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Foreword

Cluster headache has always been the object of researchers’ desire for understand-
ing. I must confess that I too have succumbed to its dark fascination and applied 
myself for more than 15 years to the visionary study of its neuroimmunological 
mechanisms, well before the era of monoclonal antibodies started.

This new volume of the Headache Series, endorsed by the European Headache 
Federation, carefully scans all the corners of laboratory and clinical research on 
cluster headache and offers a complete pathophysiological picture. Although it is so 
typical to be unmistakable, it often escapes the untrained eye in everyday practice; 
these diagnostic delays remain completely unacceptable, especially because they 
can be extremely serious or fatal. Although very dated, prevention therapies of clus-
ter headache are not always correctly applied everywhere and in a timely manner, 
often missing the appropriate cardiovascular evaluations.

Always keeping an eye to the past, the present of these patients is more promis-
ing, due to a better awareness of this crucial illness and better educational 
activities.

The near future seems to promise a new pharmacological class, but we still need 
to make better use of the available therapeutic armaments.

This volume, edited by two giants of the sector, Arne May and Massimo Leone, 
offers to expert readers new food for thought, to young physicians basics know-how 
to properly recognize and treat cluster headache, and to students a safe and solid 
point of integration of what they often do not find adequately detailed in their text-
books—all cleverly presented by a parterre de roi list of authors.

Rome, Italy Paolo Martelletti
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Foreword

In the last decade, scientific attention on cluster headache and related syndromes 
has much increased. For a rather rare disease as cluster headache, this is a good 
news. On the other side, it has emerged the need to have a reappraisal of the knowl-
edge on the worst primary headache, i.e. cluster headache, as well as on related 
disorders. In this book, clinical data and research findings are well mixed so that it 
can be intelligible to the vast majority of physicians and neurologists not expert in 
the headache field.

I have met several cluster headache patients who have remained for many years 
without a proper diagnosis, hence, poorly treated. Cluster headache produces high 
disability during the cluster periods and even more when it has a chronic course. 
How to reduce all this sufferance? Carefully listening to these patients will easily 
guide to properly diagnose the disease. Empathy with patients is crucial to develop 
good research and improve science.

Some peculiar characteristics of cluster headache as the strict unilaterality of the 
pain and the circadian and circannual recurrence of the attacks are convincing evi-
dence that this is a disease of the brain. Along the 1980s, a number of neuroendocri-
nological studies showed alterations pointing to a hypothalamic involvement in 
cluster headache.

In the late 1990s, the seminal neuroimaging studies by Arne May, Peter Goadsby 
and colleagues opened a window on the brain of cluster headache patients, confirm-
ing that the area of the posterior hypothalamus is involved in the pathophysiology 
of the disease. Their observation led our group in Milan to introduce for the first 
time the stimulation of that brain area to relieve otherwise intractable chronic clus-
ter headache. So far, stimulation of this brain area has been used in various centres 
to relieve otherwise intractable cluster headaches as well as other trigeminal auto-
nomic cephalgias. This opens up avenues to better understand the role of certain 
brain areas in the pathophysiology of these headache forms (and maybe beyond 
that).

Before the 1988 headache classification, cluster headache was considered a 
migraine variant in the “vascular headaches” chapter. Lee Kudrow’s book in 1980 
and Ottar Sjaastad’s book in 1992 have much contributed to spread knowledge on 
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the disease and to give scientific dignity to such a devastating disorder. This book 
follows the line traced by those books and represents a “continuum” bridging the 
past, present and future. It can help the new generations of clinicians and research-
ers in this field.
Young neurologists and doctors will much benefit to have such a book in their 
library.

Milan, Italy  Gennaro Bussone 

Foreword
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Chapter 1
Cluster Headache and Related Syndromes 
in History and Literature

Gian Camillo Manzoni and Paola Torelli

Unlike migraine, for which there are multiple and clear indications about its knowl-
edge since ancient times, cluster headache (CH) has been recognized only fairly 
recently.

The history of CH can be divided in three time periods: the first, since the mid- 
seventeenth century to the first part of the nineteenth century, was characterized by 
occasional reports of individual patients suffering from headache forms with clini-
cal aspects suggestive of CH; the second, during the first half of the twentieth cen-
tury, saw the first reports on case series with CH under the most varied names; and 
the third, in the second half of the twentieth century, was marked by the accurate 
clinical description of CH and the identification of some of its subtypes (Table 1.1).

