no sleep
apnoeas were recorded and attacks had no temporal rela-
tionship to sleep-related disordered breathing [32].
Interestingly, one patient had a remission for 3 months
after travelling across time zones. These authors concluded
that HH might be a REM sleep disorder or a chronobiolog-
ic disturbance. Evidence is however available that HH
attacks may occur during NREM sleep stages [32, 33],
casting doubts on the obligate association of HH attacks
with REM sleep. Indeed, PSG studies performed in
headache often suffer from a common misconception, i.e.,
that the onset of the headache attacks corresponds to the
time and stage of sleep when the patient awakens with
headache. In fact, REM sleep stages are associated with a
relatively lower arousal pain threshold than deep sleep, and
the patient may awaken during REM sleep reporting a
headache that has already been evolving for some time and
actually began in another sleep stage. This was demon-
strated by Cirignotta et al. [34] in a study of 3 patients with
nocturnal headache, in what appear to be the first PSG
recordings and possibly the first report of HH prior to its
clinical recognition [25]: these patients showed increased
and irregular arterial pressure and heart rates before awak-



P. Montagna: Hypothalamus, sleep and headaches S141

ening with headache, with changes beginning during
NREM sleep and lasting during REM sleep, thus preceding
the awakening with headache in the latter stage of sleep.

Functional imaging studies of hypothalamus
in the headaches

Functional imaging studies of headaches are beginning to
yield interesting insights into the mechanisms of the
headache attacks. While brainstem activation was at first
demonstrated during the migraine attacks [35], there is also
evidence that the hypothalamus is involved during attacks of
the so-called TACs, which include CH, CPH, SUNCT and
also hemicrania continua (HC). The first demonstration
thereof came from H2

15O-positron emission tomography
(PET) studies of triggered and spontaneous acute attacks of
CH, which showed activation of the ipsilateral posterior
hypothalamic regions [36, 37]. Hypothalamic activation has
also been demonstrated during SUNCT attacks by means of
functional MRI [38–40] and by means of H2

15O-PET, also
during HC [41]. That such activation probably reflected
intrinsic structural abnormalities of the posterior hypothala-
mus was moreover suggested by voxel-based morphometry
studies in CH patients demonstrating increased grey matter
[42], and by 1H-MRS study of hypothalamic metabolism
that demonstrated reduced NAA/creatine ratios in both
chronic and episodic CH independently of the attacks [43].
It was accordingly proposed that the key site in the CNS for
triggering the pain and controlling the cycling aspects of
CH, and more generally the attacks of TACs, is in the pos-
terior hypothalamic grey matter region. Such imaging stud-
ies were then instrumental in the development of surgical
strategies, e.g., deep brain stimulation of the posterior hypo-
thalamic grey matter, which indeed proved beneficial in
patients with intractable CH [44, 45].

The posterior hypothalamus is not of course the only
CNS region to become activated during the attacks of CH
or of the TACs. Brain regions associated with the percep-
tion of pain such as the cingulate areas, frontal cortex,
insula, basal ganglia and thalamus, and cerebellum also
light up, but in what is thought an aspecific way, as these
regions are similarly activated upon application of cap-
saicin to the frontal skin regions to provoke experimental
pain [46]. Hypothalamic activation seems not to occur dur-
ing such experimental pain, and has therefore been consid-
ered as specific for the TACs. There are other regions how-
ever that become specifically activated during the
headaches, and these include the brainstem, especially the
dorsal pontine regions [35, 41, 47]. These regions seem
also to undergo structural modifications in the process of
chronicisation of headaches [48]. Accordingly these brain-
stem regions, containing the dorsal raphe nuclei, the locus
coeruleus and the PAG, have been conceived of as repre-

senting the “migraine generator”, i.e., neuronal pathways
that are involved in trigemino-vascular activation and pain
processing. Remarkably, these brainstem regions are
strongly connected with the hypothalamus, especially its
posterior part, and are all well known to regulate sleep.

Conclusions

The posterior hypothalamus represents a major governing
centre in the so-called central autonomic network [49],
implicated in homeostatic functions and pain control. It has
important connections with the pain modulation system,
receiving direct inputs from the anterior cingulate cortex, lat-
eral septal nuclei, the preoptic, ventromedial and lateral
hypothalamus, the ventrolateral PAG and the mesopontine
tegmentum, dorsal raphe nuclei, external parabrachial nucle-
us and the ventrolateral medulla. It projects to the subthala-
mus and thalamus, the amygdala, the basal forebrain and cor-
tical limbic regions and caudally to the brainstem, in partic-
ular the pontomesencephalic PAG, the peripeduncular nucle-
us, the ventral medulla and inferior olives and the trigeminal
nucleus caudalis. According to prevalent ideas of CH patho-
genesis, the pain of CH is likely to be mediated by activation
of the ophthalmic division of the trigeminal nerve, whereas
the autonomic symptoms are caused by activation of the cra-
nial parasympathetic nerve. These sensory/autonomic struc-
tures are under control from antinociceptive pain processing
networks including the PAG [50], the locus coeruleus and the
dorsal raphe nuclei. These nuclei become silent during REM
sleep, while pain-processing structures are activated during
REM sleep. This reciprocal interplay could thus explain the
preferential occurrence of the TAC and HH attacks during
sleep and specifically during REM sleep stages [31].
Additionally, a chronobiological effect, so important in CH,
could be explained by the reciprocal connections between
hypothalamic posterior and lateral areas and the suprachias-
matic nuclei, which play the function of pacemakers and reg-
ulate endogenous circadian rhythms. HH in particular is a
disease of the elderly, and with advanced age, the function of
the suprachiasmatic nuclei is diminished and the melatonin
secretion is impaired, making surfacing of headache attacks
during sleep more likely.
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Abstract Hypnic headache (HH) is a rare sleep-associated
primary headache disorder, usually affecting aged people,
first described by Raskin in 1988. The headache attacks,
single or multiple in one night, occur exclusively during
sleep and tend to present at a consistent time each night,
sometimes during a dream. Compared to the original
description, newly reported cases have expanded the clini-
cal spectrum of the disorder to include unilateral forms
(about 40%, half of which are side-locked), forms with a
longer duration (up to 3 h) and cases with onset in juve-
nile/adult age. The male predominance found in Raskin’s
series has not been confirmed by subsequent observations.
To date the reported F/M ratio is 1.7/1. Pain is of severe
intensity in less then one-third of cases and mild-moderate
in about two-thirds. The location of pain is fronto-temporal
in over 40% of cases; headache is throbbing in 38% of
cases, dull in 57% and stabbing in less than 5%. Nausea is
reported in 19% of cases; photophobia, phonophobia or
both are present in 6.8%. Mild autonomic signs (lacrima-
tion, nasal congestion, ptosis) may rarely be present. In
2004, HH was included in Group 4 of the International
Classification of Headache Disorders – II (Other primary
headaches). Sufficient evidence, mainly from polysomno-
graphic studies, indicates that HH is a primary rapid eye
movement (REM) sleep-related headache disorder of

chronobiological origin. Lithium, melatonin, indomethacin
and caffeine at bedtime are among the most effective ther-
apeutic options. The pathophysiology of HH is still unclear.
Available data allow speculation that, in predisposed sub-
jects, an age-related impairment of suprachiasmatic nucle-
us could cyclically activate a disnociceptive mechanism
leading to both a sudden awakening and headache. The
mechanism may be precipitated by neurophysiologic events
such as the strong reduction of firing occurring in the dor-
sal raphe nucleus during a REM sleep phase.

Key words Hypnic headache • REM sleep •

Chronobiological • Polysomnography • Review

Introduction

Hypnic headache (HH) is a rare sleep-associated primary
headache disorder, usually affecting aged people, first
described by Raskin in 1988 [1]. Raskin’s original sample,
collected over a 10-year period, included 5 men and 1
woman, aged between 65 and 77, who were regularly
awakened from nocturnal sleep by bilateral headache
attacks of short duration (<1 h) associated with nausea but
without any other autonomic symptom. Attacks presented
at a consistent time each night, sometimes during a dream,
and could recur more than once in one night. All Raskin’s
patients responded to lithium (300–600 mg at bedtime), a
drug known to interact with circadian rhythms. The author
hypothesised a link to rapid eye movement (REM) phases
of sleep and speculated that HH may be the consequence
of a “perturbation of the biological clock” [1].

In the following years several reports of single cases or
small series appeared in literature. At the present time over
80 cases have been described.

In 1997 Goadsby and Lipton proposed the first set of
diagnostic criteria (Table 1), which included frequent
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(>15/month), bilateral, short duration (5–60 min) headache
attacks without autonomic features, regularly awakening
the patient from sleep [2].

In 2003 a total of 71 published cases were reviewed by
Evers and Goadsby [3]. Due to the large number of case
reports in the literature describing a less typical pheno-
type, the authors selected published clinical cases on the
basis of a different set of diagnostic criteria (Table 2),
somewhat less specific than the previous.

Their work contributed to expand the clinical spectrum
of the disorder to include unilateral forms and forms with
a longer duration (up to 3 h) and broadened the knowledge
of therapeutic options. Finally, HH has been recognised as

a primary headache disorder and in 2004 it was included in
Group 4 (Other primary headaches) of the International
Classification of Headache Disorders – II (ICHD-II) [4]
with a revised set of diagnostic criteria (Table 3).

According to current criteria, HH can be diagnosed in
subjects complaining of exclusively sleep-related dull
headache attacks, either lateralised or bilateral, if at least
two of the following are present: a recurrence >15 times
per month; a persistence of pain ≥15 min after waking; age
at onset after 50 years; the pain should not be attributable
to any other condition. Notably, headache lateralisation
and maximum headache duration are no longer addressed
by ICHD-II criteria.

Table 1 Goadsby and Lipton’s [2] suggested criteria for hypnic headache

A. Headaches occur at least 15 times per month for at least one month
B. Headaches awaken patient from sleep
C. Attack duration of 5–60 min
D. Pain is generalised or bilateral
E. Pain not associated with autonomic features
F. At least one of the following:

1. There is no suggestion of one of the disorders listed in Groups 5–11
2. Such a disorder is suggested but excluded by appropriate investigations
3. Such a disorder is present, but the first headache attacks do not occur in close temporal relation to the disorder

Note: A rapid clinical response to lithium at bedtime is usually expected

Table 2 Diagnostic criteria used in Evers and Goadsby’s review [3]

A. Headaches occur at least 15 times per month for at least 1 month

B. Headaches awaken patient from sleep

C. Usual attack duration of 10–180 min

D. Pain not associated with cranial autonomic features that fulfil a diagnosis of Group 3 (e.g. cluster headache, chronic paroxysmal

hemicrania)

E. Patient should usually not have any of the following features associated with the headache:

1. Nausea

2. Photophobia

3. Phonophobia

4. Aggravation of headache with routine physical activity

F. At least one of the following:

1. There is no suggestion of one of the disorders listed in Groups 5–11

2. Such a disorder is suggested but excluded by appropriate investigations

3. Such a disorder is present, but the first headache attacks do not occur in close temporal relation to the disorder

Table 3 ICHD-II diagnostic criteria for hypnic headache [4]

A. Dull headache fulfilling criteria B–D
B. Develops only during sleep, and awakens patient
C. At least two of the following characteristics:

1. occurs >15 times per month
2. lasts ≥15 min after waking
3. first occurs after age of 50 years

D. No autonomic symptoms and no more than one of nausea, photophobia or phonophobia
E. Not attributed to another disorder
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In this paper we will summarise the current knowledge of
this disorder, and will discuss the proposed hypothesis on
HH pathophysiology, also in the light of newly reported
observations.

Epidemiology and natural history

HH is to be considered a rare condition. Its prevalence
among patients observed at the Headache Clinic of the
Mayo Hospital was 0.07% (1 out of 1400) [5].

In contrast with male predominance of Raskin’s series,
most of the 71 reviewed cases were female, with a F/M ratio
of 1.7/1 [3]; the mean age at onset was 64±11; nonetheless
the reported age range (36–83) was broader than initially
appreciated. Moreover, a condition closely resembling HH
has been recently described in a 9-year-old girl [6], suggest-
ing that the age at onset could be a less specific feature than
generally believed.

Little is known on the natural history of HH: only 12
out of 71 patients revised by Evers reported a spontaneous
remission, the others showing a definite chronic course
(mean observation period: 5±7 years). Interestingly, a 3-
month remission has been reported by one patient after
travelling across time zones [7]. At present, no familial
cases have been reported.

Clinical features

Pain characteristics

In contrast with the first observations, in a reviewed HH
sample [3] pain has been found to be unilateral in 39% of
cases of which: side locked in 22% (12% right; 10% left)
and alternating in 17%; location of pain was fronto-tempo-
ral in 41.9%, posterior in 1.6% and diffuse in 56.5%; inten-
sity was mild to moderate in 69.1% of cases and severe in
30.9%; quality of pain also appear to be very variable: a
throbbing/pulsating pain was reported in 38.1% of cases; in
57.1% it was dull and in the remaining 4.8% it was stabbing.
Usual duration of attacks ranged between 15 and 180 min
(mean 67±44 min), although a single attack prolonged up to
6 h has been reported in a case with a usual duration of 3 h.
Most patients complain of a single nocturnal episode;
nonetheless up to 6 attacks per night have been reported
(mean 1.2±0.9 per 24 h) [3]. Recurrence always happened
after the patient had fallen asleep again. Interestingly, 60%
of patients recorded the first attack between 1 and 3 a.m.
Also the time of onset in relation to sleep appears to be
rather consistent among reviewed cases, with 77% of
patients reporting the onset of the first attack between 2 and
4 h after falling asleep, sometimes during a dream.
Accompanying symptoms are quite uncommon: mild nau-

sea not associated with vomiting was present in 19% of
reviewed patients. Photophobia, phonophobia or both were
present in 6.8%. Autonomic symptoms typical of trigeminal
autonomic cephalalgias (TACs) have been described in 6
patients, corresponding to 6.8% of all reviewed cases
(lacrimation and nasal congestion in 4, isolated ptosis in 2),
although in such patients the rest of the clinical picture did
not fulfil criteria for a definite diagnosis of TAC [3].

Differential diagnosis

The identification of unilateral forms, the inclusion of cases
with adult and even juvenile onset, the possible occurrence
of autonomic signs and symptoms, the extension up to 180
min of possible attack duration and the efficacy shown by
lithium led to a less sharp boundary between side-locked HH
cases and cluster headache (CH) or paroxysmal hemicrania
(PH). A key feature of the differential diagnosis is the rarity
and mildness of autonomic signs in HH. Moreover, the inten-
sity of pain, typically severe or excruciating in CH and PH,
is mild or moderate in more than two-thirds of reviewed HH
cases [3]. Last, only rarely is pain occurrence in TACs strict-
ly nocturnal. Still, an overlap may exist between clinical pre-
sentation of some HH and CH or PH. Current criteria may
slightly overlap also with nocturnal recurrence of migraine,
or tension-type headache.

A clinical picture close to HH has been recently report-
ed in a patient with a posterior fossa meningioma [8]; the
headache disappeared after successful surgical treatment.
HH must also be differentiated from nocturnal hyperten-
sion syndrome, another possible chronobiological disorder
[9]. No other causative condition has yet been found asso-
ciated with the disorder.

Comorbidity

A previous primary headache was found in as many as 21
out of 30 patients (70%) in which the issue was addressed
[3]. Twelve (40%) had migraine (3 of which with aura),
five (16.6%) had episodic tension-type headache and four
other forms. Arterial hypertension was found in nine
patients and overtly excluded in 20. There was no report of
nocturnal hypertension. A number of other comorbid dis-
orders were noted but a specific pattern of associated con-
ditions could not be drawn.

Treatment

Evers and Goadsby reviewed the treatment reports in 2003
[3]. Headache episodes are moderately responsive to
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acetylsalicylic acid and generally not to triptans. The best
prophylactic treatment is lithium, whereas indomethacin,
caffeine and flunarizine exhibit variable results. Beta-block-
ers, amitriptyline and steroids are only rarely effective.
Some patients benefit from melatonin (3–6 mg) [10]. In
recent years acetazolamide was effective in 1 case [11]. The
lithium dosage ranges from 300 to 600 mg at bedtime [1, 12,
13], but long treatments are difficult in the elderly [5].
Flunarizine (5 mg) has similar limitations [14].
Indomethacin could work at a daily dose of 75 mg [10, 15]
but it is not as powerful as in TACs. Caffeine (a 60 mg tablet
or a cup of coffee) in the evening is a good option because
it does not disrupt nocturnal sleep in such patients [5].

Relation with sleep: findings from polysomnographic
studies

We reviewed data from polysomnographic studies avail-
able in the literature. To date, a total of 29 PSGs have been
performed in 23 HH patients, reported in 9 studies. The
reports included between 1 and 10 patients each [10,
16–23]. Eleven PSGs failed to record an attack. A total of
20 attacks have been recorded in the remaining 18 PSGs.

An association with REM sleep was found in 15 out of
the 20 recorded attacks (75%). Two attacks occurred dur-
ing stage 2 [18] and 3 during stage 3 of non-REM (NREM)
sleep [21]. Sleep-disordered breathing, defined as apnoea-
hypopnoea index ≥5, was found in 7 out of 23 (30.4%)
patients who undergo PSG (4 of them in the Manni’s
series, 1 patient in the Dodick’s series [10], the Capuano’s
patient [17] and the Kacasoy Orhan’s patient [23]).
However only in 1 attack out of the 20 recorded headache
onset was clearly time-related to a severe hypoxia [10].

The above findings indicate that REM sleep, but not
sleep-disordered breathing, is to be considered a major
trigger of HH attacks and that the role of nocturnal hypox-
ia in HH pathogenesis may be less relevant then generally
believed.

Pathophysiology

The pathophysiology of HH remains enigmatic. The strict
association with sleep, mainly during REM phases, the onset
at a consistent time each night and the efficacy of drugs that
can impact circadian rhythms, such as lithium and melatonin,
strongly suggest that HH may be a chronobiological disorder
[1, 12]. A convincing aetiological hypothesis must also
address the very frequent occurrence of HH in aged people.

The possibility that HH is a REM sleep-related disor-
der caused by a derangement of a brainstem neural net-
work that regulates sleep-wake rhythms [10] is sustained

by the experimental evidence of a physiologic marked
reduction of dorsal raphe nucleus (DRN) activity occur-
ring during REM phases of sleep [24]. Together with peri-
aqueductal grey matter (PAG), DRN is deeply involved in
antinociception; its activation has been documented during
a migraine attack by a functional neuroimaging study [25].
Therefore, DRN could represent an important anatomo-
functional intersection between the neural networks
involved in regulation of sleep-wake cycles and in pain
processing: a putative impairment of this brainstem area
could account for both, the onset of an headache attack and
awakening from sleep.

The observation that in many patients HH onset is
reported at the same time each night suggests that pain
onset may be further controlled by a time-related mecha-
nism, possibly located in suprachiasmatic nucleus (SCN),
the hypothalamic area considered to be the human biologi-
cal clock [26]. Sleep architecture is articulated in 4–6
cycles of NREM and REM sleep per night, the former
encompassing about 75% and the latter 25% of total sleep
time [27]. In aged people the total amount of slow-wave
sleep (phases 3 and 4 of NREM) is dramatically reduced,
nocturnal awakenings and daytime naps are increased [27],
and there is a possible impairment of melatonin secretion
[28]. These changes probably reflect an age-related impair-
ment of SCN [29]. The SCN receives information on envi-
ronmental light levels thorough direct (retinal) as well as
indirect (geniculate) projections [30]; it regulates the noc-
turnal incretion of melatonin, a hormone thought to be
involved in adaptation of biological systems to environ-
mental changes [31]. Circadian rhythms of melatonin
incretion are disrupted in CH patients [32], a disorder with
a partial clinical overlap with HH. A double-blind con-
trolled study has shown the efficacy of melatonin in CH
prophylaxis [33]. Melatonin is also effective in HH preven-
tion, at least in some cases [10]. Mechanisms by which
melatonin could exhibit an analgesic role include potentia-
tion of inhibitory action of GABA and modulation of cellu-
lar calcium entry [33]; moreover it modulates 5HT2 recep-
tors [34], a known target of migraine prophylactic agents
such as flunarizine, cyproheptadine, methysergide and
beta-blockers [35]. Unfortunately, no information on mela-
tonin incretion rhythms in HH patients is available to date,
so the above hypotheses are to be considered conjecturable.

The reported efficacy of indomethacin in HH suggests
a pathogenetic link with other indomethacin-sensitive
short-lasting headaches such as PH and hemicrania con-
tinua. Intermittent increases of intracranial pressure occur-
ring during sleep are more pronounced during REM phas-
es [35]. As in HH, the headache associated with idiopath-
ic intracranial hypertension is usually alleviated by ortho-
statism. Given the lowering effect on CSF pressure exhib-
ited by indomethacin [36], a possible involvement of
raised intracranial pressure in HH pathogenesis cannot be
excluded [35].
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Conclusions

Sufficient evidence has validated HH as a primary
headache disorder of chronobiological origin. The patho-
physiology of HH is still unknown. Available data allow
speculation that, in predisposed subjects, an age-related
impairment of SCN could cyclically activate a disnocicep-
tive mechanism leading to both a sudden awakening and
headache. The mechanism may be precipitated by neuro-
physiologic events such as the strong reduction of firing
occurring in the DRN during a REM sleep phase.
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Abstract Obtructive sleep apnoea syndrome (OSAS) is a
common disorder in the general population with an esti-
mated prevalence in an adult population of 2% in women
and 4% in men. Although several studies have suggested
that headaches, particularly morning headaches, are more
common in patients with OSAS than in normal subjects,
others have yielded contradictory findings. When the
sleep-related breathing disorder was treated with success,
the headache generally disappeared, supporting a causal
role of the sleep disorder for headache. Several hypotheses
have been proposed to explain the relationship between
OSAS and the occurrence of headache, particularly on
awakening. Night-time fluctuations of oxygen saturation
during the night with hypercapnia, vasodilatation,
increased intracranial pressure and impaired sleep quality
are all considered contributing factors. However the exact
mechanisms of headache pathogenesis and the relationship
between OSAS, headache and morning headaches in par-
ticular remain controversial.

Key words Sleep • Snoring • Obstructive sleep apnoea •

Headache • Morning headache

Introduction

Sleep-related breathing disorders are characterised by dis-
turbed respiration during sleep. Central sleep apnoea syn-
dromes include those conditions in which respiratory effort
is diminished or absent in an intermittent or cyclic fashion
due to central nervous system or cardiac dysfunction. The
obstructive sleep apnoea syndromes (OSAS) include those in
which there is an obstruction in the airway resulting in con-
tinued breathing effort but inadequate ventilation [1]. OSAS
is associated with excessive daytime sleepiness and
increased risk of vascular diseases. Although morning
headaches are common in patients with OSAS, affecting
36% of patients [2], this symptom is non-specific and is not
included in the diagnostic criteria for OSAS [1].

The International Classification of Headache Disorders,
second edition (ICHD-II) [3] classifies headache attributed
to OSAS as headache attributed to impaired homeostasis.
The diagnostic criteria include recurrent headache present
upon awakening that ceases within 72 h and does not recur
after effective treatment of sleep apnoea. Sleep apnoea
headache must have at least one of the following character-
istics: occurrence on >15 days per month; bilateral pressing
quality, not accompanied by nausea, photophobia or phono-
phobia; resolution within 30 min; sleep apnoea
(Respiratory Disturbance Index (RDI) ≥5) must be demon-
strated by overnight polysomnography (PSG).

The prevalence of headache in OSAS varies from 11%
[4, 5] to 25% [6] up to more than 40% [7, 8] (Table 1). On
the other hand, between 12% and 41.7% of patients with
severe recurrent nocturnal or morning headaches had
OSAS according to PSG [9, 10]. However, the wide dis-
crepancy in reported headache prevalence may reflect dif-
ferences in study design (retrospective or prospective) and
the definition of headache itself. There is conflicting evi-
dence regarding the association of headaches and OSAS.
Some studies have suggested that headaches, particularly
morning headaches, are more common in patients with
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OSAS than in normal subjects. Habitual snoring was more
frequent in chronic daily headache subjects (24%) than in
controls (14%) [11]. Guilleminault et al. found that
headaches occurred in 11 (44%) out of 25 patients with
OSA [12] and Boutros found a similar relationship in 9 out
of 20 patients with OSA [8]. Two recent prospective stud-
ies demonstrated a strong relation between headache and
heavy snoring and OSAS [4, 13]. In the Swedish study
[13], morning headache was at least three times more fre-
quent among male and female heavy snorers (448 patients)
than among the general population (583 patients).
Furthermore, headache in the control group was signifi-
cantly more common among snorers than non-snorers [13].
In the report from the Copenhagen Male Study self-report-
ed snoring was also significantly associated with headache
among 3323 men, aged 54–74 years, independently of
potential confounders such as lifestyle factors, age and
body mass index (BMI) [4]. In one retrospective study,
concerning 80 consecutive OSAS patients, 60% of them
had headaches in the year prior to the study, of whom 41%
reported morning headaches [7]. These awakening
headaches were significantly more common in the OSAS
group compared with the control group of 22 patients with
periodic limb movement during sleep (PLMS) [7]. No sig-
nificant association emerged between the duration, fre-
quency and intensity of headache, and apnoea/hypopnoea
index (AHI), Epworth Sleepiness Scale (ESS) score, sleep
efficiency, duration of OSAS and BMI in OSAS patients
with headache [14].

When the sleep-related breathing disorder was suc-
cessfully treated with continuous positive airway pressure
(CPAP) or uvulopalatopharingoplasty (UPPP), the
headache generally disappeared, supporting a causal role
of the sleep disorders for headache [7, 15].

Other authors disputed these findings, demonstrating no
relationship between OSAS and headache [5, 6] and conclud-
ed that morning headache was not more common in patients
with OSAS compared to those with other sleep disorders such

as PLMS, narcolepsy or insomnia [5, 6, 19]. Moreover,
headache present upon awakening is a non-specific symptom
observed in sleep-related breathing disorders other than
OSAS (much as chronic obstructive pulmonary disorder), and
in non-sleep-related disorders such as intracranial and arterial
hypertension, tension-type headache, and cluster, hypnic and
migraine headaches and depression. Recent research suggest-
ed that chronic morning headache is a good indicator of major
depressive disorders and insomnia [20].

Clinical features of morning headache in OSAS
patients

Some authors have reported that the headache characteris-
tics are otherwise unspecific [5, 17]. Others described
headache in OSAS patients as mainly a morning tension-
type headache located bilaterally in 52.6% of OSAS
patients and unilaterally in 47.4%, mainly in the frontal
and frontotemporal in 33.3% and 27.8% and temporal
(16.2%) regions [14]. The quality of pain was
pressing/tightening in the majority of patients (78.9%),
intensity was mild in 47.4%, moderate in 36.8% and severe
in 15.8% [14]. The awakening headaches are brief, lasting
no more than 30 min in about 40% of cases [7].

Relation between headache and OSAS severity

There are conflicting literature results on the association
between morning headache and OSAS severity. Some
studies showed no correlation between nocturnal respirato-
ry parameters such as RDI, minimum oxygen saturation
(SaO2), mean nocturnal SaO2, percentage of time spent
with a SaO2 less than 90% and headache complaints [5, 17,
18, 21]. A systematic polysomnographic evaluation of

Table 1 The reported prevalence of headache in OSAS

Authors and year Type of study Population characteristics Rate of headache

Guilleminault et al. 1977 P PSG 25 OSAS 44% (morning headache)
Boutros 1989 P Q 20 OSAS 45%
Aldrich and Chauncey 1990 R PSG 304 OSAS 18% (morning headache)
Jennum et al. 1994 P Q 3323 subjects (1670 OSAS) 56%; 11% (morning headache)
Poceta and Dalessio 1995 R PSG 142 pts (72 OSAS) 24%
Ulfberg et al. 1996 P PSG 772 pts (324 OSAS) 18%
Loh et al. 1999 R PSG 80 OSAS 60%
Neau et al. 2002 P PSG 324 pts (164 OSAS) 58% (morning headache)
Greenough et al. 2002 R PSG 173 pts (116 OSAS) 25%
Göder et al. 2003 P PSG 432 pts (152 OSAS) 27%
Idiman et al. 2004 P PSG 75 pts 60%; 19% (morning headache)
Alberti et al. 2005 P PSG 106 pts (56 OSAS) 49%

P, prospective study; R, retrospective study; PSG, polysomnography; Q, questionnaire interview; pts, patients



morning tension-type headache in more than 400 consecu-
tive inpatients in a sleep laboratory showed that among
patients with OSAS the occurrence of morning headache
was not associated with changes in mean SaO2 or AHI
when nights with and without following headache were
compared [19]. These studies cast significant doubt on the
hypothesis that oxygen saturation mediates the relation-
ship between morning headaches and OSAS. Other studies
suggested that the occurrence and severity of headaches
correlated positively with OSA severity [7] and mean noc-
turnal values of SaO2 were significantly lower in patients
with headache on awakening than values of SaO2 in
patients without headache on awakening [14].

Polysomnographic features

One of the most recent studies on this topic showed no cor-
relation between morning headache and architectural sleep
parameters [17]. Another study found the occurrence of
morning headache in the sleep laboratory was associated
with a decrease in total sleep time and an increase in wake
time during the nights preceding morning headache [19].
Greenough et al. [21] reported that although headache and
non-headache patients did not differ in the percentage of
total sleep time, the headache patients spent a lower per-
centage in REM sleep [21]. This finding of a lower REM
portion in apnoea patients with frequent headache [5, 21] is
also supported in the study by Göder et al. [19]. The signif-
icance of lower percentage of REM sleep and the higher
variability in REM apnoea index among the headache
patients warrants further investigation [21].

Pathophysiology

The mechanisms by which headache could be associated with
heavy snoring or OSAS are complex and remain unknown.
Morning headaches may be related to a combination of the
direct effect of lower oxygen saturation and hypercapnia due
to apnoeic episodes [14, 22, 23], disturbances of cerebral
blood flow autoregulation, excessive neck movements [24],
bruxism [25], transient increases in intracranial and arterial
pressure [22, 26], sleep fragmentation [27] and increased
muscle activation. Headaches might be caused by a dysfunc-
tion of central pain-modulation circuits, and Göder et al. [19]
speculate that alterations in brain regions equally involved in
sleep regulation and nociception contribute to a dysfunction
of central pain-inhibitory activity, resulting in headache after
awakening in vulnerable patients [19]. Another potential
mechanism, emphasised earlier by Aldrich and Chauncey,
could be anxiety and depression [5, 17], but another study
found no association between depression and headache both
on awakening and not on awakening [14].

Cluster headache

Sleep-disordered breathing has been implicated as either a
trigger or associated abnormality in cluster headache (CH).
Kudrow et al. were the first to describe sleep apnoea in CH,
identifying it in 6 out of 10 patients tested [28]. This was
confirmed by Chervin et al. who studied 25 patients with
CH and reported that 80% presented an AHI >5 [29] and by
Nobre et al. who found that the percentage of OSAS in
patients with CH was 58.3% compared with 14.3% in the
control group and 2%–4% in the general population [30].
The stratified analysis examining the AHI relating to BMI
and age showed that patients with CH had 8.4 times more
chance of exhibiting OSAS than normal individuals. The
risk increased to 24.38 in patients with a BMI >25 kg/m2

and 13.5 in patients >40 years old [30]. When polysomno-
graphic studies were performed in cases of pain during
sleep, the majority had pain during the REM phase, follow-
ing a desaturation period [30]. Two patients with OSAS
who were treated with CPAP showed an immediate
improvement in their painful condition. These reports sup-
port the hypothesis that the decrease in blood oxygen satu-
ration due to OSAS may be the trigger factor in some
patients with night-time CH. However there are no studies
on large patient populations treated for longer periods and
further investigation is warranted.

Conclusions

Headaches are common among OSAS patients but the
relationship between headache, morning headache and
OSAS remains ambiguous. Clinicians who see patients
with CH should also consider the possibility that comorbid
OSAS may be present.

Because patients with headache and OSAS will benefit
from nasal CPAP, inquiring about clinical signs of OSAS
should become routine practice among patients with
chronic headaches or patients whose CH occur mainly or
exclusively during sleep.
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Abstract Prophylactic treatment is mainly intended to
reduce the frequency of migraine attacks, enhance
response to acute medications, improve patient function
and reduce disability. Sufficient evidence and consensus
exist to recommend propranolol, timolol, amitriptyline,
pizotifen, divalproex, sodium valproate and topiramate as
first line agents for migraine prevention. These drugs can
halve the frequency of attacks in 50% of patients. The
anticipated benefit must be weighed against the adverse
effects associated with each agent in determining the opti-
mal preventive regimen for individual patients considering
any comorbid conditions that are often present. The deci-
sion to treat and the choice of prophylactic drug must be
taken with the patient. It is important to balance expecta-
tions and therapeutic realities for each particular drug.
Recent data on the effect of prophylactic treatment on
trigeminovascular activation and on cortical spreading
depression emphasise the importance of developing
research on migraine-preventive drugs.

Key words Migraine • Prophylaxis • Therapy •

Neuromodulators

Introduction

Following a period of evaluation of headache characteris-
tics by means of a diary, care in avoiding trigger factors
and correct application of rules for the management of
migraine attacks, patients should be evaluated for initia-
tion of preventive therapy. Factors that should prompt con-
sideration of preventive therapy include the occurrence of
two or more attacks per month producing disability lasting
three or more days per month, contraindications, intoler-
ance or failures of acute treatments, uncommon migraine
conditions such as hemiplegic migraine, migraine with
prolonged aura and migrainous infarction. The develop-
ment of new and effective drugs for migraine attacks like
triptans may reduce the need for preventive treatment but
use of abortive medication more than twice a week must be
considered a “red flag” for starting a prophylactic drug to
avoid the progression from episodic to chronic migraine.
The goal of preventive therapy is to improve the patient’s
quality of life by reducing migraine frequency, severity
and duration and increasing the responsiveness of acute
migraines to treatment. Therapy should be initiated with
medications that have the highest levels of effectiveness
and the lowest potential for adverse reactions. The dose
should begin at the low end of the range, and be slowly
titrated until an effective dose is reached. Patients should
be informed that several months of treatment may be
required to reach maximum benefit and that the first drug
that we try is not always the right one.

