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The European Headache Federation project on Headache Series has consolidated its
structure and travels now at cruising speed. This is the third volume and has been
conceived in order to produce a cushy main street for the therapeutic management
of headache disorders and facial pains. The completeness of the single chapters is
the natural consequence of the chosen All Stars expert team.

We can now testify that the challenge underneath this project has been won as the
initial reluctances have vanished in front of the enthusiasm of the readers for this
series.

The volume faces the insidious corners of primary headache therapy slipping on
solid rails between the risks of multi-pharmacological approaches that often lead to
an interaction on the metabolic pathways afoot of inefficacy or — even worse — side
effects.

For this sterling volume we thank the authors, and a special plaudit goes to the
two editors, Koen Paemeleire and Dimos-Dimitrios Mitsikostas, who have built and
directed this fine cultural product with special care.

This step is over; we are getting ready for the next ones.

Rome, Italy Paolo Martelletti
Kgbenhaven, Denmark Rigmor Hgiland Jensen






We are very excited to present the third book in the Headache Series, conceived and
endorsed by the European Headache Federation. The EHF was founded as a non-
profit organisation in 1992 to improve the life of those affected by headache in
Europe. Educational activities, including publication of guidelines and books, are
important means for EHF to achieve its goals.

We want to express our sincere gratitude to all co-authors of this book, who have
devoted their precious time to this project. We are proud to have received contribu-
tions from renowned headache experts, both friends and colleagues, from Austria,
Belgium, Denmark, Germany, Greece, Italy, Russia, Spain, Sweden, Turkey and the
United Kingdom.

We also like to thank Roberto Garbero and Angela Schulze-Thomin, and all
those involved at the publisher Springer, for their professionalism in managing this
publication.

While acute treatment and prevention of migraine, tension-type headache and
cluster headache receive particular attention, we have tried to keep the scope of the
book as wide as possible. As such, we have sought unique input from our colleagues
working in facial pain. We have also included separate chapters on pharmacother-
apy in special populations, including the elderly, children and pregnant or lactating
women. Pharmacotherapy for selected secondary headache disorders is presented.

EHF acknowledges that optimal management of headache and facial pain often
requires a multifaceted and sometimes even a multidisciplinary approach. The focus
of this book on pharmacotherapy should therefore be interpreted as part of a con-
tinuum in the Headache Series, in which further volumes will be devoted to comor-
bidities and multidisciplinary management.

The authors have exerted every effort to ensure that drug selection and dosage set
forth in this publication are correct. The reader is, however, urged to consult a local
national formulary to corroborate any recommendations made.

We hope the information in this book will meet the daily practice needs of medi-
cal students, general physicians, neurologists in training and general neurologists.

Ghent, Belgium Koen Paemeleire
Athens, Greece Dimos D. Mitsikostas
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Vera V. Osipova

The “golden standard” of the diagnosis of any headache type is the International
Classification of Headache Disorders (ICHD). The present version — ICHD-3
beta — was approved by the International Headache Society (IHS) in 2013 and
became the third one after two previous successful editions in 1988 and 2004. The
complete version of the ICHD-3 beta was published in Cephalalgia and could be
found on the website www.ihs-headache.org (3). Unlike previous editions, which
were mostly based on the opinions of experts this edition is leaned on a substantial
body of evidence [1-3].

1.1 On the Way to ICHD-3: Conformity of ICHD-3
and ICD-11 Codes

ICHD-3 beta has been published ahead of the final version — ICHD-3 beta — that is
expected to be finalized in a few years. The main reason for the publication of pre-
liminary ICHD-3 beta version was to synchronize the future ICHD-3 beta with the
World Health Organization’s next revision (11th edition) of the International
Classification of Diseases (ICD-11). The IHS classification committee headed by
devoted and enthusiastic chairman Prof. Jes Olesen made their best not only to
secure a very good representation of headache within ICD-11 but also to ensure
congruence between ICD-11 and ICHD-3 beta. The ICD-11 now entered a phase of
field trials, and it was recommended that the ICHD-3 beta should do the same. Such
a test period will allow identification and correction of mistakes and enable a broad
input from the members of the IHS. ICD-11 diagnostic codes will be finalized in 2
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or 3 years from now, and it would be a major advantage for ICHD-3 beta to be able
to include these codes along with its own. Field-testing will continue for 2-3 years
and some amendments will be made both to ICHD-3 beta and to the ICD-11 diag-
nostic codes before the final ICHD-3 beta version will be published. ICHD-3 beta is
published only in English but it is highly recommended that the final ICHD-3 beta
version should be translated into as many languages as possible.

To ensure the quality and accuracy of the future final ICHD-3 beta edition, the
IHS classification committee encourages all practitioners to study ICHD-3 beta
very closely and comment on any inconsistencies they may come across. Comments
should be sent to the chairmen of the relevant working groups (names and email
addresses are found on the IHS website).

1.2 How to Use the ICHD-3 Beta?

As recommended by the HIS classification committee, clinicians and researchers
should start using the ICHD-3 beta criteria immediately which means that the pre-
vious ICHD-2 version should no longer be used in scientific and clinical work. It is
not necessary to learn the ICHD-3 beta by heart; it should be consulted from time to
time when needed. Unlike general practitioners (GPs) and neurologists, the head-
ache experts do not need the classification for the obvious cases of migraine or
tension-type headache, but it is useful when the diagnosis is uncertain or if the rare
headache type is suspected. For research purposes, the classification is indispens-
able which assumes that every headache patient enrolled into a research project or
clinical trial must be coded in accordance with ICHD-3 beta diagnostic criteria.
ICHD-3 beta is structured in a hierarchical way and this assumes that there could
be several diagnostic levels ranging from the rough to more detailed. For example:

1. Migraine
1.1 Migraine without aura
1.2 Migraine with aura
1.2.1 Migraine with typical aura
1.2.1.1 Typical aura with headache
1.2.1.2 Typical aura without headache
1.2.2 Migraine with brainstem aura...

GPs should be able to get an approximate idea about which group the patient
belongs to and could use the first- or second-digit diagnoses. For example, I.
Migraine, 2. Tension-type headache or 5. Headache attributed to the head trauma.
In specialist practice and headache centers, a more detailed diagnosis is appropriate.
For example, 1.2.1.2 Typical aura without headache, 2.1.1 Infrequent episodic
tension-type headache associated with pericranial tenderness or 5.1.2 Acute head-
ache attributed to mild traumatic injury to the head. It is recommended that for most
purposes, patients receive a diagnosis according to the headache phenotype that
they currently present, or that they have presented within the last year. For genetic
and some other purposes, occurrence during the whole lifetime is used.
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Since a patient may suffer from more than one headache type, each distinct type,
subtype or subform of headache must be separately diagnosed and coded. Thus, a
patient may receive several diagnoses and codes, for instance: 2.1 Infrequent epi-
sodic tension-type headache and 11.3.1 Headache attributed to acute glaucoma or
1.3 Chronic migraine and 8.2.2 Triptan-overuse headache. In case a patient receives
more than one diagnosis, these should be listed in the order of importance to the
patient. If not all diagnostic criteria are fulfilled, a clinician could use the diagnosis
of “Probable headache”.

It often happens in the routine practice that one type of headache in a particular
patient fulfils two different sets of diagnostic criteria. If it is the case, other available
information should be used to define more precisely which of the alternatives is the
more likely diagnosis? This could include the family and longitudinal headache his-
tory (how and when did the headache start?), menstrual relationship, the impact of
pregnancy and alcohol, trigger factors, the effect of drugs, etc.

Another clinical reality is when two headache types are present in one patient. If
headache No. 1 meets one set of criteria, whereas headache No. 2 meets another
one, diagnoses of both headaches should be considered. A patient whose headache
fulfils criteria for both probable headache (e.g., 1.5 Probable migraine) and let say,
2.1 Infrequent episodic tension-type headache should be coded to the latter (to more
likely type).

When a patient is having more than one headache type or subtype, it is highly
recommended that a patient fill out a diagnostic headache diary in which the impor-
tant characteristics for each headache episode are recorded: headache severity, fre-
quency, duration, accompanying symptoms, number of painkillers, etc. Such a diary
not only improves diagnostic accuracy and allows a more precise count of medica-
tion consumption but also teaches the patient how to distinguish between different
headache types if there are more than two clinical subforms.

In many cases to receive a particular headache diagnosis, the patient must experi-
ence a minimum number of attacks of (or days with) that headache. This number is
specified in the diagnostic criteria for the headache type, subtype or subform. For
example, criterion A for 1.1 Migraine without aura reads as: A. At least five attacks
fulfilling criteria B-D, for 2.3 Chronic tension-type headache — A. Headache occur-
ring on >15 days per month on average for >3 months (>180 days per year), fulfill-
ing criteria B-D.

Further, the headache must fulfill a number of other requirements described
within the criteria under separate letter headings: A, B, C etc. Some letter headings
are monothetic (they express a single requirement). For example, criterion B for 2.2
Frequent episodic TTH reads as: B. Headache lasting from 30 min to 7 days. Other
letter headings are polythetic, requiring for example any two out of four listed char-
acteristics. For example, criterion C for 3.1 Cluster headache: Either or both of the
following:

1. At least one of the following symptoms or signs, ipsilateral to the headache:
(a) Conjunctival injection and/or lacrimation
(b) Nasal congestion and/or rhinorrhoea
(c) Eyelid edema
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(d) Forehead and facial sweating
(e) Forehead and facial flushing
(f) Sensation of fullness in the ear
(g) Miosis and/or ptosis

2. A sense of restlessness or agitation

For the primary headache disorders, the frequency of pain episodes can vary
from every 1 to 2 years to daily attacks; the severity of attacks also varies. ICHD-3
beta does not generally provide a possibility to code for headache frequency or
severity, but recommends that these clinical features are specified in free text.

For almost every headache disorder, the last criterion reads as “Not better
accounted for by another ICHD- 3 diagnosis”. This criterion is a reminder always
to consider/exclude other diagnoses that might better explain the headache.

1.3  The Structure of ICHD-3 Beta: Primary and Secondary
Headache Disorders

One of the main ICHD principles is the division of headache disorders into primary
and secondary. Primary headache variants present the genuine ones and are not
attributed to any disorder of the brain, cerebral and vertebral vessels or abnormali-
ties of any structures located within the head and the neck (eyes, ears, nose, sinuses,
mouth, teeth, etc.). Primary headaches are listed in Part I of the ICHD-3 beta (Chaps.
1, 2, 3, and 4) and include:

. Migraine

. Tension-type headache

. Trigeminal autonomic cephalalgias
. Other primary headache disorders

O S

Secondary (symptomatic) headaches are defined in the ICHD-3 beta as follows:
“When a new headache occurs for the first time in close temporal relation to another
disorder that is known to cause headache, or fulfils other criteria for causation by
that disorder; the new headache is coded as a secondary headache attributed to the
causative disorder”. A secondary headache can be definitely diagnosed only when
solid evidence exists from published scientific studies that the disorder specified in
criterion B below is capable of causing headache.

A great advantage of ICHD-3 beta vs ICHD-2 (2004) is the revision of the
diagnostic criteria for secondary headaches (Table 1.1). The new diagnostic cri-
teria for secondary headaches may be applied as soon as the underlying disorder
is confirmed. Criterion A is the presence of the headache, criterion B is the pres-
ence of the causative disorder and criterion C is the evidence of causation.
Moreover, the new criteria no longer require “remission or substantial improve-
ment of the underlying causative disorder before the headache diagnosis can be
made”.


http://dx.doi.org/10.1007/978-3-319-19911-5_1
http://dx.doi.org/10.1007/978-3-319-19911-5_2
http://dx.doi.org/10.1007/978-3-319-19911-5_3
http://dx.doi.org/10.1007/978-3-319-19911-5_4
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Table 1.1 General diagnostic criteria for secondary headaches (ICHD-3 beta, 2013)
A. Any headache (H) fulfilling criterion C

B. Another disorder scientifically documented to be able to cause H has been diagnosed
C. Evidence of causation demonstrated by at least two of the following:
1. H has developed in temporal relation to the onset of the presumed causative disorder
2. One or both of the following:

(a) H has significantly worsened in parallel with worsening of the presumed causative
disorder

(b) H has significantly improved in parallel with improvement of the presumed causative
disorder

3. H has characteristics typical for the causative disorder 3
4. Other evidence exists of causation
D. Not better accounted for by another ICHD-3 diagnosis

For example, if a patient develops headache for the first time (or a new headache
type appears), and at the same time a brain tumor is diagnosed, it could be logically
concluded that headache is secondary to the tumor. In this case, one headache diag-
nosis shall be given: 7.4 Headache attributed to intracranial neoplasia. In other
words, “a de novo headache occurring with another disorder recognized to be
capable of causing a headache is always diagnosed as secondary”.

Important to mention that this remains true even when the headache has the char-
acteristics of a primary headache (migraine, TTH, etc.). It could happen in clinical
practice that a pre-existing primary headache worsens or becomes chronic in close
temporal relation to an acute causative disorder. In this case, both the diagnoses of
primary and secondary headache should be given, provided that there is good evi-
dence that the disorder can cause headache. For example, 2.3.2 Chronic TTH not
associated with pericranial tenderness and 10.3.4 Headache attributed to pre-
eclampsia or eclampsia.

Secondary headaches are listed in Part II of the ICHD-3 beta (Chaps. 5, 6, 7, 8,
9, 10, 11, and 12) and include:

Headache attributed to trauma or injury to the head and/or neck

Headache attributed to cranial or cervical vascular disorder

Headache attributed to non-vascular intracranial disorder

Headache attributed to a substance or its withdrawal

Headache attributed to infection

10. Headache attributed to disorder of homoeostasis

11. Headache or facial pain attributed to disorder of the cranium, neck, eyes, ears,
nose, sinuses, teeth, mouth or other facial or cervical structure

12. Headache attributed to psychiatric disorder

WS wm

In each chapter, the most well-known and well-established causes are mentioned
and criteria for these are given. However, in many chapters, for example, 9.
Headache attributed to infection, there are huge number of possible causes. In order


http://dx.doi.org/10.1007/978-3-319-19911-5_5
http://dx.doi.org/10.1007/978-3-319-19911-5_6
http://dx.doi.org/10.1007/978-3-319-19911-5_7
http://dx.doi.org/10.1007/978-3-319-19911-5_8
http://dx.doi.org/10.1007/978-3-319-19911-5_9
http://dx.doi.org/10.1007/978-3-319-19911-5_10
http://dx.doi.org/10.1007/978-3-319-19911-5_11
http://dx.doi.org/10.1007/978-3-319-19911-5_12
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to avoid a very long list, only the most important are mentioned. More rare or less
determined cases could be assigned to 9.2.3 Headache attributed to other systemic
infection. The same system is used in the other chapters on secondary headaches.

In acute conditions, a close temporal relation between onset of headache and
onset of the presumed causative disorder is often sufficient to establish causation,
whereas less acute conditions usually require more evidence of causation. In all
cases, the last criterion must be applied as a check: “Not better accounted for by
another ICHD-3 beta disorder”.

Some secondary headaches are being transformed to a persistent/chronic form.
It happens when headache that was initially caused by another disorder fails to remit
after that disorder has resolved. In such cases, the diagnosis changes from the acute
subform to the persistent subform after a specified time interval (usually 3 months).
For example, 5.1 Acute headache attributed to traumatic head injury to 5.2 Persistent
headache attributed to traumatic head injury. Most of such diagnoses are in the
Appendix because of insufficient evidence for their existence.

Part IIT of the ICHD-3 beta comprises Chap. 13. Painful cranial neuropathies,
other facial pains (with 12 clinical subforms) and Chap. 14. Other headaches (not
elsewhere classified and unspecified).

The ICHD-3 beta is concluded by the Appendix which was developed for research
purposes. The Appendix comprises the forms, types and sub-types of headaches
which do not still have enough body of evidence. After a certain trial period, these
orphan entities could either be transferred to the main body of the classification or
be irretrievably deleted.

Being the main tool for the diagnosis of any headache type, the latest but not last
edition of the International Classification of Headache Disorders — ICHD-3 beta —
serves as a guarantor of uniformity and quality of headache diagnosis all over the
world.

“ICHD-3 beta is published. Use it immediately” (Jes Olesen, Chairman, 1st, 2nd and 3rd
Headache Classification Committee)
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Ugur Uygunoglu and Aksel Siva

2.1 Introduction

On the WHO’s ranking of causes of disability, headache disorders is listed among
the 10 most disabling conditions for the two genders, and into the five most dis-
abling for women. But despite being the most common neurological symptom, the
diagnosis and treatment approaches for headache disorders are not globally estab-
lished and their burden of disease is underestimated.

Epidemiology is defined as “the study of distribution and determinants of disease
frequency in human populations™ [1]. Epidemiological studies in headache disor-
ders are mainly performed for evaluating the prevalence and incidence and deter-
mining the burden of disease to raise awareness for this common health problem
[2]. “Prevalence” answers the question “how common a disease is?” and is
expressed by the proportion of a given population that has a disease over a defined
period of time. “Incidence” is a measure of the probability of occurrence of a given
medical condition in a population within a specified period of time. “Incidence
proportion” is the number of new cases within a specified time period divided by
the size of the population initially at risk [3]. The other aims of epidemiological
studies are to examine the sociodemographic, familial, and environmental risk fac-
tors, which may help to identify high-risk groups for headache and provide a better
understanding on the pathogenesis of disease and improve treatment strategies [4].

Due to methodological issues, many papers regarding epidemiological studies
show discrepancies. The main challenge in all studies is that the diagnosis depends
on subjective experiences rather than standard criteria. To eliminate these differ-
ences, International Headache Society (IHS) has published criteria of headache dis-
orders subtypes firstly in 1988, revised in 2004, and recently, preliminary form
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named as beta was published in 2013 [5-7]. The International Classification of
Headache Disorders, 2nd edition (ICHD-II) and The International Classification of
Headache Disorders, 3rd edition (beta version) have provided improved definitions
to reduce problems in methodological studies. However, personal interview and
neurological examination are still the “gold standards” used in headache epidemiol-
ogy studies. This methodology, which provides an improved clinical headache diag-
nosis is difficult to carry out, as they should involve large populations, which in turn
requires a high cost. Therefore, such studies have been carried out only in a limited
number of studies [8]. Another and probably more important issue is the lack of
diagnostic biomarkers or other study tools that may provide an accurate diagnosis
of primary headaches!

Headache prevalence usually corresponds to the sum of “primary headaches,”
mainly of migraine and tension-type headache prevalence. The overall headache
prevalence rates in one year vary between 29 and 77 % in adults, which is more
frequent in women (40-83 % vs. 19-69 %). Lifetime prevalence was found 35-96 %
in European countries. As a summary of six European studies, it showed 50.5 %
headache prevalence in one year, which is more common in women (57.6 vs.
41 %) [9].

2.2 Epidemiology of Migraine
2.2.1 Incidence of Migraine

Although there are a large number of migraine prevalence studies, the incidence
studies are limited. The high variability of incidence rates among age groups and
some migraine definition-related issues have resulted in having only a few reliable,
large population-based incidence studies in migraine. In order to obtain exact inci-
dence rates in migraine, large cohorts need to be followed in long periods.

Incidence studies show significant differences, which may be explained by vari-
ous study populations and methodology. A population-based study using estimated
onset age of migraine was conducted by Stewart et al. in 1991. Telephone interviews
were done randomly with 10,619 participants between ages 12 and 29. Three hun-
dred and ninety-two men and 1018 women with migraine were evaluated. Onset age
for migraine with aura peaked between ages 12 and 13 (adjusted incidence rate:
14.1/1000) and migraine without aura between 14 and 17 years among females.
Incidence of migraine with aura peaked in 5 years (6.6/1000) and without aura
between 10 and 11 years (adjusted incidence rate: 10/1000) in men. They empha-
sized that the incidence rate of migraine with aura peaks 3-5 years earlier than
migraine without aura. One of the limitation study was the lack of the participants
older than 30 [10].

In 1996, Breslau et al. conducted a prospective study in migraine. The cohort
comprised 1007 individuals between 21 and 30 ages. Follow-up interviews were
carried out at 3.5 and 5.5 years later in 972 patients. At the end of the study, the
cumulative incidence of migraine was estimated to be 8.4 % (71/848). The rate of
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incidence was 6 per 1000 person-years for men, and 24 per 1000 person-years for
women. The major limitation of the study was the narrow age group of the study
population [11].

The Danish 12-year follow-up incidence study, which was conducted by
Lyngberg in 2005, showed similar results with Breslau et al. The annual incidence
rate was 8.1/1000 person-years, with a male-to-female ratio of 1:6. The study popu-
lation was between 25 and 64 ages and incidence rates were higher in the 25-34
years group and decreased markedly by age in both genders afterward (25-34 years:
13.8/1000; 35-44 years: 7.0/1000; 45-54 years: 6.7/1000; 55-64 years: 2.6/1000).
Young age, female gender, no vocational education, familial disposition, a high
workload, and having frequent tension-type headaches were found to be risk factors
for developing migraine. Forty percent of migraine patients described aura [12].

A follow-up study regarding the incidence of migraine was conducted in 2008 by
Stewart et al. Cumulative lifetime migraine incidence in women and men was
assessed. Data was obtained from the American Migraine Prevalence and Prevention
study, in which a mailed survey was sent to 120,000 US households. Cumulative
incidence of 43 % was found in women and 18 % in men by age 85. Median age of
onset was 25 years among women and 24 years among men [13].

In a Turkish incidence study using ICHD-II criteria, which was conducted by
Ertas et al., 2563 people who did not have migraine in the original Turkish Headache
Epidemiology study [14] were reached by a headache specialist through a telephone
interview after 5 years. This study has shown a yearly incidence of 2.38 % (females
2.98 %; males 1.93 %) (Ertas et al., poster presentation at the American Headache
Association Meeting, San Diego, 2014).

2.2.2 Prevalence of Migraine

Prevalence studies in migraine are numerous. However, different results were found
among studies because of variations in case definitions and demographic features of
the study groups.

The range of migraine prevalence varies between 3 and 35 % in these studies.
Results in European countries and North America show similarities. Most studies in
the adult population give rates of 5-9 % for men and 12-25 % for women. Stovner
and Andree published a review paper in 2010 as a part of the Eurolight projects,
including all headache prevalence studies until 2009. The prevalence of migraine in
adults was found to be 14.7 % (8 % in man and 17.6 % in woman) in more than
170,000 participants [15].

The first comprehensive migraine prevalence study in the United States was con-
ducted by The American Migraine Study group in 1989 using a case definition
based on the International Headache Society (IHS) criteria [4, 5]. Migraine preva-
lence was found to be 18 % for women and 6 % for men varying with age (highest
in the 35-45 years range), household income (highest in lowest income), and race
(highest in whites than in blacks) [16]. Ten years after the first study, The American
Migraine Study II was conducted. The one-year prevalence of migraine was found
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18.2 % among females and 6.5 % among males, which was similar to the reported
results in the first study [4, 16]. The prevalence of migraine in the United States
remained constant from the American Migraine Study I to the American Migraine
Study II, which were conducted 10 years apart [4, 16]. However, according to the
US Centers for Disease Control, the self-reported migraine prevalence in the United
States increased by 60 %, from 25.8 per 1000 person-years to 41 per 1000 person-
years between 1981 and 1989 [17].

The Turkish primary headache prevalence studies showed similar results with
other reported studies. The migraine prevalence rates in 1998, 2008, and 2013, were
16.4 %, 16.4 %, and 16.7 %, respectively [14]. The frequency of migraine in females
was almost three times higher than men.

In the Turkish Headache epidemiology 5-year follow-up study, 10.2 % of partici-
pants without a primary headache in 2008 were diagnosed as having definite
migraine in 2013. Interestingly, 14.7 % of definite TTH, their diagnosis changed to
definite migraine 5 years later (Ertas et al., in preparation).

In children within 36,000 participants, the migraine prevalence was 9.2 % (5.2 %
for boys, 9.1 % for girls) [15]. Migraine prevalence in children ranges from 3.2 to
14.5 % in other studies. One of the main reasons of difference among studies is the
use of various definitions of migraine in pediatric population. Of note, 60-77.5 % of
children with migraine report family history, which shows higher frequency than
adults and the debate is still going on to put family history in the criteria of pediatric
migraine to better distinguish from TTH [18].

A large epidemiological study among 5562 children between ages 8 and 16
was conducted by Ozge et al. in Mersin, a Mediterranean city of Turkey. The
migraine prevalence was found to be 10.4 % with a similar distribution in both
genders (52.6 % were girls; 47.4 % were boys) and emphasized that “severity of
pain” was the most sensitive headache characteristic for migraine [19].
Interestingly, when this population was restudied 6 years later, the prevalence of
migraine increased to 18.6 % and episodic-TTH prevalence increased from 22.6
to 57.5 %, respectively [20].

2.2.3 Age, Gender, Genetics, and Environmental Factors
in Migraine

Migraine prevalence rates vary by age and gender. Migraine prevalence is more
common in boys than in girls before puberty and the prevalence ratio inverses in
favor of girls following puberty. In women, prevalence increases throughout child-
hood and in early adult life until approximately age of 40, after which it declines
[17]. Prevalence is highest between ages 25 and 55, and more specifically between
ages 35 and 45, which corresponds to the peak productivity years of men and
women. These findings emphasize the magnitude of the burden of migraine in eco-
nomic productivity [21].

Although genetics in migraine is complex and multifactorial, prevalence studies
showed significant increase among the first-degree relatives of migraine patients.
Russell et al. reported a 1.9-fold increased risk in first-degree relatives and 1.5 in the
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spouses of migraineurs without aura, which indicates the importance of both genetic
and environmental factors in migraine without aura. In contrast to migraine without
aura, the risk was 3.8 in first-degree relatives and no risk for spouses in migraine
with aura, which highlights the major role of genetic factors in migraine with aura
[22]. Twin studies also support the contribution of genetic factors on migraine [23,
24]. Migraine may also be a part of the clinical symptomatology of some genetic
disorders, such as CADASIL (cerebral autosomal dominant arteriopathy with sub-
cortical infarcts and leukoencephalopathy), MELAS (mitochondrial encephalomy-
opathy, lactic acidosis, stroke-like episodes), RVCL (retinal vasculopathy and
cerebral leukodystrophy), COL4A1 (retinal arteriolar tortuosity and leukoencepha-
lopathy), and FASPS (familial anticipated sleep phase syndrome).

In addition to the above genetic disorders with migraine features, autosomal
dominant transmission of the ion transportation genes CACNA1A, ATP1A2, and
SCNIA can cause the familial hemiplegic migraine (FHM). Overlap of idiopathic
migraine and FHM more than a chance may support the common pathway among
two disorders [25]. Consequently, after the evaluation of both family and twin stud-
ies, approximately 50 % of patients have a first-degree relative affected from
migraine. However, whether in these genetic disorders, having a headache with
migrainous features should be accepted as this headache being “migraine” and
therefore related to a common migraine gene needs to be further evaluated!

Due to limited studies, the effect of race in headache is still controversial.
American Migraine Study I-II and the AMPP, which are the largest population-
based studies revealed similar migraine prevalence among Blacks and Whites and
Baltimore County Study also did not show significant prevalence differences among
races (Whites 29 %, Blacks 23.4 %) [4, 15, 26].

ARIC (Atherosclerosis Risk in Communities) study was mainly designed to esti-
mate the lifetime course of atherosclerosis in the US population. However, at the
third clinic examination, they intended to determine the lifetime prevalence of
migraine and other headaches lasting than 4 h. When we compare the differences
among races in this study, the age-adjusted prevalence of migraine without aura was
highest in white women (4.5 %), followed by African American women (2.0 %),
white man (1.1 %), and African American men (0.5 %). The rate of migraine with-
out aura was also common in white women (9.0 %) than other groups (white men
2.7 %, African American women 2.2 %, African American men 0.5 %) [27].

In the National Health Interview Survey (NHIS), which was conducted by the
National Center for Health Statistics, overall prevalence was estimated as 14.3 % in
Whites, 14.0 % in Blacks, 9.2 % in Asians, 12.9 % in Hispanics, 11.9 % in Mexican
Americans, and 17.7 % in Native Americans [28].

When we evaluate all studies regarding the migraine prevalence among races in
the United States, all of the prevalence studies except ARIC showed similar ratios
in both races.

Geographic diversity is another controversial issue regarding the headache epi-
demiology. The prevalence of migraine is higher in European and North American
studies and slightly lower in Asia. In Asia, the estimated one-year prevalence of
primary headache disorders was 9.1 % for migraine, 16.2 % for TTH, and 2.9 % for
CDH [29].
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In contrast to other continents reports, African studies show very low fre-
quency, which may support the effect of environmental factors on migraine. In
a review of 21 community-based studies, including 137,277 people, migraine
prevalence was found to be 5.61 % in the general population [30]. A recent
study that was conducted in Enugu, the southeast part of Nigeria the prevalence
of migraine and TTH were 6.4 % and 13.8%, respectively [31]. Further well-
designed studies must be carried out in Africa to reveal the prevalence and
impact of headache.

2.2.4 Chronification of Migraine

Chronification of migraine is one the major issues that affects the quality of life
and causes lower productivity in patients. Chronic migraine was not recognized as
a distinct entity in ICHD-I and later as an emerging concept, it was subclassified
as a complication of migraine in ICHD-II. Finally, in ICHD, 3rd edition (beta ver-
sion) chronic migraine was added as a distinct disorder to reduce the underestima-
tion of such a disabling disorder and to create awareness for new treatment
strategies.

Chronic migraine, which is defined as at least 15 days (more than 4 h/day) of
headache each month, including at least eight of these days, the headache having
migrainous features in the ICHD 3rd edition (beta version). It was shown that 2.5—
3.0 % of people with episodic migraine will transform to chronic migraine every
year [32]. High frequency of headaches at baseline, medication overuse, obesity,
sleep disorders, excessive caffeine intake, psychiatric comorbidities, female sex,
lower socioeconomic status, comorbid pain disorders, history of head or neck injury,
and presence of cutaneous allodynia are the risk factors for chronification [32].
However, in 2 years, 26 % of these patients with chronic migraine, also will remit
back to episodic migraine [33].

According to 12 reported studies regarding chronic migraine, the overall preva-
lence of CM ranges from 0 to 5.1 % [34]. The major reason of various results
among studies was the usage of different criteria for CM. The largest study, which
was conducted by Buse et al. in the US population, the prevalence of CM was
found to be 0.91 % (1.29 % of females and 0.48 % of males) and the prevalence
increased throughout adolescence, peaked in midlife, and declined after age 50 in
both genders. The proportion of CM among all migraine patients was 7.68 % in
this study (7.45 % — among females with migraine; 8.47 % — among males with
migraine [35].

In The Turkish primary headache prevalence study, the prevalence of chronic
migraine was found to be 1.7 %. Three-fourths of CM patients reported medication
overuse. CM was seen in 10.7 % of the migraineurs [14].



2 Epidemiology of Headache 13

2.3 Tension-type Headache (TTH)

There are relatively few studies regarding the epidemiology of tension-type head-
ache (TTH) in comparison with migraine. Most of the studies show different results
probably due to methodological differences including case definition and demo-
graphic factors. The first study with episodic TTH prevalence using IHS criteria was
conducted in Denmark. One thousand men and women aged 25-64 years were ran-
domly drawn from the Danish National Central Person Registry and invited for a
general health examination, and 740 people participated in the study. The lifetime
prevalence of TTH was 69 % in men and 88 % in women. Prevalence of TTH in the
previous year was 63 % in man and 86 % in woman. They also reported increased
prevalence by age [8].

The second large-scale population study was carried out in the United States by
collecting data through a telephone interview. The one-year prevalence rate was
found to be 38.3 %, which is lower than the Danish study. The prevalence of epi-
sodic TTH peaked in fourth decade and decreased afterward [36].

Stovner et al. evaluated 107 publications consistent with headache epidemi-
ology. In this study, the adult population with tension-type headache (TTH) was
found to be 42 %. Headache in general is most prevalent in the youngest age
group whereas TTH is most prevalent in adolescents. This is probably due to
few studies of TTH among children. TTH appears to be much more common in
Europe (80 %) than in Asia or the Americas (20-30 %). The headache-related
disability of tension-type headache was larger than migraine because of higher
prevalence [37].

According to published 19 reports, Stovner and Andree estimated that the
prevalence of TTH was 62.6 % among >66,000 adults. In children and young
adolescent group, the estimated prevalence was lower at 15.9 % among 25,000
children [15].

In contrast to other published reports, in Turkish study the rate of TTH was
very low (14.5 %; with probable TTH being 9.5 % and definite TTH being 5 %).
The significant difference in comparison to other studies may be explained by
some probable methodological issues. In the Turkish study, a diagnosis of TTH
was made only if participants were not diagnosed with “definite” or “probable”
migraine and fulfilled all TTH criteria. This could have been caused by
overlapping the groups of probable TTH and probable migraine. One other issue
to be considered is that “true” TTH is likely to be less than all cases diagnosed
with TTH, as most of them would turn out to be not primary, but having head-
aches secondary to somatization or other psychogenic causes, or due to head-
neck postural changes. Such an approach would be more selective and detect
lower rates of TTH [14]. This issue is discussed in more details elsewhere [38]
(Table 2.1).
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24  Chronic Daily Headache (CDH)

The definition of chronic headache still remains controversial. There is no agree-
ment on how many days per month the headache must be present, the obligatory
time from initiation of headache and the type of headache. Although a lot of studies
have been done, only two of them used the same criteria.

Global prevalence of CDH was found in 3 %. CDH is less prevalent among chil-
dren and adolescents. It is more common in Central/South America (5 %) than
Africa (1.7 %). Medication-overuse headache (MOH), a potentially treatable and
preventable headache type, is common among those with CDH. Possible MOH was
found to occur in about 1 % [15].

In the Turkish study, chronic daily headache was found to be 3.3 %, of which
1.8 % had a diagnosis of chronic migraine (0.4 % for those without medication
overuse and 1.3 % for those with medication overuse) and 0.2 % for chronic
TTH.

2.5 Trigeminal Autonomic Cephalalgias

Trigeminal autonomic cephalalgias consists of cluster headache (CH), paroxysmal
hemicrania (PH), short-lasting unilateral neuralgiform headache attacks with con-
junctival injection and tearing (SUNCT)/short lasting neuralgiform headache
attacks with cranial autonomic features (SUNA), and hemicrania continua (HC).

Because of the low frequency of TACs, there are few available data on
epidemiology.

In the Vaga study, 1838 people between 18 and 65 years were studied; two were
diagnosed as having SUNCT and in 18 individuals (11 females and 7 males), the
symptoms were consistent with hemicrania continua. For paroxysmal hemicrania,
the one-year prevalence rate was estimated to be 0.5 per 1000 [46].

Epidemiological studies with CH are more common than the other TACs. Vaga
study is the most comprehensive study estimating the prevalence of CH [47].

The study was conducted in Norwegian rural community among 1838 partici-
pants by face-to-face interviews. Prevalence of CH was found to be 326 per
100,000 in the total population (106 per 100,000 for females, and 558 per 100,000
for males).

In an Italian study similar to the Norwegian study, the prevalence was found to
be 279/100,000 among >10,000 patients [48]. D’ Alessandro et al. found the preva-
lence of CH 69/100,000 in Republic of San Marino [49]. Rasmussen et al. and
Monteiro et al. showed similar prevalences (100/100,000) [50, 51]. In Germany, the
one-year prevalence of CH was estimated to be 119/100,000 [52]. Ekbom et al.
reported the lifetime prevalence and concordance risk of cluster headache in the
Swedish twin population in 2006. They found the prevalence as 1 per 500 of the
general population [53].

However, when considering the clinical practice, the number of cluster patients
seems to be lower than these prevalence studies (personal comment: Rigmor Jensen)
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2.6 Impact of Headache

Global Burden of Disease (GBD) Study 2010 revealed that TTH and migraine are,
respectively, the second and third most common prevalent diseases after dental car-
ies and migraine is ranked as the seventh highest cause of disability in the world.
The main disadvantage of GBD 2010 is the lack of data regarding the interictal
impairment in migraine and medication overuse headache [54].

The societal impact of headache consists of direct and indirect costs. Direct costs
correspond to the sum of diagnostic investigations and treatment costs. Indirect
costs, which include loss of productivity due to absenteeism and reduced perfor-
mance, are the major leading causes of cost when compared with direct costs of
headache. The cost of migraine in Europe is estimated at € 27 billion annually.
Although there are many epidemiological studies with the prevalence of headache,
migraine, TTH, the data on impact of headache is rare. The most comprehensive
study evaluating the impact of headache was conducted by Eurolight project. In this
study, personal impact of headache was assessed by seven questions to show
headache-attributed lost work, housework, and social days in preceding three
months. Eurolight project emphasized that the common headache disorders have
very high personal impact [55]. However, much more studies with applicable ques-
tionnaires have to be done to indicate the impact of headache, which will provide
awareness among physicians.
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The Headache Classification Subcommittee of the International Headache
Society [1] recognizes three main primary headaches: migraine, tension-type
headache (TTH), and the trigeminal autonomic cephalalgias (TACs). The huge
public health importance of primary headache arises from their causal associa-
tion with personal and societal burdens of pain, disability, damaged quality of
life, and financial cost [2].

Cure is rarely a realistic aim in primary headache disorders and the expectations
of people disabled by headache could not be achieved even with optimum
management.

The purpose of pharmacotherapy of primary headache is mostly to control symp-
toms in order to minimize the impact of the disorder on each individual patient’s life
and lifestyle.

This requires an individual approach, and patients with two or more coexisting
headache disorders are likely to require separate plans for each disorder.
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3.1 Migraine

The management of migraine is divided into acute and/or symptomatic strategies (to
relieve headache attack) and preventative strategies (to reduce frequency, duration,
and intensity of the attacks).

The decision of the drug to use to stop a migraine attack should be in function of
the severity of illness and match the patient’s needs to the characteristics of the
attack (severity, frequency, disability, symptoms, and time to peak).

Acute therapies are generally divided into two categories. The first category
includes nonspecific treatments, such as paracetamol (acetaminophen), nonsteroi-
dal anti-inflammatory drugs (NSAIDs, including aspirin), opioids and combinations
of analgesics, alone or in combination with antiemetics. These are usually the first
choice for the treatment of mild or moderate migraine attacks. The second category
includes specific anti-migraine treatments, such as ergotamine and triptans, which
are usually first-line drugs for the treatment of severe migraine attacks. It can hap-
pen that the resolution of symptoms and functions fully returning within 2 h is not
attainable by everyone with the drugs currently available.

When the best acute therapy is inadequate to control the symptom, it can be
supplemented with prophylactic medication. The aim is to reduce frequency, dura-
tion, or severity of attacks and conversely increase the effect of acute treatment.

The different pharmacological classes of prophylactic anti-migraine drugs are 8
-blockers, antiepileptic drugs, calcium channel antagonists, tricyclic antidepres-
sants, and serotonin antagonists.

More recently, onabotulintoxinA (Botox®) [3] has been approved for the pre-
vention of chronic migraine and it is the only treatment to have that indication so far.

3.2 Pharmacological Treatment

Several drugs are available for both acute/symptomatic and preventative pharmaco-
logical treatment of migraine. Experts defined four levels of recommendation on the
basis of levels and scientific strength of the evidence and clinical effectiveness.
Specifically, level of recommendation I refers to compounds whose efficacy is high
and supported by statistically significant data (evidence of at least two controlled,
randomized studies versus placebo or drugs of proven efficacy) or with high clinical
benefit and no severe adverse effects for patients. Level of recommendation II
includes drugs with lower efficacy compared to drugs of group I, with less clinical
benefit for patients and without severe adverse effects. Drugs labeled with level of
recommendation IIT show statistical but no clinical evidences of efficacy. These
drugs are divided into two subgroups: (a) drugs with no severe adverse effects and
(b) unsafe drugs with important pharmacological interactions. Level of recommen-
dation IV includes effective drugs with frequent and severe adverse effects and
drugs whose clinical patient benefit or efficacy has not been demonstrated
(contrasting or unavailable data).
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Concluding, this chapter will focus mostly on levels of recommendation I and II
that include drugs with high levels of efficacy (from p<0.0001 to p<0.05), occa-
sional and not severe adverse effects. Moreover, considering the clinical effective-
ness of these drugs, more than 60 % of the patients referred partial or total relief
from headache and more than 30 % were pain free.

3.3 Acute Treatment

Symptomatic treatment of migraine attacks is recommended when attacks are not
severe or, if disabling, they occur for less than 4 days per month. Drugs for acute
treatment of migraine include triptans, analgesics (NSAIDs), ergot derivatives, and
antiemetics.

3.3.1 Triptans

Triptans are indicated for the treatment of moderate-severe attacks. Triptans are
specific serotonin (5-HT) receptor agonists, selective for 5-HT1. In particular,
sumatriptan binds to 5-HT1D receptors, zolmitriptan, rizatriptan, naratriptan, almo-
triptan; frovatriptan binds to 5-HT1B/1D; and eletriptan binds to 5-HT1B/1D/1 F
receptors. Triptans are members of the tryptamine-based drugs family, derivatives
of indole with substitutions at positions 3 and 5. The chemical structure of triptans
is shown in Fig. 3.1.
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The indole structure of triptans is identical to the neurotransmitter 5-HT. Triptan
structure contains side chain on the indole ring. The main structural difference of
triptans is the presence of the sulfonamide with a different side chain attached to it
at position 5 and the presence of a nitrogen-alkyl chain at position 3. Rizatriptan,
zolmitriptan, and frovatriptan have, respectively, a 2-oxazolidone and an amide
instead of a sulfonamide, a triazole. In the chemical structure of eletriptan, the
nitrogen-alkyl chain connected to the indole ring is replaced with a dimethyl-
pyrrolidine, and in naratriptan with a 1-methyl-piperidine ring. Triptans are charac-
terized by three main mechanisms of action, all contributing to their anti-migraine
effects. These effects include: (i) the peripheral inhibition of the vasoactive peptides
release from trigeminal nociceptive afferents; (ii) the cranial vasoconstriction; and
(iii) the inhibition of the second-order neurons transmission through the trigemino-
cervical complex. There is also evidence that they may be acting in other brainstem
nuclei and the thalamus [4—6].

Nowadays, triptans are considered the first-line option in the acute treatment of
moderate—severe migraine attacks. Cardiovascular and cerebrovascular diseases
represent the main contraindication for the prescription of triptans, although the
clinical significance of triptan vasoconstriction is unclear and still being debated.

3.3.2 NSAIDs

Nonsteroidal anti-inflammatory drugs (NSAIDs) are a class of molecules that have
analgesic, antipyretic and, in higher doses, anti-inflammatory effects. Chemically,
most NSAIDs are organic acids with low pKa values. This feature favors their accu-
mulation at inflammation sites, considering that these areas often exhibit low pH
values. Moreover, low pKa values are also related to short half-lives. Most NSAIDs
can be classified into two groups based on their chemical structure: carboxylic acid
and enolic acid derivatives (Table 3.1). Carboxylic acid subgroups include the salic-
ylates, arylpropionic acids, anthranilic acids, and phenylacetic acids. The main sub-
groups of enolic acids are pyrazolones and oxicams. NSAIDs can be classified on
chemical structure or mechanism of action. Newer molecules are frequently classi-
fied by mechanism of action.

The term NSAID is used for compounds that inhibit the metabolism of arachi-
donic acid (AA). NSAIDs inhibit the synthesis of prostaglandins and thrombox-
anes, modifying the activity of both cyclooxygenase-1 (COX-1) and
cyclooxygenase-2 (COX-2), which catalyzes the formation of prostaglandins
responsible for pain and inflammation. Experts believe that the inhibition of COX-2
leads to the anti-inflammatory, analgesic, and antipyretic effects and that those
NSAIDs, inhibiting also COX-1 and particularly aspirin, may cause gastrointestinal
bleeding and ulcers [7]. Most of selective COX-2 inhibitors are diarylheterocycles.
NSAIDs that inhibit prostaglandin E2 synthesis are effective in treating acute
migraine attacks. Ibuprofen, paracetamol, acetylsalicylic acid, lysine acetylsalicy-
late, naproxen sodium, diclofenac sodium, and potassium and ketorolac have the
highest efficacy in migraine treatment, whereas the evidence of efficacy for other
NSAIDs is more limited.
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Table 3.1 Classification of NSAIDs

Carboxylic acids

Enolic acids

Nonacidic
compounds
COX-2 selective
inhibitors (Coxibs)

Arylpropionic acids

Salicylic acids

Anthranilic acids

Acetic acids | Indole and indene

acids
Phenylacetic
Pyrazolones
Oxicams
Nabumetone

Colecoxib, rofecoxib, meloxicam,
nimesulide, paracoxib

Flurbiprofen, ketoprofen,
oxaproxin, ibuprofen, naproxen,
fenoprofen

Aspirin, difunisal, trisalicylate
salsalate, sodium salicylate,
olsalazine, sulfasalazine

Mefenamic acid, meclofenamic acid

Etodolac, indomethacin, sulindac,
tolmetin, ketorolac

Diclofenac
Phenylbutazone

Piroxicam, meloxicam

Etodolac, lumiracoxib, valdecoxib,
deracoxib, etoricoxib

Ibuprofen is a nonselective inhibitor of cyclooxygenase, an enzyme involved in
prostaglandin synthesis via the arachidonic acid pathway, but its exact mechanism
of action is yet unknown. It is administered as a racemic mixture. The R-enantiomer
goes through interconversion to the S-enantiomer in vivo. It is believed that the
S-enantiomer is the more pharmacologically active enantiomer. Its pharmacological
effects might be due to inhibition of cyclooxygenase-2 (COX-2), which decreases
the synthesis of prostaglandins involved in mediating inflammation, pain, fever, and
swelling. Side effects of ibuprofen, such as GI ulceration, are due to its inhibition of
COX-1.

Paracetamol is an analgesic antipyretic derivative of acetanilide and it has weak
anti-inflammatory properties. It is the drug of choice for adult patients when salicy-
lates or other NSAIDs are contraindicated. The lack of significant anti-inflammatory
activity of paracetamol implies a mode of action distinct from that of NSAIDs; yet,
despite years of use and research, the mechanisms of action of paracetamol are not
fully understood even if it is now being considered as a selective COX-2 inhibitor.

3.3.3 Ergot Derivatives

Ergotamine and dihydroergotamine activate 5-HT 1B receptors located on intracra-
nial blood vessels, leading to vasoconstriction correlated with the relief of migraine
headache; they also act on the inhibition of pro-inflammatory neuropeptide release
by activating 5-HT1D receptors on sensory nerve endings of the trigeminal system
[8]. Ergot derivatives have a potential risk of abuse; therefore, their use should be
restricted to low-frequency severe attacks unresponsive to other treatments. The
ergot alkaloids were found in ergot fungi (genus Claviceps) and, in their chemical
structure, they present the basic compound ergoline, the structural skeleton of
several alkaloids (Fig. 3.2a).
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Fig. 3.2 Chemical structure of ergot alkaloids. (a) Ergoline; (b) ergotamine; (c)
dihydroergotamine

In particular, ergotamine is an ergopeptine and dihydroergotamine is a 9,10
alpha-dihydro derivative of ergotamine (Fig 3.2b, c). They have a complex mecha-
nism of action due to the interaction with several receptors. In fact, both ergotamine
and dihydroergotamine demonstrate affinities for 5-hydroxytryptamine, dopamine,
and noradrenaline receptors since they have a structure similar to these
neurotransmitters.

3.3.4 Antiemetics

Antiemetics, including metoclopramide, prochlorperazine, and chlorpromazine,
are effective treatment options for migraine independently from their ability to
control nausea and vomiting. They are considered primary options for treating
acute migraine in the emergency department setting. They are to be considered
adjuvants in the treatment of migraine attacks, especially when nausea or vomit-
ing is prominent: the efficacy of analgesics is reduced in many migraineurs
because of impaired gastrointestinal motility, which is associated with nausea,
and the nonabsorption of the drugs due to vomiting. For instance, NSAIDs are
often combined with an antiemetic for migraine pain treatment to reduce associ-
ated nausea and vomiting [9]. It is also true that the dopamine antagonist proper-
ties of metoclopramide might make it effective as single treatment for acute
migraine. Metoclopramide belongs to the salicylamides, carboxamide derivatives
of salicylic acid. Other dopamine antagonists such as prochlorperazine and chlor-
promazine have also shown effectiveness in migraine (Fig. 3.3). These polycyclic
aromatic compounds belong to the chemical class of phenothiazine, which is a
linear tricyclic system that consists of two benzene rings united by a para-thiazine
ring.

Prochlorperazine and chlorpromazine are considered dopamine receptors antag-
onist (subtypes D1, D2, D3, and D4), even if their antiemetic effects are due to the
antagonism on histaminergic receptors (H1).
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Fig. 3.3 Chemical structure of antiemetics. (a) Metoclopramide; (b) prochlorperazine; (c)
chlorpromazine

3.4 Preventative Treatment

A preventative treatment is recommended when migraine attacks are disabling and
last more than 4 days per month or, if less, in case of poor response to acute treat-
ment. Preventative drugs include beta-blockers, calcium channel antagonists, anti-
depressants, antiepileptic drugs, dihydroergotamine, and botulinum toxin A.

3.4.1 p-Blockers

Beta-blockers such as propranolol, metoprolol, and nadolol are considered preven-
tative treatment options for migraine. They are effective especially for patients with
frequent migraines and periods of headache freedom. Moreover, $-blockers are con-
sidered first-line drugs in case of hypertension or tachycardia. The structural activ-
ity relationship (SAR) for f-blockers is shown in Fig. 3.4.

A common feature in the chemical structure of B-blockers is that there is at least
one aromatic ring structure linked to a side alkyl chain with a secondary hydroxyl
and amine functional group (p-ethanolamine). The aromatic ring must either be
benzoheterocyclic (such as indol) or heterocyclic (such as thiadiazole), while the
side chains can be different. The X part of the side chain can either be directly
linked to the aromatic ring or linked through a -OCH,- group. When X is -CH,CHS,-,
-CH=CH-, -SCH,- or -NCH,-, there is little or no activity. Each of the available
beta-blockers has one or more chiral centers directly attached to a hydroxyl group.

There are different mechanisms of action of B-blockers in migraine prophylactic
treatment, such as the blockade of beta-adrenergic receptors that results in the inhi-
bition of arterial dilatation. They may also help to activate a central mechanism of
action in the brain, which “turns off” the generators that cause migraine [10].
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Fig.3.4 Structural activity 3 2 H
relationship for p-blockers
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3.4.2 Antiepileptic Drugs

Several drugs used in the treatment of epilepsy have been found to be helpful also
in the preventative treatment of migraine. Following the hypothesis that migraine
and epilepsy have some pathogenic mechanisms, such as an abnormal activation of
voltage-gated sodium channels, the administration of sodium-channel blockers was
extended to the preventative treatment of migraine. In fact, one of the main mecha-
nisms in the pathophysiology of migraine is the abnormal Na+-dependent dis-
charge and, in particular, the persistent Na+conductance in the trigeminovascular
system due to the neurogenic inflammation. However, apart from sodium valproate
and topiramate, not all anticonvulsants have this dual role. Other helpful anticonvul-
sants are gabapentin and pregabalin, while lamotrigine, levetiracetam, and
zonisamide may be tried but their use is not supported by clinical evidence.

The main mechanism of action of valproic acid (VPA, di-n-propylacetic acid) is
the inhibition of voltage-sensitive sodium channels, leading to the suppression of
repetitive neuronal firing. It also reduces the excitatory transmission through the
increase of brain GABA levels, the main inhibitory neurotransmitter in the CNS
[11]. Chemically, VPA is one of the simplest molecule in the therapeutic armamen-
tarium also approved for the treatment of migraine prophylaxis and bipolar
disorder.

Differently from valproic acid, the exact mechanism of action of topiramate is
unknown; however, studies showed several topiramate sites of action. Topiramate
blocks sodium and calcium channels. Additionally, it shows antagonism of the
AMPA /kainate glutamate receptors and also increases GABA concentrations.

Lamotrigine and zonisamide seem to inhibit voltage-sensitive sodium channels
leading to the inhibition of glutamate release and to the suppression of neuronal
depolarization. This mechanism of action may contribute to the management of
migraine since the release of glutamate is involved in the propagation of cortical
spreading depression.

3.4.3 Calcium Channel Blockers

Calcium channel antagonists are particularly recommended for the treatment of
migraineurs suffering from anxiety and insomnia. They may be also useful in
patients with severe aura symptoms, including hemiplegic migraine [9]. Cinnarizine
and flunarizine, respectively, classified as antihistamine and calcium channel
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blocker, are derivatives of piperazine. Drugs of different pharmacological actions
have been developed by mono- or di-substitution of the two nitrogen atoms present
on the piperazine structure. In particular, cinnarizine and flunarizine are di-
substituted derivatives of piperazine, grouped under the class diphenylmethyl piper-
azines of piperazine.

Both nitrogen atoms in these molecules are aliphatic, displaying similar basici-
ties. In order to reach maximum activity, the terminal N-atom should be a tertiary
amine. The main differences among these compounds involve the para aromatic
ring substituent (X=H or F) and the nature of the terminal nitrogen substituent
(Fig. 3.5). Cinnarizine blocks L-type and T-type voltage-gated calcium channels
thus inhibiting the contractions of vascular smooth muscle cells. It also binds to
dopamine D2, histamine H1, and muscarinic acetylcholine receptors. Flunarizine
physically plugs the channel, inhibiting the influx of extracellular calcium through
myocardial and vascular membrane pores. Flunarizine may be particularly useful in
patients with severe aura symptoms, including hemiplegic migraine.

3.4.4 Antidepressants

The use of tricyclic antidepressants has become a preventative migraine treatment
option, since serotonin (5-HT) and norepinephrine (NE) are involved in migraine
pathophysiology. Antidepressants such as amitriptyline, nortriptiline, or dosulepin
are therefore commonly used for headaches and neuropathic pain, even if the doses
used are generally much lower in migraine than in depression [12]. Amitriptyline is
the prototypical tricyclic antidepressant with high efficacy in pain and migraine. It
has mixed serotoninergic and noradrenergic reuptake inhibitor (SNRI) properties,
which enhances the activity of diffuse noxious inhibitory control. Their chemical
structure contains three rings of atoms; in particular, there are two phenyl rings in a
6-7-6 ring system. The central ring, formed by 7 or 8 atoms shaping an angled or
twisted conformation, is responsible for the tricyclic drugs activity. The amine
group may be either tertiary or secondary. The tertiary amines seem to inhibit the
reuptake of serotonin, while the secondary amines the norepinephrine one. However,
the potency and selectivity for the inhibition of the uptake of norepinephrine, sero-
tonin, and dopamine vary greatly among the molecules. Nevertheless, although the
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entire class is considered useful in prophylaxis, tertiary amines such as amitriptyline
are more effective than the secondary amines, such as nortriptyline. These agents
are effective in the preventative treatment of migraines, and patients’ response is
typically more rapid (within 4 weeks) than with -blockers.