1.1  Mid-seventeenth Century to the First Part 
of the Nineteenth Century

Based on a review of the studies on CH history conducted so far, the first, albeit 
incomplete, description can be attributed to Nicolaas Pieterszoon Tulp, a Dutch 
physician born in Amsterdam in 1593 who was portrayed in the famous canvas by 
Rembrandt The Anatomy Lesson. In his 1641 treatise Observationum medicarum 
libri tres [1], Tulp discussed some cases of headache and about one of them wrote: 
“[…] (Isaak van Halmaal) in the beginning of the summer season, was afflicted with 

G. C. Manzoni (*) 
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a very severe headache, occurring and disappearing daily on fixed hours, with such 
an intensity that he often assured me that he could not bear the pain anymore or he 
would succumb shortly. For rarely it lasted longer than two hours. And the rest of 
the day there was no fever, nor indisposition of the urine, nor any infirmity of the 
pulse. But this recurring pain lasted until the fourteenth day”. The extremely severe 
pain and the attacks lasting 2 h and recurring every day at fixed hours for 2 weeks 
are highly suggestive of CH. However, in his description Tulp says nothing about 
the location of pain and the presence of any accompanying symptoms.

The typical temporal pattern of CH, with active periods (cluster periods) alter-
nating with other, even longer periods without attacks (periods of remission), was 
precisely defined by Thomas Willis, a professor of philosophy at Oxford University 
in 1672 when in De anima brutorum [2] he described headache periods regularly 
recurring at fixed intervals: “Usually the attacks of seemingly suppressed head-
ache recur around the solstices and equinoxes […] but the majority, provided with 
subordinate periods, habitually molests at fixed hours within every cycle of 
24 hours”.

In 1702, the British antiques dealer Abraham de la Pryme described the headache 
of one of his brother’s servants and attributed its cause to hydrophobia, because 
3 weeks before onset, the man had come into contact with some dogs with rabies 
[3]. In fact, the headache he described was actually more similar to CH [4]: “[…] 
my brother’s servant, a most strong laborious man, began to be troubled with an 
exceeding acute pain in the head, sometimes once, sometimes twice a day, so very 
vehement that he was forced to hold his head with both his hands to hinder it from 
riving in two, which fits commonly held him about an hour at a time; […] and his 
eyes behold every thing of a fiery red colour. Thus was he tormented for a whole 
week together, but being of a strong constitution, and returning to his labour in 

Table 1.1 Historic periods in the development of knowledge of cluster headache

First period (mid-seventeenth century to the first part of the nineteenth century)

Nicolaas Pieterszoon Tulp Amsterdam 1641
Thomas Willis Oxford 1672
Abraham de la Pryme South Yorkshire 1702
Gerhard van Swieten Vienna 1745
Johann Christoph Ulrich Oppermann Regensburg 1747
Johann Müller Frankfurt 1813
Second period (first half of the twentieth century)

Robert Bing Basel 1913
Wifred Harris London 1926
Bayard Taylor Horton Rochester 1939
Third period (second half of the twentieth century)

Lee Kudrow USA (1933–)
Karl Ekbom jr Sweden (1935–)
Ottar Sjaastad Norway (1928–)

G. C. Manzoni and P. Torelli
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every interval, he sweat and wrought it off, without any physic”. There is no clear 
indication of the location of pain, but the description of the physical appearance of 
the patient is interesting, because it anticipates much more recent observations in 
this regard [5, 6]. According to Arkink [4], this would be the first CH description 
ever in English, because Willis [2], as well as Tulp [1], had used Latin.

In 1745, in his Commentaria in Hermanni Boerhaave aphorismos de cognoscen-
dis et curandis morbis written in Latin [5], Gerhard van Swieten, a disciple of 
Herman Boerhaave who founded the Vienna Medical School and served also as the 
personal physician of Austrian empress Maria Theresa, described a headache attack 
that, according to Isler [6], had all the features modern neurologists consider neces-
sary for a diagnosis of CH [7]: “A healthy, robust men of middle age was, each day, 
at the same hour troubled by pain above the orbit of the left eye, where the nerve 
leaves the bony frontal opening; after a short time the left eye began to redden and 
tears to flow; then he felt as his eye was protruding from its orbit with so much pain 
that he became mad. After a few hours all this evil ceased and nothing in the eye 
appeared at all changed”.