Biological basis for migraine-preventive drugs

Migraine-preventive drugs, for example propranolol and
valproate, have often been found serendipitously. Targeted
migraine prevention, considered as the development of
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drugs that interact with specific receptors of cellular mech-
anisms believed to be involved in the pathogenesis of
migraine, remains unavailable. Patients often receive “off-
label” medications i.e., drugs used primarily for indica-
tions other than migraine. Therefore the basic mechanisms
of action of antimigraine prophylactic drugs are largely
speculative. Most preventive treatments are thought to act,
at least in part, by normalising neuronal firing and increas-
ing a genetically lowered and environmentally modified
threshold for neuronal discharge [1, 2]. The basis for this
effect could be a central hyperexcitability due to changes
in voltage-gated channels looking for a rationale for the
prophylactic action of calcium channel blockers and par-
tially for antiepileptic drugs (AEDs), or a mitochondrial
dysfunction for riboflavin and coenzyme Q effect, or a
central aminergic dysfunction when considering tricyclic
antidepressants (TCAs), selective serotonin reuptake
inhibitors (SSRIs), noradrenergic reuptake antagonists
(NARAs ), β-blockers and AEDs. AEDs have recently
been referred to as neuromodulators to reflect the fact that
their efficacy in migraine is believed to result from modu-
lation of neuronal and cortical hyperexcitability. Divalproex
sodium enhances brain γ-aminobutyric acid (GABA) and
this is presumed to be its principal mechanism of action in
migraine. Topiramate has multiple mechanisms of action,
including state-dependent blockade of sodium channels,
enhancement of GABAA receptor-mediated inhibition,
antagonism of glutamate at α-amino-3-hydroxy-5-
methylisoxazole-4propionic acid/kainate (AMPA/kainate)
receptors and inhibition of high-voltage-activated (L-type)
calcium channels. It is also a weak inhibitor of some
isozymes of carbonic anhydrase. A recent intravital
microscopy study demonstrated that topiramate is likely to
block neurogenic dural vasodilatation by inhibiting the
release of CGRP from prejunctional trigeminal neurons,
thus attenuating the dural vasodilatation [3]. Topiramate,
valproate, propranolol, amitriptyline and methysergide
suppress cortical spreading depression frequency by
40%–80% and longer treatment durations produce
stronger suppression [4].
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Preventive medications

The principal guidelines on preventive therapy for migraine
have been drawn up by the US Headache Consortium, a
group of seven professional specialty associations composed
of physicians involved in the care of patients with migraine
founded in 1996. These guidelines are published in two
papers and are available on the American Academy of
Neurology website [5–10]. An important contribution to pro-
phylactic drug choice is given by the systematic overviews
and meta-analysis of the Cochrane Library on different
groups of preventive treatments [11, 12]. First-line therapies
are listed in Table 1.

β-Adrenergic blockers

Propranolol and timolol have the greatest amount of liter-
ature support (Grade A) for their use but there is also liter-
ature support for atenolol, metoprolol and nadolol [9].
While generally well tolerated, common adverse effects
include tiredness, fatigue, nausea, depression, dizziness
and insomnia. They are particularly useful for patients
with coronary disease, hypertension, tachycardia or essen-
tial tremor, but should be avoided in those with Raynaud’s
syndrome or reactive airways disease or atrioventricular
block.

Antidepressants

Amitriptyline is a first-line agent for migraine prophylaxis
with Grade A quality of evidence and is the only antide-
pressant with consistent evidence supporting its effective-
ness for this use. One study involving 162 patients with
migraine compared amitriptyline therapy (50–100 mg/day)
with placebo over four weeks. Results showed an odds
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Table 1 First-line medications for migraine prevention

Medication Dosage Main adverse effect

Amitriptyline 10–150 mg h.s. Weight gain, dry mouth, sedation
Divalproex

Normal release 250 to 500 mg t.i.d. Liver toxicity, sedation, nausea, weight gain,
Sustained release 500 mg b.i.d. tremor, teratogenicity, possible drug toxicity

Propranolol
Normal release 20–80 mg t.i.d.
Sustained release 80–240 per day Fatigue, exercise intolerance

Timolol 10–15 mg b.i.d.
Topiramate 50–100 mg b.i.d. Paraesthesias, fatigue, nausea

h.s., at bedtime; b.i.d., twice daily; t.i.d., three times daily



ratio (OR) of 2.4 (95% CI, 1.1–5.4) for the number of
patients reporting a 50% improvement in migraine index,
and a moderate effect size of 0.62 (95% CI, 0.15–1.10) on
a migraine index that included frequency and duration.
Results of a study comparing amitriptyline with propra-
nolol suggest that propranolol is more effective in patients
with a single migraine type, whereas amitriptyline is more
beneficial for patients with mixed migraine and tension-
type headache. However, side effects like weight gain, dry
mouth, reflex tachycardia, blurred vision and mental
clouding related to anticholinergic, antihistaminic and β-
adrenergic effects limit the use of this medication. If a
patient cannot tolerate the adverse effects of amitriptyline,
a different TCA might be considered, although there is
some evidence that other TCAs are not effective for
migraine prevention [10]. The results from one small trial
support the use of fluoxetine 10–40 mg/day; however a
larger trial showed no evidence to support its use, and evi-
dence does not support the use of the numerous other SSRI
for migraine prevention [11].

Neuromodulators (anticonvulsants)

Anticonvulsants appear to be both effective in reducing
migraine frequency and reasonably well tolerated. There is
noticeable variation among individual agents, but there are
insufficient data to establish whether this is due to chance
or variation in true efficacy. AEDs considered as a class in
a systematic review of the Cochrane Database [13] reduce
migraine frequency as compared to placebo (SMD –0.60;
95% CI –0.93 to –0.26). In clinical terms the observed
effect corresponds to a reduction in migraine frequency of
1.4 attacks per 28 days. AEDs, considered as a class, also
increase the number of patients for whom migraine fre-
quency is reduced by 50% or more, relative to placebo.
Relatively few robust trials are available for agents other
than sodium valproate/divalproex sodium although side
effects such as nausea, alopecia, tremor and weight gain
may lead patients to discontinue treatment. These drugs
are known to be teratogenic and appropriate caution must
be used when prescribing to women of child-bearing age.
Considered together, the three trials of topiramate (514
patients in total) proved superior to placebo (OR 3.65;
95% CI 2.47–5.38) and a recent evaluation of changes in
health-related quality of life in 220 patients treated with
topiramate 100 mg/day showed a significant improvement
[12]. Dose comparisons for topiramate (50, 100, 200 mg
daily) with placebo showed best odds ratio for the 100 mg
dose (3.66 (2.46–5.45)). Adverse events, generally mild,
include paraesthesias, weight loss, altered taste, anorexia,
memory impairment, emotional lability, diarrhoea,
dysarthria, urinary frequency and abnormal vision.

Serotoninergic agents

Of these agents, time-released dihydroergotamine has the
strongest support, with consistently positive findings in
four placebo-controlled trials [8]. The most commonly
reported events for all the ergot alkaloids were gastroin-
testinal symptoms. There is strong evidence for the effica-
cy of methysergide, a semisynthetic ergot alkaloid [7].
However there are reports (1/2500) of retroperitoneal and
retropleural fibrosis associated with long-term, mostly
uninterrupted administration. The manufacturer suggests
that methysergide therapy be discontinued for three to four
weeks after each six-month course of treatment. Adverse
events most commonly reported include nausea, vomiting
and leg symptoms (restlessness or pain). Lisuride and
pizotifen have consistent evidence supporting their effica-
cy in the prevention of migraine [8]. Pizotifen is often
associated with weight gain and drowsiness.

Calcium-channel blockers

There is weak evidence to support verapamil as a first-line
agent. Of three small trials comparing verapamil 240 or
320 mg/day, two reported positive findings, with a moder-
ate calculated summary effect size of 0.78 (95% CI,
0.09–1.50) [7, 10]. In particular it may be effective in
patients with prolonged atypical migraine aura and it may
be useful in patients who have comorbid cardiovascular
disease. The principal contraindications are bradycardia
and atrioventricular block. The adverse event most fre-
quently reported is constipation. Flunarizine has proven
efficacy. Adverse events reported include sedation, weight
gain and depression. Extrapyramidal symptoms may be
observed particularly in the elderly.

Angiotensin blockade

A systematic overview and meta-analysis of patients receiv-
ing angiotensin II receptor antagonists (AIIRA) for either
hypertension or headache showed a 31% reduction in the risk
of headache in patients taking AIIRA compared with those
on placebo [14]. The AIIRAs lisinopril and candesartan
demonstrated some effectiveness in randomised, double-
blind, crossover trials [15, 16]. Candesartan (16 mg/day)
showed a 40.4% rate of response based on a 50% or more
reduction in the number of days with migraine compared
with 3.5% for placebo (p<0.001) and also appeared to sig-
nificantly decrease headache severity, level of disability and
days of sick leave due to headache. Adverse effects with can-
desartan were similar to those with placebo [16].
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Other agents

Other agents assessed for the prevention of migraine have
limited evidence, limited effectiveness or have side-effect
limitations. Vitamin B2 (riboflavin) 400 mg/day showed
benefit at three and four months after initiation of treatment
compared with placebo, with an NNT of 2.3 for a 50% or
greater reduction in migraine in the number of days with
headache [7, 17]. Coenzyme Q, 100 mg three times per day
vs. placebo showed a NTT of 3.0 (CI not reported) for a
50% or greater reduction in migraine frequency [18].
Feverfew 50–82 mg/day was found to be more effective
than placebo in 3/5 trials, but variations between formula-
tions makes dosage recommendation difficult [7].
Randomised controlled trials on feverfew in migraine attest
to the safety of the compound although mouth ulcers and
rebound headache should be watched for. A study of high-
dose oestradiol in women with perimenstrual migraine, in
whom oestradiol topical gel 1.5 mg/day was initiated two
days before anticipated migraine and continued for one
week, showed a significant reduction in migraine frequen-
cy during the perimenstrual period, with a moderate calcu-
lated effect size of 0.71 (95% CI, 0.26–1.20) [10].
Botulinum toxin type A injection into the glabellar, frontal-
is and temporal muscles is being increasingly used for
migraine prevention, but evidence in support of this prac-
tice is inconclusive and somewhat controversial [19].
Atypical antipsychotics such as risperidone, olanzapine and
quetiapine have been anedoctically reported as useful in
preventing migraine in patients with refractory headaches
and probably merit some randomised controlled trials.

Nonpharmacologic treatment

Evidence-based nonpharmacologic treatments include relax-
ation training, temperature biofeedback plus relaxation train-
ing, electromyographic biofeedback and cognitive behav-
ioural therapy, all of which have received Grade A recom-
mendations by the US Headache Consortium. Adding a pre-
ventive drug to behavioural treatments confers additional
benefit (Grade B recommendation) [20, 21].

How to choose a prophylactic treatment for migraine

The results from the American Migraine Study II (AMSII)
and a large telephone survey demonstrated that migraine
preventive therapy is underused. In the AMSII study 25% of
all people with migraine experienced more than three
attacks of migraine a month, and 53% reported severe
impairment from attacks, yet only 5% were taking preven-
tive medication for migraine [22, 23]. Strategies of migraine
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prevention include short-term preventive therapies as in the
daily use of a particular drug only during the perimenstrual
period; long-term conventional daily prophylaxis; and non-
pharmacologic management, such as avoidance of triggers
and a variety of physical and cognitive interventions. Each
strategy must be discussed with the patient and an exhaus-
tive picture of possible preventive treatment with a clear
evaluation of the cost benefit ratio of different drugs to cre-
ate realistic expectations and knowledge of possible side
effects is needed. Patients must be aware and accept the
principal rules of preventive therapy like the importance of
monitoring the frequency and severity of attacks by means
of a headache diary; the need to wait often two to three
months before the appearance of the therapeutic effect; the
duration of a preventive therapy; and the possibility that
more drugs will need to be tried before selecting the right
one. A period of evaluation applying correct rules for the
pharmacological management of the attack, training to
avoid triggers and evaluation of the impact of the patient’s
lifestyle on migraine is useful before evaluating the indica-
tions for a preventive treatment. It is important to create a
correct balance between expectations and the real possibili-
ties and limits of a prophylactic treatment. It is useful to
assess the overall impact of migraine and extensively evalu-
ate comorbidity and associated diseases, other therapies,
and possible drug contraindications targeting therapy
throughout the lifecycle [24]. Table 2 suggests how to select
the first and principal second-line preventive drugs consid-
ering patient characteristics, comorbidity and contraindica-
tions. In selected cases an association of two drugs can be
considered like a β-blocker with amitriptyline or sodium
valproate or another neuromodulator [25, 26]. It has been
suggested that a combined treatment should be prescribed
only after the patient has not responded to two consecutive
adequate trials (therapeutic doses for at least six weeks) of
two of the major preventive medications (especially β-
blockers or neuromodulators) [26].

Conclusions and future directions

There is a need for targeted migraine prevention intended
as the development of drugs interacting with specific
receptors of cellular mechanisms implicated in the patho-
genesis of migraine. This programme of research must aim
to improve efficacy and tolerability by designing targeted
prophylactic drugs. There is increasing evidence that
repeated episodes of headache are associated with perma-
nent changes in CNS structure or function in some
migraine sufferers. An example of this was the finding of
nonheme iron deposits in regions of the brainstem corre-
sponding to periaqueductal grey matter in patients with
migraine but not in matched controls [27]. This area of the
brainstem is well known to be important in the modulation
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of ascending pain signals. The mechanisms by which these
changes occur are unclear, but chronic activation of these
structures during repeated migraine attacks and resulting
hyperaemia may lead to free radical formation, neuronal
injury and iron deposition. Recent studies on the effects of
first-line preventive treatments on trigeminovascular acti-
vation and cortical spreading depression emphasise the
importance of developing research on migraine-preventive
drugs [3, 4]. They could also change the current vision of
preventive therapy, suggesting the usefulness of prompt
treatment to prevent or reduce the impact of some patho-
genetic mechanisms [28]. Some measure of functional sta-
tus in addition to the current practice of symptom moni-
toring is, therefore, important to assess the long-term ben-
efits of preventive treatments. Studies on mechanisms of
side effects like leptin resistance induced by amitriptyline
and flunarizine as a cause of weight gain are also to be

encouraged for the development of more tolerable drugs
[29]. Future trials should also be encouraged to follow the
recommendations of the International Headache Society
with regard to both trial design and reporting of data.
Special care is needed for the development of nonpharma-
cological treatments and of trial design improving evi-
dence-based indications in this field.
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Table 2 Suggestions for a patient-targeted choice of preventive treatment
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Abstract Topiramate is approved for the preventive treat-
ment of migraine in several countries based on the results
of three large randomised, double-blind studies that
showed that this compound was significantly more effec-
tive than placebo in migraine prophylaxis. We review the
results of two studies: one which pooled data from the
three controlled double-blind trials using 100 mg/day of
topiramate, and an open-label extension of two of these tri-
als in which patients received different topiramate doses
for an eight-month maintenance period. The overall results
confirm that topiramate is effective in reducing migraine
frequency, and has a satisfactory tolerability profile.

Key words Migraine • Topiramate • Prophylaxis • Clinical
trial • Pooled analysis • Open-label extension phase

Introduction

Migraine is recognised as a disabling disorder that has a
wide range of impacts on individuals and on society.
Population and clinical studies show that migraineurs have
reduced productivity in paid and household work, and that
their family, social and leisure activities are disrupted by
the condition [1–5]. Migraine also impacts health-related
quality of life during headache-free periods, being poor in
comparison to people without migraine [3, 4, 6], and worse
than that experienced by people with chronic disorders
such as myocardial infarction, diabetes, hypertension and
asthma [7, 8]. Migraineurs with high attack frequency,
unsatisfactory response to acute treatment or who overuse
acute medications are candidates for prophylactic treat-
ments [9, 10] that are taken daily, with the aim of reducing
the frequency, duration and severity of attacks, and ulti-
mately of improving quality of life and ability to function
in daily activities.

Topiramate possesses a broad spectrum of clinical
activity. Clinical trials have led to its indication for epilep-
sy [11], while pilot studies and small controlled trials have
assessed its efficacy in psychiatric conditions including
binge-eating disorders [12] and alcohol dependence [13].

Topiramate has emerged relatively recently as a treat-
ment for migraine, and is now approved for migraine pre-
vention in several countries. The results of three large ran-
domised double-blind studies in which patients were treat-
ed with different daily doses of topiramate for 26 weeks
showed that topiramate is effective in migraine prevention
[14–16]. We review here the results of a pooled analysis of
these three studies to assess the efficacy and tolerability of
topiramate vs. placebo [17]. We also evaluate the findings
of an open-label extension [18] of two of the double-blind
trials [14, 15] in which patients took topiramate over an 8-
month period.
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Efficacy

The pivotal trials on the efficacy of topiramate in migraine
prophylaxis are MIGR-001 [14], MIGR-002 [15] and
MIGR-003 [16]. The first two were double-blind, multi-
centre, placebo-controlled trials that tested three daily
doses of topiramate against placebo by an intent-to-treat
analysis. The treatment period was 26 weeks, divided into
an 8-week titration phase and an 18-week maintenance
phase. The daily doses tested were 50, 100 and 200 mg.
Reductions in monthly migraine frequency were signifi-
cantly greater (p<0.001) in the two topiramate arms (100
and 200 mg/day) than in the placebo arm. Furthermore
there were significantly (p<0.001) more responders in the
100 and 200 mg/day arms than in the placebo arm. The
third study (MIGR-003) was designed to assess the effica-
cy of topiramate vs. placebo and an active control (propra-
nolol) [16]. Patients were randomised to topiramate (100
or 200 mg/day), propranolol (160 mg/day) or placebo. The
results were consistent with the findings of the two earlier
MIGR trials, in that the topiramate arms were charac-
terised by greater reduction in migraine frequency and
higher responder rates than the placebo arm. The 100
mg/day topiramate and propranolol groups had similar
reductions in migraine frequency, responder rate and daily
use of rescue medication.

A major conclusion of all three MIGR trials [14–16]
was that 100 mg/day should be the target dose in migraine
prevention, as it is more effective than 50 mg/day, while
200 mg/day does not provide any clear additional benefit.
These three trials had similar designs and efficacy mea-
sures and their data were pooled to provided a more robust
assessment of the efficacy of topiramate in migraine pro-
phylaxis [17].

The pooled analysis was performed on the results from
386 patients on topiramate and 372 on placebo. Efficacy
was assessed by three measures of migraine frequency:
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migraine periods per month (headache that ended or
recurred and ended within 24 h), migraine days per month
and migraine attacks per month. The proportion of respon-
ders (patients who reported at least a 50% reduction in
migraine frequency) and the reduction in migraine duration
were also evaluated. It was found that the decrease in mean
monthly migraine periods from baseline to the end of the 6-
month treatment period was significantly greater (p<0.001)
in the topiramate patients (mean change –2.0±0.16) than the
placebo patients (–1.0±0.13). The reductions in migraine
attack frequency (–1.7±0.16 vs. –0.8±0.13, p<0.001) and
monthly migraine days (–2.4±0.18 vs. –1.2±0.16, p<0.001)
were also significantly greater in the topiramate group.
Migraine duration also decreased during the treatment peri-
ods in all three clinical trials, with a pooled mean reduction
of –0.9±0.09 h in the topiramate patients compared to 
–0.5±0.08 h in those who received placebo (p<0.05). The
main results of the study are summarised in Figure 1. Nearly
half (46.3%) the patients on topiramate achieved a reduction
of at least 50% in monthly migraine periods. One in four
patients obtained the greater clinical benefit of at least a 75%
reduction, and 5.8% of patients became free of migraine,
compared with 1.9% of placebo-treated patients. Other
important findings of the pooled analysis were that (a)
monthly migraine frequency reduced progressively over
time, with a significant difference between topiramate and
placebo achieved as early as the first month (by which time
the target dose of 100 mg/day had been reached) and (b) the
use of medication to treat acute migraine attacks was sig-
nificantly reduced by topiramate compared with placebo
(p<0.001). Using ANCOVA, it was found that the effects of
topiramate were consistent throughout the different studies
and independent of sex.

Further data regarding the efficacy of topiramate in
migraine prevention has come from an extension [18] of
the MIGR-001 and MIGR-002 studies [14, 15]. A total of
567 patients (randomised to topiramate or to placebo in the
two trials) were titrated with topiramate, for up to seven
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Fig. 1 Main results of the study by
Bussone et al. [17] from pooled analy-
ses of data obtained in the three MIGR
trials [14–16] in patients receiving top-
iramate 100 mg/day: median percent
change from baseline in different end-
points **p<0.001, *p<0.05



weeks, to a dose decided by the treating physician. They
were then followed up for an 8-month open-label mainte-
nance period. The average daily dose during this period
was 150±63.7 mg for patients originally assigned to dif-
ferent daily doses of topiramate during the double-blind
trials, and 124.7±61 mg for patients originally assigned to
placebo. The 159 patients originally randomised to place-
bo and the 152 originally assigned to topiramate 50
mg/day had substantial reductions in monthly migraine
frequency (evaluated as migraine periods) at the end of the
open-label compared to the end of the double-blind phase:
–2.9 vs. –0.9 in patients initially on placebo; –2.9 vs. –1.5
in those on topiramate 50 mg/day. Further improvements
also occurred in the patients initially randomised to higher
topiramate doses, and who had already experienced signif-
icant headache frequency reductions during the double-
blind phases: –3.7 at the end of the open-label phase vs.
–2.5 at the end of the double-blind phase in the 152
patients on topiramate 100 mg/day; and –3.2 vs. –2.2 in the
122 patients on topiramate 200 mg/day. The improvements
in monthly migraine frequency during the open-label
phase obtained by patients originally on placebo and topi-
ramate are summarised in Figure 2.

Tolerability

The pooled data study [17] also investigated tolerability. It
found that paraesthesia was the most common adverse
event, occurring in 50.5% of migraineurs on topiramate;
generally however, paraesthesia severity was mild to mod-
erate. Fatigue was the second most common adverse event,
being reported in 15.0% of patients on topiramate, and also
in 11.8% of those on placebo. The frequency of central
nervous system adverse events was lower: 6.7% for mem-

ory difficulties, 6.0% for concentration/attention difficul-
ties and 6.0% for mood problems. The corresponding fig-
ures for those on placebo were 2.4%, 2.2% and 2.3%.
Three patients on topiramate developed renal calculi
(0.8%) compared to none on placebo.

Overall discontinuation rates were quite high. About
25% of patients on 100 mg/day topiramate discontinued:
8% for paraesthesia, 4.7% for fatigue and less than 3% for
each of central nervous system events (memory difficulties,
concentration/attention difficulties and mood problems).

In the open-label extension study [18], patients who
had been on topiramate in the double-blind phase reported
lower rates of adverse events in the open-label phase than
the double-blind phase (paraesthesia 17.4% vs. 47.8%;
fatigue in 8.1% vs. 12%). Patients originally randomised to
placebo reported similar adverse event rates in open label
to those assigned topiramate in double blind (paraesthesia:
39.6% vs. 47.8%; fatigue 9.4% vs. 12%). Fewer patients
withdrew from the open-label phase because of side
effects. The open-label phase discontinuation rate was 21%
in patients assigned to placebo in the double-blind phase,
similar to the 22% discontinuation rate during the double-
blind phase in patients assigned topiramate. The open-label
phase discontinuation rate was 8.6% of those already on
topiramate.

A side effect that emerged from all the double-blind tri-
als [14–16] and also the studies reviewed here, was weight
loss. In the pooled data study weight reduction occurred in
about 9% of patients on topiramate 100 mg/day, with a mean
weight change of –2.5 kg, compared to virtually no change
on placebo (+0.1 kg) [17]. Data from the open-label phase
extension study [18] showed that patients who had received
topiramate during the double-blind phase had a mean weight
reduction of 5.3±6.8 kg, and that those originally on placebo
during the double-blind phase and who then switched to top-
iramate had a mean weight reduction of 4.2±5.4 kg.

G. Bussone et al.: Topiramate in migraine prophylaxis S161

Fig. 2 Improvement in monthly
migraine frequency (evaluated as
migraine periods) during the open-
label extension phase of two
MIGR trials. PLACEBO, patients
on placebo during the double-
blind phase of MIGR trials and on
topiramate during open label
extension phase; TOPIRAMATE,
patients on topiramate during dou-
ble-blind phase of trials; DB END,
end of double-blind phase of ran-
domised studies

Mean monthly
migraine frequency
(migraine periods)



Concluding remarks

Migraine is a chronic recurrent neurological disorder,
associated with considerable impairment in daily function-
ing and poor quality of life. Migraine patients with high
attack frequency, severe and disabling attacks, poor
response to acute treatment or who overuse acute medica-
tions are candidates for prevention treatments. Although
several medications are currently used in migraine prophy-
laxis (including β-blockers, antidepressants, calcium chan-
nel antagonists, serotonin antagonists, anti-epileptics) [19,
20], for many of them efficacy has not been determined in
studies conducted according to the criteria of the
International Headache Society [21], or the recently pub-
lished guidelines for assessing the clinical benefits of pre-
ventive agents in migraine patients [22]. By contrast, topi-
ramate satisfies these criteria, having been validated by
large, double-blind, multicentre, cross-border, placebo-
controlled trials that analysed patients on an intent-to-treat
basis, which lasted sufficiently long (26 weeks) to ade-
quately assess improvement and adverse events [14–16]
and in which different doses were tested, allowing the con-
clusion that 100 mg/day should be the target dose.

The pooled analysis of controlled trial data conducted
by Bussone et al. [17] provided further indications that
topiramate 100 mg/day is superior to placebo in reducing
the frequency and duration of migraine attacks. About half
the patients receiving the target topiramate dose of 100
mg/day achieved at least a 50% reduction in migraine fre-
quency, while a subgroup experienced even greater clinical
benefit and about 6% became migraine-free during the
treatment period. Topiramate efficacy always emerged
irrespective of the assessment method (number of migraine
periods, number of migraine attacks or number of days
with migraine), was independent of sex and consistent
throughout the three prospective clinical trials.

The long-term efficacy of topiramate was assessed in the
more recent study of Diener et al. [18] in which patients orig-
inally randomised to placebo or various topiramate doses
during the MIGR-001 and -002 studies were given topira-
mate on an open-label basis for eight months. Further
response improvements were documented in this study.

With regard to tolerability, paraesthesia was the most
common adverse event in all topiramate trials, being
reported by about 50% of patients treated with topiramate
100 mg/day evaluated in the pooled analysis [14], and by
40% of those who received various topiramate doses for
the first time during the open-label study [18]. Other
events were reported in both these studies. They were usu-
ally mild, although discontinuation due to adverse events
was around 22% in patients exposed to topiramate for the
first time, both in the double-blind and open-label studies.
Other important findings emerged from these analyses [17,
18], which have the potential to increase patient compli-

S162

ance and acceptability of topiramate therapy: efficacy
onset is usually rapid, occurring as early as the first month
of therapy; therapeutic effect is maintained for long treat-
ment periods (6 months in the pooled data analysis study,
and 8–14 months in the open-label extension phase study);
and moderate weight loss often occurs during treatment. It
is noteworthy that weight gain is a common concern in
patients receiving other migraine preventive medications
(valproate, flunarizine and propranolol) [19] and topira-
mate is the only compound used in migraine prophylaxis
that is likely to reduce body weight.

To conclude: the significant and long-term efficacy of
topiramate together with its satisfactory tolerability profile
suggest the use of this compound as a first-line treatment
for migraine prophylaxis, particularly in overweight
patients, those who are concerned about weight gain and
those who have coexisting epilepsy.
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Abstract Chronic migraine appeared for the first time in
the second edition of the International Classification of
Headache Disorders (ICHD-II) in 2004, listed among the
complications of migraine. Unfortunately, the diagnostic
criteria of ICHD-II for this headache form tend to equate
it with a migraine with a high frequency of attacks, rather
than with an unfavourable evolution of migraine with loss
of symptom-free intervals between attacks. On the other
hand, the latter occurrence has increasingly been
described in the last few years with the term “transformed
migraine”. Therefore, it seems advisable to carry out a
revision of the ICHD-II in order to: (a) subdivide migraine
at the three-digit level into infrequent episodic, frequent
episodic and chronic migraine; and (b) introduce trans-
formed migraine among the complications of migraine.

Key words Chronic daily headache • Chronic migraine •

Transformed migraine • Headache • Migraine

Introduction

The term “chronic daily headache” (CDH) was first used
in the early 1980s more or less simultaneously in the
United States [1] and Europe [2] to indicate those patients
who, at the time of their observation, reported having had
headache every day or nearly every day for several months
or, more often than not, for several years.

Although some influential headache researchers have
claimed that “using a common diagnostic term such as
CDH will be a considerable drawback” [3] and that “CDH
is not an entity itself but an umbrella term” [4], this defin-
ition cannot be entirely abandoned, because the categori-
sation of the broad and heterogeneous spectrum of CDH
forms is still incomplete to date.

Broadly speaking, CDH includes both primary and sec-
ondary headache forms. According to Silberstein [5], the
primary headache group may in turn include forms that last
either less than or more than 4 hours a day. In a more
restrictive, albeit well established interpretation of this
approach to CDH, other authors believe that only primary
headache forms lasting more than 4 hours a day should fall
within this group.

Although CDH has been extensively studied for a quar-
ter century now, investigators have not yet finally agreed
on an adequate categorisation of this disorder.

Definition

No consensus has yet been reached on the exact meaning
of the two adjectives “daily” and “chronic” that define
CDH naming and underline its distinctive time pattern.
Indeed, the concept of CDH has changed so much over the
years that, when we talk about it today, we run the risk of
talking about an entirely different entity from the one to
which the original diagnostic terms applied.
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In other words, what should we mean by “daily” and
what should we mean by “chronic”?

“Daily” should mean every day. All CDH patients gen-
erally report having attacks every day. However, it may
happen that once in a while – and always occasionally, if
ever – some of these patients have a day free of headache
attacks. In order for these patients to be included in the
diagnostic category of CDH, it was necessary to give the
term “daily” a more flexible, less literal meaning. So, in the
early 1980s, Mathew et al. [1] reported on CDH in patients
with “daily or near-daily headache”. In the same years,
Nappi and Savoldi [2] indicated a timing of “≥6 days a
week”, in an effort to achieve a stricter temporal definition.

Moreover, to both these authors [1, 2] the adjective
“chronic” meant the presence of headache occurring
“daily” as described above for at least one year at the time
of the patient’s observation.

These temporal parameters were considerably changed
in the following years, to the point that for Silberstein et
al. [6], patients with headache on 15 or more days a month
for at least one month should be diagnosed with CDH.
Obviously, using this criterion is tantamount to making a
diagnosis of CDH in people who have a headache that is
not so “daily”, let alone “chronic”.

In the present state of knowledge, the definition of
“daily” and “chronic” for CDH cannot be but an arbitrary
one. The drawbacks that are implicit in this arbitrariness
should be imperatively overcome through the consensus of
experts who have the qualifications to make them accept-
able. Unfortunately, not even an attempt has been made to
this end so far. One of the many negative implications
ensuing from this situation is that the studies published on
CDH are hardly comparable.

Classification

The 1988 International Headache Society (IHS) classifica-
tion [7] was criticised by several CDH investigators because
in their opinion CDH was not sufficiently represented in it.
If we look at this classification, we can see that the name
“CDH” appeared only as a “previously used term” for
chronic tension-type headache (CTTH). It was as if CDH
might simply be identified with and exhaust itself into this
one particular form of primary headache. The existence of
that form of migraine evolving over time from an acute
headache with occasional attacks to a chronic headache
with daily attacks was totally ignored. This was certainly a
serious shortcoming, because the possible unfavourable
evolution of migraine is not a rare occurrence; indeed, it
accounts for the most significant group of CDH forms.

In 1993, Mathew [8] suggested dividing CDH into
three subtypes: transformed migraine (TM), CTTH and
new daily persistent headache (NDPH).

In the years soon after, Silberstein et al. [6] proposed
that hemicrania continua (HC) should be added to those
three forms and that each of the four new additions should
be distinguished depending on whether medication
overuse was present or not.

In 1995, Manzoni et al. [9] were the first to introduce
the term “chronic migraine” (CM), which they included
alongside migraine with interparoxysmal headache (MIH)
among those forms of migraine that have an unfavourable
evolution over time until there are no more typical symp-
tom-free intervals between attacks.

The 2004 revised edition of the International Headache
Classification (ICHD-II) [10] tried to fill the gaps in the
previous 1988 IHS classification by adding CM, coded as
1.5.1 in Group 1 (“Migraine”) among the complications of
migraine, and HC and NDPH in Group 4 (“Other primary
headaches”). The problem is that these new additions lend
themselves to criticism, perhaps even more than the previ-
ous classification did.

Take CM, for example. According to the applicable
diagnostic criteria (attacks of migraine without aura
occurring for 15 or more days per month for more than 3
months in the absence of medication overuse), CM is a
migraine with a high frequency of attacks and has nothing
to do with that form of migraine that becomes daily over
time, often losing some of the distinctive features of
migraine, such as unilateral and/or throbbing pain and/or
nausea and vomiting.