3.4.5 Onabotulintoxin A

Botulinum toxin is a protein and neurotoxin produced by the bacterium Clostridium
botulinum. Botulinumtoxin-type A (BT-A) injection therapy was approved in 2010
by the Federal Drug Administration for the preventative treatment of chronic
migraine (CM). The pharmacological profile of BT-A makes it a valid option for
CM patients. Its long duration of action (3 months on average) and the high tolera-
bility profile makes it a privileged alternative for patients who have showed low
tolerance or poor compliance with oral preventative drugs. BT-A preventative treat-
ment significantly decreases costs related to acute headache medication use, sug-
gesting BT-A as a cost-reasonable option for medication offsets alone, especially in
chronic headache patients with a acute medication overuse [13]. The still open issue
on this therapy is if and when it should be discontinued.

Conclusions

This short overview has been conceived as an introductive practical guide to the
various pharmacological classes actually used in the treatment of headaches.
Details on dosage and side effects are widely reported in other dedicated chap-
ters. The knowledge of medical pharmacology is essential for the clinician who
faces this painful pathology every day.

The basics regarding chemical structures and consequently the mechanism of
action of the examined drugs must not be considered other than clinical practice,
particularly in the management of migraine since most of the drugs used were
developed for different disorders. The selective and targeted use of a drug belong-
ing to a wide class must be selected starting from its chemical structure, which
primarily determines its efficacy and the presence of side effects.

Moreover, the evident comorbidities with migraine impose the co-administra-
tion of different drug classes and therefore the necessity of a thorough knowl-
edge of the possible pharmacological and metabolic interactions.

A headache expert must also be a fine pharmacologist.
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4.1 Introduction

Since millennia, once man realized himself as a social being, medicine is based in
placebo. In old times, magicians or chaplains used to treat people by using the posi-
tive expectation and the will to heal. Even today, medicine would be almost ineffi-
cient or very poor after extracting placebo. Although will power alone is not enough
to overcome the disease, it is indispensable. Having no volition there is no improve-
ment or cure. On the contrary, negative expectations limit or even destroy treat-
ment’s improvement, not only by increasing the magnitude of adverse events (AEs),
but also by decreasing the impact of improving itself. Data from randomized
placebo-controlled studies (RCTs) allow to measure both placebo and nocebo
effects precisely. But the impact in clinical practice remains uncertain and individu-
alized. The physician’s role is essential to increase placebo and limit nocebo in
order to maximize the effect of treatment. Although much has been said for placebo
in headache management, as in all medical situations, little is known for nocebo, the
real negative factor that has to be battled in real life. In this chapter, the size of pla-
cebo and nocebo in RCTs for primary headache disorders will be summarized after
a short overview of potential pathogenetic mechanisms for each phenomenon.

4.2 Placebos

In the article “Lessons from placebo effects in migraine treatment,” Antonaci and
colleagues [1] report that the word “placebo,” which literally means “I shall please,”
derives from the Latin Placebo domino in regione vivorum (I shall please the Lord
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in the land of the living”). It was first used in the fourteenth century in reference to
hired professional mourners at funerals and thus had associations with the ideas of
depreciation and substitution [2]. Around the same time, Chaucer in The Canterbury
Tales (The Merchant’s Tale) depicts a wicked, parasitic, and sycophantic character,
whom he calls Placebo [3]. Much later, placebo came to mean a substance that can
be given to humor or gratify a patient rather than to exert a genuine pharmacological
effect. The first recorded medical dictionary definition of placebo refers to “a com-
monplace method or medicine,” commonplace meaning common and pedestrian.
Indeed, in Motherby’s 1795 dictionary, placebo was defined as “a commonplace
method or medicine calculated to amuse for a time, rather than for any other pur-
pose” [4]. This definition was maintained until 1937, when Taber’s Digest of
Medical Terms [5] defined placebo as an “inactive substance” and a “substitute for
medicine given to deceive the patient.” This introduction is placed as it is in their
article [1], without changing the syntax, because the authors describe the origin of
the term in the best way it could be found.

4.2.1 Mechanisms of Placebo

Placebo effects illustrate the power of the human brain [6]. Placebo in pain conditions
has great importance. All mechanisms involved were classified into psychological and
biological, but all fall into brain’s activity. Simply expecting an improvement can alter
pain processing and produce analgesia. There is evidence that placebo analgesia and
hyperhedonia associated with pain relief are mediated by activation of shared emotion
appraisal neurocircuitry, which regulates early sensory processing, depending on
whether the expectation is reduced pain or increased pleasure. Placebo responses are
associated with similar patterns of activation increase in circuitry involved in emotion
appraisal, including the pregenual anterior cingulate, medial orbitofrontal cortex,
amygdala, accumbens, and midbrain structures [6]. Both opioid and non-opioid sys-
tems are involved. Opioid antagonists such as naloxone [7] and cholecystokinin [8]
attenuate placebo responses, while dopamine improves [9]. From the psychological
point of view, a multitude of mechanisms contribute to placebo effects. These include
expectations, conditioning, learning, memory, motivation, somatic focus, reward,
anxiety reduction, past experiences and social observation, and meaning. While there
is a growing amount of research into these mechanisms, two principal mechanisms
are well supported: expectancy and conditioning [10].

4.2.2 Placebo in RCTs for Primary Headache Disorders

Because placebo is widely variable and high enough, International Headache
Society guidelines for randomized controlled studies in primary headache disorders
recommend the use of placebo, although there are effective treatments. Placebo var-
ies not only among studies, but seems to be related to the primary headache disorder
and to the nature of treatment (acute vs. chronic, route of drug administration,
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pharmaceutical vs. nonpharmaceutical, etc.). Interventional treatments show higher
placebo effect, like acupuncture, surgery, or botulin toxin type A. Children and
adolescents have greater placebo rates than adults.

4.2.2.1 Placebo in Migraine Trials

In clinical trials for acute migraine treatments, placebo response ranges from 6 to
47 % generally. The mean placebo effect for RCTs used analgesics was estimated at
30 %, but variability was large (7-50 %). The primary outcome was the headache
response defined as a proportion of attacks that decreased in pain severity from
moderate—severe to mild or no headache within 2 h post treatment. When the pri-
mary outcome was pain free 2 h post treatment, the mean placebo was only 9 %, and
the variability much lower (7-17 %), suggesting that this outcome measure is more
vigorous [11]. In another meta-analysis, mean placebo response in RCTs for symp-
tomatic treatment that used triptans was estimated at 28.5+8.7 % (range 15-50 %)
when the primary outcome was headache response, and 6.1 +4.4 % (range 5-17 %)
when the primary outcome was pain free 2 h post treatment [12], mirroring the
results of the previous review [11]. Placebo response in children and adolescents
with migraine varied from 37 to 53 % of patients treated with placebo analgesics/
non-steroidal anti-inflammatory drugs (NSAIDs), and from 28 to 65 % of those
treated with placebo triptans [13], partly explaining why most trials investigating
the efficacy of triptans in children and adolescents showed limited efficacy of the
drug investigated.

In phase IT RCTs using novel symptomatic antimigraine drugs (anti-CGRP, anti-
HT1F, anti-AMPA compounds), placebo effect for pain free 2 h post treatment var-
ies from 4.0 to 16.0 % [14-18] as in RCTs for analgesics and triptans. For
symptomatic treatment of migraine using transcranial magnetic stimulation (TMS)
however, placebo (sham stimulation) was much higher up to 67 % of treated patients
(55 out of 82), when the outcome was no or mild pain 2 h post stimulation vs. 72 %
patients in the treatment group (72 out of 82, P=0.498 only) [19].

In a meta-analysis for migraine prophylaxis, the mean placebo effect for respond-
ers (those who report at least 50 % reduction in headache days after treatment) esti-
mated at 23.5+8 % (95 % CI 18.3-28.8 %) vs. 45.5+15.5 % (95 % CI 37.4-53.6 %)
in the active groups. A reduction in migraine attacks of 16.8+12.7 % (95 % CI 10.9-
22.6 %) was observed in the placebo groups and 41.8+11.7 % (95 % C1 36.9-46.6 %)
in the active groups. The authors of the meta-analysis concluded that only if the per-
centage of responders in an open-label prophylactic trial in migraine is above 35—40 %,
or if a reduction in migraine attack frequency is found of 40 % or more, further studies
are needed to determine the prophylactic activity of the drug [20]. Since these meta-
analysis studies for topiramate and botulin toxin A have been published showing that
placebo falls within the same limits (16 % for topiramate [21]) with the exception of
botulin toxin A that showed significantly increased placebo effect up to 35 % vs.
23.5+8 % (95 % CI 18.3-28.8 %) in oral treatments [20, 22]. Interestingly, therapeu-
tic techniques with limited documentation such as acupuncture and surgery show
increased placebo effect compared to oral pharmaceutical interventions. In a recent
meta-analysis of 102 eligible trials, sham acupuncture (proportion of responders,
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38 % [95 % CI 3047 %]) and sham surgery (58 % [37-77 %]) were associated with
a more pronounced reduction of migraine frequency than oral pharmacological place-
bos (22 % [17-28 %]) and were the only significant predictors of response in placebo
groups in multivariable analyses (P=0.005 and P=0.001, respectively). Network
meta-analysis confirmed that more patients reported response in sham acupuncture
groups than in oral pharmacological placebo groups (odds ratio, 1.88 [95 % CI 1.30—
2.72]) [23]. Thus, the overall placebo effect in RCTs for migraine prevention varies
from 22 to 23 % [20, 23]. In trials with botulin toxin, acupuncture, and surgery, the
placebo effect is significantly increased, almost double. Clinicians who treat patients
with migraine should be aware, therefore, that a relevant part of the overall effect they
observe in practice might be due to nonspecific effects and that the size of such effects
might differ between treatment modalities [23].

In phase II RCTs for migraine prevention using with monoclonal anti-CGRP
antibodies, placebo effect varied from 33 to 45 % (responders rate) [24, 25], while
trigeminal neurostimulation with a supraorbital transcutaneous stimulator (Cefaly,
STX-Med., Herstal, Belgium) in migraine prevention showed only a 12.1 % effi-
cacy in sham group vs. 38.1 % in the active group (50 % responders rate) [26].
Placebo effect was similar in another controlled study using an implanted device for
stimulation of the occipital nerve (responders defined as patients that achieved a
>50 % reduction in mean daily visual analog scale scores): 13.5 % in the sham
group vs. 17.1 % in the active group (difference not significant) [27].

In conclusion, for symptomatic treatment of migraine, placebo effect defined as
pain free 2 h post treatment varies from 6 to 9 % in oral treatments (one out of 13
treated patients approximately). In children, this effect seems to be much higher, as
in trials with neurostimulation (one out of three, approximately). In preventive oral
treatments, placebo effect defined as >50 % reduction in headache days per month
varies from 20 to 25 % (one out of five treated). Treatments with botulin toxin A,
acupuncture, and surgery show higher placebo effects (up to 60 % for surgery), as
in novel anti-CGRP monoclonal antibodies treatments. Neurostimulation for the
prevention of migraine shares the same size of placebo effect in oral treatments in
the published studies so far.

4.2.2.2 Placebo in Tension-Type Headache and Cluster Headache
Placebo effect (defined as pain free 2 h post treatment) in symptomatic treatment of
tension-type headache (TTH) seems to be higher than in trials for migraine
(12-51 %) [28]. In RCTs for prevention of TTH the placebo effect for the propor-
tion of responders (defined as > 50 % reduction in headache days per month) varies
from 15.4 % to 28 % [29, 30]. In a meta-analysis for preventive treatment of TTH
with acupuncture, placebo effect (sham acupuncture) was estimated at 41 % how-
ever [31].

In acute symptomatic treatment of cluster headache with triptans, placebo effect
varies from 3 to 17 % (pain free 15 min post treatment) [32]. Treatment with oxygen
was effective (same criterion) in 20 % of patients treated with air [33]. Interestingly,
in one study for prevention of cluster headache with verapamil, placebo effect was
zero (no headache attacks) vs. 80 % in the treatment group [34]; 54.5 % of patients
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Table 4.1 Placebos in primary headache disorders

Condition

1. Migraine

1.1 Symptomatic treatment*
Analgesics
Triptans
TMS

1.2. Prophylactic treatment®
All drugs
Botulin toxin A
Acupuncture
Surgery
Anti-CGRP antibodies
Neurostimulation®

2. Tension-type headache

2.1 Symptomatic treatment*
All drugs

2.2 Prophylactic treatment®

Venlafaxine and mirtazapine

Acupuncture

3. Cluster headache

3.1 Symptomatic treatment®
Triptans
Oxygen

3.3 Prophylactic treatment*

Steroid suboccipital injections

Placebo

9 % (7-17)
6.1£84.4 % (5-17)
67 %

23.5+8 % (95 % CI 18.3-28.8)
35%

38 % (95 % CI 30-47)

58 % (37-77)

33-45 %

12.1-13.5 %

12-51 %

15.4-28 %

41 %

3-17 %

20 %

54.5 %

*Primary outcome pain free 2 h post treatment
"Primary outcome >50 % reduction in days with headache per month

“Supraorbital transcutaneous stimulator and stimulation of the occipital nerve

dPrimary outcome pain free 15 min post treatment
‘Primary outcome reduction in daily attacks to <2 per day

TMS transcranial magnetic stimulation

treated with suboccipital injections with normal saline responded to treatment

Placebo in
children

37-53 %
28-65 %

NA
NA
NA
NA
NA
NA

NA

NA

NA

NA

NA

NA

35

(reduction in daily attacks to <2 per day) vs. 95.2 % in patients treated with suboc-

cipital injections of steroids [35].

In conclusion, there are limited data for both TTH and cluster headache com-

pared to migraine. In symptomatic treatment of TTH, placebo seems to be higher
than in migraine (one out of four approximately). In cluster headache, the pattern
looks similar to migraine (one out 10) on the other hand. In chronic prophylactic
treatment of TTH, placebo is similar to migraine trials, whereas in cluster headache

there are not enough data to draw a conclusion. As in migraine, interventional treat-

ments tend to much increase placebo in both TTH and cluster headache prevention

(Table 4.1).



36 D.D. Mitsikostas and C.I. Deligianni

4.3 Nocebos

Nocebo refers to adverse events (AEs) related to patient’s negative expectations that
medical treatment will likely harm instead of heal [36]. Other relevant mechanisms
contain prior conditioning and suggestions. Nocebo submits more to the interven-
tion than to the outcome and includes expected AEs or, less frequently, nonspecific
effects that cannot be substantiated referring to pharmacological action of the treat-
ment [36, 37]. The term nocebo (“I shall harm™) was introduced in contraposition to
the term placebo (“I shall please”), by Kennedy in the early 1960s to distinguish the
noxious from the pleasing effects of placebo [1, 38]. Nocebo is related to lower
adherence in therapy as well as with high rates of dropouts and significant difficulty
in assessing the efficacy and the safety profile of a drug in clinical trials [39, 40]. It
has been suggested that dopaminergic, cyclooxygenase/prostaglandins and opioid
brain pathways reward circuitries, and decision-making processes play a crucial
role in the mechanisms that underlie nocebo [40—43]. Reports from clinicians indi-
cate that the nocebo effects are very prevalent, but the exact magnitude remains
elusive [44]. Information disclosure for potential side effects can itself contribute to
producing AEs, or detailed and extensive information by physicians can also trigger
nocebo AEs. Nocebo adversely influences quality of life and therapy adherence,
emphasizing the need for minimizing these responses to the extent possible.
Definitively, the content and the way information are presented to patients in clini-
cal trials in both the placebo and active treatment conditions influence nocebo.
Evidence further indicates that the informed consent process in clinical trials may
also induce nocebo [45]. Like placebo, nocebo shares key functions in pain condi-
tions. Two recent systemic meta-analyses searched for nocebo in trials for preven-
tion of migraine and tension-type headache and revealed that 1 out of 20 patients
treated with placebo withdraw treatment due to adverse effects. Additionally,
adverse events in placebo groups mirrored the adverse events expected of the active
medication studied, confirming that pretrial suggestions induce the adverse events
in placebo-treated patients. Therefore, nocebo reduces the study population by 10 %
and limits the treatment outcomes in randomized controlled trials for primary head-
aches. The potential implications of this substantial nocebo effect for both trial
designing and clinical practice are discussed below [46].

4.3.1 Nocebo in Migraine RCTs

Reuter and colleagues [47] first investigated nocebo in randomized placebo-
controlled trials (RCTs) and found that up to one third of migraineurs treated with
placebo experience AEs. In trials for symptomatic migraine treatment that tested the
therapeutic efficacy of triptans, 21.9 % of control patients reported at least one AE
although treated with placebo. Symptoms were grouped into three categories:
migraine-related (symptoms such as nausea, photophobia, and phonophobia), drug-
related (symptoms typical of the experimental compound such as chest pressure in
response to triptans), and nonspecific or coincidental (symptoms such as sleep
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disturbance). Thus, symptoms in the placebo group were related to the drug under
study and to the symptomatology of migraine, whereas some others had no obvious
relation to the condition or treatment [47]. In another review aimed at estimating the
placebo response in migraineurs treated with oral triptans, it was found that 23.40-
14.05 % of participants treated with placebo reported AEs. Fascinatingly, studies
performed in North America showed a higher nocebo frequency than those con-
ducted in Europe [12]. Amanzion and colleagues [37] published an extensive sys-
tematic review of nocebo in clinical trials for migraine. This was the first attempt to
intensely investigate migraine-related nocebo effects. They investigated the AEs
after placebo in RCTs testing NSAIDs, triptans, or anticonvulsants. Their major
finding was that nocebo AEs mirrored the AEs expected of the active medication
studied precisely. For example, anorexia and memory difficulties, which are typical
AEs of anticonvulsants, were present only in the placebo arm of these trials. In other
words, nocebo in migraine trials arose from patients’ distrust [37]. However, this
important meta-analysis aimed to investigate mechanisms of nocebo in particular,
rather than to investigate the magnitude of nocebo in RCTs for migraine. Migraine
most likely was used as a vehicle pain condition in this study. For instance, the
investigators searched RCTs for migraine trials, both symptomatic and preventive,
only if specific anti-migraine agents were tested. Undoubtedly, the results of this
meta-analysis confirmed their findings derived from experimental human studies
that expectations modulate both nocebo and placebo (the expectation theory of pla-
cebo and nocebo) [37].

In another more recent meta-analysis of RCTs for all primary headache disor-
ders, 56 RCTs published in the last decade were analyzed to estimate the frequency
of patients treated with placebo who experience any AE (nocebo AE ratio) or dis-
continued treatment due to AE (nocebo dropout ratio) [36]. In this meta-analysis, all
RCTs using any compound, either for acute or for chronic treatment, were included.
The aim was to estimate the magnitude of nocebo in headaches in the most clini-
cally relevant manner for both the clinicians and trial designers. In symptomatic
treatments (STs) nocebo dropout ratio was limited (0.33 %), but in chronic preven-
tive treatments was increased up to 5 %, showing that 1 out of 20 patients treated for
migraine prophylaxis discontinues treatment due to nocebo AEs. Practitioners
should be aware of this fundamental nocebo effect, trial designers as well [48].

Stratified analyses in migraine studies revealed that (1) nocebo AEs and nocebo
dropout ratios were higher in preventive trials than in symptomatic trials (P <0.001);
(2) nocebo AE ratio varied by year of publication in trials for ST of migraine,
decreasing from 22.05 % (95 % CI 16.46-28.21 %) for trials published within
1998-2004 to 14.39 % (95 % CI 10.81-18.39 %) for trials published within 2005—
2009 (P<0.001); (3) nocebo did not change with route of drug administration; (4)
no differences were found between studies performed in North America compared
with Europe; (5) dropout ratio was lower in the placebo group than in the active
drug group (mean difference, 7.09 %; 95 % CI 4.1-10.1 %; P <0.0001); (6) nocebo
rates did not vary with the drug tested, with headache type, or by continent, with one
exception. In studies with botulin toxin type A, the dropout ratio was significantly
lower than in any other preventive drug (0.92 % vs. 4.75 %); and (7) dropout rates
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Table 4.2 Nocebos in primary headache disorders

Condition Nocebo AE ratio Nocebo AE dropout ratio
1. Symptomatic treatment

Migraine 18.4 % (15-22.2) 0.3 % (0.2-0.5)

Cluster headache 18.7 % (1.6-28.3) NA

2. Prophylactic treatment

Migraine 42.8 % (34.7-51.4) 4.7 % (3.3-6.5)
Tension-type headache 24 % (4.6-52.2) 5.4 % (1.3-12.1)

Nocebo AE ratio: percentage of patients experienced any adverse event in the placebo-treated
group; nocebo AE dropout ratio: percentage of patients discontinued treatment in placebo group
because of severe adverse event

were strongly associated in both treatment groups (r=0.824; P<0.0001) [36]. These
correlations indicate that the safer a drug is, the less nocebo is induced. These cor-
relations indicate that the safer a drug is, the less nocebo is induced and the less
potential AEs the concept form describes in RCTs, the less nocebo is caused. This
principal finding is in line with other meta-analyses and with the expectation theory
of placebo and nocebo [36, 37].

Another key finding concerns the low nocebo dropout ratio in trials for symptom-
atic migraine treatment. Even the nocebo AE ratio was limited in STs, compared with
nocebo AE ratio in preventive antimigraine treatments, implying that the duration of
a pharmaceutical treatment may be essential for nocebo. What makes botulin toxin A
to have lower dropout nocebo ratio compared to other anti-migraine treatments
remains unclear. The route and the frequency of drug administration, or even a posi-
tive expectation related to this particular treatment, may account for this variation. It
seems that the frequency and the study protocol for the drug administration may be
more important for this variation (every 3 months injections in the head and neck).
Notably, placebo responder rate was increased (35.1 % vs. 47.1 %) [22]. Conversely,
as noted above, the pooled analysis revealed a positive relation between nocebo and
placebo rates [36]. Thus, a high positive expectation for the treatment outcome may
also explain the low nocebo dropout rate in botulin toxin type A trials (Table 4.2).

4.3.2 Nocebo in Tension-Type Headache and Cluster Headache

Like chronic migraine, chronic TTH results in a variety of negative repercussions
both on individuals and on society at large [49]. There is no more than one meta-
analysis available for nocebo in trials for TTH [36]. Unfortunately, only four RCTs
for prophylactic TTH treatments fulfilling the search criteria were found for pooled
data analysis. Nocebo AE (24 %, 95 % CI 4.6-52.2 %) and nocebo dropout rates
(5.44 %, 95 % CI 1.3-12.1 %) were similar to those estimated in RCTs for migraine
prophylaxis, but the limited number of RCTs included in this analysis did not allow
extensive meta-regression analyses to reveal specific TTH-related nocebo manipu-
lating cofactors [36]. Unlike TTH and migraine, cluster headache is a rare primary
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headache disorder affecting more men than women [50]. Only data from two RCTs
were analyzed [36]. Like in migraine, the pooled estimate for nocebo AE ratio in
RCTs for ST of cluster headache was 18.6 % (95 % CI 1.6-28.3 %). But no good
data to estimate the nocebo dropout rate in these RCTs were found [36]. In sum-
mary, both TTH and cluster headache share similar size nocebo with migraine in
prophylactic treatments (one out of five treated patients) (Table 4.2).

4.4  Clinical Implications
4.4.1 Placebo

Because the placebo effect is part of the overall treatment effect, placebos — even
powerful placebos — should not replace treatments [51]. Patients will benefit if
physicians exploit relatively powerful placebos either alone or as part of a thera-
peutic regime. A clear case where placebos might be used for clinical benefit is
pain, where placebo effects are almost similar in magnitude to treatment effects
[51, 52]. But this is not the case for headache. All available treatments showed
significant higher effect compared to placebo, although placebo size was large
enough. Along these lines, presented numbers needed to treat, a common outcome
measurement in meta-analyses, does not represent the actual power of treatments
because the placebo effect is extracted. Apparently, this measurement helps to
make cross trial comparisons. But in daily practice both the physician and the
patient may modify the treatment power individually. All patients share a motiva-
tion to overcome the disease. When the physician understands and manages the
patients’ needs and expectations he may improve the disease outcome by trigger-
ing this motivation. The skill to touch and amplify the positive patients’ expecta-
tions varies substantially among physicians. Eventually, the ancient magician’s
spirit to stimulate, motivate, and convince patients is needed to be added into the
scientific education in order to better control a medical condition. And because
pain perception varies considerably by individuals, this skill becomes more impor-
tant in the case of headache. In this context, comorbidity with somatoform and
mood disorders [53]is alsoimportantin headache management. Non-pharmaceutical
treatments and alternative treatments show higher placebo effects, together with
botulin toxin A. Neurostimulation and treatments with monoclonal antibodies may
follow this pattern, but more studies are needed to draw clear conclusions in this
matter. Children and adolescents tend to express higher placebo effects as well,
indicating that physician may control them easier than adults, as expected
(Table 4.1).

4.4.2 Nocebo

Clinicians should be aware that drug intolerance and treatment failure might be
caused by nocebo. In clinical practice, nocebo may be more prevalent than in RCTs.
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Patients who are reluctant to receive novel medical treatments due to anxiety or
general mistrust might avoid participating in clinical trials completely. For this rea-
son, a nocebo effect, whereby patients experience AEs seemingly unrelated to the
pharmacologic activity of the medication, may be common. Both migraine and
TTH share the same risk for nocebo that includes drug-related AEs mainly, not
general or unexpected ones. Thus, the proper delivery of drug safety information to
patients is crucial and clinicians should use tailored strategies to prevent patients’
negative expectations and increase positive ones for the suggested treatment.
Comorbidity with anxiety and depressive disorders typically increases nocebo.
Previous repetitive treatment failures or discontinuation due to AEs is a strong pre-
dictive finding for nocebo behaviors, as well as experience with alternative medi-
cine techniques and treatments. Altered awareness in these cases is needed. Because
nocebo is associated with the safety profile of the active drug, one should expect
more nocebo AEs when administrating drugs with poor safety profiles. Reading the
drug brochures or Internet information on drug safety without proper reassurance
from the physician may increase nocebo. Discussing the likely risk for nocebo and
explaining the phenomenon to the patient may help. In addition, face-to-face fol-
low-up may help to minimize patients’ fears and maximize their understanding of
the pharmacotherapy benefits [36, 37, 46]. Patients with nocebo behaviors may use
as first choice alternative treatments and only if these interventions fail, they ask for
medical management. To pre-scan patients for potential nocebo behaviors, a spe-
cific 4-item self-fulfilled questionnaire (Q-No) was developed [54] in order to help
physicians to prevent the phenomenon. Q-No score >15 predicts nocebo with
71.7 % specificity, 67.5 % sensitivity, and 42.5 % positive predictive value and may
serve as a useful tool to predict nocebo in outpatients seeking neurological consulta-
tion [54].

Although nocebo has been recognized as an important cofactor for patients’
compliance and treatment adherence, little progress has been made in translating
this knowledge into improvement of clinical outcomes. Evidence from recent meta-
analyses on RCTs for migraine and TTH prevention revealed that almost 1 out of 20
patients treated with placebo stop treatment due to AEs. The frequencies of AEs
were similar in both active drug and placebo treated patients. Additionally, the AEs
in placebo groups mirrored the AEs of the active drugs, indicating that nocebo is
mainly powered by verbal pretrial negative suggestions. These fundamental nocebo
effects share significant implications for both clinical science and practice. Trial
designers should be aware that nocebo may decrease the study population by up to
10 % in RCTs for prophylaxis of migraine or TTH and should develop techniques
to limit it. In this context, modification of informed concepts may be needed together
with individualized strategies targeting patients’ compliance. Future clinical
research is warranted to establish predictive factors for nocebo. In real life, nocebo
may be more prevalent than in RCTs. Thus, in the field of clinical practice, physi-
cians treating headache sufferers should also acknowledge nocebo as a significant
cofactor for treatment adherence and failure and plan techniques to border nocebo,
such as patients’ education and close follow-up. Positive suggestions and continu-
ous support increase patient’s compliance and decrease the nocebo response [46].
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Stefan Evers

5.1 Introduction

This chapter reviews the guidelines for the pharmacological treatment of headache
disorders. It focuses on Europe and on those guidelines available at present for the
public community and created according to evidence-based medicine. There are
several so-called guidelines published by single persons or scientific societies,
which are not part of the International Headache Society; these will not be
considered.

Since it would be a major opus to compare all single treatment recommendations
for all headache disorders in these dozens of published guidelines, this chapter will
mainly discuss the structure of and the systematic differences between these
guidelines.

Although the topic of this book includes only pharmacological treatment of
headaches, many guidelines also consider non-pharmacological treatment such as
different types of psychotherapy, physiotherapy, and interventional treatment.

5.2 Historical Remarks

Guidelines on headache treatment have been published since antiquity. Systematic
treatment recommendations for headaches have been given by Aretaios of
Cappadocia (80/81 to 130/138) and by Galen (129/131 to 199/215) in particular. For
the Islamic world, Avicenna (980 to 1037) published treatment guidelines on head-
ache, which were later introduced in the European medical writings.
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In the neurological textbooks (the first by Jason Pratensis (1486—1558), De cere-
bri morbis) until the nineteenth century, the treatment of headache was described
but no systematic recommendations were given. Even in the famous textbooks on
headache such as “On megrim, sick-headache and some allied disorders” (1873) by
Edward Liveing or “Wolff’s headache” (1948) by Harold G. Wolff, no systematic
treatment descriptions are mentioned.

The first modern, officially published treatment guideline for headache was
probably the guideline by the Italian Headache Society SISC in 1993 based on a
wide revision of the existing literature and a consensus conference of Italian head-
ache experts [14]. The method of this guideline was not what we call nowadays
evidence-based medicine, but it was already the same principle: reviewing the lit-
erature and finding an expert consensus. This first guideline on adults was followed
in 1996 by a guideline on children and adolescents published by the same society
[18]. After this, several European countries and finally the European Federation of
Neurological Societies (EFNS) published different guidelines, which are available
until now. All modern guidelines use the International Classification of Headache
Disorders (3rd edition) for their recommendations, and only guidelines with this
background should be considered in daily practice.

5.3  Systematic Remarks

Guidelines on headache treatment can be classified with respect to several different
levels. First, we differentiate between so-called cross-sectional guidelines and
diagnosis-related guidelines. Cross-sectional guidelines do not focus on a specific
headache diagnosis but on a specific patient group or situation. Among these, we
can find guidelines on headache treatment in different age groups (e.g., children and
elderly people), guidelines on specific situations (e.g., pregnancy, lactation, head-
ache as emergency; even headache in sports had been addressed), guidelines on
specific legal situation (e.g., expert testimony in cases with headache). It is also of
particular interest to know who is addressed by the guideline. The details of recom-
mendation might differ with respect to the addressed healthcare workers, there are
guidelines addressing general practitioners, addressing emergency physicians,
addressing neurologists, addressing headache experts, and addressing nonphysi-
cians such as nurses or chirotherapists.

Another level of differentiation is the source of guideline. Most of the guidelines
have been written by a collective of authors appointed by the national scientific
headache society. But there are also guidelines created by other scientific societies
such as the society for general medicine (General Practitioner guidelines) and oth-
ers created by legal institutions or health authorities. The latter ones can be in con-
currence to scientific society guidelines. As an example, the British Association for
the Study of Headache (BASH) published a guideline on the treatment of migraine;
in parallel, there is a guideline by the National Institute for Health and Care
Excellence (NICE) on headache in adults, including migraine. This refers also to
the applicability and relevance of the guidelines. In some countries, such as in
Germany and Switzerland, the national guidelines are only recommendations for
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the physicians (and related professions) but are not regular documents of the author-
ities. Therefore, physicians do not have to stick to these guidelines, and reimburse-
ment of treatment does not necessarily depend on these guidelines. In other countries
such as Belgium or the United Kingdom, physicians are not independent in their
decision to treat headache but have to stick to the guidelines developed by the
authorities. In particular, reimbursement of treatment costs by the national health
system is restricted to those procedures listed in such guidelines.

Further, the regional level can be different for guidelines. Normally, guidelines
are published by a national scientific society dealing with headache. Most countries
have their own national headache society; in some countries, this is part of the
national neurological society. The only exception in Europe is the United Kingdom
where we have the BASH guideline and the NICE guideline for England (see above)
and separately the guideline on headache by the Scottish Intercollegiate Guidelines
Network (SIGN). There are some examples for supranational, but not European
guidelines; the German-speaking countries have created common guidelines in the
same language for all three countries (Austria, Germany, and Switzerland), with
some final specific remarks only valid for the health system of one of these
countries.

On the European level, the EFNS started its guideline program with the European
Handbook of Neurological Management in 2006. This also included guidelines on
the treatment of migraine and of cluster headache. Since then, more new and revi-
sions of older guidelines in the field of headache have been published by the
EFNS. The International Headache Society (IHS) as the global scientific society for
headache has explicitly waived the idea to publish treatment guidelines for head-
ache disorders, although this was a controversial debate. This decision was based on
the fact that, particularly in headache treatment, the national health systems have a
major impact on the medical pathways and that these systems are very different all
over the world. So, international treatment guidelines might cause more problems
than solving problems in countries with no national guidelines. A specific role is
played by the Cochrane library, which does not publish treatment guidelines as such
but which publishes recommendations for different treatment procedures in the field
of headache, which can be used for treatment guidelines. These Cochrane recom-
mendations are purely evidence-based and do not consider national health system
restrictions.

Furthermore, the grade of evidence is also different between some guidelines.
We have different systems of evaluating the evidence in the scientific literature, and
according to these different methods, we have different grading systems for the
level of evidence. The system introduced by the EFNS is the most often used one,
but it is not applicable to all systems.

5.4 Comparison of Guidelines

In Table 5.1, all available treatment guidelines for headache disorders published by
the responsible national scientific societies are presented; the EFNS guidelines are
also included.
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Table 5.1 Guidelines on headache treatment published by the national scientific headache societ-
ies and the EFNS in the Internet or in scientific journals

Austria
Belgium

Croatia
Denmark
Finland
France

Germany

Italy
Hungary
Netherlands

Portugal
Spain

Switzerland

UK

EFNS

See also Germany

Guideline for migraine treatment in primary care (Internet)

Guideline for the management of chronic migraine [22]

Evidence-based guidelines for treatment of primary headaches [27]

Guideline for diagnosis and treatment of headache disorders and facial pain [3]
Guideline on migraine treatment — Migreenin kdypa hoito (internet)

Revised French guidelines for the diagnosis and management of migraine in
adults and children [16]

Chronic migraine and chronic daily headache [17]

Treatment of headache in pregnancy and lactation [4]

Treatment of migraine [7]

Treatment of headaches in children and adolescents [8]
Self-medication in migraine and tension-type headache [12]
Treatment of chronic headache including tension-type headache [26]
Treatment of rare idiopathic headache disorders [6]

Treatment of cluster headache [19]

Treatment of trigeminal neuralgia [23]

Italian guidelines for primary headaches: 2012 revised version [24]
Guideline on headache treatment (Internet)

Diagnostic and therapeutic guideline on chronic headache without neurological
abnormalities (internet)

Therapeutic recommendations for headache [21]

Manual book on diagnosis and treatment of headache [13]
Therapeutic recommendations for primary headaches 2014 (Internet)
See also Germany

Guidelines for All Healthcare Professionals in the Diagnosis and Management
of Headache Disorders (Internet)

Headache in sports [15]

Treatment of migraine [9]

Treatment of cluster headache [20]

Treatment of tension-type headache [2]

Treatment of trigeminal neuralgia [5]

Treatment of rare idiopathic headache disorders [10]
Treatment of medication-overuse headache [11]

In general, the recommendations in all guidelines are very similar both for acute
and for prophylactic drug treatment. All guidelines recommend the use of NSAIDs
and of triptans in acute migraine treatment. Ergotamine derivatives are not drugs of
first choice any more in the guidelines after the year 2010. For the prophylactic drug
treatment, beta-blockers and anticonvulsant drugs (valproic acid and topiramate)
are first choice in all guidelines. There is a considerable difference in some coun-
tries with respect to antidepressants in migraine prophylactic treatment. This has
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also been noticed in previous comparisons of migraine guidelines [1], and this is
also a major difference to the US American guideline on migraine prevention [25].

Systematic comparisons for the treatment of other headache disorders cannot be
made since in many countries only migraine guidelines exist. For tension-type
headache and for cluster headache, the available evidence on drug treatment is poor
and only very few trials exist. Therefore, evidence-based treatment guidelines are
difficult to create. For other primary headache disorders, only one guideline could
be identified [6]; the available evidence for drug treatment in this group is even
poorer. There are no guidelines on the treatment of secondary headaches and only a
few on the treatment of trigeminal neuralgia and facial pain.

With respect to cross-sectional guidelines, only children and adolescents have
been addressed in more than one guideline. Often, all age groups were included in
one guideline but discussed separately in different chapters. Since specific trials on
different patient groups in headache treatment are rare, good evidence is hard to
obtain for cross-sectional guidelines.

According to a previous analysis of guidelines [1], guidelines are developed to
assist the physician in making appropriate choices in the treatment of headache
patients. To ensure their optimal use, guidelines need to be kept up to date; they
should encompass the most recent published evidence and therapeutic strategies.
Because guidelines are needed to set recognizable and acceptable standards of good
practice, their adoption in primary care should be encouraged. This has, however,
not been the case in most guidelines published in Europe.

5.5 Critical Remarks

After a boom in the years between 2000 and 2010, many guidelines have not been
updated and almost no new guidelines have been published. It might be that there
was a period with enthusiasm on evidence-based medicine, which has now gone
down. However, it is important to update guidelines regularly. The quality of guide-
lines even depends on a regular update, which should be dated in the prior guideline.
Another problem might be that human and financial resources are more limited
nowadays to create a guideline. This is even more a problem since the requirements
to write an accepted guideline have increased.

Another problem is that in most countries, only guidelines on the treatment of
migraine exist. Guidelines on other primary headaches can be found only infre-
quently and guidelines on secondary headaches do not exist (with the exception of
medication-overuse headache). The basic principles of migraine treatment are well
known and presented in several neurological textbooks. However, the treatment of
rare idiopathic headache disorders is a major problem even for neurologists and
some guidance would be of benefit. In tension-type headache, several recommenda-
tions which are not evidence-based exist in the literature and it would be important
for GP and even neurologists to be informed about which recommendation is
evidence-based and which is not. With respect to secondary headaches, treatment
recommendations are often restricted to the treatment of the underlying disorder.
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This is, however, not always appropriate. It should be considered that some second-
ary headaches are primarily seen by headache specialists such as headaches associ-
ated with changes in intracranial pressure. For these headache disorders,
evidence-based treatment guidelines are warranted.

The question arises whether it would be sufficient to have only one European
headache guideline for the different headache disorders rather than several national
guidelines that are nearly identical. There is of course a major benefit for the head-
ache community if only one guideline exists, which is updated regularly and super-
vised by the most accepted headache experts. On the other hand, such a guideline
could not consider the impacts of the national health systems on treatment deci-
sions. The availability of drugs, the reimbursement of pharmacological treatment,
the procedures of outpatient and inpatient vary considerably between the different
European countries. In addition, there are also cultural aspects that should be inte-
grated in treatment guidelines (e.g., willingness of a population to take drugs for
pain or to give children drugs for pain). A solution could be that a guideline manual
is created, which encompasses several drug profiles and the evidence of these drugs
for specific headache disorders, and which is complemented by specific national
recommendations.

Finally, a problem is that only a few European guidelines are published interna-
tionally. Internet publications of guidelines are mainly written in the native lan-
guage and can therefore not be discussed in the scientific community and cannot be
understood by others who are in the process of writing guidelines. Guidelines pub-
lished in scientific journals should be written both in the native language to attract
as many physicians as possible and in English to allow a scientific debate on these
guidelines.
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6.1 Introduction

Headache conditions are among the ten most costly diseases in Europe and one in
every three subjects in the Western World has seen a physician at some point in their
lives due to a headache [1]. In general practice in the EU, more than 10 % of patients
have migraine and more than 5 % suffer from a chronic, often incapacitating, head-
ache. In the USA prevalence of migraine headaches is high, affecting roughly 1 out
of every 6 adult Americans annually [2]. Due to the high occurrence, the overall
socioeconomic cost derived from headaches is substantial and cause 20 % of the
overall sickness absence recorded in the total EU workforce [3]. The quality of life
of patients who suffer from headaches is also considerably reduced. Consumption of
medication has an increasing trend, and the introduction of novel specific migraine
medications and novel prophylactic pharmaceuticals contributes to a considerable
need to establish systematic and updated treatment strategy in the EU. There is an
overwhelming majority of subjects who suffer from headaches regularly. At present
they are being treated in primary health care and should continue to do so. Further,
it has been indicated that there is a growing need for clear guidelines on referral and
organization of specialist treatment of the more severe and rare headache conditions.

International general recommendations on the treatment of migraine and other
primary headache disorders are now in place, and there is a substantial need to
implement such guidelines in the EU context as it has recently been suggested for
USA [4] and Denmark [5].

The European Headache Federation (EHF) consisting of member societies aims
to help the individual countries within the EU to provide the specialists and the
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general practitioners with guidelines which may assist in providing as good as pos-
sible understanding and therapy for its subjects. Here the acute treatment of migraine
is addressed, which represents the largest group of the primary headaches. The aim
is to help our colleagues and to offer an updated view on direction of acute therapy
in a field that is moving on with novel therapies.

6.2  Whatls Migraine?

Migraine is a painful and often disabling condition and is one of the primary head-
ache disorders. It occurs sometimes secondarily to a number of other conditions. A
wide range of headache types have been classified in detail by the International
Headache Society (IHS) [6]. The most common of these are tension-type headache
(TTH), migraine, cluster headache and chronic daily headache syndromes. Further,
migraine is a primary headache disorder that has often a genetic basis but environ-
mental factors play an important role in the expression of the disease. It may start at
young age, being more frequent in puberty (or lost) and have its highest prevalence
in the age group 20-45 years. After this age period the attacks are reduced and
eventually diminish to a very low level. The migraine attacks may sometimes persist
in seniors but is rare. It has been argued that the pain disappears but not the underly-
ing attack. This view is not shared by all researchers in the field but is an interesting
hypothesis. At the moment, it is considered by many that migraine starts in the CNS
and involves diencephalic and brainstem regions and mechanisms [7, 8]. In fact
recent work has revealed that there are even premonitory alterations in the CNS
prior to the aura and pain phases of migraine attacks [9]. The trigeminovascular
system is of importance for the sensitization at peripheral and central sites, and
plays a key role in the generation of pain caused during the migraine attack [7].

6.3  Diagnosis of Migraine

During a long time the classification of migraine was up to the different physicians
and their respective centers, this made it difficult to compare study results, analyze
data in depth, and to perform international studies. In conjunction with the appear-
ance of the first triptan, sumatriptan, the development of mentioned drug stimulated
more careful characterization of the condition and stimulated work to find a com-
mon view on the disease group. The IHS produced the first international classifica-
tion in 1998, revised it in 2004 as the second classification, and in 2014 the
beta-version of the third classification appeared [6]. This work clarified diagnostic
criteria and emphasized the need for solid data and information gathering that is
now the basis for the diagnosis (see Table 6.1). At present there are still no reliable
diagnostic tests. The medical history should reveal any warning signs indicating the
presence of a serious secondary headache.

Physical and neurological examinations should be performed to exclude or con-
firm any secondary headache. The physical examination would generally produce
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Table 6.1 Classification of migraine without aura and typical aura with migraine headache [6]

Migraine without aura Indicators

Migraine without aura and its indicators, 1.1 [G43.0/N89] Migraine without aura
A At least five attacks fulfilling criteria B-D
B Headache attacks lasting 4-72 h

C Headache has at least one of the following

characteristics
Unilateral localization
Pulsating quality
Moderate or severe pain intensity
Aggravation by/or causing avoidance of routine
physical activity
D During headache at least one of the following happens
Nausea and/or vomiting
Phono- and photophobia

Aura with migraine headache Indicators

Aura with migraine headache, 1.2.1 [G43.10/N89] Typical aura with migraine headache

A At least five attacks fulfilling criteria B-D

B Aura consisting of at least one of the following, but no

motor weakness

Fully reversible visual symptoms including positive
features and/or negative properties

Fully reversible sensory symptoms including
positive features and/or negative features
Fully reversible dysphasic speech disturbance
C At least two of the following

Homonymous visual symptoms and/or unilateral
sensory symptoms

At least one aura symptom develops gradually over
>5 min and/or different aura symptoms occur in
succession over period of >5 min

Each symptom lasts >5 and <60 min

D Headache fulfilling criteria B-D in 1.1
Migraine without aura begins during the aura or
follows aura within 60 min

normal findings in case of a primary headache. Attacks of cluster headache will
produce physical findings including lacrimation, redness of the eyes, ptosis, and
similar symptoms. In trigeminal neuralgia, pain trigger points can often be identi-
fied. Blood pressure and pulse should always be measured due to acute hyperten-
sion associated with headache. Computer tomography/magnetic resonance imaging
(CT/MRI) scans are rarely indicative, but should be performed where the history or
physical examination raise suspicion of a secondary condition.
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Once a serious secondary headache has been excluded, the use of a headache
diary for a minimum of 4 weeks and a headache calendar for a few months is highly
recommended [5]. Two most frequently occurring types of migraine are migraine
with aura and migraine without aura. Many patients have both types. Migraine with-
out aura presents itself as attacks lasting from 4 to 72 h and the typical characteris-
tics are throbbing unilateral headaches of moderate to severe intensity with
aggravation by routine physical activity. These headaches are typically accompa-
nied by nausea, vomiting, and phono- and/or photophobia (see Table 6.1). Patients
are symptom-free between attacks. The lifetime prevalence of migraine is consid-
ered 16 %; this is based on the fulfillment of diagnostic criteria of five attacks of
clear migraine without aura or two documented attacks of migraine with aura [2].

Various imaging studies have revealed not only changes in brain blood flow and
metabolism but they are highly localized and related to the different symptoms dur-
ing the attacks [8]. Recently, it has been shown that there are changes in the CNS
during prodromal phase of an induced migraine attack [9] that provide more support
to its origin in the CNS.

Approximately one-fourth of migraine patients have migraine with aura. The
aura phase consists of lateralized, reversible symptoms from the vision and tactile
senses, such as flickering scotomas and sensory disturbances [6].

Transitory aphasia may also occur. Typically, symptoms develop gradually over
minutes, every aura symptom has duration of 5-60 min and several types of symp-
toms follow in a sequence (see Table 6.1). If aura includes motor weakness, the con-
dition may be classified as hemiplegic migraine. In migraine with aura, the headache
phase frequently meets the criteria for migraine without aura and is then classified as
typical aura with migraine headache (see Table 6.1). It should be noted that aura is
not necessarily followed by headache, and that such headache does not necessarily
meet the criteria for migraine without aura. In these cases, the migraine is diagnosed
as typical aura with non-migraine headache or as typical aura with no headache.

Warning signals that should attract physicians’ attention in particular and sug-
gest in-depth examination are:

e Thunderclap headache (severe headache with sudden onset)

* Headache with atypical aura (lasting more than 1 h or including motor
symptoms)

* Newly presenting headache in a cancer patient

» Headache/facial pain accompanied by fever or neurological symptoms

* Progressive headache that lasts for weeks

* Newly presenting headache in patients below the age of 10 years or above 45
years

6.4 Clinical Assessment and Special Assessment Program

Use of a headache diary is essential to reach the correct diagnosis, particularly to
distinguish between mild migraine attacks and tension-type headaches, and to
exclude medication overuse headache (see specific chapters elsewhere).
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Comorbidity, e.g., hypertension, asthma, severe obesity and depression, should
be diagnosed and managed. If these conditions are properly managed the migraine
may in many cases be markedly reduced. Comorbid conditions are essential for the
choice of prophylactic medication. Migraine for centuries been known to be a
benign condition, however frequent monthly attacks of migraine with aura are at
increased risk of stroke, even though absolute risk is small.

6.5 Non-pharmacological Treatment

Generally, there is only limited evidence to support the effect of non-pharmacological
treatment on migraine. In some patients, the following factors have a positive effect:

* Information about the causes of migraine and about treatment options

* A thorough examination allowing the patient to feel that he/she is safe, and does
not need to fear life-threatening disease

* Making the patient feel that he/she is being taken seriously

Identify and reduce, if possible, any predisposing factors such as stress and
depression/anxiety. Identify and eliminate, if possible, any trigger factors, e.g.,
irregular lifestyle, poor sleep pattern or irregular food intake and consumption of
triggering foods such as red wine and some cheeses (if applicable).

Physiotherapy should primarily comprise instruction on how to maintain a cor-
rect work posture. Correcting posture and instruction allows the patient to perform
active exercises at home might be beneficial. Biofeedback therapy has a documented
effect on migraine in some cases. Behavioral therapy and cognitive therapies (stress
and pain management) are probably effective, but offer help only to a limited extent.
Controlled trials of the effect of acupuncture have yielded a wide array of results.

6.6 Pharmacological Treatment of Acute Migraine Attacks

General Guidelines

* No certain difference has been demonstrated between simple analgesics
(paracetamol, NSAID, and acetylsalicylic acid) alone or in combination with
antiemetics and triptans [10]. Simple analgesics, i.e., in combination with anti-
emetics, are therefore first-line treatment [11]. Many of the patients who experi-
ence an insufficient effect of simple analgesics have good effect from triptans
[11].

» Stepwise treatment is recommended in which each step comprises three treat-
ments before progressing to the next step. Hereby, the most effective and inex-
pensive treatment is achieved [11].

— The first step consists of simple analgesics and antiemetics, if needed.
— The second step consists of triptans.

* Treatment should be initiated as early as possible during the attack [12]; triptans,

however, should not be initiated until after any aura phase has subsided.
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* Pharmaceutical treatment often has a better effect when combined with rest and/
or sleep. If the patient has difficulty relaxing, benzodiazepine may be given, e.g.,
5 mg diazepam or another benzodiazepine.

6.6.1 Simple Analgesics and Antiemetics

» It is known for decades that the following drugs have effect on migraine attacks:
— Paracetamol
— Acetylsalicylic acid
— Various NSAIDs [11]

* In case of accompanying nausea, simple analgesics may be given in conjunction
with antiemetics to manage the vegetative symptoms and to increase resorption
of the analgesics [13]. The following may be used:

— Metoclopramide 20 mg suppository (or tablet 10-20 mg in case of aversion
against suppositories)

— Tablet domperidone 10-20 mg (this last drug is frequently used in younger
patients owing to its low risk of extrapyramidal side effects)

* The use of simple analgesics should not exceed 14 days/month in order to avoid
medication overuse headache (Table 6.2).

Table 6.2 Acute migraine treatment, first step: simple analgesic and antiemetic with demon-
strated effect in migraine attack treatment using the recommended initial doses [11]
Analgesic Initial dose (mg)

Acute migraine treatment with analgesic, 1st step (These medications can typically be taken
two to three times a day)

Acetylsalicylic acid 1000
Ibuprofen 400-600
Naproxen 500-750
Diclofenac 50-100
Tolfenamicacid 200
Paracetamol 1000
Antiemetic Initial dose (mg)

Acute migraine treatment with antiemetic 1st step (These medications can typically be taken
two to three times a day)

Metoclopramide 10.0-20.0
Domperidone 20



6 Treatment of Acute Migraine Attacks 59

6.6.2 Triptans

e The triptans are often thought to be all generally alike with regard to effect and
side effects [14], but the response of the individual patient to the various triptans
may vary considerably [11]. The different triptans have different potencies at the
receptor sites, vary in uptake and are treated differently by the p-glycoprotein
pump; hence they differ in pharmacokinetics and pharmacodynamics. Patients
who have no effect from one triptan may experience effect from another. To
exclude any unwanted effect of triptans, the patient should, as a general rule of
thumb, have tried three different triptans, each during three different attacks.

e Price differences between triptans are considerable but more recently reduced
with generics on the market.

e There is no evidence that the effect of orally disintegrating tablets or rapidly
soluble tablets is any quicker than that of standard tablets. Nasal spray and sub-
cutaneous injection act more rapidly than tablets.

e Triptans should be taken early in the attack (while the pain is mild) [15], but not
during the aura phase, as they are ineffective in this particular phase [12]. To
avoid overuse of triptans, it is essential that the patient is able to distinguish
between migraine and tension-type headache. The latter does not respond to
triptans.

¢ Some studies seem to indicate that a combination of a triptan and a NSAID is
superior to each of the pharmaceuticals alone [16].

¢ Oral triptans may, in case of severe nausea/vomiting, be combined with an anti-
emetic such as metoclopramide [17] or domperidone; in some cases, non-oral
administration is to be preferred (nasal spray, suppository or subcutaneous
injection).

e Approximately, 20-50 % of patients experience migraine relapse within 24—48 h.
An additional dose of triptan is normally effective in these cases. Migraine
relapse may also be managed with NSAID.

* In case of lacking effect from triptans, repetition of the treatment during the same
attack is usually ineffective.

* Use of triptans should not exceed 9 days/month to avoid medication overuse
headache [18].

e Common side effects include a sensation of pressure on the chest, nausea, distal
paresthesia and fatigue.

e Triptans are contraindicated in cases with uncontrolled hypertension, ischemic
heart conditions, previous cerebral infarctions, and peripheral vascular diseases.
Caution should be exercised when treating patients <18 and >65 years. However,
sumatriptan nasal spray 10 mg is approved for use in adolescents aged 12—17
years (Table 6.3).
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Table 6.3 Acute migraine treatment, second step: triptans available in the EU

Triptan Formulation Comments

Acute migraine treatment, 2nd step (An additional dose may be administered after a minimum
of 2 h if the first dose has an effect and the headache returns. Generally, a maximum of two
doses per day)

Sumatriptan Tablets 50 and 100 mg
Nasal spray 10 and
20 mg
Suppositories 25 mg
Subcutaneous injection

6 mg
Zolmitriptan Tablets 2.5 and 5 mg
Naratriptan Tablets 2.5 mg Less effective than sumatriptan
Almotriptan Tablets 12.5 mg Possibly less side effects than sumatriptan
Rizatriptan Tablets 10 mg 5 mg when used in combination with

propranolol treatment

Eletriptan Tablets 40 mg 80 mg allowed if 40 mg is inefficient
Frovatriptan Tablets 2.5 mg Possibly less effective, fewer side effects and a

longer duration of effect than sumatriptan

6.7  Suggestion in Some Specific Situations
6.7.1 Emergency Situation

Patients with a severe migraine attack in an emergency situation have often already
tried oral medication (in several doses) without success. Treatment of first choice in
this situation is the intravenous application of 1000 mg of acetylsalicylic acid (ASA)
with or without metoclopramide [19]. Alternatively, 6 mg subcutaneous sumatrip-
tan can be given. For the treatment of a status migrainosus, 50-100 mg prednisone
or 10 mg dexamethasone is recommended by expert consensus. In placebo-
controlled trials, however, there is no consistent efficacy of this procedure in the
acute treatment of migraine attacks [20-22].