Two years later, Johann Christoph Ulrich Oppermann in his Dissertatio medica 
inauguralis de hemicrania horologica [8] reported the case of a 35-year-old woman 
who since age 29 had suffered from daily attacks lasting about 15 min and recurring 
every hour, both at night and during the day, with such regularity that she could tell 
time more precisely than the clock tower in the town square. Oppermann’s 
 hemicrania horologica bears close similarities to the chronic paroxysmal hemicra-
nia that Sjaastad and Dale were able to describe only two centuries later [9].

In 1813, 56-year-old Johann Müller, general practitioner in Frankfurt, provided 
a detailed description of the headache that had afflicted him from age 20 to age 54 
[10]: “[…] April 28, 1777 at 8 o’clock in the morning (I felt) in correspondence of 
the right orbit, at the level of the eyebrow, in a region that could be covered by a 
threepenny piece, a particular sensation of heaviness, localized in depth, that 
increased from minute to minute and was becoming a more and more intense pain, 
until it became unbearable. The pain was dull, lancinating, bothering, throbbing, as 
if a blacksmith was beating on his anvil; the eye had become so sensitive that it 
could not tolerate light, red, spasmodically contracted and full of tears; the tempo-
ral vessels were pulsing stronger than ever […] I could not find relief in any posi-
tion, until the pain became so severe that I rolled on the floor. […] The attack 
occurred at exactly 8 o’clock every morning for seven consecutive days. […] 
Fortunately it then resolved; I have been suffering for 34 years from this form of 
disease, that afflicts me each year in fairly irregular periods”. This is a very inter-
esting description, especially because it points out two features that are typical of 
CH: the patient’s peculiar behaviour during attacks and the periodic temporal pat-
tern of the headache.

In the following years of the nineteenth century, eminent researchers like von 
Moellendorff [11], Eulenburg [12], and Charcot [13] all reported migrainous condi-
tions characterized by attacks with signs and symptoms that were more typical of 
CH than of migraine, but no significant progress was made in the study of CH.

1 Cluster Headache and Related Syndromes in History and Literature
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1.2  First Half of the Twentieth Century

This was a crucial period for CH history, owing to two different sets of events.
The first was the descriptions, by several authors, of headache forms that seemed 

to have much in common with CH but were given the most diverse names [14–22] 
(Table 1.2).

The second was the progress made in the knowledge of CH thanks to the work 
by Robert Bing in Basel, Wilfred Harris in London, and Bayard Taylor Horton in 
Rochester. A testimony to Bing’s contribution to CH history is the eponym “Bing- 
Horton syndrome”, which is not uncommon in current medical German usage [6]. 
Harris provided very accurate descriptions of CH, which he named migrainous neu-
ralgia, from as early as 1926 [16] and he was probably the first to report on the 
efficacy of ergotamine in blocking the attacks [23]. But it is especially to Horton 
that we owe a clinical definition of CH and its recognition as a separate clinical 
entity, thanks to his description of very large case series [21].

1.3  Second Half of the Twentieth Century

This period began in 1952 with the publication by Kunkle et al. [24] of the paper 
Recurrent brief headaches in “cluster” pattern, which resulted in the final naming 
now universally accepted and used for CH.

Retracing the history of a disease, it could seem strange that we mention a period, 
the second half of the twentieth century, that is still very close. However, for CH this 
was a period that was marked by a huge number of clinical, therapeutic, and patho-
genetic studies conducted by different researchers in various countries, which have 
made it possible to shed light on several aspects of this peculiar and interesting form 
of primary headache. More importantly, this was a period that saw the work of three 
scientists who can already be said to have made the history of CH: Lee Kudrow 
from California, Karl Ekbom Jr from Sweden, and Ottar Sjaastad from Norway. 
Using a simple and clear writing style to illustrate the case series of CH patients that 

Table 1.2 Possible names of 
cluster headache before 1952

Sphenopalatine neuralgia Sluder [14]
Erythroprosopalgia Bing [15]
Migrainous neuralgia Harris [16]
Erythromelalgia Bing [17]
Nasal neuralgia Charlin [18]
Vidian neuralgia Vail [19]
Ciliary neuralgia Harris [20]
Histaminic cephalgia Horton [21]
Greater superficial petrosal neuralgia Gardner et al. [22]