Or take NDPH. The diagnostic criteria listed in the
ICHD-II do not reflect either the original description by
Vanast [11] or later indications by Silberstein et al. [6], but
virtually equate it with CTTH, with the only difference
that NDPH is chronic from the beginning and occurs on
every single day.

Finally, HC is a very rare, still widely debated form of
headache, and its addition will not significantly contribute
to solving the problem of CDH categorisation.

The insurmountable difficulties encountered in the
approach of the ICHD-II [10] to CDH are due to the fact
that, like the previous IHS version [7], this classification is
precisely aimed at classifying attacks, not patients – as was
explicitly stated by the members of the committees that
worked it out. This principle is hardly compatible with a
type of headache like CDH that in the overwhelming
majority of cases occurs gradually and progressively over
many years. This headache form is affected by a variety of
endogenous and environmental factors, which may act on
what is perhaps a genetically predetermined background
until a clinical picture develops that is clearly detectable at
the patient’s observation. The ICHD-II provides a snapshot
of the attacks, but CDH is an extremely complex, dynam-
ic condition. Most CDH patients make daily use of symp-
tomatic medication that heavily influence not only the evo-
lution of their original headache form over time, but also
the nature of the headache itself on a single day. Applying
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static diagnostic criteria, such as those of ICDH-II, is an
unnatural, inadequate approach to CDH.

With all the limitations mentioned above (particularly
the duration of the disease that is far shorter than the actu-
al one), the classification that is most widely used today in
the study of CDH, at least among researchers and
headache experts, is still that of Silberstein et al. [6].

The problem of medication overuse

A large proportion of CDH patients make heavy use of
symptomatic medication.

It has been known for a long time that many of the
drugs that headache sufferers take either as single or com-
bination therapy to relieve pain – such as barbiturates,
codeine, prochlorperazine, caffeine, ergotamine and prob-
ably also triptans – may lead to a dangerous vicious circle
and actually worsen the headache if they are taken every
day or nearly every day for months on end. The headache,
then, will resolve only when the patient takes the medica-
tion again (so-called rebound headache).

On the other hand, it is very likely that a patient who is
going to develop CDH due to any other cause but medica-
tion overuse will eventually take every day, or nearly every
day, the drug that has proved effective in stopping pain.
The question is even more complicated than that: at least
in some cases, patients exhibit a personality trait predis-
posing to medication overuse [12], so much so that recent-
ly medication overuse headache has been described as a
biobehavioural disorder [13].

The debate on the nature of the relationship between
CDH and medication overuse is still very much under way
[14]. The ICHD-II [10] lists medication overuse headache
in Group 8 (“Headache attributed to a substance or its
withdrawal”) and imperatively requires that the headache
resolve or revert to its previous pattern within 2 months of
discontinuation of the overused drug. That means that
diagnosis is only possible a posteriori.

Proposed revision of ICHD-II

As previously argued, the current inclusion of CM in Group
1 (“Migraine”) and its diagnostic criteria appear ambiguous
and not very useful, either to clinical practice or research. In
a study conducted in the USA, Bigal et al. [15] attempted to
re-classify 638 CDH patients seen over a 20-year period at
the New England Medical Center of Headache in Stamford,
Connecticut, using the diagnostic criteria of the ICHD-II.
With the strict application of these criteria, they were able to
establish a CM diagnosis in only nine cases. By contrast,
using the diagnostic criteria proposed by Silberstein et al.

[6], as many as 158 patients in the same case series could be
classified as having TM without medication overuse. The
authors of this study have come to the conclusion that such
a diagnosis of CM as is approached and formalised in the
ICHD-II is of no use to investigators.

Another great limitation of the ICHD-II is that, as
demonstrated by the Bigal et al. study [15], most CDH
patients receive multiple diagnoses – 4 or 5 in many cases
– some of which are probable.

In its current ICHD-II definition, CM appears to be less
a complication of migraine than a migraine without aura
with a high frequency of attacks. By contrast, TM, as orig-
inally proposed by Mathew [8] and later by Silberstein et
al. [6], looks more like a real complication of migraine,
with the added advantage of having a self-explanatory
name that has come into common use. Therefore, it might
be reasonable to propose a change in the categorisation of
headache forms, as shown in Table 1. The subdivision of
migraine without aura at the three-digit level, based on the
different frequency of attacks, would follow in the foot-
steps of the subdivision first introduced by the ICHD-II in
2004 for tension-type headache. TM could then be includ-
ed among the complications of migraine and its diagnostic

Table 1 Proposed revision of the ICHD-II for migraine (new pro-
posals in italics)

1.1 Migraine without aura
1.1.1 Infrequent episodic migraine without aura
1.1.2 Frequent episodic migraine without aura
1.1.3 Chronic migraine without aura

1.2 Migraine with aura
1.2.1 Typical aura with migraine headache
1.2.2 Typical aura with non-migraine headache
1.2.3 Typical aura without headache
1.2.4 Familial hemiplegic migraine (FHM)
1.2.5 Sporadic hemiplegic migraine
1.2.6 Basilar-type migraine

1.3 Childhood periodic syndromes that are commonly precursors 
of migraine

1.3.1 Cyclical vomiting
1.3.2 Abdominal migraine
1.3.3 Benign paroxysmal vertigo of childhood

1.4 Retinal migraine
1.5 Complications of migraine

1.5.1 Transformed migraine
1.5.2 Status migrainosus
1.5.3 Persistent aura without infarction
1.5.4 Migrainous infarction
1.5.5 Migraine-triggered seizure

1.6 Probable migraine
1.6.1 Probable migraine without aura
1.6.2 Probable migraine with aura
1.6.3 Probable transformed migraine
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criteria could be those proposed by Silberstein et al. [6],
with the possible exception of prolonging occurrence of
migraine on 15 or more days per month from one month to
at least 3, or better still, 6 months.
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Abstract Chronic daily headache (CDH) is a major clini-
cal concern, although it is still plagued by difficulties with
classification and definitions. CDH usually evolves from
an episodic headache, mainly migraine. Drug overuse and
other somatic or psychological traits are considered risk
factors for CDH. The neurobiology underlying this clinical
evolution is incompletely understood. There is evidence of
a progressive dysfunction of central pain systems in some
individuals probably genetically predisposed.

Key words Chronic headache • Drug abuse • Migraine •

Risk factors • Pathophysiology

Introduction

Chronic daily headache (CDH), a group of headaches
occurring daily or almost daily for several hours per day, is
a major clinical concern and a common health risk. Up to
40% of patients referred to headache centres may have
chronic headache complaints [1]. Epidemiological studies
give a yearly prevalence of 3%–5% for CDH and a preva-
lence rate between 2% and 8% for CDH associated with
drug overuse in the adult population worldwide [2–4]. The
problem of CDH is still plagued by difficulties with clas-
sifications and definitions despite the introduction of the
concept of chronic migraine (CM) and a redefinition of
medication overuse headache (MOH) in the new
International Headache Society classification (ICHD-II)
[5]. The term CDH currently ranges from chronic tension-
type headache (CTTH) to CM, and both of them may be
associated with medication overuse. The majority of CDH
patients have a history of an episodic headache, mainly
migraine without aura, that evolves into a chronic form
over the years, while patients seldom present with CDH
since onset. Observing such a natural history of the condi-
tion, Mathew proposed the term transformed migraine in
1982 [6]. To understand the pathogenesis of CDH it is
therefore important to examine first the pathophysiology
of the primary episodic headaches that precede the
chronicity, then evaluate the mechanisms of transforma-
tion from episodic to chronic headache.

The neurobiology of migraine is incompletely under-
stood. We consider migraine a chronic neurological disorder
with episodic manifestations characterised by recurrent
attacks of complex nervous system dysfunction with a return
to baseline between attacks. According to a recent hypothe-
sis, migraine attacks might originate in abnormal nociceptive
neuromodulator centres in the brainstem. Whether suscepti-
bility to migraine depends on cortical hyperexcitability is a
matter of debate [7]. Neurophysiological studies in tension-
type headache suggest an increased contraction of pericra-
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nial muscles, possibly acting through a low threshold of the
A delta afferents which project to the dorsal horn neurons of
the trigeminal nerve [8]. Persistent sensory inputs, especial-
ly from C fibres, could sensitise the CNS and convert an
episodic to a chronic tension-type headache [9].

Long exposure to drugs used to treat primary headache
attacks is a common clinical finding [4]. Daily headache
in this group of patients may indeed be the result of a bio-
logical and pharmacological transformation. The risk fac-
tors underlying the evolution of a primary headache into
CDH are debated.

Risk factors for CDH

Analgesic overuse: a risk factor or a consequence?

All drugs used for the treatment of headache, including
migraine, may lead to MOH [10]. Overuse of acute med-
ications, being present in more than 80% of CM patients
seen in tertiary headache centres [4], is commonly identi-
fied as the most important risk factor for CDH and not
only a causative factor for MHO. The importance of med-
ication overuse in the development of CDH is supported
by several lines of evidence; however people with frequent
headache can be expected to take medications in response
to pain. Withdrawal syndromes that occur after abrupt dis-
continuation of caffeine, ergots, analgesics and even trip-
tans are well described [10–13].

The common clinical observation of improvement or
resolution of headache following analgesic withdrawal
suggested that analgesic overuse has a causative relation-
ship with CDH. However a number of studies have
demonstrated a high rate of CDH relapse despite analgesic
withdrawal [14]. Zwart et al. [15] showed that CM is more
strongly associated with overuse of analgesics than com-
mon pain conditions like chronic neck and chronic low-
back pain in a large, longitudinal population-based study.
In another prospective study they found that overuse of
analgesics predicted CDH, but they could not exclude that
frequent drug intake was a consequence of frequent
headache [16]. The debate on causality was raised when
Lance et al., and Bowdler and Kilian in 1988 noted that
not all patients who chronically used analgesics developed
daily headache [17, 18]. Recently Bahra et al. found that
7.6% of patients who regularly used analgesics for non-
headache indications reported CDH, each of whom report-
ed a history of migraine [19]. Wilkinson et al. reported
that only patients with a previous history of migraine who
overused opiates to control bowel motility had developed
CDH [20]. These findings together with the presence of at
least 20%–30% of persons with CDH without drug
overuse suggest that analgesic overuse may be a risk fac-
tor for CDH in predisposed subjects but is neither neces-
sary nor sufficient to induce CDH.

Psychological and behavioural mechanisms seem to
have an important role in the pathophysiology of CDH
with drug overuse. Psychological factors include the rein-
forcing properties of pain relief by drug consumption,
which is a powerful component of positive conditioning
[4]. Some patients report taking analgesics in advance
because they fear an imminent headache. The simulating
action of analgesics or migraine drugs (chiefly those con-
taining barbiturates, codeine or other opioids, and caf-
feine) and their psychotropic side effects, such as sedation
or mild euphoria, may lead to drug dependency [4]. Drug
dependence and addiction are accompanied by metabolic
changes in several brain regions. In particular dysfunction
in the orbitofrontal cortex and the striato-thalamo-
orbitofrontal circuit has been found in abuse disorders.
Recently Fumal et al., using 18F-fluoro-deoxyglucose-
PET, demonstrated a persistent orbitofrontal hypofunction
in MOH patients even after withdrawal [21]. This hypoac-
tivity may be induced by drug overuse, but it could also
reflect an underlying liability to medication overuse itself.

From a pharmacological point of view it is not clear
whether repeated episodes of withdrawal (daily mini-with-
drawals) or a pro-nociceptive effect of analgesics are
responsible for rebound or medication-induced headache. It
has been proven that opiate analgesic tolerance phenomena
may induce paradoxical pain, so that many patients suffer-
ing from frequent headache could experience diminishing
analgesic efficacy and exhibit a spiralling increase in drug
consumption.

Recent studies have suggested that a component of opi-
oid-induced abnormal pain and antinociceptive tolerance
may be the result of increased activity of pain facilitation
cells (ON cells) located in the rostral ventromedial medulla,
a region of integration of nociceptive processing and
descending pain modulation [22]. Another mechanism postu-
lated to explain drug-induced pain and tolerance involves the
known increased production of spinal dynorphin after repeat-
ed opiate administration resulting in a pronociceptive effect.
Interestingly, dynorphin enhances capsaicin-evoked release
of substance P and calcitonin gene-related peptide from
trigeminal nuclear slices, a phenomenon that may be relevant
in CM [23]. A pharmacological transformation is also sup-
ported by evidence of downregulation of central serotonin
receptors after frequent exposure to triptans (5-HT1B/1D ago-
nists). The consequent reduction in descending inhibitory
modulation may lead to facilitation of trigeminal nociception
[10]. Observational studies showed that patients overusing
analgesics, which act via the cyclooxygenase enzyme, devel-
op MOH significantly later than patients overusing triptans
and need several weeks to recover after withdrawal compared
to the few days needed after triptans discontinuation [11].
These observations are consistent with the concept that the
regulation of enzymes is significantly slower than the regula-
tion of G-protein coupled receptor such as 5-HT1B/1D [10].
Whatever the real role of drug overuse in CDH, it is undoubt-
edly a matter of clinical concern.
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Comorbidity of CDH

Conditions may be comorbid because of shared genetics or
other factors that increase the risk of both conditions. In
such cases, understanding the comorbidity of CDH is
potentially important to provide biological clues to the
mechanisms underlying the evolution from episodic to
chronic headache. Few data exist on somatic and behav-
ioural associations for CDH. In particular hypertension,
allergy, asthma, arthritis, diabetes, obesity and hypothy-
roidism were associated with CDH in clinical series [24].
Among behaviours beyond analgesic overuse, daily con-
sumption of alcohol and caffeine were frequently incrimi-
nated as major risk factors for CDH but results are con-
trasting [24, 25].

Sleep disturbances like habitual snoring and sleep
apnoea have also been associated with the development of
CDH in some studies [26, 27]. Unfortunately, clinical
characterisation of headache in sleep disturbances is poor.
Sancisi et al. recently reported a high prevalence of insom-
nia (66%), daytime sleepiness (36%), snoring and/or sleep
apnoea (50%) and parasomnia (70%) in subjects with
CDH with or without drug overuse. They also found a sig-
nificant familiarity for psychiatric disturbances and sub-
stances abuse in the same group of patients [28]. Divorce,
widowhood, separation and other stressful life events were
more common in subjects with CDH than in controls [29].
Independent studies reported that stressful events correlat-
ed with the shift from episodic to chronic headache in
nearly half of cases.

Minor stress events played a greater role than major
events, suggesting that patients with CDH are charac-
terised by a particular way of reacting to stress [30]. Only
well designed population based studies however will sup-
port these relationships. Such studies have in fact docu-
mented a psychiatric comorbidity in migraine subjects. In
particular anxiety, depression, panic disorder and bipolar
disease were found significantly more frequently in
migraine than in control individuals [31]. Psychiatric
comorbidity in CDH and association with psychological
traits of liability to drug abuse are still argued. The
strongest associations were observed for the depressive
(major depression and dysthymia) and anxiety disorders
(panic disorders, generalised anxiety disorders and social
phobia). Both depressive and anxiety disorders were sig-
nificantly more frequent in women and in subjects with
CM (80%) rather CTTH (64%) [32]. A significantly high-
er prevalence of major depressive disorder, panic disorder,
social phobia and abuse of other substances were found in
patients with a history of chronic medication overuse [33].

Few studies have addressed the different personality
profiles in CDH patients. It has been hypothesised that
hysterical traits observed in patients with chronic daily
headache by means of a MMPI profile might constitute a
predisposing factor for this condition. However it is impor-

tant to consider that MMPI profiles could change as
migraineurs undergo a chronicisation process. These
changes could appear in response to chronic pain, but they
could also develop as a consequence of medication
overuse [34].

Psychiatric comorbidity and personality traits may rep-
resent a risk factor for the worsening of headache frequen-
cy followed by medication overuse, or a risk factor for
medication overuse followed by worsening of headache
frequency. The possibility that such comorbidity plays a
causal role in the transformation of migraine into CDH
should be examined in prospective studies.

Neuromodulation, peripheral/central sensitisation: what
role and what evidence?

Pain in chronic pain conditions exceeds the duration of the
recognisable natural stimulus and it may also be present in
the absence of any clearly identified pathology. Peripheral
sensitisation (sensitisation of nociceptors) and central sen-
sitisation (central nociceptive neurons) are common mech-
anisms contributing to the development of chronic pain. In
headache, sensitisation of nociceptors in the pericranial
vessels and pericranial myofascial tissue have been impli-
cated in throbbing headache in migraine and pressure-like
headache in tension-type headache respectively [8, 35].

Peripheral noxious stimulation can trigger the release
of algogenic and inflammatory messengers, which may
stimulate the process of phosphorylation in nociceptive
terminals, as they are more sensitive. After sensitisation
these nociceptors can respond to non-noxious stimuli; low-
intensity stimuli such as touch or vascular pulsation can
result in pain (allodynia). About 80% of subjects experi-
ence ipsilateral skin allodynia or allodynia extending
beyond the area of the reported headache during migraine
attacks [36]. Allodynia limited to the ipsilateral area of
head pain reflects a sensitisation of the second-order cen-
tral trigeminal neurons. More widespread allodynia may
be due to a temporary increase at least in the sensitivity of
third-order neurons that receive convergent inputs from the
skin, dura mater and intracranial blood vessels [36]. These
observations, combined with the knowledge that central
sensitisation at the level of the dorsal horn and thalamus
involves mechanisms resembling the wind-up phenomena
that occur at peripheral receptors, raised the possibility
that frequent attacks of migraine may lead to long-lasting
neuroplastic changes within the neurons of the trigeminal
nucleus caudalis, resulting in a tonic state of increased
excitability, spontaneous pain and a reduced threshold for
activation.

Above all, an impaired descending inhibition of nocicep-
tive inputs was postulated in CDH subjects. Stimulation of
specific central interconnected areas produced descending



inhibition of spinal and trigeminal pain transmission in an
experimental model [37]. The regions involved include the
periventricular hypothalamus, periaqueductal grey (PAG),
locus coeruleus, nucleus raphe magnus and regions of the ros-
tral ventromedial medulla. The importance of PAG in
migraine pathogenesis was detected when positron emission
tomography (PET) studies during spontaneous migraine
attacks disclosed increased blood flow in mesencephalic
regions, raising the possibility of a brainstem generator of
migraine [38]. This hypothesis was further sustained by the
clinical observation of migraine onset as a result of iatrogenic
(PAG electrode implantation for chronic pain) or demyelinat-
ing lesion in the rostral midbrain PAG. Welch and colleagues,
using fMRI, found that tissue non-heme iron levels were ele-
vated in the PAG of subjects with episodic and chronic
migraine. Iron levels increased with the duration of illness
without a correlation with age. Their data suggest that iron
accumulation may be caused by repeated headache attacks,
reflecting a persistent and progressive iron-catalysed free rad-
ical injury in the PAG [39]. Functional or structural changes
within the PAG may render the trigeminal nociceptive path-
ways more susceptible to frequent activation (single migraine
attacks) and sensitisation (CDH) in predisposed individuals.

Genetic factors

The clinical finding that only patients experiencing
migraine or episodic tension-type headache are likely to
develop MOH following overuse of drugs for headache or
after regular intake of analgesics for other painful disor-
ders suggests a genetic liability for MHO. Genetic epi-
demiological studies of CDH are lacking. Only the Danish
school have performed a family study of CTTH, finding
that first-degree relatives had a 2.1–3.9-fold increased risk
of CTTH compared with the general population. Spouses
of probands had no significantly increased disease risk,
suggesting that CTTH has a significant genetic determina-
tion. A multifactorial inheritance was postulated, as hap-
pens with typical migraine in general [40]. Only a few
studies however have investigated CDH for genetic mark-
ers. The dopaminergic system participates in a network of
descending pathways that modulate nociceptive traffic to
the brain and is also implicated in drug reward and its rein-
forcing effects and in the genetic liability to drug addic-
tion. A genetic association has been reported between
migraine comorbid with anxiety and major depression, and
dopamine receptor D2 polymorphism [41]. Cevoli and col-
leagues [42] explored dopamine metabolism-related genes
in CDH with drug overuse. They found that genetic vari-
ability at the dopamine receptor 4 gene was involved in
episodic migraine without aura but not in drug overuse,
while liability to CDH with drug overuse involved genetic
variability at the dopamine transporter (DAT) gene in com-
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parison with episodic migraine. Interestingly, genetic vari-
ability at the DAT gene modifies behaviour and reactivity
to drugs of abuse in the experimental animal. The
orbitofrontal cortex, involved in abuse disorders and in
MOH, as recently evidenced [21], receives significant
serotoninergic innervation. Certain polymorphisms of the
serotonin transporter furthermore have been reported to be
more frequent in migraine. An excess frequency of the
short allele and a different genotype distribution was found
in CTTH patients in comparison to healthy controls [43].
These molecular findings, however, await confirmation in
future studies and in different larger populations.

Conclusions

Primary CDH is a clinically heterogeneous group of
headaches characterised by marked disability. Clinical stud-
ies in this disorder are hampered by the lack of clear defin-
itions and published reports lack homogeneity in terms of
patient characteristics. Despite clinical variability, the devel-
opment of CDH from an initially episodic pattern, either
migrainous or tension-type, may follow a single patho-
genetic route. There is evidence supporting the hypothesis
of a progressive dysfunction of central pain systems brought
about by the cumulative insult of frequent attacks of prima-
ry headache that alter the phenotypic expression of the dis-
order. Certainly drug overuse plays a role in the transforma-
tion from a paroxysmal to a chronic pattern, but probably
only in some genetically predisposed individuals. The iden-
tification of risk factors for CDH is a clear priority for those
patients with episodic primary headache who are at risk for
developing daily headache. More insights into the underly-
ing biology of this disorder will hopefully disclose new
molecular targets for drug development.
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Abstract Chronic headaches have increasingly become a
focus within the field of head pain. The biological and
physiopathological origins of chronic headaches probably
reside in receptor physiology, but it is also probable that
the initiation and sustaining dynamics of this pathological
condition involve several other factors. Not all, but most
patients with frequent headache eventually overuse their
medications, and when this happens (approximately 1%),
the diagnosis of medication-overuse headache is clinically
important, because patients rarely respond to preventive
medications while overusing acute medications. Properly
treating medication overuse and preventing relapse require
recognition of the different factors that contribute to its
development and perpetuation, including some behaviours
and psychological elements that are important in sustain-
ing the overuse of medication. The problems concerning
the diagnosis, classification and clinical aspects of chronic
headaches are mentioned. Also the different therapeutical
approaches, pharmacological and non-pharmacological,
initial outcomes and long-term durability of treatment are
discussed.

Key words Chronic headache • Medication-overuse
headache • Pharmacological treatment • Non-pharmacol-
ogical approaches

Chronic headaches: clinical observations

Epidemiological studies indicate that chronic headache is
common, with prevalence estimates ranging between 2%
and 5%. The prevalence of chronic headache associated
with medication-overuse headache (MOH) or probable
MOH is about 1%. Moreover clinical evidence shows that
overuse and MOH can occur in childhood and early ado-
lescence [1–3].

A potential problem for the development of these
chronic forms of headache arises from the recommenda-
tions that drugs have to be taken as early as possible in
migraine. This approach, although correct for specific
medications like triptans, increases the risk that patients
will take more of the drug than is necessary, thus increas-
ing the risk of inducing chronic headache. In particular
MOH is a major health problem all over the world, con-
sidering the potential secondary effects of chronic drug
overuse on different organ systems (kidney, liver, etc).
Education about MOH is necessary for healthcare
providers who treat patients suffering from headache.

Although the IHS classification offers explicit criteria
[2], the diagnosis of chronic forms of headache does not
require any specific examination (examination is needed
only to exclude a symptomatic origin of chronic headache).
Several clinical characteristics may be helpful in identifying
chronic headache, in particular MOH inpatients with prima-
ry headaches of this type. The headache is daily or nearly
daily, and the headache may change in intensity, type and
location from time to time. A patient’s intake of symptomatic
medication is daily or nearly daily and concomitant prophy-
lactic treatment is typically ineffective while patients are tak-
ing excessive amounts of symptomatic medications. Early
research on this particular form of headache labelled it as
chronic daily headache, emphasising the temporal pattern
but omitting the important aspect of medication overuse [4].

There is emerging evidence that a number of behav-
ioural/psychological risk factors are associated with pro-
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gression of headache from episodic to chronic and daily,
and that psychological distress may play an even greater
role in the transformation and chronification of headache
than analgesic overuse or abuse. Although large-scale,
long-term studies are necessary for better understanding
the role and the influence of comorbid psychopathology
on migraine history, it has been noted that psychiatric
comorbidity is often a negative prognostic indicator for
headache treatment. The identification of these psycholog-
ical variables is a key component for establishing an ade-
quate treatment regimen for patients suffering from chron-
ic headache or MOH [5].

Given the severity of this disorder, it is surprising that
few studies have evaluated or considered the functional
impact of chronic migraine. Further, until recently, no
prospective reports had been published about the impact of
this condition on ability to function subsequent to with-
drawal treatment followed by appropriate prophylaxis.
Mathew et al. in 2002 [6] noted a significant improvement
in disability upon treating a number of patients with “trans-
formed headache” by adjunctive use of topiramate. Grazzi
and colleagues [7] observed a significant improvement of
functional impact assessed by the Migraine Disability
Assessment questionnaire (disability score reduction >50%
at one year follow-up) [8, 9] in a group of chronic migraine
patients treated by an inpatient withdrawal programme for
analgesic overuse, followed by prophylaxis. The improve-
ment was confirmed at one-year follow-up. Because of the
potential high social and economic impact of this condi-
tion, it is important to collect information beyond clinical
aspects, such as disability, quality of life and psychological
functioning. This information can also be of value in devel-
oping more specific treatment strategies.

A general medical/neurological history and a detailed
history of drug intake and intake frequency are the main
methods for diagnosis. Sometimes patients refuse to
reveal their true drug consumption, but it is important to
explain to patients the concept of chronic headache with
medication overuse or in particular MOH and how this
develops.

Patients often use medication to avoid a disabling
withdrawal headache. They may overuse other substances,
such as tranquillisers, or medication prescribed for other
conditions, such as gastric problems, bowel disease,
anaemia and hypertension, all of which can contribute to
chronic forms or MOH.

Treatment and relapse prevention

Patients with chronic headaches and medication overuse
are particularly difficult to treat and, although several
treatment studies have been published with chronic
headache and medication overuse, it is difficult to make

comparative statements. The main reason is because dif-
ferent diagnostic criteria have been used, leading to het-
erogeneous groups. In fact no clear consensus existed
about the proper diagnosis until the IHS committee pub-
lished the new criteria for the classification of chronic
migraine and MOH in 2004 [2]. Also, there have been few
investigations examining the natural course of MOH.

Abrupt drug withdrawal seems to be the most appro-
priate first step in managing chronic headaches with med-
ication overuse. The necessity of withdrawal for chronic
patients has been confirmed in a recent study where a
comparison of the outcome between two groups of patients
has been conducted: the first group was treated by inpa-
tient withdrawal, while the second group did not receive
any treatment to stop the overuse. In the first group the
percentage of patients whose chronic headaches became
less frequent or episodic after one year was 70.7% and in
the second group was 15.3% [10].

A survey of 22 studies dealing with therapy of drug-
induced headache shows that most centres use drug with-
drawal as the primary therapy. The typical withdrawal
symptoms last 2–10 days (mean 3–5 days) and include
withdrawal headache, nausea, vomiting, hypotension,
tachycardia, sleep disturbances, anxiety and rebound
headache. Patients often show signs of physical and emo-
tional dependence and some form of psychological
involvement. Moreover, sustained improvement following
treatment can be difficult to achieve and at the moment
there is no consensus on what approach is most effective.
Further, there are other important points to consider. The
withdrawal symptoms are less severe for patients overus-
ing triptans. On the other hand seizures or hallucinations,
although rare, are observed in patients who overuse barbi-
turates containing anti-migraine drugs.

Drug withdrawal strategies are different. In particular
the inpatient withdrawal seems the most helpful and it is
necessary to follow the patients for an extended time with
specific therapies for avoiding the risk of relapsing to for-
mer medication overuse. Otherwise other clinical experi-
ences support the hypothesis that an outpatient treatment
can be helpful in patients who are highly motivated and
who do not take barbiturates [11–13].

Inpatient therapy should be performed in patients who
take barbiturates, those who are not able to stop taking
medications as outpatients and those with high levels of
depression. Treatment components for the acute phase of
drug withdrawal vary considerably between studies. They
generally include fluid replacement, analgesics when
strictly necessary for severe rebound headache, tranquillis-
ers, sometimes neuroleptics and steroids. Steroids effec-
tively reduce withdrawal symptoms, including rebound
headache.

In the hospital all pain or headache medication is
stopped abruptly. Fluids should be replaced by infusion if
vomiting occurs frequently. Vomiting can be treated by an
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antiemetic, such as metoclopramide. The withdrawal
headache can be treated with non-steroidal anti-inflammato-
ry drugs. In some cases, intravenous dihydroergotamine has
been used when the headache has migraine characteristics
and if the patient has never used ergots previously.
Analgesics, such as naprosen and ASA, have been used dur-
ing the withdrawal phase, or steroids, as already mentioned.
Some cases have been treated by subcutaneous sumatriptan
and some patients require anxiolytics [14–16]. Most
patients need to be supported and encouraged by the physi-
cian, nurses, allied health care providers and family mem-
bers to follow the instructions carefully to stop the vicious
cycle between medication overuse and headache increase in
order to be effectively treated by prophylactic agents for
migraine. Behavioural techniques, such as relaxation thera-
pies and stress management, should be started as soon as
possible after the acute withdrawal phase to increase the
efficacy of any prophylaxis and to encourage and teach
patients to manage the pain and the stressful events which
often induce or increase migraine episodes. Grazzi et al.
have shown that the addition of behavioural treatment can
enhance outcome over drug treatment alone, with respect to
both symptom reduction and relapse prevention [17, 18].

Outpatient treatment, as already mentioned, is a viable
alternative for selected patients who take a single drug or
analgesic not containing barbiturates, or in patients moti-
vated, self-disciplined and who do not have a high level of
depression or anxiety. Another helpful alternative can be
performing the drug withdrawal infusion therapy within a
day hospital setting. This approach, which is most effec-
tive in patients who are highly motivated and self-disci-
plined, gives patients the possibility to stay in the hospital
for 5–6 h during the infusion therapy, and to stay at home
for the last part of the day and during the night (or at a
local motel). In this case too, instructions have to be clear
so that the patients avoid using medications for the
rebound headache during the time they spend at home. Pini
et al. [19] showed encouraging results, but the follow-up
period was too short (4 months) to make definitive conclu-
sions. After the acute phase of the withdrawal therapy is
completed, a prophylaxis for migraine or tension-type
headache can be started. The clinical, physical and psy-
chological characteristics of the individual and the comor-
bid situations that are present (hypertension, depression,
anxiety, tachycardia, sleep disturbances, obesity and so on)
need consideration when designing treatment.

Proper instructions and appropriate surveillance are
necessary in order to avoid relapse. In particular patients
who suffer from migraine and tension-type headache have
to be instructed to use antimigraine agents only for a
migraine attack. Adequate time has to be dedicated to
encourage patients to follow the instructions carefully in
order to obtain the best clinical results from the withdraw-
al and the subsequent prophylactic therapy. A headache
diary is important to record attacks and medications con-

sumed. Also several follow-up appointments at regular
intervals are necessary to monitor the clinical course. The
possibility of using behavioural approaches can be consid-
ered, as these treatments are very helpful for patients and
some encouraging results have been obtained during fol-
low-up in terms of avoiding relapses in medication
overuse. Criteria for determining success of withdrawal
therapy have varied across studies. It has been suggested
that success can be defined as no headache at all or an
improvement of more than 50% in terms of headache days.

In the outcome studies that have been completed, fol-
low-up intervals have varied considerably. Several studies
have reported outcomes for periods of 12 months or less.
Pini et al. [19] reported good clinical results at 4 months
post-treatment for a group of chronic patients treated within
a day hospital programme. Lake et al. and Grazzi et al. [20,
17] showed clinically significant results after inpatient treat-
ment at 8 and 12 months follow-up respectively. A signifi-
cant reduction in headache frequency was noted, as was a
significant decrease in analgesics use. Baumgartner et al. in
1989 [21] found significant results in a group of patients
studied after inpatient withdrawal and one-year follow-up
with 24% clinical failures and 60% of success. It was noted
that the first 6 months after hospital discharge was the criti-
cal period determining long-term success. At one-year fol-
low-up, for patients treated by an inpatient programme,
Monzon and Lainez [22] found 55% of patients recorded
significant clinical improvement ranging between 26 and
30%. All of these studies show that this category of patients
requires intensive treatment and a careful analysis of their
clinical condition. Also the diagnostic problem discussed
previously and the heterogeneous groups of patients do not
permit definitive conclusions. Also, the follow-up periods
have been fairly brief for adequately assessing the risk of
relapse and new chronicisation.

Recently other authors have been able to conduct stud-
ies with longer-term follow-up in order to provide a more
thorough analysis of relapse and clinical course. Diener et
al. in 1989 [23] reported 70% success 35 months after the
completion of treatment. Silberstein and Silberstein [24]
described the outcomes for a group of patients with chron-
ic daily headache after inpatient withdrawal. Eighty-seven
percent of patients reported significant clinical improve-
ment at 2 years. Schnider et al. [25] reported encouraging
results at 5-years follow-up for a group of patients after an
inpatient withdrawal programme. Sixty-five percent of
these patients with migraine without aura reported signifi-
cant clinical improvement and they were free of recurrent
drug abuse after 5 years. These findings suggest that
patients have the greatest risk for relapse within the first 12
months but have a decreased risk of relapse when they
have avoided medication overuse for 12 months after with-
drawal therapy.