6.7.2 Migraine in Children and Adolescents

The only analgesics with evidence of efficacy for the acute migraine treatment in
childhood and adolescents are ibuprofen 10 mg per kg body weight and paracetamol
15 mg per kg body weight [23]. The only antiemetics licensed for the use in chil-
dren up to 12 years is domperidone. Sumatriptan nasal spray 5-20 mg is the only
triptan with positive placebo-controlled trials in the acute migraine treatment of
children and adolescents, the recommended dose for adolescents from the age of 12
is 10 mg [24-26]. Oral triptans did not show significant efficacy in the first placebo-
controlled childhood and adolescents’ studies [27]. This was in particular because
of high placebo responses of 50 % in this age group. In post hoc analyses, however,
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2.5-5 mg zolmitriptan were effective in adolescents from the age of 12 to 17 [28,
29]. In trials, oral zolmitriptan 2.5 mg [30], nasal zolmitriptan 5 mg [31], and oral
rizatriptan 5—-10 mg [32] have been superior to placebo in acute migraine treatment.

6.8 Final Comments

Migraine is the most frequent of the neurological disorders and carries high morbid-
ity and suffering to the individual. The present overview of the acute treatment of
migraine is based on current literature and clinical experience within Europe. My
experience is that there exist minor variations when comparing several local sites
but this publication provides some useful comments on how to treat the subjects that
come to the clinic in an acute situation and they have often tried several remedies
already.
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7.1 Introduction

Migraine headache sufferers may benefit from acute (abortive or symptomatic) or
preventive (prophylactic) treatments. Patients with frequent and severe headaches
often require both interventions. Preventive treatments aim at reducing the global
burden of the disorder, i.e. frequency, duration and severity of attacks, but they can
also enhance the response to acute treatments [1] and result in health care cost
reductions [2]. For clinical trials, however, attack frequency is the primary outcome
measure according to international guidelines [3], as a prophylactic anti-migraine
treatment is considered successful if it reduces the number of migraine attacks by at
least 50 %. Although there is no uniform consensus on the circumstances that might
warrant preventive treatment, usually these include: recurring migraine attacks that
significantly interfere with the patient’s quality of life and daily routine activities
despite acute treatment, three or more attacks per month, the minimum of attacks
required to initiate prophylactic treatment varying between National Guidelines,
absence of response or contraindication to or troublesome side effects from acute
medications, and frequent, very long and/or uncomfortable auras [4, 5]. In practice,
the decision to start and to select a preventive treatment has to be discussed with
each individual patient.

Only about 13 % of migraine patients are currently treated with preventive drugs
[4] although at least 38.8 % of them should be considered for (13.1 %) or offered
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(25.7 %) a prophylactic treatment according to the American Migraine Prevalence
and Prevention (AMPP) study [6].

Drugs from numerous pharmacological classes can be used for the prevention of
episodic migraine [7]. They include B-adrenergic blockers, anticonvulsants, antide-
pressants, calcium channel antagonists, serotonin antagonists, non-steroidal anti-
inflammatory drugs and others (including riboflavin, magnesium and petasites).
Recently, neurostimulation methods, such as transcutaneous supraorbital neuro-
stimulation, were also found beneficial. When a prophylactic treatment is advisable,
in principle one of the first-order categories of medications should be chosen
according to the drug’s efficacy in large, double-blind placebo-controlled trials, its
possible side effects and the patient’s comorbid conditions [7]. However, in prac-
tice, the patient’s preference must also be taken into account. In this chapter, we will
review all pharmacological and non-pharmacological preventative treatments for
episodic migraine that were evaluated in randomized controlled trials.

7.2  Pharmacological Treatments for Episodic Migraine
7.2.1 B-Adrenergic Blockers

The most used drugs in prophylactic migraine treatment are -blockers. They show
effectiveness in about 50 % of migraineurs. The more effective beta-blockers in
preventing migraine are the non-selective B-blocker propranolol [8-16] and the
selective B1-blocker metoprolol [17-20]. Atenolol [21], bisoprolol [22], nadolol
[10, 23, 24] and timolol [15, 25] are also effective, while f-blockers that have intrin-
sic sympathomimetic activity, such as acebutolol, alprenolol, oxprenolol and pindo-
lol have no preventive effect. The recommended daily dose of propranolol ranges
from 120 to 240 mg, but no clear-cut correlation was found between dose and effi-
cacy. Long-acting formulations of propranolol are available in most countries and
allow a g.d. regimen with somewhat less side effects. The B1-selective and less
lipophilic agents metoprolol and bisoprolol may have fewer central adverse effects.

The precise mechanisms of action of 8-blockers in migraine are not known. They
may act by inhibiting central B-adrenoreceptors that are involved in the vigilance-
enhancing adrenergic pathways, by interacting with SHT receptors and/or by cross-
modulating the serotonin system [3]. That they can act centrally is supported by
neurophysiological data before and after treatment in migraine patients. The deficit
in habituation of cortical evoked potentials found in migraineurs between attacks
normalizes indeed after treatment with beta-blockers [26-28].

All B-blockers are relatively or absolutely contraindicated in patients suffering
from asthma, chronic obstructive lung disease, Raynaud’s disease or atrioventricu-
lar conduction defects, congestive heart failure and diabetes. Common adverse
effects that may lead to treatment interruption are drowsiness, orthostatic hypoten-
sion, bradycardia, decreased exercise tolerance, lethargy, sleep disorders, depression,
hallucinations and erectile dysfunction.
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7.2.2 Anticonvulsants

Two anticonvulsants have FDA approval for migraine prevention and are among the
best-studied preventive drugs: sodium valproate and, even more so, topiramate.
They are thus recommended in most guidelines although their overall efficacy rate
hardly exceeds 50-60 % and their side effect profile is not favourable.

Efficacy and safety of fopiramate in migraine prevention was proven in two
large, pivotal, multicenter, randomized, double-blind, placebo-controlled trials with
doses ranging from 50 to 200 mg/day. In the first trial, the 200 mg/day dosage
reduced monthly migraine frequency in 52 % of patients (P<0.001); the 100 mg/
day dosage in 54 % (P<0.001); the 50 mg/day dosage in 36 % (P=0.039) and pla-
cebo in 23 % [29]. In the second pivotal trial [30] a 50 % or greater reduction in
mean monthly migraines was obtained in 39 % of patients with 50 mg/day
(P=0.009), 49 % with 100 mg/day (P=0.001) and 47 % with 200 mg/day (P=0.001).
In both trials the 200 mg and the 100 mg doses had similar effectiveness, but side
effects were more frequent with the 200 mg dose.

In a third randomized, double-blind, parallel-group, multicenter trial [31] two
doses of topiramate (100 mg/day or 200 mg/day) were compared to placebo or pro-
pranolol (160 mg/day). Topiramate 100 mg/day was superior to placebo and similar
to propranolol in reducing average monthly migraine periods. Respective to pla-
cebo, it was also more effective in reducing mean monthly migraine days, rescue
medication use, and with regard to responder rate.

The most common AEs from topiramate are paresthesias, fatigue, decreased
appetite and weight loss, nausea, taste perversion, hypoesthesia and abdomi-
nal pain. Very common side effects are also mood disorders, anxiety, somno-
lence, insomnia, memory difficulties and language or concentration problems.
Nephrolithiasis may occur during topiramate treatments because of the decrease
in urine pH that can be corrected partially with potassium citrate. Less common
side effects are acute myopia associated with secondary angle closure glaucoma,
visual field modifications, hair loss, oligohidrosis and erectile dysfunction. In an
analysis of pooled from available placebo-controlled trials of 100 mg topiramate
in migraine, 50 % of patients reported adverse events and one out of four dropped
out of the trials because of unbearable side effects [32]. Slow titration is necessary
to minimize AEs.

Sodium valproate was effective in a small double-blind, randomized, crossover
study [33] in 86.2 % of 29 patients. Their attacks were lowered from 15.6 to 8.8 per
month. A triple-blind, placebo- and dose-controlled, crossover study of slow-release
sodium valproate [34] confirmed its efficacy compared to placebo in 43 migraineurs
without aura with an overall reduction of migraine frequency by 50 % or more for
the verum group compared to 18 % for placebo. These results were confirmed in
many subsequent randomized, placebo-controlled studies in which responder rates
ranged between 43 and 48 % [35-38] and dosages used between 500 and 1500 mg/
day. The extended release formulation of divalproex sodium was equally effective
for migraine prevention, but had a better side effect profile [39].
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The most common side effects of sodium valproate are nausea, vomiting and
gastrointestinal disorders; intention tremor and alopecia are also common as well as
increased appetite and craving for sweets. By contrast, valproate has little effect on
cognitive functions; it can have a favourable effect on mood. Rare, unpredictable
and idiosyncratic [40] reactions to valproate are hepatitis and pancreatitis, reported
chiefly in children and when other antiepileptic medications are used in association.
Valproate is teratogenic and should thus be avoided in fertile women without effec-
tive contraception. It is also contraindicated in case of hyperandrogenism, ovarian
cysts, severe obesity, a history of pancreatitis or hepatic disorder, thrombocytope-
nia, pancytopenia and bleeding disorders [37]. Slow titration is recommended, as
well as periodic monitoring of serum levels of ammonia and valproic acid.

Several open-label studies have suggested that lamotrigine, an anticonvulsant
that blocks voltage-sensitive sodium channels and inhibits neuronal glutamate
release, may be an option for the preventative treatment of migraine with aura, but
no placebo-controlled studies are available. By contrast, in migraine without aura
lamotrigine was not superior to placebo in a double-blind, randomized, placebo-
controlled trial [41]. Similarly, a crossover trial comparing lamotrigine 50 mg/day
to placebo or topiramate 50 mg/day in a mixed group of migraineurs (30 % of them
with aura) found no superiority of lamotrigine over placebo for responder rate
(>50 % reduction in monthly migraine attack frequency) but a slight superiority for
monthly headache frequency [42].

The most common side effect of lamotrigine is a cutaneous rash that can be
partly avoided with slow titration.

Gabapentin has been tested in only one placebo-controlled, double-blind trial
with a modified intent-to-treat analysis, at a dose ranging from 1800 to 2400 mg/
daily. It was said efficacious with a 50 % attack frequency reduction in about one-
third of patients [43]. Reported side effects were dizziness or giddiness and drowsi-
ness. A recent updated Cochrane review of anticonvulsants in migraine prevention
concluded, however, that there was insufficient evidence to further support the use
of gabapentin [44]. There is no evidence that carbamazepine is useful in preventive
migraine treatment, as the only placebo-controlled trial suggesting a possible ben-
efit on migraine prevention suffered from several important methodological issues
[45]. In a recent small (85 patients) RCT comparing levetiracetam (500 mg/day),
sodium valproate (500 mg/day) and placebo, the 50 % responder rates for headache
frequency after 6 months were respectively 63 %, 65.6 % and 15.4 % [46]. Larger
placebo-controlled trials are necessary to assess the utility of levetiracetam in
migraine prophylaxis.

7.2.3 Antidepressants

Among antidepressants, only amitriptyline, a tricyclic antidepressant (TCA), has
been found useful in migraine prophylaxis [9]. The useful dose range is wide and
needs to be individualized, by starting with a low dose at bedtime (usually 10 mg),
and increasing the dose according to the patient’s tolerance and the benefits obtained.
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Common AEs are dry mouth, metallic taste, epigastric distress, weight gain,
constipation, tachycardia, palpitations, increased parasomnias, blurred vision, uri-
nary retention, dizziness, orthostatic hypotension and mental confusion. Attention
has to be paid to bipolar patients, where depression may turn into hypomania or
frank mania, and to older patients, who are more prone to become confused [47] and
to develop cardiac conduction abnormalities.

Poor evidence for efficacy of selective serotonin reuptake inhibitors (SSRI) in
migraine prevention is available. Effectiveness of fluoxetine in doses between 10
and 40 mg was suggested in three out of four small placebo-controlled trials [48—
51], and sertraline was not effective. Common AEs are anxiety, nervousness, insom-
nia, tremor, anorexia, nausea, vomiting, sexual dysfunctions, drowsiness, fatigue,
sweating and dizziness or light-headedness.

Among the selective serotonin and noradrenaline reuptake inhibitors (SNRIs),
venlafaxine was found effective in a double-blind, placebo-controlled trial [52] and
in a separate placebo- and amitriptyline-controlled trial [53]. In clinical practice,
however, venlafaxine has limited efficacy, but it is an alternative in patients who do
not tolerate tricyclics. The usual dose of 150 mg/daily is reached by slow titration.
Its most common side effects are insomnia, nervousness, mydriasis, palpitations
and seizures.

The mechanism by which antidepressants may act in preventing migraine head-
ache is not known, but it may involve an action on the aminergic systems. Their
effect seems not to be due to an improvement of latent depression. They are also
used to manage other chronic pain conditions, including headache, and their benefit
on pain occurs sooner than the expected antidepressant effect [54, 55].

7.2.4 Calcium Channel Antagonists

Flunarizine, a calcium channel antagonist with antidopaminergic properties, was
found beneficial in migraine prevention in several randomized clinical trials [56—
65]. The effective dose may range from 5 to 10 mg at night, and the most common
side effects include weight gain, somnolence, dry mouth, dizziness, hypotension,
exacerbation or induction of depression in the young patients and extrapyramidal
symptoms in the old ones.

Flunarizine is not available in the USA, where verapamil is the recommended
calcium-channel antagonist. It was more effective than placebo in two out of three
trials [66]. Both trials with positive outcomes were very small and had high dropout
rates casting doubts on its real utility in migraine prevention.

Cinnarizine, a compound chemically close to flunarizine, may also have a pre-
ventive effect in migraine. It has been studied in three randomized trials by the same
Iranian group: versus placebo in childhood migraine, versus valproate in migraineurs
not sufficiently ameliorated by beta-blockers or tricyclics, and versus topiramate in
childhood migraine. In a fourth RCT conducted by another Iranian group, cinnari-
zine was compared to valproate. In the placebo-controlled trial in children and ado-
lescents (n=62), cinnarizine (1.5 mg/kg/day) was associated after 12 weeks with a



68 A. Ambrosini and J. Schoenen

50 % responder rate of 60 %, compared to 31.3 % for placebo [67]. In the comparative
trial with topiramate in a similar patients group (n=40), the responder rate for cin-
narizine was as high as 85 % compared to 65 % for topiramate (50 mg/day) [68]. In
the study of “refractory” migraineurs (n=125) there was a high drop-out rate of
37 %. Nonetheless, responder rates were reported to be 61 % for cinnarizine (75 mg/
day) and 63 % for valproate (600 mg/day) [69]. Finally, the comparative trial
between cinnarizine and valproate in adult migraineurs (n=140) yielded a clearly
higher responder rate of 66.7 % for valproate than for cinnarizine (32 %), but dosing
was low for both, respectively, 200 mg and 25 mg per day [70]. Further, RCT trials
of cinnarizine in migraine prophylaxis might thus be worthwhile. At present, how-
ever, it is not clear what its possible advantages over flunarizine might be, the more
so that cinnarizine has a similar AE profile as flunarizine, including fatigue, somno-
lence, depressive mood, weight gain and parkinsonian symptoms in the elderly.

Nimodipine, nicardipine, diltiazem and cyclandelate, other non-selective
calcium-channel antagonists, were not found superior to placebo in well-designed
clinical trials.

The mode of action of the calcium channel antagonists in preventing migraine is
not completely known. It has been suggested that their possible targets are inhibi-
tion of SHT release, neurovascular inflammation, or initiation and propagation of
cortical spreading depression [71].

7.2.5 OtherDrugs

Methysergide, active on several serotonin receptors subtypes, is one of the rare
drugs specifically designed more than 50 years ago for preventive migraine treat-
ment. Unfortunately, available trials have insufficient methodological quality to sus-
tain clear evidence of its efficacy, but clinical practice suggests that it is remarkably
effective. The most frequent AEs are abdominal and leg pains, appetite increase,
nausea and fatigue. It is contraindicated in patients with cardiovascular disorders.
Unfortunately, as other ergot derivatives after long-term use at a high dose, it may
occasionally cause fibrosis that can be prevented by a 1-month drug holiday after
every 6-month treatment period. Because of this rare, though potentially serious,
complication the European Medicines Agency has recommended its withdrawal
from the market so that it is not available anymore in most European countries.
Among drugs acting on the angiotensin system, the best studied is the angioten-
sin II receptor blocker candesartan. In a randomized, double-blind, placebo-
controlled, crossover study at a 16 mg/day dose [72], the mean number of headache
days in a period of 12 weeks was 18.5 with placebo vs 13.6 with candesartan
(P=0.001) and the number of 50 % candesartan responders was 18 of 57 (31.6 %)
for days with headache and 23 of 57 (40.4 %) for days with migraine. The effect
size with candesartan was thus significant, though rather small, but its tolerability
profile was comparable to that of placebo. In a recent larger randomized, blinded,
placebo-controlled, double crossover trial of candesartan and propranolol in both
episodic and chronic migraineurs [73], the 50 % responder rate for candesartan
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16 mg/day (43 %) was higher than that in the previous trial, but similar to propranolol
160 mg/day (40 %) and superior to placebo (23 %).

An advantage of the sartans is thus their good tolerance, although migraineurs
may be sensitive to their hypotensive effect requiring slow titration.

Lisinopril, an angiotensin-converting enzyme inhibitor, was tested in a double-
blind, placebo-controlled, crossover study for migraine prevention in 47 patients
[74]. Days with migraine were reduced by at least 50 % in 30 % of participants in
the lisinopril treatment period compared to the placebo period and in 36 % of sub-
jects compared to the run-in period. The effect size may thus be lower than with
candesartan and ACE inhibitor-induced cough is a frequent reason for treatment
interruption.

Several NSAIDs are possibly effective in migraine prevention, such as ibuprofen,
aspirin, fenoprofen, ketoprofen or naproxen [20, 75, 76], but their daily use increases
the risk for vascular events and gastric ulcer. In some patients they may also chronify
headache and induce medication overuse headache (ICHD-3 beta 8.2), although this
complication is much more frequent with analgesics, ergotamine and triptans.
Aspirin is an option for the prevention of migraine attacks with aura [77], but no
controlled trial is available.

In two randomized, double-blinded, placebo-controlled studies [78, 79] frovat-
riptan was superior to placebo as short-term prophylaxis for menstrually associated
attacks when 2.5 mg were taken twice daily for 6 days starting 2 days before the
anticipated start of the menstrual attack.

Several vitamins, minerals and herbal extracts have been tested as preventative
anti-migraine treatments.

Riboflavin (400 mg) was effective in a placebo-controlled, double-blind trial.
Over half of the patients were 50 % responders for attack frequency after 3 months
[80]. It is overall well tolerated; the most common side effect is flavinuria, rarely it
induces gastrointestinal disturbances, and exceptionally an allergic cutaneous rash.
Interestingly, riboflavin is the only preventive treatment for which there is a pharma-
cogenetic correlation. Di Lorenzo et al. [81] found indeed in a study of polymor-
phisms in the non-coding portion of mitochondrial DNA that patients responding to
riboflavin belonged at majority to the non-H haplogroups supposed to have a less
performant OXPHOS metabolism. A patented dispersion of well characterized very
small nanoparticles containing Coenzyme Q10 (Sanomit® 100 mg tid) was signifi-
cantly superior to placebo in reducing attack frequency from baseline to the 4th
month of treatment [82]. In a recent placebo-controlled trial, a combination of ribo-
flavin (400 mg), magnesium (600 mg), co-enzyme Q10, minute quantities of vita-
mins and trace elements (Migravent,® Europe; Dolovent,USA) was found to reduce
migraine days by 29 % after 3 months, which was not significantly different from
placebo, contrary to the reductions in migraine intensity and HIT-6 score that were
significant [83].

Among herbal extracts, feverfew (Tanacetum parthenium) was tested as a CO(2)-
extract (MIG-99) in a double-blind, placebo-controlled, multicentre, parallel-group
study [84] that demonstrated its superiority over placebo in reducing migraine fre-
quency, with an excellent tolerability profile. Feverfew is available in some
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countries in different preparations containing various concentrations of parthenolide,
the active component of Tanacetum Parthenium. Among adverse effects, the most
frequent are mouth ulcerations and oral inflammation with loss of taste.

Two double-blind, placebo-controlled studies [85—87] found that Petasites hybri-
dus root (butterbur), a perennial shrub, used as a standardized extract at the dosage
of 75 mg bid was effective in migraine prevention. A common AE of butterbur is
belching.

Finally, a small Class II study [88] reported a reduction of menstrual migraine
attack frequency by using standardized components of soy isoflavones, dong quai
and black cohosh when compared to placebo.

Unfortunately, the concentration and bioavailability of the active compound in
many commercialized, particularly herbal, products may greatly differ between the
various available preparations, so that results from trials should always be inter-
preted with caution.

Magnesium was studied in two placebo-controlled trials in adult migraineurs.
Trimagnesium dicitrate 600 mg daily (24 mmol Mg**) was superior to placebo in
reducing attack frequency after a 12-week period (41.6 % vs 15.8 %) [89] but when
a lower dosage was used (10 mmol Mg*) there was no significant difference with
placebo [90]. The most common AEs are diarrhoea and gastric irritation.

7.3  Non-pharmacological Treatments for Episodic Migraine

According to several RCTs, homeopathy is not superior to placebo for migraine
prevention. Physical therapy and various behavioural therapies are claimed to be
effective for migraine prevention. Evidence from placebo-controlled trials is, how-
ever, usually lacking.

Holroyd et al. [91] published a pivotal trial on cognitive-behavioural manage-
ment in episodic migraine that compared outcome at 10 and up to 16 months of
adding to optimized acute treatment a beta-blocker, propranolol or nadolol (n=53),
a placebo (n=55), individualized behavioural management (psycho-education,
relaxation, stress management and temperature biofeedback in various combina-
tion) plus placebo (n=55) or behavioural management plus beta-blocker (n=69).
There was no significant difference in outcome at 10 or 16 months between placebo,
beta-blocker or behavioural management plus placebo, although beta-blockers were
numerically slightly superior reducing monthly migraine days by 5, compared to
4 in the other treatment groups. The major finding, however, was that the only group
that significantly improved with respect to the three others was the combination of
a beta-blocker and behavioural migraine management.

Reports on the preventive effect of acupuncture in episodic migraine are contro-
versial. Some studies have shown that traditional acupuncture is not superior to
sham acupuncture [92].

Non-invasive neurostimulation methods were recently developed for the preven-
tive treatment of migraine. Transcranial magnetic (TMS) or direct current (tDCS)
stimulation allows modifying excitability of the underlying cerebral cortex that is
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supposed to be abnormal interictally in migraine. Cathodal, i.e. inhibitory, tDCS of
the visual cortex was tested in two sham-controlled studies: it was superior to sham
only for intensity of pain in one [93], for headache frequency and duration in the
other [94]. In a proof-of-concept study based on the rationale that the visual cortex
in migraineurs between attacks is hyperresponsive, but not hyperexcitable, occipital
anodal, i.e. excitatory, tDCS was highly effective on frequency, duration and inten-
sity of migraine attacks [95].

A single pulse of TMS over the occipital cortex delivered within 1 h of the
appearance of an aura was able to prevent the subsequent headache in 39 % of
patients compared to 22 % in the sham group [96]. Low-frequency repetitive TMS
applied at the vertex was not superior to placebo in a sham-controlled trial of epi-
sodic migraineurs [97].

Larger sham-controlled studies are clearly needed for transcranial neurostimula-
tion methods to determine their usefulness in the preventive treatment of migraine.

The hitherto only randomized double-blind sham-controlled trial of transcutane-
ous peripheral nerve stimulation in episodic migraine was performed with the
supraorbital stimulator Cefaly® [98]. After 3 months of once daily 20-min session,
the 50 % responder rate was 38 % in the active group, compared to 12 % in the sham
group. Tolerance is excellent since in a large survey of 2313 patients using the
device, the only cumbersome adverse effects were local pain from the electrical
stimulation reported by 1.25 % of patients and an allergic skin reaction to the elec-
trode gel in 0.09 % of them [99]. Pushing the “on” button of the device to interrupt
the increment of the stimulus intensity can attenuate the former; an anergic gel is
available for the latter.

Lifestyle changes can positively influence the migraine burden. In a RCT daily
aerobic exercise on a bicycle was as effective in migraine prevention as relaxation
and topiramate [100], but this has not been replicated yet. A very low calorie keto-
genic diet was found superior in reducing monthly headache frequency, headache
days and symptomatic drug consumption in overweighted migrainous women when
compared to a standard low calorie diet [101].

7.4  Perspectives

Pharmacological interventions targeting CGRP, a major actor in the trigeminovas-
cular pathway, were initially developed to treat migraine attacks. The so-called
gepants, non-peptide antagonists of the CGRP receptor, are the pioneering pharma-
cological agents found to be as effective as triptans for migraine attacks, but lacking
cardiovascular adverse effects. Although one of them, telcagepant, was superior to
placebo also in a RCT for migraine prevention [102], development of the gepants is
at present halted because of liver toxicity.

Monoclonal antibodies against CGRP or its receptor that are very promising in
migraine prevention because of their long duration of action follow them up. Phase
II studies were recently published for two humanized anti-CGRP Mabs, LY2951742
(subcutaneous injection once every 2 weeks for 12 weeks) [103] and ALD403
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(a single intravenous injection) [104]. They showed excellent tolerability as well as
a decrease of 4.2 monthly migraine days at 12 weeks for LY2951742 (versus 3.0 for
placebo) and a decrease of 5.6 migraine days at 8 weeks for ALD403 (versus 4.6 for
placebo). Despite the large placebo response, the efficacy results are extremely
encouraging because of their long persistence and the results of ongoing phase III
trials are eagerly awaited.

7.5 Issues in Preventative Treatments
7.5.1 Adherence and Persistence

In an Internet survey of subjects in the general population renting the tSNS Cefaly®
device before deciding to buy it or not [99], a majority (54.4 %) of 2313 subjects
declared to be satisfied and to keep the device (average testing period: 58.2 days).
Among the unsatisfied patients (46.6 %) who sent back the device, the in-built soft-
ware monitoring the time it was turned on showed poor compliance, as only 48.6 %
of subjects used the device for the recommended time and 4.46 % of them did not
even switch it on.

Poor adherence on the long term is also an issue in migraineurs with pharmaco-
logical preventive treatments. In a recent systematic review of 33 articles, Hepp
et al. [105] found that adherence ranged from 21 to 80 % at 6 months, from 35 to
56 % at 12 months for observational studies, while pooled persistence from RCTs
at 16-26 weeks was 77 % for propranolol, 55 % for amitriptyline and 57 % for
topiramate.

7.5.2 Comorbidities and Their Management

Coexistent diseases play a key role for migraine preventative treatment, as on the
one hand they provide therapeutic opportunities — one single drug to treat both
migraine and a second illness — but on the other hand they may impose crucial
therapeutic limitations. Most drugs used for migraine prevention have been initially
employed for other indications, thus it is common that they have effects on other
disorders comorbid with migraine. Some drugs may help to control several different
conditions at the same time, such as beta-blockers, useful for arterial hypertension
and anxiety, topiramate and valproate, which should be preferred to other anticon-
vulsants in migraineurs with comorbid epilepsy, antidepressants, that may be the
first choice of preventive anti-migraine drugs in a migraine patient with depression,
anxiety and insomnia. Vice versa certain preventive migraine drugs can have adverse
effects that are harmful for certain comorbid disorders, like flunarizine in case of
depression or obesity, valproate in obese patients, beta-blockers or sartans in hypo-
tensive patients, or topiramate in case of recurrent renal lithiasis. By contrast, the
metabolic enhancers, such as riboflavin, coenzyme Q10, as well as the non-invasive
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neurostimulation methods can be used without consideration of comorbidities and
combined with all other pharmacological classes of preventive drugs.

In clinical practice, frequently a patient is already treated for a disorder other than
migraine. It is thus mandatory that different medical specialists communicate and
cooperate in order to coordinate the respective specific treatments, and the reciprocal
influence of migraine and comorbidity therapies has to be taken into account [106].

7.5.3 Treatment Duration and Discontinuation

Treatments for migraine prevention are often recommended for short periods (usu-
ally only 6-9 months), but few RCTs are available to support this. Diener et al.
[107] assessed the effects of treatment discontinuation or not in 818 migraine
patients after 6 months of treatment with topiramate. After a 6-month open-phase
treatment with topiramate patients were randomly assigned to continue the drug
(n=255) or to switch to placebo (n=259) for a 26-week, double-blind phase. The
number of monthly migraine days increased during the randomized phase in the
placebo group (1.19 days; P<0.001) but not in the topiramate group (0.10 day;
P=0.5756). Sustained benefit was found in a number of patients after topiramate
discontinuation: 49 % of patients receiving placebo rated the treatment as good or
very good, compared to 69 % of those receiving topiramate. As far as topiramate is
concerned, these findings confirm that after 6 months of efficacious treatment,
patients may be offered treatment discontinuation, but at least 20 % of them will
lose all or part of their previous benefit.

7.6 Conclusions and General Recommendations

The preventive anti-migraine treatments are aimed at reducing frequency, dura-
tion and severity of attacks. They may also improve responsiveness to acute attack
drugs, and reduce migraine-related disability. A wide range of prophylactic medica-
tions is available, so that it may be difficult to select the most appropriate for the
individual patient as soon as the first visit. Several National Headache Societies
have established guidelines for their use. Unfortunately, they often differ with
respect to the criteria used for assessing the methodological quality of clinical tri-
als, the impact of so-called “expert consensus” and local drug marketing and reim-
bursement policies. No clinical data can predict efficacy of the various therapeutic
options with the possible exception of mitochondrial DNA haplotypes that may
predict therapeutic response to riboflavin [80]. The preventative treatments with the
best-documented efficacy are beta-blockers, divalproex/sodium valproate and topi-
ramate. Metabolic enhancers and transcutaneous supraorbital neurostimulation with
the Cefaly® device are somewhat less effective, but are quasi devoid of adverse
events so that they may suffice in the less disabled patients and can be combined
with the other treatments. Behavioural migraine management enhances on the long
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term the efficacy of preventive drugs, but does not seem to be sufficient on its own.
The choice of a preventive treatment is made based on the patient’s preferences and
headache profile, presence or absence of coexisting disorders, evidence-based effi-
cacy, adverse effect profile and the treating physician’s experience [5].

Preventive treatments play a crucial role in migraine management. They can
result in reduced health care resource utilization and improved quality of life, as
well as prevent migraine chronification. Only a small percentage of migraine
patients is or have been effectively treated for migraine prevention, although epide-
miological data suggest that many of them should receive such treatment.

The following can be used as general guidelines in managing patients:

* Except for metabolic enhancers, for all other drug treatments, go “low and slow”
to avoid AEs and find the minimal efficient dose.

* Each treatment should be tried for an adequate period. Some drugs may show
their clinical benefit not before 3 months of treatment, and this effect latency is
longer for nutraceuticals, and possibly for non-invasive neurostimulation.

* When a preventative treatment is started, realistic and appropriate goals have to
be set: reduction in attack frequency higher than 50 %, decrease in attack dura-
tion and severity, and an improved response to acute medications.

* Inform clearly about possible AEs and possible ways to avoid or minimize them.
Most are self-limited and dose-dependent; patients should be encouraged to tol-
erate the early AEs.

* Prevent acute headache medication overuse by informing the patient and giving
the preference to NSAIDs over analgesics.

* Identify comorbidities and be aware of the possible favourable or deleterious
effects on migraine or the comorbid condition of the drugs taken.

* Reevaluate therapy periodically, and, try to taper or discontinue the treatment
after a sustained period of remission (6—9 months).

* Knowing that pregnancy improves migraine without aura in 80 % of women, be
sure that a woman of childbearing potential is aware of any potential risks and
choose the medication that has no teratogenic potential.

» It is important that patients are involved in their own care, and their preferences
are taken into account in order to maximize their compliance,

» Since combining drugs also combines their AEs, combine preferably a drug with
known AEs with a nutraceutical, behavioural management or non-invasive
neurostimulation.
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Hans-Christoph Diener

8.1 Introduction

Chronic migraine (CM) is a disabling illness that has substantial impact on the
patient’s ability to perform routine daily activities and on productivity in the work-
place [1, 2]. Management of chronic migraine requires identifying and managing
risk factors, establishing limits on the use acute pain and migraine medications to
minimize the effects of overuse, initiating non-pharmacologic treatment, and treat-
ing neuropsychiatric disorders (e.g., depression, anxiety) and other comorbid condi-
tions (e.g., obesity) that may contribute to increased attack frequency. All these
therapeutic recommendations are based on clinical experiences and not on the
results of randomized, placebo controlled trials. The primary goals of preventive
therapy in subjects with chronic migraine are to reduce the frequency and severity
of attacks, to reduce reliance on acute medications, and to improve quality of life.

Until recently, evidence regarding the efficacy and safety of migraine preventive
medications for the treatment of chronic migraine has been limited to case studies,
and open-label and small randomized trials. However, recent randomized, con-
trolled medication trials have been conducted in the chronic migraine population.
Most of the drugs used for the prevention of episodic migraine have not been inves-
tigated for chronic migraine [3, 4]. Their use might be justified in patients who do
not respond and cannot tolerate the drugs mentioned below.

H.-C. Diener, MD, PhD

Department of Neurology and Headache Center, University Hospital Essen,
Hufelandstrasse 55, Essen 45147, Germany

e-mail: h.diener@uni-essen.de

© Springer International Publishing Switzerland 2016 81
D.D. Mitsikostas, K. Paemeleire (eds.), Pharmacological Management
of Headaches, Headache, DOI 10.1007/978-3-319-19911-5_8


mailto:h.diener@uni-essen.de

82 H.-C.Diener

8.1.1 Topiramate
The results of a small placebo-controlled trial with topiramate [5] prompted further
investigation of efficacy of topiramate in chronic migraine patients in larger, con-
trolled studies (Table 8.1). Two separate studies in Europe and the USA showed that
topiramate was effective in the preventive therapy of chronic migraine [6, 7].
There was a key difference between the US and EU trials: patients were allowed
to take acute rescue medication as usual during the EU trial, but not during the US
trial. Remarkably, the benefits of topiramate extended to the subgroup of patients
overusing acute medications, as demonstrated by significant reductions in mean
monthly migraine days over placebo (-3.5 days for topiramate vs. +0.2 days for

Table 8.1 Studies of treatment with topiramate in patients with chronic migraine

Study Study design

Topiramate

Silvestrini Double-blind,

et al. [5] randomized,
placebo-
controlled,
parallel group
trial

Double-blind,
randomized,
placebo-
controlled,
parallel group,

Silber-stein
et al. [6]

multicenter trial

Diener et al. | Double-blind,

[7] randomized,
placebo-
controlled,
parallel-group,

multicenter trial

Modified from Diener et al. [8]

Population and treatment

Low dose treatment (50 mg/
day), 28 patients with chronic
migraine and medication
overuse, 9-week treatment
phase

306 patients (intent-to-treat
population) with chronic
migraine,*and without
medication overuse

153 in treatment group and
153 given placebo, 16 weeks
treatment (4-week titration
period, 12-week maintenance
phase)

59 patients (intent-to-treat
population) with chronic
migraine,’most of whom had
medication overuse with
triptans

32 in treatment group and 27
given placebo, 16 weeks
treatment®

Results

Baseline headache
frequency 20.8 days.
28-day headache
frequency 8.1+8.1 with
topiramate versus
20.6+3.4 for placebo
(P<0.0007),

Topiramate, 6.4+5.8 days
(baseline frequency

17.1 days)

Placebo, 4.7 +6.1 days
(baseline frequency

17.0 days)

Significant reduction in
mean number of migraine
days per month, P=0.01:

Significant reduction from
baseline in the mean
number of migraine days
per month, P=0.02
Topiramate, baseline
frequency 15.5+4.6,
reduction 3.5+6.3 days
Placebo, baseline
16.4+4.4, reduction
0.2+4.7 days

*Chronic migraine defined as >15 headache days per 28 days, of which at least 50 % were migraine

headache

"Chronic migraine defined as >15 monthly migraine days for >3 months prior to trial entry, regard-

less of acute medication overuse

‘Patients included if they had >12 migraine days during the 28 days baseline phase
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placebo). Topiramate decreased the number of days per month with acute medica-
tion intake versus placebo (reduction of 3 days/month for topiramate vs 0.7 days/
month for placebo). The difference, however, was not statistically significant.
Adverse events of topiramate were consistent with those observed in previous clini-
cal trials: paresthesia and nausea. A particular finding in the European study was the
absence of a placebo response, considering the fact that patients continued to over-
use acute headache medications throughout the study. Both trials demonstrated the
efficacy and safety of topiramate in chronic migraine patient populations, and the
efficacy was maintained regardless of the presence or absence of medication over-
use [9].

Combination therapy of topiramate plus propranolol versus topiramate alone
was investigated in a randomized, double blind trial in 171 patients with CM [10].
Combination therapy was not superior to monotherapy and therefore cannot be rec-
ommended [4].

8.1.2 Onabotulinum Toxin Type A

Onabotulinum toxin type A has been reported to relieve pain associated with a vari-
ety of conditions [11-14], and is approved for use as prophylactic therapy in patients
with chronic migraine. Unlike its function at the neuromuscular junction, the mech-
anism of action of onabotulinum toxin type A in migraine relief is at present not
understood. A number of placebo-controlled trials in episodic migraine and chronic
daily headache failed to show the efficacy of onabotulinum toxin type A [15-20].
Post-hoc analyses indicated that perhaps migraine patients with frequent headache
might benefit from this treatment [21]. Therefore, the Phase III REsearch Evaluating
Migraine Prophylaxis Therapy (PREEMPT) clinical program evaluated the efficacy
and safety of onabotulinum toxin type A as a prophylactic treatment for adults with
chronic migraine. Two phase 3, multicenter studies (PREEMPT 1 and 2) were con-
ducted. A total of 1384 patients with chronic migraine were enrolled across both
trials [22, 23]. Patients were randomized (1:1) to either onabotulinum toxin type A
or placebo injections and stratified based on whether they were overusing acute
headache medication at baseline. The minimum dose of onabotulinum toxin type A
was 155 U, administered to 31 sites in seven head and neck muscles [24]. PREEMPT
1 failed its primary endpoint, which was reduction in headache episodes. A statisti-
cally significant improvement from baseline in frequency of headache episodes was
greater for onabotulinum toxin type A than for placebo in PREEMPT 2, although
this was not the primary endpoint, which was changed prior to breaking the blind to
headache days. Statistically significant reductions from baseline in frequency of
headache days were observed after onabotulinum toxin type A treatment compared
with placebo treatment in both PREEMPT 1 and 2. In the pooled analysis, the
reduction in headache days after 6 months was 8.4 days from a baseline frequency
of 19.9 days for onabotulinum toxin type A and 6.6 days from baseline 19.8 days
for placebo with a therapeutic gain of +11 % [24]. In a study in Spain, the long-term
efficacy of onabotulinum toxin type A was investigated in 132 patients with chronic
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migraine. Efficacy was achieved in 82 % after 1 year. Treatment beyond 1 year
results in failure in 14 out of 108 patients [25]. This indicates that onabotulinum
toxin type A shows the efficacy beyond the time period studies in randomized trials.
In an open study in the UK with 254 patients with CM, onabotulinum toxin type A
significantly reduced the number of headache and migraine days [26]. Onabotulinum
toxin type A is the only drug approved for the treatment of chronic migraine by the

FDA (Table 8.2)

Table 8.2 Results from phase III trials of onabotulinum toxin type A

Study site | End points

PREEMPT 1 [22]

56 sites in | Primary: change in frequency of
the USA | headache episodes at week 24

compared with baseline
Secondary: change in frequency
of headache days at week 24
compared with baseline

PREEMPT 2 [23]

50 sites in | Primary: change in frequency of
the USA | headache days at week 24

and 16 compared with baseline

sites in Secondary: change in frequency
Europe of headache episodes at week 24

compared with baseline

Results

No significant improvement in frequency of
headache episodes

Significant reduction in frequency of
headache days, P=0.006

Significant reduction in frequency of
headache days, P<0.001

Significant improvement in frequency of
headache episodes

Pooled analysis of results from PREEMPT 1 and 2 [24]

NA NA

Modified from Diener et al. [8]

Significant reduction in headache days after 6
months in treatment vs placebo groups, P
<0.001:

Treatment, 8.4 days (baseline frequency

19.9 days)

Placebo, 6.6 days (baseline frequency

19.8 days) with a therapeutic gain of +11 %.
Significant difference in other efficacy
variables, favoring treatment, including:
frequency of migraine episodes, migraine
days, and severe headache days; cumulative
hours of headache/day; proportion of patients
with severe disability. Intake of medication to
treat acute migraine attacks was not different
between placebo and treatment groups
(however, in post hoc analysis, intake of
triptans was significantly reduced in treatment
group)

Similar study designs in both trials: 24 week, double-blind, parallel-group, placebo-controlled

phase followed by a 32-week open-label phase
Abbreviation: NA not applicable
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8.1.3 Other Drugs

The efficacy of sodium valproate in the treatment of chronic daily headache was
assessed in a small study with 29 patients with chronic migraine [27]. The study
showed that sodium valproate was superior to placebo for a number of outcome
parameters. Another small study investigated topiramate and valproic acid (750 mg/
day) in patients with chronic migraine and found a significant reduction in headache
frequency for both drugs [28]. Larger randomized placebo-controlled trials are
required for further evaluation of chronic migraine treatment with sodium valpro-
ate. Additional small studies reported the efficacy of gabapentin (400-600 mg bid)
[29] and amitriptyline [30, 31]. Gabapentin (2400 mg) was studied in 95 partici-
pants, 22 of which had chronic migraine. Results for the subgroup of patients with
CM were not reported separately [29]. All of these studies were underpowered or
lacked a placebo group.

Levetiracetam was studied in a multicenter, randomized placebo-controlled
crossover study of patients with both chronic migraine and chronic-tension type
headache. Seventy-three of ninety-six recruited patients had chronic migraine. The
study failed its primary endpoint, although some secondary endpoints were positive
[32]. As the data stand, it is not possible to recommend the use of levetiracetam in
chronic migraine. Several drugs were studies in open-label and uncontrolled trials.
These include pregabalin (up to 150 mg/day) [33], zonisamide in patients refractory
to topiramate [34], and memantine [35].

8.2 Practical Recommendations

Patients with chronic migraine and medication overuse need advice and support to
discontinue their medication overuse. Simultaneously or after a drug free period,
they as well as non-overusing patients need to be treated by an interdisciplinary
approach [36]. In addition to education, behavioral therapy and exercise migraine
prevention by drug treatment has to be considered as in patients with episodic
migraine [37-39]. Most patients with chronic migraine contact tertiary headache
centers because they failed migraine prevention with beta-blockers, anticonvul-
sants, flunarizine, or amitriptyline. Migraine prevention with topiramate or ona-
botulinum toxin type A should be offered to patients with chronic migraine. Due to
cost considerations, prevention should start with topiramate and onabotulinum toxin
type A should be offered to patients in whom topiramate is not effective, not toler-
ated or in case of contraindications.

In patients with chronic migraine and medication overuse, counseling is recom-
mended about the role of acute migraine medication in the transition from episodic
to chronic migraine. Patients who are not able to reduce the intake days of specific
migraine mediations below 10 days/month are offered treatment with either topira-
mate or onabotulinum toxin type A. If this approach also fails, then patients have to
undergo a detoxification program [37, 40, 41].
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9.1 Introduction

Tension-type headache (TTH) is the second most prevalent disorder in this world
[1], but still remains poorly understood and inadequately managed [2]. A review of
the global prevalence and burden of headaches [3] showed that the disability of TTH
as a burden of society was greater than that of migraine, which indicates that the
overall cost of TTH is greater than that of migraine.

TTH is classified into three subtypes according to headache frequency: infre-
quent episodic TTH, frequent episodic TTH and chronic TTH [4]. This division
may seem artificial but has proved to be highly relevant for several reasons. First,
impact on quality of life differs considerably between the subtypes. A person having
headache every day from the time of waking, persisting until bedtime, month in and
month out, is disabled. At the other extreme, a mild headache once every other
month has very little impact on health or functional ability and needs little if any
medical attention. Thus, while infrequent episodic TTH may be trivial, frequent
episodic and chronic TTH is clinically relevant. Second, the pathophysiological
mechanisms may differ significantly between the subtypes; peripheral mechanisms
are probably more important in episodic TTH [5], whereas central pain mechanisms
are pivotal in chronic TTH [6-8]. Third, treatment differs between the subtypes,
with symptomatic and prophylactic treatments being more appropriate for episodic
and chronic TTH, respectively [9].
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9.2  Principles of Treatment in Tension-Type Headache

A correct diagnosis is essential for successful management. The diagnosis of TTH is
based on the typical patient’s history and a normal neurological examination and
should be assured by means of a headache diary [10] recorded over at least 4 con-
secutive weeks. The diagnostic problem most often encountered is to discriminate
between TTH and mild migraine, since patients with frequent headaches often suffer
from both disorders. We find it important to treat each disorder separately, although
other experts have questioned whether TTH and migraine can be distinguished in
patients with frequent headaches [11]. The diary may also reveal triggers and acute
medication overuse, and it will establish the baseline against which to measure the
efficacy of treatments. Identification of a high intake of analgesics is important
because medication overuse requires specific treatment [12, 13]. Paraclinical inves-
tigations, in particular brain imaging, is necessary if secondary headache is sus-
pected (e.g., the headache characteristics are untypical), if the course of headache
attacks changes, or if persistent neurological or psychopathological abnormalities
are present. Significant co-morbidity, e.g., anxiety or depression, should be identi-
fied and treated concomitantly as these conditions are associated with increased
headache frequency. It should be explained to the patient that frequent TTH cannot
be cured, but that a meaningful improvement often can be obtained with the combi-
nation of drug and non-drug treatments and that it often improves with age [9].
European guidelines for the treatment of TTH have been published by a task
force of the European Federation of Neurological Societies (EFNS) [9]. In general,
non-pharmacological management should always be considered in TTH [9]. When
it comes to pharmacological management, the general rule is that patients with epi-
sodic TTH are treated with symptomatic (acute) drugs, while prophylactic drugs
should be considered in patients with very frequent episodic TTH and in patients
with chronic TTH. Analgesics are often ineffective in patients with chronic
TTH. Furthermore, their frequent use produces risk of medication-overuse head-
ache (MOH) [13] as well as systemic side effects and toxicity. The topic of this
review is pharmacological management, which will be described in the following.

9.3  Acute Pharmacotherapy

Acute drug therapy refers to the treatment of individual attacks of headache in
patients with episodic and chronic TTH. Most headaches in patients with episodic
TTH are mild to moderate and the patients often can self-manage by using simple
analgesics (paracetamol or non-steroidal anti-inflammatory drugs [NSAIDs includ-
ing aspirin]). The efficacy of simple analgesics tends to decrease with increasing
frequency of the headaches. In patients with chronic TTH, the headaches are often
associated with stress, anxiety and depression, and simple analgesics are usually
ineffective and should be used with caution because of the risk of medication-
overuse headache at a regular intake of simple analgesics above 14 days a month or
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combination analgesics or triptans in case of co-existent migraine above 9 days a
month [14]. Other interventions such as non-drug treatments and prophylactic phar-
macotherapy should be considered.

The effect of acute drugs in TTH has been examined in many studies, and these
have used many different methods for measurement of efficacy. This makes com-
parison of results between studies difficult.

9.3.1 Simple Analgesics

Paracetamol 1000 mg was significantly more effective than placebo in most [15-21]
but not all [22, 23] trials, while three trials found no significant effect of paracetamol
500-650 mg compared with placebo [15, 22, 24].

Aspirin has consistently been reported more effective than placebo in doses of
1000 mg [15, 25, 26], 500-650 mg [15, 26-28] and 250 mg [26]. One study found
no difference in efficacy between solid and effervescent aspirin [28].

Ibuprofen 800 mg [27], 400 mg [18, 19, 27, 29, 30] and 200 mg [31] are more

effective than placebo, as are ketoprofen 50 mg [22, 31], 25 mg [21, 23, 31] and
12.5 mg [23]. One study could not demonstrate a significant effect of ketoprofen
25 mg possibly due to a low number of patients [22]. Diclofenac 25 mg and
12.5 mg have been reported effective [29], while there are no trials of the higher
doses of 50-100 mg proved effective in migraine. Naproxen 375 mg [20] and
550 mg [24, 32] and metamizole 500 and 1000 mg [25] have also been demon-
strated effective. The latter drug is not available in many countries including USA
and UK, because it carries a minimal (if at all) risk of causing agranulocytosis.
Treatment with intramuscular injection of ketorolac 60 mg in an emergency
department has been reported effective [33]. A recent systematic review examined
any intervention for treating acute TTH where trials were randomised and double
blind; it included 55 such trials with 12,143 patients [34]. Numbers needed to treat
(NNT) values for being pain free at 2 h compared with placebo were 8.7 (95 %
CI 6.2-15) for paracetamol 1000 mg, 8.9 (5.9-18) for ibuprofen 400 mg and 9.8
(5.1-146) for ketoprofen 25 mg. Lower (better) NNTs (3.5-8.4) were calculated
for the outcomes of mild or no pain at 2 h, and patient global assessment. It was
likely that aspirin, naproxen and diclofenac were also more effective than placebo,
but there were insufficient data to be sure.
Optimal Dose There are only few studies investigating the ideal dose for drugs
used for the acute treatment of TTH. One study demonstrated a significant dose-
response relationship of aspirin with 1000 mg being superior to 500 and 500 mg
being superior to 250 mg [26]. Ketoprofen 25 mg tended to be more effective than
12.5 mg [23], while another study found very similar effects of ketoprofen 25 and
50 mg [31]. Paracetamol 1000 mg seems to be superior to 500 mg, since only the
former dose has been demonstrated effective. In lack of evidence, the most effective
dose of a drug well tolerated by a patient should be chosen. Suggested doses are
presented in Fig. 9.1.
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Pharmacotherapy
Acute Prophylactic

Caffeine comb. 65-200 mg Venlafaxine 150 mg
Diclofenac 12.5—-100 mg
Naproxen 375-550 mg
Ketoprofen 25 mg Mirtazapine 15-30 mg
Paracetamol 1,000 mg
Aspirin 500-1,000 mg
Ibuprofen 200-280 mg Amitriptyline 30-75 mg

Fig. 9.1 Pharmacological treatment paradigm for tension-type headache

Comparison of Simple Analgesics Five studies reported NSAIDs to be signifi-
cantly more effective than paracetamol [18, 19, 22-24], while three studies could
not demonstrate a difference [15, 20, 21]. Five studies have compared efficacy of
different NSAIDs, and it has not be possible to clearly demonstrate superiority of
any particular drug [25, 27, 29, 31, 35].

Adverse Events A thorough review of the acute drug treatment of TTH could not
detect any difference in adverse events between paracetamol and NSAIDs or
between these drugs and placebo [36]. Among the NSAIDs, ibuprofen seems to
have the most favourable side-effect profile [36].

9.3.2 Combination Analgesics

The efficacy of simple analgesics and NSAIDs is increased by combination with
caffeine 64-200 mg [16, 17, 37-40]. There are no comparative studies examining
the efficacy of combination with codeine. It is clinically well known that caffeine
withdrawal can cause headache, and chronic daily headache has been reported asso-
ciated with use of over-the-counter caffeine combination products [41]. Therefore,
it is probable that combinations of simple analgesics or NSAIDs with caffeine are
more likely to induce MOH than simple analgesics or NSAIDs alone. Until other-
wise proven, we therefore recommend that simple analgesics or NSAIDs are drugs
of first choice, and that combinations of one of these drugs with caffeine are drugs
of second choice for the acute treatment of TTH. Combinations of simple analgesics
with codeine or barbiturates should not be used, because use of the latter drugs
increases the risk of developing medication-overuse headache [41, 42].
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9.3.3 Triptans and Muscle Relaxants

Triptans have been reported effective for the treatment of interval headaches [43],
which were most likely mild migraines [44], in patients with migraine comorbid
with TTH. Triptans most likely do not have a clinically relevant effect in patients
with TTH [45, 46] and cannot be recommended. Muscle relaxants have not been
demonstrated effective in episodic TTH [47]. Use of opioids increases the risk of
developing medication-overuse headache [41]. Opioids are not recommended for
the treatment of TTH.

9.3.4 Conclusions

Simple analgesics are the mainstays in the acute therapy of TTH (Fig. 9.1).
Ibuprofen 200-800 mg, ketoprofen 25 mg, aspirin 500—1000 mg, naproxen
375-550 mg, diclofenac 12.5-100 mg and paracetamol 1000 mg can be recom-
mended [9]. Ibuprofen 400 mg may be recommended as drug of choice among
the NSAIDs because of a favourable gastrointestinal side-effect profile com-
pared with other NSAIDs [48]. Paracetamol 1000 mg is probably less effec-
tive than the NSAIDs. Combination analgesics containing caffeine are more
effective than simple analgesics or NSAIDs alone but are regarded by some
experts [49] to more likely induce medication-overuse headache. Physicians
should be aware of the risk of developing medication-overuse headache as a
result of frequent and excessive use of all types of analgesics in acute therapy
[13]. Triptans, muscle relaxants and opioids do not play a role in the treatment
of TTH.

9.4 Prophylactic Pharmacotherapy

Prophylactic pharmacotherapy should be considered in patients with chronic
TTH, and it can be considered in patients with very frequent episodic
TTH. Comorbid disorders or conditions, e.g., overweight or depression should be
taken into account. For many years, the tricyclic antidepressant amitriptyline has
been used. More lately other antidepressants, NSAIDs, muscle relaxants, anti-
convulsants and botulinum toxin have been tested in chronic TTH. The effect of
prophylactic drugs in TTH has been examined in surprisingly few placebo-con-
trolled studies, which have used different methods for measurement of efficacy.
The guidelines for drug trials in TTH from the International Headache Society
recommend days with TTH or area-under-the-headache curve (AUC) to be used
as primary efficacy measure [50]. These parameters have been used in some stud-
ies, while other studies have used other efficacy measures such as pain reduction
from baseline, headache intensity, etc. This makes comparison of results between
studies difficult.
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9.4.1 Amitriptyline

Lance and Curran [51] reported amitriptyline 10-25 mg three times daily to be
effective, while Diamond and Baltes [52] found amitriptyline 10 mg/day but not
60 mg/day to be effective. Amitriptyline 75 mg/day was reported to reduce head-
ache duration in the last week of a 6-week study [53], while no difference in effect
size between amitriptyline 50-75 mg/day or amitriptylinoxide 60-90 mg/day and
placebo was found in one study [54]. However, also the frequencies of side effects
were similar on amitriptyline and placebo in the latter study. The inability to detect
the well-known side effects of amitriptyline suggests insensitivity of the trial for
reasons which remain obscure. Bendtsen et al. [55] found that amitriptyline 75 mg
daily reduced the area-under-the-headache curve (calculated as headache duration
times headache intensity) by 30 % compared with placebo, which was highly sig-
nificant. Holroyd and colleagues [56] treated patients with antidepressants (83 %
took amitriptyline median dose 75 mg daily and 17 % took nortriptyline median
dose 50 mg daily) and compared this with stress management therapy and with a
combination of stress management and antidepressant treatment. After 6 months, all
three treatments reduced headache index with approximately 30 % more than pla-
cebo, which was highly significant. The effect tended to be greatest in the combined
treatment group.