G. C. Manzoni and P. Torelli
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he followed with intelligent attention, Kudrow was able to disseminate knowledge 
of this disorder and to propose that the brain is the main responsible of CH patho-
physiology [25]. A committed, accurate, and scrupulous researcher as Karl Ekbom 
gave a very detailed and precise description of CH [26]. Finally, thanks to his per-
spicacity and ingenious creativity, Sjaastad managed to identify three important CH 
subtypes: paroxysmal hemicrania [9], short-lasting unilateral neuralgiform head-
ache with conjunctival injection and tearing (SUNCT) [27], and hemicrania conti-
nua [28], all of which today are officially recognized and listed in the international 
classification of headache disorders [7].
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Chapter 2
Epidemiology of Cluster Headache

Michael Bjørn Russell

2.1  Definition of Cluster Headache

The first complete description of cluster headache was made by Gerhard von 
Swieten, a physician to the Empress Marie Theresa [1]. Then followed many years 
were cluster headache was named ciliary neuralgia, erythromelalgia of the head, 
erythroprosopalgia of Bing, hemicranias neuralgiformis chronica, histaminic ceph-
alalgia, Horton’s headache, Harris-Horton’s disease, migrainous neuralgia (of 
Harris), or petrosal neuralgia (of Gardner) [2]. The periodicity of attacks was 
described as a main feature in 1947 and inspired to the name cluster headache [3, 4].

The distinction between cluster headache and migraine has previously caused 
controversies whether they were separate entities or not, since many considered 
cluster headache as a subtype of migraine. Different clinical features [2, 5–7], dif-
ferent gender distribution (see below), and the fact that the prevalence of migraine 
among those with cluster headache is similar to that of migraine in the general 
population indicate that cluster headache is a specific subtype of headache [8].

The definition of cluster headache has changed during the years. Schiller and 
Ekbom based their generally accepted definitions of cluster headache on explicit 
diagnostic criteria [9, 10]. The first edition of the International Classification of 
Headache Disorders was based on these diagnostic criteria [2]. Since the first 
International Classification of Headache Disorders from 1988 to the current third 
version from 2018, the definition of cluster headache has changed slightly [2, 5–7]. 
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Firstly, pain-free intervals in episodic cluster headache have been expanded from at 
least 14  days to at least 3  months [2, 7]. Secondly, chronic cluster headache 
 unremitting from onset and chronic cluster headache evolved from episodic cluster 
headache are merged to chronic cluster headache [2, 5]. Thirdly, remission periods 
in chronic cluster headache have been expanded from <14 days to <3 month per 
year [2, 7]. Fourthly, restlessness and agitations were added to the associated symp-
tom list of cluster headache [5]. The latter is important, since some people with 
otherwise typical cluster headache lack autonomic symptoms [11–13].

Today the diagnosis cluster headache is universally accepted, and the clinical 
spectrum has been expanded with other subtypes that mimic cluster headache, i.e., 
paroxysmal hemicranias, short-lasting unilateral neuralgiform headache with con-
junctival injection and tearing (SUNCT), and hemicranias continua [14–16].

2.2  Epidemiology

Epidemiological surveys of cluster headache are hampered by the fact that cluster 
headache is rare as compared to migraine and tension-type headache. Thus, many 
thousands of people need to be included in epidemiological surveys of cluster head-
ache and even thought the prevalence figures have wide confidence intervals.

An epidemiological survey of 9803 18-year-old men from east central Sweden 
found 9 males with cluster headache, corresponding to a prevalence of 92 per 
100,000 people (95% confidence interval 42–174) [17]. Thus, the “real prevalence” 
of cluster headache in the general population is considerably higher, since onset of 
cluster headache is generally after age 20  years and men have cluster headache 
twice as often as women.