Freitag reported on the results of a conference of USA
experts that was conducted in 1999 [11]. In this paper it



was concluded that the abrupt withdrawal is the main fac-
tor for success in the detoxification treatment and manage-
ment of the rebound symptoms. It is necessary to begin a
long-term prophylaxis and there is a need for inpatient
headache treatment. Appropriately selected patients benefit
over both the short and long term. Overall the results indi-
cate very positive improvements in patients following dis-
charge from inpatient care with outcomes generally main-
tained over follow-up periods from 2 weeks to 6 years.

A meta-analysis has been performed on 27 papers or
abstracts on treatment for different forms of chronic
headache. Thirteen studies in particular concerned chron-
ic daily headache and medication overuse. The authors
point out a difficulty with the meta-analysis because of the
different methodologies employed, but the results are
encouraging, with a high percentage of clinical success
after inpatient treatment. Some studies have analysed fac-
tors that could be considered predictors for clinical
improvement after a withdrawal programme. These are:
certain characteristics of patients (age, onset of headache,
duration of illness, comorbidity), type of analgesic
overused and history and subtype of headache. It seems
that the risk of relapse mainly depends on two features:
the type of primary headache and the type of drug
overused. Other predictors (duration of drug overuse,
duration of disorder, presence of prophylaxis) do not
influence the relapse rate, either within the first 12 months
or within 48 months of follow-up.

The problem of identifying which migraine patients are
most at risk of MOH has not been clarified fully. In a
recent a paper by Katsarava et al. [26], a group of patients
were followed for 12 months; 14% developed chronic
daily headache within 1 year and 10% met the criteria for
MOH. Two main predictors were identified: a high initial
frequency of headache episodes and medication overuse.
This confirms other findings suggesting that analgesic
overuse predicted the persistence of chronic daily
headache. Moreover, Zwart et al. [27] showed that overuse
predicted chronic pain associated with analgesic overuse
11 years later, particularly among patients with chronic
migraine. The same authors more recently showed that
analgesic overuse is more commonly associated with
chronic headache than with other chronic pain disorders.

Although the findings concerning the clinical results
after withdrawal are highly encouraging, with a long fol-
low-up period, they are by no means definitive. The major
limitation is the absence of a control or comparison condi-
tion. On the basis of these reports, comparative outcome
investigations, incorporating appropriate control and/or
comparison conditions, appear warranted. Further it may
prove fruitful to compare different treatment approaches
(inpatient vs. outpatient, pharmacological alone versus
pharmacological augmented by behavioural and related
procedures) and examine whether response is related to the
type of medication being overused and also to determine if

there are categories of medication that when overused
make patients more susceptible to induce chronic
migraine.

Concluding remarks

Patients with MOH are particularly difficult to treat. No clear
consensus exists about treatment strategies to be used and lit-
tle data exists about the functional impact of headache in
these patients. MOH leads to considerable disability prior to
treatment. However, notable improvement both in headache
parameters and in disability measures can occur coincident
with inpatient withdrawal treatment. This suggests that suc-
cessful treatment has more wide-ranging positive benefits
beyond mere symptom reduction. Future studies need to
incorporate improved methodologies in order to provide
firmer conclusions about patient treatment interactions.
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Abstract It is largely acknowledged that multiple and
complex pathophysiological mechanisms may be at play in
neuropathic pain. This short review summarises the cur-
rent understanding of pathophysiology of neuropathic pain
and focuses on how symptoms translate in mechanisms.

Key words Peripheral sensitization • Central sensitization
• Nociceptive pathway

Introduction

Converging evidence from animal and human studies
shows that the starting point of neuropathic pain is a lesion
of the somatosensory system [1, 2]. Injured peripheral
nerve fibres give rise to an intense and prolonged input of
ectopic activity to the central nervous system and in some
cases also secondary changes of the excitability of dorsal
horn neurons [1–3].

This short review summarises the current understand-
ing of central and peripheral pathophysiological mecha-
nisms of neuropathic pain and focuses on how symptoms
translate in mechanisms.

Mechanisms of neuropathic pain

Peripheral mechanisms

Most of the current knowledge on the mechanisms of neu-
ropathic pain is based on animal models of peripheral
nerve injury [2, 4]. After a peripheral nerve injury a neu-
roma develops at the proximal nerve stump. It consists of
unmyelinated sprouts (C-fibres) growing out from the tran-
sected axons [2, 4]. Electrophysiological recordings show
that the regenerating C-fibres of damaged axons develop
ongoing spontaneous activity, abnormal excitability and an
increased sensitivity to chemical, thermal and mechanical
stimuli. This phenomenon is called peripheral sensitization
[3, 5]. Peripheral sensitization is related to an upregulation
of specific voltage-gated sodium channels in nociceptive
primary afferents [4]. Indeed, studies have shown a strong
upregulation of the messenger RNA that encodes the type
III embryonic sodium channel (Nav1.3) [6]. The abnormal
expression of these sodium channels leads to the hyperex-
citability of primary afferents (both lowered threshold and
higher firing rate) [2, 4, 7]. These findings, together with
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experimental and clinical observations on partial efficacy
of sodium channel blocking agents in neuropathic pain,
established a link between sodium channel activity and
primary afferent hyperexcitability producing pain.
Furthermore in damaged nerve fibres abnormal responses
to endogenous substances such as cytokines (namely
TNFα), prostaglandins, bradykinin and sympathetic ner-
vous system transmitters have been demonstrated [2, 4].
The contribution of these pain mediators may be a sequela
of nerve damage, or a direct excitatory effect on the noci-
ceptive system.

All these phenomena are associated with (in some
instances caused by) profound changes involving gene
transcription. Normal nerve terminals take up signal sub-
stances that are transmitted by axonal transport to the dor-
sal root ganglion cell body and modify gene transcription
and protein synthesis [2, 4]. After nerve damage, sprouts
can no longer take up such molecules. Hence nerve dam-
age, through complex signalling mechanisms (cAMP-
dependent protein kinase (PKA) and Ca2+/phospholipid-
dependent kinase (PKC)), induce modulation of the gene
transcription [2]. Animal studies demonstrated that 1 day
after nerve damage there is an induction of c-jun. Its
encoded protein, c-Jun, is part of a protein that promotes
the transcription of many genes [2].

Consistent with findings in animals, microelectrode
recordings from transected nerves in human amputees
with phantom limb pain revealed spontaneous afferent
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activity. In these patients, tapping the neuroma increases
pain and enhances the afferent discharges [1, 8]. Injection
of lidocaine into the neuroma blocks the tap-induced nerve
activity ant its related pain [8]. In contrast, perineuromal
injection of a potassium channel blocker, gallamine,
increases pain [9]. In patients with post-herpetic neuralgia
(PHN) an inverse relationship between heat pain deficit
and ongoing pain may be observed; local anaesthetic
applied to the painful skin in patients with PHN produces
significant pain relief [8]. In several other neuropathic pain
states, such as traumatic nerve injury and post-mastectomy
syndrome, an ongoing primary afferent activity can be
demonstrated [1].

Central mechanisms

The spinothalamic tract (STT) neurons represent the major
ascending nociceptive pathway, and their contribution to
neuropathic pain states has been demonstrated in many
studies [1–3, 5]. Animal studies demonstrated that after
nerve damage, as a consequence of the ongoing sponta-
neous activity arising from primary nociceptors (peripher-
al sensitization), STT neurons develop an increased back-
ground activity, enlarged receptive field and increased
responses to all afferent impulses, including innocuous
tactile stimuli [2, 3, 5]. In this condition Aβ low-threshold
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Fig. 1 Schematic drawing of the molecules and phenomenon involved in neuropathic pain development after peripheral nerve damage.
Peripheral sensitization is associated with changes in the receptors and ion channels’ expression in the membrane of the regenerating
sprouts. In the dorsal root ganglion, signal cascade is activated (PKA, PKC) and gene transcription induced (c-jun). Central sensitization,
secondary to the peripheral sensitization, is characterised by changes in the receptors and ion channels’ expression, and activation of gene
transcription (c-jun and c-fos). Hist-R, histamine receptor; 5-HT-R, 5-hydroxytryptanine receptor; BK 1,2, bradykinin receptors 1 and 2;
a1,2, adrenaline receptors a1, a2; TNF-a R1, tumour necrosis factor-a receptor 1; PgE-R, prostaglandin receptor; Trk, tyrosine kinase
receptor; PKA, cAMP-dependent protein kinase; PKC, Ca2+/phospholipid-dependent kinase; LTP, long-term potentiation



mechanoreceptors become capable of activating STT neu-
rons, gaining access to the pain-signalling pathway. This
phenomenon is called central sensitization [3, 5, 10, 11].
Central sensitization has been demonstrated in animals and
has been proposed as an explanation of persistent neuro-
pathic pain in patients [3, 5, 10, 11].

The central terminals of primary nociceptor afferents
release the neurotransmitter glutamate (Glu) and sub-
stance P (SP) and brain-derived neurotrophic factor
(BDNF). Glu binds to AMPA and NMDA receptors, and
SP and BDNF bind to the neurokinin 1 (NK1) receptor and
to the tyrosine kinase receptor (trk), respectively, on the
post-synaptic membrane [2, 10, 11]. The interactions
between neurotransmitters and receptors produce an
increase of intracellular concentration of Ca2+ and cAMP,
thus activating protein kinases [10, 11]. Protein kinases
represent a part of the signalling cascade that leads to
modulation of gene transcription (e.g., c-fos, c-jun).
Indeed the analysis of the molecular mechanisms underly-
ing the generation and maintenance of central sensitiza-
tion demonstrates the striking similarities with long-term
potentiation (LTP) [2, 10, 11].

Recent studies have demonstrated that central sensiti-
zation is associated with several molecular changes.
Sodium channel expression is altered within STT neurons
after peripheral nerve injury, suggesting that dysregulation
of sodium channels at the central level contributes to neu-
ropathic pain after peripheral nerve injury. Several lines of
evidence suggest that also prostaglandins and cytokines
contribute to the mechanisms underlying central sensitiza-
tion at the level of the dorsal horn [2, 6, 10, 11].

Other mechanisms, however, may take place at the cen-
tral level after peripheral nerve damage. The simple loss of
afferent signals induces important changes in dorsal horn
neuron excitability. A decrease in the large Aβ input deter-
mines hypoactivity of the interneurons that inhibit noci-
ceptive neurons (loss of afferent inhibition) [2].
Hypoactivity of the descending antinociceptive systems
(loss of descending inhibition) has been often proposed
[2]. Furthermore in massive deafferentation the fall of
presynaptic terminal buttons leaves the post-synaptic
receptors of STT neurons exposed to neurotransmitters
and STT neurons begin to fire spontaneously (deafferenta-
tion supersensitivity) [8, 12].

Mechanism-based symptoms

At the bedside examination neuropathic pain is best classi-
fied as spontaneous pain, which is stimulus independent,
and stimulus-evoked pain [1, 12, 13].

Spontaneous pain can have several different qualities;
the most typical spontaneous pains are constant pain and
paroxysmal pain [1, 12, 13].

Stimulus-evoked pains include allodynia, which is pain
in response to a normally non-painful stimulus, and hyper-
algesia, which is an increased response to a normally
painful stimulus [1, 12, 13].

In this section we will focus on how symptoms trans-
late in mechanisms. Unfortunately, unlike animal studies,
neuropathic pain mechanisms in humans are far from
being clarified, and for each type of pain, alternative
mechanisms will be proposed.

Spontaneous pain

Paroxysmal pain
Usually paroxysmal pain is described as electrical-shock-
like, shooting or stabbing. It is generally agreed that
paroxysms are generated peripherally [1]. The high-fre-
quency bursts generated ectopically are thought to corre-
spond to the paroxysmal attacks of shooting, stabbing or
electric-shock-like pains (e.g., in trigeminal neuralgia). In
addition to the sensitized peripheral terminals, the cell
bodies and the region near the dorsal ganglion may easily
generate spontaneous bursts. Although paroxysms are usu-
ally considered to be a peripheral phenomenon due to
spontaneous firing (probably in hypersensitive nociceptive
fibres), a recent clinical study showed that paroxysmal
pain is associated with decreased small fibre function, thus
raising the possibility that paroxysms are generated in the
second-order neurons [14].

Constant pain
The most typical spontaneous pain described by patients with
neuropathic pain syndrome is constant burning pain. There is
no general agreement about the pathophysiological mecha-
nism underlying this type of pain. Here we present two oppo-
site views: the peripheral vs. the central mechanism.

Constant burning pain could be attributed to excitation
of C nociceptor axons in skin [15]. Experimental activa-
tion of cutaneous C nociceptors by specific irritants
induces a pain that burns [15, 16]. A recent study using
microneurographic recordings showed that in a patient
with peripheral neuropathy the spontaneous burning pain
was associated with the ongoing spontaneous firing of C
afferents [16].

However the constant burning pain could also be related
to the central hyperactivity resulting from deafferentation [7,
11]. In patients with PHN spontaneous burning pain may be
associated with severe heat pain deficit, thus suggesting a
severe C afferent loss [7]. A study using C-fibre-mediated
histamine axon reflex in PHN patients to determine C-fibre
activity showed abolished responses in the area of maximum
pain [16]. Furthermore, constant burning pain is a character-
istic sequela of the deafferentation produced by brachial
plexus avulsion. Recordings of spinal neuron activity in a
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patient whose dorsal roots were injured by trauma to the
cauda equina revealed high-frequency regular and paroxys-
mal bursting discharges [8]. That patient complained of
spontaneous burning pain in a region rendered anaesthetic by
the lesion (anaesthesia dolorosa) [8].

Provoked pain

Allodynia
Allodynia is pain in response to a normally non-painful
stimulus [1, 12]. Again there is no general agreement about
the pathophysiological mechanism underlying this type of
pain and the two opposite views, the peripheral and the
central, will be proposed.

According to some authors allodynia is purely due to
peripheral sensitization. Over the past decades, a possible
role for hyperexcitable peripheral nociceptors as primary
determinants of pain has been largely supported in
humans. A previous study directly demonstrated abnor-
mally reduced thresholds of C nociceptors in one patient
with chronic pain associated with allodynia [15, 16]. More
recently a study using microneurographic recordings in
patients with painful neuropathy showed that allodynia
was related to firing of C nociceptors [15]. This finding
suggests that allodynia consists of an abnormal reduction
of the mechanical threshold in sensitised nociceptors [16].

However most authors consider allodynia to be gener-
ated at the central level [3, 5, 10, 11]. According to this
view central sensitization is necessary to produce allody-
nia. In patients with peripheral nerve damage the sponta-
neous firing of nociceptive afferents may evoke ongoing
pain and as a secondary effect sensitise central nociceptive
neurons to mechanically evoked input [3, 5]. Consequently,
a large skin area surrounding the initial lesion site is hyper-
sensitive to light touch (i.e., allodynia). Microneurographic
studies demonstrated that allodynia is mediated by Aβ-
fibre low-threshold mechanoreceptors [17, 18]. In chronic
neuropathic pain patients’ differential nerve blocks reveal
that allodynia is abolished concurrently with loss of
innocuous tactile sensation at a time when Aδ- and C-fibre-
mediated modalities (pain and temperature) are unaffected
[8]. Central sensitization as the main mechanism underly-
ing allodynia is also supported by the link between this
pain symptom and abnormal pain summation on repetitive
mechanical stimulation, which is considered a sign of cen-
tral sensitization [14].
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Abstract Neuropathic pain is by definition a chronic pain
condition that occurs and persists in a heterogeneous group
of aetiologically different diseases characterised by a pri-
mary lesion or dysfunction of the peripheral or central ner-
vous system. Neuropathic pain has an important preva-
lence in the general population, and a severe impact on
quality of life and mood of affected patients. Therapy is
based on tricyclic antidepressants and antiepileptic drugs,
the most frequently studied drug classes. Opioids and anal-
gesics are a second-line choice. Topical medications could
be useful in several pain situations.

Key words Neuropathic pain • Therapy • Antiepileptic
drugs • Antidepressants • Opioids

Introduction

Neuropathic pain continues to represent an intriguing and
complex disorder. It is characterised by a variety of painful
syndromes due to a heterogeneous group of aetiologically
different diseases sharing severe pain as the most troubling
symptom. Pain is referred to a primary lesion or dysfunc-
tion in any part of the central or peripheral nervous system,
i.e., direct nerve or spinal cord injury, herpes zoster infec-
tion or multiple sclerosis, diabetes and stroke [1].
According to previous studies, the prevalence ranges from
0.6% to 1.5% in the United States population [2] but the
ageing of the population and the rising prevalence of some
of the aforementioned diseases may lead to a possible
increase in the number of patients who will be affected by
neuropathic pain all over the world. The disorder brings
very high direct and indirect costs to patients and society
in terms of suffering and lost productivity.

As neuropathic pain is able to alter a patient’s quality
of life by interfering with mood, sleep and emotional well-
being, it is important for the neurologist to know which
drugs are the most effective in relieving the symptom with
the fewest side effects.

Effective therapy for neuropathic pain is a sort of
“never-ending clinical challenge” due to the variability in
presentation of pain across and within the same disease,
considering the fact that a particular pain syndrome may
be produced by different causes and that a specific under-
lying pain-inducing mechanism may manifest as several
different symptoms.

Multiple putative mechanisms are supposed to be the
cause for the initiation and maintenance of neuropathic pain,
and the knowledge of some pathophysiologic issues could
lead in the future to a more appropriate and successful ther-
apeutical approach. To date, many authors have suggested
that therapy should be guided more by symptoms [3], the
pharmacologic regimen for each patient being strictly indi-
vidualised. Furthermore, treatment of comorbidities is to be
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considered as an important component for the complete
management of patients affected by neuropathic pain.

A general consensus regarding the best way to treat
this disorder is still lacking, and an evidence-based
approach has recently been proposed [4].

Medications for neuropathic pain

It is noticeable that a review of the number of neuropathic
pain medication patents filed demonstrates a remarkable
increase during the last few years. Particularly, before
2000 there were fewer than 27, doubling in 2002 (54) and
in 2003 (104). In 2004 about 100 applications for new
medications were filed [5].

These data reflect the growing interest in a pharmaco-
logical approach to neuropathic pain, admittedly one of
the most difficult to treat pain syndromes.

Topical medications

Topical agents offers some specific advantages such as the
absence of drug interactions, few systemic side effects and
no need for titration.

A 5% lidocaine patch has been approved by the FDA for
postherpetic neuralgia. For this disease, two studies (ran-
domised, inert vehicle-controlled trials) have demonstrated
positive results in reducing pain and allodynia (p=0.043 in
Galer et al.’s study), particularly in patients with nonallo-
dynic pain (p=0.022). Remote lidocaine application to mir-
ror-image contralateral skin sites was no different from
placebo [6, 7]. For an adequate trial, up to three patches may
be applied, only once for up to 12 h within a 24-h period for
2 weeks. Side effects are minimal, including local erythema
at the application site of the patch. As systemic absorption is
negligible and blood levels are minimal (maximum 0.6
mg/ml), accumulation does not occur. Local skin absorption
could modulate sodium channels, reducing ectopic dis-
charges in the involved sensory nerves.

Other topical treatments such as capsaicin,
aspirin/diethyl ether mixture and eutectic mixture of local
anaesthetics (EMLA) cream were proposed in the treatment
of postherpetic neuralgia.

Capsaicin is a neuropeptide extract from hot peppers
and acts initially as a stimulator of the heat-sensitive
vanilloid receptors (VR1/TRPV1) on subpopulations of
sensory nociceptive C or A-Delta fibres, then depletes sub-
stance P from the terminals of unmyelinated C fibres.
Capsaicin application produces degeneration followed by
reinnervation of epidermal nerve fibres [8]. Six ran-
domised controlled trials with capsaicin as a topical prepa-
ration demonstrated no significant effect: the number
needed to treat (NNT) to achieve a 50% improvement in
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one patient was stated as 5.7 at 8 weeks [9]. Adverse
events included an unpleasant stinging and burning sensa-
tion, local erythema and sneezing.

Several studies have demonstrated EMLA (lidocaine
and prilocaine in a mixture that enhance dermal uptake
within 1–2 h of application) as beneficial in some patients
with postherpetic neuralgia [10, 11].

Topical aspirin/diethyl ether mixture was beneficial
(more than 80% of patients) in a double-blind, crossover,
placebo-controlled study (37 patients) when compared with
indomethacin and diclofenac/drug ether mixtures in the
treatment of herpes zoster and postherpetic neuralgia [12].

Antiepileptic medications

Carbamazepine and oxcarbamazepine

The positive effects of carbamazepine (an iminostilbene
derivative) on trigeminal neuralgia were first reported in
1962 [13]. Although early trials do not meet modern
methodological standards (including study design and lack
of appropriate statistical analysis), the analgesic activity of
this drug has been documented in several painful patholo-
gies such as diabetic neuropathy, postherpetic neuralgia and
tabetic pain [14]. Calculation of NNT in trigeminal neural-
gia is 1.7 (1.3–2.2) and 2.3 (1.6–3.9) in postherpetic neural-
gia. For painful diabetic neuropathy NNT is 3.3 (2–9.4).

Dosages range from 300 to 1000 mg/day, in divided
doses (twice a day). Side effects (up to 70% of patients
reported tolerable adverse events) include skin rash (10%
incidence), dizziness, drowsiness, a negative effect on
bone density, gait disturbance, hyponatraemia, rarely
leukopenia and agranulocytosis.

Carbamazepine slows the recovery rate of voltage-gated
sodium channels in a frequency-dependent way. The drug
suppresses active pain fibres (A-Delta and C) without affect-
ing normal nerve conduction. There is evidence that carba-
mazepine produces a toxic epoxide metabolite: regular
bloods test are strongly suggested in monitoring patients.

Oxcarbamazepine (a component structurally related to
carbamazepine) in doses up to 1200 mg/day has shown
efficacy in one trial in diabetic neuropathic pain [15]. This
drug has a more benign profile and side effects include
fatigue, ataxia, nausea and cutaneous rash (4%). Sodium
blood monitoring is advised (hyponatraemia develops in
2.5% of patients during maintenance treatment) [16].

Lamotrigine

Lamotrigine is a phenyltriazine derivative acting both on
the blockage of voltage-dependent sodium channels (atten-
uating firing of action potentials) and on the inhibition of
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excitatory neurotransmitters glutamate and aspartate
release.

Positive effects were reported in randomised trials on neu-
ropathic pain due to HIV infection (300 mg daily in a small
study) [17], spinal cord injury [18], central poststroke pain
[19] (at a dosage of 200 mg/day in a randomised crossover
study, painful symptoms were ameliorated in 44% of
patients), painful diabetic polyneuropathy (NNT=4) [20] and
as an add-on treatment to refractory patients (with phenytoin
or carbamazepine) in trigeminal neuralgia (NNT=2.1) [21].
Skin rash is a not rare adverse effect of lamotrigine in both
monotherapy and add-on trials, and is the most frequent side
effect leading to withdrawal. It is reported [22] that an aller-
gic skin reaction (a simple morbilliform rash) can occur in
10% of treated patients, usually in the first two months of
therapy. More diffuse rashes occurred in clinical trials in
approximately one of 100 children and one of 300 adults. The
incidence of reported Stevens-Johnson syndrome in clinical
trials is one in 1000. Lamotrigine should be stopped in
patients who develop a rash during treatment, but this side
effect can be reduced if the drug is started at a very low
dosage and slowly increased every week (titrated to doses
between 200 and 400 mg/day). Other reported side effects
were insomnia (more common), ataxia, nausea, constipation
and diplopia. The use of lamotrigine with valproate should be
avoided because of the increasing incidence of Stevens-
Johnson syndrome (0.3% when used as an add-on therapy).
Lamotrigine is currently proposed as a second-line drug for
neuropathic pain, when first-line therapies are not effective.

Gabapentin

Despite the fact that this drug is a structural lipophilic ana-
logue of GABA, it has no direct GABAergic activity. Pain
relief should be mediated by interaction with alfa2-delta
calcium channels [23] and direct or indirect inhibition of
the release of excitatory aminoacids. The drug is well
adsorbed and does not bind to plasma proteins. Gabapentin
has an FDA-approved indication for postherpetic neuralgia
in the USA and is the most prescribed antiepileptic for the
treatment of neuropathic pain in neurological practice. It
has shown benefit in several randomised controlled trials
including for postherpetic neuralgia [24, 25] and painful
diabetic polyneuropathy [26, 27]. The starting dose was
900 mg/day up to the maximum tolerated dosage (3600
mg/day). The statistical efficacy in reducing pain if com-
pared to placebo was p<0.01 for 1800 and 2400 mg doses
and p<0.001 for 3600 mg dose. Improvements in quality of
life, mood and sleep accompanied the amelioration in pain.
Common well tolerated side effects include peripheral
oedema (10%, especially in older patients at medium
dosage), fatigue, dizziness and drowsiness.

Some authors consider gabapentin as the first-line

treatment for neuropathic pain with a 1–2-month titration
plus 14 days at the higher tolerated dosage [28]. More
studies are needed to evaluate whether the efficacy of
gabapentin is maintained for more than 2 months.

In the clinical management of neuropathic pain, a com-
bination of gabapentin and morphine should be recom-
mended when pain relief with gabapentin is incomplete. In
a double-blind, randomised, crossover trial comparing
monotherapy and combination therapy, treatment with
morphine and gabapentin resulted in a greater reduction in
pain at lower doses of each drug than did gabapentin alone,
morphine alone or active placebo (low-dose lorazepam) in
patients with either diabetic neuropathy or postherpetic
neuralgia. Constipation, sedation and dry mouth were the
most frequents side effects [29].

Pregabalin

Pregabalin was designed as a lipophilic GABA analogue in
1990 and interacts with the same binding site as its prede-
cessor gabapentin. In December 2004 it was approved by the
FDA for the treatment of neuropathic pain associated with
diabetic peripheral neuropathy and postherpetic neuralgia.

Like gabapentin, it is not metabolised in the body,
therefore it is not associated with drug-drug interactions
and has a better toxicity-efficacy ratio. Pregabalin has
shown its usefulness in postherpetic neuralgia and diabet-
ic polyneuropathy [30, 31] with a combined NNT for flex-
ible doses ranging from 150 to 600 mg and fixed-dose reg-
imens of 3.8 (2.6–7.3). Significative reduction of pain
occurs, on average, within 3 days of initiating treatment.
At the same time pregabalin was able to improve sleep,
mood disturbances and health-related quality of life in
patients with postherpetic neuralgia. Reported dose-related
adverse effects of pregabalin (mild to moderate) are dizzi-
ness, somnolence, peripheral oedema, weight gain and dry
mouth. Pregabalin clearance is reduced in subjects with
impaired renal function, so a 50% reduction in daily doses
is recommended for patients with renal dysfunction.

This agent has a linear and dose-proportional absorp-
tion within the therapeutic dose range and a high bioavail-
ability (>90%).

Other antiepileptics

Up to now, there have been no randomised controlled tri-
als indicating the usefulness of either tiagabine or leve-
tiracetam on neuropathic pain.

Conflicting results are available for topiramate. In
doses up to 400 mg it failed to relieve pain in three large
placebo-controlled trials including 1259 patients affected
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by painful diabetic neuropathy, whereas positive results
were published in only one study. A potential limitation of
this study was the 48% dropout rate in the topiramate
active group [32, 33].

Sodium valproate has shown effectiveness in the treat-
ment of painful diabetic polyneuropathy in only one ran-
domised, double-blind, placebo-controlled study [34].
Recommended dosage for pain is <500 mg TID.

Zonisamide is under investigation for use in various
types of neuropathic pain.

Phenytoin had an incomplete effect on painful diabetic
neuropathy in two studies (NNT 2.1) [35, 36].

Antidepressant medications

Tricyclic antidepressants (TCA) were introduced in the
therapeutic armamentarium for painful diabetic neuropathy
based on empiric observation about 30 years ago [37]. The
efficacy of these drugs was later demonstrated in several
controlled trials and is based on solid evidence in a number
of neuropathic pain diseases, i.e., amitriptyline for posther-
petic neuralgia [38]. The pharmacological actions of antide-
pressants can be linked to modulation of neuropathic pain,
i.e., calcium channel blocking effect, sodium channel block,
presynaptic reuptake inhibition of serotonin and noradrena-
line with enhancement of pain suppression via monoamin-
ergic sites, NMDA antagonist-like effect [39]. Adverse
events of TCA include drowsiness, postural hypotension,
anticholinergic effects, QT interval abnormalities and
weight gain. TCAs should be prescribed with caution in
older patients or when a cardiac disturbance is suspected.
The secondary amines nortriptyline and desipramine have a
less serious side-effects profile and have demonstrated effi-
cacy in patients with postherpetic neuralgia.

Amitriptyline showed more efficacy in the relief of
postherpetic neuralgia related pain than lorazepam [40],
fluphenazine [41] and maprotiline [42]. The suggested ini-
tial dose for amitriptyline is 10–25 mg/day, with a dose
increment of 10–25 mg every week up to an effective dose
of 25–150 mg/day.

A classical meta-analysis of antidepressants’ efficacy in
randomised placebo-controlled trials revealed at least a
50% amelioration of pain intensity in 30% of patients
affected by neuropathic pain [43]. It is still controversial
whether selective serotonin reuptake inhibitors (SSRI) and
selective norepinephrine and serotonin reuptake inhibitors
(SNRI) improve neuropathic pain: relief in painful diabetic
neuropathy was achieved with paroxetine and citalopram in
two small trials in comparison with placebo [44, 45] where-
as fluoxetine was not able to ameliorate painful symptoms
[46]. Side effects of SSRI include nausea, vomiting and
dyspepsia. Venlafaxine inhibits norepinephrine as well as
serotonin reuptake at a dosage >150 mg/day. There is evi-
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dence for a significant improvement in painful diabetic
neuropathy [47] in a double-blind, placebo-controlled
study with doses between 150 and 225 mg/day (but not at a
lower dosage) and a NNT around 4. Side effects are similar
to SSRI. In painful diabetic neuropathy one can consider a
combination therapy adding venlafaxine to gabapentin if
the latter provided insufficient pain relief [48].

Duloxetine, a secondary amine, was recently approved
(September 2004) by the FDA for the treatment of pain in
diabetic peripheral neuropathy at dosages of 60 and 120
mg/day. A recent study demonstrated that duloxetine was
significantly better than placebo with an NNT of 4.1 [49].
Improvement should be determined in 7–14 days at 60 mg
before switching to the higher dose. Frequent side effects
of duloxetine include sleepiness, headache, dry mouth,
fatigue and nausea (mild to moderate, typically disappears
in two weeks). In case of abrupt cessation, dizziness and
nausea are common.

In summary, TCAs and SNRIs are effective in periph-
eral neuropathic pain, in the same range as other drugs
such as gabapentin or opioids, whereas SSRIs have a low
efficacy.

Opioids

Increasing data exist to support the general view that opioids
and analgesics can be helpful in the treatment of chronic
pain, maintaining an acceptable side-effects profile.

Several studies have provided evidence that tramadol
(an atypical opiate analgesic) may have a role in the treat-
ment of painful diabetic peripheral neuropathy [50–52]
with an overall NNT of 3.9. Efficacy is usually achieved at
250 mg/day, and a maximum dosage of 400 mg is suggest-
ed. Tramadol improved pain intensity, mean daily pain and
symptoms such as paraesthesia and touch-evoked pain.

Tramadol is chemically different from the opioids but
has a direct weak central opioid agonist effect with low-
affinity binding to the mu-opiate receptor (whereas the
major metabolite M1 has a stronger opioid effect).
Analgesia induced by tramadol is only partially antago-
nised by naloxone. At the same time, tramadol is able to
inhibit reuptake of both serotonin and norepinephrine.
Side effects include nausea, drowsiness and dizziness. It is
contraindicated if the patient has a previous history of
seizures and drug abuse.

Oxycodone has been successfully used in postherpetic
neuralgia to significantly relieve allodynia and paroxysmal
pain [53] and in painful diabetic neuropathy [54], with an
NNT of 2.6, although the studies were only 2–3 months in
duration. Adverse events included constipation, sedation,
dizziness, dry mouth and nausea. The drug has no effect on
mood and depression. The mean dosage was 30–40 mg
every 12 h (oxycodone controlled release).
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The long term use of opioids in neuropathic pain is still
under debate.

Others

Mexiletine (a sodium-channel blocker antiarrhythmic
agent) has been used in the treatment of diabetic peripher-
al neuropathy with inconsistent results [55].

Benzodiazepines are not recommended for the treat-
ment of neuropathic pain, as controlled trials of efficacy
are lacking.

Several uncompetitive NMDA receptor antagonists
(memantine, amantadine, ketamine and dextromethor-
phan) have been tested in small clinical trials in neuro-
pathic pain with incomplete results (either no or minor
pain-relieving effect) [4]. Efficacy may be limited by side
effects such as anxiety, fatigue and hyperacusia in the case
of ketamine.

A Cannabis sativa-based extract is under evaluation
(phase 3, randomised, placebo-controlled trial) in periph-
eral neuropathic pain [56].

Although use of herbal therapies has dramatically
increased in recent years, a recent review documented lim-
ited or no efficacy of this complementary alternative med-
icine to treat pain [57].

A recent Cochrane review stated that the practice of
surgical and chemical sympathectomy for neuropathic
pain is based on poor quality evidence and uncontrolled
studies with significative complications in terms of wors-
ening or producing a new pain syndrome [58].

Conclusions

Neuropathic pain remains an endless and difficult challeng-
ing problem in neurology. According to the evidence-based
literature and proposals [4, 28] and considering new insights
in pharmacological approach and treatments for neuropathic
pain, we can define (if criteria for efficacy are based on both
pain relief and quality of life measures derived form large
trials with consistent outcomes) the following as first-line
drugs: gabapentin and pregabalin, TCAs, 5% lidocaine
patch, tramadol and opioids. Duloxetine seems an interest-
ing choice, but further studies are needed.