9.4.2 Other Antidepressants

The tricyclic antidepressant clomipramine 75—150 mg daily [57] and the tetracyclic
antidepressants maprotiline 75 mg daily [58] and mianserin 30-60 mg daily [57]
have been reported more effective than placebo. Interestingly, some of the newer
more selective antidepressants with action on serotonin and noradrenaline seem to
be as effective as amitriptyline with the advantage that they are tolerated in doses
needed for the treatment of a concomitant depression. Thus, the noradrenergic and
specific serotonergic antidepressant mirtazapine 30 mg/day reduced headache
index by 34 % more than placebo in difficult to treat patients without depression
including patients who had not responded to amitriptyline [59]. The efficacy of
mirtazapine was comparable to that of amitriptyline reported by the same group
[55]. A systematic review concluded that the two treatments may be equally effec-
tive for the treatment of chronic TTH [60]. The serotonin and noradrenaline reup-
take inhibitor venlafaxine 150 mg/day [61] reduced headache days from 15 to 12
per month in a mixed group of patients with either frequent episodic or chronic
TTH. Low-dose mirtazapine 4.5 mg/day alone or in combination with ibuprofen
400 mg/day was not effective in chronic TTH. The selective serotonin reuptake
inhibitors (SSRIs) citalopram [55] and sertraline [62] have not been found more
effective than placebo. SSRIs have been compared with other antidepressants in six
studies. These studies were reviewed in a Cochrane analysis that concluded that
SSRIs are less efficacious than tricyclic antidepressants for the treatment of chronic
TTH [63].
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9.4.3 Miscellaneous Agents

There have been conflicting results for treatment with the muscle relaxant tizanidine
[58, 64], while the NMDA-antagonist memantine was not effective [65]. Botulinum
toxin has been extensively studied [66—76]. It was concluded in a systematic review
that botulinum toxin is likely to be ineffective or harmful for the treatment of chronic
TTH [60]. The prophylactic effect of daily intake of simple analgesics has not been
studied in trials that had this as the primary efficacy parameter, but explanatory
analyses indicated that ibuprofen 400 mg/day was not effective in one study [77].
On the contrary, ibuprofen increased headache compared with placebo indicating a
possible early onset of medication-overuse headache [77]. Topiramate [78] and bus-
pirone [79] have been reported effective in open-label studies.

9.4.4 Conclusions

Amitriptyline has a clinically relevant prophylactic effect in patients with chronic
TTH and should be drug of first choice (Fig. 9.1). Mirtazapine or venlafaxine are
probably effective, while the older tricyclic and tetracyclic antidepressants clo-
mipramine, maprotiline and mianserin may be effective. A recent systematic
review [60] concluded that amitriptyline and mirtazapine are the only forms of
treatment that can be considered proven beneficial for the treatment of chronic
TTH. However, the last search was performed in 2007 before publication of the
study on venlafaxine [61].

Amitriptyline should be started at low dosages (10-25 mg/day) and titrated by
10-25 mg weekly until the patient has either good therapeutic effect or side effects
are encountered. It is important that patients are informed that this is an antidepres-
sant agent but has an independent action on pain. The maintenance dose is usually
30-75 mg daily administered 1-2 h before bedtime to help to circumvent any seda-
tive adverse effects. The effect is not related to the presence of depression [55]. A
significant effect of amitriptyline may be observed already in the first week on the
therapeutic dose [55]. It is therefore advisable to change to other prophylactic ther-
apy, if the patient does not respond after 4-8 weeks on maintenance dose. The side
effects of amitriptyline include dry mouth, drowsiness, dizziness, obstipation and
weight gain. Mirtazapine, of which the major side effects are drowsiness and weight
gain, or venlafaxine, of which the major side effects are vomiting, nausea, dizziness
and loss of libido, should be considered if amitriptyline is not effective or not toler-
ated. Discontinuation should be attempted every 6—12 months. The physician should
keep in mind that the efficacy of preventive drug therapy in TTH is often modest,
and that the efficacy should outweigh the side effects.

Amitriptyline is drug of first choice for the prophylactic treatment of chronic
TTH. Mirtazapine and venlafaxine are drugs of second choice.
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Peter J. Goadsby

10.1 Introduction

Cluster headache is a member of the broad family of primary headache disorders
known as trigeminal autonomic cephalalgias (TACs) [1]. These disorders are char-
acterized by unilateral head pain occurring in association with prominent ipsilateral
cranial autonomic features, such as lacrimation, conjunctival injection or nasal
symptoms [1]. The other TACs are paroxysmal hemicrania (PH), short-lasting uni-
lateral neuralgiform headache attacks with conjunctival injection and tearing/cra-
nial autonomic features (SUNCT/SUNA), and hemicrania continua [2]. These will
not be further considered.

10.2 Clinical Background

Cluster headache is the most common of the TACs with a 1-year prevalence of
0.1 % [3]. It is perhaps the most painful condition for humans; of the more than
1000 patients the author has seen, not a single one has had a more painful experi-
ence, including childbirth, multiple fractures of the limbs or renal stones. Its treat-
ment principles fall around prevention, covered elsewhere in this volume, and acute/
transitional therapy. Given the very considerable suffering of patients, acute therapy
must be rapid, reliable and effective. It is imperative that any patient with cluster
headache has appropriate access to treatment of their acute attacks (Table 10.1).
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Table 10.1 Diagnostic criteria for cluster headache (after ICHD-3, 2)

3.1 Diagnostic criteria:
A. At least 5 attacks fulfilling B-D
B. Severe or very severe unilateral orbital, supraorbital and/or temporal pain lasting
15-180 min if untreated
C. Headache is accompanied by at least one of the following:
1. Ipsilateral conjunctival injection and/or lacrimation
2. Ipsilateral nasal congestion and/or rhinorrhoea
3. Forehead and facial sweating
4. Ipsilateral eyelid oedema
5. Ipsilateral forehead and facial sweating
6. Ipsilateral miosis and/or ptosis
7. A sense of restlessness or agitation
D. Attacks have a frequency from 1 every other day to 8/day
E. Not attributed to another disorder
3.1.1 Episodic cluster headache
Description: Occurs in periods lasting 7 days to 1 year separated by pain-free periods lasting 1
month or more

Diagnostic criteria:
A. All fulfilling criteria A-E of 3.1

B. At least 2 cluster periods lasting from 7 to 365 days and separated by pain-free
remissions of >1 month

3.1.2 Chronic cluster headache
Description: Attacks occur for more than 1 year without remission or with remissions lasting
less than 1 month
Diagnostic criteria:
A. All alphabetical headings of 3.1

B. Attacks recur over >1 year without remission periods or with remission periods <1
month

Core features of cluster headache are its periodicity, be it circadian or in terms of
active and inactive bouts over weeks and months, and the lateralization of the pain.
The typical cluster headache patient is male, with a 3:1 predominance, who has
bouts of one to two attacks of relatively short duration unilateral pain every day for
8-10 weeks a year [4]. They are generally perfectly well between times. Patients
with cluster headache tend to move about during attacks, pacing, rocking or even
rubbing their head for relief. The pain is usually retro-orbital boring and very severe.
It is associated with ipsilateral symptoms of cranial (parasympathetic) autonomic
activation: a red or watering eye, the nose running or blocking, or cranial sympa-
thetic dysfunction: eyelid droop. Cluster headache is likely to be a disorder involv-
ing neurons in or around the central pacemaker regions of the posterior hypothalamic
grey matter [5, 6]. While cluster headache patients may also experience nausea,
photophobia and phonophobia, the latter particularly photophobia tends to be ipsi-
lateral to the pain in TACs [7].



10 Cluster Headache: Acute and Transitional Treatment 103

10.3 Oxygen for Acute Cluster Headache

Treatment of acute cluster headache with 100 % oxygen was first suggested in the
early 1950s [8]; interestingly it is not clear what the basis for the suggestion was [9].
Janks [10] set the use out very clearly as a sufferer himself, contributing the need for
a rate of 10 L/min. Kudrow [11] reported the first series using 100 % oxygen at
7 L/min noting three-quarters of patients responded. He also reported oxygen to be
better than sublingual ergotamine.

The scientific study of oxygen in cluster headache began with Fogan [12] who
reported 19 patients in whom he compared air and oxygen, at 6 L/min, in a crossover
study. Eleven patients completed the crossover. Oxygen was more effective than air.

The only substantial, well-powered study of oxygen in cluster headache used a
double-blind, placebo (air)-controlled crossover design to treat four attacks in a bal-
anced allocation. Oxygen 100 % at 12 L/min for 15 min rendered 78 % of patients
pain free at 15 min while air rendered 20 % of patients pain free; the difference was
highly significant with 78 subjects treating 298 attacks [13]. Oxygen reduced asso-
ciated features and was extremely well tolerated. A proportion of patients have a
rebound effect after the oxygen is stopped with the attacks returning; there is no
large database to estimate this with although experience suggests it happens in up to
one-third of patients. It can be responsible for a perception that attack frequency has
been increased [14].

Hyperbaric oxygen offers no advantages [15—17] and very considerable logisti-
cal challenges such that it cannot be recommended.

10.4 Triptans-Serotonin 5-HT,z/;p Receptor Agonists

Triptans were primarily developed by Humphrey and colleagues [18] for the acute
treatment of migraine. The broad pharmacology of the triptans is similar [19], while
there are some differences in pharmacokinetics and thus far only sumatriptan is
available as an injection.

10.4.1 Sumatriptan by Injection

Sumatriptan 6 mg s/c was first shown to be effective in a randomized, double-blind,
placebo-controlled crossover study in acute cluster headache where with a 10 % pla-
cebo response rate compared to a 46 % pain-free response for sumatriptan at 15 min.
Thirteen per cent of the sumatriptan arm went on to use rescue oxygen while 49 % of
the placebo arm rescued with oxygen [20]. In a dose-ranging study, sumatriptan
6 mg had a 75 % response rate at 15 min while 12 mg had a response rate of 80 %
with overlapping confidence intervals [21]. Absent meaningful differences, the 6 mg
was licensed. There is no attenuation of the effect even with very long bouts or in
patients with chronic cluster headache [22, 23]. Sumatriptan 6 mg s/c is very fairly
regarded as a gold-standard treatment of acute cluster headache [24].
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10.4.2 Triptans - Intranasal

Sumatriptan 20 mg nasal spray was compared to placebo in a randomized placebo-
controlled, two-attack crossover study. At 30 min, 47 % of patients using sumatrip-
tan and 18 % using placebo were pain free, with a clear and significant benefit for
active treatment [25]. While clearly not as effective in population terms as the injec-
tion, an important group of patients can derive benefit from the nasal spray. Having
shown zolmitriptan 10 mg orally could be helpful in cluster headache [26], zolmi-
triptan 5 and 10 mg nasal spray were compared to placebo in two randomized
double-blind, placebo-controlled three-attack crossover studies. In the European
study, the pain-free rate at 30 min was 28 % for zolmitriptan 5 mg and 16 % for
placebo [27]. In the US study, the pain-free rate at 15 min was 39 % for zolmitriptan
5 mg and 20 % for placebo [28]. Both the sumatriptan and zolmitriptan studies
included patients with episodic and chronic cluster headache, as well as male and
female patients, and neither of these variables predicted outcome. While slower in
onset, and being useful for less number of patients, there are those who certainly
find nasal sprays useful.

10.5 Dihydroergotamine

Parenteral dihydroergotamine (DHE) has been considered to be an effective abor-
tive agent for cluster headaches for some time [8, 29]. There are no controlled trials
of injectable DHE; however, clinical experience has demonstrated that intravenous
administration can be helpful even when attacks have been resistant to other treat-
ments [30]. DHE nasal spray 1 mg in a double-blind, placebo-controlled, crossover
trial in 25 patients demonstrated a significant reduction in pain intensity in acute
cluster headache [31]. The development of new, inhaled formulation thus far studied
in migraine may be very useful and should certainly be tested in the cluster head-
ache [32].

10.6 Lidocaine - Intranasal

Lidocaine (10 %) was reported to be effective at aborting nitroglycerin-induced
cluster attacks in a double-blind, placebo-controlled study in nine patients [33].
Lidocaine or saline was applied for 5 min using a cotton swab in the area corre-
sponding to the pterygopalatine fossa, under anterior rhinoscopy. The onset of effect
was slow and the method not applicable to most patients. Based on this evidence,
and our experience of a modest adjunctive effect, lidocaine solution 20-60 mg,
given as nasal drops (4—6 % lidocaine solution) is prescribed, and applied bilaterally
in the region of the pterygopalatine fossa. To ensure that the solution reaches the
pterygopalatine foramen, the patient should be instructed to lie down horizontally as
early as possible during an attack, with the head extending out of the bed, bent
downwards 30-45° and rotated 20-30° towards the side of the headache. The tip of
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the dropper is inserted above the rostral end of the inferior turbinate and pushed
inwards as deep as possible before dripping. The patient should be asked to main-
tain the position for about 2—5 min. It is certainly a cumbersome approach so that
few patients find it useful in the medium term.

10.7 Octreotide by Injection

Octreotide is a somatostatin SST2 receptor agonist [34]. A link between pituitary
tumour-headache clinical presentations and trigeminal autonomic cephalalgias [35]
led to octreotide’s exploration in an initial proof-of-principle study. In a double-
blind, placebo-controlled two-attack crossover study, octreotide 100 mcg was com-
pared to placebo. At 15 min after injection 33 % of patients treated with octreotide
and 13 % treated with placebo were pain free [36]. The treatment was well toler-
ated, and although not practical for cost reasons, and possible rebound headache
[37], the possibility of other SST receptor agonists being developed is an important
prospect for the future.

10.8 Transitional Treatments

The use of transitional treatments is advised in cluster headache where this means a
strategy to bridge the patient in a bout to reduce attack frequency quickly.

10.8.1 Greater Occipital Nerve (GON) Injection

Anthony [38] described the successful use of local anaesthetic and corticosteroid
injections around the greater occipital nerve (GON) homolateral to the pain. Open-
label experience suggests this effect is seen in two-thirds of patients for 6-8 weeks
[39]. In arandomized double-blind placebo controlled study, GON injection aborted
attacks in both episodic and chronic cluster headache [40]. Furthermore, it has been
shown that three repeated injections with corticosteroids alone is superior to pla-
cebo as an add-on when starting verapamil in the sub-acute setting [41]. The effect
is stable and reproducible over time [42].

10.8.2 Corticosteroids

The use of corticosteroids in cluster headache was established in a double-blind trial
by Jammes [43]. Soon after Couch and Ziegler [44] reported that prednisolone
(prednisone) 10-80 mg/day employed in 19 cluster headache patients (9 episodic,
10 chronic) provided greater than 50 % relief in 14 patients. Kudrow [45] reported
that, of 77 episodic cluster patients unresponsive to methysergide, prednisolone
(prednisone) relieved 77 %.
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The use of corticosteroids is contraindicated by a past history of the tuberculosis
or psychotic disturbance. Caution should be exercised because of the potential for
serious side effects. Bone problems with steroid use have been reviewed, and the
shortest course of prednisolone (prednisone) reported to be associated with osteone-
crosis of the femoral head is a 30-day course. Furthermore, courses of adrenocorti-
cotropic hormone have produced osteonecrosis after 16 days, and dexamethasone
after 7 days [46]. Thus, a tapering course of prednisolone (prednisone) for 21 days
is prudent, with an excess risk for bone problems occurring if more than two courses
are administered per year [46]. The author starts patients on oral prednisolone
(prednisone) 1 mg/kg, to a maximum of 60 mg daily for 5 days and thereafter
decreases the dose by 10 mg every 3 days. Unfortunately, relapse almost invariably
occurs as the dose is tapered, so this must be truly regarded in most patients as a
transitional approach to longer lasting preventives.
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11.1 Introduction

Cluster headaches (CH) consist of attacks of severe, strictly unilateral pain occur-
ring in the orbital, supraorbital, and temporal regions, lasting from 15 to 180 min
and occurring from once every other day to eight times daily [1]. These attacks are
associated with ipsilateral autonomic features and restlessness or agitation. It is
important to standardize the terminology used by clinicians in CH. A cluster attack
is the individual episode of pain lasting minutes to hours. The cluster bout or period
is used to refer to the duration of time over which recurrent cluster attacks are occur-
ring, usually lasting weeks to months. A remission is the period of time that is pain
free between cluster bouts. About 80-90 % of patients have episodic cluster head-
ache (ECH), which is diagnosed when cluster attacks occur in periods lasting from
7 days to 1 year and are separated by pain-free periods of at least 1 month [1, 2]. The
remaining 10-20 % have chronic cluster headache (CCH) where there is either no
remission periods within 1 year or the remissions last for less than 1 month [1, 2].

11.2 Transitional Treatments for Cluster Headache

Transitional treatments are fast acting treatments that provide short-term prophy-
laxis. As preventative medications often take weeks to exert their effect, ECH
patients with short bouts (e.g., under 5 weeks) or patients where one wishes to con-
trol attack frequency quickly may benefit from such transitional treatments. These
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interventions are not suitable for long-term use and so patients will often require
concurrent treatment with more traditional preventatives. Greater occipital nerve
blocks (GONB), corticosteroids and dihydroergotamine infusions can all be useful
transitional treatments.

11.2.1 Greater Occipital Nerve Blocks

Anesthetic blockade of the greater occipital nerve has shown therapeutic efficacy in
both ECH and CCH in a number of open-label and a randomized studies [3-7]. A
randomized control trial (RCT) in 43 CH patients (28 ECH and 15 CCH) found that
a GONB resulted in a significant reduction in daily attacks over a 15-day period
compared to placebo [7]. In open-label series, response rates of around 50 % are
reported again with sustained benefit for at least 4 weeks [4—6]. Adverse event data
is positive, although there are isolated reports of alopecia and cutaneous atrophy
secondary to the steroid component of the blockade [8—10].

11.2.2 Corticosteroids

Corticosteroids are highly efficacious and can act rapidly to control attacks. There
are no adequate placebo-controlled trials on the use of corticosteroids in CH. One
small, low-quality crossover RCT of low doses of prednisolone versus placebo in 19
CH patients reported a significant reduction in attack frequency in the prednisolone
group [11]. Treatment should be limited to a short course of 2-3 weeks in tapering
doses due to the risks of potential side effects. The authors use a regime of oral
prednisolone started at a maximum of 60 mg (1 mg/kg) once daily for 5 days and
then reduced by 10 mg every 3 days. As the dose decreases, the attacks invariably
recur. Therefore, another long-term preventative should be started alongside the
corticosteroids.

11.2.3 Dihydroergotamine

Intravenous dihydroergotamine (IV DHE) can be useful in CH refractory to other
transitional or preventative measures. Open-label series from a number of centers
report that between 73 and 100 % of ECH and 46-100 % of CCH patients will be
rendered pain free on an infusion on IV DHE [12-14]. Benefit is often at its peak
while on the infusion, but one series reported a mean of 66 days for attacks to return
to pretreatment frequency [14]. Although IV DHE may have a role in the manage-
ment of refractory CH, its side effect profile includes vasospastic angina, and more
recently, cases of neuralgiform headache attacks developing while on treatment
have been reported [15]. Due to the potential risks, the use of this drug is best
reserved for specialist units only.
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11.3 Preventative Treatment

Long-term preventative treatments are used to suppress the attacks for the antici-
pated duration of the cluster period. Agents should be started as soon as possible at
the start of the bout and the dose titrated to the maximum therapeutic dose tolerated.
In ECH, preventative medications should be continued until the patient is out of a
bout and has been pain free for at least 2 weeks. In CCH, patients often need to stay
on preventatives indefinitely.

Current European Federation of Neurological Societies guidelines give vera-
pamil, lithium, methysergide, topiramate, valproate, melatonin, and baclofen as
first-line treatments [16]. Other treatments that may prove useful in CH include
gabapentin, candesartan, levetiracetam, and neuromodulation techniques.

11.3.1 Verapamil

Verapamil is the first choice drug in the prophylaxis of episode and chronic CH. One
RCT evaluated the efficacy of 360 mg daily of verapamil in ECH versus placebo
[17]. A statistically significant difference was seen in responder rate of treated
(80 %) versus placebo (0 %) groups. Open label series have shown verapamil to be
effective in reducing attack frequency in between 69 and 79 % of patients receiving
160-600 mg/daily [18, 19]

Clinical experience has demonstrated that higher doses than those used in cardio-
logical indications are needed. Daily doses of 240-960 mg in divided doses are
commonly employed. Verapamil can cause heart block and therefore electrocardio-
grams (ECGs) must be used to monitor PR intervals for potential prolongation or
heart block. Our local policy is to conduct a baseline ECG on all patients and to then
start on 120 mg two times daily, increasing by 120 mg daily increments every 14
days in a three times daily regime. An ECG is performed prior to every increment.
Doses are increased until the attacks are suppressed, side effects become intolerable
or the maximum dose of 960 mg/daily is achieved. Although unproven, it is our
clinical experience that standard preparations of verapamil are more effective than
modified-release formulations. Adverse effects with verapamil include constipa-
tion, peripheral edema, bradycardia, gastrointestinal discomfort, gingival hyperpla-
sia, and worsening of migraine headache. Beta-blockers must not be used
concurrently with verapamil.

11.3.2 Lithium

The efficacy of lithium in psychiatric disorders with a cyclical nature, such as bipo-
lar disorder, led to the drug being tested in CH. Ekbom first used the drug in five
patients (3 CCH and 2 ECH) with immediate improvement in CCH patients. Lithium
has been evaluated in two randomized, double-blind trials. One failed to show the
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superiority of sustained-relief lithium over placebo, and the other, a crossover RCT
comparing lithium with verapamil found equivalent effects in 24 CCH patients [20,
21]. In the second RCT, both lithium and verapamil were shown to be superior to
placebo [21]. A review of unblinded trials of lithium by Ekbom in 1981 identified
28 clinical trials involving 468 patients [22]. Excellent responses were found in
78 % of the 304 CCH treated but efficacy appeared less robust in ECH with 63 % of
164 ECH reporting a good response. The long-term efficacy of lithium was exam-
ined by Manzoni et al. and reported to show continued efficacy for up to 4 years on
treatment [23].

Most patients benefit from dosages between 600 and 1200 mg daily. Renal and
thyroid function should be measured prior to initiating treatment. The authors start
patients on 300 mg twice daily of lithium and the dose is increased until the attacks
are suppressed, side effects intervene or the serum lithium level is within therapeu-
tic range. Lithium has the potential for numerous side effects and must be monitored
carefully. Lithium levels should be measured 12-h after the last dose. A serum lith-
ium level in the upper part of the therapeutic range (0.8—1.0 mEq/1) is desirable.
Adverse effects include weakness, nausea, thirst, tremor, slurred speech, and blurred
vision. Clinical manifestations of toxic levels of lithium are vomiting, anorexia,
diarrhea, confusion, delirium, nystagmus, ataxia, extrapyramidal signs, and sei-
zures. Hypothyroidism and polyuria (nephrogenic diabetes insipidus) can occur
with long-term exposure and thus renal and thyroid function must be monitored
during treatment. Lithium should not be used in conjunction with NSAIDs, diuret-
ics, or carbamazepine.

11.3.3 Methysergide

Methysergide is a serotonergic antagonist that has been shown in a number of open-
label series to be a potent agent in the treatment of CH [24-27]. Currently, it is
unavailable in the United States and Europe. Methysergide was first reported effec-
tive in CH in the 1950s by Sicuteri [24]. Reviews of open-label data from the 1960s
suggested that methysergide used in doses of 3—12 mg daily was effective in 73 %
of the 451 CH patients studied [25]. Krabbe reported a more limited benefit in his
prospective series of 42 patients (16 ECH, 26 CCH). Benefit without side effects
was seen in only 26 % of 42 patients [27].

Doses up to 12 mg daily can be used if tolerated. Patients should be started on a
low dose to minimize side effects. Prolonged treatment has been associated with
fibrotic reactions (retroperitoneal, pulmonary, cardiac, and pleural) although these
appear to be rare [28]. If prolonged use is undertaken, then it is believed that fibrotic
reactions are minimized by ensuring that patients are given a 1-month drug holiday
for every 6 months of therapy. In such cases, yearly checks for pulmonary, cardiac,
renal or abdominal pathology should be undertaken to monitor for signs of visceral
fibrosis. Patients on methysergide must remain under the supervision of the treating
physician. Other side effects of methysergide include nausea, vomiting, dizziness,
muscle cramps, abdominal pain, and peripheral edema. Occasionally, patients can
complain of symptoms of cardiac or peripheral arterial insufficiency due to
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drug-related vasoconstriction. Methysergide should not be used in patients with a
history or at high risk of coronary artery disease, atherosclerosis or peripheral vas-
cular disease, valvular heart disease, fibrotic disorders, lung disease, and known
hepatic or renal dysfunction or in pregnancy. It should not be given alongside other
ergot derivatives and all other vasoconstrictive agents must be used with caution.

11.3.4 Topiramate

Several open-label studies have indicated that topiramate at a dose of 100-200 mg
daily may be useful in CH [29, 30]. In one study, 10 CH patients (2 CH, 8 ECH)
showed rapid improvements with topiramate treatment [29]. Cluster bout duration
reduced in nine patients and remission was induced in two CCH patients. Only three
patients reported mild side effects. Another open-label study in five CH patients
(2 ECH, 3 CCH) showed an effect in three patients. In two patients taking the drug
at doses of 125 and 200 mg daily, the drug caused intolerable side effects [30].

We start topiramate at low doses (25 mg daily) and make increases of 25-50 mg
every 7 days to a maximum of 400 mg daily. The usefulness of topiramate is often
limited by its side-effect profile. Paresthesia, somnolence, dizziness, cognitive
slowing, speech disturbance, mood changes, psychosis, and weight loss are all com-
monly reported. Glaucoma and nephrolithiasis have also been reported.

11.3.5 Valproic Acid

Valproic acid or valproate has an uncertain place in the treatment of CH. Although
open-label series reported it to have a positive effect in between 50 and 70 % of
patients, a placebo-controlled study of 96 patients failed to show any difference
between valproate and placebo groups [31-33]. However, it should be noted that the
placebo response in this study was unusually high. Although this was likely due to
spontaneous remission, it means no valid conclusions can be drawn on the efficacy
of valproate at this time. If it is to be tried, the authors recommend starting on a dose
of 200 mg twice daily and increase the dosage in steps of 200 mgs twice daily every
1-2 weeks until a maximum of 1 g twice daily is reached or side effects intervene.
Common adverse events on valproate include dizziness, fatigue, nausea, abdominal
pain, and weight gain. Rarely, patients will develop alopecia, hepatotoxicity, or
blood dyscrasias. Therefore, liver function tests and full blood counts should be
monitored monthly during the titration period. Valproate should be used with cau-
tion in women of childbearing age due to the known risk of teratogenic effects.

11.3.6 Melatonin

Melatonin was tried in CH due to the observation of circadian periodicity and the
importance of the hypothalamus in the pathophysiology of the disorder [34]. Results
of placebo-controlled trials have been contradictory; however, this may have been
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due to the relatively low doses used in the negative study [35, 36]. Our practice is to
use doses of up to 15 mg daily taken at night.

11.3.7 Baclofen

Baclofen has proven useful in a variety of pain conditions. Small open-label series
have appeared to show its efficacy in CH [37]. The drug should be started at a low
dose of 5 mg three times daily and increased by 5 mg per dose every 7 days.
Maximum therapeutic dose is 30 mg three times daily. Side effects of baclofen
include nausea, vomiting, diarrhea, fatigue, drowsiness, and insomnia. Although no
published evidence exists, in our experience, tizanadine, an alpha-2 antagonist, has
similar properties to baclofen but tends to be better tolerated.

11.3.8 Gabapentin

Gabapentin is a medication widely used in the treatment of pain. Although it has
been trialed in CH, the highly positive data from open-label series does not seem to
be mirrored in clinic practice [38, 39]. It is relevant to note that although previously
considered beneficial for migraine, recent RCTs and Cochrane reviews have found
no evidence for its efficacy [40]. Our practice is to use a dose of up to 1200 mg three
times daily when used for CH prevention. Possible side effects include dizziness,
fatigue, peripheral edema, nausea, ataxia, and weight gain.

11.3.9 Candesartan

Candesartan was investigated for its efficacy in CH by Tronvik et al. in a placebo-
controlled study [41]. Although the initial trial was negative, post-hoc analysis
showed a reduction in attack frequency in the treatment group. Candesartan can be
a useful drug, although larger scale trials are obviously needed. Candesartan can be
started at a dose of 4 mg twice daily and increased weekly to a maximum of 16 mg
twice daily. Renal function blood tests and full blood count should be performed
around a month after reaching a stable dose. Side effects include dizziness, symp-
tomatic hypotension, and a low white cell count.

11.3.10 Levetiracetam

Levetiracetam has low-quality evidence for its efficacy in neuropathic pain and
migraine. Recently, open-label evidence has emerged for its use in CH [42].
Although published evidence is limited to five patients, our local experience is posi-
tive. We start the drug at a dose of 250 mg twice daily and increase by 250 mg per
dose every 7 days until the maximum of 1.5 g twice daily is reached or side effects
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intervene. The most common side effects reported are agitation, low mood, dizzi-
ness, tremor, insomnia, nausea, and anorexia and muscle pain.

11.4 Neurostimulation

Neurostimulation involves using electrical pulses to modulate the activity of the pain
system. Invasive and noninvasive techniques are now available. Where possible, non-
invasive techniques should be employed before attempting invasive treatments.

11.4.1 Noninvasive Neurostimulation

11.4.1.1 Vagal Nerve Stimulation

Following reports of CH improving in patients implanted with vagus nerve stimula-
tors for epilepsy, a noninvasive vagal nerve stimulator, the gammaCore device, was
developed [43]. The device can be used both as an acute treatment, where it is
applied at the start of an attack, and a preventative, where it is used three times daily
for at least 3 months. An initial open-label cohort series of 19 patients reported an
average improvement of 48 % in 15 patients [44]. Prophylactic use resulted in a
substantial reduction in daily attack frequency.

11.4.2 Invasive Neurostimulation

Due to the invasive nature of the surgery and the potential risks involved with these
treatments, they should only be considered in medically refractory patients [45].
Recent data seems to support the concept that adverse event profiles of these proce-
dures are much more favorable when a smaller number of highly experienced cen-
ters offer the surgery [46]. The European Headache Society has released an
international consensus regarding the use of neuromodulation in chronic headache
emphasizing these issues [47].

11.4.2.1 Sphenopalatine Ganglion (SPG) Stimulation

The SPG is an extracranial structure lying in the pterygopalatine fossa (PPF), con-
taining parasympathetic and sympathetic neurons. It has connections to the trigemi-
novascular system, the superior salivatory nucleus, and the hypothalamus. A recent
multicenter sham-controlled trial of on-demand SPG stimulation reported a signifi-
cant difference in the number of resolved attacks in the treated group [48]. Pain
relief was achieved in 67 % of treated attacks compared to 7 % of sham-treated
attacks. Adverse events were mild and only 5 of the 28 patients required repeat
surgery for hardware-related complications. Although used as an acute treatment,
almost half of the patients reported a more than 50 % reduction in attack frequency
with continued use implying that SPG stimulation can have a prophylactic effect
also. Further work into the prophylactic efficacy is underway.
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11.4.2.2 Occipital Nerve Stimulation (ONS)

The occipital nerves are a target for neurostimulation due to the anatomical overlap
of trigeminal and cervical afferents in the trigeminocervical complex. This conver-
gence means that stimulation of the occipital nerves modulates pain in the territories
innervated by the occipital nerves and the trigeminal nerves. From the open-label
data available, ONS appears to be a safe and efficacious treatment for refractory
CCH with around 70 % of patients reporting at least a 50 % reduction in attack
frequency [49-55]. The most frequent hardware-related adverse events, such as lead
migration, electrode fracture, or infection, are dependent on surgical experience and
can be limited by ensuring that a small number of specialist centers with experi-
enced surgeons implant the devices [46]. A number of series report side-shift of
attacks if unilateral stimulation is employed and we therefore recommend bilateral
stimulation as the standard procedure. A time lag of around 2—3 months is observed
before treatment effects emerge. It is important to explain this to patients to avoid
unnecessary adjustments in the early stages of treatment. Once the ONS is implanted,
patients need to be under the follow-up of physicians skilled in the use of neuro-
modulation for headache as the device will need adjusted over time to treat any
residual attacks.

11.4.2.3 Deep Brain Stimulation (DBS)

Functional neuroimaging showed that the posterior hypothalamic area was overac-
tive in cluster attacks. This led to Leone et al. implanting a DBS electrode in the
ipsilateral posterior hypothalamic area in a CCH patient with good results [56].
There are now over 60 published cases [57-66]. The overall success rate is around
66 % (mean follow-up of 2 years) [49]. Again, there is a delay to clinical effect of
around 2 months. Since the initial implant, further imaging and anatomical work has
localized the area of implantation to the ventral tegmental area and not the posterior
hypothalamus [67]. DBS is not without serious risk. Although the risk for serious
hemorrhage is within the same range as that for movement disorders (3 %), one CH
patient has died from a postoperative intracerebral hemorrhage [65]. As with ONS,
it is important that this procedure is carried out in specialist centers and that patients
continue under the care of a physician trained in the use of neuromodulation for
headache.

Conclusion
Cluster headache is an excruciatingly painful condition and every effort must be
made to control attacks quickly and with minimal side effects. Transitional treat-
ments can be used to control attacks quickly but they must be used in conjunction
with preventative treatments to cover longer bouts. In CCH, patients will often
need to remain on preventatives for prolonged time periods. In ECH, the preven-
tative should only be given when a patient is in a bout and should be weaned off
once the patient is pain free.

Verapamil should be considered the first-line treatment option but if a patient
fails to respond to this drug, then other options should be chosen depending on
the patient, their comorbidities, and the experience of the treating physician.
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Preventatives should be started at low dose and titrated over a number of weeks
to maximum therapeutic levels. Although most patients will respond to oral med-
ications, there will be a small but highly disabled group of CCH patients that will
prove refractory and that may benefit from neurostimulation.

In CH, as in other primary headache conditions, the evidence base for the
preventatives used is often of low quality. Therefore, the medications used are
currently chosen on the basis of clinical experience. In the future, larger quality
trials into CH treatments may enable a more evidence-based treatment plan to be
constructed.
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Nuria Riesco, Carmen Garcia-Cabo, and Julio Pascual

12.1 Introduction

Chapter 4 in the current International Classification of Headache Disorders (ICHD-
IIB) includes a number of primary headache disorders that are clinically heteroge-
neous [1]. In general, their pathogenesis is still poorly understood and their
treatments are suggested on the basis of anecdotal reports or uncontrolled trials. The
chapter includes some clinical entities, such as primary stabbing headache or hypnic
headache, that are primary in most cases, together with, for instance, primary thun-
derclap headache or primary cough headache, entities where our efforts must be
directed to rule out a secondary origin. Two headache disorders which appeared in
Chap. 13 in the previous Classification have now been moved to this chapter: cold
stimulus headache and external-pressure headache, while hemicrania continua has
been now moved to Chap. 3 as evidence indicates that it rightly belongs to trigemi-
nal autonomic cephalalgias [1].

12.2 Primary Cough Headache

12.2.1 Epidemiology, Pathophysiology and Clinical Features
Headaches related to exertion can be brought on by Valsalva manoeuvres (“cough
headache”), prolonged exercise (“exercise headache”) and sexual excitation (“sex-

ual headache”) [1]. These conditions are a challenging diagnostic problem. They
can be primary or secondary and as their aetiologies differ depending on the
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headache type. Historically, cough headache has been included in the broader con-
text of exercise-induced headache, but clinical features of cough headache are
clearly different from those of exertional and sexual headaches which do have many
properties in common. It was not until modern neuroimaging techniques became
available that these activity-related headaches were clinically differentiated [2, 3].

Cough headache has been classically considered a rare entity. However,
Rasmussen and Olesen have shown that the lifetime prevalence of cough headache
is 1 % (95 % CI 0-2 %) [4]. Over 10 years, of the 6.412 patients who attended a
general neurology department, 68 (1,6 %) consulted because of cough headache [5].

Headache precipitated by cough can be either a primary benign condition or
secondary to structural cranial disease. From case series prior to CT and MRI it was
concluded that about 20 % of patients with cough headache had structural lesions,
most of them a Chiari type I deformity [6-8]. However, with modern neuroimaging
techniques it is clear that about 40 % of cough headache patients have secondary
cough headache due to tonsillar descent or, more rarely, to other space-occupying
lesions in the posterior fossa/foramen magnum area [2, 3]. Up to one-third of
patients with Chiari type I malformation experience headache aggravated by
Valsalva manoeuvres, mainly cough [9]. Therefore, it can be concluded that about
60 % of the patients with cough headache will show no demonstrable etiology,
while 40 % will be secondary to structural lesions, mostly at the foramen magnum
level.

In contrast to secondary cough headache, the pathophysiology of primary cough
headache is not known. The possibility of a sudden increase in venous pressure
being sufficient itself to cause headache due to an increase in brain volume has been
proposed [10]. There should be other contributing factors, however, such as a hyper-
sensitivity of some receptors, sensitive to pressure and hypothetically localised on
the venous vessels [11]. One of the potential etiologies for this transient receptor
sensitisation could be a hidden or previous infection. Interestingly, Chen and co-
workers have found that patients with primary cough headache are associated with
a more crowded posterior cranial fossa, which may be a further contributing factor
for the pathogenesis of this headache syndrome [12].

Primary cough headache is defined as that head pain precipitated by coughing or
other Valsalva manoeuvres in the absence of any intracranial disorder. According to
the ICHD-IIIP diagnostic criteria, primary cough headache is a sudden onset head-
ache lasting from 1 s to 120 min, brought on by and occurring only in association
with coughing, straining and/or Valsalva manoeuvres, in the absence of any intra-
cranial disorder [1].

The clinical picture of primary cough headache is somewhat characteristic,
which should allow its differentiation from secondary cases. It usually affects sub-
jects over the age of 40 years; with a mean age in patient series above 60 years of
age. There is a slight male predominance. The pain begins immediately or within
seconds of the precipitants. Such precipitants include coughing, sneezing, nose
blowing, laughing, crying, singing, lifting a weight, straining at stool, and stooping.
Prolonged physical exercise is not a precipitating factor for primary cough head-
ache, which is moderate to severe in intensity, with a sharp, stabbing, splitting, or
even explosive quality. The headache is usually bilateral but can be unilateral.
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The pain is most often in the occipital region but may also be in the frontotemporal
regions. Primary cough headache is not associated with other clinical manifesta-
tions, not even nausea or vomiting, photo- and phonophobia. Primary cough head-
ache is an episodic disease, ranging from 2 months to a maximum of 2 years in our
experience [2, 3].

12.2.2 Treatment

Symptomatic treatment is not practical because of the short duration and multiplic-
ity of cough headaches. Potential precipitants, for instance lung infections or cough-
inducing medications, such as angiotensin-converting enzymes inhibitors, must be
treated or withdrawn. Most patients with primary cough headache respond to indo-
methacin, given prophylactically at doses usually ranging from 25 to 150 mg daily
[2, 3, 11, 13, 14, 15]. The mechanism of action of this drug is unknown, but could
include a decrease in intracranial pressure. This would explain the benefits seen
with lumbar puncture or acetazolamide in some patients with primary cough head-
ache [11, 16]. There is no consensus on treatment duration with indomethacin,
though in general, after a good response to indomethacin, the recommendation is to
continue the treatment for about 6 months [2, 3].

12.3 Primary Exertional and Sexual Headache
12.3.1 Epidemiology, Pathophysiology and Clinical Features

These two headaches will be considered together in this chapter as they share many
points in common, including treatment approach. Sexual activity is in fact a kind of
exercise and many patients with primary exertional headaches also experience
headaches precipitated by sexual activity [2, 3, 17]. According to the ICHD-IIIp,
primary exertional headache is precipitated by any form of prolonged exercise and
lasts less than 48 h. Primary headache associated with sexual activity is precipitated
by sexual activity, which can star as a dull bilateral headache as sexual excitement
increases and/or suddenly becomes intense at orgasm and lasts from 1 min to a
maximum of 72 h [1].

Even though these headaches are not a frequent reason for neurological consulta-
tion, it seems that they are not rare in the general population. In a wide (1838 partici-
pants) epidemiological survey in Norway, 12.3 % referred to exertional headache [18],
while in a further survey in Taiwan carried out in 1963 adolescents the prevalence of
exertional headache was as high as 30.4 % [19]. Primary exertional and sexual head-
aches appear to be more frequent in men and in young people [2, 3, 6, 8, 20, 21].

The pathophysiology of these headaches remains speculative. The development
of headache after sustained exertion, particularly after a hot day, is more likely
caused by arterial dilatation [22], but objective evidence is lacking. Exertional head-
ache in this respect may resemble headaches associated with high altitude and fever.
It has been suggested that, in some patients, primary exertional headache could be a
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venous disease, as the prevalence of jugular valve incompetence (leading to tran-
sient increased of intracranial pressure during exertion) has been shown to be higher
than expected [23].

12.3.2 Treatment

For non-incapacitating cases or for those with a low exercise or sexual activity fre-
quency, the first, and sometimes the only recommendation should be transient exer-
cise moderation or sexual abstinence. There is no absolute evidence of the value of
pharmacological treatments in the management of primary exertional or sexual
headaches. In general, however, anti-migraine preventive medications show benefit
[2, 3, 21]. For most patients, beta-blockers at the usual anti-migraine doses seem
useful. There are well-documented cases with exertional headache who did not
improve or could not tolerate beta-blockers. Some of these cases seem to improve
on indomethacin in doses varying from 25 to 150 mg a day. There is no consensus
on the treatment duration in these cases. Primary exertional and sexual headaches
are usually transient, lasting less than 3 months and rarely longer than 6 months.
Therefore, we recommend stopping the preventive treatment after 3—-6 months to
check for headache recurrence.

Acute therapy, immediately before physical exercise, may be a reasonable alter-
native for some patients. Simple analgesics and nonsteroidal anti-inflammatory
drugs do not seem to prevent the development of these headaches. Ergotamine may
be useful and the efficacy of triptans taken prior to headache intercourse in prevent-
ing the development of this headache has also been reported [24, 25].

12.4 Primary Thunderclap Headache
12.4.1 Epidemiology, Pathophysiology and Clinical Features

Thunderclap headache is an uncommon type of headache, but recognition and diag-
nosis are crucial because of the possibility of a serious brain disorder. Primary thun-
derclap headache is defined in the ICHD-IIIP as a high-intensity headache of abrupt
onset, reaching maximum intensity in <1 min and lasting at least 5 min, mimicking
that of ruptured cerebral aneurysm, in the absence of intracranial pathology [1].
Evidence that thunderclap headache exists as a primary headache disorder is poor,
therefore the search for an underlying cause should be expedited and exhaustive.
Thunderclap headache is frequently associated with serious vascular intracranial
disorders, particularly subarachnoid haemorrhage. It is mandatory to exclude this
and a range of other such conditions including intracerebral haemorrhage, cerebral
vein thrombosis, unruptured vascular malformation, arterial dissection, pituitary
apoplexy, meningitis, colloid cyst of the third ventricle, low cerebrospinal pressure,
acute sinusitis and reversible vasoconstriction syndrome, which probably explains a
relevant proportion of cases diagnosed as primary thunderclap headache [26, 27].
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12.4.2 Treatment

Primary thunderclap headache is a self-limited syndrome and treatment consists of
symptomatic analgesics if necessary. As sudden headaches tend to recur in the
majority of patients during the first 2 weeks (up to 1 month), nimodipine, which has
been shown to be clinically efficacious in an open fashion in a well-documented
series of cases, can be prophylactically administered during this period. Because
thunderclap headache has been associated with serotonergic drugs and reversible
cerebral vasospasm, the safety of serotonin agonists (triptans or ergots) in this group
of patients has not been evaluated and should be avoided. Because of the potential
for recurrence patients must be cautioned to avoid sympathomimetic drugs and vig-
orous physical activity during 1 month. Most do not experience recurrent headaches
and are not at increased risk for serious neurologic events over months or years;
therefore, patients can and should be reassured [26, 27].

12.5 Cold Stimulus Headache and External-Pressure
Headache

These two headaches were among secondary headaches in the previous version of
the IHS Classification. They have been moved to this chapter because they seem
more likely to be primary headache disorders in that they are brought on by physi-
ological (non-damaging) stimuli [1]. Their treatment consists of avoidance of these
triggering factors in predisposed patients.

12.6 Primary Stabbing Headache
12.6.1 Epidemiology, Pathophysiology and Clinical Features

This headache is characterised by non-provoked, ultrashort stabs of pain, localised
in the head. ICHD-IIIP criteria for primary stabbing headache are illustrated in
Table 12.1 [1]. Primary stabbing headache is a fairly frequent complaint. In a large
study in Norway primary stabbing headache was verified in 35.2 % of the examined
adult population [28]. Primary stabbing headache is more prevalent in subjects with
other primary headaches and particularly in migraine.

Table 12.1 ICHD-IIIB diagnostic criteria for primary stabbing headache [1]

A. Head pain occurring spontaneously as a single stab or series of stabs and fulfilling criteria B-D
B. Each stab lasts for up to a few seconds

C. Stabs recur with irregular frequency, from one to many per day

D. No cranial autonomic symptoms

E. Not better accounted for by another ICHD-III diagnosis
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Primary stabbing headache is a frequent condition, but the frequency of the stabs
varies from 1 per year to more than 50 daily [26, 29]. The ultrashort duration and
lack of cranial autonomic features distinguish this disorder form short-lasting uni-
lateral neuralgiform pain with conjunctival injection and tearing (SUNCT) syn-
drome. The presence of triggers, duration of a few seconds and occurrence of pain
in the second and third trigeminal branches are characteristics of trigeminal neural-
gia, other condition which primary stabbing headache can be confused.

12.6.2 Treatment

Treatment is rarely necessary. Symptomatic, acute treatment of primary stabbing
headache is not feasible given its ultrashort duration and repetitive nature. When
attacks occur with a frequency that warrants preventive treatment, indomethacin is
usually the treatment of choice [13, 26, 29]. Indomethacin provides complete or
partial improvement in about two-thirds of patients. The usual effective dose ranges
from 25 to 150 mg per day. The erratic temporal pattern of this condition and the
potentially ominous adverse events of indomethacin must be taken into account
when indomethacin therapy is considered for this condition. Gabapentin, nifedip-
ine, melatonin and celecoxib have shown efficacy in a few patients and could be
used as potential alternatives [26].

12.7 Nummular Headache
12.7.1 Epidemiology, Pathophysiology and Clinical Features

Nummular headache is a primary headache disorder and therefore it has been moved
from the Appendix to Chap. 4 in the ICHD-III [1]. Since defined by Pareja et al. in
2002 [30], more than 200 cases have been reported. This coin-shaped cephalalgia
was first described as a chronic, mild—moderate, pressure-like pain that is felt exclu-
sively in a circumscribed area with a diameter of 2—-6 cm, in the absence of any
underlying lesions of the head. Current diagnostic criteria are summarised in
Table 12.2. Primary nummular headache is considered a rare entity, though its exact

Table 12.2 ICHD-IIIB A. Continuous head pain fulfilling criteria B-C
diagnostic criteria for primary

nummular headache [1] B. Felt exclusively in an area of the scalp, with all of the

following four characteristics:
1. Sharply-contoured
2. Fixed in size and shape
3. Round or elliptical
4. 1-6 cm in diameter
C. Not better accounted for by another ICHD-III diagnosis
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prevalence is uncertain. Nummular headache accounts for about 1 % of headaches
attending a general neurology outpatient office and up to 5 % of headaches in a
specialised clinic [31].

12.7.2 Treatment

There is no specific treatment for primary nummular headache. Anti-epileptics have
been tried in most reported patients, with gabapentin being effective in around half
of cases [32]. Local botulinum toxin type A has been injected in a few patients and
proved to be effective in some of them [33]. Local nerve blocks showed effective-
ness in only one quarter of patients [31].

12.8 Hypnic Headache
12.8.1 Epidemiology, Pathophysiology and Clinical Features

Hypnic headache is a rare, recurrent, sleep-related, primary headache disorder,
which usually begins after 50 years of age. Pain tends to be bilateral and mild to
moderate, develops only during sleep, and usually lasts from 15 to 180 min. Most
cases are persistent, with daily or near daily headaches, but an episodic subform (on
<15 days/month) has been described [1]. The exact pathophysiological mechanisms
of hypnic headache have not been elucidated; a disturbance of the suprachiasmatic
nucleus, as mammalian pacemaker, dysregulation of melatonin and a disorder of
REM sleep have been some of the postulated mechanisms [34].

12.8.2 Treatment

Several different treatments have been tried in hypnic headache. Lithium remains
the most indicated treatment for hypnic headache [35]. Treatment should be started
with low doses (300 mg) of lithium carbonate at bedtime, which can be increased up
to 600 mg at bedtime if necessary. Lithium should be tapered after 3—4 months. If
headache recurs during tapering, a longer duration therapy may be needed. Renal
and thyroid function as well as serum lithium levels must be assessed periodically
to avoid toxicity. Usual side effects include tremor, diarrhoea, increased thirst and
polyuria and not infrequently make lithium poorly tolerated by hypnic headache
patients, which are usually elderly people. Other agents that have been reported to
effectively treat hypnic headache in small observational series include bedtime
doses of caffeine (40-60 mg tablet, or as a cup of coffee), melatonin (2 mg), flunari-
zine (5 mg) or indomethacin (25-75 mg) [34-37]. Indomethacin appears to be more
useful when attacks are strictly unilateral. Due to the poor tolerability of lithium and
indomethacin and even though they seem to be the most efficacious preventive
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treatment for hypnic headache, we usually try first melatonin and flunarizine. In
anecdotal reports, other drugs, such as topiramate, gabapentin, pregabalin, acetazol-
amide, pizotifen, acetylsalicylic acid, prednisone or verapamil have apparently been
useful in preventing attack recurrence. Options, such as beta-blockers, tryciclic anti-
depressants, oxygen or subcutaneous sumatriptan have afforded no benefit [34].

12.9 New Daily Persistent Headache
12.9.1 Epidemiology, Pathophysiology and Clinical Features

New daily persistent headache is defined as persistent headache, daily from its onset
which is clearly remembered. In the new ICHD-III it is clarified that the pain can
be migraine-like or tension-type-like (Table 12.3). New daily persistent headache is
unique in that the headache is daily from onset, typically occurring in individuals
with no prior headache history. Patients with this disorder invariably recall and can
accurately describe such an onset; if they cannot do so, another diagnosis should be
made. New daily persistent headache has two clinical subforms: a self-limiting one
that resolved within several months without therapy, in which an infectious origin
has been hypothesised, and a refractory form that is resistant to aggressive treatment
regimens [1].

12.9.2 Treatment

At present no specific treatment strategy can be suggested for primary new daily
persistent headache based on clinical evidence. Leaving the self-limiting subform
aside, this headache can continue for years to decades after onset and can be
extremely disabling to the patient. Patients with new daily persistent headache will
fail every possible class of acute and preventive medications. Most patients with this
condition receive all preventatives used for migraine or tension-type headache,
including botulinum toxin type A, antidepressants and nerve or facet blocks without
success [38, 39]. Rozen presented five patients who responded to gabapentin or
topiramate, but these agents do not work in the majority of cases [40]. New daily
persistent headache is, therefore, overall unresponsive to conventional preventive
headache treatment. As a result of this, these patients overuse analgesics, but unlike
chronic migraine with medication overuse headache, getting these patients out of
analgesic rebound typically does nothing to help in relieving their pain [41].

Table 12.3 ICHD-IIIB A. Persistent headache fulfilling criteria B-C
diagnostic criteria for new

daily persistent headache [1] B. Each stab lasts for up to a few seconds

C. Stabs recur with irregular frequency, from one to many
per day

D. No cranial autonomic symptoms
E. Not better accounted for by another ICHD-III diagnosis
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With this negative scenario treatment or new daily persistent headache must be
individualised. Some of the preventatives, such as botulinum toxin of nerve block,
can be considered, though we must take into account that condition may not remit
for decades and none of these treatments should be chronically prescribed if there is
no clear response. For these patients a judicious planning of their symptomatic
treatment is all we can and should do.
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13.1 Introduction

Headache and migraine are highly prevalent in children and adolescents. The esti-
mated overall mean prevalence of headache is 54 % and the mean prevalence of
migraine is 9 % in these age groups [1]. Headache and migraine cause considerable
burden and reduced quality of life [2—4]. Accordingly, adequate management of
headache disorders in children and adolescents is essential. Dealing with primary
headaches requires to: (1) establish the correct diagnosis bearing in mind that the
characteristics of migraine differ from those in adults, (2) consider somatic and
psychiatric comorbidities, (3) ask for trigger factors, (4) assess the degree of dis-
ability, (5) educate the patient, the parents, and other caregivers, (6) establish an
appropriate therapy, (7) prescribe acute medication if needed and advise how to use
it, (8) discuss prophylactic therapy, (9) instruct the patients to keep a headache
diary, and (10) provide information about realistic expectations regarding the effi-
cacy of treatment [5—7]. Based on expert opinion, therapy comprises lifestyle modi-
fication such as regular meals, sufficient fluid intake, physical exercise, regular
sleep, advice on how to cope with trigger factors, non-pharmacological and pharma-
cological management of the acute attack, and in the case of frequent attacks pro-
phylactic interventions [5-7].
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13.2 Acute Treatment of Migraine

Acute treatment must be tailored to the individual needs of the patients. The goal of
treatment should be a quick response with return to normal activity and without
relapse. Several key concepts should be emphasized to help guide the patients.
Acute medication should not be used for mild headaches, for headaches easing with
sleep and for moderate or severe migraines lasting less than 2 h. Furthermore, medi-
cation use must be limited to avoid medication-overuse headache. It is important
that an appropriate dose is used. Medications should be taken shortly after onset of
migraine headache to optimize the effect. The medication should be available to the
patients also at school [5, 6].