Two epidemiological surveys were done in the Republic of San Marino 15 years 
apart including 21,792 and 26,628 people, respectively [18, 19]. An extensive data 
search was done in both San Marino surveys, i.e., the medical records of neuro-
logical, ophthalmological, and otorhinolaryngological services from the past 
15  years were reviewed, family practitioners were contacted, and a letter was 
posted to all households of San Marino. Both surveys identified 15 people with 
cluster headache. The prevalence in the later survey was 64 per 100,000 people 
(95% confidence interval 36–106) (calculation by authors since two persons who 
no longer had attacks of cluster headache were not included in the papers’ 
calculations).

An American survey of Olmsted County, Minnesota, is imprecise, because peo-
ple were included with only one attack and with attacks not clearly of 15–180 min 
duration [20]. Thus, patients did not necessarily fulfill the International Classification 
of Headache Disorders criteria for cluster headache. Furthermore, the diagnosis was 
based on case records and was not confirmed by a clinical interview. The suspected 
diagnosis of cluster headache was confirmed in only 13 of 30 neurological case 
records in the second San Marino survey [19].

A Norwegian epidemiological survey of 1838 people in Vågå county was based 
on a neurologist interview and classified according to the criteria of the International 
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Headache Society [2, 21]. The prevalence was 326 per 100,000 people (95% confi-
dence interval 153–783), i.e., five times higher than the prevalence in San Marino. 
However, three of those classified as cluster headache did not fulfill the strict criteria 
for cluster headache [2], since one had cluster periods of less than 1 week duration 
and two had only had one cluster period. Whether these persons later developed 
cluster headache or not is unknown. Change of cluster headache by time can be 
exemplified by a pair of monozygotic twins who were initially described as discor-
dant but later became concordant for cluster headache [22, 23]. The cluster periods 
were very short in the beginning, and one of the twins had attacks of very short 
duration. Later the characteristics changed to be typical episodic cluster headache.

An Italian epidemiological survey included 10,071 people age above 14 years 
old [24]. The participants were all interviewed by an experienced neurologist and 
classified according to the International Classification of Headache Disorders [2]. 
The prevalence was 279 per 100,000 people (95% confidence interval 171–427).

A Swedish epidemiological survey of twins from the general population included 
31,750 people [25]. Structured lay interviews identified 250 people with possible 
cluster headache, but only 45 of the 218 persons who were interviewed by the neu-
rologist had cluster headache. Two screening negative twins and one index twin had 
their cluster headache diagnosis confirmed. The prevalence was 151 per 100,000 
people (95% confidence interval 108–194).

The epidemiological survey included only people of European descent, but clus-
ter headache has also been described in Africans, African-Americans, Japanese, and 
Chinese [26–29].

2.3  Conclusion

The true prevalence of cluster headache is likely to be 1 per 500–1000 people.

References

 1. Isler H. Historical background. In: Olesen J, Tfelt-Hansen P, Welch KMA, editors. The head-
aches. New York: Raven Press; 1993. p. 1–9.

 2. Headache Classification Committee of the International Headache Society. Classification and 
diagnostic criteria for headache disorders, cranial neuralgias and facial pain. Cephalalgia. 
1988;8(suppl 7):1–96.

 3. Ekbom KA. Ergotamine tartrate orally in Horton’s “histaminic cephalgia” (also called Harris’s 
“ciliary neuralgia”). Acta Psychiatr Neurol Scand. 1947;46:105–13.

 4. Kunkle EC, Pfeiffer JB Jr, Wilhoit WM, Hamrick LW Jr. Recurrent brief headache in “cluster” 
pattern. Trans Am Neurol Assoc. 1952;77:240–3.

 5. Headache Classification Committee of the International Headache Society. The international 
classification of headache disorders. Cephalalgia. 2004;24(suppl 1):1–160.

 6. Headache Classification Committee of the International Headache Society (IHS). The 
international classification of headache disorders, 3rd edition (beta version). Cephalalgia. 
2013;33:629–808.

2 Epidemiology of Cluster Headache



10

 7. Headache Classification Committee of the International Headache Society (IHS). The 
international classification of headache disorders, 3rd edition (beta version). Cephalalgia. 
2018;38:1–211.

 8. Russell MB.  Genetic epidemiology of migraine and cluster headache. Cephalalgia. 
1997;17:683–701.

 9. Schiller F. Prophylactic and other treatment for “histaminic”, “cluster”, or “limited” variants 
of migraine. JAMA. 1960;173:1907–11.