As gabapentin and pregabalin have higher number
needed to harm (NNH) values and lack serious side effects,
they are considered as a good starting option, particularly
in older people (TCAs are often not well tolerated in elder-
ly patients but are strongly considered in the first-line
approach for younger people in good cardiovascular con-
dition). Tramadol and oxycodone may be considered as
second-line drugs, with lamotrigine and oxcarbamazepine.

Combination therapy has good scientific evidence only
for gabapentin in association with venlafaxine or morphine.

In the future, for a more appropriate and evidence-
based approach, a great number of head-to-head compari-
son trials with long-term follow-up to evaluate efficacy
and side effects are needed.
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Abstract This paper is designed to provide concepts and
stimulate directions for further investigation of menstrual
migraine. On the basis of experimental studies and litera-
ture review, we propose that abnormalities in how estrogen
modulates neuronal function in migraine are due to a mis-
match between its gene-regulation and membrane effects.
In the interictal phase when estrogen levels peak,
increased neuronal excitability is balanced by homeostatic
gene regulation in brain cortex, and nociceptive systems.
When levels fall at menses, mismatch in homeostatic gene
regulation by estrogen unmasks non-nuclear mitogen-acti-
vated hyperexcitability of cell membranes, sensitizing neu-
rons to triggers that activate migraine attacks. At the
trough of estrogen levels, the down-regulating effect on
inflammatory genes is lost and peptide modulated central
sensitization is increased as is pain and disability of the
migraine attack. 

Key words Migraine • Oestrogen • Menstrual migraine •

Ovarian steroids

The femaleness of migraine and its modulation by ovarian
steroids is inescapable [1]; the epidemiological and clini-
cal characteristics of the relationship having been studied
extensively [2]. From the time of menarche, the female to
male prevalence ratio for migraine triples. Attacks may be
time-locked with menstruation and ovulation. Pregnancy
most often reduces frequency of attacks, and in the peri-
menopause years the frequency and management of
attacks becomes problematic [1, 2]. Migraine itself is asso-
ciated with menstrual disorders, including excessive pain
and bleeding, and irregularity.

Despite these established clinical associations, the scien-
tific basis of apparent ovarian steroid influences on migraine
has been studied only rarely. Seminal clinical investigations
by Somerville first established strong associations between
falls in blood oestrogen levels and attacks at or around the
time of menstrual flow; menstruation-related attacks were
postponed by artificially maintaining high oestrogen levels
[3, 4]. In over 30 years, no other investigations have added
as much to our understanding or contributed as novel find-
ings to advance our comprehension of the mechanisms
whereby ovarian steroids influence migraine. Accordingly,
this paper is designed to provide concepts and stimulate new
directions for further investigation into the mechanisms of
menstrual migraine, and possibly migraine in general.

Variation in ovarian steroid levels throughout the cycle
is critically important in the different clinical expressions
of migraine. Migraine is not merely triggered by precipi-
tate fall in oestrogen levels at menstruation; triggering also
seems dependent on high oestrogen during the luteal phase
[3]. Other documented examples include migraine with
aura as opposed to without aura being characterised by
abnormally high oestrogen at ovulation [5]. Also, reducing
oestrogen replacement reduces aura incidence [6]. Finally,
the neurophysiology of migraine with and without aura
differs at high oestrogen levels [7].

To establish the context of experimental studies
described in this paper, certain concepts must be articulat-
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ed at the outset. First, we view migraine as a disorder of
neuromodulation. Second, because oestrogen influences
systems other than the reproductive system, most impor-
tantly the nervous system in our case, migraine attacks
could be caused by failure of homeostatic adjustments in
nervous system function normally necessary to respect
and balance the primacy of oestrogen cycling for repro-
duction. Third, multiple causal factors for migraine con-
verge on a hyperexcitable brain state, which constitutes
the fundamental susceptibility to migraine attacks [8].
Fourth, factors that increase or decrease brain excitability
set the threshold for triggering attacks, a case we will
make for ovarian steroids, particularly oestrogen. Finally,
oestrogen has dual molecular effects on neurons, produc-
ing relatively slow gene-regulated nuclear transcriptional
activity, and immediate non-nuclear mitogen-activated
membrane effects that increase excitability [9].

Putting these concepts together, we propose that abnor-
malities in how oestrogen modulates neuronal function in
migraine are due to a mismatch between its gene regula-
tion and membrane effects. During the dynamic shifts
from high to low oestrogen in menstrual migraine, for
example, oestrogen-mediated gene regulation that modu-
lates inhibitory peptide function in the trigeminal nerve
may fail to counterbalance the membrane excitability
effects of oestrogen, leading to hyperexcitability, abnor-
mal trigeminal peptide release, CNS inflammation and
central sensitisation associated with the headache phase of
migraine. On this basis, we also believe that migraine
attacks at other stages of the menstrual cycle could be
“forme frustes” of the full expression of oestrogen dys-
modulation that causes true menstrual migraine.

To evaluate this hypothesis in part, we used the mouse
oestrus cycle as an opportunity to model ovarian steroid
changes associated with menstrual and ovulatory migraine.
We studied trigeminal ganglia, examining whether ovarian
steroid cycling influenced selective peptide neurotransmit-
ter systems such as calcitonin gene-related peptide (CGRP),
known to be involved in headache mechanisms [10], and
peptides that have inhibitory functions in this system: neu-
ropeptide Y (NPY) and galanin [11–14]. Gene expression
was analysed in the trigeminal ganglia of cycling female
mice using the reverse transcription polymerase chain reac-
tion. Immunocytochemical analysis had demonstrated
oestrogen receptor-alpha in a predominantly cytoplasmic
location and in neurites [15].

Expression of CGRP did not change, but expression of
NPY and galanin, which inhibit its synaptic release, was
strongly linked to the oestrus cycle, peaking at oestrus and
declining as oestrogen levels fell [15], such that were a
mismatch to occur between the gene-regulated inhibitory
effects and the direct mitogen-activated membrane
excitability effects of oestrogen during its dynamic and
sometimes abnormal rise and fall in women predisposed to
migraine, increased trigeminal excitability could result. In
turn this might predispose to spontaneous CGRP release,

triggering the cascade of molecular events that charac-
terise a migraine attack. Relevant to the latter, protein
activity assays also demonstrated that exposure of the cul-
tured neurons to oestrogen leads to activation of extracel-
lular signal-related protein kinase (ERK-1), which has
been linked to inflammatory pain. Immunocytochemistry
demonstrated that activated ERK-1 was present in neurons
containing peripherin, a marker of nociceptive neurons.
NPY and galanin also have been implicated in the central
sensitisation that accounts for the prolonged disability of
migraine attacks [11–15].

Cortical hyperexcitability due to low brain magnesium,
or recently discovered gene mutations, occurs in certain
migraine types with severe neurological deficit during
aura, including hemiplegic and familial hemiplegic
migraine [16, 17]. In these patients, non-nuclear mitogen-
activated membrane effects should enhance neuronal
excitability even more at times of high oestrogen, such as
the abnormally high values observed during the luteal
phase of menstrual migraine. Potentially this might change
the threshold for triggering cortical spreading depression
(CSD), which forms the basis of migraine aura [18]. The
gene-regulation effects of oestrogen, however, may influ-
ence gene expression of molecules that counteract trigger-
ing and propagation of CSD and its subsequent complica-
tions. As in the trigeminal system, migraine attacks might
occur if these balancing effects were mismatched.

To examine this second hypothesis, by applying KCl
(NaCl as control), CSD was induced in mouse brain. Gene
expression was examined two hours later using cDNA
array and reverse transcriptase-polymerase chain reaction.
Of the over 1180 genes examined in our experiments,
those consistently regulated by CSD included atrial natri-
uretic peptide (upregulated) and NPY (downregulated)
[19]. Other genes specifically regulated by CSD were
involved in oxidative stress responses (major prion protein,
glutathione-S-transferase-5 and apolipoprotein E). L-type
calcium channel mRNA was upregulated. In sum, CSD
regulated genes intrinsic to its propagation, its accompa-
nying vascular responses and its potential pathological
consequences.

To explore the influence of oestrogen, female mice
were ovariectomised and one week later injected intraperi-
toneally for 7 days with 10 ng 17 beta oestradiol; ovariec-
tomised control animals were injected with 0.2 ml sesame
oil. Oestrogen regulated proteins that are involved in sig-
nal transduction: G proteins and nitric oxide. NPY and
ANP expression was higher with high oestrogen, compati-
ble with our trigeminal ganglion findings for NPY.
Compatible with less frequent migraine headaches during
high oestrogen states such as pregnancy [1, 2], oestrogen
downregulated inflammatory cytokines including mono-
cyte chemoattractant protein-1 (MCP-1), granulocyte-
macrophage colony-stimulating factor (GM-CSF) and
interleukin-11. CSD upregulated proteins protecting
against oxidative damage independently of oestrogen
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level, probably as an intrinsic cytoprotective response to
hyperoxia observed during progression of CSD in humans.

Summarising the concepts we have articulated, the
clinical investigations we have reviewed and the experi-
ments described in mouse models, we have formulated a
hypothesis explaining molecular and neuronal events mod-
ulated by oestrogen in menstrual migraine:

In the interictal phase when oestrogen levels peak,
increased neuronal excitability is balanced by homeostatic
gene regulation in brain cortex, and in central and periph-
eral components of nociceptive systems.

During dynamic cycling of oestrogen, especially a fall
in the level, mismatch in homeostatic gene regulation by
oestrogen unmasks non-nuclear mitogen-activated hyper-
excitability effects of oestrogen on cell membranes, conse-
quently sensitising cortex, brainstem centres and the
trigeminal system to triggers that activate migraine
attacks.

At the trough of oestrogen levels, the downregulating
effect on inflammatory genes is lost and peptide-modulat-
ed central sensitisation is increased, as is the clinical
expression of pain and disability.
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Abstract Menstrual migraine (MM) attacks are a chal-
lenge for the headache specialist, because they are partic-
ularly difficult to treat. Almotriptan is a second-generation
triptan successfully used for the acute treatment of
migraine. No data on the efficacy and safety of almotriptan
in MM treatment have been published previously. The
objective was to evaluate the efficacy and tolerability of
almotriptan in the symptomatic treatment of MM attacks
and to compare these parameters to those obtained with
zolmitriptan, another second-generation triptan. Data from
a multicentre, multinational, randomised, double-blind,
parallel clinical trial, conducted at 118 centres in 9

European countries, to evaluate the efficacy and tolerabili-
ty of almotriptan 12.5 mg vs. zolmitriptan 2.5 mg in the
acute treatment of migraine were analysed retrospectively.
Of the 1061 patients included, 902 were women and 255 of
these treated a MM attack: 136 with almotriptan and 119
with zolmitriptan. No significant difference between the
two treatments was found. Two hours after dosing, 67.9%
of almotriptan-treated and 68.6% of zolmitriptan-treated
patients had obtained pain relief; while 44.9% and 41.2%,
respectively, were pain free. Recurrence rates 2–24 h after
dosing were 32.8% for almotriptan and 34.7% for
zolmitriptan. Adverse events in the 24 h after dosing were
reported by 19.8% of those taking almotriptan and 23.1%
of those taking zolmitriptan. In conclusion, almotriptan is
effective and safe in the treatment of MM attacks.

Key words Acute treatment • Almotriptan • Efficacy •

Menstrual migraine • Safety • Zolmitriptan

Introduction

Migraine is estimated to affect about 18% of women but
only 6% of men. It is the most common neurological dis-
order in adult women [1], being particularly prevalent in
women of fertile age, when attacks often occur in the peri-
menstrual period, probably in relation to changes in
oestrogen levels [2]. Such attacks, known as menstrual
migraine (MM), occur in at least 60% of female
migraineurs, and are of longer duration, associated with
greater disability and more difficult to treat than non-men-
strual migraines [3].

Short-term prevention may be useful in MM [4, 5].
Depending on patient preferences, cycle regularity, need for
contraception, attack timing in relation to bleeding and pres-
ence of dysmenorrhoea/menorrhagia, various hormonal and
non-hormonal agents may be suitable as short-term prophy-
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lactics. However, as MM is characterised by relatively low
attack frequency, there is a greater need for an effective
acute treatment. The various drugs used to treat ‘ordinary’
migraine may be prescribed for MM, but triptans – selective
5-hydroxytriptamine (5-HT) 1B/1D receptor agonists –
which are considered the most effective specific acute anti-
migraine medications, are preferable for MM in view of its
difficult-to-treat nature [3]. However it is still uncertain
whether or not the pathophysiological mechanisms giving
rise to MM differ from those giving rise to migraine outside
of the peri-menstrual period, and it is therefore important to
assess triptan efficacy specifically in MM.

Sumatriptan, the first triptan to be marketed, has been
shown to be effective in MM [6, 7]. The second-generation
triptans: zolmitriptan, naratriptan, rizatriptan, and more
recently almotriptan, eletriptan and frovatriptan, have dif-
fering pharmacokinetic and pharmacodynamic properties
and possible efficacy and tolerability advantages over
sumatriptan [8], which may render them particularly suit-
able for treating MM.

Almotriptan is a new selective 5-HT 1B/1D receptor
agonist related chemically to sumatriptan and used for the
acute treatment of migraine. It is rapidly absorbed with a
very good oral bioavailability, and at the usual dose of 12.5
mg it is at least as effective as or more effective than suma-
triptan 100 mg, with a better tolerability [9]. Almotriptan
may therefore offer advantages over sumatriptan in the acute
treatment of migraine. However, although all second-gener-
ation triptans have been compared head-to-head with suma-
triptan, few studies compared one second-generation triptan
with another, and most comparative conclusions regarding
these new agents have been derived from meta-analyses of
pooled data [8]. For MM, comparative data on second-gen-
eration triptans are scarce and no data are available regard-
ing the efficacy of almotriptan in MM.

We performed a retrospective analysis on the subset of
normally menstruating women who participated in a head-
to-head clinical trial of almotriptan and zolmitriptan [10],
and who took the study drugs to treat a single MM attack.
Zolmitriptan is a second-generation triptan found to have
efficacy against MM and good tolerability in a recent ran-
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domised prospective study [11]. The aim of our analysis
was therefore to provide indications about the efficacy and
safety of almotriptan in MM treatment.

Methods

The head-to-head study [10] was a multicentre, multinational,
randomised, double-blind, parallel clinical trial to assess the effi-
cacy and tolerability of almotriptan 12.5 mg vs. zolmitriptan 2.5
mg in the acute treatment of migraine (Almirall protocol number
M/31416/43, data on file). The study was performed at 118 cen-
tres in 9 European countries (Belgium, Finland, France,
Germany, Italy, Portugal, Spain, Sweden and the UK). Eligible
patients (n=1298) had a 12-month history of IHS-defined
migraine and 2–6 migraine attacks in each of the two months pre-
ceding the trial. Patients were randomised (1:1 ratio) to treat a
single migraine attack with either almotriptan or zolmitriptan.
Both agents were encapsulated. Patients were instructed to take a
single dose of study medication when migraine pain was moder-
ate or severe. A second dose could be taken if symptoms were
alleviated but recurred within 24 h, provided at least two hours
separated the doses. Rescue medication (other than triptans or
ergots), taken no sooner than two hours after the initial adminis-
tration, was permitted for patients who did not respond to the ini-
tial dose of study drug.

The intention-to-treat (ITT) population consisted of 1061
patients, 531 assigned to almotriptan and 530 to zolmitriptan; 902
were women (85.0%), 462 of whom received almotriptan and 440
received zolmitriptan. Among these women, 255 were found retro-
spectively to have treated a MM attack (migraine occurring 2 days
before to 4 days after the onset of menstruation): 136 took almotrip-
tan and 119 took zolmitriptan. The main characteristics of these 255
women are summarised in Table 1.

Indicators of efficacy were analysed by a logistic regression
model that included baseline migraine attack severity, country,
treatment and country-by-treatment interaction. If the country-by-
treatment interaction was not statistically significant, it was
dropped from the model. Differences between treatments were
assessed by Chi square test.

The indicators of efficacy considered were: pain relief (from
severe or moderate to mild or no pain) at 0.5, 1, 1.5 and 2 h; pain
free at 0.5, 1, 1.5 and 2 h; sustained pain free (pain free at two hours
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Table 1 Characteristics of 255 women who treated a MM attack with either almotriptan or zolmitriptan

Almotriptan 12.5 mg (n=136) Zolmitriptan 2.5 mg (n=119)

Age, years 36.2 36.6
Weight, kg 64.6 60.9
Height, m 1.65 1.64
BMI 23.7 22.5
Associated symptoms, % 93.4 92.4
Baseline pain, %

Mild 1.5 0.8
Moderate 61.0 68.1
Severe 37.5 31.1



with no recurrence and no rescue medication over 24 h); use of res-
cue medication within 24 h after drug intake; recurrence within 24
h of treatment; and level of functional impairment before drug
intake and after 0.5, 1, 1.5 and 2 h. To assess functional impairment
patients were specifically asked to report, on the diary card, impair-
ment of capacity to perform everyday activities (not, slightly, seri-
ously, totally impaired).

Tolerability was assessed as number of patients reporting
adverse events in the 24 h after dosing. Adverse events were also
classified according to their probable relation to triptan assumption
in accordance with published data on triptan-related events [8].

A composite endpoint (sustained pain free and no adverse
events, SNAE) was also calculated to provide an overall indication
of the extent to which the medication satisfied patient requirements:
SNAE was defined as the proportion of patients who achieved a
sustained pain-free state in the total absence of adverse events.

To confirm the findings of the main ITT analysis a further
evaluation on the per protocol (PP) population (225 patients; 122
on almotriptan and 103 on zolmitriptan) was also performed.

Results

In the group of 255 ITT women who treated MM,
almotriptan did not differ significantly from zolmitriptan
for any of the variables tested. Two hours after dosing,
67.9% of the 136 women who took almotriptan and 68.6%
of the 119 women who took zolmitriptan (p=0.900) had
obtained pain relief (Fig. 1). Evolution of pain from mod-
erate/severe to mild/no pain was also similar in both
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Fig. 2 Proportions of
patients with MM attacks
who where pain free at
various times (expressed
in minutes) after assump-
tion of almotriptan 12.5
mg (white column) or
zolmitriptan 2.5 mg
(black column)

Fig. 1 Proportions of
patients with MM
attacks who obtained
pain relief at various
times (expressed in min-
utes) after assumption of
almotriptan 12.5 mg
(white column) or
zolmitriptan 2.5 mg
(black column)



groups: 14.9% of almotriptan-treated women vs. 11.9% of
zolmitriptan-treated women had improved at 0.5 h
(p=0.477). A pain-free state at 2 h (Fig. 2) was reported by
44.9% of women on almotriptan and 41.2% on zolmitrip-
tan (p=0.554); 24 h after dosing 56.6% and 64.7% of
patients, respectively, were pain free (p=0.187).
Recurrences 2–24 h after dosing were reported in 32.8%
and 34.7% of patients, respectively (p=0.833). Use of res-
cue medication over the same period was reported by
21.8% of almotriptan and 25.4% of zolmitriptan patients
(p=0.499). A sustained pain-free state (pain free at 2 h with
no recurrence and no rescue medication in the following
24 h) was reported by 29.3% of almotriptan patients and
27.1% of zolmitriptan patients (p=0.698).

With regard to tolerability, 19.8% of patients in the
almotriptan group and 23.1% in the zolmitriptan group
reported adverse events in the 24 h after dosing; 13.2% and
17.6% (p=0.328) respectively, were considered to be trip-
tan-related. A SNAE was achieved by 20.3% of the women
using almotriptan and 19.0% of the women using
zolmitriptan (p=0.791). The SNAE endpoint encompasses
attributes that best predict patient satisfaction, i.e., com-
plete freedom from pain, no recurrence, no use of rescue
medication and absence of adverse events [12].

There was no difference between the almotriptan and
zolmitriptan groups in the percentage of patients rated as not
functionally impaired at the various time points, the results
being respectively: 8.1% vs. 8.4% at 30 min (p=0.580),
16.9% vs. 20.2% at 60 min (p=0.511), 32.4% vs. 31.1% at 90
min (p=0.615) and 45.6% vs. 47.9% at 120 min (p=0.870).

Discussion

The efficacy and tolerability of almotriptan in the acute
treatment of migraine has already been demonstrated [8, 9].
The present retrospective analysis was carried out to pro-
vide indications as to the efficacy and tolerability of
almotriptan in MM. Such an analysis is useful because no
prospective controlled studies on this second-generation
triptan in MM have yet been carried out. Our study has
shown that almotriptan did not differ significantly from
zolmitriptan for all the efficacy and tolerability measures
investigated. Zolmitriptan is another second-generation
triptan whose efficacy in MM has been demonstrated [11].

It is also interesting to compare the results of the present
analysis of almotriptan efficacy with those of a meta-analy-
sis of 355 women with menstrually associated migraine
included in two randomised double blind trials involving
placebo, sumatriptan and rizatriptan (another second-gener-
ation triptan) [13]. The proportions of patients with men-
strually associated migraine attacks responding to rizatriptan
10 mg were closely similar to the proportions responding to
almotriptan in the present analysis. Specifically, for pain
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relief at two hours the proportions were almotriptan 67.9%
and rizatriptan 70%. For pain free at two hours the propor-
tions were almotriptan 44.9% and rizatriptan 42%. For
recurrence rate at 24 h the proportions were 32.8% for
almotriptan and 36% for rizatriptan.

With regard to safety and tolerability, in the present
study 19.8% of patients who took almotriptan reported
adverse events while the percentage for zolmitriptan was
23.1%. However only 13.2% of almotriptan-treated
patients (in comparison to 17.6% of zolmitriptan-treated
patients) reported adverse events considered related to the
medication, in that they were typical of those known to
occur in all triptans [8]. No patients on almotriptan report-
ed serious adverse events. We also found that 20.3% of the
women using almotriptan achieved SNAE. This is quite a
high figure for this stringent endpoint, which encompasses
attributes that best predict patient satisfaction, i.e., com-
plete freedom from pain, no recurrence, no use of rescue
medication and absence of adverse events [12]. To con-
clude, the results of the present retrospective analysis sug-
gest that almotriptan 12.5 mg is an effective and well tol-
erated treatment for MM attacks.

References

1. MacGregor A (1999) Migraine in women. Martin Dunitz
Ltd, London

2. Somerville BW (1972) The role of estradiol withdrawal in
the etiology of menstrual migraine. Neurology 22:355–365

3. Granella F, Sances G, Allais G, Nappi RE, Tirelli A, Ferraris
A et al (2004) Characteristics of menstrual and non-men-
strual attacks in women with menstrually related migraine
referred to headache centers. Cephalalgia 24:707–716

4. Martin VT (2004) Menstrual migraine: a review of prophy-
lactic therapies. Curr Pain Headache Rep 8:229–237

5. Allais G, Bussone G, De Lorenzo C, Mana O, Benedetto C
(2005) Advanced strategies of short-term prophylaxis in
menstrual migraine: state of the art and prospects. Neurol
Sci 26[Suppl 2]:s125–s129

6. Salonen R, Saiers J (1999) Sumatriptan is effective in the
treatment of menstrual migraine: a review of prospective
studies and retrospective analyses. Cephalalgia 19:16–19

7. Nett R, Landy S, Schackelford S, Richardson MS, Ames M,
Lener M (2003) Pain-free efficacy after treatment with
sumatriptan in the mild pain phase of menstrually associat-
ed migraine. Obstet Gynecol 102:835–842

8. Ferrari MD, Goadsby PJ, Roon KI et al (2002) Triptans
(serotonin 5-HT1b/1D agonists) in migraine: detailed
results and methods of a meta-analysis of 53 trials.
Cephalalgia 22:633–658

9. Dowson AJ, Massiou H, Laynex JM, Cabarrocas X (2002)
Almotriptan is an effective and well tolerated treatment for
migraine pain: results of a randomized, double blind, place-
bo controlled clinical trial. Cephalalgia 22:453–461

10. Goadsby PJ, Massiou H, Cabarrocas X, Pascual J (2005)
Randomized double-blind trial comparing the efficacy and

G. Allais et al.: Almotriptan vs. zolmitriptan in menstrual migraine



G. Allais et al.: Almotriptan vs. zolmitriptan in menstrual migraine S197

tolerability of almotriptan and zolmitriptan in the acute
treatment of migraine. Eur J Neurol 12[Suppl 2]:195

11. Loder E, Silberstein SD, Abu-Shakra S, Mueller L, Smith T
(2004) Efficacy and tolerability of oral zolmitriptan in men-
strually associated migraine: a randomized, prospective,
parallel group, double-blind, placebo-controlled study.
Headache 44:120–130

12. Sandrini G, Dahlof CG, Mathew N, Nappi G (2005) Focus
on trial endpoints of clinical relevance and the use of
almotriptan for the acute treatment of migraine. Int J Clin
Pract 59:1356–1365

13. Silberstein SD, Massiou H, Le Jeunne C, Johnson-Pratt L,
McCarroll KA, Lines C (2000) Rizatriptan in the treatment
of menstrual migraine. Obstet Gynecol 96:237–242



Abstract Primary headaches can be considered simultane-
ously as symptom and disease itself, while secondary
headaches are expressions of a pathological process that
can be systemic or locoregional. Because of its subjective
features, headache is often difficult to assess and quantify
by severity, frequency and invalidity rate, and for these
reasons it has often been implicated in legal controversies.
Headache has seldom been considered in the criminal law,
except when it represents a typical symptom of a disease
whose existence can be objectively assessed (i.e. raised
intracranial pressure). Therefore, in civil legislation it is
not yet coded to start claiming for invalidity compensation.
In particular, one of the most debated medical-legal ques-
tions is represented by headaches occurring after head
injury. Headache is often the principal symptom at the
beginning of several toxic chronic syndromes, with many
implications, especially in working claims, and, more
recently, it may be referred to as one of the most frequent
symptoms by victims of mobbing (i.e. psychological
harassment in the workplace). The National Institute for
Industrial Accident Insurance (INAIL) scales (instituted by
the law 38/2000) mention the “Subjective cranial trauma
syndrome” and give an invalidity rate evaluation. With ref-
erence to other headache forms, no legislation really exists
at the present time, and headache is only considered as a

symptom of a certain coded disease. Requests for invalid-
ity social pension and the question of off-label prescrip-
tions (drug prescription for a disease, without formal indi-
cation for it) are other controversial matters.

Key words Headache • Medical-legal • Disability • Working
diseases • Social security • Off-label

Introduction

Primary headaches can be considered simultaneously as
symptom and disease itself, while secondary headaches are
expressions of a pathological process that can be systemic
or locoregional. The recent headache classification
(International Headache Classification 2nd Edition, ICHD
II, 2004) is based on clinical, pathogenic and descriptive
criteria, although the main goal remains the definition of
biochemical profiles. It is difficult to assess the different
clinical forms according to a single causal factor and/or a
single biological or psychological disorder. Primary
headaches may also be considered an adaptation-response
disorder, resulting from the interactions of the predispos-
ing factors and triggers.

Despite the methodological difficulties of performing
epidemiological evaluations for headache (choice of the tem-
poral window, population selection…), several studies report
a headache lifetime prevalence between 69% and 93%
(males) and 94% and 99% (females), with a total frequency
between 71% and 96% in the general population, while the
1-year prevalence is 57%–84% (males) and 78%–91%
(females) [1]. The data for the frequency of secondary
headaches are less numerous [2]. A Danish study based on
740 patients between 25 and 64 years old showed a lifetime
prevalence for secondary headaches of more than 70% [3].

As headache is one of the most frequent complaints in
clinical practice, its burden in terms of both social costs and
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individual sufferance is considerable [4]. Headache has
always been considered a normal experience in ordinary
individual life, and medical consultation is not often
required, except for high-intensity forms [4]. Recently the
trend has changed and there is more attention focused on the
social and individual impact (economic impact, quality of
life) of headache in everyday life [4]. The WHO definition
of disability is restriction or loss of ability in activities that
are usually possible in a condition of good health. Several
rating scales have been developed only for migraine-related
disability. The most useful rating scales in clinical practice
are the Headache Impact Questionnaire (HImQ) [5] and the
Migraine Disability Assessment Scale (MIDAS), also avail-
able in Italian forms [6].

Headache can also be of medical-legal interest from
many points of view including social, penal and civil leg-
islation.

Medical-legal issues: a field not adequately investigated

Headache and, more generally, pain are subjective symp-
toms and their clinical assessment is still inadequate.
Because of its subjective features, it is often difficult to
assess headache and to quantify it by severity, frequency
and invalidity rate, and for these reasons it has often been
implicated in legal controversies, especially when it is
reported as a symptom after head and neck traumas or
occurs during certain working conditions.

In the criminal law field, where certain evidence of
damage is required, headache has seldom been consid-
ered; the only exceptions are those cases for which
headache is a typical symptom of a disease, whose exis-
tence can be objectively assessed (i.e. raised intracranial
pressure).

Invalidity compensation requirements are another issue
often closely related to headache. According to Italian
civil legislation, someone is considered invalid when infir-
mity impairs their work abilities and age-related perfor-
mances. On the basis of the D.M. 05.02.92 n. 295,
headache is not yet coded to start claiming for invalidity
compensation [7]. So, the impairment evaluation to deter-
mine invalidity compensation is made on the basis of the
equivalence or analogy of previously coded pathologies,
such as epilepsy:
- Cod. 2005 focal epilepsy with annual seizures, treated

10%.
- Cod. 2006 focal epilepsy with monthly seizures, treat-

ed 41%.
- Cod. 2007 focal epilepsy with weekly or daily

seizures, treated 91%–100%.
This evaluation requires documentation of seizure fre-

quency, intensity and persistency and the working stress-
tolerance test should be performed. For a person aged

between 18 and 65 years old with an invalidity rate from
46% up to 100% it is possible (law 88/99) to obtain ade-
quate employment, depending on a physical and relational
study of the workplace.

In particular, one of the most discussed medical-legal
themes is represented by headaches occurring after head
injury; in fact these are one of the most frequent symptoms
in patients after cranio-cerebral trauma. Head and
whiplash injuries are followed by headache in about 90%
of patients [8].

Headache after whiplash injuries is considered more in
Italian legislation, and the past history of the injured person
has much relevance as well. Among the most used scales,
the one contained in the Ministry of Health decree (3 July
2003) points out the following items: “Subjective cranial
traumas consequences” [9], “Subjective cranial trauma syn-
drome” [10] and “General subjective cranial trauma syn-
drome” [11]. Obviously, headache frequency and recurrence
and other non-objective symptoms (disequilibrium without
dizziness, irritability, memory and attention impairment,
sleep disorders) are mainly considered as cranial trauma-
related consequences, based only on the injured declarations
and without objective documentation.

In the ICHD II, headache attributed to head and/or neck
trauma is classified in the 5th group of secondary
headaches. The main two categories among this heteroge-
neous group are post-traumatic headache (PTH), divided
into an acute (5.1) and a chronic form (5.2), and headache
attributed to whiplash injury (WI), either acute (5.3) or
chronic (5.4). The classification includes other important
subtypes, such as headache attributed to traumatic
intracranial haematoma (5.5), headache attributed to other
cranio-cervical traumatism (5.6) and post-craniotomy
headache (5.7). Undoubtedly, PTH is the most controver-
sial category in this group. Like the so-called post-concus-
sional syndrome, it has often been vaguely defined. The
acute form of PTH develops within 7 days after head
injury. For a long time there has been confusion regarding
when and how to classify PTH as chronic. Chronic pain is
usually described as a pain persisting for longer than 6
months. For many years, a chronic PTH was considered to
be a headache lasting longer than 2 months, while a diag-
nosis of the chronic form according to the ICHD II diag-
nostic criteria requires the persistence of headache for 3
months after the head trauma [12].

Furthermore, the ICHD II suggests that both the acute
and the chronic form of PTH must be related to a moder-
ate or severe (5.1.1 and 5.2.1) or mild (5.1.2 and 5.2.2)
head injury and a close time relationship with the onset of
the accident or trauma is necessary for establishing the
cause [12].

The link between the incidence of PTH and the severi-
ty of head injury is a much debated issue. There seems to
be poor evidence of PTH after a light trauma, leading to
doubts about the existence of this nosological entity [13].
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The clinical presentation of chronic PTH is very heteroge-
neous. According to several studies, the majority of
patients present with headache resembling chronic ten-
sion-type headache [8, 14], either as the only manifesta-
tion or in combination with migraine symptoms [15] at the
same time as headache [16]. Migraine- or cluster-like
headache can be observed in rare cases [8], but, on the
other hand, in a study based on 27 patients the clinical fea-
tures allowed a diagnosis of migraine (70.3%), tension-
type headache (51.8%) and cervicogenic headache
(11.1%) [17]. In 80% of patients PTH following head trau-
ma shows remission within 6 months. Chronic PHT lasting
at least 4 years occurs in 20% [8].

Although current evidence indicates that chronic PTH
may have organic causes, patients are often considered by
health professionals as neurotics or malingerers, mainly if
the headache originates from mild head injuries [18]. The
current opinion that PTH (or other injuries) will either
improve or disappear following the resolution of a claim is
still discussed. Another question is when a chronic PTH
should be classified as permanent [19].

In fact, in some countries, to start with a claim the
injury must be considered permanent. A retrospective
study was performed on 50 adult outpatients (diagnosed as
having permanent PTH) to evaluate the reliability of crite-
ria used to diagnose a “permanent” PTH and if these
headaches remain “permanent” after legal settlement. The
criteria used for this clinical study to determine permanen-
cy were: (1) either PTH persisting for longer than one year,
with no evidence of further improvement (43 patients); (2)
headaches persisting longer than 6 months with a plateau
(no change) in their pattern for three months or more with
an adequate trial of treatment (in our judgement). These
criteria seemed reliable. All 50 patients that have been
interviewed reported persistent headache symptoms one
year or more after the legal settlement. Only 4 patients
reported any improvement in headache after the legal set-
tlement [18].