13.2.1 Analgesics and NSAIDs

In children and adolescents, data are available for acetaminophen and ibuprofen.
Acetaminophen was examined in only one crossover study including 88 patients
aged 4-16 years [8]. Ibuprofen was examined in three studies including a total of
201 patients aged 4—18 years (Table 13.1) [8—10]. In the acetaminophen trial, patients
treated 3 attacks, 1 with acetaminophen, 1 with ibuprofen and 1 with placebo. The
efficacy analysis included 66 patients. One hour postdose, acetaminophen was supe-
rior to placebo with regard to headache relief (OR 3.3, 95 % CI 1.4-11.0) and made
the children headache-free (OR 3.3, 95 % CI 1.0-11.1), but there was no difference
observed after ibuprofen. Two hours postdose, acetaminophen was not superior to
placebo and it was inferior to ibuprofen (OR 2.2. 95 % CI 1.1-4.0 for ibuprofen vs
acetaminophen). In the intent-to-treat analysis, acetaminophen as well as ibuprofen
was twice as effective as placebo and the active drugs did not differ from each other.

Ibuprofen was examined in the study already mentioned [8] — one parallel group
study and another crossover study [9, 10]. In the crossover study comparing acet-
aminophen, ibuprofen and placebo [8], ibuprofen was superior to placebo at 1 h as
well as at 2 h for headache relief (OR 3.4, 95 % CI 1.2-10.2 and OR 2.9, 95 % CI
1.0-8.1) and pain-free response (OR 3.1, 95 % CI 1.0-9.9 and OR 3.5, 95 % CI
1.0-11.9), as well as superior to acetaminophen in aborting migraine within 2 h (OR
2.2,.95 % CI 1.1-4.0).

In the parallel group study [9], patients had to treat one moderate or severe
migraine headache under adult supervision. Ibuprofen was superior to placebo in
relieving headache 2 h postdose, and with respect to the median pain score, absence
of nausea and need for rescue medication, but not in making the children headache-
free and stopping other autonomic symptoms at 2 h. Analyzing boys and girls sepa-
rately, significantly higher response rates was observed for ibuprofen compared to
placebo in boys, but no difference whatsoever was noticed in girls.

The second crossover study compared ibuprofen, zolmitriptan and placebo [10].
Ibuprofen was superior to placebo with respect to pain relief at 1, 2 and 4 h, pain-
free at 2 and 4 h, sustained pain free as well as absence of nausea and photophobia/
phonophobia at 1 and 2 h. Response rates in boys and girls did not differ from each
other.
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With respect to adverse events (AE) of acetaminophen and ibuprofen, the authors
of a systematic review conclude that ibuprofen, acetaminophen and placebo have
similar tolerability and safety profiles in terms of gastrointestinal symptoms, asthma
and renal AE [27]. Another review also concluded that both acetaminophen and
ibuprofen “appear to be exceptionally safe”, but the authors point out the contro-
versy regarding the role of acetaminophen in the development of asthma [28].

Acetaminophen and ibuprofen appear to be safe and well tolerated in children
and adolescents. Regarding their efficacy for treating acute migraine attacks, there
is limited evidence for ibuprofen and poor evidence for acetaminophen.

13.2.2 Ergotamines

Only one very small crossover study on oral dihydroergotamine (DHE) in 13
patients has been published (Table 13.1) [11]. Treatment with oral dihydroergota-
mine is limited by its low bioavailability. In addition, it is no longer on the market
in many countries. DHE nasal spray, orally inhaled and intravenous DHE have not
been examined in randomized placebo-controlled studies in children and adoles-
cents up till now.

Oral dihydroergotamine seems not to be useful for the treatment of acute
migraine attacks in children and adolescents.

13.2.3 Triptans

There are a total of 16 full-paper, randomized, placebo-controlled studies on triptans
for acute migraine attacks in children and adolescents (Table 13.1). Oral sumatrip-
tan was used in two studies and sumatriptan nasal spray in four studies. Zolmitriptan
was examined in three studies (2 oral, 1 nasal), rizatriptan in four studies and almo-
triptan as well as eletriptan in one study each. In addition, a fixed combination of
oral sumatriptan and naproxen was used in one study. In most studies, triptan effi-
cacy rates were comparable to those in adults; however placebo rates were much
higher. Therefore, several studies failed to demonstrate superiority over placebo.

For adolescents aged 12—-17 years, nasal sumatriptan and nasal zolmitriptan have
been approved in several European countries and almotriptan has been approved by
the Food and Drug Administration (FDA). Furthermore, rizatriptan has been
licensed for patients aged 6—17 years by the FDA. In children and adolescents, use
of oral sumatriptan, oral zolmitriptan, eletriptan, naratriptan, frovatriptan as well as
sumatriptan-naproxen fixed combination is off-label both in Europe and the US. In
addition, use of almotriptan and rizatriptan is off-label in Europe and use of nasal
sumatriptan and nasal zolmitriptan is off-label in the US.

13.2.3.1 Sumatriptan

Oral sumatriptan was not superior to placebo in a small single-center study includ-
ing 23 patients from Finland as well as in a multicenter study from Japan including
178 patients [12, 13].



13 Acute Treatment for Primary Headache Disorders in Children 135

In contrast, there is good evidence for nasal sumatriptan, even though it was not
consistently superior to placebo in four available studies (Table 13.1) [14-17].
A small study in 14 children with migraine refractory to “commonly used antimi-
graine drugs” was the first suggesting efficacy of nasal sumatriptan in young
migraineurs [14]. Apart from the small patient number, the study has several other
limitations [29]. Considering that 2 of the other studies on sumatriptan nasal spray—
including only adolescents aged 12—17 years and the third study including patients
between 8 and 17 years—did not provide separate analyses for children, the evi-
dence for nasal sumatriptan in patients below the age of 12 years is poor.

In a large parallel group study [15], 510 patients aged 12—-17 years were ana-
lyzed. Patients were treated for 1 moderate or severe migraine attack with sumatrip-
tan 5, 10, 20 mg, or placebo. The endpoints comprised headache relief (i.e. reduction
in pain severity from severe or moderate to mild or none), complete relief and asso-
ciated symptoms 15, 30, 60, 90 and 120 min postdose as well as headache recur-
rence (i.e. worsening of pain from no/mild 2 h postdose to moderate or severe
2-24 h postdose) and use of rescue medication. The primary endpoint was headache
relief at 2 h postdose. Compared to placebo, headache relief was achieved signifi-
cantly more often with sumatriptan 10 and 20 mg 1 h postdose and with sumatriptan
5 mg (but not 20 mg) 2 h postdose in the intention-to-treat population. In the per-
protocol population, sumatriptan 20 mg was superior to placebo with respect to pain
relief 2 h postdose. Complete relief was achieved significantly more often with
sumatriptan 20 mg than with placebo 2 h postdose (Table 13.1). Further statistically
significant results comprised the prevalence of photophobia 2 h postdose for sumat-
riptan 20 mg and the prevalence of phonophobia for sumatriptan 5 mg 2 h postdose
and for sumatriptan 20 mg at 30 min, 60 min and 2 h. Nausea, vomiting, headache
recurrence and rescue medication did not differ between sumatriptan 5 mg, 10 mg
or 20 mg and placebo at any time point.

In another study by the same first author [16], including 738 patients, sumatrip-
tan 5 and 20 mg were compared to placebo. The study design was very similar.
Primary endpoints were headache relief at 1 h and sustained relief from 1 to 24 h
(i.e. no additional use of medication and no recurrence of moderate or severe pain
within 1-24 h postdose). Comparing sumatriptan 5 mg to placebo revealed no sta-
tistically significant differences except for phonophobia 2 h postdose. Sumatriptan
20 mg was superior to placebo with respect to headache relief at 30 min and 2 h,
pain-free rates at 2 h, photophobia and photophobia plus phonophobia at 2 h and
freedom from migraine (i.e. pain and all associated symptoms) at 2 h postdose. The
proportions of patients with sustained relief, use of rescue medication and recur-
rence of headache pain did not differ between sumatriptan 20 mg and placebo.

Finally, in a Finnish crossover study [17], a dose of 10-mg sumatriptan nasal
spray was used in patients with a body weight of 20-39 kg and a dose of 20 mg in
those with a body weight of >40 mg. The Finnish study is the only one using sumat-
riptan nasal spray providing detailed data on patients falling asleep within 2 h after
using study medication. If a child fell asleep and was pain-free upon awakening, the
treatment was classified as successful. Sumatriptan nasal spray differed statistically
significantly with respect to headache relief at 2 h as well as at 1, 3, and 4 h post-
dose. More children preferred sumatriptan than placebo, and rescue medication was
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used less often after sumatriptan. In contrast, pain-free responses did not differ
between sumatriptan and placebo. Age, gender and puberty stage had no effect on
the response to sumatriptan. The proportion of children who fell asleep within 2 h
of treatment was 13 % after sumatriptan and 12 % after placebo and all were pain-
free upon awakening.

Regarding safety, there were no serious AE in any of the five studies on sumat-
riptan, with the exception of 1 placebo patient experiencing exacerbation of migraine
symptoms which required treatment in an emergency department. The prevalence of
AE was lowest in the placebo groups (8—18 %) and increased with increasing doses
of sumatriptan reaching 33—44 % for nasal sumatriptan 20 mg. The most common
AE in the studies on sumatriptan nasal spray were taste disturbances reported by
19-30 % of the patients after sumatriptan and by 2-3 % after placebo [15-17].

In summary, there is no evidence supporting the efficacy of oral sumatriptan
for treating acute migraine attacks in children and adolescents. There is no clear
evidence for nasal sumatriptan in children below the age of 12 years, whereas
sumatriptan nasal spray was superior to placebo in adolescents. In detail, this was
true for headache relief and pain-freedom in three studies each, but not for sus-
tained pain-free. Published data on safety and AE do not raise concerns regarding
the use of sumatriptan nasal spray in adolescents. Accordingly, there is sufficient
evidence supporting the safety and short-term efficacy of sumatriptan nasal spray
20 mg for treating migraine attacks in adolescents. Further studies in children are
needed.

13.2.3.2 Zolmitriptan

Zolmitriptan was examined in a total of three studies (2 with oral, 1 with nasal zol-
mitriptan), applying different study designs (Table 13.1). One oral study was cross-
over, comparing zolmitriptan 2.5 mg and ibuprofen to placebo, and has already been
mentioned above [10]. The other was a parallel group study comparing zolmitriptan
2.5, 5 and 10 mg to placebo [18]. To control the high placebo-response rates in
adolescent migraineurs, the trial on zolmitriptan nasal spray applied a novel study
design [19]. The protocol included a single-blind placebo challenge for each
migraine attack and patients who had achieved a response within 15 min did not use
additional medication.

In the crossover study with ibuprofen [10], zolmitriptan was superior to placebo
with respect to pain relief and pain-freedom at 1, 2 and 4 h, sustained pain-free
response and rescue medication as well as with respect to nausea at 1, 2, and 4 h and
photophobia/phonophobia at 1 and 2 h. Zolmitriptan was also superior to placebo in
11 patients under the age of 13 years. Response rates in boys and girls did not differ
from each other. The placebo-response rate was extremely low.

In the other oral zolmitriptan study [18], 696 patients treated a single migraine
attack either with zolmitriptan 2.5 mg, 5 mg or 10 mg or with placebo. Patients
included had to have migraine headache duration of >4 h in all of their untreated
attacks and study medication had to be taken not later than 1 h after the start of the
attack or the time the patient first became aware of it. The proportions of patients
with headache relief and pain-free response were similar for zolmitriptan 10 mg and
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placebo. Because a step-down approach was taken, statistical analyses were not
performed for zolmitriptan 5 and 2.5 mg.

Considering the high placebo-response rates the novel approach of a single blind
placebo challenge was used for the first time in the study on zolmitriptan nasal spray
[19]. In a crossover design, adolescent migraineurs had to be treated for two moder-
ate to severe migraine attacks. Each attack was first treated with placebo. If head-
ache relief (i.e. improvement from moderate or severe pain intensity to mild or
none) was achieved within 15 min, no more medication was to be taken. If pain
intensity remained moderate or severe, the patients used zolmitriptan 5 mg or pla-
cebo. Outcome parameters were similar to previous studies on sumatriptan [15, 16].
Primary endpoint was the headache relief at 1 h after intake of study medication.
Twelve patients showed a response to placebo challenge in both attacks and 22
showed a response in 1 attack. Out of 248 patients included, 171 placebo-challenge
non-responders treated at least one attack with zolmitriptan or placebo. Zolmitriptan
5-mg nasal spray was statistically significantly superior to placebo with respect to
headache relief at 15 min, 30 min and 1 h (but not at 1.5 and 2 h) as well as to 2-h
sustained headache relief (defined as response at 1-2 h postdose without use of
escape medication), pain-free response at 1, 1.5 and 2 h, photophobia and phono-
phobia at 30 min and return to normal activity at 45 min and 1 h postdose. Finally,
the use of escape medication was lower in attacks treated with zolmitriptan.

Data on safety and AE in these studies do not give any cause for concern. There
was one serious AE, i.e. prolonged headache. The incidence of any AE was 34-44 %
for zolmitriptan and 13-19 % for placebo. However, long-term safety data for chil-
dren and adolescents are not available.

In summary, the efficacy of oral zolmitriptan is controversial with a small cross-
over study suggesting superiority over placebo and a large parallel group study
which showed similar efficacy rates for zolmitriptan and placebo. Nasal zolmitrip-
tan was effective in adolescent migraineurs in a single placebo-controlled study
applying a novel placebo-challenge design. Even though evidence from placebo-
controlled studies is limited to a single trial, and pharmacokinetic data are only
available for oral administration, nasal zolmitriptan is an alternative for treating
migraine in adolescents, particularly in countries (such as Austria) where sumatrip-
tan nasal spray is no longer available. Further studies including patients below the
age of 12 are needed.

13.2.3.3 Rizatriptan

There are four studies on rizatriptan for migraine in children and adolescents, one
crossover study and three parallel group studies (Table. 13.1) [20-23]. The latest of
these [23] excluded patients responding within 15 min after taking an initial dose of
study medication similar to the zolmitriptan nasal spray trial [19].

The first study on rizatriptan [20] included 360 adolescents 12—17 years of age.
The design of this parallel group study was similar to studies on sumatriptan and
zolmitriptan [15, 16, 18]. The study failed the primary endpoint, i.e. pain-free at 2 h.
In addition, there was no difference between rizatriptan and placebo with respect to
pain-free response at all other time points, pain relief at all time points except 3 h
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postdose and associated symptoms at all time with the exception of nausea at 1, 1.5
and 4 h postdose. Phonophobia was reported more often by patients in the rizatrip-
tan group at 30 min and by patients in the placebo group at 4 h postdose. Regarding
normal functioning, rizatriptan was superior to placebo at 1 and 1.5 h postdose. The
need for additional medication and recurrence rates did not differ in the two study
groups. A post hoc analysis revealed differences between weekdays and weekend.
In detail, the placebo-response rate was lower on weekends and rizatriptan 5 mg
showed a statistically significant benefit over placebo on weekends, but not on
weekdays.

In a subsequent parallel group study [21], the authors instructed the patients to
restrict the intake of study medication “to days that they were not attending school
or camp”’. They expected that the majority will treat attacks during the weekend, but
in fact this was the case in only 30 %. This time, pain relief at 2 h was the primary
endpoint. However, the proportion of patients who achieved this endpoint was
exactly the same (68.2 % on rizatriptan 5 mg and 68.8 % on placebo). Two-hour
pain-free response favored numerically rizatriptan, but the difference just did not
reach statistical significance (p=0.053). Separate analyses of weekdays and week-
ends confirmed the finding of the first rizatriptan study [20]. On weekends, rizatrip-
tan was statistically significantly superior to placebo with respect to pain relief (but
not with respect to pain-freedom).

The findings of the crossover trial [22] demonstrating clear superiority of rizatrip-
tan over placebo with regard to pain relief as well as pain-free response suggest that
the study design may play an important role, as the two negative trials discussed
above were parallel group studies. The study design followed that of the nasal sumat-
riptan trial of the same group [17]. Patients aged 617 years treated three migraine
attacks — two with rizatriptan 5 mg (body weight 20-39 kg) or 10 mg (body weight
>40 kg) and one with placebo. The primary efficacy endpoint — headache relief by at
least 2 grades on a 5-point scale at 2 h — was reached significantly more often with
rizatriptan than with placebo. Rizatriptan was superior to placebo with respect to
headache relief also at 1, 3 and 4 h postdose and the effect at 2 h remained statistically
significant after classifying sleeping as treatment failure. The proportion of patients
who were pain-free at 2 h was higher and the use of rescue medication was lower
with rizatriptan than with placebo. Similar results were found in the intention-to-treat
analysis, except for the pain-free response at 1 h which did not differ between active
treatment and placebo. Rizatriptan was superior to placebo irrespective of age.

Most recently, a large parallel group study [23] in children and adolescents aged
6-17 years was published using an “adaptive enrichment” design, i.e. an initial dou-
ble-blind run-in phase. In contrast to the single blind run-in phase in the nasal zol-
mitriptan trial [19], the run-in phase in the rizatriptan trial was double-blind and
patients were randomized to placebo or rizatriptan in a ratio of 20:1. Patients with
mild or no pain after 15 min did not take more study medication and patients with
moderate or severe pain took further medication. Those who initially had taken
placebo were randomized to rizatriptan or placebo in a ratio of 1:1, whereas those
who had taken rizatriptan were allocated to placebo. Both in the run-in phase and in
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stage 2, randomization was stratified by age, differentiating patients 611 and 12—-17
years of age and making sure to include similar numbers of subjects aged 12—14 and
15-17 years. At stage 2, patients were additionally randomized by headache inten-
sity, i.e. moderate or severe. The rizatriptan dose was 5 mg or 10 mg depending on
the patient’s body weight. The primary endpoint was freedom from pain in 12-17-
year olds, secondary endpoints were pain relief in this age group as well as pain
freedom and pain relief in the entire group of patients. In addition there were several
exploratory endpoints. Rizatriptan was superior to placebo with respect to the pri-
mary endpoint, i.e. 2-h pain freedom in patients aged 12—17, whereas 2-h pain relief
did not differ between rizatriptan and placebo in this age group. Furthermore, rizat-
riptan was superior to placebo for 2-h pain-freedom in 6-17-year olds, and it was
superior in 12—17-year olds as well as in 6-17-year olds with respect to 2-h pain
relief according to the definition in the Finnish crossover study [22], 2—-24- and 2-48
h sustained pain freedom, nausea and “as usual” function. In addition, absence of
vomiting was seen more often after rizatriptan than after placebo in 12-17-year
olds. However, in the group of 6-11-year olds not one endpoint showed a statisti-
cally significant difference between active drug and placebo.

Safety data for rizatriptan are available from the placebo-controlled studies as
well as from open-label and long-term studies. In the placebo-controlled trials, the
proportion of patients reporting any AE was highest in the two conventional parallel
group studies [20, 21] (rizatriptan 34 %, placebo 30-35 %) — a little bit lower in the
2-stage parallel group study excluding early responders [23] (rizatriptan 23-25 %,
placebo 22-30 %), and lowest in the crossover study [22] (rizatriptan 9-14 %, pla-
cebo 2 %). In a long-term open-label safety study [30], 606 patients treated 20
attacks on average. Four hundred of them (66 %) reported any AE, 14 (2.3 %) dis-
continued due to an AE and 16 (2.6 %) had a serious AE. Among the latter, 3 were
considered drug-related and all of them were classified as serious, because they
were associated with an overdose, i.e. more than 1 dose of study medication within
a 24-h period.

Recently, a randomized, double-blind, placebo-controlled study on pharmacoki-
netics in 31 children and adolescents with migraine has been published [31]. Patients
with a body weight of <40 kg received 5 mg rizatriptan oral disintegrating tablets or
placebo, and those with a body weight of >40 kg received 10 mg rizatriptan or pla-
cebo. Rizatriptan plasma concentrations with the weight-based dosing scheme were
similar to those observed previously in adults, thus supporting this approach.

Rizatriptan is the only triptan with placebo-controlled pharmacokinetic data in
children and adolescents. Furthermore, safety data are available from single-attack
as well as long-term studies including way above 2000 subjects in total. The pub-
lished data suggest that the use of rizatriptan in children and adolescents with
migraine seems to be safe. Regarding efficacy, placebo-response rates of up to 69 %
explain why rizatriptan was not superior over placebo in several primary and sec-
ondary endpoints. It might be useful to perform a further study using the “adaptive
enrichment” design within a crossover study, in order to provide more evidence for
the efficacy of rizatriptan in childhood as well as in adolescence migraine.
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13.2.3.4 Almotriptan

There is one placebo-controlled parallel group study comparing 6.25, 12.5 and
25 mg almotriptan to placebo in adolescents aged 12—17 years (Table 13.1) [24].
The primary endpoint was headache relief at 2 h postdose. Other endpoints were
headache relief at other time points, nausea, photophobia, phonophobia and sus-
tained pain relief as well as sustained pain-free response. Efficacy analysis included
data of 714 patients. Two-hour headache relief was seen significantly more often in
patients who had received almotriptan 25 mg than in those who had received pla-
cebo and this was true for analysis with and without adjustment for baseline pain
severity. Two-hour pain relief rates were significantly higher for almotriptan
12.5 mg at 1.5 and 2 h postdose and for almotriptan 6.25 mg at 2 h postdose.
Furthermore, almotriptan 6.25, 12.5 and 25 mg were superior to placebo for sus-
tained pain relief, almotriptan 25 mg for nausea at 1 h and almotriptan 12.5 mg for
phonophobia at 1.5 h postdose. Pain-free response rates of the three almotriptan
doses did not differ from placebo at any time point. A subgroup analysis of 12—14-
year olds and 15-17-year olds showed statistically significant differences between
placebo and almotriptan 6.25, 12.5 and 25 mg only for the older, but not for the
younger group.

The proportion of patients reporting at least 1 AE was 18.6 % for placebo and
increased with increasing doses of almotriptan from 15 to 25.8 %. Treatment-related
AE were found in 6.7, 12.1 and 12.4 % of the patients who had received almotriptan
6.25, 12.5 and 25 mg and 5.8 % in those who had received placebo. There were no
serious AE, no discontinuations due to an AE and no relevant changes in laboratory
tests, electrocardiogram and vital signs. Safety data for almotriptan 12.5 mg are also
available from a 12-month open-label study in 420 adolescents showing that 67.1 %
of the patients reported at least one AE, 7.6 % had a treatment-related AE, 2.4 %
discontinued because of an AE, and 1.9 % reported a serious AE. Very similar per-
centages were reported for rizatriptan [30].

The use of almotriptan for treatment of migraine in adolescents 12—17 years of
age is supported by one randomized, placebo-controlled study and a long-term
open-label safety study. Further efficacy studies, preferably with a crossover design
as well as studies in patients below the age of 12 are needed.

13.2.3.5 Eletriptan
In 1997 and 1998, a study on eletriptan for the acute treatment of migraine in ado-
lescents was performed and the negative results were published in 2007 [25]. This
double-blind placebo-controlled parallel-group study included 274 patients who
treated a single moderate or severe migraine attack within 4 h of headache onset.
Not one primary, secondary or exploratory endpoint showed a statistically signifi-
cant difference between eletriptan and placebo. The proportion of patients reporting
any AE was 33-42 % for eletriptan and 28 % for placebo, thus, being comparable
to studies on other triptans in children and adolescents.

Based on these findings and the lack of pharmacokinetic and further safety data,
eletriptan is not indicated for the treatment of migraine in children and adolescents.
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13.2.3.6 Sumatriptan and Naproxen Combination
Following trials, providing evidence for the efficacy of this combination in adults
[32], a study in adolescents has been published [26]. This parallel group study com-
pared sumatriptan/naproxen 10/60, 30/180 and 85/500 mg to placebo in 589 adoles-
cents. Similar to the nasal zolmitriptan and the most recent rizatriptan trial, there
was a run-in phase (in this study with single-blind administration of placebo) and
patients reporting headache 2 h postdose were included in the double-blind phase.
The primary endpoint was pain-free at 2 h postdose. Of 865 patients enrolled, 683
entered the run-in phase and 589 were randomized to 1 of the 4 treatment arms. The
proportion of 2-h pain-free patients was 10, 29, 27 and 24 % with placebo, sumat-
riptan/naproxen 10/60, 30/180 and 85/500 mg and the difference between all sumat-
riptan/naproxen doses and placebo was statistically significant. In addition, the 3
sumatriptan/naproxen doses were superior to placebo with respect to most of 10
secondary endpoints. After correction for multiple testing, however, only 3 second-
ary endpoints for sumatriptan/naproxen 85/500 mg remained statistically signifi-
cant: sustained pain-free, photophobia-free at 2 h and phonophobia-free at 2 h.
The incidence of treatment emergent AE was similar for active treatment and pla-
cebo and ranged between 8 and 13 %. AE within 72 h and drug-related AE were dose
dependent. Further safety data are available from an open long-term study [33].
Analyses of more than 12,000 exposures to sumatriptan/naproxen revealed no new or
clinically significant findings as compared to the individual components or to the AE
profile in adults. Seven percent of the patients discontinued participation in the study
because of an AE and 4 subjects had 5 serious AE not related to sumatriptan/naproxen.
Sumatriptan/naproxen may be an alternative for adolescents with migraine
attacks refractory to triptan monotherapy. The optimal dose remains to be deter-
mined considering treatment response to the lowest dose and dose dependent AE.

13.3 Acute Treatment of Tension-Type Headache

Searching Medline for randomized controlled trials on pharmacological acute treat-
ment of tension-type headache, revealed not one study. Acetaminophen or ibupro-
fen may be used restrictively for severe episodes of tension-type headache, but in
general non-pharmacological preventive treatments should be favored [34]. In
chronic tension-type headache the use of analgesics must be restrictive to prevent
medication-overuse headache [34].

13.4 Acute Treatment of Cluster Headache and Other
Trigeminal Autonomic Cephalalgias

Cluster headache is extremely rare during childhood, but may start during adoles-
cents. For treatment of acute attacks of cluster headache, oxygen is the treatment of
first choice, even though no studies in young patients are available. Zolmitriptan
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nasal spray may be used (off-label) supported by controlled studies in adults with
cluster headache and good tolerability in adolescent migraine.

Conclusion

With respect to the pharmacological acute therapy of migraine in the young,
evidence in children is very poor and evidence for adolescents is better but still
limited with high placebo-response rates as the major problem. In clinical prac-
tice, acetaminophen and ibuprofen are the first-line drugs because of their excel-
lent safety profile. Adolescents and children not responding to these compounds
(or to other analgesics and NSAIDs) may be treated with triptans, i.e. nasal
sumatriptan, nasal zolmitriptan, rizatriptan and almotriptan licensed at least in
some countries [35]. With respect to the acute treatment of tension-type head-
ache and cluster headache, randomized controlled trials are not available.
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Valentina Baglioni and Vincenzo Guidetti

Preventative treatment of migraine is not only based on drugs. A balanced, flexible
and individual treatment must include both non-pharmacological methods, such as
bio-behavioral strategies as well as pharmacological measures [1].

The basic bio-behavioral strategies for patients and families include regulation of
sleep, institution of a regular exercise program, stress management, dietary precau-
tions and lifestyle modification to cope with identified triggers [2, 3].

The use of a pharmacological treatment to prevent migraine attacks is recom-
mended if a severe impairment has been valuated in the daily life of a patient and
non-pharmacological preventive treatment has not been successful; if the frequency
of the headache episodes is more than 2 per month lasting for quite a long period;
and if they are associated with other phenomena such as auras [4]. Moreover, pre-
ventive medications are recommended if the headache attacks do not respond to
acute drug treatment and further to avoid excessive acute migraine medication.

A good response to prophylactic treatment, assessed for at least 3 months, is
obtained if there is about 50 % reduction in the frequency and severity of migraine
attacks and a significant improvement in the quality of life is reached. Maintaining
a migraine diary is necessary to evaluate the trend of the prophylactic treatment, to
underline residual crisis or to establish side effects. Criteria for terminating preven-
tive migraine treatment are not clearly established. The frequency of therapy has to
be gradually decreased in order to avoid “rebound” effects. Suspension of the pre-
ventive treatment is further recommended, after an ongoing period of 3 months —
with a period free from drugs before a subsequent cycle of treatment.

The choice between a preventive drug or any other is also determined on the
basis of the type of migraine itself, by the comorbidity with other pathologies,
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privileging drugs with efficacy in both the cases (i.e. flunarizine in migraine associ-
ated with anxiety; amitriptyline in the comorbidity with depression; valproate in
case of epilepsy) and by avoiding medications that can worsen the associated
pathology (i.e. flunarizine for migraine and depression; propranolol in case of
asthma; amitriptyline for comorbidity with epilepsy) [5].

During child development, the migraine preventive treatment has to consider two
basic matters: the different efficacy of drugs between adults and children and the
relevance of a placebo effect in preventive therapy particularly in childhood.

Indeed, the response to drugs can markedly differ during development because
of many differences in pathophysiology, in the variants of disease, in pharmacody-
namics, in the host response and in adverse reactions. It is important to consider the
particular pharmacokinetics presented during the development due to several differ-
ences in children metabolisms, such as limited binding proteins, immature renal
functions in infants, slower gastrointestinal absorption and a faster intra-muscle,
and larger brain/body weight ratio and higher blood brain barrier permeability in
younger children.

Placebo has been found to be statistically efficient in children because the expec-
tancy and the conditioning in the pharmacological treatment is linked with psycho-
logical component of the chronic headache [6-8].

Finally patient treatment compliance is basilar for the outcome of the therapy. It
is needed to ensure patient’s choice for more comfortable therapy, considering the
compliance is inversely proportional to the duration of the treatment and to the
number of daily doses. Moreover, it is important to explore the child and his par-
ents’ expectation and record their inputs so that medication can be directed that will
decrease the frequency, the number and the intensity of migraine attacks.

14.1 Calcium-Channel Blockers

In migraine prevention, calcium-channel blockers are thought to exert their effects
through selective inhibition of vasoactive substances on cerebrovascular smooth
muscle. Calcium-channel blockers have been extensively studied for migraine pro-
phylaxis in adults, but evidence is still lacking in children and adolescents, with
exception of flunarizine [2].

14.1.1 Flunarizine

Flunarizine is a calcium-channel blocker that has been evaluated in several con-
trolled trials in adults [4]. Flunarizine has been investigated for the preventive
migraine treatment in children as well as in a controlled trial and in an open-label
study, showing good efficacy and safety [8, 9]. Further data are necessary for rec-
ommending treatment in children. Currently, flunarizine is an off-label drug in
childhood, prescribed in Europe but not licensed in UK or USA [4, 10]. It can be
consumed once a day, preferably as a single bedtime dose — dosage 5-10 mg — for
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3 months to be effective, and dosage is to be reduced with decrease in headache
frequency and headache duration. The possible side effects of this therapy are the
main limiting factors in the prescription. In fact, it may determine depression, extra-
pyramidal symptoms, drowsiness and weight gain.

14.2 Antiepileptic Agents

Antiepileptic drugs such as topiramate and valproate have expanding roles for pedi-
atric migraine. Indeed, anticonvulsants represent an intriguing and unclarified role,
because of the current views of the pathophysiology of migraine, that suggested a
primary neuronal initiation and propagation through cortical excitation and, later,
“spreading depression” [10, 11]. Topiramate and valproate are approved by the
FDA for migraine prevention in adult patients, and topiramate was recently approved
in adolescents of 12 years for migraine prevention.

14.2.1 Topiramate

Topiramate is an antiepileptic drug with an uncertain mechanism of modulation of
pain. Its property acts by interacting with GABA-receptors and increasing the avail-
ability of GABA. Indeed, Topiramate, blocking sodium and calcium channels inhib-
its AMPA receptors and also presents a partial activity on the positive modulation of
GABA A receptors. Furthermore, topiramate causes an inhibition of the carbonic
anhydrase. Topiramate was found to be superior to placebo in double-blind placebo-
controlled trials both in children [12, 13] and in adolescents [14]. The dosage of
topiramate is 1.4 mg/kg/day with a starting dose of 25 mg per day and increasing
doses every 2 weeks, to a maximum of 2 mg/kg/day. Side effects included hypohi-
drosis, hyperthermia, nephrolithiasis, cognitive changes with impairments in verbal
fluency, weight loss and sensory symptoms.

14.2.2 Sodium Valproate

Sodium Valproate is an antiepileptic drug that showed an efficacy in the prevention
of migraine in adults. Uptil now, few studies about preventive treatment with val-
proate have been conducted in children and adolescents. Open-label and retrospec-
tive studies seem to confirm the findings in adults [ 14, 17]. The mechanism of action
of valproate in migraine is due to the ability to increase the GABA activity. Caruso
et al. [14] conducted an open clinical observational study to evaluate the efficacy of
valproate at the dose of 45 mg/kg in 42 patients aged between 7 and 16 years. After
6 months of ongoing therapy, 78 % decrease in headache was noted in 50 % of
patients, and 9 % reported absence of headache. These data were also confirmed by
aretrospective study on a sample of 207 migraine patients [18] and by an open-label
study on a sample of 20 patients [19]. The prescribed dosage of valproate in
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children is between 15 and 45 mg/kg/day with a reasonable safety profile [15]. Side
effects of this drug include sleepiness, tremor, cutaneous rash, alopecia, anorexia
and weight gain. In addition, it may cause hepatotoxicity, especially in children <10
years old, and a decrease in the number of platelets. Thus, it is not recommended in
case of liver disease or decreased bone marrow function.

14.3 Antidepressants

Antidepressants have become a basilar strategy of migraine prophylaxis. However,
while considerable literature is present on the study of efficacy of antidepressants
for adult migraine, there is no equal data available in childhood category [20, 21].

14.3.1 Amitriptyline

Amitriptyline is a first generation antidepressant, belonging to the pharmacological
category of tricyclics. It is also used in the therapy of migraine prevention and in
neuropathic pain because of its pain modulating properties. Amitriptyline, particu-
larly, is the first-choice drug in patients with comorbid anxiety and depression, with
problems such as sleeping the whole night with concomitant tension-type headache.
Amitriptyline acts primarily as a serotonin-norepinephrine reuptake inhibitor, but it
also has an interaction with muscarinic receptors, H1-istaminergic receptors, beta
and alpha 2-adrenergic receptors. Because of this partial receptor selectivity, the
chronic treatment with amitriptyline can produce several side effects and interac-
tions. Side effects are represented by sedation, confusion, blurry vision, xerostomia
for muscarinic receptors’ inhibition, or cardio-vascular side effects with hypoten-
sion, arrhythmia, cardiac conduction alteration for the interaction with
H1-istaminergic and adrenergic receptors. Moreover, it should be emphasized that
the severe interaction with MAO inhibitors can cause hyperthermia, seizures and
exitus. Amitriptyline dosage is 1 mg/kg per day, starting from a single bedtime dose
of 5-10 mg to 25-50 mg [10]. At these low doses, side effects are occasional and
not severe.

14.4 Beta-Blockers

Beta-blockers are often considered one of the first-line agents in childhood migraine
prevention.

14.4.1 Propranolol

Propranolol is the most used non-selective beta-blocker working on Beta-1 and
Beta-2 Receptors. Propranolol has been mostly studied in adult patients for the



14 Pharmacological Strategies in the Prevention of Migraine in Children 149

prevention of migraine, and placebo-controlled trials have shown a better efficacy
of propranolol than the placebo. In children, conflicting results were identified in
comparison to propranolol with placebo. Ludviggson et al. [22] showed that in 32
children aged 7-16 years propranolol (60—120 mg) produced a significant increase
in the perception of benefit compared to placebo. In contrast, the other two open-
label studies failed to show efficacy of propranolol over placebo [23, 24]. It may be
used on a single daily dose basis with a starting dose of 1-2 mg/kg/day to be gradu-
ally increased to 3 mg/kg/day as can be tolerated, with dosing adjustments made
every 2-3 weeks.

The selective beta-blockers — atenolol, metoprolol and nadolol — may be the
alternative choices, although controlled data is lacking to advise any relative advan-
tage. The use of beta-blockers is contraindicated in reactive airway disease, diabetes
mellitus, orthostatic hypotension, certain cardiac disorders associated with bradyar-
rhythmias and psoriasis. It is also described as an interaction between propranolol
and rizatriptan. When prescribing rizatriptan for acute treatment of migraine in
patients receiving propranolol for prophylaxis, the 5-mg dose of rizatriptan is rec-
ommended. Indeed, propranolol seems to increase plasma concentrations of rizat-
riptan by inhibiting monoamine oxidase-A. Administration with other
beta-adrenoceptor blockers does not require consideration of dose adjustment [25].

14.5 Pizotifen

Pizotifen is especially used for the prevention of migraine and cluster headache.
Even if pizotifen is reasonably effective, it is usually not the first choice medication
for preventing migraines because of its side effects, e.g. drowsiness and weight gain
in particular. Pizotifen acts by inhibiting 5-hydroxytryptamine-2B and 2C receptors
in the vascular endothelium and blocking the production of nitric oxide. In clinical
trials, pizotifen was found to be more effective than placebo in the prevention of
migraine in adults, but randomized placebo-controlled trials in children are not suf-
ficient [26]. The daily dose can vary from 0.5 to 1.5 mg, up to 3.5 mg used particu-
larly in abdominal migraine [27]. Although it is used in some European countries
but it is not licensed in USA.

14.6 Riboflavin

An alteration in the brain metabolism has been found in migraine patients. Indeed,
one of the hypotheses for migraine attacks is that a mitochondrial defect may reduce
the threshold for increasing neuronal excitability and may determine a hyper-
responsiveness of the brain to triggering stimuli [28, 29]. Because riboflavin is a
major co-factor in oxidative metabolism, it may play an important role in overcom-
ing this metabolic impairment, improving brain energy metabolism. Studies in
adults confirmed the safety and effectiveness of riboflavin in migraine prophylaxis,
but evidence in children is very limited and controversial. One retrospective study
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reported decreased migraine frequency and intensity with dosage of 200400 mg/
die of riboflavin [30]. Two randomized double-blind placebo-controlled trials
showed no reduction of migraines with use of riboflavin, with daily dosages between
50 and 200 mg [31, 32]. The suggested pediatric dosage of riboflavin is 100400 mg
per day.

Riboflavin was safe and well tolerated in all the studies mentioned above. The
side effects described in both adults and children were a few cases of vomiting, diar-
rhea, and orange-colored urine.

14.7 Coenzyme Q10

Several studies in adults demonstrated the efficacy of Coenzyme Q10 (CoQ10)
supplementation in migraine prevention [33]. The role of CoQ10 is essential for the
energy production of the cells; it is also an electron transporter in the mitochondrial
respiratory chain. CoQ10 seems to act both in improving the mitochondrial function
and in the inflammatory changes occurring in recurrent migraine attacks. Pertaining
to the above, deficit of CoQ10 may influence the clinical characteristics of migraine
attacks and can modulate the response to an acute or chronic migraine treatment.

The efficiency of CoQ10 in pediatric migraine has had controversial results [33,
34] and it has not been largely investigated in children and adolescents; indeed fur-
ther studies are needed.

14.8 Magnesium

Low levels of magnesium seem to be associated also with the sequence of events that
may trigger migraine [35, 36]. Results about supplementation of magnesium to pre-
vent migraine attacks are dichotomous. Despite conflicting results, many clinicians
believe that magnesium can be useful, mostly in young migraine patients [35, 37].

14.9 Botulinum Toxin

In adults, botulinum toxin type A (BoNT-A) was superior to placebo in chronic
migraine, but not in episodic migraine [38]. According to the PREEMPT trials a
total of 155-195 units of BoNT-A are injected in the pericranial muscles following
a fixed site, fixed dose scheme and applying 5 U at each site [38]. Treatment is
repeated every 3 months. Recently it was shown that a meaningful proportion of
those who did not respond to the first treatment cycle responded in the second and
third cycles of treatment [39]. Adverse effects comprise neck pain, facial paresis,
eyelid ptosis and blurred vision. In 2010, BoNT-A was approved by the US Food
and Drug Administration for the use of chronic migraine in adults. Data on effec-
tiveness and tolerability in the pediatric population are very limited.
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Botox is recommended to any pediatric patient for chronic headache refractory
to two or more oral medications used for prophylaxis. Study in children and adoles-
cents showed a major change in the frequency of the headache with a statistical
difference in the improvement of headache days per month. A drop in the pediatric
disability scoring was also observed between first injection and follow-up injection
with a change from severe disability to moderate disability [40, 41].

14.10 Pharmacological Strategies in the Prevention
of Tension-Type Headache

Not many studies are concerned with tension-type headache in childhood; trials
often involved adults in particular [42]. For preventing tension-type headache,
antidepressants are still the first-choice drugs [43]. Moreover, emphasis should be
on non-pharmacological measures such as nutraceuticals (e.g. melatonin), behav-
ioral therapies (e.g. relaxation training, cognitive-behavioral therapy) and life-
style factors, especially adequate sleep hygiene and strategies to cope with
anxiety.

14.11 Pharmacological Strategies in the Prevention of Cluster
Headache and Other Trigeminal Autonomic Cephalalgias

Recommendations for cluster headache preventive treatments by European
Federation of Neurological Society [44] included, as first choice medication, vera-
pamil (Level A), while as second choices (Level B), lithium and antiepileptic agents,
such as, topiramate and gabapentin. Valproate is a third choice (Level C) although
it is indicated as second choice in the American Academy of Neurology [45].

Verapamil, in pediatric prevention therapies for chronic cluster headache, is
reported at the dosage of 120-240 mg [46, 47], with a starting dose of 40-80 mg
daily. Electrocardiography is advised in the monitoring of potential development of
heart block.

14.12 Preventive Treatment: Conclusion

In high-frequency migraine management a combined program needs to be consid-
ered. Indeed, bio-behavioral strategies (i.e. diet, sleep) are a mainstay in the treat-
ment of these conditions together with a pharmacological approach. First-line drugs
for children and adolescents are flunarizine, propranolol and antiepileptic drugs
such as topiramate. Valproate is a second-line medication. Data evidence is still
lacking and use of third-line drugs in children and adolescents is still debatable
(Table 14.1).
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Table 14.1 It is reported the different drug evidence level with dosage and dose frequency

Evidence Study Dose
Drug level Dosage design References frequency
Flunazine A 5-10 mg DBPC; OL |[8,9] Once per die
Topiramate A 1-2 mg/kg BDPC [12-14] Once per die
Valproate B 1545 mg/kg | OL; DBPC; |[15-17,19] Once/twice
rDBPC per die

Amitriptyline |C 0.25-1 mg/kg | RR,OL [20, 21] Once per die
Propanolol C 1-2 mg/kg DBPC [22-24] Once per die
Pizotifen C 0.5-1.5 mg/kg | DBPCCO [26] Once per die

Literature references and study designs are also reported: DBPC double-blind placebo-controlled,
DBPCCO double-blind placebo-controlled crossover, IDBPC randomized double-blind placebo
controlled, OL open-label, RR retrospective review
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E. Anne MacGregor

15.1 Introduction

Over 40 % of women will experience migraine at some time in their lives, with peak
incidence between the ages of 20 and 24 years [1]. The majority of women require
medication to control the symptoms of migraine effectively and some may need
additional prophylactic drugs if attacks are frequent. Drugs have their greatest
effects on the fetus during the first trimester so the increasing unintended birth rate
is of particular concern [2]. Although migraine typically improves during preg-
nancy, this is not usually until the second trimester. Most drugs used for migraine
management do not have adverse effects on the outcome of pregnancy and inadver-
tent use of medication is rarely an indication for termination of pregnancy. When a
woman is planning pregnancy or finds herself pregnant, all medication should be
carefully reviewed with respect to appropriate use, including over-the-counter
drugs, vitamins, and herbal treatments. Nondrug strategies may be appropriate but
medication should not be withheld if attacks are poorly controlled. Breastfeeding
maintains the benefits of migraine on pregnancy but medication needs further
review at this time due to the potential transfer of drugs in breast milk.

15.2 The Effect of Pregnancy and Lactation on Migraine

Retrospective and prospective studies suggest that around 60 % of women with
migraine report improvement of migraine during pregnancy and 20 % report com-
plete relief (Figs. 15.1 and 15.2) [3—13]. Relief from migraine is more likely in
women with a history of menstrual migraine (Table 15.1).
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Migraine can be troublesome in early pregnancy but usually improves by the end
of the first trimesters; if it is still troublesome early in the second trimester migraine,
it is likely to persist throughout pregnancy [14]. Aura can occur for the first time
during pregnancy and requires specific assessment if the symptoms are atypical [15,
16]. A careful history is imperative to differentiate migraine aura from other
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Table 15.1 Effect of pregnancy on women with prior history of menstrual vs nonmenstrual
headaches

Improvement
Hx menstrual headache | Hx nonmenstrual headaches
Study Sample size | (%) (%)
Melhado et al. [11] 933 78 55
MacGregor et al. [7] 30 71 31
Lance and Anthony [6] | 120 64 48
Granella et al. [4] 571 22.7 16.8

transient neurological disorders [17]. The differential diagnosis of atypical aura or
persistent headache in pregnancy is thrombocytopenia, cerebral venous sinus throm-
bosis, or imminent eclampsia.

Postpartum is also a time of increased risk of migraine, typically occurring a
couple of days following delivery [14, 18, 19]. Breastfeeding should be encouraged,
where possible, as it sustains the benefits of pregnancy on migraine until menstrua-
tion returns [14].

15.3 Effect of Migraine and Lactation on Pregnancy

Migraine itself has no significant adverse effects on the outcome of pregnancy [20,
21]. However, large case-control studies confirm a 1.4-fold increased risk of pre-
eclampsia in pregnancy women with migraine [21, 22].

Migraine is also a recognized risk factor for pregnancy-related ischemic stroke
(OR range 7.9-30.7 versus nonmigraineurs) [23].

Although it has not been established if the type of migraine is important with
respect to risk of preeclampsia and stroke during pregnancy, there is an increasing
body of evidence to support that the risk is associated with migraine with aura and
not migraine without aura [24].

15.4 Investigations

Unnecessary investigations can be avoided by taking a careful history. Pregnancy
should not affect the decision to investigate; the indications for investigation of
the pregnant women with headache are the same as for a nonpregnant woman.
MRI is preferred to X-ray exposure and is considered to be safe during preg-
nancy [25]. Gadolinium can be used if contrast imaging is indicated provided
that the lowest risk and lowest dose required of gadolinium is used; high-risk
gadolinium-based contrast agents and iodinated contrast media should be avoided
[26, 27].
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15.5 Management
15.5.1 Nonpharmacological

Where possible, trigger identification and management, small and frequent meals,
keeping hydrated, taking regular exercise, and a regular sleep schedule can reduce
the frequency of attacks and minimize the need for medication.

When an attack starts, a sweet fizzy drink, resting in a quiet and darkened room,
cold and/or hot compresses, and gentle massage can help to ease symptoms.

15.5.2 Pharmacological

Recommendations for the safety of drugs during pregnancy are based on the US
Food and Drug Administration (FDA) pregnancy labeling, which has five catego-
ries: A, B, C, D, and X (Table 15.2). Safety of drugs during lactation is based on
data from the National Library of Medicine Drugs and Lactation Database
(LactMed). Evidence of efficacy in migraine management is based on recommenda-
tions from the American Academy of Neurology, American Headache Society, and
the European Federation of Neurological Sciences [28-30].

15.6 Acute Treatment

Most drugs used for acute treatment of migraine can be safely continued during
pregnancy and lactation, with the exception of ergots (Tables 15.3 and 15.4).
However, as drugs are not licensed for use in pregnancy and lactation they should

Table 15.2 FDA pregnancy categories

Category A

Adequate and well-controlled studies have failed to demonstrate a risk to the fetus in the first
trimester of pregnancy (and there is no evidence of risk in later trimesters)

Category B

Animal reproduction studies have failed to demonstrate a risk to the fetus and there are no
adequate and well-controlled studies in pregnant women

Category C

Animal reproduction studies have shown an adverse effect on the fetus and there are no
adequate and well-controlled studies in humans, but potential benefits may warrant use of the
drug in pregnant women despite potential risks

Category D

There is positive evidence of human fetal risk based on adverse reaction data from
investigational or marketing experience or studies in humans, but potential benefits may
warrant use of the drug in pregnant women despite potential risks

Category X

Studies in animals or humans have demonstrated fetal abnormalities and/or there is positive
evidence of human fetal risk based on adverse reaction data from investigational or marketing
experience, and the risks involved in use of the drug in pregnant women clearly outweigh
potential benefits
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Table 15.3 Drugs used for acute treatment during pregnancy

Level of
evidence of
efficacy?
FDA category B: No evidence of harm
Aspirin plus paracetamol plus | Ist and 2nd trimesters only. A
caffeine Contraindicated in 3rd trimester
Diclofenac Ist and 2nd trimesters only. A
Contraindicated in 3rd trimester
Ibuprofen First line NSAID. 1st and 2nd trimesters A
only
Contraindicated in 3rd trimester
Naproxen Ist and 2nd trimesters only A
Contraindicated in 3rd trimester
Tolfenamic acid More commonly used NSAIDs preferred B
Metoclopramide B
Paracetamol First-line analgesic of choice throughout C
pregnancy
FDA category C: Benefits outweigh risks
Aspirin Ist and 2nd trimesters only A
Contraindicated in 3rd trimester
Almotriptan A
Eletriptan A
Frovatriptan A
Naratriptan A
Rizatriptan A
Sumatriptan First-line triptan A
Zolmitriptan A
Domperidone B
Prochlorperazine B
Prednisolone U
FDA category X: Contraindicated
Dihydroergotamine A

A Medications with established efficacy (>2 Class I trials), B Medications are probably effective
(1 Class I or 2 Class II studies), C Medications are possibly effective (1 Class II study),
U Inadequate or conflicting data to support or refute medication use

only be considered if nondrug treatments have failed and the potential benefits to the
individual woman outweigh the potential risks to the fetus.

Paracetamol is the analgesic of choice for symptomatic treatment of mild-to-
moderate pain during pregnancy and lactation.

Aspirin can be taken during the first and second trimesters but should be avoided
after 30 weeks of pregnancy because of increased risk premature closure of the fetal
ductus arteriosus, prolonged labor, postpartum hemorrhage, and neonatal bleeding.
Standard doses of aspirin are contraindicated during lactation as the drug is excreted
in breast milk, increasing the risk of Reye’s syndrome and impaired platelet func-
tion in susceptible infants.
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Table 15.4 Drugs used for acute treatment during lactation

Minimal risk
Diclofenac
Eletriptan
Ibuprofen
Sumatriptan

Domperidone
Prochlorperazine
Tolfenamic Acid
Paracetamol
Magnesium sulfate

Prednisolone

Benefits likely to outweigh risks
Naproxen

Metoclopramide

Risks likely to outweigh benefits
Aspirin

Aspirin plus paracetamol plus
caffeine

Insufficient data

Almotriptan

Frovatriptan

Naratriptan
Rizatriptan
Zolmitriptan
Contraindicated

Dihydroergotamine

First-line NSAID

First-line triptan. Consider for severe
unresponsive attacks.

Increases milk production

More commonly used NSAIDs preferred
First-line analgesic of choice

Doses up to 50 mg daily unlikely to cause
any adverse effects

Drugs with short half-life preferred

Increases milk production Avoid use in
women with a history of major
depression

Long half-life; drugs with short half-life
preferred

E.A. MacGregor

Level of
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A

A

A Medications with established efficacy (>2 Class I trials), B Medications are probably effective
(1 Class I or 2 Class II studies), C Medications are possibly effective (1 Class II study),
U Inadequate or conflicting data to support or refute medication use

NSAIDS are safe for use during the first and second trimesters but, as with aspi-
rin, should be avoided after 30 weeks of pregnancy because of increased risk of
premature closure of the ductus arteriosus and oligohydramnios. NSAIDs can be
taken during breastfeeding and the amount of drug in breast milk is very low.
Ibuprofen is the NSAID of choice during both pregnancy and lactation.

Opioids are not indicated for migraine as they exacerbate gastric stasis and nau-
sea. Further, their use has been associated with a twofold increased risk of neural

tube defects [31].
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Antiemetics metoclopramide and prochlorperazine can be taken during preg-
nancy and lactation. Metoclopramide has additional prokinetic activity that may
help to reverse gastric stasis during migraine and enhance absorption of oral medi-
cation. As it stimulates prolactin release it has been used “off-label” to increase milk
production during lactation.

There are limited data regarding the safety of triptans, with the exception of
sumatriptan, which may be used during pregnancy and breastfeeding if attacks fail
to respond to the above strategies. Although no trials have been undertaken during
pregnancy, data collected over 25 years for the Sumatriptan/Naratriptan/Treximet
Pregnancy Registry did not find any adverse outcomes associated with inadvertent
exposure to sumatriptan during pregnancy [32]. Eletriptan can be used during
lactation.

15.7 Prophylaxis

The options for drug prophylaxis are shown in Tables 15.5 and 15.6.

Table 15.5 Drugs used for prophylaxis during pregnancy

Level of evidence of

efficacy?

FDA category C: Benefits outweigh risks
Metoprolol A
Propranolol Beta-blocker of choice A
Naproxen B
Anmitriptyline B
Venlafaxine B
Aspirin Doses up to 150 mg daily U
Bisoprolol U
Gabapentin U
Nortriptyline U
FDA category D: Risks outweigh benefits
Topiramate A
Atenolol Propranolol or metoprolol B

preferred
Candesartan Category C in 1st trimester B
Magnesium B
Lisinopril Category C in Ist trimester C
FDA category X: Contraindicated
Valproic acid Teratogenic A
FDA category N: not classified by the FDA
Flunarizine

A Medications with established efficacy (>2 Class I trials), B Medications are probably effective
(1 Class I or 2 Class II studies), C Medications are possibly effective (1 Class II study),
U Inadequate or conflicting data to support or refute medication use



162 E.A. MacGregor

Table 15.6 Drugs used for prophylaxis during lactation

Level of evidence of

efficacy®
Minimal risk
Flunarizine A
Metoprolol Propranolol preferred A
Propranolol First-line prophylaxis A
Anmitriptyline Nortriptyline preferred B
Magnesium B
Naproxen B
Aspirin Doses up to 150 mg daily unlikely to cause any U
adverse effects
Avoid breastfeeding for 1-2 h after a dose
Nortriptyline First-line prophylaxis U
Risks likely to outweigh benefits
Topiramate Doses up to 200 mg daily unlikely to cause any A
adverse effects
Valproic acid Low levels in infant serum. Theoretical risk of A
infant liver toxicity
Atenolol Propranolol or metoprolol preferred B
Venlafaxine B
Gabapentin Doses up to 2.1 g daily unlikely to cause any U
adverse effects
Insufficient data to make a recommendation
Candesartan B
Lisinopril C
Bisoprolol Propranolol or metoprolol preferred U

A Medications with established efficacy (>2 Class I trials), B Medications are probably effective
(1 Class I or 2 Class II studies), C Medications are possibly effective (1 Class II study),
U Inadequate or conflicting data to support or refute medication use

The beta-blocker propranolol is the drug of choice for prophylaxis during preg-
nancy and lactation, given in the lowest effective doses. Due to the risk fetal brady-
cardia and decreased uterine contraction it should be discontinued 2-3 days before
delivery. The neonate should be monitored for bradycardia, hypotension, and
hypoglycemia.

Amitriptyline 10-25 mg daily is an alternative option during pregnancy and lac-
tation. Limb deformities have been reported following high dose but not with doses
less than 50 mg taken during pregnancy. Tapering the dose 3—4 weeks before deliv-
ery can prevent neonatal drowsiness, jitteriness, hyperexcitability, and suckling
problems.

Sodium valproate is contraindicated during pregnancy because of the increased
risk of neural tube defects in the fetus. An increased risk of neurodevelopmental
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Table 15.7 Supplements and herbal medication

Level of
evidence for
Pregnancy Lactation efficacy®
Suitable
Riboflavin Compatible with pregnancy | Compatible with breast B
(vitamin B2)® in doses within RDA feeding in doses within
RDA
Coenzyme Q10 Compatible with pregnancy; | Compatible with breast C
may prevent preeclampsia feeding
Unsuitable
Petasites Insufficient data: avoid Insufficient data: avoid A
Tanacetum Insufficient data: avoid Insufficient data: avoid B
Parthenium

A Medications with established efficacy (>2 Class I trials), B Medications are probably effective
(1 Class I or 2 Class II studies), C Medications are possibly effective (1 Class II study)
"Use of megadose vitamin regimens should be avoided

delay and autism spectrum disorders has also been identified in children exposed to
sodium valproate in utero.

Some supplements are safe during pregnancy and lactation but herbal treatments
should be avoided (Table 15.7). Coenzyme Q10 has the additional benefit of reduc-
ing the risk of preeclampsia [33].

Nonpharmacologic preventives such as acupuncture and biofeedback are safe
and effective during pregnancy [34-37].

For status migrainosus or short-term prophylaxis of frequent treatment-refractory
migraine, there is some evidence to support the safety and efficacy of peripheral
nerve blocks [38].

15.7.1 Devices

Transcranial magnetic stimulation (TMS) is a noninvasive method by which weak
electrical currents are induced in the brain by a rapidly changing magnetic field.
A review of the evidence for the safety of TMS identified that experience with TMS
during pregnancy is limited but the extremely low-frequency magnetic fields are
unlikely to have any effect on pregnancy outcome [39].

The safety and effectiveness of implantable devices during pregnancy has not
been established although there is one case report of implantable vagal nerve stimu-
lation successfully used for seizure control and depression without adverse effects
on the pregnancies [40].

If indicated, botulinum toxin A does not appear to cross the placenta during
pregnancy, and amounts ingested by the infant from breast milk are expected to be
insignificant and not cause any adverse effects [41].
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15.7.2 Emergency Treatment

Severe attacks that risk dehydration can be aborted with prochlorperazine 10 mg or
chlorpromazine 25-50 mg by intramuscular injection together with IV fluids.
Intravenous magnesium sulfate 1 g given over 15 min is an alternative either alone
or with intravenous prochlorperazine 10 mg [42]. Treatment with magnesium sul-
fate for more than 5-7 days should be avoided due to increased risk of fetal osteo-
penia [43].

Conclusions

Pregnancy and lactation are both associated with improvement in migraine with
up to 20 % of women experiencing complete relief. Women with a history of
menstrual migraine benefit most whereas women with migraine with aura are
less likely to report improvement and may experience aura for the first time dur-
ing pregnancy. Atypical aura may warrant assessment to exclude preeclampsia
but a careful history can prevent unnecessary investigation. Investigations, if
indicated, are the same as for the nonpregnant women, although routine investi-
gations should be deferred until postpartum.

First-line acute treatment during pregnancy and breastfeeding is with simple
analgesics and antiemetics. Sumatriptan may be indicated for severe attacks that
do not respond to first-line treatment. Prochlorperazine and magnesium sulfate
can be used to abort attacks when standard treatment fails. The lowest effective
dose of propranolol or amitriptyline is safe for prophylaxis during pregnancy and
lactation.

Useful Websites
National Library of Medicine Drugs and Lactation Database (LactMed): http://
toxnet.nlm.nih.gov/newtoxnet/lactmed.htm

Organization of Teratology Information Specialists (OTIS): http://www.mother-
tobaby.org/fact-sheets-s13037
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Andreas Straube

16.1 Definition of an Elderly Patient

There is no generally accepted definition of the age at which a patient should be
classified as elderly. Most authors distinguish between older patients (older than
65 years) and elderly in the more restricted sense for patients older than 75
years. Due to improved health care, better working and living conditions, and
improved nutrition, a larger percentage of society is living to more than 65 or
even 80 years. Demographic developments estimate that in 2037 about 45 % of
the German population will be older than 65 years and that by 2050 the percent-
age of those over 80 years old will be three times higher [5]. Age alone is not a
health disorder, but with increasing age the percentage of patients with more
than one health complaint increases, resulting in an increase in the number of
patients receiving multiple pharmaceutical treatments. Furthermore, with
increasing age the number of patients with cognitive decline and/or functional
impairment also increases and it has been shown that a poor cognitive status is
correlated with less frequent reporting of pain and, in contrast, a reduced func-
tional status with more reporting of pain [45]. The review will focus on some
general aspects of medical treatment in elderly patients and will discuss the
consequences of this for the treatment of those headache syndromes which are
more common in the elderly.
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16.2 General Aspects of Pharmacotherapy
in the Older Patient

With increasing age there is also a strong increase in some chronic disorders like
arterial hypertension, diabetes mellitus, renal insufficiency, and cognitive decline
(as a result of neurodegenerative diseases or cerebrovascular disorders).
Consequently, the number of patients who receive more than one medical drug
treatment rapidly increases, and as a result the risk of unforeseen pharmacokinetic
or pharmacodynamic interactions also increases. The reduced clearance rate of the
kidneys is especially critical, since nonsteroidal antiphlogistics influence the filtra-
tion rate of the kidneys and some opioids as well as calcium channel modulators are
eliminated renally. A decline of gastric and intestinal peristalsis affects the resorp-
tion of oral medication and increases the vulnerability of the gastric mucosa to
nonsteroidal antiphlogistic drugs. In addition, cognitive impairment also means that
the patients will be more vulnerable to centrally acting substances and the fast
increase of serum levels of such substances. This is also the cause of an increased
numbers of falls in these patients and consequently increased anxiety with less
physical activity, which again has a negative effect on the pain (for further com-
ments: [14, 42]). Another point is that most of the phase III pharmacological studies
excluded patients older than 65 years and therefore the scientific evidence for treat-
ment recommendations in older patients is rather weak. The general recommenda-
tions for starting a pharmacological therapy are therefore:

1. start low and go slow
2. stay low

This means that the smallest dosage sufficient to decrease the headache symp-

toms should be used and that the dosage should be increased starting from a very
low level only very slowly to a higher dosage (Table 16.1).

Table 16.1 Age-dependent side effects of specific drugs

Analgesics:
Ibuprofen/diclofenac/ Reduction of the renal blood flow, intestinal bleeding, arterial
indomethacin: hypertension, interaction with anticoagulants; confusion
Triptans: Slight increase in blood pressure, no permission for patients
>65 years, theoretical risk of vasoconstriction of cardiac arteries
Opioids: obstipation, falls, cognition, accumulation, sedation
Prophylactic drugs
Beta-blockers Cave: prolonged PQ time
Amitriptyline Mouth dryness, bladder function, cognition accommodation
impairment
Cardiac dysrhythmia, drowsiness, falls
Flunaricine Parkinson’s syndrome, sedation, depression
Topiramate Cognitive impairment, kidney stones, depression paraesthesias
Cortisone Osteoporosis, glaucoma, diabetes mellitus, hypertension,

psychosis
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16.2.1 General Aspects of Headaches in Older Patients

Age is not an analgesic and headaches are still a frequently reported complaint, but
the overall prevalence of primary headaches decreases with increasing age and the
proportion of secondary headaches increases with age. Otherwise the first manifes-
tation of migraine headache above the age of 50 is not so rare and some authors
report that about 19 % of women with migraine had an onset later [32]. But a new
onset of migrainous headache after the age of 60 always needs to be diagnosed care-
fully [13]. In the older population, 50 % of females and males still report headaches
with a tendency to less frequent headache with increasing age [29]. In a population-
based investigation, 44.5 % of the older population complained about tension-type
headache, 11 % about migraine, and 2.2 % about symptomatic headache (12-month
prevalence). Females were affected twice as often as males [29]. The DMKG epide-
miological study in Germany found a 6-month prevalence in the group of the
65-75-year-olds of about 3.5 % for migraine and of about 12.5 % for tension-type
headache. Females were again affected 1.5-2 times more often than males [28].
Subjects who complain about headaches for the first time after the age of 64 have an
elevated risk of having symptomatic headache (about 15.3 %) compared to the gen-
eral population with 7-8 % [29, 33]. In another population-based study, the preva-
lence of migraine after the 75th year was 2.7 % for males and 7.6 % for females
[35]. In general, headache prevalence in Asia seems to be lower than in western
countries. A Japanese questionnaire-based survey found a 1-year prevalence for
60-69-year-olds of 1.4 % (males) and 5.3 % (females) for migraine, of 14.8 and
20.3 % for episodic tension-type headache, and of 1.9 and 4.3 % for chronic ten-
sion-type headache [39]. A Chinese study, using an interview due to a neurological
assessment, reported a prevalence of chronic daily headache of 1.8 % for males
older than 65 years and 5.6 % for females [43].

16.2.2 Primary Headaches in Older Patients

16.2.2.1 Migraine (IHS 1.1, 1.2, and 1.3)

With regard to the symptoms present in the different headache disorders, the THS
classification does not differentiate in terms of the age of the patients, even it is
known and also generally accepted that migraine symptoms in children are quite
different to those in adolescents. In general, migraine attacks in the elderly are less
often accompanied by vomiting or strong nausea, the headache has a less pulsating
character [48], and also the character is more tension type like (unpublished own
observation). In this sense, aggravation of the headache by physical activity is also
reported less often [48]. Acute medication seems to influence the attacks better
than in younger patients [18]. Aura symptoms with headache but also without
accompanying headache seem to occur more often in the elderly; in the group of
18-29-year-olds about 15.2 % have auras compared to 41 % of the patients aged
70 years and older [3, 18, 49]. It has not been investigated whether the increased
proportion of elderly patients with aura symptoms is due to the fact that migraine
with aura more often persists in older age than migraine without aura or really
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reflects new onset auras. Diagnostic problems can be that aura-like phenomena can
also be triggered by cortical ischemia and therefore diagnostic tests may be neces-
sary in each patient with aura for the first time or with changes in the symptoms of
the aura compared to previous one. In the Framingham study, slightly more than
1 % of all subjects reported on visual migraine symptoms, mostly starting after the
age of 50 years [46]. A clinical manifestation of migraine that has been discussed
more often in recent years is so-called vestibular migraine. These patients report on
spells of vertigo/dizziness with durations of seconds to days which are regularly
accompanied by migraine-like headache in some patients. Vestibular migraine can
occur in all age groups but on average the patients seem to be older than the typical
migraine patient [26].

Since auras in particular are caused by a temporary dysfunction of cortical neu-
rons it is speculated that migraine patients should be more prone to cognitive
decline in old age than nonmigraine patients. But in contrast most studies do not
show an age-related more rapid decline in cognitive functions in migraine patients
[13, 20].

The mean age of patients with chronic migraine is about 41 years [1]; it has not
been investigated if the proportion of patients over 65 years is larger in chronic
migraine than in episodic migraine, but the available data suggest that older patients
with migraine on average have headache on more days (41 % on 10-14 days/month)
[3, 23]. In contrast, in the general German population only 15.5 % of migraine
patients have headache on more than 6 days [37]. In general, the incidence of
migraine strongly declines with increasing age, as does the male-to-female ratio
which declines from 1:3 to 1:2 after the menopause [13].

Based on the data from a population-based study in Northern Italy, it is estimated
that about 20 % of female migraine patients lose their migraine with every 10 years
of lifetime after the menopause [35].

Concerning the acute attack treatment, the EFNS and the DMKG recommend
the usual self-medication in older patients as well [10, 12]. Acetaminophen or the
fixed-dose combination of acetaminophen, acetylsalicylic acid, and caffeine are
the first choice in acute attack treatment, if there are no cardiac contraindications
triptans can also be prescribed [13]. Preventive treatment is less often prescribed
in the elderly but most of the regularly used drugs can be given. Tricyclic antide-
pressants should be avoided since the anticholinergic action of them may influ-
ence cognition, bladder function, and may cause cardiac arrhythmia. Flunaricine
should also be avoided because of the risk of pharmacologically induced Parkinson
syndrome. Topiramate and B-blockers, candesartan, as well as onabotulinumtox-
inA have no special risk in older patients. Nonpharmacological treatment options
should be considered, especially in older patients with multimorbidity. Beside
psychological relaxation techniques, aerobic training therapy and acupuncture are
both useful. For acupuncture a Cochrane review found that the available studies
suggest that acupuncture is at least as effective as, or possibly more effective than,
prophylactic drug treatment [21, 22], but no subgroup analysis was done for older
patients.
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16.2.3 Primary Headaches in Older Patients

16.2.3.1 Tension-Type Headache (IHS 2.1 and 2.3)

The prevalence of tension-type headache also declines with increasing age. In an
epidemiological study in South Tyrol, the 12-month prevalence of episodic tension-
type headache was 35.8 % and that of chronic tension-type headache was 2.1 % in
patients older than 55 years [35]. Compared to the prevalence of migraine the
decline in the prevalence with age is less in tension-type headache [16, 17] but it is
not clear if that is due to a change in the clinical representation of migraine toward
a more tension type-like headache with the consequence that some patients with
migraine could be diagnosed as having tension-type headache. The clinical charac-
teristics of tension-type headache in older patients do not differ from those in
younger patients. It can also be problematic that most secondary headaches can be
confused with tension-type headache. A consequence of this is that the diagnosis of
primary tension-type headache in the elderly can only be established after exclusion
of secondary headaches, such as medication overuse headache, idiopathic intracra-
nial hypertension, and sleep apnea-associated headache. Sleep-associated apneas,
in particular, are much more prevalent in the elderly. Prevalence rates of up to
30-80 % are reported in subjects older than 65 years (compared to 2—4 % in the
general population) [19]. Clinically apnea-associated headache is characterized by
a morning headache with a dull character strongly resembling tension-type head-
ache [31]. It is estimated that about 30 % of all patients with sleep apnea report on
such a morning headache. For the acute treatment of tension-type headache, the
same recommendations as for migraine attacks can be made [12]. Acetaminophen
or the fixed-dose combination of acetaminophen, acetylsalicylic acid, and caffeine
is the first choice. There is no indication for the use of triptans and opioids. In the
case of chronic tension-type headache, preventive treatment can be helpful.
Nonpharmacological options, such as relaxation training, biofeedback, and aerobic
training, should be tried first. Pharmacological options are tricyclic antidepressants
(e.g., amitriptyline) and the selective serotonin and noradrenalin reuptake inhibitor
venlafaxine; the side-effect profile is better for venlafaxine but more studies are
reported for amitriptyline. Other less established options are mirtazapine and tizani-
dine [37]. No studies focusing on older patients have been published. A recent
Cochrane review stated that acupuncture could be a valuable nonpharmacological
tool in patients with frequent episodic or chronic tension-type headaches [21, 22].

16.2.4 Primary Headaches in Older Patients

16.2.4.1 Cluster Headache (IHS 3.1)

In general, cluster headache can first manifest at any age and there are several
reports with first clinical manifestation above the age of 65 years [11]. No studies
concerning the clinical symptoms or treatment in the elderly have been published.
The clinical manifestation does not seem to be different in older patients. One
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problem is that the most effective acute treatment sumatriptan 6 mg subcutaneously
or zolmitriptan 5 mg nasally has not been tested in older patients and is not approved
for patients older than 65 years. In about 70 % of the patients breathing 100 % oxy-
gen, 8—10 1 per minute, reduces the headache significantly in 5-20 min [24]. No
efficacy and safety data for older patients have been published for preventive treat-
ment. Most guidelines recommend verapramil in a dosage of 240—480 mg (if neces-
sary even 720 mg or more), but, especially in older patients, this treatment has to be
monitored very carefully because of the cardiac side effects of verapramil. Another
substance used is lithium (serum level 0.6—0.8 mmol/l), which is useful in chronic
and probably also in episodic cluster headache [38]. Careful monitoring of the kid-
ney and thyroid function is important. The use of topiramate is less well docu-
mented, although some experience in older patients with seizures is available for
this substance and the side-effect profile in older patients is not very different to that
in younger patients.

16.2.4.2 Hypnic Headache (HIS 4.9)
Hypnic headache (IHS 4.9) is a primary headache which normally occurs almost
only in patients older than 50 years. The reason for this is not known.

On average several years elapse before the diagnosis is established (average age
61 years) [8, 9]. Clinically the headache is characterized by headache attacks which
occur out of sleep with a bifrontal pain of a moderate intensity and no autonomic
signs. The headache lasts about 60 min and in some patients onset is associated with
REM sleep. No changes in clinical characteristics with increasing age are reported.
The pathophysiology is not clear. No randomized treatment studies have been pub-
lished; most authors recommend caffeine (e.g., 200 mg at bedtime) or alternatively a
single dosage of verapramil 40-80 mg or 50-150 mg indomethacin at bedtime) [10].

16.3 Secondary Headaches in Older Patients

As mentioned before, the incidence of secondary headaches increases with age
since most of the causes of secondary headaches like vascular diseases, tumors,
degenerative spine disorder, obstructive sleep apnea, and inflammations are more
prevalent in older patients [32, 33]. It is important to note that further diagnostics
should always be initiated in the case of suddenly changing characteristics of head-
aches or the first occurrence of otherwise unknown headaches.

16.3.1 Brain Tumors

Gliomas have a maximum incidence between the age of 40 and 70 years and head-
ache is one of the first complaints in about 60 % of the patients; however, in only
2 % of the patients the headaches are the sole symptom of the tumor [34].
Interestingly, patients with a history of primary headaches report headaches signifi-
cantly more often than patients without such a history. This might be an indication
that the pathophysiology which is responsible for the pain in primary headaches is
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also involved in the pathophysiology of secondary headaches [34]. The general
therapy of such headaches is no different in the elderly to that in younger patients.

16.3.2 Sleep Apnea

It has become increasingly evident that recurrent headaches are often related to
sleep disorders and especially to obstructive sleep apnea syndrome. Clinically the
headache is characterized by a mild-to-moderate holocephalic dull headache, which
is present directly after the waking in the morning and which subsides over the
course of the day. The average age of onset of sleep apnea is between 50 and 70
years and about 2 % of all females and 4 % of all males may be affected [30].
Typically, in addition to the headache, the patients also report daytime sleepiness
and they are often but not always obese and have arterial hypertension. The diagnos-
tic gold standard is polysomnographic registration of the sleep apnea, associated
hypoxia, and arousal on EEG. The therapy of choice is nasal continuous positive
airway pressure treatment of the sleep apnea (CPAP) which will improve the day-
time sleepiness as well as the headaches.

16.3.3 Vasculitis

Cerebral vasculitis is generally a rare disease. The most frequent form of cranial vascu-
litis by far is giant cell arteritis. Typically all patients with such a form of cranial vascu-
litis are older than 50 years and females are affected 3—4 times more often than males.
The main clinical symptoms are pain and general sickness with increased sweating,
fatigue, loss of appetite, and weight. The prevalence is 70-133/100,000 [4]. The head-
ache is described as dull and holocephalic with a moderate intensity, sometimes there
is also an increased painfulness of the temporal arteries and increasing pain during
chewing [44]. Since there is always the risk of an irreversible loss of vision if giant cell
arteritis is not treated, therapy has to be started even in the case of suspected but still not
proven giant vasculitis. A typical clinical history and severely elevated markers of a
systemic inflammation (CRP, IL-2, etc.) are suggestive for the diagnosis and the prompt
response to cortisone (1 mg prednisolone per kg body weight) establishes the diagnosis
clinically. Further diagnostic tests can be the ultrasound examination of the temporal
artery (“halo sign”), FDG-PET (increased uptake in the inflamed vessels), and a biopsy
to obtain histological proof (although the biopsy can provide a false negative due to the
fact that the inflammation is manifest only segmentally). It is important to monitor the
cortisone therapy on a regular basis in order to reduce the dose to the minimum effec-
tive dose and also not to stop the treatment too early.

16.3.4 Substance-Induced Headaches

Due to the increasing polypharmacy with increasing age in combination with an
increased susceptibility, substance-induced headaches should always be ruled out in
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elderly patients reporting about new headaches. Drugs which quite regularly induce
headache are phosphodiesterase inhibitors, NO donors, calcium antagonists, calci-
neurin inhibitors, immunoglobulins, some biologics, and others. It is therefore
important to ask the patients specifically about medication they may have started
taking at the time of headache onset.

16.3.5 Degenerative Cervical Spine Disorder

The prevalence of degenerative spine disorders increases proportionally with
increasing age. Nevertheless, the prevalence of headaches in the elderly is lower
than that in the younger population. This shows that there is no clear correlation
between degenerative cervical spine disorder and headaches. No epidemiological
data have been published on the prevalence of headaches attributed to disorders of
the neck. For cervicogenic headache, a subgroup of headaches attributed to disor-
ders of the neck, Sjaastad and Bakketeig [36] found a prevalence of 4.1 % in the age
group of 18-65 years in Norway; older subjects were not investigated and they used
the “Sjaastad criteria” which are different to the IHS criteria. The age at onset of the
cervicogenic headache was 32.7 years. In another study from Australia, which was
not population based, the age of onset was 49.5 years compared to 34.7 years in a
migrainous group [2]. A further problem in the diagnosis of neck-related headaches
is that musculoskeletal dysfunction can also be found in patients with headaches
classifiable as migraine or tension-type headache, but more of these symptoms
(impaired range of motion, tenderness of the neck muscles, cervical joint dysfunc-
tion, muscle strength, etc.) can be found in patients with cervicogenic headache in
the more restricted sense [41]. There are also no specific MRI or CT findings which
can be attributed to neck pain [27]. No differences in the symptoms of the headache
were seen between a group of patients with radiologically proven cervical spondy-
losis and a group without spondylosis. Furthermore, the overall incidence of head-
ache in the patients with spondylosis was low [15]. In conclusion, the attribution of
headache to the neck is still difficult due to the lack of specific symptoms, specific
clinical findings, specific radiological findings, clear diagnostic criteria, and the
unspecific effect of therapeutic interventions. The combination of stretching the
cervical muscles and endurance and strength training may be the best therapy rec-
ommendation [50]. Often tricyclic antidepressants or ca-channel modulators are
also given.

16.3.6 Arterial Hypertension

Arterial hypertension is quite common and can be found in about 50 % of patients
over 50 [47]. There is no clear relationship between arterial hypertension and head-
ache. Headache is one of the most prevalent signs of an acute hypertensive crisis [7].
It is not completely clear whether headaches are more frequent in patients with only
mildly to moderately elevated arterial pressure. Some studies reported an increased
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prevalence [6], in other studies there was no significant increase [25, 32, 33, 40].
Independent of the relationship to headaches even a mild arterial hypertension has
to be treated in accordance with the guidelines since hypertension is the most impor-
tant risk factor for stroke.
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17.1 Introduction

Post-traumatic headache (PTH) attributed to head trauma is now well defined in The
International Classification of Headache Disorders (ICHD-3 beta), but the treatment
still remains a significant enigma for headache experts. Despite a high prevalence
and significant disease burden the underlying mechanisms are widely unknown and
management is not evidence-based and complicated. This chapter aims to cover the
diagnostic challenges and the existing treatment strategies for both the acute and
persistent PTH.

17.2 Definitions

PTH is defined as a secondary headache in the ICHD-3 beta (Table 17.1). Until more
evidence is provided, the diagnostic criteria are the same in children and adults.

When a new headache occurs for the first time in close temporal relation to a
known trauma, it is classified as a secondary headache attributed to the trauma. In
the PTH, there has to be a close temporal relationship to the trauma. Thus, PTH has
to begin within 7 days after injury to the head or after regaining consciousness. The
7-day interval is somewhat arbitrary and further research is needed to assess whether
or not a different interval would be more appropriate. In the meantime, the ICHD-3
has also created appendix criteria for when the interval between injury and head-
ache onset is greater than 7 days (delayed-onset headache attributed to traumatic
injury to the head).
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Table 17.1 Classification. The ICHD-3 beta classifies acute and persistent post-traumatic head-
ache attributed to traumatic head injury (Criteria 5.1 and 5.2). Criteria for PTH attributed to the
standard definition of mild concussion (Criteria B below) are also presented (Criteria 5.1.2 and
5.2.2)
5.1 Acute headache attributed to traumatic injury to the head
Diagnostic criteria:
A. Any headache fulfilling criteria C and D
B. Traumatic injury to the head1 has occurred
C. Headache is reported to have developed within 7 days after one of the following:
1. The injury to the head
2. Regaining of consciousness following the injury to the head

3. Discontinuation of medication(s) that impair ability to sense or report headache following
the injury to the head

D. Either of the following:
1. Headache has resolved within 3 months after the injury to the head

2. Headache has not yet resolved but 3 months have not yet passed since the injury to the
head

E. Not better accounted for by another ICHD-3 diagnosis
5.1.2 Acute post-traumatic headache attributed to mild traumatic injury to the head
Diagnostic criteria:
A. Headache fulfilling criteria for 5.1 Acute headache attributed to traumatic injury to the head
B. Any headache fulfilling criteria C and D
C. Injury to the head fulfilling both of the following:
1. Associated with none of the following:

(a) Loss of consciousness for >30 min

(b) Glasgow Coma Scale (GCS) score <13

(c) Post-traumatic amnesia lasting >24 h

(d) Altered level of awareness for >24 h

(e) Imaging evidence of a traumatic head injury such as intracranial haemorrhage and/or
brain contusion

2. Associated, immediately following the head injury, with one or more of the following
symptoms and/or signs:

(a) Transient confusion, disorientation or impaired consciousness
(b) Loss of memory for events immediately before or after the head injury

(c) Two or more other symptoms suggestive of mild traumatic brain injury: nausea,
vomiting, visual disturbances, dizziness and/or vertigo, impaired memory and/or
concentration

D. Headache is reported to have developed within 7 days after one of the following:
1. The injury to the head
2. Regaining of consciousness following the injury to the head

3. Discontinuation of medication(s) that impair ability to sense or report headache following
the injury to the head

E. Either of the following:
1. Headache has resolved within 3 months after the injury to the head

2. Headache has not yet resolved but 3 months have not yet passed since the injury to the
head
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Table 17.1 (continued)

F. Not better accounted for by another ICHD-3 diagnosis

5.2. Persistent headache attributed to traumatic injury to the head

Diagnostic criteria:

A. Any headache fulfilling criteria C and D

B. Traumatic injury to the head 1 has occurred

C. Headache is reported to have developed within 7 days after one of the following:
1. The injury to the head
2. Regaining of consciousness following the injury to the head

3. Discontinuation of medication(s) that impair ability to sense or report headache following
the injury to the head

D. Headache persists for >3 months after the injury to the head
E. Not better accounted for by another ICHD-3 diagnosis.
5.2.2 Persistent headache attributed to mild traumatic injury to the head

A. Headache fulfilling criteria for 5.2 Persistent headache attributed to traumatic injury to the
head

B. Head injury fulfilling both of the following:
1. Associated with none of the following:
(a) Loss of consciousness for >30 min
(b) Glasgow Coma Scale (GCS) score <13
(c) Post-traumatic amnesia lasting >24 h
(d) Altered level of awareness for >24 h

(e) Imaging evidence of a traumatic head injury such as intracranial haemorrhage and/or
brain contusion

2. Associated, immediately following the head injury, with one or more of the following
symptoms and/or signs:

(a) Transient confusion, disorientation or impaired consciousness
(b) Loss of memory for events immediately before or after the head injury

(c) Two or more other symptoms suggestive of mild traumatic brain injury: nausea,
vomiting, visual disturbances, dizziness and/or vertigo, impaired memory and/or
concentration

PTH is further divided into an acute and a persistent (previously called chronic)
PTH. Acute PTH is defined as resolving within 3 months after the injury. Persistent
PTH is defined as headache lasting more than 3 months after the injury (Table 17.1).

Both the acute and the persistent PTHs are then classified based upon the severity
of the initial trauma in mild versus moderate and severe. There is no consensus
about what characterizes the trauma that causes PTH except for the severity and the
level of consciousness in the acute stage measured at the Glasgow Coma Scale.
Within the trauma literature, multiple terms such as traumatic brain injury (TBI),
head trauma, closed head injury, minor or minimal head injury, commotion or con-
cussion have been applied and there is no clear consensus on the best term and defi-
nition. Still, there is also no evidence for an underlying brain injury after a mild
injury to the head so the more descriptive term “head trauma” is consequently used
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in the following as in the opinion to the author we only have the history of a trauma
to the head. For a clear debate and research strategy, the head trauma and the applied
terms have to be clearly defined in the scientific community. More than 90 % of
head trauma is classified as mild and the main body of literature is focused on PTH
after a mild trauma.

The reason for these subdivisions is mainly practical as the underlying mecha-
nisms most likely are different in the acute or persistent subforms. It seems also
obvious for both patients and the society that a moderate or severe head trauma can
cause headache whereas it is mystifying that a mild trauma, even without uncon-
sciousness, can give rise to a debilitating persistent PTH. Several studies confirm
the inverse relation between trauma severity and persistent PTH as patients with
moderate to severe head trauma only rarely report persistent PTH.

17.3 Epidemiology and Disease Course

The prior controversies around the diagnostic criteria of PTH and the various defini-
tions of head trauma had complicated the epidemiological research. In recent years,
more reliable data have however been provided. In the USA at least 1.7 mio TBIs are
annually reported and hereof 75 % are classified as concussions or mild head trauma.
Internationally, similar incidences are reported with predominance in children, ado-
lescents and young adults due to accidents, falls, combats and sport activities. Some
patients may not even seek medical attention, and it is estimated that 20-40 % of
people who have mild head injuries in the USA have not seeked treatment.

The vast majority resolve spontaneously over weeks most often with minimal or
no treatment, so the exact number of mild head trauma and/or acute PTH is actually
unknown.

In the military, it is estimated that more than 350,000 returning service members
have sustained mild head injuries. The absolute prevalence of headache is unknown,
but amongst those reporting blast injuries, greater than 90 % have headaches, mostly
of the migraine type. Of all traumatic brain injuries (TBI) — causalities from
Operation Enduring Freedom/Operation Iraqi Freedom up to 98 % report headaches
in the acute phase, and 37 % still had headaches after 3 months observation period.
In such combat situations, the circumstances and the intensities of the trauma may
also be very different than in civil life so data are difficult to compare directly.

In the civilian populations, a prospective study by Kuczynski et al. in 670 chil-
dren reported PTH in 11 % after 16 days and 7.8 % after 3 months. Others report
acute PTH incidences at 1 month ranging from 31 to 90 %; at 3 months from 47 to
78 %; and at 1 year from 8.4 to 35 %. Twenty-four percent of patients have persist-
ing headaches at 4 years in another study.

In the large Akershus population study from Norway, among 3044 years old, per-
sistent PTH occurred in 0.15-0.2 % after mild head injury in the general population.

In clinical populations from tertiary headache centers such as the Danish
Headache Center, the prevalence of CPTH is up to 10 % of all new patients. The
exact prevalence in a less selected clinical population is yet unknown.
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17.4 Clinical Presentation

Among a multitude of symptoms such as fatigue, phonophobia, sleep problems and
difficulties with cognition and memory, headache is the cardinal symptom. In this
chapter, only the therapy of headache is covered. Phenotypically, the acute PTH
presents most often as a tension-type (TTH)-like headache, pressing diffuse and
dull but can occasionally be associated with migraine features as aggravation by
physical activity, phonophobia and nausea. In a recent study of 90 patients with
persistent PTH, the phenotype was a constant featureless background headache ful-
filling the main criteria for chronic TTH in 97%, and 36 % suffered also from other
types of headache, i.e. 26 % with attacks of migraine without aura and only 2 %
with migraine with aura. PTH can also be complicated by medication overuse head-
ache (MOH), varying from 13 to 42 % in the Danish clinical populations to more
than 70 % in a group of 104 adolescents studied 3—12 months after the incident.
After discontinuation of overused drugs, 68.5 % had complete resolution of their
headaches in this latter study. Such transformation into MOH should be carefully
addressed and preventive initiatives against medication overuse should be included
very early in the management programme.

17.5 Burden

Beside PTH the concussive patient may also present a wide range of emotional,
cognitive and other somatic symptoms in relation to their trauma. These symptoms
are, however, often unspecific, difficult to measure and frequently reported among
the general population, too. In the Eurolight project, the per-person annual overall
cost of headache disorders is estimated to €3561 for MOH, €1222 for migraine and
€303 for tension-type headache. To our knowledge no cost studies have been made
on PTH alone, but a study by Leibson et al. reported that patients with a concussion
had significant higher medical costs than a control group even when adjusted for
medical cost before the trauma. The concussive patient had medical annual cost for
11,725 $ for the period 1-5 years after trauma. The study also showed that the medi-
cal cost of concussion may not become apparent until 1 year post-injury.

17.6 Pathophysiology

The aetiology of PTH is not clarified and multiple hypotheses have been proposed.
Both structural injuries and disruptions of functional network as well as release of
excitatory transmitters, oxidative stress and inflammatory mediators are likely to
occur during the trauma, also in the mild head trauma. Probably, genetic predispos-
ing factors and eventual comorbidities can be both positive and negative indicators
for the disease course but none of these are yet properly identified. Several animal
models for TBI have been developed but an ideal model is still lacking and head-
ache is really difficult to assess in an animal model. In one experimental animal
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study, the behavioural effect of simple analgesics was studied. Actually none of the
applied analgesics appeared to have any effect on the animals but still they are used
liberally in humans. Further, mechanism-based studies are needed for development
of more specific and better treatment strategies.

17.7 Treatment

There is little research and still no evidence-based guidelines on which to base treat-
ment as head trauma and PTH typically is an exclusion criterion for studies examin-
ing headache treatments in the general population.

In the acute phase, symptomatic treatment with relaxation, sleep, fluid and sim-
ple analgesics are recommended. To our knowledge, no randomized controlled tri-
als have yet been published. But according to https://clinicaltrials.gov, several
interesting studies of both acute and preventive therapy mainly in CPTH are on
their way.

In most reports, the acute PTH usually resolve spontaneously over time in the
vast majority of patients (70-80 %) and the prognosis is regarded as favourable,
probably better in children than in adults. A spontaneous remission over 2—8 weeks
is to be expected and the general rule in clinical recommendations is rest and relax-
ation as well as informed expectation of a good outcome. The length of remission
phase appears to be independent of pharmacological treatment and also of the vari-
ety of non-pharmacological strategies but proper randomized studies are missing.

Due to the fairly good prognosis for spontaneous remission, there is a general
consensus that there is no need and no evidence for preventive therapy in the acute
stage, unless it is a very severe debilitating headache. The benefits of preventive
treatment should be weighed against the possible side effects as the concussive
brain is highly sensitive for all internal and external stimuli including pharmaco-
logical compounds.

Based on the clinical experience and the published observational studies, a treat-
ment paradigm for the various stages of PTH is presented in Fig. 17.1.

One retrospective analysis of treatment in active duty service members with mild
TBI and post-traumatic headaches found that migraine-like headaches were most
prevalent. Here triptans were the most effective abortive medication, and topiramate
was the most effective prophylactic medication. However, this was not a controlled
study, and it had a small number of participants. Other similar publications observed
the effectiveness of multiple medications in small convenient samples. Literature
reviews and expert opinions have recommended treating post-traumatic headaches
in a manner consistent with the primary headache guidelines.

In an observational study of 670 Canadian children with mild TBI, patients were
advised to take simple analgesics as Acetaminophen and Ibuprofen in the acute
phase for a maximum of 3 days/week. If the headache persisted after the acute
phase, preventive medication was initiated. Melatonin was started with 3 mg and
increased to a maximum of 10 mg and/or amitriptyline with 5 mg in slowly increas-
ing doses to 1 mg/kg. Likewise topiramate was used, if obesity was comorbid.
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Acute (1-2 weeks)

Subacute (2 weeks-3 months)

Persistent (>3 months)

Fig.17.1 Treatment paradigm and recommendations for the acute, subacute and persistent stages
of post-traumatic headache after mild head trauma

Overall, 64 % responded to preventive treatment, defined as at least 50 % frequency
reduction and melatonin was reported to be the most effective in 9/12 children and
13/18 patients responded to amitriptyline. The effect of simple analgesics was not
reported.

An observational study of 167 adults admitted to an American level 1 trauma
hospital due to a mild TBI and with a 1 year follow-up reported that more than 70 %
occasionally took simple pain killers independent of the present phenotype. At 1
year follow-up less than 10 % used preventive medication and overall they tended
only to have a periodic use of pain killers. Triptans was only used by 8 % despite
they presented with a migraine phenotype. In total, only 26 % of those with
migraine-like headache reported complete relief by pain medication. Of those with
TTH-like presentation only a small subset used pain medication but in those 17
patients with TTH-like headache that took pain medication, 70 % reported complete
relief. The authors concluded that the medical treatment was very unspecific and
that there was a significant unmet need for treatment of PTH, especially they recom-
mended triptans for the migraine phenotype, simple analgesics for TTH phenotype
and conventional preventive strategies as used in primary headaches.

In management of persistent PTH the first important step is therefore to identify
the phenotype of their headache by means of a headache diary for at least 1 month.
If there is a medication overuse, a detoxification should first be initiated. Whether it
should be gradually or abrupt is widely dependent on the type and quantity of over-
used drugs as well as patient compliance and available treatment support. In overuse
of simple analgesics, NSAIDS and/or triptans abrupt withdrawal is safe and very
effective. In case of overuse of opioids and/or barbiturates, a gradual tapering over
weeks is recommended unless relevant in-patient facilities are available.

If the phenotypical presentation of persistent PTH is migraine, the recommended
treatment for the migraine-like attack is triptans, oral or parenterally administered
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depending on availabilities as early as possible in the attack. The general rule to
administer triptans at a maximum of 2 days per week is also important for PTH
patients in order to avoid the frequent complication with MOH. Regular use of anti-
emetics is also advisable both to minimize the associated nausea that often follow
PTH and to promote gastric absorption of oral triptan during the headache phase. If
the migraine-like headache occur more than three times a month and continues on a
regular basis, migraine preventives should be offered to the patient. In the absence
of evidence for treatment of PTH, the international treatment guidelines for primary
headaches can be followed with beta-blockers, topiramate, valproate, candersatan
and/or sibelium as the most frequently recommended preventives for migraine. As
in genuine migraine, the drug of choice is dependent on previous experience, side
effects and eventual comorbidities. In PTH the clinicians should even be more alert
to the well-known side effects, especially regarding the cognitive side effects and
the fatigue from Topiramate and beta-blockers. Such symptoms are highly prevalent
in these PTH patients probably due to an overall increased central sensitivity after
the trauma and the coexisting symptoms in their underlying post-traumatic brain
syndrome.

If the phenotype of PTH is more like chronic TTH, the treatment of the headache
episode is still simple analgesics with acetaminophens or NSAIDS, but here also in
restricted doses at a maximum of 3 days a week to avoid MOH. In most of these
cases, where a daily headache is the rule and where medical treatment is needed, a
strong focus on preventives is needed. In TTH-like PTH amitriptyline, nortriptyline
or gabapentin are the drugs of choice, starting with very low doses. Amitriptyline or
Nortriptyline can be started with 10 mg daily at bedtime and then gradually increas-
ing very slowly with 10 mg per week to a daily dose of 70-100 mg per day.
Gabapentin can be started at 300 mg BID and then over a period of 4-6 weeks
increased to 2400-3600 mg per day divided on 3—4 doses per day.

Preventive treatment is probably only indicated in the persistent PTH and in a
subset of patients with constant headaches of moderate to severe intensity. If the
headache is mild in intensity most patients (and doctors) tend to avoid preventive
medication as they fear that the pharmacological side-effects may overshadow the
beneficial effect although cultural differences in practice may occur.

In case of no effect or intolerable side effects of the preventative treatment non-
pharmacological treatment strategies should be considered, either instead of phar-
macological treatment or as an add-on treatment. Although the scientific evidence
also is scarce, there are several possibilities for non-pharmacological strategies
(please see Pinchefsky et al.; Vargas et al.; Kjeldgaard et al.). A recent randomized
controlled study of cognitive behavioural therapy in persistent PTH, however,
turned out to be negative. The controls that received no active treatment and only
standard of care had a similar and in some points even better outcome.

In conclusion, it is still unclear how post-traumatic headaches can best be treated.
It is unknown whether typical headache treatments work as effectively for post-
traumatic headaches as for primary headaches. The present 3 months subdivision of
the PTHs in acute PTH and persistent PTH is found to be rational and practical as
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the vast majority resolve within the acute stages. A subset, however, continues and
progress to a more constant headache, for yet unknown reasons. In clinical practice,
the persistent PTHs are difficult to manage and there are no existing specific phar-
macological substances on the market. In the acute stage, only simple pain killers
and/or triptans can be recommended whereas in the persistent PTH stages, preven-
tive therapies dedicated to the presenting phenotype are recommended. Development
of MOH is also prevalent in PTH and this complication can and should be avoided
by careful information to patients and their caretakers. To reduce the unmet need
and major burden of PTH, more dedicated research into the pathophysiology and
the treatment of PTH are highly warranted.
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Jan Hoffmann

18.1 Introduction

Intracranial pressure (ICP) of cerebrospinal fluid (CSF) is regulated by a delicate
equilibrium of its production and absorption. Alterations of this regulatory system
may quickly affect ICP and result in intracranial hyper- or hypotension, both of
which commonly induce headache. While an elevation of ICP is frequently second-
ary to a space-occupying process resulting from a neoplastic, hemorrhagic, or infec-
tious process, the most common cause that induces a decrease of ICP is a medical
intervention such as a lumbar puncture.

In contrast, the underlying causes of spontaneous alterations of ICP, idiopathic
intracranial hypertension (IIH), and spontaneous (idiopathic) intracranial hypoten-
sion (SIH) are largely unknown. The following chapter will focus on these idio-
pathic variations of ICP and review the clinical picture, current pathophysiological
understanding, and treatment of these rare but probably underdiagnosed disorders.

18.2 Idiopathic Intracranial Hypertension

The clinical syndrome of increased intracranial pressure of unknown etiology
underwent several changes in its terminology. The German neurologist Max Nonne
defined the condition in 1904 as pseudotumor cerebri (PTC). Due to the fact that in
some patients a cause of the disorder can be identified during the course of the dis-
ease or as a result of an improvement of the pathophysiological understanding, the
term PTC syndrome is now used as an umbrella term that encompasses the primary
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form with no identifiable cause, idiopathic intracranial hypertension (ITH), as well
as the secondary form induced by cerebral venous abnormalities, medications, or
other medical conditions.

ITH typically affects obese young women of childbearing age. The annual inci-
dence of this rare disorder has been estimated at 0.9 cases per 100,000, its preva-
lence at 8.6 cases per 100,000 of the general population. While in prepubertal
children no sex predilection has been observed, in adults around 90 % of ITH patients
are women [ 1-3].

The clinical syndrome is characterized by a rather unspecific headache which
may be accompanied by a visual impairment that, if untreated, can lead to complete
visual loss. The syndrome has initially been defined by the criteria established by
Walter Dandy [4] which over the years underwent several modifications [5-7] to
take into account novel diagnostic imaging techniques. Today, IIH is defined by the
criteria established by the International Headache Society (IHS) [8] (Table 18.1).

18.2.1 Pathophysiology

Over the past decades, several mechanisms that ultimately lead to an alteration in
CSF hydrodynamics have been proposed. However, despite a substantial amount of
studies that aimed at elucidating the causes of the elevation of ICP, the detailed mech-
anisms that lead to the known structural abnormalities and clinical symptoms remain
largely unknown [9-12]. ICP is normally kept at a relatively constant level due to an
equilibrium between CSF production and absorption. Several studies have therefore
investigated if a CSF overproduction may be the underlying cause of the elevated ICP
in ITH. However, this hypothesis could neither be confirmed in an experimental
in vivo study [13] nor in clinical studies [14, 15] including a long-term study [16].
Research efforts have therefore focused recently on venous outflow and CSF
absorption abnormalities as the possible mechanism behind ITH. In this context it is
hypothesized that an obstruction in venous outflow elevates cerebral venous

Table 18.1 Diagnostic criteria for Idiopathic Intracranial Hypertension (ITH) Established by the
International Headache Society (ICHD-3 beta) (Cephalalgia 2013; 33(9): 629-808)
A. Any headache fulfilling criterion C

B. Idiopathic intracranial hypertension (IIH) has been diagnosed, with CSF pressure >250 mm
CSF (measured by lumbar puncture performed in the lateral decubitus position, without
sedative medications, or by epidural or intraventricular monitoring)

C. Evidence of causation demonstrated by at least two of the following:

1. Headache has developed in temporal relation to IIH, or led to its discovery

2. Headache is relieved by reducing intracranial hypertension

3. Headache is aggravated in temporal relation to increase in intracranial pressure
D. Not better accounted for by another ICHD-3 diagnosis
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pressure affecting the rate of CSF absorption. The hypothesis is fueled by the strong
association between IIH and obesity, which is present in up to 80 % of adult IIH
patients [17-19] with clinical studies indicating a direct correlation between the
body mass index (BMI) and CSF opening pressure [19-21]. The proposed rationale
behind this association suggests that the obesity-related increase in intra-abdominal
and intra-thoracic pressure may lead to an increase in cerebral venous pressure, a
decrease in CSF absorption and finally an elevation in ICP [22]. The fact that a
weight reduction reduces CSF opening pressure as well as clinical symptoms proves
the pathophysiological importance of obesity in ITH [23-30]. In this context is has
been suggested that the effect of acetazolamide in the treatment of IIH may be, at
least in part, the result of the associated weight loss [31].

However, despite the clear relationship between obesity and IIH, the proposed
mechanistic rationale behind this association has been questioned as it does neither
explain female preponderance nor the fact that ITH patients tend to be obese in lower
parts of the body rather than in abdominal parts [32, 33]. The distinct body fat distri-
bution in ITH is even more pronounced in women than in men [33]. Therefore, other
factors such as hormonal influences may contribute to the relationship between obe-
sity and ITH [34]. Clinical data suggest that substances secreted by adipose tissue may
be involved in the pathogenesis of ITH. For example, aromatase has been discussed in
this context as aromatase is involved in the production of estrogens from androstene-
dione and its distribution correlates with the female distribution of body fat [35].
Recently, vitamin A has also been associated with ITH. It is converted in adipose tissue
to retinoic acid, its active metabolite. The exact mechanism of action that relates reti-
nol to increased ICP remains largely unknown. However, studies indicate that exces-
sive vitamin A concentrations in plasma and CSF, which have been demonstrated in
IIH [36-38], may impair CSF absorption. However, as vitamin A may induce the
synthesis of progesterone and activate the mineralocorticoid receptor [39], the func-
tional basis of the relationship of vitamin A and elevated ICP may be much more
complex than initially suspected. The fact that hypovitaminosis may also increase
ICP adds to the complexity of the association [40]. Further research is needed to elu-
cidate further the mechanisms behind the association between vitamin A and ICP.

Beside the mechanistic hypothesis that suggests an outflow reduction resulting
from an increase in an obesity-related elevation of intra-abdominal pressure and the
hormonal hypothesis that suggests a reduced CSF absorption which may be based
on structural changes in the arachnoid villi [41], stenotic transverse sinuses (TSS)
have been proposed to play a significant role in impairing CSF absorption as they
can be observed in up to 90 % of IIH patients [42]. However, if the observed TSS
are cause or consequence of the elevated ICP in ITH has not been entirely clarified
[10, 43, 44]. In this context, it has been hypothesized that a primary TSS may impair
venous outflow affecting the pressure gradient over the arachnoid granulations and
thereby reducing CSF absorption [43]. Another hypothesis suggests that the
observed TSS are secondary to increased ICP [43, 44]. This rationale is supported
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by the observations that high ICP may lead to a collapsing of the transverse sinuses
causing an additional increase in venous pressure in the superior sagittal sinus and
that CSF diversion procedures may reverse previously identified TSS [44-50].
Regardless of the question if observed TSS are primary or secondary, the location
and degree of the TSS does not seem to affect the clinical course of IIH [51].

Data obtained in an in vivo study suggest that the hemodynamic consequences of a
unilateral TSS do not suffice to affect CSF absorption while a bilateral TSS does lead
to an elevation of ICP [52]. Clinical, in particular interventional studies, have therefore
aimed at investigating the consequences of an endovascular treatment in patients that
show bilateral TSS in MR imaging. Based on existing data it seems clear that endovas-
cular treatment can be effective in alleviating [IH-associated symptoms in most patients
with bilateral TSS [45, 53-60] supporting a causality between TSS in IIH, at least in
some patients. However, this observation does still not clarify whether bilateral TSS
are primary or secondary as a beneficial effect on elevated ICP is feasible in both cases.

Taken together, based on the available literature it seems unlikely that the com-
monly observed IIH-associated TSS are primary stenoses as this mechanism would
not explain the observed female preponderance and the fact that TSS are common
in the general population [42, 61, 62]. The uni- and bilateral TSS rather appear to be
secondary to the elevated ICP triggering a vicious cycle that further increases ICP
due to a reduced venous outflow and consecutively reduced CSF absorption.

18.2.2 Clinical Syndrome and Diagnosis

The headache associated with ITH lacks of any specific features and may vary substan-
tially in its clinical presentation. It is commonly described as a daily occurring diffuse
headache with a frontal, retro-orbital localization that may be aggravated by physical
activity and even be accompanied by nausea. IIH-associated headache can occasionally
even show similarities to primary headaches including migraine [63—65] and tension-
type headache [66] that may hamper its clinical distinction to these syndromes, in par-
ticular if IIH presents without an accompanying papilledema or visual abnormalities.
Despite the fact that headache is usually the symptom that leads affected patients to
seek medical advice, cases of probable IIH without headache have been described [67].

Visual disturbances described in IIH include a reduction in visual acuity, visual
field losses, and photopsia [2]. Ophthalmoscopic examination reveals a papilledema
in 40-95 % of patients [11, 63, 68] which occasionally may be asymmetric or even
unilateral [69, 70]. Ophthalmoscopic examination is therefore mandatory if ITH is
suspected. Nevertheless, the presence and extent of an observed papilledema does not
correlate with headache frequency and intensity [68]. Horizontal diplopia occurs in
about one-third of IIH patients and is in most cases a result of a sixth nerve palsy [3].

In addition to headache and visual disturbances, olfactory disturbances and a
pulse-synchronous tinnitus are commonly observed in IIH [71, 72].

In contrast to its clinical features, IIH is associated with characteristic structural
abnormalities that can be identified using magnetic resonance imaging (MRI) tech-
niques [11, 71, 73-75]. The most reliable signs observed in MRI scans are the mor-
phometric changes of the pituitary gland (partial or complete empty sella) and the
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optic nerve sheath (ONS) [11, 73-76]. The commonly observed posterior flattening
of the optic globe is highly specific for the presence of IIH but its low sensitivity lim-
its its use as a diagnostic criterion for the initial diagnosis of IIH. In contrast, the size
of the lateral ventricles is not affected in ITH [73, 76, 77]. In addition to the described
structural abnormalities, uni- or bilateral stenoses of the transverse sinuses (TSS) are
commonly observed in ITH with reported prevalence rates of up to 90 % [42, 78].
Therefore, the diagnostic workup should always include a MR venography to exclude
a venous sinus thrombosis and to identify the presence of a uni- or bilateral TSS.
Nevertheless, due to their variability as well as their specificity and sensitivity with
respect to ITH, imaging abnormalities observed in MRI can only serve as supportive
for the diagnosis of intracranial hypertension in IIH. Lumbar puncture with a mea-
surement of CSF opening pressure is therefore still required for the initial diagnosis
and the evaluation of treatment effects. According to the criteria established by the
IHS, an elevated CSF opening pressure is diagnosed if pressure exceeds 250 mm CSF
[8]. Occasionally the elevation of ICP may occur intermittently, hampering the diag-
nosis of the syndrome, in particular in cases of IIH without accompanying papill-
edema. In this case continuous monitoring of CSF pressure by lumbar catheter may be
considered if ITH is suspected but CSF opening pressure remains within normal range.

18.2.3 Treatment

The principal aim in the treatment of ITH is the preservation of visual acuity followed by
the relief of the associated headache. An appropriate treatment strategy should therefore
include a consequent reduction of body weight, complemented by an adequate pharma-
cological treatment. Invasive interventions such as endovascular treatments, CSF diver-
sion procedures, and optic nerve sheath fenestration should be reserved exclusively for
treatment refractory cases with a high risk of partial or complete visual loss.

18.2.3.1 Weight Reduction

The consequent reduction of body weight in obese patients has been demonstrated
to reduce ICP, papilledema, and consecutive visual loss as well as the ITH-associated
headache [23, 79]. Even minor weight losses of about 6 % have been demonstrated
to be effective [26, 28]. A weight gain should be avoided, even after successful
treatment, as it increases the risk of recurrence [80] and may even increase the risk
of ITH in non-obese individuals highlighting the importance of weight reduction and
maintenance of a normal BMI in the treatment of IIH [17, 72, 81, 82]. If an effective
weight reduction is not achieved, bariatric surgery may represent an effective treat-
ment strategy in these exceptional cases [29, 30].

18.2.3.2 Lumbar Puncture

Repeated therapeutic lumbar punctures may provide a treatment option for a short
period of time. The withdrawal of CSF through a lumbar puncture probably
improves [IH-associated headache although no trials exist to confirm this hypothe-
sis [83, 84]. Since ICP is restored within hours, it remains unclear why the relief of
IIH-associated symptoms, in particular the headache, may persist for a prolonged
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time [15]. It may be speculated that the transient reduction in ICP reduces second-
ary TSS improving venous outflow and CSF absorption restoring a stable equilib-
rium with adequate CSF dynamics [12, 85-87].