In another study, 44 consecutive patients with concus-
sion for whom a medico-legal report had been written were
followed up for 3–4 years after their accidents. After com-
paring the results of the study with a general series col-
lected from the same department some years earlier, it has
been noticed that the symptoms at the time of writing the
reports were not so significantly different from the symp-
toms at 6 weeks in the earlier series, but one year after set-
tlement the symptoms were almost two-and-a-half times
greater than the symptoms at 12 months in the general
series. No other evidence could be found to support any
organic basis for the higher symptom rate in the litigation
series. The authors concluded that the litigation process
itself can be considered a factor in the persistence of symp-
toms and its effects continue after a legal settlement has
been reached; early settlement of the cases might signifi-
cantly reduce morbidity [20].

Currently, standardised criteria are not available for
establishing impairment ratings for pain, and especially for
PTH. The AMA Guide to the Evaluation of Permanent
Impairment (3rd Edition, 1988) defines impairment as the
loss of use of, or derangement of any body part, system or
function. Headaches may be classified under episodic neu-
rological disorders and impairment based loosely on fre-
quency, severity and duration of attacks and how activities
of daily living are affected. Other systems base ratings on
physical findings or diagnosis. Criteria for PTH are pro-
posed in the form of a mnemonic: IMPAIRMENT
[Intensity, Medication use, Physical signs/symptoms,
Adjustment, Incapacitation, Recreation, Miscellaneous
activity of daily living, Employment, Number (frequency),
Time (duration of attacks)]. Each are scored from 0 to 2
points. There are three physician modifiers, scored from 0
to –4 points: motivation for treatment, over-exaggeration
or over-concern, and degree of legal interest. The proposed
criteria for PTH impairment are easy to understand, easy
to use and reproducible [21].

Headache is a frequent cause of absence from work-
places and decreased productivity; it is clear that investi-
gating its relationship with working conditions is a rele-
vant topic for the scientific community [1]. It must be
underlined how important it is to study headache preva-
lence and typology among workers, because it is often the
principal symptom at the beginning of several toxic chron-
ic syndromes, with many implications, especially in work-
ing claims.

Headache can be induced by the following working-
related toxic factors:
- lead,
- carbon monoxide,
- nitrate,
- aromatic compounds of hydrocarbon,
- esachlorocyclopentadiene,
- diluents and solvents,
- noise,
- vibrating tools.

When an occupational factor is suspected to be a possi-
ble disease cause, it is necessary to find a significant asso-
ciation between them. If the diagnosis can be confirmed by
objective tests, the prevalence can be compared with the
general population or controls. In the case of headache,
there is no objective test available for diagnosis, so there
are methodological difficulties in performing an epidemi-
ological study [1]. For this reason, several studies show a
large discordance in the prevalence data.

We know how, besides inducing the onset of several
headache forms, working-related factors are able to
increase the frequency and/or intensity of pre-existing
headaches, or at least to reveal many headache types, such
as migraine or tension-type headache. Many studies have
investigated the presence of headache in industry workers
and have found incidences of work-related symptoms
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varying from 13% to 57% [1]. Heavy responsibilities, low
enjoyment and work overload play important roles in
determining the occupational risk factor.

Shift work requires special attention as a stressor. In
Italy shift work involves about 22% of factory workers,
especially in the metallurgical trade. Recent studies have
revealed that 20% of shift workers are affected by some dis-
ease, attributed to an adaptation pathology. When compared
to other workers, they are more prone to functional gas-
trointestinal diseases, cardiovascular diseases and headache
(especially cluster headache). They have a higher risk of
work-related accidents, and due to continual changes in
working hours, they suffer from stress in their family life.

In recent years the diffusion of video terminals has
induced many researchers to study the related pathology
[22]. Spinal column, cervical, shoulder blade, arms, hands
and related tendinous and nervous structures are usually
involved, but the most important stress is borne by the
muscular-ocular organs, with intensive eye strain due to
reading text on screen [23].

Most people were referred with ocular, muscular and
skeleton-related symptoms [24]; in particular, the majority
of studies have identified headache symptoms in about
42% of video-terminal workers and visual symptoms in
65%. Ambient and constitutional factors may contribute to
the genesis of a headache attributed to eye strain [25].

Specific related working conditions, such as shift work
and use of video terminals, play an important role in
headache onset, although it is possible that other non-spe-
cific professional factors (chemical, physical, biological)
contribute [1]. Furthermore, headache may be referred to as
one of the most frequent symptoms by people who
denounce mobbing (i.e. psychological harassment in the
workplace).

In some countries the number of reports of mobbing has
increased extraordinarily in the last few years, with many
claims for damages. In 2003 a study was performed on 21
million workers in order to solve this problem; the results
demonstrated that about one million workers had experi-
enced mobbing, with 31% reporting physical symptoms
such as: headache, dizziness, skin rashes, tachycardia, heart
pain, high blood pressure and gastrointestinal symptoms. If
we consider the high prevalence of this event in the Italian
population, it is possible to determine the number of people
that report headache as a symptom for a mobbing claim.

In Italy, the National Institute for Industrial Accident
Insurance (INAIL) scales (instituted by law 38/2000) mention
“Subjective cranial trauma syndrome” and give an invalidity
rate evaluation. With reference to other headache forms, no
legislation really exists at the present time, and headache is
only considered a symptom of a certain coded disease.

The requests for an invalidity social pension made by
people suffering from headache is another important ques-
tion. According to the Italian Social Security System (INPS;
law 222/84) a person can be defined as invalid and/or unable

when, after a pathological process has occurred, their health
deteriorates, with a stable, single or multiple disability, and
their permanent working abilities decrease or are completely
abolished; in this case the demonstration of the biological
genesis of the impairment is obligatory.

The invalidity condition assessment must consider the
following (law 626/94) specifications:

Ambient features such as factors that may trigger
headache seizures; in this case the goal could be repre-
sented by a preventive action.

Evaluation of the biological compatibility between the
working operations and the worker’s intellectual profile
and self-tolerability.

Headache and job features.
Off-label drug prescriptions, i.e. drug prescriptions for

a disease without a formal indication for it, are another
controversial issue. It should be noted that many drugs
used in headache treatment are prescribed off-label; some
drugs currently used in clinical practice for primary
headache prophylaxis therapy (AEDs, lithium, corticos-
teroids, verapamil) are not registered for this use. This is
only justified when it is scientifically correct and deonto-
logically respectful. The tutelage of human life and health,
and relief of suffering are the main goals for medics, and
they must refer their choices to scientific knowledge and
be inspired by fundamental ethical values [26]; they must
show respect for life, health, both physical and psycholog-
ical, freedom and individual dignity, without submission to
suggestion, imposition or other interests [27].

It is possible to trace these issues back to 1948, in the
Geneva Declaration, and these principles are part of our
legislation, too. In selected cases, the medic can adminis-
trate drugs that have been produced and authorised for dif-
ferent indications, for different administration route and/or
use, under his direct responsibility and after receiving the
patient’s informed consent, if the medic thinks that it is not
possible to treat his patient adequately with the drugs
already approved for a certain therapeutic indication or a
certain administration route; this is possible only if this use
is well known and documented by international scientific
publications.

It is necessary for the medic to demonstrate the ineffica-
cy of authorised drugs for a certain pathological condition;
he must explain to the patient the opportunity to use an alter-
native medicine that is not yet registered but is recognised as
efficacious by the international scientific community; then,
he must obtain the patient’s written informed consent. In
this way, the protection of the right to treat according to the
ethic and scientific principles is preserved, although the leg-
islation is not completely clear and, sometimes, ambiguous.
In fact, the possibility for a medic to prescribe a non-autho-
rised drug for a certain disease is already an issue that
requires further study, because the National Health Service
itself must refund the patient for the expense of these drugs.
In Italy another law [28] deals with this question: if a thera-
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peutically valid option does not exist, the National Health
Service, since 1 January 1997, can dispense (1) innovative
drugs, the sale of which is authorised by other countries but
not the Italian government, (2) drugs not yet authorised but
submitted for clinical investigation and (3) drugs used for
different and unauthorised indications and registered in a
predisposed special list periodically updated by the Drugs
Committee. Only drugs inserted in this special list by the
Drugs Committee can be legally prescribed to patients and
refunded by the National Health Service. This law may
appear too restrictive, but it must be considered that certain
innovative and unauthorised drugs (or not yet authorised)
are sometimes not useful and not safe enough.

Conclusions

Headache is a symptom/disease strongly neglected within
medical-legal damage assessment. This is frequently a
cause of discrimination for the person genuinely suffering
from headache. However, as headache remains a problem-
atic clinical entity that is often difficult to objectify and
easy to feign, an alternative procedural way could be
inconvenient. An uncontrollable excess of requirement for
compensation must be avoided.

Furthermore, for the same reason, more studies are
necessary to clarify the relationships between headache
and the workplace and they must include and consider lost
working hours, the influence of environmental factors,
anxiety and stress.
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Abstract Headache is a common Emergency Department
(ED) problem accounting for 1.7%–4.5% of patients every
year. The main aim in the ED is to differentiate between pri-
mary and secondary headache. Although secondary
headache represents the lowest percentage (20%) of ED
patients presenting with headache, it can be life threatening.
Patients with primary headache require a follow-up pro-
gramme on discharge from the ED with a specialist headache
clinic taking responsibility for these patients. This procedure
was applied at Ravenna Hospital ED for 2 years and record-
ed (unpublished data) a reduction in the number of repeat
visits to the ED for headache and the number of inappropri-
ate admissions for headache (DRG 25).

Key words Headache • Emergency Department • Outcome
predictors

Headache is one of the commonest symptoms and one of the
most frequent reasons for medical consultation. The percent-
age of patients who present at the Emergency Department (ED)
every year for headache varies from 1.7% to 4.5% [1, 2]. We
recorded unpublished data at the Emergency Department of
Forlì Hospital in 2000–2002 showing a percentage of 1–1.2%
of total patient numbers a year for headache. Considering that
around 1 700 000 people in the Emilia Romagna region and
around 24 million people in Italy visit Emergency Departments
every year, headache is a major problem.

Of the patients presenting at the ED with headache, 80%
have primary headache. These patients have either rarely
consulted their doctor, or failed to benefit from prescribed
treatment. Alternatively, they have a history of disabling
headache attacks that no longer respond to the usual thera-
py and the ED is the last resort for many of these patients
[2–4]. Lastly, a few noteworthy patients (20%) present at the
ED for a headache that will turn out to be symptomatic [5].

The main aim for the ED doctor is to distinguish the
benign primary forms of headache from the secondary
forms, which can conceal life-threatening conditions (e.g.,
tumours, bleeding, CNS infection). From the standpoint of
clinical governance, further questions arise: What is the
fate of the primary headache patient after discharge from
the ED? Is it necessary and desirable to devise a specific
follow-up programme for these patients ? How have the
patients benefited and what improvements in care have
been made following their visit to the ED?

We previously identified four possible clinical scenarios
of patients presenting with non-traumatic headache at the ED
to devise the means to distinguish between primary and sec-
ondary headaches [6]. The first scenario includes sudden
stabbing headache attacks that could be linked to focal neu-
rological symptoms and to vomiting or syncope at onset. In
this case an urgent CT brain scan is indicated, followed by a
lumbar puncture if the CT scan is negative or doubtful. If this
CT scan is also negative, a neurological assessment must be
carried out within 24 h. The second scenario includes
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headaches with fever and/or possible signs of meningitis. In
this case an urgent CT brain scan and lumbar puncture are
required. The third scenario identifies patients who present at
the ED complaining of a long-standing headache lasting
weeks or months, which has gradually worsened. These
patients should have an urgent CT brain scan, measurement
of inflammatory indices (ESR, C-reactive protein) and a neu-
rological assessment within seven days. In the fourth and last
scenario, patients with a history of headache present at the
ED complaining of a headache with the usual intensity,
length and associated symptoms but which has failed to
respond to the usual therapy. In addition to neurological
examination, on discharge these patients are given an infor-
mation sheet for their primary care physician recommending
a neurological check-up at a headache clinic.

The main aim of this study was to define the diagnos-
tic procedures to follow in the ED based on the clinical
presentation of headache patients, and to discuss how the
patient should be followed up after discharge from the ED
depending on the services available.

This diagnostic tool applied in an observational study at
the Emergency Department of Ravenna Hospital in May
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2002 showed the following distribution of patients in the
four proposed scenarios: scenario 1, 10%; scenario 2, 4.5%;
scenario 3, 33.5%; scenario 4, 41%. Some patients (11%)
could not be placed in any of the four scenarios (Fig. 1).

In clinical practice, “outcome predictors” are used to
assess how the patient has benefited from the care received
(in this case diagnostic tests and examinations in the ED or
recommended on discharge). Based on data from the litera-
ture [7, 8], we calculated the number of repeat visits to the
ED for headache as a possible outcome predictor. We pre-
sumed that if a patient with primary headache was referred to
a neurologist or a specialist centre upon discharge from the
ED and subsequently received appropriate therapy, the need
to return to the ED would subside or cease.

The data collected during a prospective study at Forlì
Hospital in 2002–2003 showed a reduction in repeat visits
to the ED for headache after the protocol was implemented
(Fig. 2).

Another factor indicating an improvement in the quality
of health care is the reduction in the number of admissions for
headache (DRG 25, considered inappropriate). Our study also
showed an improvement in this outcome predictor (Fig. 3).
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Fig. 1 Distribution of patients in the dif-
ferent clinical scenarios

Fig. 2 Percentage of repeat visits to
the ED for headache and migraine
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Figures 2 and 3 show that after an initial improvement
the results worsened for both chosen predictors during the
observation period. We believe this was because audit pro-
cedures were not used to monitor the headache patient’s
follow-up programme after discharge from the ED.

In conclusion, our protocol is a useful tool to guide ED
physicians in the differential diagnosis of headache. On
discharge from the ED, headache patients must be referred
to a neurologist or specialist clinic depending on the ser-
vices available. They will subsequently be part of a com-
bined programme involving the hospital (specialist depart-
ments and emergency) and the community.

If this procedure is to be correctly implemented, a mon-
itoring system must be set up to check that this clinical gov-
ernance method for headache is working efficiently.
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PLASMA HOMOCYSTEINE LEVELS AND MTHFR C677T-
A1298C POLYMORPHISMS IN PATIENTS WITH MIGRAINE:
PRELIMINARY DATA
M. Abbate, S. Serra, R. Ientile, S. Gangemi, G. Bonomo, M.C. Narbone
Department of Neurosciences, University of Messina, Italy

Background In the last years some studies suggested that C677T and
A1298C transitions in the 5,10-methylenetetrahydrofolate reductase
(MTHFR) gene, which are supposed to increase plasma homocysteine
levels, were more prevalent in migraine, chiefly in migraine with aura.
The few studies which measured homocysteine levels in migraine
patients showed contradictory results.
Objective The aim of our undergoing research is to study plasma
homocysteine and folic acid levels and MTHFR C677T-A1298C poly-
morphisms in migraine patients.
Methods All patients, aged 18 to 55 years, affected by migraine with
(EA+) or without aura (EA-), consulting our Headache Center, were con-
secutively recruited. Healthy volunteers constitued the control group.
The diagnosis of migraine was made according to the ICHD-II
(International Classification of Headache Disorders, 2nd Edition) crite-
ria. Homocysteine levels were determined by high-performance liquid
chromatography. Folate levels were determined by ELISA-
Immunoenzymic methodology. The research of genetic polymorphisms
was performed by DCODE mutation detection system of Biorad. All
subjects gave their informed consent for partecipation in the study.
Results So far we studied 40 patients and 25 controls. 25 of patients
suffered from EA-, 15 from EA+. The distribution of homocysteine and
folic acid levels didn’t significantly differ between the three groups
(p>0.5 and p>0.05). Nor was there a significant difference in MTHFR
C677T and A1298C polymorphisms between the three groups (p>0.02
and p>0.05); we found the CC homozygosis in one patient with EA-.
Conclusions These preliminary data do not confirm an association
between the C677T or A1298C ransitions in the 5,10-methylenete-
trahydrofolate reductase (MTHFR) gene and migraine, as suggested by
previous studies.

MIGRAINE AND TUMOR NECROSIS FACTOR GENE POLY-
MORPHISM: AN ASSOCIATION STUDY IN A SARDINIAN
SAMPLE
C. Asuni, M.E. Stochino, A. Cherchi, M. Manconi, D. Congiu, M. Del
Zompo
Centro per lo Studio e la Terapia delle Cefalee Primarie “Franco
Tocco”, Sezione di Farmacologia Clinica, Dipartimento di
Neuroscienze “B.B. Brodie”, Università di Cagliari, ASL8, Cagliari,
Italy

Background Migraine is a complex genetic disease, in which suscep-
tibility genes and environmental factors contribute to development of
this illness. The physiopathology of migraine is still unknown but the
“sterile inflammation” or “neurogenic inflammation” plays a key role.
The Tumor Necrosis Factors (TNF) (TNF-α e TNF-β or lymphotoxin
alpha) are cytokines implicated in inflammatory reactions and endothe-
lial function. Several studies suggest that TNF may be involved in
migraine. The TNF-α and TNF-β genes are located on chromosome
6p21.3 in the human leukocyte antigene (HLA) region.
Objective To assess the possibility of an association between TNF
genes polymorphisms and migraine disease, a case-control study was
performed in a Sardinian sample.
Methods We evaluated 178 patients affected by migraine without aura
(I.H.S. criteria 2004) and 209 migraine-free controls. The polymor-
phisms G308A in the promoter region of the TNF-α gene, and G252A
in the first intron of TNF-β polymorphisms were determined by NcoI
restriction fragment length polymorphism analysis. 
Results The frequency of B2 allele of the TNF-β gene, was signifi-

cantly decreased in the patients as compared controls (82% versus
88%; p=0.04). Moreover the frequency of B2/B2 genotype was signif-
icantly decreased in migraine patients (67% versus 78%; p=0.03).
Allele and genotype frequencies of TNF-α G308A polymorphism did
not differ significantly between the two groups.
Conclusions These data suggest that subjects with TNFB2 allele have
a low risk of developing migraine without aura and subjects with
TNFB2/B2 genotype are less predisposed to the disease. A possible
explanation for these findings may be provided by the fact that the
polymorphism of the TNF-β gene is in linkage disequilibrium with
other migraine responsible genes. 

THE ASSOCIATION OF MIGRAINE AND GENETIC POLY-
MORPHISMS 
V. Pizza1, G. Volpe1, F. Infante2, G. Schiavo2, E. Lamaida1, S. Iannuzzi1,
A. Agresta1, A. Bianchi3, C. Colucci d’Amato4

1Neurophysiopatology Service, 2Molecular Biology Service, S. Luca
Hospital, Vallo della Lucania (SA), ASL SA/3, Italy; 3Pharmacology
Department Faculty of Medicine, Catania, Italy; 4Neurosciences
Department, Second University of Naples, Italy

Background Trombosis susceptibility genes are genic variants (single
nucleotide point mutations at a single nucleotide) which seem to have
an increased incidence in migraineur subjects. 
Objective Our study analysed the incidence of a wide series of genet-
ic vascular mutations in migraineurs.
Methods 19 consecutive patients suffering from migraine and coming
to the Headache Center of S. Luca Hospital, Vallo della Lucania (SA)
were genotyped. They were aged 13–66 years, mean age was 34, 42
years:15 suffered from migraine without aura, 4 from migraine with
aura (ICHD-II criteria). Genetic polymorphisms evaluated with
Polymerase Chain Reaction (PCR) were: Factor V Leiden (G1691A),
Factor V (H1299R), Prothrombin (G20210A), Factor XIII (V34L), b-
fibrinogen (-455G à A), MTHFR (C677T and A1298C), PAI-1, HPA-1
and ACE.
Results Factor V Leiden (G1691A): 2 patients (11%) were heterozy-
gous, nobody was mutated. Factor V (H1299R): 3 patients (16%) were
heterozygous, nobody was mutated. Prothrombin (G20210A): 2
patients (11%) were heterozygous, nobody was mutated. Factor XIII
(V34L): all patients were heterozygous. β-fibrinogen: 10 patients
(53%) were heterozygous, nobody was mutated. MTHFR (C677T): 15
patients (79%) were heterozygous, nobody was mutated. MTHFR
(A1298C): 10 patients (53%) were heterozygous, 1 patient (5%) was
mutated. PAI-1: 3 patients (16%) had a 4G/4G genotype and 1 (5%)
had a 5G/5G genotype. HPA-1: 4 patients (21%) had a 1a/1a genotype
and nobody had a 1b/1b genotype. ACE: 10 patients (53%) had an ID
genotype and 7 (37%) had a DD genotype. 
Conclusions The analysis of results obtained confirms the association
between migraine and some genetic polymorphisms, such as MTHFR
and ACE. Moreover, in our survey, come out positivities (values over
50%) even for Factor XIII and β-fibrinogen. Therefore, it appears use-
ful to confirm these evidences on larger and case-control surveys.

RIGHT TO LEFT SHUNT AND SUBCLINICAL WHITE MAT-
TER LESIONS IN MIGRAINE WITH AURA
C. Finocchi, R. Parodi, L. Roccatagliata, L. Bonzano, L. Dinia, M. Del
Sette, C. Gandolfo
Dipartimento di Neuroscienze, Oftalmologia e Genetica, Università di
Genova, Italy

Objective An increased risk for subclinical white matter lesions
(WML) in migraine with aura was demonstrated by recent studies.
Right-to-left shunt (RLS), usually due to patent foramen ovale, is a
well-established risk factor for ischemic stroke in young patients. The
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TTH patients, 9.8±4.2 in MWA and 9.0±6.0 in MWOA patients, no
significant difference being found between groups by t test analysis
(p=NS). The occurrence of hyperhomocysteinemia, defined as a con-
centration above the upper normal limit of 15 micromol/L, was signif-
icantly higher in MWA patients compared to MWOA (MWA: 5/24,
20.8%; MWOA: 4/70, 5.7%; p=0.03 by chi-square). 
Discussion The higher frequency of hyperhomocysteinemia in MWA
raises the hypothesis of an involvement of vascular mechanisms
(endothelial hyperactivation) in the genesis of phenomena related to
aura.

INTERATRIAL SEPTAL ABNORMALITIES IN PATIENTS
WITH “CRYPTOGENIC” STROKE: PREVALENCE OF
MIGRAINE AND EFFECT OF TRANSCATHETER CLOSURE
C. Cagnetti, R. Baruffaldi, M. Bartolini, Y. Handouk, R. Cerqua, M.
Silvestrini, L. Provinciali
Department of Neuroscience, Università Politecnica delle Marche,
Ancona, Italy

Forty-two consecutive patients with first cryptogenic ischemic stroke
underwent transesophageal echocardiography to evaluate the possible
presence of embolyzing cardiopathy. Twenty-four individuals were
diagnosed to have interatrial septal abnormality. Fourteen patients
underwent transcatheter closure of their PFO. Diagnosis of migraine
with aura (MH+) or without aura (MH-) was made according to IHS
Criteria 2004. A prospective analysis of migraine symptoms and subse-
quent stroke was performed. Of the patients that underwent tran-
scatheter closure of POF eight (57%) had a history of migraine before
the procedure (MH+ in three, MH- in five). During a 1-year follow-up
period, no migraine symptoms were reported by two individuals who
had MH+ and four who had MH-. Of the two remaining patients one had
significant improvement in frequency and severity of migraines. Of the
ten patients without POF closure, three had a history of MH-. Symptoms
disappeared completely in one of them. The second had significant
improvement and the third no modification. No patient experienced a
subsequent stroke. Among our patients with PFO there was an high per-
centage of MH sufferers. Transcatheter closure of PFO in patients with
MH led to resolution or to significant improvement in severity of MH in
the majority (75%) of patients. Interatrial septal abnormalities were not
associated with increased risk of subsequent stroke in medically treated
patients as well as in those treated with endovascular closure after a first
stroke. All our patients were taking aspirin after closure of their intera-
trial communication; therefore, improvement in MH could, at least in
theory, be attributed to this medication. Closure of PFO remains an inva-
sive treatment and further studies are needed to establish whether clo-
sure of PFO in patients with MH can lead to a significant improvement
of migraine in comparison with medical therapy and if it is possible to
individuate a subgroup of patients with severe migraine in whom clo-
sure of the atrial defect may improve migraine.

ALLODYNIA IN DIFFERENT FORM OF HEADACHE 
C. Lovati1, P. Bertora1, S. Rosa1, M. Suardelli1, E. Capiluppi1, A.
Vanotti1, E. Mailland1, B. Rapuzzi1, D. D’Amico2, C. Mariani1
1Chair of Neurology, Department of Clinical Sciences L. Sacco,
University of Milan, Italy; 2C. Besta National Neurological Institute,
Milan, Italy

Background Cutaneous allodynia is a frequent symptom in migraine
even out of pain crises. Increased skin sensitivity was also explored in
SUNCT and Cluster Headache as well as in other chronic pain syn-
dromes as fibromyalgia, vulvodynia and painful neuropathy. About
60% of migraineurs present allodynia (Mathew NT et al., 2004), in
general referred in the periorbital region of the habitual pain side. Pre-
clinical studies showed that the underlying mechanism is sensitization
of primary nociceptors and central trigeminovascular neurons and that
patients have a lower pain threshold for mechanical stimulation com-
pared to controls. 
Objective To determine comparatively the prevalence of allodynia in
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prevalence of RLS in patients with migraine with aura was demon-
strated significantly higher than in normal controls. Aim of our study is
to evaluate the prevalence of WML in patients with migraine with aura
with and without RLS.
Materials and methods 36 subjects suffering from migraine with aura
underwent transcranial Doppler with injection of contrast medium
(cTCD) and brain MRI. Brain MRI were evaluated for periventricular
and deep WML. Criteria for diagnosing RLS was the presence of at
least 1 microbubble within 15 seconds from injection. In all subjects
conventional vascular and thrombophilic risk factors were evaluated.
Results RLS was present in 21 subjects (58.3%). WML were present
in 22 subjects (66.7%). Patients without RLS showed a higher mean
age (39±0.7 versus 34.9±5.6; p<0.05), a higher number of WML
(13.15±21.21 versus 2.7±0; p<0.05), and a higher lesional volume
(460.9±984.4 versus 87.6±259.2; p<0.05). Conventional vascular and
thrombophilic risk factors were not different in the two groups.
Conclusions Our data confirm that the subjects with migraine with
aura show a higher prevalence of RLS and a higher risk of subclinical
WML. The number and the total volume of WML do non correlate
with the presence of RLS but do corrrelate with increased age.

MIGRAINE AND ELETTROSHOCK
M. Grassi, A. Vecchio, M. Addamo, A. Marino, R. Calandra, D.
Gambitta, M. Maida, D. Amato 
Centro Cefalee, Casa di Cura Carmide, Catania, Italy

The Elettroconvulsive Terapy (ECT) is a psichiatric terapy indicated
for the serius e persistent major depression. The patients under treat-
ment with ECT terapy in the 100% of cases present in the 6-24 houres
after the ECT terapy the migraine without aura. The classification with
IHS 2004 is difficulty. We think about that is possible classified this
Headache in the chapter 7, paragraph 6.2 (migraine post convulsive).
The migraine is present in all the patients who have been under treat-
ment ECT with problema of major depression, after 6–24 hours from
the treatment. These patients starting from 2003 was under treatment
for short memory problems with beta-blockers. Accidentaly triating
that short memory problems we decrease of the migraine in 48% of
patients. In 2005 we have treated all the patients who had to be subor-
dinates to treatment tree days before with ECT, with gabapentin 100
mg/dialy and obtaining reducement of the migraine in 64.3% of the
patients. In the last two years the numbers of patients is changed und
be lossed because this kind of therapy is less used.

HOMOCYSTEINE AND MIGRAINE
C. Lovati, P. Bertora, E. Mailland, B. Rapuzzi, S. Rosa, M. Suardelli,
C. Mariani
Chair of Neurology, Department of Clinical Sciences L. Sacco,
University of Milan, Italy

Background Migraine with aura is characterized by the appearance,
before pain, of transient visual, sensory and/or speech disturbances.
The similarity between some manifestations of aura and some kind of
transient ischemic attacks has raised the hypothesis of a similar patho-
physiology. Hyperhomocysteinemia, a known causal agent of vascular
disorders, does not seem to be a relevant condition in patients with
migraine of any type (with and without aura); on the other hand, genet-
ic alterations in MTHFR gene, involved in homocysteine metabolism,
seem to predispose to migraine (Kara I et al., 2003). No data are avail-
able about a possible difference in homocysteine status between
patients with and without aura. 
Objective To determine comparatively homocysteine levels in sera
from patients affected by migraine with and without aura and tension-
type headache. 
Methods Total serum homocysteine was measured in 70 patients
affected by migraine without aura (MWOA), 24 with migraine with
aura (MWA) and 14 with tension-type headache (TTH) diagnosed
according to IHS criteria. 
Results Mean homocysteine levels (micromoles/L) were 8.6±2.6 in



migraineurs with and without aura, patients with tension type headache
and healthy controls (free from headache). 
Methods We collected data from 55 patients with migraine without
aura according to IHS-ICHD-II diagnostic criteria, 19 patients with
migraine with aura, 22 patients with tension type headache and 13 age-
and sex-matched non-cephalalgic subjects. Presence of allodynia was
investigated by administration of a questionnaire. 
Results Allodynia was complained by 25 out of 55 migraineurs with-
out aura (45.5%), 15 out of 19 migraineurs with aura (78.9%), 7 out of
22 tension-type patients (31.8%) and 1 out of 13 healthy controls
(7.7%). Allodynia was significantly more frequent in both migraine
groups by chi square test as compared to controls (p<0.01); a signifi-
cant higher proportion of migraineurs with aura respect without-aura-
patients presented allodynia (p=0.012). No statistical difference
emerged comparing tension type patients with controls (p=NS). 
Conclusions Allodynia is confirmed as a typical manifestation in
migraine, being more frequent in the aura subgroup. This observation
may suggest that modification of neuronal activation threshold by sen-
sitization mechanism is more common in aura patients. A possible role
of allodynia among tension type patients remains to be defined and sta-
tistical non significance between this group and controls may depend
on our control group dimension.

CLINICAL CHARACTERISTICS IN SMOKING AND NON-
SMOKING CLUSTER HEADACHE PATIENTS
G. Lambru, P. Torelli, P. Castellini, M. Devetak, G.C. Manzoni
Headache Centre, Section of Neurology, Department of Neuroscience,
University of Parma, Parma, Italy

Aims To investigate the presence of distinctive clinical features in non-
smoking vs heavy-smoking cluster headache (CH) patients. 
Sample and methods We conducted a retrospective study on a sample
of 755 subjects (F=185, M=570) with CH diagnosis, referred to the
University of Parma Headache Centre between 1st January 1976 and
31st December 2005. All diagnoses were reviewed according to the
diagnostic criteria of the International Classification of Headache
Disorders (2004). The clinical features in male non-smokers were com-
pared with those in male heavy smokers (>25 cigarettes/day). 
Results In our sample, non-smokers were 142 (18.8%; F=77, M=65) and
heavy smokers were 165 (21.9%; F=11, M=154). Mean age at the first
observation was 34.7 years (±12.3) for non-smokers and 41.4 (±11.7) for
heavy smokers. Mean age at CH onset was 26.3 years (±11.5) and 30.7
years (±11.9), respectively. Mean age at the start of cigarette smoking was
16.4 years (±3.2). Among non-smokers vs. heavy smokers, diagnosis was:
episodic CH in 84.6% vs. 87.0%; primary chronic CH in 3.1% vs. 3.9%;
secondary chronic CH in 4.6% vs. 4.5%; and CH periodicity undeter-
mined (as defined in the 1988 IHS classification) in 7.7% vs. 4.5%. Pain
was “lower” (at least a site in either the mandibular or the neck region) in
13.6% of heavy smokers vs. 4.6% of non-smokers (n.s.). The average
duration of cluster periods was 27.9 and 45.1 days (p=0.009), respective-
ly, and the average duration of remission periods was longer in non-smok-
ers (22.3 vs. 15.9 months, p=0.001). A larger proportion of heavy smok-
ers than non-smokers had unbearably painful attacks and were restless
during the attacks (68.2% vs. 49.2%, n.s.; 76.0% vs. 55.4%, n.s.). Heavy
smokers reported more frequently than non-smokers head injury with loss
of consciousness (13% vs. 6.2%, p=0.027), and a large consumption of
alcohol (12.3% vs. 1.5%, p=0.000) and coffee (7.8% vs. 0%, p=0.000).
Conclusions Our study confirms that heavy smokers are predominantly
male (93.3%), possibly with a particular lifestyle. In addition, their
smoking habit might play a role in prolonging the duration of cluster
periods compared with non-smokers. 