18.2.3.3 Pharmacological Treatment

The pharmacological treatment of IIH is mainly based on the use of carbonic anhy-
drase inhibitors. The carbonic anhydrase plays a significant role in the production of
CSF as it regulates the synthesis of hydrogen carbonate (HCO;™) [88-91]. The
enzyme is located in epithelial cells of the choroid plexus. In addition to the cyto-
solic form, extracellular membrane-associated isoforms exist [92]. Carbonic anhy-
drase inhibitors such as acetazolamide may inhibit CSF secretion [93—-95] and reduce
ICP [96, 97]. If this effect is mediated through an action on the intra- or extracellular
isoforms of carbonic anhydrase or both, has not been entirely clarified.

Acetazolamide represents the most widely used carbonic anhydrase inhibitor for
the pharmacological treatment of IIH. It is generally used in a dose ranging between
500 and 2000 mg per day. Despite the widespread use of acetazolamide, until
recently evidence on its clinical efficacy was scarce and mainly based on small
open-label studies [98, 99]. A randomized controlled trial that was conducted in
2011 did not show a convincing efficacy, probably due to the small number of par-
ticipants and the high discontinuation rate of acetazolamide. In addition, this trial
did not include a placebo group [98]. In 2014, the NORDIC Idiopathic Intracranial
Hypertension Study Group published data from the first multicenter, randomized,
double-masked, placebo-controlled study of acetazolamide with 165 participants
which demonstrate that acetazolamide is effective in improving visual function,
papilledema, and headache disability [100]. Interestingly, participants also experi-
enced a significant weight reduction that may have contributed to the clinical effi-
cacy of this pharmacological approach [31, 100]. In the trial participants were
treated with up to 4 g of acetazolamide per day. The most commonly observed
unwanted side effects were fatigue and gastrointestinal symptoms including diar-
rhea, dyspepsia, nausea, and vomiting.

The anticonvulsant topiramate is increasingly used for the treatment of ITH, in
particular in cases in which the effect of acetazolamide does not suffice to normalize
ICP and stop the progression of visual deficits or in which acetazolamide has to be
discontinued due to intolerable side effects. Topiramate is commonly used in a dose
ranging between 50 and 200 mg per day. Treatment with topiramate is frequently
accompanied by unwanted side effects that may include dysesthesias, mood
changes, and decline in cognitive abilities [101]. The effect of topiramate is thought
to be based on its ability to inhibit carbonic anhydrase and the reduction of body
weight. Despite its common use in clinical routine, up to date no randomized,
placebo-controlled trial has been conducted to verify its efficacy in treating IIH. In
an open-label study, topiramate has been demonstrated to be as effective in improv-
ing visual field grades as acetazolamide [99]. Another small study conducted by
Shah et al. largely confirmed the findings [102] but results have to be taken with
caution as the study was based on an open-label design and did not include a control
group. As in the case of acetazolamide, it is not entirely clear if the beneficial effect
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is mainly the result of topiramate-induced weight loss, rather than an effect on car-
bonic anhydrase [28]. Further studies, in particular arandomized, placebo-controlled
trial, are required to clarify if topiramate is beneficial in the treatment of ITH and
which mechanism is responsible for its efficacy.

The use of diuretic substances for the treatment of IIH has been debated since
Jefferson et al demonstrated beneficial effects for several diuretic compounds [103].
In this context, furosemide has been demonstrated to inhibit carbonic anhydrase
[104-108] and to lower ICP [109]. Given its widespread use in clinical routine, the
effect on carbonic anhydrase led to its increasing use for the treatment of ITH. For
the relief of [IH-associated symptoms it is generally used in a dose ranging between
30 and 80 mg per day. However, up to date no randomized placebo-controlled trials
exist that may demonstrate its efficacy in ITH.

Steroids have been used for the treatment of IIH in the past [110]. Due to their
significant side effects, which may include a substantial weight gain, long-term
treatment of ITH with steroids has become obsolete. In addition to the substantial
side effects, long-term treatment with steroids bear the risk of a rebound when treat-
ment is terminated. However, in exceptional cases with an imminent risk of a com-
plete visual loss, short-term treatment may be considered to bridge a preoperative
period prior to a CSF diversion procedure.

18.2.3.4 Endovascular Treatment

Endovascular treatment has been shown to be effective in the treatment of IIH in
the majority of patients with TSS [45, 53—60, 111]. The mechanism behind this
beneficial effect is believed to be based on an improvement of venous outflow that
leads to an improved CSF absorption and a decrease in ICP [43, 112]. However,
endovascular treatment may be accompanied by severe complications which
include an in-stent thrombosis, stent migration, sinus perforation, and subdural
hemorrhage. Due to the potential complications that may arise in the context or as
a consequence of endovascular treatment, the lack of studies investigating the
long-term efficacy and safety of this treatment in IIH and the fact that most patients
benefit significantly from weight loss and pharmacological treatments, the proce-
dure remains controversial and is currently not recommended for the routine treat-
ment of ITH [113].

18.2.3.5 Surgical Treatment

CSF diversion procedures include the surgical implantation of a ventriculoperito-
neal or lumboperitoneal shunt [114]. Clinical data suggest, that ventriculoperitoneal
shunts should be preferred in contrast to lumboperitoneal shunts as the latter are
associated with a higher risk of complications that require surgical shunt revision
[115]. Studies that address the long-term efficacy and safety of these procedures
remain scarce [54]. Given the lack of conclusive data and due to the fact that these
procedures may suffer complications such as a shunt infection, shunt failure, or
over-shunting, that may occasionally require a surgical shunt revision, these inter-
ventions should only be considered in treatment refractory cases or in case of an
imminent risk of complete visual loss [116].



196 J. Hoffmann

18.2.3.6 Optic Nerve Sheath Fenestration
Optic nerve sheath fenestration should be considered if papilledema and visual dis-
turbances represent the primary symptom or if pharmacological treatment has not
been effective in preventing visual deterioration. The intervention is performed
through an incision in the meninges surrounding the optic nerve. The technique is
highly effective in stabilizing and improving papilledema and visual loss [117-121].
Nevertheless, as with endovascular treatment options and CSF diversion proce-
dures, future studies will need to clarify long-term efficacy and safety as current
studies still provide inconclusive results [118, 121].

A recommendation on which interventional technique, CSF diversion procedure
or optic nerve sheath fenestration, should be preferred if surgical treatment is indi-
cated is currently not possible based on the existing literature [113].

18.3 Spontaneous Intracranial Hypotension

Spontaneous intracranial hypertension (SIH) is a rare headache syndrome with an
estimated annual incidence of 5 cases per 100,000 people and a prevalence of 1 case
per 50,000. Although it may occur at any age, the typical age of incidence ranges
between 40 and 60 years. The syndrome shows a female sex predilection with a
female to male ratio of 2:1 [122].

The clinical syndrome has been initially described by Schaltenbrand in 1938
[123] and is now defined in the IHS classification [8] (Table 18.2). It is character-
ized by an orthostatic headache that is usually the result of a spontaneous CSF leak.
The underlying cause of the CSF leaks, in particular the reasons for the observed
age distribution and sex predilection, remain largely unknown.

18.3.1 Pathophysiology

In contrast to earlier hypotheses that suggested a decrease in CSF production or an
increase in CSF absorption [124], clinical evidence indicates that SIH is the result
of a spontaneous CSF leak which causes a reduction of CSF pressure. Most of the
CSF leaks causing SIH are located in the cervicothoracic junction or along the tho-
racic spine and occasionally multiple simultaneous CSF leaks may be observed

Table 18.2 Diagnostic criteria for Idiopathic Intracranial Hypertension (ITH) Established by the
International Headache Society (ICHD-3 beta) (Cephalalgia 2013; 33(9): 629-808)

A. Any headache fulfilling criterion C

B. Low CSF pressure (<60 mm CSF) and/or evidence of CSF leakage on imaging

C. Headache has developed in temporal relation to the low CSF pressure or CSF leakage, or
has led to its discovery

D. Not better accounted for by another ICHD-3 diagnosis
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[122]. In contrast, cranial leaks are not associated with the clinical syndrome of SIH
[125]. The underlying cause of the development of CSF leaks has not been entirely
clarified. Clinical evidence suggests that traumatic events which may include trivial
increases in ICP during coughing or physical exercise, as well as a genetic predis-
position that may induce tissue abnormalities increasing the likelihood of spontane-
ous dural ruptures and CSF leaks, have been hypothesized [8, 126—-130]. While
evidence for traumatic events can be identified in about one-third of SIH patients,
evidence for an underlying generalized connective tissue disorder, which among
others may include Marfan [131-134] and Ehlers-Danlos [135] syndromes, can be
observed in up to two-thirds of SIH patients [130, 135-139]. These associated con-
nective tissue disorders may be underdiagnosed as their clinical manifestations may
be subtle [135].

The cause of SIH-induced headache is believed to be the result of a downward
displacement of the brain causing traction on pain-sensitive intracranial structures,
in particular the dura mater [122, 140]. Spinal manifestations of SIH such as radicu-
lopathy and myelopathy are caused by spinal cord or nerve root compression
induced by extrathecal CSF collections [141].

18.3.2 Clinical Syndrome and Diagnosis

The clinical picture is characterized by an orthostatic headache that initiates or
worsens in upright position as intracranial CSF pressure falls due to gravitation-
induced downward flow. The brain consequently suffers a downward displacement
with painful traction on the dura mater. Worsening after assuming upright position
and relief after lying down generally occur within 15 min but the time frame may
well range between seconds and several hours [8, 122, 142-144]. The commonly
bilateral headache can be of throbbing quality and may vary substantially in its
intensity ranging from mild to severe. Headache initiates and worsens gradually but
in rare cases an acute onset can be observed. It is usually accompanied by neck stiff-
ness and occasionally even subjective hearing symptoms and tinnitus. Nausea, pho-
tophobia, and phonophobia may also occur [8]. In exceptional cases spinal symptoms
such as radiculopathy or myelopathy, which follow no orthostatic pattern, may be
observed [141].

Diagnosis of SIH is largely based on neuroimaging techniques as the clinical
picture may vary substantially and even the orthostatic component of the headache
may be completely absent [143]. In general, cranial MRI is used to identify specific
signs of reduced ICP. Prominent MRI signs of SIH include supra- and infratentorial
pachymeningeal enhancement resulting from the dilation of subdural blood vessels
[145, 146], subdural fluid collections as a compensatory fluid accumulation due to
the CSF leak and the resulting downward displacement of the brain [122, 147, 148],
effacement of perichiasmatic and prepontine cisterns with flattening of the pons
against the clivus, descent of cerebellar tonsils and in exceptional cases ventricular
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collapse [10, 122, 146], pituitary hyperemia and enlargement as well as engorge-
ment of venous structures [149-153]. Occasionally, in particular in cases of an
extensive reduction of ICP, a rupture of the bridging veins may occur leading to the
appearance of subdural hematomas.

However, in up to 20 % of SIH patients no MRI abnormalities can be observed
[122, 154, 155]. Myelography and in particular radionuclide cisternography should
be reserved for cases in which the identification of a CSF leak is not possible by the
use of MRI and in which the clinical picture does not remit spontaneously requiring
further interventions. In this context, it has to be considered that in about one-third
of SIH patients a CSF leak is not identified even if radionuclide cisternography is
used [122]. If results from imaging techniques remain inconclusive, which is the
case in 25 % of SIH patients [148], a lumbar puncture may be considered to identify
areduced CSF opening pressure (<6 cm CSF). However, the risk of a new CSF leak
induced by the procedure should be considered when evaluating the potential diag-
nostic benefit. In contrast to previous diagnostic criteria, the efficacy of an epidural
blood patch is no longer required for the diagnosis of SIH as it is not effective in
about 25 % of SIH patients [156, 157].

18.3.3 Treatment

Given the underlying pathophysiological mechanism of the clinical syndrome it is
highly likely that in a large number of SIH patients the syndrome remits without any
kind of treatment. Therefore, it can be assumed that the condition is largely under-
diagnosed as many patients may not seek medical advice if headache is mild and
remits within a short period of time. If the clinical symptoms are disabling or the
condition does not remit spontaneously, pharmacological or interventional treat-
ment may become necessary. However, available treatment options are limited and
no randomized, placebo-controlled trials exist to demonstrate their efficacy.

The most pragmatic approach consists in starting treatment with conservative
measures including strict bed rest and adequate hydration. It has been suggested that
the additional administration of caffeine, theophylline, and steroids may be useful
as they are thought to increase CSF production [158], but in clinical practice the
effect appears to be limited and no trials exist to confirm their utility. In case further
treatment is required, an epidural blood patch is the treatment of choice. During the
procedure, 10-20 ml of autologous blood is injected into the epidural space [156,
157]. The first epidural blood patch is successful in 30-50 % of cases [122, 156,
157]. If the treatment fails to seal the CSF leak, the procedure can be repeated with
a larger blood volume. In case epidural blood patches do not achieve the desired
sealing effect, the use of fibrin sealant may be considered [159, 160]. In contrast to
the epidural blood patch, the procedure requires the identification of the exact site
of the CSF leak. Together with the fact that anaphylactic reactions have been
observed in the context of fibrin sealant use [161], the use of this technique should
be limited to SIH patients in which the epidural blood patch was unsuccessful and
would therefore require a surgical intervention. In this group of patients, the use of
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the percutaneously applied fibrin sealant is successful in about one-third of SIH
patients [159].

If conservative methods and the described sealing techniques fail to achieve clo-
sure of the CSF leak and remission of the STH-associated symptoms or if anatomical
abnormalities are responsible for the leakage, surgical intervention at the site of the
leak may become necessary [162—-165].
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19.1 Historical Note and Nomenclature

Chronic headache following overuse of acute migraine drugs was described first by
Horton and Peters. They reported 52 patients with migraine who took ergotamine
daily, developed daily headache, and noted improvement after the ergotamine was
withdrawn [48].

The International Headache Society originally defined drug-induced headache as
chronic headache occurring on 15 or more days a month following overuse of any
kind of acute headache drugs [46]. This, however, was based on experience with
overuse of analgesics and ergots only and did not cover the triptan-induced
medication-overuse headache. After triptans were introduced, it became clear that
they can also lead to medication-overuse headache [52, 57, 58]. The revised second
edition of the classification criteria of the International Headache Society introduced
the term “medication-overuse headache,” which replaced previous terms such as
“drug-induced headache,” “analgesic-induced headache,” and “rebound headache.”
It further differentiated between medication-overuse headaches induced by analge-
sics, ergots, triptans, and opioids [65]. In 2006, an expert board consensus paper
introduced of broader concept of medication-overuse headache in which the diagno-
sis of medication-overuse headache is based on the headache frequency (equal to or
greater than 15 days/month) and overuse of headache medication but does not require
the headache to improve after withdrawal [64]. In 2013, the International Headache
Society published a beta version of the third version of the classification criteria.
Here the medication-overuse headache (MOH) is defined in chapter 8 under section
8.2. It has eight subforms: MOH induced by ergotamine, triptans, analgesics
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Table 19.1 8.2 Medication-overuse headache

Diagnostic criteria:

A. Headache occurring on >15 days per month in a patient with a preexisting headache
disorder

B. Regular overuse for >3 months of one or more drugs that can be taken for acute and/or
symptomatic treatment of headache

C. Not better accounted for by another ICHD-3 diagnosis

Table 19.2 Subentities of MOH

8.2 Medication-overuse headache

8.2.1 Ergotamine-overuse headache

8.2.2 Triptan-overuse headache

8.2.3 Analgesic-overuse headache

8.2.3.1 Paracetamol (acetaminophen)-overuse headache

8.2.3.2 Acetylsalicylic acid-overuse headache

8.2.3.3 Other nonsteroidal anti-inflammatory drug (NSAID)-overuse headache
8.2.4 Opioid-overuse headache

8.2.5 Combination analgesic-overuse headache

8.2.6 Medication-overuse headache attributed to multiple drug classes not individually
overused

8.2.7 Medication-overuse headache attributed to unverified overuse of multiple drug classes
8.2.8 Medication-overuse headache attributed to other medication

8.3 Headache attributed to substance withdrawal

8.3.1 Caftfeine-withdrawal headache

8.3.2 Opioid-withdrawal headache

8.3.3 Estrogen-withdrawal headache

8.3.4 Headache attributed to withdrawal from chronic use of other substance

(simple and combined), opioids, undefined multiple drug classes, and others. The
authors of the third version stressed the importance of the pharmacological proper-
ties of the overused medication and divided simple analgesics into paracetamol, aspi-
rin, and other nonsteroidals. New is also section 8.3 defining withdrawal headache
due to withdrawal from opioids, caffeine, estrogens, and other substances.

In general, MOH is defined as headache occurring on 15 or more days per month
developing as a consequence of regular overuse of acute or symptomatic headache
medication (on 10 or more, or 15 or more days per month, depending on the medica-
tion) for more than 3 months. It usually, but not invariably, resolves after the overuse
is stopped. Patients with a preexisting primary headache who, in association with
medication overuse, develop a new type of headache or a marked worsening of their
preexisting headache that, in either case, meets the criteria for 8.2 Medication-
overuse headache (or one of its subtypes), should be given both this diagnosis and
the diagnosis of the preexisting headache. Patients who meet criteria for both
chronic migraine and 8.2 Medication-overuse headaches should be given both diag-
noses [47] (Tables 19.1 and 19.2).
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19.2 Clinical Manifestations

Patients with medication-overuse headache are mostly women, on average 40-45
years old. Most of them have migraine, some of them have tension-type headache,
or combination of both. On average they suffer from primary headache for 20 years
and overuse medication for about 5 years. Simple analgesics or their combination
with caffeine is the most frequently overused drug, followed by triptans. In the
recant decade, use and overuse of ergots decreased significantly all over the world.
In Europe very few patients overuse combination of analgesics with barbiturates,
which is much more frequent in the USA [10, 26, 106].

Clinical features of medication-overuse headache seem to depend on the phar-
macology of the overused substances. For example, unlike patients who suffer from
medication-overuse headaches following ergot or analgesic overuse, migraine
patients (but not patients with tension-type headache) who overused triptans did not
describe the typical tension-type daily headache but rather a migraine-like daily
headache (a unilateral, pulsating headache with autonomic disturbances) or a sig-
nificant increase in migraine frequency (see the International Headache Society cri-
teria for triptan-induced medication-overuse headache). The delay between the
frequent medication intake and the development of daily headache is shortest for
triptans (1.7 years), longer for ergots (2.7 years), and longest for analgesics
(4.8 years). Hence, triptans do not only cause a different spectrum of clinical fea-
tures but are able to cause medication-overuse headache faster and with lower dos-
ages than other substance groups [17, 58].

19.3 Epidemiology

Epidemiological studies on the consumption of analgesics in the general population
clearly indicate that antiheadache drugs are widely overused all over the world, in
developed as well as developing countries. According to these surveys, between 1
and 3 % of the general population take analgesics on a daily basis, and up to 7 %
take them at least once a week [43, 85].

Population-based prevalence studies demonstrate that about 1-2 % of the general
population suffer from chronic daily headache combined with overuse of headache
medication [13, 15, 56, 59, 69, 73, 92]. Studies in Post-Soviet countries reported a
significantly higher prevalence of chronic headache of 10 % and of chronic head-
ache with medication overuse of 6 % [5]. A further study in a population of elderly
(65 years or older) Chinese subjects revealed a prevalence of 1.3 % of chronic daily
headache in combination with analgesic overuse [100].

Single or combined analgesics are the most frequently overused (71 %) headache
drugs all over the world.

Meskunas and colleagues performed a retrospective analysis in order to evaluate the
overuse of acute headache drugs in a United States center over the past 15 years. The
proportion of subjects with a diagnosis of medication-overuse headache remained sta-
ble over the years, varying from 64 % of all cases seen in the center in 1990 to 59.3 %
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in 2005. The authors found a significant decrease in the relative frequency of probable
ergotamine-overuse headache (from 18.6 to 0 %) and in probable combination analge-
sic-overuse headache (from 42.2 to 13.6 %). The relative frequency increased signifi-
cantly for the triptans (from 0 to 21.6 %), for simple analgesics (from 8.8 to 31.8 %),
and for combinations of acute medications (from 9.8 to 22.7 %). These data indicated
that medication-overuse headache remained an important problem in tertiary headache
care but that the profile of medication overuse has dramatically changed [60].

Several studies addressed the prevalence of chronic headache in adolescents.
One Taiwanese study revealed a prevalence of chronic daily headache in a popula-
tion of adolescents (12-14 years of age) of 1.5 %. Only 20 % of them overused
headache medication, confirming previous findings that medication overuse is less
important in children and adolescents [101]. A study from Canada reported a clini-
cal analysis of 1669 children with headache seen in a neurology outpatient clinic.
The prevalence of chronic headache was 3 %. The prevalence of medication over-
use, however, was significantly higher, about 52 % [61]. Some recent studies report
in contrast higher prevalence of pediatric MOH both in GP headache clinic and
tertiary headache institutions [71].

19.4 Etiology

The incidence of developing chronic headache for people with episodic headache is
about 2-3 % in 1 year [82]. This number, however, is not entirely correct because
most of cases resolve spontaneously.

According to the current knowledge, the following risk factors lead to the devel-
opment of MOH:

19.4.1 Migraine and TTH as Primary Headache

Most headache experts agree that mainly patients with migraine and tension-type
headaches have a higher risk to develop medication-overuse headache than patients
with no primary headache using analgesics for other diseases. For example, patients
who were consuming fairly large amounts of analgesics regularly for arthritis did
not show an increased incidence of headache [6, 55]. However, clinical series
reported medication-overuse headache in patients with cluster headache [67] and
shunted hydrocephalus [23, 105], interestingly in those patients with a positive fam-
ily history of migraine. In both observations, frequency and intensity of headache
decreased after reducing analgesic intake.

19.4.2 Overuse of Any Kind of Acute Headache Medication

A Norwegian study evaluated analgesic use by 32,067 adults in 1984 and again
11 years later. Those who used analgesics daily or weekly at baseline had a higher
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risk of developing chronic migraine (RR=13.3), of chronic nonmigraine headache
(RR=6.2), and of chronic neck pain (RR=2.4) at follow-up [109]. In a subsequent
follow-up 10 years later (HEAD HUNT III), the authors were able to estimate the
incidence of MOH to be 0.72 per 1000 person-years (95 % confidence interval
0.62-0.81) and the overuse of tranquilizers [odds ratio 5.2 (3.0-9.0)], or a combina-
tion of chronic musculoskeletal complaints, gastrointestinal complaints, and
Anxiety and Depression [odds ratio 4.7 (2.4-9.0)], Smoking and physical inactivity
as the most important risk factors [45]. A population-based study in the USA identi-
fied higher headache frequency at baseline and medication overuse as risk factors
for developing of chronic headache [82]. A Danish study investigated a population-
based sample of 740 people in 1989 and in 2001 and found that daily intake of
analgesics and coexistence of migraine and TTH were associated with frequent
headache [1]. The incidence of de novo chronic headache was significantly higher
(14 %) in a patient population of a specialized headache clinic in Germany. Patients
who used acute headache medication frequently (more than 10 days per month) had
a 20-fold increased risk for chronic headache than patients who used acute head-
ache medication fewer than 5 days per month. The risk increased to twofold in
patients who used two or more different headache drugs simultaneously [50].

A very important question whether use of specific classes of acute headache
drugs bears a higher risk for development of MOH was addressed recently in the
American Migraine Prevalence and Prevention (AMPP) Study. Of 8219 individuals
with episodic migraine, 209 developed chronic headache during the following year.
Thus, the incidence of de novo chronic headache was 2.5 %. People using medica-
tion containing barbiturates or opiates had a twofold higher risk to develop chronic
headache than those using single analgesics or triptans [10]. A large, population-
based, case-control study revealed caffeine consumption to be a modest risk factor
for chronic daily headache development [81].

19.4.3 Socioeconomic Status and Obesity

Low socioeconomic status is associated with chronic headache and medication-
overuse headache in Norway [44, 102] and was even more prominent in countries
in transition, e.g., Russia, Republic of Georgia [5, 51]. This observation was sup-
ported in immigrant studies. Wiendels and colleagues found a threefold higher prev-
alence of chronic headache in immigrants than in a Dutch general population [103].
Kavuk and colleagues observed a sevenfold higher prevalence of chronic headache
(21 %) in first-generation Turkish immigrants in Germany than in German natives
(3.1 %). Interestingly, prevalence of medication-overuse headache in Turkish immi-
grants of the second generation (i.e., born in Germany) was 3.6 %. This study clearly
demonstrated that poor utilization of adequate medical care in first-generation
Turkish immigrants in Germany was a major factor leading to high prevalence of
medication-overuse headache [53].

Obesity could be another important risk factor for headache chronification. In a
longitudinal 1-year population study, Scher et al. demonstrated that obese
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individuals were five times more likely to develop chronic headache than people
with normal weight [82]. Another US study found a significant association of obe-
sity with chronic headache [9].

19.4.4 Psychiatric and Other Comorbidities

Several studies dealt with family history and comorbidities of patients’
MOH. Depression seems to increase the risk of developing chronic headache by
50 % [2]. It seems that patients’ MOH more frequently have a positive family his-
tory chronic headache and of substance abuse [14]. Insomnia [80], temporoman-
dibular disorders [20], mood disorders, dependency like behavior [39], or use of
psychoactive substances are more frequent in patients with MOH [74], especially in
those with preexisting episodic tension-type headache [3].

19.5 Pathogenesis and Pathophysiology

The pathophysiology of medication-overuse headache is unknown. Until now, clari-
fication of the underlying pathophysiology was hampered by the lack of experimen-
tal research or suitable animal models. During recent years, however, the number of
animal studies has increased significantly demonstrating complex changes in cen-
tral nervous system following chronic administration of triptans. Reuter and col-
leagues demonstrated that chronic exposure of triptans causes a downregulation of
receptors in trigeminal ganglion and, subsequently, a reduction of receptor function
[76]. Chronic administration of sumatriptan and zolmitriptan caused a decrease of
the 5-HT synthesis in the dorsal raphe nuclei of the brainstem [30, 97]. Finally,
triptan given daily resulted in a sensitization of trigeminal nociception, possibly due
to increased expression of neuronal nitric oxide synthase in dural afferents [21].
Chronic application of analgesics resulted in upregulation of pronociceptive SHT2A
receptors of platelets in humans [90], in a significant decrease in the maximum
number of 5-HT2A binding sites, and an increase in the maximum number of 5-HT
transporter binding sites in the CNS of rats [91].

Genetic studies on medication-overuse headache are ambiguous. Park and col-
leagues reported an association of a serotonin transporter protein gene polymorphism
(short allele) with medication overuse in chronic tension-type headache [68]. In con-
trast, a recent Italian study did not found significant associations between MOH risk
and SHT2A gene polymorphisms [94]. Another study suggested a possible role of
Wolframin His611Arg (WES1) polymorphism in medication overuse and subsequent
medication-overuse headache. Homozygous or compound heterozygous mutations in
WEFS1 (chromosome 4p16.1) determine Wolfram syndrome, a neurodegenerative dis-
order associated with diabetes mellitus, diabetes insipidus, hearing loss, progressive
blindness, and a heterogenous combination of psychiatric disorders. Heterozygous
Wolfram syndrome carriers are prone to develop psychiatric illness or behavioral
problems such as impulse control, alcohol, or illicit drug abuse [24].
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There is a growing evidence that central sensitization may play an important
role in the pathophysiology of chronic headache. A series of investigations
using psychophysical and electrophysiological techniques clearly demon-
strated a facilitation of trigeminal pain processing in patients with chronic
headache. Decreased pain thresholds have been found in patients with chronic
tension-type headache [8]. These findings have been confirmed by demonstrat-
ing increased amplitudes of laser-evoked cortical potentials in patients with
chronic tension-type headache [22]. Ayzenberg and colleagues used a novel
technique of simultaneous recording of blink reflex and nociceptive cortical
potentials following nociceptive trigeminal stimulation. The authors were able
to demonstrate a temporary facilitation of the trigeminal nociceptive system at
a supraspinal level that normalized again after withdrawal [4]. Using transcra-
nial magnetic stimulation Curra et al. demonstrated an increase of cortical
inhibitory mechanisms in NSAID-induced headache but not in patients overus-
ing triptans [19].

Imaging studies provide further insights into the pathophysiology of medication-
overuse headache. The studies are however rather small and findings in details are
inconsistent. Overall the available data suggest both structural [77, 83] and func-
tional [32, 36] changes in the pain matrix of the brain. Psychological factors include
the reinforcing properties of pain relief by drug consumption, a powerful compo-
nent of positive conditioning. Many patients report that they take migraine drugs
prophylactically because they are worried about missing work or an important
social event or they fear an imminent headache. They are often instructed by physi-
cians or by the instructions supplied with the medication to take the migraine drug
as early as possible at the start of either the aura or the headache phase of a migraine
attack.

Withdrawal headache is an additional factor. When the patient tries to stop or
reduce the medication, the preexisting headache worsens. Barbiturates that are con-
tained in drugs used to treat tension-type headache have a high potency for addic-
tion. The stimulating action of analgesics or migraine drugs and their psychotropic
side effects, such as sedation or mild euphoria, may lead to drug dependency.
Barbiturates, codeine, other opioids, and caffeine are most likely to have this effect.
Caffeine increases vigilance, relieves fatigue, and improves performance and mood
[41, 42]. The typical symptoms of caffeine withdrawal such as irritability, nervous-
ness, restlessness, and “caffeine-withdrawal headache” [89, 99], which may last for
several days, encourage patients to continue their abuse. Despite the fact that caf-
feine may enhance the analgesic action of acetylsalicylic acid and acetaminophen,
caffeine-containing combinations should not be used. Similarly, caffeine and mep-
robamate, the main metabolite of carisoprodol, should be removed from ergotamine-
containing formulations.

Headache patients can develop physical dependence on codeine and other opi-
oids [33, 108]. Although some headache patients have been on codeine for as long
as 10 years, no studies have investigated the effects of codeine intake over this time
period. It should be remembered that up to 10 % of codeine is metabolized to
morphine.
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19.6 Differential Diagnosis

All conditions that lead to more than 10-12 headache days per month must be consid-
ered in the differential diagnosis of medication-overuse headache. Chronic tension-
type headache is a diffuse, dull, nonlocalized headache with or without minimal
autonomic features. Headache intensity is lower than that of migraine. Patients find it
difficult to describe the character of pain. Sometimes it is described as a feeling of a
metal band around the head or a feeling of increased pressure. Many patients with
chronic tension-type headache complain of mild autonomic disturbances such as nau-
sea, photophobia, or phonophobia. Chronic tension-type headache with medication
overuse can be differentiated from chronic tension-type headache without medication
overuse only after drug withdrawal or a drug holiday. If the headache persists, respon-
sibility for chronic headache cannot be attributed to the analgesic intake.

Patients with chronic migraine have a history of episodic migraine attacks that
increase in frequency over time. Chronic migraine is diagnosed if patients have
daily or almost-daily headaches with migrainous features (e.g., unilateral throbbing
pain, nausea or vomiting, photo- and phonophobia, and headache intensity that is
increased by physical activity). The majority of patients are women, 90 % of whom
have a history of migraine without aura. Chronic migraine has to be distinguished
from combination headache, in which patients suffer from chronic tension-type
headache along with the daily, pressing, tightening, and bilateral headache from
intermittent migraine attacks. It is sometimes impossible to separate migraine from
tension-type headache. In these cases, treating at least three headache days with a
triptan is recommended. If the headache responds to the triptan, headache prophy-
laxis is performed as if a migraine exists [28, 38, 95]. The other patients are treated
for chronic tension-type headache.

Hemicrania continua patients suffer from daily headache of moderate intensity.
Superimposed exacerbation of severe headache with ipsilateral autonomic features
such as ptosis, miosis, tearing, and sweating [62, 63] may occur. Some patients have
photo- and phonophobia or nausea. In some cases, the head pain alternates sides.
Hemicrania continua is differentiated from cluster headache and chronic paroxys-
mal hemicrania by its continuous pain character; furthermore, the autonomic symp-
toms during acute pain exacerbations are less pronounced compared with cluster
headache or chronic paroxysmal hemicrania.

Patients with new daily persistent headache abruptly develop chronic headache
without remission. Many patients remember the exact day the headache started. These
patients did not have a previous history of migraine or episodic tension-type head-
ache. In some patients a viral infection was suspected to cause this form of headache
[25]. The headache usually does not respond to ergots, triptans, or simple analgesics.

19.7 Prevention

The most important preventive measure is proper instruction and appropriate sur-
veillance of patients. Migraine patients at risk often have a mixture of migraine and
tension-type headaches and should be carefully instructed to use specific
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antimigraine drugs for migraine attacks only. This point was already stressed in
1951 by Peters and Horton concerning ergotamine abuse. For example, complica-
tions can be avoided if enough time is taken to properly instruct the patient, so that
he or she can distinguish between vasodilating and nondilating headache [70].

Restricting the number of doses of any kind of acute headache and migraine
drugs to ten doses per month can be effective to avoid medication overuse. Migraine
drugs that contain barbiturates, caffeine, codeine, or tranquilizers, as well as mixed
analgesics, should be avoided at all. Patients who take nonprescription medication
should be advised to avoid caffeine combinations. Early migraine prophylaxis,
either by medical or behavioral treatment, can be a preventive measure to avoid
chronic headache.

19.8 Management

Management of MOH should be performed using multimodal approach (e.g.,
involving psychologists and physiotherapists), which results in significant improve-
ment of headache, improvement of well-being, and a reduction of the illness-related
costs. On average about 70 % of patients improve significantly. The medication-
related costs decrease by 25 %, in patients overusing triptans by 43 % [86].

Abrupt drug withdrawal is the treatment of choice for medication-overuse head-
ache. The typical withdrawal symptoms last for 2-10 days (average 3.5 days) and
include withdrawal headache, nausea, vomiting, arterial hypotension, tachycardia,
sleep disturbances, restlessness, anxiety, and nervousness. The withdrawal phase is
much shorter when patients are abusing only triptans. Seizures or hallucinations
were only rarely observed, even in patients who were abusing barbiturate-contain-
ing migraine drugs.

Drug withdrawal is performed differently. A consensus paper by the German
Neurological Society recommends outpatient withdrawal for patients who do not
take barbiturates or tranquilizers with their analgesics and are highly motivated
[29]. Patients who take tranquilizers, codeine, or barbiturates and who failed to
withdraw the drugs as outpatients or who have a high depression score should have
inpatient treatment. The decision of withdrawal setting, however, differs and
depends on the political and economic circumstances in different countries. The
medical evidence is scarce. Several studies compared the efficacy of inpatient ver-
sus outpatient withdrawal and reported no differences between the two settings [18,
78, 93]. Another recent study demonstrated that psychological education alone is
equally effective as cognitive behavioral contact program [35]. Therefore, we sug-
gest an outpatient withdrawal in the first instance in uncomplicated patients with
MOH. Patients with psychiatric or psychological comorbidities should be treated
using multidisciplinary treatment approach [37]. Italian headache group from Pavia
established a stratified approach for MOH patients with and without comorbidities.
They were able to show that simple MOH can be treated equally successfully using
in- and outpatient approach, while more complicated patients (e.g., psychiatric
comorbidities or overuse of benzodiazepines or barbiturates) should be admitted to
the hospital [79].
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Treatment recommendations for the acute phase of drug withdrawal vary consid-
erably between studies. They include fluid replacement, analgesics, tranquilizers,
neuroleptics, amitriptyline, valproate, intravenous dihydroergotamine, oxygen, and
electrical stimulation. Studies on cortisone to reduce withdrawal headache are
ambiguous. The first open trial showed that cortisone effectively reduced with-
drawal symptoms, including rebound headache [54]. A small pilot placebo con-
trolled study in Germany demonstrated the superiority of oral prednisone 100 mg
toward placebo [66]. Larger studies from Norway and Germany, however, were
negative ([11]; Rabe et al, 201).

When evaluating chronic headache patients, it is necessary to take a careful his-
tory. These patients frequently take several different substances daily despite the
fact that their effect is negligible. This behavior is merely an attempt to avoid a
disabling withdrawal headache. Patients should record their present and prior use of
prescription drugs and nonprescription compounds and caffeine intake. Many
patients also abuse other substances, such as tranquilizers, opioids, decongestants,
and laxatives. It is often helpful for patients to keep a diagnostic headache diary for
1 month in order to actually record headache patterns and drug use. History and
examination should also search for possible complications of regular drug intake,
such as recurrent gastric ulcers, anemia, and ergotism. A good indicator is the num-
ber of physicians the patient has consulted and the number of previous unsuccessful
therapies. One study showed that headache patients had consulted an average of 5.5
physicians who had prescribed 8.6 different therapies [27].

A short hospital stay is recommended if medication-overuse headache has lasted
more than 5 years when additional tranquilizer, barbiturate, or opioid intake exists.
It is further indicated for patients who have failed outpatient withdrawal or have
concomitant depression or anxiety disorder. In the hospital, all pain or headache
medication is stopped abruptly. Fluids should be replaced by infusion if frequent
vomiting occurs. Vomiting can be treated with antiemetics (e.g., metoclopramide or
domperidone). The withdrawal headache can be treated with nonsteroidal anti-
inflammatory drugs (e.g., naproxen 500 mg twice daily). In some countries, aspirin
is available in injectable form and 1000 mg are given every 8—12 h. If the headache
has migrainous features and the patient has not abused ergotamine, intravenous
dihydroergotamine 1-2 mg every 8 h is given [75, 87, 88]. Prednisone 100 mg on
the first day, tapering by 20 mg for the next days, is highly effective. Symptoms of
opioid withdrawal can be treated with clonidine. The initial dose is 0.1-0.2 mg three
times daily, and this is titrated up or down based on withdrawal symptoms (tachy-
cardia, tremor, sleeping disturbances). Some patients may require anxiolytic medi-
cation; this should be given for no longer than a week. Patients need the support of
treating physicians and nurses as well as encouragement from family and friends.
Behavioral techniques such as relaxation therapy and stress management should be
initiated as soon as the withdrawal symptoms fade.

Outpatient treatment is advised for patients who take monosubstances or analge-
sic mixtures not containing barbiturates or codeine. Patients whose original head-
ache is migraine can start prophylactic medication 4 weeks before withdrawal.
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Beta-blockers will improve withdrawal symptoms such as restlessness, tachycardia,
or tremor. Patients who have chronic tension-type headache may be started on a
tricyclic antidepressant 4 weeks prior to detoxification (e.g., amitriptyline 10 mg
increasing to 25-75 mg at nighttime). Ergots, triptans, and nonopioid drugs should
be stopped abruptly. Opioids and barbiturates should be withdrawn more slowly
depending on the dose and duration of intake. Withdrawal headache after ergots and
triptans can be treated with oral or parenteral nonsteroidal anti-inflammatory drugs
(e.g., 500 mg naproxen three times daily for 5-7 days).

If a patient experiences more than three migraine attacks a month after with-
drawal, medical and behavioral prophylaxis should be initiated. Clinical experience
shows that many patients respond to prophylactic treatment with beta-blockers, flu-
narizine, or valproic acid after drug withdrawal despite the fact that these drugs had
been unsuccessful before [16]. Ergotamine, triptans, and possibly analgesics coun-
teract the action of prophylactic therapy and will not improve drug-induced head-
ache. The same phenomenon can be observed for the action of amitriptyline and
behavioral therapy in patients with tension-type headache.

19.9 Prognosis and Complications

Several studies have dealt with the long-term outcome of patients with medication-
overuse headache after successful withdrawal therapy. Success is defined as no head-
ache at all or an improvement of more than 50 % in terms of headache days. The
success rate of withdrawal therapy within a time window of the first year months is
about 70 % [7, 12, 27, 40, 84, 104, 107]. Studies with longer observation time up
6 years reported relapse rates between 40 and 50 % [31, 34, 72, 84, 98]. Predictors
for relapses after successful withdrawal therapy remain difficult to analyze. Two
aspects appear to be important: the type of primary headache (patients with tension-
type headache or cooccurrence of migraine and tension-type headache have a higher
relapse risk) [27, 31, 49, 84] and a longer duration of regular drug intake [72, 96].
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20.1 Introduction
20.1.1 General Principles

The cranial neuropathies in the area of the face are relatively rare and so there are few
high-quality randomised controlled trials (RCTs) on which to put forward guidance.
In some areas, e.g. glossopharyngeal neuralgia there are none. In those cases results
are extrapolated, e.g. post-herpetic neuralgia of the trigeminal divisions is managed
according to the general guidelines for post-herpetic neuralgia. Often drugs are used
off licence and this makes for more difficulties when primary care physicians are
asked to continue prescriptions. It is also important to remember that in the pain field
a 50 % reduction in pain is considered a successful treatment. If RCTs have been
done then it is often possible to calculate the so-called number needed to treat (NNT)
and the lower this is the better the medication. There is a number needed to harm
(NNH) and if this is low then the incidence of side effects will be high. There is an
increasing tendency to add medications but rarely are medication reviews done to
exclude drugs that are no longer effective [39]. There is virtually no evidence for the
use of polypharmacy in any of the conditions covered in this chapter and yet many
patients are on polypharmacy including opioids when referred to specialist centres.
Care needs to be taken when prescribing medications and providing written
information, and personalised schedules go a long way in helping patients optimise
drug regimes. Clinical nurse specialists with prescribing rights can provide invalu-
able help. Medications should be carefully reviewed and some forms of more
objective measures are used. In our unit we use the Brief Pain Inventory — Facial
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Fig. 20.1 Diary of patient reporting severity of pain on a scale of 0-10 and drug dosage
(lamotrigine) over time

[24] which not only provides details of pain levels but also quality of life which can
be affected not just by pain but also by the side effects of drugs. We use the Adverse
Events Profile questionnaire [4] which has enabled us to evaluate the adverse effects
of carbamazepine and oxcarbazepine [9].

Patients should be encouraged to keep pain diaries to evaluate outcomes which
can be the ones they devised themselves or from various apps available on the
Internet. Figure 20.1 illustrates such a one made by the patient and clearly shows the
advantage of changing from carbamazepine to lamotrigine. It is important that these
diaries are not kept continuously but at points in time when changes are occurring.
These can be extremely useful in review consultations to determine not only dos-
ages but also schedules. Many new patients with trigeminal neuralgia will not be
aware that they should take their medications before a meal in order to be able to eat
a meal, as this can be a major trigger factor if drug levels have fallen. Patients can
therefore take control and be prescribed medications on a sliding scale especially
for conditions like trigeminal neuralgia which vary considerably in pain intensity.

Medications will only provide partial relief, so combining them with psychologi-
cal strategies can lead to significant improvement in outcomes. Systematic reviews
have shown that cognitive behaviour techniques for chronic pain can have a signifi-
cant impact on quality of life and hence patients’ abilities to cope with their pain
[31]. There is less evidence for their use in orofacial pain [1]. These are often deliv-
ered face to face but online ones are also available [29]. Allaying patients’ fears and
changing beliefs about their pain will have a marked impact on their ability to
respond to further management with both medications and psychology [6].
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20.1.2 Clinical Trials in Trigeminal Neuropathies

There are a variety of reasons for why there are so few trials in this area. The condi-
tions are rare and so one centre will not be able to recruit enough patients for an
adequately powered study. A recent trial of a new drug for trigeminal neuralgia
needed 11 countries and 27 centres in order to recruit 30 to the full trial [43]. There
are no biomarkers for any of these conditions and so diagnosis is based solely on
history and examination and will be dependent on the expertise of the clinician and
patients’ ability to recall details. The changes in the diagnostic criteria seen between
different versions of the IHCH classification [2, 3], are ample evidence of the diffi-
culties in agreeing on criteria. These need to be very precise in clinical trials.
Patients with rare conditions are often reluctant to volunteer for RCTs as they are
concerned that they will be allocated to placebo or the current best drug rather than
the new one [22]. RCTs are often of short duration which may not provide sufficient
time for the effects of the drug to be noted nor for their adverse effects to become
evident. Many of these conditions are very severe and so designs with placebo con-
trols cannot be used. An active control may not be possible due to drug interactions
as is found in trials in trigeminal neuralgia (TN) [43]. Another major concern in trials
in TN is that spontaneous remissions are common especially in the early stages of the
disease. Thus, recruiting patients with a short duration of the disease may bias
towards a favourable outcome as may have occurred in one study in the field of tri-
geminal neuralgia [25]. These factors have recently been considered by the NeupSig
group and shown how significantly they can affect outcomes [13].

20.2 Trigeminal Neuralgia, Classical, with Concomitant Pain

Trigeminal Neuralgia TN is defined by the Headache Classification Committee of
the International Headache Society as “A disorder characterized by recurrent unilat-
eral brief electric shock-like pains, abrupt in onset and termination, limited to the
distribution of one or more divisions of the trigeminal nerve and triggered by innoc-
uous stimuli. It may develop without apparent cause or be a result of another diag-
nosed disorder. There may or may not be, additionally, persistent background facial
pain of moderate intensity” [2].

Patients with classical-type TN do not have any background pain whereas the
patients with some background pain are described as classical trigeminal neuralgia
with concomitant persistent facial pain. The background pain may be continuous or
only be present for several hours [28]. None of the current trials are specific about
this distinction and yet Maarbjerg et al. [28] suggest that those with background
pain have a poorer response to anti-epileptic drugs (AEDs). There is also a general
consensus that patients with multiple sclerosis (MS) have reduced efficacy and tol-
erability to AEDs when used to manage their TN.

The first drug to be shown to have a significant impact on TN was phenytoin in
1942 and then in 1962 the landmark paper by Blom established carbamazepine as a
very effective drug [8]. Baclofen, valproate and clonazepam were the next series of
drugs used and except for baclofen the reports were all case series. Subsequently
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Table 20.1 Commonest drugs in use for trigeminal neuralgia to gain 50 % pain relief

Drug/therapy Daily dose range | Efficacy Side effects/comments
Evidence from RCT
Baclofen 50-80 mg used as | Good Ataxia, lethargy, fatigue, nausea,
four times a day vomiting, beware of rapid
withdrawal, useful in MS
Carbamazepine 300-1000 mg Excellent Drowsiness, ataxia, cognitive

used as four times | number needed | impairment, gastrointestinal,

a day to treat 2 diplopia, rash, introduce slowly,
drug interactions common, regular
monitoring

Lamotrigine 200—400 mg used | Good when Dizziness, drowsiness, cognitive
as twice a day added to other impairment, constipation, ataxia,
anti-epileptics | diplopia, irritability, rapid dose
escalation leads to rashes
Gabapentin 1800-3600 mg Good Drowsiness, cognitive impairment,
used as three ataxia, oedema, weight gain
times a day
Oxcarbazepine 300-1200 mg Excellent Fatigue, dizziness, cognitive

used as four times impairment, nausea, hyponatraemia

a day in high doses, no major drug
interactions

Case series only
Phenytoin 200-300 mg used | Good Drowsiness, ataxia, cognitive

as three times a impairment, gastrointestinal,

day diplopia, easy to overdose
Pregablin 300-600 mg used | Good Drowsiness, cognitive impairment,

as twice a day

ataxia, gastrointestinal, oedema

numerous other drugs have been trailed, some in RCTs but others as open label. The
most recent is CNV 1014802 [43] which shows promise. There has recently been
published an update on trigeminal neuralgia in Clinical Evidence and this will be
used for individual drug results [41, 42]. Although there are now a vast array of
drugs available to manage TN, it is important to ensure that a neurosurgical opinion
is sought early on so that if patients develop severe pain they know that there are
options other than drugs available [41, 42].

Carbamazepine The gold standard drug is carbamazepine and three RCTs, cross-
over design of poor quality in a total of 208 patients have been reported as well as a
systematic review. The NNT is 2 with 95 % CI 1-2 [41, 42]. There is very little lit-
erature on effectiveness over time and one study suggests that over a 16-year period
efficacy is reduced [37]. This however could also have been due to progression of
the disorder itself. Although highly effective the side effects of carbamazepine are
significant and there are reported deaths but it is not clear if carbamazepine was the
direct cause. Allergies to carbamazepine occur and there is a risk of Stevens-Johnson
syndrome in people with the allele HLA-B1502. Side effects are listed in Table 20.1
and recent review of side effects using a psychometrically tested questionnaire AEP
shows that cognitive side effects are the most prominent [9]. Drug interactions are
also common and this becomes a substantial problem in the elderly who are on
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polypharmacy. To reduce side effects the drug needs to be slowly escalated and
equally slowly withdrawn. Due to its pharmacokinetics it is important to monitor
haematinics, electrolytes, liver enzymes on a regular basis if high doses are used and
especially at the start of therapy. NICE [33] suggests that vitamin D and calcium
levels need to be checked if the drug is used long term. It remains the first-line drug
of choice in the UK [34].
Oxcarbazepine This drug is closely related to carbamazepine but as it does not use the
liver enzyme system for metabolism and has fewer drug interactions. RCTs have been
done and compared to carbamazepine but the only data available is in poster presented
at a conference and then quoted in Beydoun’s paper [5]. Its efficacy was the same as for
carbamazepine but there are insufficient data to report an NNT. The data also suggest
that tolerability of oxcarbazepine was better but no further details are provided. The drug
reduces in efficacy over time [44], [11]. One of its major side effects is hyponatraemia
which is dose-related [44]. There is general consensus among clinicians that oxcarbaze-
pine is the preferred drug and in some countries it is the first-line drug [10].
Lamotrigine This has only been used in combination with either carbamazepine
or phenytoin in a small crossover RCT. It is therefore not possible to provide an
NNT. It needs to be very slowly escalated due to its propensity to cause rashes when
the dose is escalated too rapidly. It remains a useful drug when allergy to
carbamazepine or oxcarbazepine occurs and it has been reported to be useful in
SUNA (short unilateral neuralgiform pain with autonomic features) [23]. Otherwise,
its side effect profile is similar to other AEDs.
Baclofen As this is a drug often used in patients with MS to improve spasticity, many
clinicians will use the drug in this group of patients. There is a reported RCT but its
quality is too poor to make any recommendations or provide an NNT. It is probably
better used in combination with carbamazepine rather than on its own. It can cause
sedation and its withdrawal must be slow as it can result in hallucinations.
Gabapentin A newer AED which has been used in a small RCT comparing its action
to supplementation with injection of ropivicane into trigger zones [25]. Although an
effective drug in other neuropathic pains, its effectiveness in this study was low.
Botulinum Injections of botulinum toxin type A have been reported in RCTs but
many are of poor quality and recent systematic reviews suggest that there is insuf-
ficient evidence for its use [17, 27].
Other RCTs These have been very small trials of drugs in facial neuralgia, dextro-
methorphan [16] and topiramate [15]. There are older drugs such as pimozide, tiza-
nidine, tocainide and proparacaine eye drops that have been reported in small poor
quality RCTs which showed no positive efficacy and are not in use [40].
Pregablin Obermann et al. [36] reported a prospective open label study of variable
doses of pregablin over a period of 1 year in 53 patients. Significant pain reductions
were noted and the most significant side effects were cognitive, i.e. dizziness, tired-
ness and headaches.
Leviteracetam Two small open-label studies have provided conflicting results as
to its efficacy [18, 30] and no further studies have been reported.
Lidocaine Patches These have been reported for use in post-herpetic neuralgia but
their use in TN is not indicated based on some case reports [21].

Table 20.1 summarises the dosages of the most commonly used drugs.
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20.2.1 Acute Management of TN

It is well recognised that some patients with TN will get severe prolonged attacks of
pain which result in them going to emergency departments. Inevitably, they are
given opioids which do little to relieve the pain. There are two RCTs reporting the
use of sumatripan subcutaneous [19] or intranasal lidocaine [20] which give relief
for a few hours. This would support clinicians, especially dental surgeons, impres-
sions that lidocaine injection into trigger points can provide immediate pain relief
that is often prolonged beyond the effect of the drug. There is a report of intravenous
fosphenytoin injection but this necessitates admission for cardiac monitoring [7].

20.3 TN and Multiple Sclerosis

Baclofen is often the preferred drug in this group of patients if they are already
using it. There are small case reports of drugs used specifically in MS, e.g. topira-
mate doses of 200-300 mg [45], misoprostol 600 pg daily [12] which suggest that
both provide 50 % pain relief.

20.4 Glossopharyngeal Neuralgia

This is defined as “A severe, transient, stabbing, unilateral pain experienced in the
ear, base of the tongue, tonsillar fossa and/or beneath the angle of the jaw. It is com-
monly provoked by swallowing, talking and/or coughing, and may remit and relapse
in the fashion of classical trigeminal neuralgia” [2].

There have not been any RCTs of drugs specifically for this condition. Due to its
similarity to TN all the same drugs are used.

20.5 Nervus Intermedius (Facial Nerve) Neuralgia

This is defined as “A rare disorder characterized by brief paroxysms of pain felt
deeply in the auditory canal, sometimes radiating to the parieto-occipital region. It
may develop without apparent cause or as a complication of Herpes zoster” [2].

There are no RCTs in relation to this condition and drugs used for post-herpetic
neuralgia are used.

20.6 Post-herpetic Trigeminal Neuropathy, Post-herpetic
Neuralgia

This is defined as “Unilateral head and/or facial pain persisting or recurring for at
least 3 months in the distribution of one or more branches of the trigeminal nerve,
with variable sensory changes, caused by Herpes zoster” [2].
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There are no specific RCTs for trigeminal post-herpetic neuralgia (PHN) but
most of the drugs used in the generic trials can be used in these patients. Care how-
ever needs to be taken with topical agents especially if the ophthalmic division is
involved.

The recently updated NICE guidelines have suggested that all the drugs have
similar NNTs so no hierarchies are suggested [34]. There are a number of interna-
tional guidelines whose recommendations are very similar [35]. There is some
recent evidence to suggest that combination therapies using lower dosages can
reduce side effects. One such trial is by Gilron et al. [14] who showed in an RCT
that gabapentin and nortriptyline can be effective when used in lower doses. A
recent review of the literature for drug therapy of neuropathic pain suggests that
previous RCTs and systematic reviews have been overoptimistic about outcomes
because they have not taken into account large placebo responses, poor phenotyping
and heterogeneous diagnostic criteria [13].

Gabapentin This drug’s efficacy has been shown in several RCTs and it improves
pain after 7-8 weeks, NNT 4, 95 % CI 3-6 [38]. Side effects include tiredness
27-17 %, dizziness: 24-20 %, ataxia: 7 % and peripheral oedema in around 10 %
[38]. Maximum doses suggested are 3600 mg used as a three times a day dosage and
trailed for 10 weeks [35].

Pregablin Numerous RCTs and a systematic review have confirmed that pregablin
in adequate doses 300 mg and over is effective in PHN [31]. The 19 studies involved
7003 participants a scale never seen in trials for TN. The NNT for 600 mg pregablin
daily compared with placebo is 3.9 (95 % confidence interval 3.1-5.1). As with all
AEDs cognitive side effects are common tiredness in 15-25 % and dizziness reported
between 27 and 46 %. It has an overall NNH of 6.1 (95 % CI 5.1-7.7) which is only
slightly affected by dosage. It is recommended that it is used at maximum dosage of
600 mg as a twice daily schedule for 4 weeks [35].

Antidepressants There is no evidence that serotonin-noradrenaline reuptake inhibi-
tors are helpful. On the other hand, the tricyclic antidepressants may be more effec-
tive at reducing pain in people after 3-8 weeks, NNT 3, 95 % CI 2—4 [38]. Dry mouth
is a significant problem especially with amitriptyline, up to 62 % with sedation being
the other major side effect and they are dose-dependent. Nortriptyline may be a better
option if using this class of drug NICE [34]. Lower doses are used than for treating
depression. Care needs to be taken when using these drugs and they are not recom-
mended in the presence of severe or recent myocardial injury or arrhythmia or for
older men with prostatism because of possible anticholinergic aggravation of urinary
retention. Nortriptyline can be used up to 150 mg daily for 10 weeks although at this
high dose side effects could be substantial [35].

Opioids These include tramadol, oxycodone, morphine and methadone, can pro-
vide some pain relief but the evidence is of poor quality. The adverse effects
outweigh their usefulness in PHN [38]. If used should only be for a trial of
4 weeks [35].

Topical Treatments (Lidocaine Patches) There is moderate evidence that these
5 % lidocaine-medicated plasters can relieve pain. One RCT reported an NNT 2,
95 % CI 1-3, but this was not replicated in other studies [38]. They are well tolerated
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and they are recommended in the old or those who cannot take systemic drugs, in
others they may be a useful adjunct. It is difficult to use them on the face during the
day but if they have significant allodynia that prevents sleep then used at night they
can be helpful [21]. Liedgens et al. [26] have shown that in Europe these patches are
cost-effective when compared to pregablin and have a much higher safety profile.
Patches can be used three times a day for a maximum of 12-18 h. If no effect is
noted at 3 weeks they are unlikely to be helpful [35].

Capsaicin patches have some evidence for efficacy but currently are not licensed
for use on the face.

Conclusions

AEDs are the main drugs of value in this group of disorders. They have been
shown to be effective but result in significant side effects such that patients stop
using them. It is important to consider stopping the drugs if no efficacy is noted
after a few months.
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21.1 Pain Originating from Teeth and Periodontal Structures

Dental and periapical periodontal (dental abscess) pain is reported by 12—14 % of
the population in the last 1-6 months [20]. Interestingly, periodontal disease and
gingivitis are painless. Consequently, a thorough dental examination is essential in
every patient presenting with orofacial pain in order to exclude dental pathology.
Since the patterns of radiating pain can be very puzzling, acute pulpitis has often
been confused with typical or atypical forms of trigeminal neuralgia and other oro-
facial pains. Response to anti-inflammatories and antibiotics may indicate this
pathology rather than neuropathic pain. Improved technical investigations including
electrical pulp testing, pulpal blood flow assessments, and cone-beam CT-scans
assist in investigating teeth for cracks, fractures, or extra roots/pulpal canals, which
allowed to decrease the group of patients previously classified as “persistent idio-
pathic facial pain” or “atypical odontalgia.” Management of dental and periapical
pain primarily needs local treatment by the dentist including removal of carious
dentine and enamel and restoration, pulpal extirpation with root canal treatment or
dental extraction. Pharmacological management of the pain, mostly NSAIDs and
paracetamol, is only indicated in the short term prior to or subsequent to surgery.
Antibiotic prophylaxis should only be installed in case of abscess or in case of
medically compromised patients.
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21.2 Pain Associated with Jaw Muscles
and Temporomandibular Joints

Pain associated with temporomandibular disorders (TMD) has the highest preva-
lence in the orofacial region next to dental pain [20] and can clinically be expressed
as masticatory muscle pain (MMP), arthritides, and/or TMJ-arthralgia [1]. Joint
function and loading of the masticatory system usually aggravates the pain. Often,
the pain is also expressed as a (tension-type) headache in the frontal or temporal
regions. In part of the patients, limitation of jaw movement, interference during
movement, or locking of the TMJ may accompany the pain.

TMD pain is very common: it has been reported in 4—12 % of the general popula-
tion (especially in the 2040 years of age range) with a female-to-male ratio of 2:1 [8,
12, 18]. TMD has a benign natural course: the symptoms remit in 33—49 % of cases
over a 5-year period [31] and progression to severe and/or chronic pain is rare [21].

Many aspects of the etiology of TMD are unclear. Based upon the biopsychoso-
cial model for pain, Diatchenko et al. [7] proposed a model in which TMD and its
associated symptoms would be influenced by the interaction of two sets of interme-
diate phenotypes: psychosocial distress and pain amplification. Each of these pheno-
types was influenced in itself by multiple potential risk factors, that again depend on
genetic regulation and are influenced by environmental contributions [37]. The
Orofacial Pain Prospective Evaluation and Risk Assessment (OPPERA) study [22,
38] tested this model. Several genetic associations with TMD were confirmed [39],
offering promising potential biomarkers. Patients and controls could clearly be dis-
criminated on the basis of pain pressure thresholds and cutaneous mechanical thresh-
olds [16]. In addition, psychometric instruments elucidated higher levels of affective
distress, somatic awareness, and pain catastrophizing [11]. TMD appeared also asso-
ciated with several biological measures illustrative for autonomic dysregulation [23].
These recent findings reinforce the shift from morphological causes like dental
occlusion in favor of the biopsychological and multifactorial background [15].

Specifically for MMP, parafunctions like tooth clenching and bruxism have been
implicated in the etiology (for review see Lavigne et al. [19]). Strikingly, daytime
(low-level) tooth clenching was identified as a risk factor [3, 10]. In TMJ-arthralgia,
some kind of trauma or overload of the joint system overrules its adaptive capacity
[43] possibly also after whiplash injury (for review see [17]), or in case of intrinsic
overloading of the TMJ [26]. As in MMP, genetic factors and gender differences
have been identified also in osteoarthritis, [14]. Smoking proved a significant risk
factor for the development of TMD in subjects under 30 years of age [32].

MMP is reported as a dull regional pain that aches especially in the jaw closing
muscles and around the ear. Some patients report more pain in the morning or the
evening [6] but the pattern may be variable [13]. The intensity is rated 3—7/10 on a
VAS [42]. The specific relation between MMP and (tension-type) headache is
unclear and a cause-effect relationship has not been established. MMP may be part
of widespread musculoskeletal pain and there appears to be a significant overlap
with fibromyalgia [40].
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TMIJ-arthralgia appears as a dull or sharp pain of moderate intensity, typically
more localized in or around the joint, and irradiating into the ear. Loading, move-
ments of the joint, and stretching of the joint capsule during maximal mouth open-
ing may aggravate the pain. Mouth opening and joint function may be limited as a
result of the pain or as a result of articular disk dysfunction (internal derangement
of the joint with clicking and locking).

Osteoarthritis of the TMJ is sometimes part of a general arthritis. Where acute
phases of arthritis typically are associated with increased pain, it is striking that a
“settled” osteoarthrosis of the TMJ, even with significant radiological degeneration
of the joint surfaces, often is only characterized by increased crepitation but without
pain complaints.

In case chronic TMD pain develops, both MMP and TMIJ-arthralgia may be
accompanied by central sensitization and psychological problems such as depres-
sion, somatization, and anxiety [2].

For the most common subgroups of TMD, research diagnostic criteria (RDC-
TMD) were established [9] and soon translated into a clinical classification [41].
Recently, the diagnostic criteria have been refined [34, 35]. Details and decision
trees for these diagnoses, as well as numerous translations of the questionnaires and
examination sheets, can be readily accessed at the RDC-TMD website (http://www.
rdc-tmdinternational.org/).

In view of their self-limiting and benign character, management of these prob-
lems aims at providing optimal circumstances for the body to adapt and heal. Most
treatment approaches are reversible and fit into the biopsychosocial approach:

* Correct information regarding the benign natural course of TMD is a primary
and very important step. Patients have to be instructed in avoiding overload of
the system, as in tooth clenching, and in active self-care, using warmth applica-
tion and massage [25].

* Systematic review did not find a particular method in physical therapy to be
superior [24]. And recent RCTs have indicated that, while in the initial phase
physical therapy results in decrease of pain and improved jaw movement there is
no specific therapy effect after 1 year [4, 5].

» The clinical efficacy on pain of intraoral occlusal appliances, widely used in the
management of TMD, is poorly documented. They should be designed in order
to avoid irreversible changes in the dental occlusion.

* Pain medication (analgesics, NSAIDs) can be needed to overcome acute pain,
and this is for a limited period of time [27].

» Arthrocentesis of the joint might be considered in patients with persistent TMJ-
arthralgia [29]. TMJ-surgery, however, did not prove to be superior to medical
management or conservative therapy in case of internal derangement with lock-
ing [33, 36].

In patients with chronic TMD pain, these therapies must be accompanied by
psychological support, e.g., cognitive behavioral therapy and relaxation therapy
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[30]. Low-dose tricyclic antidepressants or selective serotonin reuptake inhibitors
can be considered, as in other chronic pain syndromes [28].
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22.1 Post-traumatic Trigeminal Nerve Neuropathy

The trigeminal nerve is the largest sensory nerve in the body supplying the orofacial
region. latrogenic (caused by doctors or dentists) trigeminal nerve injuries (TNI)
result in pain in 70 % of patients [38] resulting in interference with speaking, eating,
kissing, shaving, applying makeup, tooth brushing and drinking, and consequently
a significant negative effect on the patient’s self-image, quality of life and psychol-
ogy [38, 39].

Causes of trigeminal alveolar nerve injury include local anaesthetic injections,
third molar surgery, implants, endodontics, ablative surgery, trauma and orthogna-
thic surgery. The inferior alveolar nerve (IAN) neuropathy related to third molar
surgery or inferior alveolar block injections is usually temporary but can persist and
become permanent (at 3 months). There are rare reports of resolution of implant-
related IAN neuropathies at over 4 years [12] but these do not comply with normal
reports of peripheral sensory nerve injuries [24]. Many authors recommend referral
of injuries after 6 months [16] but this may be too late for many peripheral sensory
nerve injuries to recover. We now understand that many dentally induced nerve
injuries require intervention immediately, within 30 h or within 3 months, to opti-
mise resolution from injury and prevent the permanent central and peripheral
changes within the nervous system [48].
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Nerve damage is likely to result from preoperative factors including poor
preoperative planning, resulting in inaccurate measurements and selection of
implant site and type (width and length). Any protrusion into the inferior dental
canal (IDC) or breech of the IDC will result in acute and often severe neuralgic-
type pain intra-operatively [23] and it is imperative that the clinician uses an appro-
priate LA protocol to allow the patient to indicate proximity of the surgical
instruments to the IDC.

The most significant issue with implant-related nerve injuries is that they are
entirely avoidable as this is elective surgery and potentially permanent with or with-
out surgical intervention [2, 34].

22.1.1 Prevention

22.1.1.1 Local Anaesthetic-Related Nerve Injuries
Nerve injury due to LA may be physical (needle, compression due to epineural or
perineural haemorrhage) or chemical (haemorrhage or LA contents). Thus the
resultant nerve injury may be a combination of peri-, epi- and intra-neural trauma
causing subsequent haemorrhage, inflammation and scarring resulting in demyelin-
ation [30]. Only 1.3-8.6 % of patients get an ‘electric shock’-type sensation on
application of an IAN block and 57 % of patients suffer from prolonged neuropathy
having not experienced the discomfort on injection, thus this is not a specific sign.
Routine practice in Europe and USA includes warning patients of potential nerve
injury in relation to dental injections.

Thus prevention of LA nerve injuries is possible and some simple steps may
minimise LA-related nerve injuries:

* Avoid high concentration LA for ID blocks (use 2 % Lidocaine as standard).
There is increasing evidence that higher concentration agents are more neuro-
toxic thus more likely to cause persistent inferior dental block (IDB)-related neu-
ropathy [33].

* Avoid multiple blocks where possible.

* Avoid IAN blocks by using high concentration agents (Articaine), infiltrations
only. Infiltration dentistry avoids the use of IDBs, thus prevent LA-related nerve
injury, for which there is no cure. A recent report highlights that the prevalence
of IDB-related nerve injuries in UK General dental practice is 1:14,000 blocks,
of which 25 % are permanent [33, 37].

22.1.2 Third Molar Surgery (TMS)

Worldwide, surgical removal of mandibular third molars is the most common oral
surgical procedure. Previous studies report that TMS-related IANIs occur in up to
3.6 % of cases permanently and 8 % of cases temporarily [40]. Factors associated
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with IAN injury include age, difficulty of surgery and proximity of the tooth to the
TAN canal [31].

Only lingual nerve injuries in association with lingual access third molar surgery
are mainly temporary with 88 % of lingual nerve injuries resolving in the first
10 weeks post-surgery [15, 26]. In contrast, the IAN is at more risk from a variety
of dental procedures and the IAN is contained within a bony canal predisposing it
to ischaemic trauma and subsequent injury.

Patient safety and prevention of trigeminal nerve injury in relation to third molar
surgery is maximised by:

* Preoperative radiographic assessment of inferior alveolar nerve risk based upon
plain films and additional Cone Beam CT scanning if M3M at high risk of infe-
rior alveolar nerve injury.

* Consider coronectomy procedure if M3M is at high risk of IAN injury (in high-
risk vital tooth, healthy compliant consenting patient [32]), confirmed using cone
beam CT radiographic assessment [25, 29, 34, 36].

* Use of buccal approach without lingual flap elevation and retraction optimises
the prevention of lingual nerve injury avoiding high concentration inferior dental
blocks when possible using buccal infiltration techniques and/or routine 2 %
concentration local anaesthetic agents [10, 28].

22.1.3 Dental Implant-Related Nerve Injuries

The incidence of implant-related IANIs varies from 0 to 40 % [21]. More recently,
two studies have raised the issue of persistent neuropathic pain due to implant-
related nerve injuries [14, 34].

Based upon literature prevention, diagnosis and management of nerve injuries in
relation to dental implants, the cause of permanent implant-related nerve injury can
be attributed to direct damage to the inferior dental canal (IDC). Adequate preop-
erative assessment and planning as well as surgical procedure are important [1].

A. Inadequate preoperative assessment and planning may be due to:
» Lack of knowledge/inexperience
* Inadequate informed consent-all options provided and related risk benefit for
each
* Lack of identification of existing presurgical neuropathy
* Inadequate planning in positioning the implant

— Bone assessment quality and quantity —

— Know where the nerve is. Nerve localisation, risk factors when assessing
IAN position (Mental loop, characteristics of IAN position in various
sites of mandible). The parasymphyseal zone is a high risk zone. The
necessary accuracy of estimating the position of the IDC based on plain
films or CT scans is mandatory.
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» Safety zone — Risk perforation of a canal surrounding IDC or, even direct
perforation and damage to the nerve.

» Selection of implants (short implants <8 mm to simplify the procedure and
minimise morbidity)

. Surgical procedure should include the execution of:

* Local anaesthesia (see previous section)
* Flap design

» Use surgical guides [45]

» Using intraoperative radiographs

* Dirill stops.

. Postoperative care should attend to:

» Early postoperative recognition of neuropathy (HOMECHECK)

* Prompt management of neuropathy (removal of implant if indicated)
— Acute phase
— Late phase

* Early or late postoperative infection

22.1.4 Assessment of Trigeminal Neuropathy

Our studies highlight the need for a more holistic approach for patients with nerve
injury [38]. Features of iatrogenic trigeminal nerve injury worthy of assessment
include

Focal sensory neuropathy (not always present). There is almost always an area of
abnormal sensation (neuropathy with the exception in Trigeminal neuralgia) and
the patient’s maximum pain is associated with the area of sensory deficit (i.e.
suffering from a mixture of pain, numbness and altered sensation). This is an
important diagnostic feature for sensory nerve neuropathy.

Pain discomfort, altered sensation, numbness (anaesthesia). Neuropathic pain is
commonly experienced by 50-70 % of patients, either spontaneous ongoing
pain, which often had a burning character, and spontaneous shooting, electric
shock-like sensations (neuralgia). Patients experiencing evoked pain due to
touch or cold often have difficulties with daily function, such as kissing, social-
ising, speech, eating and drinking. Consequently, patients were often anxious,
tearful and had psychological repercussions of surgery. These symptoms were
often compounded by the lack of informed consent, which was given by only
30 % of patients, most of whom were not specifically warned about potential
nerve injury.

Functional implications (eating, speaking, drinking, kissing, tooth brushing and
avoidance)

Psychological (personality traits, anxiety, stress, post-traumatic stress disorder,
anger, etc.)
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Table 22.1 Permanent neuropathy rates

Procedure Recovery rate Reference
Third molar surgery IANI - 67 %; LNI - 72 % [8]
Buccal access TMS [26] (90 %)
LIN - lingual access TMS 88 % | [6])
Mandibular fractures TANI -91 % [3]
Orthognathic surgery TANI-97 % [17]
BSSO IANI (patients are quoted
8-20 %)
Local anaesthesia inferior dental block 25 % [35]
(mainly Lidocaine)
Implant-related IANI Complete recovery — 50 % [19]

Partial recovery — 44 %
No change — 6 %

A review of common operations such as groin hernia repair, breast and thoracic surgery, leg ampu-
tation, and coronary artery bypass surgery found an incidence of chronic post-surgical pain in
10-50 % of patients [20]

22.1.5 Prognosis

It is the author’s opinion that it is not possible to classify the degree and prognosis
of sensory nerve injury based on clinical findings early post-injury. Just as a phan-
tom limb patient may express non-existence or existence of a ‘normal feeling’ limb
(after amputation; the most catastrophic nerve injury) with or without pain, numb-
ness or altered sensation. Thus in order to evaluate the outcome of nerve injury the
patient must be reassessed and/or treated if indicated. The type and related perma-
nency of trigeminal nerve injuries is summarised in Table 22.1.

22.1.6 Management of latrogenic Trigeminal Nerve Damage

The management will depend on the mechanism (Table 22.2) and the duration of the
nerve injury and the patients’ complaints. Many injuries have limited benefit from
surgical intervention and should be managed symptomatically. Earlier intervention
is required for endodontic, implant and third molar-related nerve injuries as
discussed.

If there is a persistent large neuropathic area (>40 % dermatome) then a severe
nerve injury is present. If pain and/or hypersensitivity are present these will often be
the main precipitating factors of difficulty with daily function. These symptoms
may not be best treated using surgical intervention, however the patient’s inability
to cope with disability and pain, is often the driving factor.

Prevention is the key as no management strategy guarantees resolution of nerve
injury in relation to implants. Timing of intervention is summarised in Table 22.2.
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Table 22.2 Timing and management of trigeminal nerve injury

Event Duration

Endo <24-48 h surgery

Implant <24-48 h surgery

Wisdom teeth — Inferior alveolar nerve injury <2 weeks surgery

Wisdom teeth — Lingual nerve injury >3—months surgery

Local anaesthetic nerve injuries (LN or IAN) Therapeutic management only
Orthognathic nerve injuries Therapeutic management only
Mandibular fracture nerve injuries Therapeutic management only

A known or suspected sectioned/damaged nerve should undergo immediate exploration repair

Management of LA, orthognathic surgery and trauma-related injuries is essen-
tially by counselling and medication for pain if present; however, prevention is bet-
ter than cure. Valid consent will ensure that the patient understands the surgical risks
and consequences when nerve injury occurs. Reassurance of the patient and giving
them realistic expectations of recovery is suggested. Iatrogenic nerve injuries will
require treatment in the

e Acute phase (within 30 h)
e Or Late phase

22.1.6.1 Acute Phase
There may be a limited window to maximise inferior alveolar nerve injury resolu-
tion in relation to dental implants, endodontics and mandibular wisdom teeth. A
report illustrated that early removal of implants (within 30 h) may maximise neu-
ropathy resolution, however the evidence remains weak [21].

The suggested protocol based upon available evidence includes:

» HOMECHECK - The treating clinician must contact the patient between 6 and
24 h after surgery (Homecheck) to establish any persistent neuropathy after LA
has resolved. (This builds on the relationship of the clinician with the patient that
will be premised upon good consent process.)

* Confirm the presence of neuropathy. If the neuropathy affects most of the derma-
tome +/— associated with severe neuropathic pain nerve injury must be suspected.

e Say SORRY. This is NOT an admission of guilt.

* Additional scanning or radiography is not essential.

* Initiate medical management.

— High dose oral NSAIDs (600-800 mgs Ibuprofen PO QDS)
— GMP prescription for Prednisolone 5-day step-down dose 50—40-30-20-
10 mg PO (not for patients with contraindications for steroids or NSAIDs)

* Prompt removal of the implant to maximise potential resolution of the nerve
injury is advised.

* Review patient and report CQC
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22.1.6.2 Late Phase
After 3-7 days nerve injury is likely to be permanent and therapeutic management
is indicated. With patients presenting with IAN neuropathy late postoperatively the
author no longer removes implant similar to other specialists (Pogrel A, personal
communication), as it appears to be of little value in reversing nerve damage and
associated symptoms.
Overall management of patients with iatrogenic trigeminal nerve injury
Management options for post-traumatic neuropathy will depend upon the mech-
anism, duration of injury and the patients’ wishes. Management options include;

* Reassurance and review

* Medical management — early intervention for minimising neural inflammation
(steroids, NSAIDs, although the protocol is not evidence-based) and pain man-
agement or for the management of depression

* Counselling

e Surgery

The clinician must discern exactly what need to be addressed based upon the
patients;

e Disability
e Can’t cope!

The planned treatment must address the patients’ concerns appropriately and the
aims of treatment would ideally provide:

* Improved function: Treatment will NOT restore function completely

e To improve sensation: Treatment will NEVER restore normal sensation

* To reduce pain or altered sensation: The neuropathic pain can be managed using
antiepileptic drugs if the pain is neuralgic, tricyclic antidepressants if the pain is
constant and burning in nature or external local anaesthetic patches if the lip is
very sensitive to touch or change in temperature.

22.1.7 Summary of Possible Management Tools

1. Timing of intervention and mechanism of injury are paramount in decision mak-
ing in treatment of trigeminal nerve injuries.

2. Counselling is the most useful tool for managing patients with permanent sen-
sory problematic nerve injuries.

3. Medical symptomatic therapy is indicated for patients with pain or discomfort
and for patients with anxiety and/or depression in relation to chronic pain. But
due to the extensive side effects of chronic pain medication, less than 8 % of
patients remain on medication
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» Topical agents for pain (Versatis Patches topical Lidocaine 5 % 12 h on and
12 h off) [22]

» Systemic agents for pain [11]
— Tricyclic antidepressants (Amitriptyline and nortriptyline)
— Antiepileptics (Pregabalin or Gabapentin) [46]

4. Surgical exploration

* Immediate repair if nerve section is known

* Remove implant within 24 h (ideally)

* Explore IAN injuries is no longer indicated for nerve injuries older than
4 weeks

» Exploratory surgery for lingual nerve injuries within 3 months post-injury
[43, 44]

None of these interventions ‘fix’ the patient, but the aim is to manage their symp-
toms as best as possible, often not very satisfactorily. The prospect of lifelong neu-
ropathic pain combined with functional difficulties and the psychological impact of
the iatrogenesis is often a significant challenge for any patient and clinician to
manage.

22.2 Burning Mouth Syndrome

Burning mouth syndrome is a rare but impactful condition affecting mainly post-
menopausal women resulting in constant pain and significant daily difficulty with
eating, drinking and daily function. The aetiology of BMS remains an enigma.
Recent evidence suggests a likely neuropathic pain, the cause of which remains
unknown. There is no cure for this condition and the unfortunate patients remain
managed on a variety of neuropathic pain analgesics, salivary substitutes and other
non-medical interventions that help the patient ‘get through the day’.

Burning sensations in the mouth can result from a variety of causes including oral
candidiasis, lichen planus, allergies, oral galvanism, xerostomia, systemic diseases
like diabetes, deficiencies in vitamin B12, folic acid or iron, hormonal changes and
autoimmune disease. In these cases, the term secondary burning mouth syndrome is
used [9, 42]. The burning sensations may then subside if the primary cause is man-
aged successfully. Primary Burning Mouth Syndrome (BMS), in which none of these
potential etiological factors are present, is considered a neuropathic pain condition.

Up to now, no clear diagnostic criteria have been formulated for BMS, which
may explain why the reported prevalence is between 0.7 and 15 %, predominantly
in postmenopausal women [5, 9]. Clinically, patients complain of a mild to severe
burning sensation and pain of especially the tongue, but also other mucosae in the
oral cavity (lips, cheek, palate). Most of them do not have pain during the night, and
little in the morning, while pain intensity increases throughout the day. Chewing,
drinking of cold water and relaxation may alleviate the pain.

From a pathophysiological point of view, most recent studies point towards a
small fibre neuropathy of the tongue and oral mucosae, and elements of central pain
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related to hypofunction of the dopaminergic neurons in the basal ganglia (for review
see Jddskeldinen [18]). In addition, dysregulation of the HPA-axis, influencing hor-
mones and resulting in steroid alterations [47] and also neurodegenerative processes
with hypofunction of the chorda tympani nerve [27] have been proposed.

A recent review article on BMS [41] summarises that recent neurophysiologic,
psychophysical, neuropathological, and functional imaging studies may have eluci-
dated multiple neuropathic mechanisms, mostly subclinical, acting at different lev-
els of the neuroaxis and contributing to the pathophysiology of primary BMS. As in
neuropathic pain, decreased brain activation to heat stimuli has been demonstrated
with fMRI in BMS patients [4]

Some authors conclude that the clinical diagnosis of primary BMS may encom-
pass three distinct, subclinical neuropathic pain states that may overlap in individual
patients [13].

* Subgroup 1 (50-65 %) is characterised by peripheral small diameter fibre neu-
ropathy of intraoral mucosa.

* Subgroup 2 (20-25 %) consists of patients with subclinical lingual, mandibular,
or trigeminal system pathology that can be dissected with careful neurophysio-
logical examination but is clinically indistinguishable from the other two
subgroups.

* Subgroup 3 (2040 %) fits the concept of central pain that may be related to
hypofunction of dopaminergic neurons in the basal ganglia.

The neurogenic factors acting in these subgroups differ, and will require different
treatment strategies. In the future, with proper use of diagnostic tests, BMS patients
may benefit from interventions specifically targeted at the underlying pathophysio-
logical mechanisms.

Management of BMS is difficult and more randomised clinical trials are war-
ranted. For some approaches, like the use of clonazepam and cognitive behavioural
treatment, evidence is available [7]. Several drugs acting as GABA modulators or
agonists have been reported successful : sucking and/or swallowing clonazepam
0.5 mg, one to three times daily resulted in significant pain relief. Also diazepam
and ketazolam have been tested with success. Gabapentin appeared to have some
benefit if combined with alfa lipoic acid, while effect of pregabalin is limited to one
case report. Also olanzapine and amilsulpride were reported effective. Some con-
flicting results were reported for the SSRIs: while duloxetine resulted in significant
pain relief, two studies on Milnacipram gave opposite results.

Several natural supplements have been studied and reported effective in reducing
the burning sensations, some in controlled trials: catuama, a herbal supplement,
resulted in significant symptom reduction, while supplementation of zinc in case of
deficiency, decreased the pain scores. Capsaicin rinses in order to desensitise the
receptors was tested and found efficacious. Several studies focused on alfa lipoic
acid in the management of BMS, with conflicting results: no significant effect if
used as such, but clear pain reduction if combined with gabapentin. Several other
approaches have been advocated: low level laser therapy was reported effective and
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also acupuncture had beneficial results. A single study documented impressive pain
reduction after electroconvulsive therapy. Cognitive behavioural approach and psy-
chotherapy have been shown effective in BMS.

Despite such ongoing research, central and peripheral pain mechanisms in BMS
are still not understood in their entirety. Questions remain regarding the possibility
of a dominating nervous system driving the condition or a more complex network
of central, peripheral and psychological aspects impacting on a susceptible patient,
with a possible genetic involvement

References

1. Alhassani AA, AlGhamdi AS (2010) Inferior alveolar nerve injury in implant dentistry: diag-
nosis, causes, prevention, and management. J Oral Implantol 36(5):401-407. doi:10.1563/
aaid-joi-d-09-00059

2. Barrowman RA, Grubor D, Chandu A (2010) Dental implant tourism. Aust Dent J 55(4):441—
445. doi:10.1111/.1834-7819.2010.01267.x

3. Bede SY, Ismael WK, Al-Assaf DA, Omer SS (2012) Inferior alveolar nerve injuries
associated with mandibular fractures. J Craniofac Surg 23(6):1776-1778. doi:10.1097/
SCS.0b013e318266fda3

4. Bergdahl BJ, Anneroth G, Anneroth I (1994) Clinical study of patients with burning mouth.
Scand J Dent Res 102(5):299-305

5. Bergdahl M, Bergdahl J (1999) Burning mouth syndrome: prevalence and associated factors.
J Oral Pathol Med 28(8):350-354

6. Blackburn CW (1990) A method of assessment in cases of lingual nerve injury. Br J Oral
Maxillofac Surg 28(4):238-245

7. Charleston L 4th (2013) Burning mouth syndrome: a review of recent literature. Curr Pain
Headache Rep 17(6):336

8. Cheung LK, Leung Y'Y, Chow LK, Wong MC, Chan EK, Fok YH (2010) Incidence of neuro-
sensory deficits and recovery after lower third molar surgery: A prospective clinical study of
4338 cases. Int J Oral Maxillofac Surg 39(4):320-326. doi:10.1016/j.ijom.2009.11.010

9. Coculescu E, Tovaru S, Coculescu B (2014) Epidemiological and etiological aspects of burn-
ing mouth syndrome. J Med Life 7(3):305-309. Epub 2014 Sep 25. Review

10. Coulthard P, Bailey E, Esposito M, Furness S, Renton TF, Worthington HV (2014) Surgical
techniques for the removal of mandibular wisdom teeth. Cochrane Database Syst Rev
29;7:CD004345. doi: 10.1002/14651858. CD004345

11. Dworkin RH, O’Connor AB, Audette J, Baron R, Gourlay GK, Haanpdd ML, Kent JL, Krane
EJ, Lebel AA, Levy RM, Mackey SC, Mayer J, Miaskowski C, Raja SN, Rice AS, Schmader
KE, Stacey B, Stanos S, Treede RD, Turk DC, Walco GA, Wells CD (2010) Recommendations
for the pharmacological management of neuropathic pain: an overview and literature update.
Mayo Clin Proc 85(3 Suppl):S3-S14. doi:10.4065/mcp.2009.0649

12. Elian N, Mitsias M, Eskow R, Jalbout ZN, Cho SC, Froum S, Tarnow DP (2005) Unexpected
return of sensation following 4.5 years of paresthesia: Case report. Implant Dent 14(4):
364-367

13. Forssell H, Jadskeldinen S, List T, Svensson P, Baad-Hansen L (2014) An update on patho-
physiological mechanisms related to idiopathic oro-facial pain conditions with implications
for management. J Oral Rehabil. doi:10.1111/joor.12256

14. Fukuda K, Ichinohe T, Kaneko Y (2012) Pain management for nerve injury follow-
ing dental implant surgery at Tokyo dental college hospital. Int J Dent 2012:209474.
doi:10.1155/2012/209474


http://dx.doi.org/10.1563/aaid-joi-d-09-00059
http://dx.doi.org/10.1563/aaid-joi-d-09-00059
http://dx.doi.org/10.1111/j.1834-7819.2010.01267.x
http://dx.doi.org/10.1097/SCS.0b013e318266fda3
http://dx.doi.org/10.1097/SCS.0b013e318266fda3
http://dx.doi.org/10.1016/j.ijom.2009.11.010
http://dx.doi.org/10.1002/14651858
http://dx.doi.org/10.4065/mcp.2009.0649
http://dx.doi.org/10.1111/joor.12256
http://dx.doi.org/10.1155/2012/209474

22

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Post-traumatic Neuropathy and Burning Mouth Syndrome 249

Gomes AC, Vasconcelos BC, de Oliveira e Silva ED, da Silva LC (2005) Lingual nerve dam-
age after mandibular third molar surgery: A randomized clinical trial. J Oral Maxillofac Surg
63(10):1443-1446. doi:10.1016/j.joms.2005.06.012

Hegedus F, Diecidue RJ (2006) Trigeminal nerve injuries after mandibular implant placement—
practical knowledge for clinicians. Int J Oral Maxillofac Implants 21(1):111-116

Tannetti G, Fadda TM, Riccardi E, Mitro V, Filiaci F (2013) Our experience in complications
of orthognathic surgery: A retrospective study on 3236 patients. Eur Rev Med Pharmacol Sci
17(3):379-384

Jaaskeldinen SK (2012) Pathophysiology of primary burning mouth syndrome. Clin
Neurophysiol 123(1):71-77. doi:10.1016/j.clinph.2011.07.054. Epub 2011 Oct 24
Juodzbalys G, Wang HL, Sabalys G, Sidlauskas A, Galindo-Moreno P (2013) Inferior alve-
olar nerve injury associated with implant surgery. Clin Oral Implants Res 24(2):183-190.
doi:10.1111/j.1600-0501.2011.02314.x

Kehlet H, Jensen TS, Woolf CJ (2006) Persistent postsurgical pain: Risk factors and preven-
tion. Lancet 367(9522):1618-1625. doi:10.1016/s0140-6736(06)68700-x

Khawaja N, Renton T (2009) Case studies on implant removal influencing the resolution of
inferior alveolar nerve injury. Br Dent J 206(7):365-370. doi:10.1038/sj.bdj.2009.258
Khawaja N, Yilmaz Z, Renton T, Khawaja N, Yilmaz Z, Renton T (2013) Case studies illus-
trating the management of trigeminal neuropathic pain using topical 5% lidocaine plasters. Br
J Pain 7(2):107-113. doi:10.1177/2049463713483459

Leckel M, Kress B, Schmitter M (2009) Neuropathic pain resulting from implant
placement: Case report and diagnostic conclusions. J Oral Rehabil 36(7):543-546.
doi:10.1111/5.1365-2842.2009.01950.x

Loescher AR, Robinson PP (1998) The effect of surgical medicaments on peripheral nerve
function. Br J Oral Maxillofac Surg 36(5):327-332

Long H, Zhou Y, Liao L, Pyakurel U, Wang Y, Lai W (2012) Coronectomy vs. Total
removal for third molar extraction: A systematic review. J Dent Res 91(7):659-665.
doi:10.1177/0022034512449346

Mason DA (1988) Lingual nerve damage following lower third molar surgery. Int J Oral
Maxillofac Surg 17(5):290-294

Nasri-Heir C, Gomes J, Heir GM, Ananthan S, Benoliel R, Teich S, Eliav E (2011) The role
of sensory input of the chorda tympani nerve and the number of fungiform papillae in burning
mouth syndrome. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 112(1):65-72

Pichler JW, Beirne OR (2001) Lingual flap retraction and prevention of lingual nerve damage
associated with third molar surgery: A systematic review of the literature. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 91(4):395-401. doi:10.1067/moe.2001.114154

Pogrel MA (2009) An update on coronectomy. J Oral Maxillofac Surg 67(8):1782-1783.
doi:10.1016/j.joms.2009.03.065

Pogrel MA, Schmidt BL, Sambajon V, Jordan RC (2003) Lingual nerve damage due to inferior
alveolar nerve blocks: A possible explanation. ] Am Dent Assoc 134(2):195-199

Renton T (2010). Prevention of iatrogenic inferior alveolar nerve injuries in relation to dental
procedures. Dent Update 37(6): 350-352, 354-356, 358-360 passim

Renton T (2012) Notes on coronectomy. Br Dent J 212(7):323-326. doi:10.1038/
sj.bdj.2012.265

Renton T, Adey-Viscuso D, Meechan JG, Yilmaz Z (2010) Trigeminal nerve injuries in rela-
tion to the local anaesthesia in mandibular injections. Br Dent J 209(9), E15. doi:10.1038/
sj.bdj.2010.978

Renton T, Dawood A, Shah A, Searson L, Yilmaz Z (2012) Post-implant neuropathy of the
trigeminal nerve. A case series. Br Dent J 212(11):E17. doi:10.1038/sj.bdj.2012.497

Renton T, Devine M (2013) Diagnosis and management of inferior alveolar nerve damage
associated with dental implant surgery. Forum Implantologicum 9:16-27

Renton T, Hankins M, Sproate C, McGurk M (2005) A randomised controlled clinical trial to
compare the incidence of injury to the inferior alveolar nerve as a result of coronectomy and
removal of mandibular third molars. Br J Oral Maxillofac Surg 43(1):7-12. doi:10.1016/j.
bjoms.2004.09.002


http://dx.doi.org/10.1016/j.joms.2005.06.012
http://dx.doi.org/10.1016/j.clinph.2011.07.054
http://dx.doi.org/10.1111/j.1600-0501.2011.02314.x
http://dx.doi.org/10.1016/s0140-6736(06)68700-x
http://dx.doi.org/10.1038/sj.bdj.2009.258
http://dx.doi.org/10.1177/2049463713483459
http://dx.doi.org/10.1111/j.1365-2842.2009.01950.x
http://dx.doi.org/10.1177/0022034512449346
http://dx.doi.org/10.1067/moe.2001.114154
http://dx.doi.org/10.1016/j.joms.2009.03.065
http://dx.doi.org/10.1038/sj.bdj.2012.265
http://dx.doi.org/10.1038/sj.bdj.2012.265
http://dx.doi.org/10.1038/sj.bdj.2010.978
http://dx.doi.org/10.1038/sj.bdj.2010.978
http://dx.doi.org/10.1038/sj.bdj.2012.497
http://dx.doi.org/10.1016/j.bjoms.2004.09.002
http://dx.doi.org/10.1016/j.bjoms.2004.09.002

250

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

T.Renton and A. De Laat

Renton T, Janjua H, Gallagher JE, Dalgleish M, Yilmaz Z (2013) UK dentists’ experience of
iatrogenic trigeminal nerve injuries in relation to routine dental procedures: Why, when and
how often? Br Dent J 214(12):633-642. doi:10.1038/sj.bdj.2013.583

Renton T, Yilmaz Z (2011) Profiling of patients presenting with posttraumatic neuropathy of
the trigeminal nerve. J Orofac Pain 25(4):333-344

Renton T, Yilmaz Z (2012) Managing iatrogenic trigeminal nerve injury: A case series
and review of the literature. Int J Oral Maxillofac Surg 41(5):629-637. doi:10.1016/j.
ijom.2011.11.002

Rood JP, Shehab BA (1990) The radiological prediction of inferior alveolar nerve injury dur-
ing third molar surgery. Br J Oral Maxillofac Surg 28(1):20-25

Sardella A (2007) An up-to-date view on burning mouth syndrome. Minerva Stomatol
56(6):327-340

Scala A, Checchi L, Montevecchi M, Marini I, Giamberardino MA (2003) Update on burning
mouth syndrome: overview and patient management. Crit Rev Oral Biol Med 14(4):275-291
Strauss ER, Ziccardi VB, Janal MN (2006) Outcome assessment of inferior alveolar nerve
microsurgery: A retrospective review. J Oral Maxillofac Surg 64(12):1767-1770. doi: 10.1016/j.
joms.2005.11.111

Susarla SM, Kaban LB, Donoff RB, Dodson TB (2007) Does early repair of lingual nerve
injuries improve functional sensory recovery? J Oral Maxillofac Surg 65(6):1070-1076.
doi:10.1016/j.joms.2006.10.010

Van Assche N, van Steenberghe D, Guerrero ME, Hirsch E, Schutyser F, Quirynen
M, Jacobs R (2007) Accuracy of implant placement based on pre-surgical planning of
three-dimensional cone-beam images: A pilot study. J Clin Periodontol 34(9):816-821.
doi:10.1111/.1600-051X.2007.01110.x

van Seventer R, Bach FW, Toth CC, Serpell M, Temple J, Murphy TK, Nimour M (2010)
Pregabalin in the treatment of post-traumatic peripheral neuropathic pain: a randomized
double-blind trial. Eur J Neurol 17(8):1082-1089. doi:10.1111/j.1468-1331.2010.02979.x.
Epub 2010 Mar 4

Woda A, Dao T, Gremeau-Richard C (2009) Steroid dysregulation and stomatodynia (burning
mouth syndrome). J Orofac Pain 23(3):202-210

Ziccardi VB, Assael LA (2001) Mechanisms of trigeminal nerve injuries. Atlas Oral Maxillofac
Surg Clin North Am 9(2):1-11


http://dx.doi.org/10.1038/sj.bdj.2013.583
http://dx.doi.org/10.1016/j.ijom.2011.11.002
http://dx.doi.org/10.1016/j.ijom.2011.11.002
http://dx.doi.org/10.1016/j.joms.2005.11.111
http://dx.doi.org/10.1016/j.joms.2005.11.111
http://dx.doi.org/10.1016/j.joms.2006.10.010
http://dx.doi.org/10.1111/j.1600-051X.2007.01110.x
http://dx.doi.org/10.1111/j.1468-1331.2010.02979.x

	Foreword
	Preface
	Contents
	1: Headache Classification
	1.1	 On the Way to ICHD-3: Conformity of ICHD-3 and ICD-­11 Codes
	1.2	 How to Use the ICHD-3 Beta?
	1.3	 The Structure of ICHD-3 Beta: Primary and Secondary Headache Disorders
	References

	2: Epidemiology of Headache
	2.1	 Introduction
	2.2	 Epidemiology of Migraine
	2.2.1	 Incidence of Migraine
	2.2.2	 Prevalence of Migraine
	2.2.3	 Age, Gender, Genetics, and Environmental Factors in Migraine
	2.2.4	 Chronification of Migraine

	2.3	 Tension-type Headache (TTH)
	2.4	 Chronic Daily Headache (CDH)
	2.5	 Trigeminal Autonomic Cephalalgias
	2.6	 Impact of Headache
	References

	3: General Principles of Pharmacotherapy for Headache Disorders
	3.1	 Migraine
	3.2	 Pharmacological Treatment
	3.3	 Acute Treatment
	3.3.1	 Triptans
	3.3.2	 NSAIDs
	3.3.3	 Ergot Derivatives
	3.3.4	 Antiemetics

	3.4	 Preventative Treatment
	3.4.1	 β-Blockers
	3.4.2	 Antiepileptic Drugs
	3.4.3	 Calcium Channel Blockers
	3.4.4	 Antidepressants
	3.4.5	 Onabotulintoxin A

	 Conclusions
	References

	4: Placebo and Nocebo Effects
	4.1	 Introduction
	4.2	 Placebos
	4.2.1	 Mechanisms of Placebo
	4.2.2	 Placebo in RCTs for Primary Headache Disorders
	4.2.2.1	 Placebo in Migraine Trials
	4.2.2.2	 Placebo in Tension-Type Headache and Cluster Headache


	4.3	 Nocebos
	4.3.1	 Nocebo in Migraine RCTs
	4.3.2	 Nocebo in Tension-Type Headache and Cluster Headache

	4.4	 Clinical Implications
	4.4.1	 Placebo
	4.4.2	 Nocebo

	References

	5: Review of Existing Guidelines
	5.1	 Introduction
	5.2	 Historical Remarks
	5.3	 Systematic Remarks
	5.4	 Comparison of Guidelines
	5.5	 Critical Remarks
	References

	6: Treatment of Acute Migraine Attacks
	6.1	 Introduction
	6.2	 What Is Migraine?
	6.3	 Diagnosis of Migraine
	6.4	 Clinical Assessment and Special Assessment Program
	6.5	 Non-pharmacological Treatment
	6.6	 Pharmacological Treatment of Acute Migraine Attacks
	6.6.1	 Simple Analgesics and Antiemetics
	6.6.2	 Triptans

	6.7	 Suggestion in Some Specific Situations
	6.7.1	 Emergency Situation
	6.7.2	 Migraine in Children and Adolescents

	6.8	 Final Comments
	References

	7: Preventive Episodic Migraine Treatment
	7.1	 Introduction
	7.2	 Pharmacological Treatments for Episodic Migraine
	7.2.1	 ß-Adrenergic Blockers
	7.2.2	 Anticonvulsants
	7.2.3	 Antidepressants
	7.2.4	 Calcium Channel Antagonists
	7.2.5	 Other Drugs

	7.3	 Non-pharmacological Treatments for Episodic Migraine
	7.4	 Perspectives
	7.5	 Issues in Preventative Treatments
	7.5.1	 Adherence and Persistence
	7.5.2	 Comorbidities and Their Management
	7.5.3	 Treatment Duration and Discontinuation

	7.6	 Conclusions and General Recommendations
	References

	8: Drug Treatment for Chronic Migraine
	8.1	 Introduction
	8.1.1	 Topiramate
	8.1.2	 Onabotulinum Toxin Type A
	8.1.3	 Other Drugs

	8.2	 Practical Recommendations
	References

	9: Drug Treatment for Episodic and Chronic Tension-Type Headache
	9.1	 Introduction
	9.2	 Principles of Treatment in Tension-Type Headache
	9.3	 Acute Pharmacotherapy
	9.3.1	 Simple Analgesics
	9.3.2	 Combination Analgesics
	9.3.3	 Triptans and Muscle Relaxants
	9.3.4	 Conclusions

	9.4	 Prophylactic Pharmacotherapy
	9.4.1	 Amitriptyline
	9.4.2	 Other Antidepressants
	9.4.3	 Miscellaneous Agents
	9.4.4	 Conclusions

	References

	10: Cluster Headache: Acute and Transitional Treatment
	10.1	 Introduction
	10.2	 Clinical Background
	10.3	 Oxygen for Acute Cluster Headache
	10.4	 Triptans-Serotonin 5-HT1B/1D Receptor Agonists
	10.4.1	 Sumatriptan by Injection
	10.4.2	 Triptans – Intranasal

	10.5	 Dihydroergotamine
	10.6	 Lidocaine – Intranasal
	10.7	 Octreotide by Injection
	10.8	 Transitional Treatments
	10.8.1	 Greater Occipital Nerve (GON) Injection
	10.8.2	 Corticosteroids

	References

	11: Cluster Headache: Preventative Treatment
	11.1	 Introduction
	11.2	 Transitional Treatments for Cluster Headache
	11.2.1	 Greater Occipital Nerve Blocks
	11.2.2	 Corticosteroids
	11.2.3	 Dihydroergotamine

	11.3	 Preventative Treatment
	11.3.1	 Verapamil
	11.3.2	 Lithium
	11.3.3	 Methysergide
	11.3.4	 Topiramate
	11.3.5	 Valproic Acid
	11.3.6	 Melatonin
	11.3.7	 Baclofen
	11.3.8	 Gabapentin
	11.3.9	 Candesartan
	11.3.10 Levetiracetam

	11.4	 Neurostimulation
	11.4.1	 Noninvasive Neurostimulation
	11.4.1.1 Vagal Nerve Stimulation

	11.4.2	 Invasive Neurostimulation
	11.4.2.1 Sphenopalatine Ganglion (SPG) Stimulation
	11.4.2.2 Occipital Nerve Stimulation (ONS)
	11.4.2.3 Deep Brain Stimulation (DBS)


	 Conclusion
	References

	12: Pharmacotherapy for Other Primary Headache Disorders
	12.1	 Introduction
	12.2	 Primary Cough Headache
	12.2.1	 Epidemiology, Pathophysiology and Clinical Features
	12.2.2	 Treatment

	12.3	 Primary Exertional and Sexual Headache
	12.3.1	 Epidemiology, Pathophysiology and Clinical Features
	12.3.2	 Treatment

	12.4	 Primary Thunderclap Headache
	12.4.1	 Epidemiology, Pathophysiology and Clinical Features
	12.4.2	 Treatment

	12.5	 Cold Stimulus Headache and External-Pressure Headache
	12.6	 Primary Stabbing Headache
	12.6.1	 Epidemiology, Pathophysiology and Clinical Features
	12.6.2	 Treatment

	12.7	 Nummular Headache
	12.7.1	 Epidemiology, Pathophysiology and Clinical Features
	12.7.2	 Treatment

	12.8	 Hypnic Headache
	12.8.1	 Epidemiology, Pathophysiology and Clinical Features
	12.8.2	 Treatment

	12.9	 New Daily Persistent Headache
	12.9.1	 Epidemiology, Pathophysiology and Clinical Features
	12.9.2	 Treatment

	References

	13: Acute Treatment for Primary Headache Disorders in Children
	13.1	 Introduction
	13.2	 Acute Treatment of Migraine
	13.2.1	 Analgesics and NSAIDs
	13.2.2	 Ergotamines
	13.2.3	 Triptans
	13.2.3.1 Sumatriptan
	13.2.3.2 Zolmitriptan
	13.2.3.3 Rizatriptan
	13.2.3.4 Almotriptan
	13.2.3.5 Eletriptan
	13.2.3.6 Sumatriptan and Naproxen Combination


	13.3	 Acute Treatment of Tension-Type Headache
	13.4	 Acute Treatment of Cluster Headache and Other Trigeminal Autonomic Cephalalgias
	 Conclusion
	References

	14: Pharmacological Strategies in the Prevention of Migraine in Children
	14.1	 Calcium-Channel Blockers
	14.1.1	 Flunarizine

	14.2	 Antiepileptic Agents
	14.2.1	 Topiramate
	14.2.2	 Sodium Valproate

	14.3	 Antidepressants
	14.3.1	 Amitriptyline

	14.4	 Beta-Blockers
	14.4.1	 Propranolol

	14.5	 Pizotifen
	14.6	 Riboflavin
	14.7	 Coenzyme Q10
	14.8	 Magnesium
	14.9	 Botulinum Toxin
	14.10	 Pharmacological Strategies in the Prevention of Tension-Type Headache
	14.11	 Pharmacological Strategies in the Prevention of Cluster Headache and Other Trigeminal Autonomic Cephalalgias
	14.12	 Preventive Treatment: Conclusion
	References

	15: Pharmacological Management of Migraine in Pregnancy
	15.1	 Introduction
	15.2	 The Effect of Pregnancy and Lactation on Migraine
	15.3	 Effect of Migraine and Lactation on Pregnancy
	15.4	 Investigations
	15.5	 Management
	15.5.1	 Nonpharmacological
	15.5.2	 Pharmacological

	15.6	 Acute Treatment
	15.7	 Prophylaxis
	15.7.1	 Devices
	15.7.2	 Emergency Treatment

	 Conclusions
	References

	16: Pharmacotherapy for Primary Headache Disorders in the Elderly
	16.1	 Definition of an Elderly Patient
	16.2	 General Aspects of Pharmacotherapy in the Older Patient
	16.2.1	 General Aspects of Headaches in Older Patients
	16.2.2	 Primary Headaches in Older Patients
	16.2.2.1 Migraine (IHS 1.1, 1.2, and 1.3)

	16.2.3	 Primary Headaches in Older Patients
	16.2.3.1 Tension-Type Headache (IHS 2.1 and 2.3)

	16.2.4	 Primary Headaches in Older Patients
	16.2.4.1 Cluster Headache (IHS 3.1)
	16.2.4.2 Hypnic Headache (HIS 4.9)


	16.3	 Secondary Headaches in Older Patients
	16.3.1	 Brain Tumors
	16.3.2	 Sleep Apnea
	16.3.3	 Vasculitis
	16.3.4	 Substance-Induced Headaches
	16.3.5	 Degenerative Cervical Spine Disorder
	16.3.6	 Arterial Hypertension

	Literature

	17: Pharmacological Treatment of Acute and Chronic Post-traumatic Headache
	17.1	 Introduction
	17.2	 Definitions
	17.3	 Epidemiology and Disease Course
	17.4	 Clinical Presentation
	17.5	 Burden
	17.6	 Pathophysiology
	17.7	 Treatment
	Suggested Reading

	18: Headache Attributed to Intracranial Hypertension and Hypotension
	18.1	 Introduction
	18.2	 Idiopathic Intracranial Hypertension
	18.2.1	 Pathophysiology
	18.2.2	 Clinical Syndrome and Diagnosis
	18.2.3	 Treatment
	18.2.3.1 Weight Reduction
	18.2.3.2 Lumbar Puncture
	18.2.3.3 Pharmacological Treatment
	18.2.3.4 Endovascular Treatment
	18.2.3.5 Surgical Treatment
	18.2.3.6 Optic Nerve Sheath Fenestration


	18.3	 Spontaneous Intracranial Hypotension
	18.3.1	 Pathophysiology
	18.3.2	 Clinical Syndrome and Diagnosis
	18.3.3	 Treatment

	References

	19: Medication-Overuse Headache (MOH)
	19.1	 Historical Note and Nomenclature
	19.2	 Clinical Manifestations
	19.3	 Epidemiology
	19.4	 Etiology
	19.4.1	 Migraine and TTH as Primary Headache
	19.4.2	 Overuse of Any Kind of Acute Headache Medication
	19.4.3	 Socioeconomic Status and Obesity
	19.4.4	 Psychiatric and Other Comorbidities

	19.5	 Pathogenesis and Pathophysiology
	19.6	 Differential Diagnosis
	19.7	 Prevention
	19.8	 Management
	19.9	 Prognosis and Complications
	References

	20: Painful Cranial Neuropathies
	20.1	 Introduction
	20.1.1	 General Principles
	20.1.2	 Clinical Trials in Trigeminal Neuropathies

	20.2	 Trigeminal Neuralgia, Classical, with Concomitant Pain
	20.2.1	 Acute Management of TN

	20.3	 TN and Multiple Sclerosis
	20.4	 Glossopharyngeal Neuralgia
	20.5	 Nervus Intermedius (Facial Nerve) Neuralgia
	20.6	 Post-herpetic Trigeminal Neuropathy, Post-herpetic Neuralgia
	 Conclusions
	References

	21: Dental and Musculoskeletal Pain
	21.1	 Pain Originating from Teeth and Periodontal Structures
	21.2	 Pain Associated with Jaw Muscles and Temporomandibular Joints
	References

	22: Post-traumatic Neuropathy and Burning Mouth Syndrome
	22.1	 Post-traumatic Trigeminal Nerve Neuropathy
	22.1.1	 Prevention
	22.1.1.1 Local Anaesthetic-Related Nerve Injuries

	22.1.2	 Third Molar Surgery (TMS)
	22.1.3	 Dental Implant-Related Nerve Injuries
	22.1.4	 Assessment of Trigeminal Neuropathy
	22.1.5	 Prognosis
	22.1.6	 Management of Iatrogenic Trigeminal Nerve Damage
	22.1.6.1 Acute Phase
	22.1.6.2 Late Phase

	22.1.7	 Summary of Possible Management Tools

	22.2	 Burning Mouth Syndrome
	References