IS CLUSTER HEADACHE A BILATERAL CNS PATHOLOGY?
M. Leone, A. Proietti Cecchini, E. Mea, V. Tullo, A. Rigamonti, M.
Curone, G. Bussone 
Headache Centre, C. Besta National Neurological Institute IRCCS,
Milan, Italy

Cluster Headache (CH) is characterized by pain attacks recurring on
the same side but in few cases pain may switch side. This observation,

that is the side shift in CH, arise the question if CH pathophysiology is
unilateral or bilateral in nature. In order to give a full description of
bilateral CH patients, a group of 50 patients suffering from bilateral CH
(42M, 8F; mean age 39±12 (17–70); 39 episodic, 11 chronic, mean ill-
ness duration 13.6 years) was studied. This group was compared to an
age- and sex-matched group of 50 unilateral (no side shift) CH patients
(43M, 7F; mean age 38 (17–72); 43 episodic and 7 chronic CH (mean
illness duration 12.3 years). A semi-structured interview was employed
to collect history and headache characteristics. In bilateral CH patients,
clinical features on one side were compared with those on the opposite
side; bilateral CH patients were then compared to the unilateral CH
patients’ group. Bilateral CH patients had shorter attacks and cluster
period duration compared with unilateral CH (75.5 min vs. 82.1 and
41.7 days vs. 75.9 respectively). No difference in the occurrence of
associated autonomic phenomena was observed. Anyway, bilateral CH
showed an increased (NS) occurrence of all autonomic features but not
for conjunctival injection. Three patients (7.7%) presented side-shift
within the same bout, while the other 36 on different bouts. Our data
suggest that bilateral and unilateral CH are not different. This strong
similitude suggests an unique origin in the central nervous system in
both bilateral and unilateral CH.

CHRONIC DAILY HEADACHE (CDH) CLASSIFICATION: IS
THE MATTER RESOLVED?
E. Sancisi1, S. Cevoli1, G. Pierangeli1, P. Torelli2, S. Zanigni1, D.
Grimaldi1, M. Nicodemo1, P. Cortelli1, P. Montagna1

1Department of Neurological Science, University of Bologna, Italy;
2Headache Center, Section of Neurology, Department of Neuroscience,
University of Parma, Italy

Background and aims The problem of CDH is plagued by difficulties
with classification and definitions. The aim of this study was to evalu-
ate how the ICHD-II criteria fit a sample of CDH patients and to veri-
fy which was the pre-CDH headache in order to ascertain any eventu-
al pattern of transformation.
Methods All patients visited at our tertiary referral centre in a period
of six months were screened Patients with CDH were included and
were assessed using a semistructured interview. 
Results Of the 546 patients visited, 107 patients (19.6%) had CDH. 88
patients ended the study. 71 were females (mean age 50±14 years) and
17 were males (mean age 47±14 years). 67 patients (76%) had migraine
without aura before developing chronic headache, 13 patients (14%) had
episodic tension-type headache and 6 patients had migraine with aura. 2
patients (2.2%) had chronic daily headache at onset. According to the
ICHD-II classification, 42 patients (47.7%) had probable chronic
migraine (CM) with probable medication-overuse headache (MOH), 26
patients (29.5%) had probable chronic tension-type headache (CTTH)
with probable MOH, 4 patients (4.5%) had CM and 16 patients (18.2%)
had CTTH. Eighty patients (81%) required multiple diagnosis to be clas-
sified. 68 patients (77.3%) overused headache medication. 19 patients
(21.6%) had daily headache that fulfilled criteria with tension-type
headache (with or without medication-overuse), but they also reported
occasional superimposed typical attacks of migraine. 
Conclusions Our data confirm that the classification of CDH remains
problematic. Using the ICHD-II classification, we were forced to clas-
sify patients using a combination of diagnoses. Moreover the ICHD-II
fails to consider the natural process of trasformation from the episodic
into the chronic form.

SLEEP DISTURBANCES IN PATIENTS WITH CHRONIC
DAILY HEADACHE (CDH)
E. Sancisi1, S. Cevoli1, G. Pierangeli1, P. Torelli2, S. Zanigni1, D.
Grimaldi1, M. Nicodemo1, P. Cortelli1, P. Montagna1

1Department of Neurological Science, University of Bologna, Italy;
2Headache Center, Section of Neurology, Department of Neuroscience,
University of Parma, Italy

Background and aims Patients with CDH are more likely to be habit-
ual snorers than control subjects. Few studies have however evaluated
other sleep disturbances in these patients. The aim of our study was to
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CHRONIC DAILY HEADACHE (CDH): RISK FACTORS FOR
TRANSFORMATION FROM EPISODIC TO CHRONIC
HEADACHE
E. Sancisi1, S. Cevoli1, M. Casoria2, G. Pierangeli1, P. Torelli3, S.
Zanigni1, D. Grimaldi1, M. Nicodemo1, E. Pozzi2, D. Berardi2, P.
Cortelli, P. Montagna1

1Department of Neurological Science, University of Bologna, Italy;
2Institute of Psychiatry “P. Ottonello”, University of Bologna, Italy;
3Headache Center, Section of Neurology, Department of Neuroscience,
University of Parma, Italy

Background and aims The pathogenesis of CDH, a group of daily or
nearly daily headaches, is unknown. The aim of our study was to iden-
tify risk factors underling the evolution of episodic headaches into
CDH.
Methods All patients visited at our tertiary referral centre in a period
of six month were screened. Patients with CDH were included and
were assessed using a semistructured interview. The first consecutive
54 patients were evaluated by means of the Mini International
Neuropsychiatric Interview.
Results Of the 546 patients visited, 107 patients (19.6%) had CDH. 88
patients ended the study: 71 females (mean age 50±14 years) and 17
males (mean age 47 ±14 years). 67 patients (76%) had migraine with-
out aura before developing CDH,13 patients (14%) had episodic ten-
sion-type headache and 6 patients had migraine with aura. 2 patients
(2.2%) had CDH at onset. According to the ICHD-II classification, 42
patients (47.7%) had probable chronic migraine (CM) with probable
medication-overuse headache (MOH), 26 (29.5%) had probable
chronic tension-type headache (CTTH) with probable MOH, 4 (4.5%)
had CM and 16 (18.2%) had CTTH. 51 patients (58%) had “low”
headache frequency, 26 (29.6%) “intermediate”, 5 (5.7%) “critical”
headache frequency. 46 patients (52%) reported a stressful event cor-
related to the transformation from episodic to chronic headache. The
following sleep disturbances were reported: insomnia 58 (66%), day-
time sleepiness 32 (36%), snoring and/or sleep apnea 44 (50%), para-
somnia 61 (70%). 18 patients (20%) reported familiarity for substance
abuse and 40 (46%) familiarity for psychiatric disorders. Psychiatric
comorbidity was found in 29 patients (54%). Familiarity for substance
abuse and for psychiatric disorders was higher in patients with a psy-
chiatric diagnosis.
Conclusions Our data show that stressful events, medication overuse,
sleep disturbances, familiarity for psychiatric disturbances and sub-
stances abuse play an important role in the transformation of episodic
headache into CDH.

RESTLESS LEGS SYNDROME AND PRIMARY HEADACHES:
IS THERE A PATHOGENETIC LINK?
F. d’Onofrio1, G. Cicarelli1, M.G. Buzzi2, V. Petretta1, C. Caltagirone2,
G. Tedeschi3, V. Bonavita4, D. Cologno2

1Department of Neurology, “G. Moscati” Hospital, Avellino;
2I.R.C.C.S. – S. Lucia Foundation, Rome, Italy; 3Institute of Neurology,
2nd University of Naples, Italy; 4Institute of Neurology, Federico II
University, Naples, Italy 

Restless legs syndrome (RLS) is a sensorimotor disorder with a gener-
al-population prevalence in western countries estimated between 5%
and 15%. All studies have reported a higher prevalence of RLS symp-
toms in women and an increase in prevalence throughout adult life,
lasting through late middle age. RLS and primary headaches are cen-
tral nervous system disorders. To our knowledge, there are no reports
regarding headache among subjects suffering from RLS. We observed
a higher prevalence of RLS in patients affected by primary headache
(22.4%) compared to headache free subjects (8.3%) (unpublished
data). The evaluation of headache subtypes showed that migraine with-
out aura (MO) and combined forms, which include MO in the majori-
ty of cases, can influence the risk of RLS unlike patients with cluster
headache (CH) and tension-type headache (TTH). Our results indicate
that the presence of MO, particularly when preceded by dopaminergic
symptoms, a long illness duration and associated to anxiety and depres-
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evaluate the prevalence of overall sleep disturbances in a sample of
patients with CDH.
Methods All patients visited at our tertiary referral centre in a period
of 6 months were screened. Patients with CDH were assessed using a
semistructured interview. 
Results Of the 546 patients visited, 107 patients (19.6%) had CDH. 88
patients ended the study: 71 females (mean age 50±14 years) and 17
males (mean age 47±14 years). 67 patients (76%) had migraine with-
out aura before developing CDH,13 patients (14%) had episodic ten-
sion-type headache and 6 patients had migraine with aura. 2 patients
(2.2%) had CDH at onset. According to the ICHD-II classification, 42
patients (47.7%) had probable chronic migraine (CM) with probable
medication-overuse headache (MOH), 26 (29.5%) had probable
chronic tension-type headache (CTTH) with probable MOH, 4 (4.5%)
had CM and 16 (18.2%) had CTTH. 58 patients (66%) complained of
insomnia. Mean age of onset was 40±16 years. 14 patients (24%)
reported difficulties falling asleep, 15 (26%) frequent nocturnal
arousals, 5 (8.6%) early morning awakenings and 24 (41%) more than
one disturbance associated. 48 patients (83%) reported insomnia
everyday. 32 patients (36%) reported daytime sleepiness with mean
age of onset of 35±16 years. 44 patients (50%) reported snoring and/or
sleep apnea and 17 patients (38%) reported it everyday. 61 (70%)
reported actual or previous parasomnia. The following parasomnias
were reported: 35 patients (39.7%) sleep talking, 29 (39%) sleep
starts, 17 (19%) sleep bruxism, 11 (12.5%) sleepwalking, 8 (9%) sleep
paralysis, 3 (3.4%) hypnagogic hallucinations and 1 (1.1%) REM
behavior disorders.
Conclusions Patients with CDH complain of several sleep distur-
bances besides habitual snoring. Whether sleep disturbances in our
patients may be considered as risk factors for CDH awaits further
studies.

CHRONIC TENSION-TYPE HEADACHE: EVALUATION OF
THE EFFICACY OF EYE MOVEMENT DESENSITIZATION
AND REPROCESSING (EMDR)
G. Salomone, R. Arnone, G. d’Aquino, W. Di Munzio
DSM ASL Salerno 1, CeRPS Foundation Nocera Inferiore, Campania
Region, Italy

Tension-type Headache recognises many factors in its genesis and as a
physiopathological model it is by now accepted that of central sensiti-
zation at different levels, produced by peripheral and central factors. In
particular the emotional and psychological factors, such as psychoso-
cial stress, psychopathological traumatic events, acting on the central
and peripheral mechanisms can contribute to the development of TTH.
The first choice treatment of chronic TTH, is in general, pharmacolog-
ical such as behavioural techniques, acupuncture, and other alternative
medicine methods. We wanted to investigate the efficacy in this field of
new psychotherapy technique, Eye Movement Desensitization and
Reprocessing (EMDR), used in PTSD, which has the advantage of easy
administration and speed with which results are obtained. The present
study has been conducted on a sample of twenty-seven subjects with
sure diagnosis of chronic tension-type headache attending the
Headache Clinic of the Department of Mental Health of the ASL
Salerno 1, in which there is also an special clinic for EMDR. This
regards patients with a stress or traumatic event condition for more than
six months, without other psychiatric pathologies and/or substance
abuse, attending the clinic in the last six months. The sample was divid-
ed into two groups: one in which the subjects were treated only with
EMDR (one session per week for a duration of one hour, for eight
weeks plus two fortnightly verification sessions and closing therapy),
the other group, in which the subjects were treated with amitriptyline.
The results of the study highlight how EMDR is as efficient as
amitriptyline in improving the headache symptomatology. This prelim-
inary result, that we want to verify with more prolonged studies and a
greater sample group, which would also include subjects treated with
an integrated therapy (EMDR plus antidepressants), allowing us to be
able to confirm the efficacy of EMDR, which can be included among
the therapeutic treatments in the cure of Chronic Tension- type
Headache, associated with a traumatic psychic event.  



sion, could represent a risk factor for RLS independently from sex and
age. Interestingly, CH seems to represent a protective factor from RLS.
It is conceivable that RLS and primary headaches, namely MO, share
common pathophysiological features. On a clinical basis, many features
are common in primary headaches and RLS: young age at onset, strong
familial association, circadian pattern (such as for CH), changes during
pregnancy (onset or worsening of RLS as well as migraine with aura),
higher frequency of altered sleep pattern and psychiatric disorders.
Medications, such as dopamine antagonists, tricyclic antidepressants,
some selective serotonin reuptake inhibitors, lithium, and H2 blockers,
which are useful for headache prophylaxis, may induce or exacerbate
RLS. RLS in childhood is not rare and may persist into adulthood.
Growing pains in children may represent early RLS symptoms. The
association between childhood growing pains, abdominal pain and
migraine headache could strength our observation of higher prevalence
of RLS in primary headache patients. Both RLS and primary headaches
are associated with several somatic and neuropsychiatric conditions
irrespective of a possible causal link, such as sleep-related complaints,
anxiety and depressed mood. An hypothetical pathogenetical link
between RLS and migraine could be a dopaminergic imbalance
involved in both disorders and responsible for the migrainous premon-
itory symptoms. Response to dopaminergic therapy of RLS suggests a
role of dopamine in its pathogenesis, although functional neuroimaging
studies produced conflicting results. A dopaminergic receptorial hyper-
sensitivity has been found in migraine. CH and RLS are circadian dis-
orders and changes in melatonin secretion, as a marker of the circadian
rhythm, have been shown in both, but with an inverse relationship.
Infact, nocturnal increase in melatonin secretion correlates with onset
and worsening of RLS symptoms mediated by a melatonin inhibition of
the central dopamine secretion. Conversely, a decrease in nocturnal
melatonin secretion with lower levels during cluster periods than remis-
sions has been found in CH patients. The three major reversible sec-
ondary forms of RLS (pregnancy, renal failure and iron deficiency ane-
mia) are associated with iron insufficiency. Some data have indicated
that iron deficiency disrupts the brain’s dopaminergic system. In
migraine, especially in chronic migraine with long duration of illness,
brain iron storage have been found in periacqueductal grey matter, indi-
cating an abnormal iron metabolism in migrainous brain. These finding
could contribute to shed light on the epidemiology, etiology, pathogen-
esis and treatment of RLS and primary headaches. 

THE RELATIONSHIP BETWEEN TENSION-TYPE HEADACHE
AND STOMATOGNATHIC SYSTEM DISORDERS
A. Forabosco, F. Vecci, T. Grandi, M. Malavasi, M. Tassinari
C.L.S.O.P.D., Dipartimento Integrato di Neuroscienze, Testa-Collo
Riabilitazione, Struttura Complessa di Odontoiatria e Chirurgia
Maxillo-Facciale, Università degli Studi di Modena e Reggio Emilia,
Italy 

Introduction Limitation of the functional mandible’smovements,
teeth’s abrasions or hypertrophy of the elevator mandibole muscles
often represent the associated symptoms of myogenous pain regardly
the “tension-type headache”. It is very important to identify and diag-
nose correctly the eventual dentistry’s compounds, in order to start off
the correct therapy.
Materials and methods 50 patients (30 women and 20 men; aged
between 18–60 ) were selected for this study. All the patients are sub-
mitted to clinical examine in two phases by the same examiner: extra-
oral examination and intra-oral examination. “Physical tests” are per-
formed, such as the “provocation” and the “end-feel test”, or the
“dynamic or static test”. Auxiliary subsidy, such as “radiography exam-
ination” (OPT, condylar radiography, magnetic resonance of ATM, TC)
and “instrumental examinations” (superficial electromyography cine-
matic analysis and T-SCAN) were performed. Therefore a Michigan
splint was performed. It is a resin device applied on the maxillary den-
tal arch, realized by a “construction wax-bite”, which indicates maxil-
lary-mandible relation.Clinical parameters (maximal opening, mastica-
tory muscle’s tension degree, and degree of pain during mandible’s
movements) and a surface electromyography (sEMG) were recorded at
0 days, 20 days, 60 days.

Results A remarkable reduction of the clinical parameters recorded at
each follow-up was observed in all the patients, although the
“Michigan splint” seems to be an efficient device to lessen or eliminate
muscular tension related to the “cranio-cervico-mandible” disorders.
The sEMG recordings showed a significant hyperactivity decrease and
a muscle’s favourable balance restored at each session.
Discussion and conclusions Stomathognatic system’s disorders may
be an important factor for aetiology or symptomatology of the tension-
type headache. It’s evident how the cooperation between specialists of
different medicine’s fields is essential in order to set out an efficient
therapy and a satisfactory remission of the disorder’s symptomatology.

CLASSIFICATION PROBLEMS IN PAINFUL OPHTHALMO-
PLEGIA WITH NORMAL NEUROIMAGING: A REPORT OF
FOUR CASES
F. Moschiano1, L. La Mantia2, D. D’Amico2, A. Erbetta2, P. Melzi1, M.
Di Stefano1, F. Schieroni1, G. Bussone2

1Department of Neurology, San L. Mandic Hospital, Merate, Italy;
2Department of Neurology, C. Besta Neurological Institute, Milan,
Italy

Painful ophtalmoplegia is an important presenting problem to
Emergency Departments, ophthalmologists and neurologists. The etio-
logical differential diagnosis includes an extensive clinical evaluation
and instrumental tests, in order to exclude or confirm various disorders
(tumours, meningitis, sarcoid, diabetes mellitus, etc), and inflammato-
ry conditions such as Tolosa-Hunt syndrome and orbital pseudotumor.
We describe four cases (1 woman, 3 men) affected by orbital/perior-
bital pain and paralysis of the oculomotor nerve. In all these cases neu-
roimaging (brain MRI with and without contrast medium, angio- and
orbital- MRI) were normal. In all cases steroid treatment lead to reso-
lution of pain after forty-eight hours. Paresis resolved within 72 hours
completely in 3 cases and partially in one. These cases were affected
by “benign” painful ophtalmoplegia. The diagnosis of Tolosa-Hunt
syndrome was hypothesized on the basis of clinical aspects and of
exclusion of other conditions, notwithstanding the lack of inflammato-
ry intracranial lesions (according to the criteria of ICHD second edi-
tion, 2004). Accurate description of similar cases with painful ophtal-
moplegia with no neuroimaging abnormalities is necessary, in view of
a definitive nosological classification of painful ophtalmoplegia, which
remains not clear even after the new proposals of the international clas-
sification (ICHD 2004).

EPISTAXIS MIGRAINE: CLINICAL DATA
V. Pizza1, V. Busillo3, G. Volpe1, S. Iannuzzi1, A. Agresta1, E. Lamaida2,
F. Guarino3, A. Bianchi4, C. Colucci d’Amato5

1Neurophysiopathology Service, 2Neurosurgery Division, S. Luca
Hospital, Vallo della Lucania (SA), Italy; 3Neurology Division, Eboli
Hospital, Italy; 4Pharmacolgy Department, Salerno University, Italy;
5Department of Neurological Science, Naples University, Italy

Aim In the literature, very rare cases of primary cephalgia with epis-
taxis are reported. We described ten cases of migraine without aura
associated recurrent symptoms of epistaxis.
Patients, methods and results We observed ten patients (8F, 2M) that
showed headache episodes with epistaxis. All the patients had a histo-
ry of migraine without aura (ICHD-II 2004, criteria), severe-moderate,
by almost an year, with the mean age of 28.6 years (range 20–27). In
all patients the migraine events, with a medium frequence of 3-
6/month, appeared during the day-time hours and the greater part of the
attaks went along with epistaxis of entity moderate, alone in a case a
few epistaxis’s events were such great that the patient had recourse to
first aid for the medical treatment. In the remaining case, the headache,
with a greater frequency to previous cases, appeared exclusively during
the sleep and joined up with events of epistaxis moderate. All the
patients have subjected to neurologic, otorhinolaryngologist and cardi-
ologic examination, with assessment of the arterial pressure, also dur-
ing the episodes of migraine with epistaxis; to laboratory examination
for the study of coagulative parameters (PT, PTT, fibrinogen, AT-III, d-
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term memory test (Span verbale); (2) visual spatial short term memory
test (Test di Corsi); (3) long term memory test (Supra Span verbale); (4)
visual spatial long term memory test (Supra Span spaziale); (5) Stroop
Test. For the evaluation of the personality features possibility related to
migraine were used: (1) Hamilton Rating Scale for Anxiety; (2) Mesure
du Stress Psychologique – Tissier & c. (MSP); (3) Examen on interper-
sonal relationship (QAI) (Di Nuovo, 1998). Also for the patients that
started a pharmachological treatment was tested the MIDAS question-
naire in the begins and on 12 months of distance. The statistic evalua-
tions marking a damage on the attentive and memories abilities in acute
and chronic patientes. While for the subject with a most recent rising
this is not relevant. Psychological test evidence a disfuntional coping
actitude toward anxiety and interpersonal stress, while the MSP had
showed patological scores. The studies with test-retest of the MIDAS
show the correlation betweenn the subjective interference of migraine
in quotidianity life and the scores of neuopsychological tests, marking
that’s like an invalidant situation. Subject after 12 months of pharma-
chologic treatment report a significant frequency reduction of migraine,
and MIDAS scores showed a relevant riduction of invalidant features.

PROSPECTICAL EVALUATION OF COMORBIDITY BETWEEN
MIGRAINE AND VERTIGO. A PRELIMINARY REPORT
R. Bassani1, E. Condemi-Meyer1, N. Massetto5, E. Sansone3, C.
Coppola1, F. Piamarta2, D. Mantica1, D. Cittani4, A. Coppola1

1Dept. of Neurology G. Salvini Hospital, Garbagnate M.se (MI), Italy;
2Dept. of Neurology and 3Anaestesiology, S. Gerardo Hospital, Monza
(MI), Italy; 4Dept. of Emergency, Policlinico Hospital, Milan, Italy;
5Third Neurological Clinic, S. Paolo Hospital, Milan, Italy

The migraine and vestibular disorder co-morbidity is variously report-
ed in literature. We have evaluated 128 patients visited in the Headache
Center and in Otoneurological ambulatory in our department (G.
Salvini Hospital). As all patients with vertigo have been submitted a
questionnaire, based on IHS criteria, for the diagnosis of headaches,
whereas the patients with headache was evaluated with a questionnary
for the diagnosis of different type of vertigo. The results have been eval-
uated by an expert otoneurologist (RB) and a neurologist expert in
migraine (AC). In the group of patients with vertigo (57 pts), 23-com-
plaint headache (40.35%) and 34 didn’t (59.64%). This patients with
vestibular vertigo and headache (10/23, 43.47% of the whole group)
complain migraine (90%), and almost all of them bear benign position-
al vertigo. The patients with non-vestibular vertigo are 13/23 (56.52%),
with a frequency of migraine in this group of 76.6%. In the group of
patients visited in the headache ambulatory (71 pts) 39 of them (54.9%)
had vestibular-vertigo, and 32 patiens (45.07%) have not vestibular
symptoms. The patiens with headache and vertigo are almost all
migraineurs (36/39 [92%]), whereas only 3/39 (8%) patiens have ten-
sion-type headache. 3/39 patients bear the so-called migrainous-vertigo
and all of them complaint vestibular type of vertigo. Our data are in
agreement with the hypothesis of the literature that probably migraine
and vertigo in association are frequently foundl, and may have a simi-
lar pathogenetical link. To confirm these preliminary data, we will study
selected subgroup of patients affected by BPPV and Meniere disease. 

LATE-ONSET MIGRAINE
P. Castellini, P. Torelli, G. Lambru, M. Devetak, G.C. Manzoni
Headache Centre, Section of Neurology, Department of Neuroscience,
University of Parma, Parma, Italy

Aims To investigate the presence of distinctive migraine without aura
(MO) clinical features in patients with late-onset MO (≥40 years of age)
vs patients with early-onset MO (<30 years of age). 
Sample and methods We conducted a retrospective study on a sample
of 1,265 patients (F=966, M=299) referred to the University of Parma
Headache Centre between 1st January 2001 and 31st December 2005
with a diagnosis of MO according to the diagnostic criteria of the
International Headache Society (1988–2004). We divided the initial
sample by age at MO onset. We then selected a group of patients with
late-onset MO (n=60) and a group of early-onset MO controls (n=120)
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Dimer); to electroencephalogram, electrocardiogram and to neuroradi-
ologic investigations (brain and high definition the facial region aimed
at osteo-meatal complex computerized axial tomography or nuclear
magnetic resonance): all resulted normal. In 8 patients a syntomatic
therapy is suggested, in the patient with nocturnal migraine a theraphy
with funarizine (dose of 5mg/die for three months) determined a sig-
nificant reduction of the migraine attacks and disappearance of the epis-
taxis events.
Discussion Headache with epistaxis are very rare. The our patient have
a definite diagnosis of migraine without aura, and no risk factor for
epistaxis, that to appear only and exclusively during the headache. The
pathogenesis of the epistaxis in the migraine may be related to the vas-
cular disorder complex, cause of this frequent disorder neurologic. For
this reason, it is interesting the pharmacologic response to calcium-
antagonist, the flunarizine that has determined not only a reduction
important of the cephalalgic’s attacks, but even the disappearance of the
epistaxis. Thus we can conclude that “epistaxis migraine” is a rare vary-
ing of the headache, with a greatest frequency in the female sex and
may produce a optimal response to the drugs that regulate the vasal
tone, as the calcium-antagonist drugs.

EXPERIENCE IN THE DIAGNOSIS AND MANAGEMENT OF
PRIMARY HEADACHES IN THE ELDERLY IN A TERTIARY
HEADACHE CENTER
M.C. Tonini 1,3, F. Piamarta2, L. Giordano3, E. Beghi2,3

1Department of Neurology,“G. Salvini Hospital”, Garbagnate Milanese
(MI), Italy; 2Department of Neurology, “S. Gerardo Hospital, Monza
(MI), Italy; 3Laboratory of Neurological Disorders, Institute for
Pharmacological Research “Mario Negri”, Milan, Italy

Background Epidemiologic studies confirm that the prevalence of
headache declines with age. Although a consistent proportion of elder-
ly patients have primary headache, indicating that this decrease is less
obvious that perceived, little information is available on the distribution
of primary headaches occurring for the first time in old age and on the
relationship with the underlying pathology.
Objective The aim of this study was to assess the diagnosis of primary
headaches in accordance with ICHD-II, the co-existing medical condi-
tions, and the treatment procedures in patients 65 years and older.
Methods This retrospective survey was carried out on all elderly indi-
viduals attending the Headache Centre of the Neurological Department
of Garbagnate Milanese in the period January 1998–December 2005.
All the medical charts were reviewed and a semistructured form was
used to collect information about demographic characteristics,
headache features (frequency and duration of attacks, location, pain
intensity, quality of head pain, aggravation with routine daily activities,
accompanying symptoms), and therapy. 
Results During the study period, a total of 1190 patients were seen in the
centre. Of these, 111 (9,5%) were over 65 years of age. The sample
included 91 women and 20 men, 53% were affected by primary
headache. According to ICDH-II, 22% of cases fulfilled the diagnostic
criteria for migraine without aura, 28% for tension-type headache, and
2% for cluster episodic headache. Comorbidity was present in 89% of
women and 85% of men; the most frequent diseases were hypertension
(25%), gastrointenstinal disorders (8.6%), cardiovascular diseases (6.2%)
and depression (5.7%), the latter being commoner in women (84%) than
men (15%). The majority of cases (47.7%) took more than one drug.
Conclusions Primary headache is fairly common in the elderly.
Migraine is commoner than expected in the general population.

NEUROPSYCHOLOGIC AND PSYCHOLOGIC FEATURES OF
THE MIGRAINE SUBJECT: DIFFERENCE BETWEEN ACUTE
AND CHRONIC PATIENTS BEFORE AND AFTER THE THERAPY
A. Vecchio, M. Grassi
Centro Cefalee, Casa di Cura Carmide, Catania, Italy

At the initial screening in Day Hospital the subject (257 patientes, 67%
women) were tested with the intention of value theirs memories, atten-
tion and concentration abilities. The series of Tests used were: (1) short



matched to cases by sex and date of the first visit. We then compared
the clinical features and family history of headache in the two patient
groups.
Results In 200 patients (15.8%; F=142, M=58) onset of MO occurred
in the first decade of life (age 0-9 yrs), in 494 (39.0%; F=384, M=110)
in the second decade (age 10-19), in 356 (28.1%; F=265, M=91) in the
third (age 20-29), in 155 (12.3%; F=126, M=29) in the fourth (age
30–39), and in 60 (4.7%; F=49, M=11) after age 40. Statistically sig-
nificant differences between the two patient groups were found in the
frequency of attacks: subjects with late-onset MO had a lower rate of
frequent attacks (1 to 3 per week) compared to early-onset MO patients
(21.7% vs. 41.7%; p=0.048). A total of 66.8% of late-onset MO
patients reported a frequency of 1 to 3 attacks per month. In addition,
only 46.7% of late-onset MO patients reported a family history of
headache, compared with a far larger proportion of early-onset MO
patients (76.7%; p=0.000). 
Conclusions The results of our study indicate that late-onset MO is fair-
ly rare (4.7%) in clinical populations and tends to occur more frequent-
ly in women than men, with a higher female-to-male ratio than early-
onset MO (4.5:1 vs. 3.1:1). Our study also demonstrated that the clini-
cal features of late-onset MO did not differ much from those of early-
onset MO. However, patients with MO onset after age 40 reported a
lower frequency of attacks and a lower rate of headache family history.

PROSPECTICAL EVALUATION OF THE FREQUENCY OF PRI-
MARY HEADACHES IN PATIENTS OVER 65 IN A GENERAL
POPULATION SEEN BY GENERAL PRACTITIONER. A PRE-
LIMINARY REPORT
A. Coppola1, De Ganis2, S. Girola2, A. Lotterio2, G. Molteni2, P.
Tarantino2, F. Vailati2, E. Condemi-Meyer1, E. Sansone4, C. Coppola1,
F. Piamarta3, D. Mantica1, D. Cittani1, R. Bassani1
1Dept. of Neurology, G. Salvini Hospital, Garbagnate M.se (MI), Italy;
2General Practitioner, Paderno Headache Group, Italy; 3Dept. of
Neurology and 4Anaestesiology, S. Gerardo Hospital, Monza (MI),
Italy; §Dept. of Emergency, Policlinico Hospital, Milan, Italy

A relatively few data are reported in literature on the frequency of
migraine in patients over 65. We are currently evaluating all patients
over 65 seen by some General practitioner in Paderno Dugnano
(Milan) from February 5th to March 5th 2006, with a self-administered
questionnary, based on IHS criteria, for the diagnosis of headaches. We
report the preliminary results of the first fifteen’s day during which 105
patients have answered to the questionnary: 13 of them complaint
headache. 87% of all patients not complained headaches, and 49 of
them were males, and 43 were females. The mean age of patients with-
out headache is 73 years for the men’s, and 68 years in women’s group.
Thirteen patients complained pain, they represent 12.38% of total num-
ber of subject evaluated. 4 of them were males and 9 were female, and
mean age was 82 for the male and 70 for female. 1 patient has migraine
and 3 have tension type of headache. In the group of female 3 have
migraine and the remainder 6 showed tension type of headache. The
migraine type was 30.76% of the total number of headaches, whereas
tension type headache was 69.23%. Our data, though for relatively
short numbers, are in agreement with the hypothesis that primary
headaches are probably most frequent than previsiously reported in
elderly patients. We’ll try to correlate this results with the self-admin-
istrated therapy for which we need more time of study.

BOTULINUM TOXIN IN ANALGESIC OVERTAKE WITH MED-
ICATION OVERUSE HEADACHE: A PRELIMINAR STUDY
M. Aguggia1, G.L. Bruzzone1, L. Arena1, M. Farinelli2, L. Baratto2,
M.G. Saracco3

1Neurologia, Novi Ligure (AL), Italy; 2Fisiatria Colletta, Arenzano
(GE), Italy; 3Neurologia, Asti, Italy

Medication overuse headache is a widely unrecognized medical condi-
tion, which according to recent epidemiological studies has evolved to
the third most frequent form of headache after tension-type and

migraine. A variety of different names has served to describe the phe-
nomenon in which the frequent use of anti-headache medication,
including triptans, can either worsen the initial headache disorder or
even create a new form of daily appearing headache. BTX-A has been
recently evaluated for the treatment of tension-type headaches and
migraine in patients who are unable to tolerate or cannot benefit from
standard therapies. In this study we tried to assess the “disease-modi-
fying” effect of botulinum toxin type A (BTX-A) in the management
of analgesic abuse and in the consequential medication overuse
headache, in a prospective open-label study. Ten patients who met cri-
teria for chronic (transformed) migraine with analgesic overuse, with
poor headache control, poor quality of life, and high disability scores
(MIDAS score above 30; range 30 to 240), were selected. A range of
200-500 units of BTX-A (Dysport, Ipsen) were used in multiple fore-
head and neck sites, using a combination of fixed-site injection and fol-
low-the-pain approaches. Patients kept diaries, and after each injection
were recorded headache disability, frequency, amount of acute medica-
tion used and adverse events. The mean MIDAS score was significant-
ly reduced from 82.3±9.7 to 26.5±5.9; the mean number of headache
days decreased from 66.4±to 29.2±7.4 days in 3-month period; the
mean number of tablets (analgesic and triptans) consumed decreased
significantly from 18.3±3.8 tablets/month before BTX-A treatment to
5.3±1.5 tablets/month after BTX A treatment. The study is on progress,
in double blind placebo controlled designe, in order to evaluate BTX-
A ts effects and to determine optimal injection sites, doses and fre-
quency of treatments in analgesic abuse. In this preliminary report,
BTX-A treatment seems to reduce migraine-related disability,
headache frequency, and the need for acute medication. It should rep-
resent a completely new treatment option for patients with chronic
pain, also in medication overuse headache. The role of BTX-A in
relieving headache symptoms is not fully established or understood,
although there is growing interest in its antinociceptive profile. BTX-A
acts at the neuromuscular junction to inhibit the release of acetyl-
choline and other neurotransmitters from presynaptic nerve endings,
resulting in muscle relaxation, and has been shown to inhibit the
release of certain neuropeptides associated with nociception, such as
substance P and calcitonine-gene related peptide, as well as glutamate.
Further placebo-controlled studies are needed to identify the relative
impact of BTX-A treatment on this kind of headache.

IS IT A RATIONAL CHOICE TO TREAT HEADACHES WITH
LUMBAR EPIDURAL BLOOD PATCH IN CASE OF A SPON-
TANEOUS CERVICAL CSF LEAK?
E. Ferrante1, I. Arpino2, A. Citterio1, A. Savino2, R. Serzi1
1Neurosciences and 2Emergency Room Department, Niguarda
Hospital, Milan, Italy; e-mail: enricoferrante@libero.it

Objective To evaluate the spread of blood injected into the epidural
space during lumbar epidural blood patch (LEBP) for treatment of
spontaneous cervical CSF leakage (SCCSFL) by MRI .
Background Spontaneous intracranial hypotension generally results
from spinal spontaneous CSF leakage. Treatment is usually conserva-
tive. Sometimes an autologous EBP at the site of CSF leak may be nec-
essary. 
Materials and methods We report one case of SCCSFL (among the 34
with this condition evaluated between 1992 and the present). 
Results A 45-year man presented sudden, intense, gravative fronto-
occipital orthostatic headache. Neurological examination, blood rou-
tine tests, and a brain CT were normal. A brain MRI showed diffuse
pachymeningeal enhancement. Gadolinium spinal MRI shows CSF
epidural collection from C2 to D3 level. After one month of bed rest,
orthostatic headache was still present. The pt was treated with autolo-
gous lumbar EBP (25 mL) at L2-L3 level. The blood was mixed with
0.05 mL of gadolinium. During and after injection, he remained in
Trendelemburg position (TP) approximately 30° for 1 h. Spinal post-
patch MRI showed gadolinium mixed with blood in the epidural space
from the lumbar level to cervical level (C2-C3). He subsequently
remained in TP for 22 hours. He was asymptomatic within 24 hours
after LEBP. At 6 month follow-up he was asymptomatic. 
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Health-related impact on daily activities and disability were evaluated
with MSQ-14, HIT-6 and MIDAS questionnaires and tolerability by
adverse events and early trial terminations. 
Results Out of the 59 randomized patients (32 TPM/27 placebo, intent-
to-treat population), 46 had medication overuse. Baseline frequencies
were 15.5 and 16.4 migraine days/4wks for TPM and placebo; mean
change from baseline in the last 4 treatment weeks was –3.5 and +0.2
days/4 wks, respectively (p=0.020). No significant intergroup differ-
ences were found for MSQ-14 and HIT-6. MIDAS showed improve-
ment with TPM (p=0.042 vs. placebo). Adverse events were reported
by 75% of patients on TPM and 37% on placebo. The most common
adverse events in the TPM group were: paraesthesia 59%, vomiting
16%, dizziness 13% and nausea 9%. Of those treated with TPM, 75%
completed the study (vs. 52% on placebo). 
Conclusions TPM produced a significant reduction of migraine days in
a population of chronic migraine sufferers with or without medication
overuse. High patients’ retention in the study suggests a positive bal-
ance between efficacy and tolerability for TPM.

FROVATRIPTAN FOR THE PREVENTION OF POST-DURAL
PUNCTURE HEADACHE
V. Tullo1, M. Curone1, F. d’Onofrio2, E. Mea1, S. Omboni3, G. Bussone1

1Department of Clinical Neurology, C. Besta National Neurological
Institute, Milan, Italy; 2Neurology Unit, Ospedale “Moscati”, Avellino,
Italy; 3Data Management Unit, Docleader, Somma Lombardo, Varese,
Italy

Objective Post-dural puncture headache (PDPH) occurs in approximate-
ly 40% of cases of diagnostic lumbar puncture (DLP). This study assess-
es the efficacy of frovatriptan (F) as a prophylactic treatment of PDPH.
Methods 21 patients (39±12 years) submitted to DLP with a 20-gauge
needle were treated with F 2.5 mg orally od, according to a non-ran-
domized, open label design. Treatment was administered for 5 days fol-
lowing DLP. Previous treatments were withdrawn one month prior to
study inclusion. PDPH was diagnosed according to ICHD-II.
Occurrence, intensity and duration of PDPH and related symptoms
were assessed during the 5-day in-hospital period following DLP. 
Results DLP caused a mild PDPH in 4 (19%) patients (p<0.01). 5 days
of PDPH out of 105 days of treatment (p<0.01) were recorded: 2
patients had PDPH for l day, l patient for 2 consecutive days, l patient
on the last day of treatment. No symptoms except headache were
reported. In the 5 patients with a previous DLP, 3 had PDPH on that
occasion vs. 1 after the new DLP (p=NS).
Conclusions though based on a non-randomized, open label study,
results of our study support the hypothesis that prophylaxis with
Frovatriptan may successfully reduce the risk of PDPH.

CLUSTER HEADACHE AND HEMICRANIA CONTINUA: A
CASE REPORT
M. Autunno, C. Mastroeni, G. Vita, C. Messina
Department of Neuroscience, Psychiatric and Anaesthesiological
Sciences, University of Messina, Italy

We report a 70-year-old woman, who suffered of cluster headache
(CH) for 20 months. The first cluster period was treated with lithium
carbonate at a dose of 900 mg/die with resolution 20 days later. The
second cluster period appeared a year later and was treated with lithi-
um carbonate 900 mg/die and betametasone 8 mg/die for six days. Four
months later a new  cluster started with no effect after lithium carbon-
ate associated with Verapamil 240 mg/die. Pain became continous, of
moderate intensity, always in the same side with severe exacerbations
and lacrimations. Two months later she was admitted to Neurological
department where we diagnosed CH and hemicrania continua (HC)
and she started treatment with Indomethacin 100 mg\die and after two
days she was pain free. The clinical features (pain and autonomic
signs) that are common to HC and CH support the suggested role of
posterior hypothalamus and dorsal rostral pons in the pathophysiology
of these syndromes.
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Conclusions We demonstrate that EBP, even though injected at the
level of lumbar spine (i.e., far from the site of CSF leak), may move
upward reaching the cervical segments. This is possibly favoured by
TP. So a rapid coagulation response at dural hole level stops CSF leak-
age. Thus, EBP at the level of the cervical spine, where the procedure
is hard to be attempted, may be not necessary. This, at ours knowledge,
is the first report that shows the spread of blood from lumbar to cervi-
cal epidural space with LEBP.

PHARMACOLOGICAL AND PROGRESSIVE MUSCULAR
RELAXATION TREATMENT IN MIGRAINE WITH AND WITH-
OUT AURA (EXPERIENCE OF TWO YEARS)
M. Grassi, A. Vecchio
Centro Cefalee, Casa di Cura Carmide, Catania, Italy

Objective Progressive muscular relaxation (PMR) (from E. Jacobson)
is a method of relaxation based on the studies of the voluntary muscu-
lar decontraction. This studies is centralized about the taken of the con-
science from section of the patient of the state of contraction or disten-
sion of every muscular group and after in all body, with centering itself
on a single muscle for meeting, until reaching the goal of the total
decontraction.
Methods The pharmacological treatment with topiramate started at a
dose of 25 mg/day, up to 125 mg/day. The period of treatment lasted
between 6 and 12 months. We describe 3 groups of patients with
migraine with and without aura diagnosed according to IHS 2004 crite-
ria. At the initial screening all patients received a table diary for the data
for each day of treatment. The first Group (A) (25 men, 41 women, aged
23–49) is treated only with topiramate terapy. The second Group (B) (16
men, 28 women, aged 28–53) is treated with topiramate terapy and PMR
terapy for 12 weeks (one meeting/week, 50 min/meeting). The third
Group (C) (4 men, 26 women, aged 19–39) is treated only PMR terapy
for 12 weeks (one meeting/week, 50 min/meeting). During the follow-
ing 2 years the attention was focused on the onset of headache before
and after the start of treatment in the mean severity and durations of
pain, mean frequency of attacks, presence of accompanyng symptoms.
Results The Groups A show the significant reduction for the frequen-
cy of attacks after 2 months of treatment. The Group B just after one
mounth the attack’s frequency decreased significantly during the phar-
macological treatment e PMR terapy but also in reducing migraine aura
syptomps, while headache intensity and frequency were significantly
decreased. The Group C show the reduction of attacks after one
mounth, but we have no change in the results with the time and respect
to the Group A and Group B.

A DOUBLE-BLIND, RANDOMIZED COMPARISON OF TOPI-
RAMATE VERSUS PLACEBO IN CHRONIC MIGRAINE WITH
OR WITHOUT MEDICATION OVERUSE
L. Grazzi1, F. Moschiano2, H.C. Diener3, P.J. Goadsby4, J.C. van
Oene6, M. Lahaye, S. Schwalen, M. Adami5, G. Bussone1

1Department of Neurology, C. Besta Neurological Institute, Milan,
Italy; 2Department of Neurology, San Leopoldo Mandic Hospital,
Merate, Italy; 3Department of Neurology, University of Essen,
Germany; 4The National Hospital for Neurology and Neurosurgery,
Queen Square, London, UK; 5Janssen-Cilag SpA, Neuroscience
Division, Milan, Italy; 6Department of Medical Affairs EMEA, Tilburg,
The Netherlands, and Neuss, Germany

Aim The TOP-CHROME study was performed to evaluate the effica-
cy of TOPiramate in CHROnic MigrainE with or without medication
overuse. 
Methods A 16-week double-blind, randomized, placebo-controlled
study was performed in patients with chronic migraine (≥15 migraine
days/4 weeks), with or without medication overuse. Topiramate (TPM)
was titrated with weekly 25 mg/day increments to target dose (100
mg/day). Dose adjustments (in the range 50–200 mg/day) were
allowed for tolerability or efficacy reasons. Existing migraine preven-
tive therapy was continued throughout the trial, except for antiepileptic
drugs. Primary efficacy endpoint was the change in migraine days.



INTRACRANIAL DISSECTIONS OF CEREBRAL POSTERIOR
CIRCULATION 
M. Crisci1, G. Procaccianti1, S. Ferioli1, F. Rizzuti1, C. Barbara2, L.
Simonetti2, T. Sacquegna1

1Stroke-Unit, Ospedale Maggiore, Bologna, Italy; 2Neuroradiologia,
Ospedale Maggiore-Bellaria, Bologna, Italy

Background Stroke due to intracranial dissection of the posterior cir-
culation are frequently encountered in younger patients, so the differ-
ential diagnosis between dissection strokes and migraineous infarction
is an interesting issue.
Patients and methods from January 2004 to December 2005 542
patients with acute ischemic stroke were admitted to our Stroke Unit.
Of these 18 cases had a cervico-cerebral artery dissection, diagnosed
by angio-CT or angio-MRI. We found 2 extracranial carotid dissec-
tions, 4 intracranial carotid or middle cerebral artery dissections, 3
extracranial vertebral dissections, 6 intracranial vertebro-basilar dis-
sections and 3 posterior cerebral artery dissections.
Results We assessed the presence of headache at stroke onset and the
personal history of migraine in our patients. The vertebral and basilar
artery dissections presented with a defined pattern of symptoms mean-
while the posterior cerebral artery dissections had a variety of symp-
toms mimicking a migraineous stroke.
Conclusions How many posterior cerebral artery dissections in
patients with a personal history of migraine can be confused with
migraineous infarction?

MELATONIN IN PRIMARY STABBING HEADACHE: A CASE
REPORT
D. D’Amico, N. Rocca, S. Usai, C. Peccarisi, G. Bussone 
C. Besta National Neurological Institute, Milan, Italy

A 66-year-old woman had a 13-year history of multiple daily repetitive
short-lasting episodes of head pain that would involve the left or right
parietal region. Each spike of pain lasted few seconds, and could recur
with 2–3 minute intervals, occurring up to 25–100 times per day. There
were no associated autonomic symptoms and no night time episodes.
She reported active periods lasting about 15–30 days, with pain free peri-
od lasting about 3 months. In the past, she had suffered from typical
episodes of migraine without aura that disappeared after menopause.
Neurological examination was normal. Brain MRI showed some aspe-
cific, bilateral, subcortical, dot-shaped lesions. We made a diagnosis of
primary stabbing headache. Indomethacin 75 mg/day was started, but the
patient could not tolerate it; celecoxib and lamotrigine (up to 100
mg/day) were both ineffective. Melatonin was initiated as sole therapy at
a dose of 6 mg/day for 2 days and than at 9 mg/day; she became pain free
in 10 days. Melatonin – a pineal hormone and marker of circadian func-
tion – has recently been shown to have antinociceptive and anti-inflam-
matory properties. Because of the structural similarities to indomethacin,
melatonin was given to our patient. Melatonin can be effective in differ-
ent headache conditions (cluster, headache in delayed sleep phase syn-
drome). Our case report indicates its efficacy also in primary stabbing
headache (as already reported by Rozen, 2003). Melatonin could be pro-
posed as an important alternative option to indomethacin, considering its
the more favorable side effect and tolerability profile.

CEREBRAL CAVERNOUS ANGIOMA AND ARNOLD-CHIARI
TYPE 1 MALFORMATION IN A PATIENT WITH BOTH
MIGRAINE AND TENSION TYPE HEADACHE
A. Gallanti, V. Cardin, N. Bresolin
Unità Operativa di Neurologia, Fondazione IRCCS-Ospedale
Maggiore Policlinico, Mangiagalli e Regina Elena, Milan, Italy

A 45 year-old woman came to our attention for an over 30 years histo-
ry of headache and migraine attacks. The headache was predominant-
ly affecting the right occipital region and increased by the orthostatic
posture. No nausea and phono- and photophobias were associated.
Since puberty, the patient presented also migraine attacks with aura,

once a month, responding to triptan therapy. The family history was
negative. No oral contraceptive pills assumption or cigarettes smoking
were reported. Extensive blood test were within the normal ranges as
well as the blood pressure values. Neurological examination showed
bilateral gaze nystagmus and gait instability. Neuroimaging studies
included a brain MRI showing a cavernous angioma in the posterior
fossa and a complex alteration of the venous drainage at the same level.
To further investigate the neurological findings a cervical MRI was
done evidencing the presence of an Arnold-Chiari type 1 malformation.
The coexistence of venous angioma and Arnold-Chiari I malformation
is quite unusual. We hypothesized that the cavernous angioma could be
responsible for the migraine attacks due to vasospasm related mecha-
nisms while the tensive-like headache could be instead attributed to the
presence of Arnold-Chiari I malformation.

TREATMENT OF SPORADIC HEMIPLEGIC MIGRAINE WITH
LAMOTRIGINE: A CASE REPORT
E. Mea, D. D’Amico, V. Tullo, M. Curone, A. Proietti, G. Bussone
C. Besta National Neurological Institute, Milan, Italy

We describe a 54-year old woman who has suffered from episodes of
intense pulsating pain of the right hemicranium since the age of 30. The
pain was associated with nausea, vomiting, phonophobia and photopho-
bia, and was preceded, over a period of about 2 hours, by bilateral scin-
tillating scotomas, right-side acuphrenia, speech difficulties, psychomo-
tor slowing, and hyposthenia in the right limbs. At onset she suffered
about 1–2 episodes a month, increasing over time to 2–3 episodes a
week. There was no family history of headache. Brain MRI was normal.
She took flunarizine 10 mg/day for about three years with no substantial
effect, and then was started on ASA 100 mg/day, which reduced attack
frequency and severity by about 50%. However, after about a year fre-
quency and severity returned to previous levels. She came to our obser-
vation in July 2000 and we prescribed lamotrigine, titrated to 100
mg/day over a month. The attacks became much less severe and fre-
quency reduced to about one a month. The benefit persisted for about
three years, after which frequency and severity started increasing again.
In September 2003 we increased the lamotrigine dose to 150 mg/day and
in October 2005 to 200 mg/day. Lamotrigine remains effective at con-
trolling the hemiplegic migraine with aura in this patient. Lamotrigine
has been reported effective in preventing migraine with aura (D’Andrea
et al., 1999, Lampl et al., 2005). The present experience, together with
that of Pascual et al. (2004) suggests lamotrigine can be useful in spo-
radic hemiplegic migraine characterized by high attack frequency

REM PHASE-RELATED HYPNIC HEADACHE: TWO NEW
CASES
P. Meineri, F. Mondino, P. Gerbino Promis, E. Grasso
Divisione di Neurologia, Dipartimento Neuroriabilitativo, A.S.O. “S.
Croce e Carle”, Cuneo, Italy

Two patients (a 68 years old man and a 67 years old woman) referred
to our headache center complaining a frontal, bilateral, dull and some-
times pulsating headache, of mild severity, not associated with other
symptoms, occurring exclusively during nocturnal sleep. The attacks
occurred almost every night and awakened the patients a hour after
they fell asleep and lasted 45–60 minutes, usually recurring once or
twice during night-time. NMR was negative in both patients, as was
neurological examination. Considering all these data, we diagnosed a
hypnic headache (HH). Before starting prophylactic treatment, we per-
formed a full-night polysomnography (PSG). EEG traces were
acquired with electrodes positioned in accordance with the
International 10–20 System. Other channels recorded ocular move-
ments, EMG activity from mylohyoideus and tibialis muscles, mea-
surement of thoracic and abdominal efforts (piezoelectric strain
gauges), airflow (thermocouples located at nostrils and mouth), snor-
ing sounds (microphone), oxygen saturation level (pulse oxymeter with
finger probe), body position and heart rate. We recorded 4 headache
attacks (2 in man and 2 in woman). All the attacks awoke them from a
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enhancement. EEG showed diffuse theta and delta rhythms in the right
hemisphere. Blood levels of CPK, lactate and pyruvate were normal.
Symptoms disappeared completely within 7 days. A second brain MRI
and EEG, a month later, were normal. A genetic search for the most
common mutations of the CACNA1A gene was negative. The patients
was put under treatment with acetazolamide 125 mg/day, and has had
no further episodes over a 2-year period. 
Conclusions Migraine coma in this patient was apparently unrelated to
the known CACNA1A mutations, although many of the features of
such a syndrome have been reported in FHM. As in other periodic neu-
rological diseases, acetazolamide may perhaps prove useful for pro-
phylaxis of attacks.

BASILAR-TYPE MIGRAINE AND CONGENITAL ABNORMAL
VERTEBROBASILAR CIRCULATION: A CASE REPORT
R. Rao1, P. Liberini1, S. Filipponi2, R. Tortorella2, E. Venturelli1, R.
Liserre3, A. Padovani1
1Department of Neurology, University of Brescia, Italy; 2Department of
Vascular Neurology and 3Department of Neuroradiology, Spedali
Civili, Brescia, Italy

Migraine has been suggested to be an independent risk factor for cere-
brovascular diseases. Case reports on patients with migrainous infarc-
tion suggested that posterior circulation territory (PCT) is commonly
affected. Basilar-type migraine is a rare form of headache generally
affecting young subjects. It is characterized by focal neurological
symptoms involving the PCT. Pain is usually referred at the occipital
region. According to the IHS criteria, concomitant cerebral arteries
anomalies should be excluded. We report the case of a 20 year-old male
complaining monthly occipital headache preceded by dizziness,
blurred vision and neurovegetative symptoms persisting for 30 min-
utes. Brain MRI was performed with a 1.5 T magnet (Magneton
Harmony, Siemens, Germany). The MRI protocol included 5 mm tick
axial and coronal T2-weighted TSE and axial T1-weighted SE and
FLAIR images repeated after gadolinium injection. Two stable
ischemic lesions in the posterior inferior cerebellar artery (PICA) were
detected. In addition, the angioRM study revealed anatomical anom-
alies of the PTC consisting of: (a) bilateral fetal posterior cerebral
arteries with their caudal fusion; (b) hypoplasia of basilar artery; (c)
ectopy the right cerebellar tonsilla. The diagnostic battery showed the
following concomitant cerebrovascular risk factors: mild/moderate
hypertension, hyperomocisteinemy and primary antiphospholipid syn-
drome. In conclusion, this case indicates that MRI and Angio-MRI
study is recommended in all cases of basilar-type migraine. The diag-
nostic protocol should also include the assessment of cerebro- and car-
dio-vascular risk factors. Larger cohort studies should evaluate if the
IHS basilar-type migraine is a real nosologic entity or it is a diagnosis
underling a cluster of cerebrovascular pathologies.

SUNCT SYNDROME SUCCESSFULLY TREATED WITH LEVE-
TIRACETAM: A CASE REPORT
R. Rao, P. Liberini, E. Venturelli, A. Padovani
Department of Neurology, University of Brescia, Italy

SUNCT syndrome is a rare unilateral headache characterized by brief
neuralgiform painful episodes with conjunctive injection and tearing
recurring many times per day. This syndrome is usually refractory to
various drugs and local anesthetics that have been proved effective in
other trigemino-autonomic neuralgias and short-lasting headache syn-
drome. The gold standard for, SUNCT treatment is considered lamot-
rigin. Rare cases responsive to gabapentin, topiramate, carbamazepine
and corticosteroids haven been described. Up to now no clinical trials
aimed to verify the effect of levetiracetam on SUNCT have been per-
formed. The mechanism of action of levetiracetam is basically
unknown, but this drug seems to reduce the hyperexitability of trigem-
inal neurons by a selective inhibition on N-type voltage-dependent
Ca++ channels. We report a case where levetiracetam reduces the inten-
sity, duration and frequency of attacks in a 66-year-old woman with
SUNCT diagnosed according with the new HIS criteria. The pain was
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rapid eye movement (REM) phase of the sleep, respectively 15 and 14
minutes after the onset of the period in man, and 11 and 9 after the
onset of the period in the woman. We recorded another short REM
phase (about 5 minutes), either in man and in woman, without any
attack. No apnoeas or ipopnoeas were recorded. At now, 21 HH attacks
studied with PSG have been described: in 16 headache arouse from a
REM phase and in 5 from a nREM phase. Our cases are in favour of a
relationship between REM phase and HH. The relationship between
REM period and HH is still unknown, but could be explained by the
inactivation of serotoninergic pathways during REM phase

MIGRAINE AURA STATUS IN A PATIENT WITH ANGLE-CLO-
SURE GLAUCOMA. A CASE REPORT
C. Monaldini, J.G. Capone, M.R. Tola, E. Granieri, P. Geppetti
Centro Cefalee, Azienda Ospedale, Università S. Anna, Ferrara, Italy

Introduction Migraine aura status is a clinical entity characterized by
the presence of at least 2 auras per day for ≥5 consecutive days (ICHD-
II). Association between migraine and different forms of glaucoma has
received attention in scientific literature. We describe the case of a patient
with migraine aura status probably secondary to angle-closure glaucoma.
Case history A 41-year-old woman affected by migraine without aura
(MO) from the young age, started to suffer from migraine with aura
(MA) and migraine aura without headache from the age of 33. Her
family history is characterized by MA and acute glaucoma in the moth-
er and by MO in a sister and in a son. In the last three years the situa-
tion has progressively worsened: the attack rate gradually increased
and two years ago the patient recorded at least 4 visive aura episodes
every day, often not followed by headache. The neurological, neurora-
diological and cardiological examination were normal. Furthermore,
several oculistic evaluations were always normal. Many preventive
treatments (beta-blockers, acetazolamide, carbamazepine, calcium-
antagonists) were tested, with no resolution of the prolonged migraine
aura status. Four months ago, an oculistic control evaluation showed
intraocular hypertension in right eye (30 mmHg vs. 12 mmHg in left
eye) and angle-closure glaucoma was detected. So three months later
(January 2006) she underwent hiridotomy, after which the migraine
aura status immediately disappeared and in the last month the patient
presented three only migraine visive auras, not followed by headache.   
Conclusions The possible association of migraine aura status and
angle-closure glaucoma is emphasized and it underlies the need of an
ophtalmological screening in migraine aura status.

MIGRAINE COMA WITHOUT HEMIPLEGIA AND ATAXIA. A
CASE REPORT
T. Partziguian, B. Censori, R. De Marco, M. Poloni
USC Neurologia, Ospedali Riuniti, Bergamo, Italy

Background Migraine coma is a rare entity, partly related to familial
hemiplegic migraine (FHM), of which only a handful of cases has
been described. We report a case fitting many of the salient features
of migraine coma, but without ataxia and episodic hemiplegia, who
has had symptoms for more than 30 years.
Case report A 67-year-old man was admitted to our Unit because of
fever, headache, vomiting and decreased consciousness, dating from 12
hours. His past medical history revealed only migraine without aura,
with a frequency of 1 attack every 2 months, and other attacks similar to
the recent one, occurring once per year during the previous 30–35 years.
Symptoms lasted 1 to 3 days and then disappeared completely. Relatives
seems to be unaffected. On admission temperature was 38.5 °C.
The patient complained of a moderate non-pulsating headache, with
phono- and photophobia, and vomiting. Neurological examination
showed stupor, disorientation to time and place, restlessness, and left
homonymous hemianopia. Kernig’s and Brudzinski’s signs were
absent, and plantar reflexes were flexor. Pupils were isocoric. CSF
analysis showed 40 cells/mm3, with 98% polymorphonuclears, and 54
mg proteins. Brain magnetic resonance imaging (MRI) showed moder-
ate swelling of the right hemisphere, with effacement of sulci and mild
cortical hyperintensity in T2-weightes sequences, without contrast



described as severe, burning, and located in the right forehead and peri-
orbital region. Associated symptoms included ipsilateral tearing, con-
junctive injection and ptosis. The attacks were triggered by sleeping.
The patient experienced ten episodes per night, each attack lasting less
than 60 seconds, for 3 months. Brain magnetic resonance imaging
(MRI) and Angio-MRI were normal. Previous treatment with carba-
mazepine (400 mg per day), lamotrigin (50 mg per day) and vera-
pamile (240 mg per day) were ineffective. A short trial with pregabalin
(150 mg per day) was discontinued for side effects (epidermic rush).
On these bases, a treatment with levetiracetam (1000 mg per day) was
tested. The patient reported a benefit after the first week of treatment
consisting of complete remission of symptomatology persisting for one
month. Staring from the fifth week the attacks reappeared with a fre-
quency of 3 per night. Consequently the dose of levetiracetam was
incremented to 1500 mg per day with complete benefit after 5 days.
This case report open up the possibility that levetiracetam might repre-
sent an alternative treatment of unresponsive SUNCT syndrome.

BEHCET’S DISEASE AND CLUSTER HEADACHE: A CASE
REPORT
M.G. Saracco, A. Mascolo
Neurology Department of Asti Hospital, ASL 19, Asti, Italy

Introduction Behcet’s syndrome is a chronic multisystem disorder;
vasculitis is underlying pathogenetic process, involving retina, subcu-
taneous tissue and brain. This disease is more frequent in men than in
women. In 1990 the International Study Group for BS published the
diagnostic criteria. Neurological involvement (NeuroBehcet) is report-
ed in many ways: parenchimal CNS, intracranial hypertension, menin-
gitis-like. Headache is a frequent manifestation of this disease (55%)
especially if it is related to a specific neurological involvement or to
ocular manifestations. Cluster headache is a primary headache with
severe unilateral headache and ipsilateral cranial autonomic activation.
It is almost three-times more frequent in men than in women.
Case report We describe a 53-year-old man affected from 1985 by
Behcet’s disease with left iridocyclites, oral and genital ulcers and  neu-
rological symptoms, gradually worsening (episodes of VII cranial nerve
paresis, right ocular ptosis, left hemiparesis. In the past he was traited
with Cyclosporina and steroids. From 1996 he was suffering by recurrent
episodes of excruciating unilateral periorbital pain, always on the left,
rarely on the right, accompanied by intense omolateral lacrimation, eye
redness, 1–2 times a day, at regular times, lasting 30–60 min. The clini-
cal picture is indistinguishable from idiopathic cluster headache (HIS
2004). We discuss the patient’s clinical picture, the MRI evidences, the
possible relationship between Behcet’s disease and cluster-like headache. 
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TRANSFORMATION OF SYMPTOMATIC TRIGEMINAL NEU-
RALGIA IN SUNCT SYNDROME
M.C. Tonini1,2, G. Perri1, D. Cittani1
1Department of Neurology, “G. Salvini Hospital”, Garbagnate
Milanese (Mi) Italy; 2Laboratory of Neurological Disorders, Institute
for Pharmacological Research “Mario Negri”, Milan, Italy

Background Trigeminal neuralgia (TN) is most important syndrome
among pain disorders involving fifth cranial nerve. Short-lasting uni-
lateral neuralgiform headache with conjunctival injection and tearing
(SUNCT) is a rare type of primary headache classified among trigem-
inal autonomic cephalalgia (TACs). According to new HIS classifica-

tion criteria two types of severe head pain are reported as separate enti-
ties. Nevertheless some cases of SUNCT derive from TN and at the
same time TN may appear with autonomic features or can transform
into SUNCT. Few reports have described of the link between TN and
SUNCT secondary to identifiable lesions. We describe TN syptomatic
to vascular compression of trigeminal nerve by the anterior inferior
cerebellar artery (AICA) and its transformation in SUNCT.
Case report A woman, 64-year-old, attending our outpaient departe-
ment had a stabbing pain attacks lasting few seconds located in the
right lateral orbital area; the frequency paroxysmal pain was from six
to eigth times per day and triggered by touching the lateral region of
the eyelid; the attacks were stereotyped fulfilling the diagnostic crite-
ria for TN. Treatment with carbamazepine controlled completely the
painful paroxysms but it was stopped due to onset of severe epatopa-
thy. A variety of treatments including gabapentin, phenitoin, amitripti-
line and indometacine have shown no efficacy. After one year the sec-
ond type of severe and stabbing pain apparead lasting from 60 to 180
seconds and occuring daily from 10 to 20 times; it accompanied by
ipsilateral lacrimation, conjunctival injection and rhinorrea. SUNCT
syndrome was diagnosed and lamotrigine therapy controlled partially
the attacks. Magnetic resonance imaging of the brain before and after
administration of gadolinium revealed the presence of a conflict
between the trigeminal cranial nerve and the AICA of the same side of
pain. Since the pain was drug-resistant, the patient was admitted to sur-
gical treatment with a completely remission of pain attacks. 
Discussion Relationship between TN and SUNCT syndrome associat-
ed to trigeminal compression is the second case reported in literature
raising the nteresting question if two disorders could be the same spec-
trum of only one pathology.

HEADACHE ATTRIBUITED TO SPONTANEOUS LOW CSF
PRESSURE COMPLICATED BY PROLONGED FOCAL NEGA-
TIVE MOTOR SEIZURES 
V. Tullo, D. D’Amico, F. Villani, A. Pincherle, A. Proietti Cecchini, E.
Mea, M. Curone, G. Bussone
C. Besta National Neurological Institute, Milan, Italy

We describe the case of a 45-year-old right-handed man who came to
our observation with a hystory of a rapidly worsening diffuse and dull
headache, worsened by standing and clearly reduced by laying down,
accompanied by bilateral hypoacusia. A brain CT scan revealed the
presence of a bilateral subdural haematoma, located on the frontal-pari-
etal convexity and more extended in the right hemisphere. A subsequent
gadolinium enhanced MRI confirmed this findings, and also demon-
strated dislocation of the brain basal structures and cerebellar tonsils
downward. The headache fitted the IHS criteria for “headache attributed
to spontaneous low CSF pressure” (ICHD-II 7.2.3), and the diagnosis
was confirmed by the neuroimaging findings. Surgical drainage of the
haematoma was performed to reduce brain dislocation. On day 5 after
surgery he developed prolonged stroke-like episodes of left upper limb
paresis, associated with a complete loss of the superficial and deep sen-
sation involving the entire limb. A video-EEG recording demonstrated
a strong relationship between the focal motor impairment and a clear-
cut epileptic ictal discharge involving the right peri-rolandic cortical
areas. In spite of a clinical feature of a post-ictal paresis, the video-EEG
contribute clearly showed that the origin of the seizures was a discharge
in the perirolandic cortices, involving the sensory-motor system. This is
the first case described in literature of motor partial epilepsy with aki-
nesic phenomena after emptying of a subdural haematoma, as a rare
complication of headache attributed to spontaneous low CSF pressure.

CLUSTER HEADACHE WITH VISUAL SYMPTOMS: A CASE
REPORT
S. Zanigni, S. Cevoli, G. Pierangeli, E. Sancisi, D. Grimaldi, P. Cortelli
Department of Neurological Science, University of Bologna, Italy

Background Cluster headache (CH) with aura-like symptoms has been
reported in literature but it is not mentioned in the International
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prophylactic (ergotamine) and acute treatment (pure oxygen inhala-
tion). At the age of 41 the cluster headache became chronic with a fre-
quency of one or two attacks die. A brain MRI showed a dermoid cyst
in the parasellar region. 
Conclusions Aura symptoms in CH are still poor investigated. A
parasellar pathology around the distal portions of the carotid artery in
the cavernous sinus area is present in many symptomatic CH. Only res-
olution of the attacks after future surgical treatment will however con-
firm a pathogenetic correlation between CH attacks with visual aura
and the reported parasellar dermoid cyst in our case. 
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Classification of Headache Disorders. We present a case of chronic
cluster headache with visual symptoms.
Case report a 44-year-old male suffering from episodic CH since the
age of 27. Attacks were characterized by severe, excruciating unilater-
al periorbital pain, lasting 45 minutes without treatment, associated
with ipsilateral tearing, congiuntival injection, rhinorrhea and nostril
obstruction. Visual symptoms, characterized by gradually growing
bright scotomas in the centre of the visual field and blurry vision, were
reported at the beginning of each attack. These symptoms quickly dis-
appeared when pain ended. Headache showed a positive response to
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