 10. Ekbom K.  A clinical comparison of cluster headache and migraine. Acta Neurol Scand. 
1970;46:1–48.

 11. Ekbom K. Evaluation of clinical criteria for cluster headache with special reference to the clas-
sification of the International Headache Society. Cephalalgia. 1990;10:195–7.

 12. Nappi G, Micieli G, Cavallini A, Zanferrari C, Sandrini G, Manzoni GC. Accompanying symp-
toms of cluster attacks: their relevance to the diagnostic criteria. Cephalalgia. 1992;12:165–8.

 13. Russell MB, Andersson PG. Clinical intra- and interfamilial variation of cluster headache. Eur 
J Neurol. 1995;1:253–7.

 14. Sjaastad O, Dale I. Evidence for a new (?) treatable headache entity. Headache. 1974;14:105–8.
 15. Sjaastad O, Saunte C, Salvesen R, Fredriksen TA, Seim A, Roe OD, Fostad K, Lobben O-P, 

Zhaon JM. Short-lasting unilateral neuralgiform headache attacks with conjunctival injection, 
tearing, sweating, and rhinorrhea. Cephalalgia. 1989;9:147–56.

 16. Sjaastad O, Spiering ELH. “Hemicrania continua”: another headache absolutely responsive to 
indomethacin. Cephalalgia. 1984;4:65–70.

 17. Ekbom K, Ahlborg B, Schéle R. Prevalence of migraine and cluster headache in Swedish men 
of 18. Headache. 1978;18:9–19.

 18. D’Alessandro R, Gamberini G, Benassi G, Morganti G, Cortelli P, Lugaresi E. Cluster head-
ache in the Republic of San Marino. Cephalalgia. 1986;6:159–62.

 19. Tonon C, Guttmann S, Volpini M, Naccarato S, Cortelli P, D’Alessandro R. Prevalence and 
incidence of cluster headache in the Republic of San Marino. Neurology. 2002;58:1407–9.

 20. Swanson JW, Yanagihara T, Stang PE, O'Fallon WM, Beard CM, Melton LJ 3rd, Guess 
HA. Incidence of cluster headaches: a population-based study in Olmsted County, Minnesota. 
Neurology. 1994;44:433–7.

 21. Sjaastad O, Bekketeig LS.  Cluster headache. Vågå study of headache epidemiology. 
Cephalalgia. 2003;23:528–33.

 22. Sjaastad O, Salvesen R.  Cluster headache: are we only seeing the tip of the iceberg? 
Cephalalgia. 1986;6:127–9.

 23. Sjaastad O, Shen JM, Stovner LJ, Elsas T.  Cluster headache in identical twins. Headache. 
1993;33:214–7.

 24. Torelli P, Beghi E, Manzoni GC. Cluster headache prevalence in the Italian general population. 
Neurology. 2005;64:469–74.

 25. Ekbom K, Svensson DA, Pedersen NL, Waldenlind E. Lifetime prevalence and concordance 
risk of cluster headache in the Swedish twin population. Neurology. 2006;67:798–803.

 26. Tekle Haimanot R, Seraw B, Forsgren L, Ekbom K, Ekstedt J. Migraine, chronic tension-type 
headache, and cluster headache in an Ethiopian rural community. Cephalalgia. 1995;15:449–50.

 27. Dousset V, Henry P, Michel P. Épidemiologie des céphalées. Rev Neurol (Paris). 
2000;156(suppl 4):24–9.

 28. Tomita M, Suzuki N, Igarashi H, Endo M, Sakai F. Evidence against strong correlation between 
chest symptoms and ischemic coronary changes after subcutaneous sumatriptan injections. 
Intern Med. 2002;41:599–600.

 29. Wheeler SD, Carrazana EJ.  Delayed diagnosis of cluster headache in African-American 
women. J Natl Med Assoc. 2001;93:31–6.

M. B. Russell



11© Springer Nature Switzerland AG 2020 
M. Leone, A. May (eds.), Cluster Headache and other Trigeminal Autonomic 
Cephalgias, Headache, https://doi.org/10.1007/978-3-030-12438-0_3

Chapter 3
Classification and Clinical Features

Pietro Cortelli, Sabina Cevoli, Jesica Garcia, and Miguel J. A. Láinez

3.1  Classification

Cluster headache (CH) and other trigeminal autonomic cephalgias (TACs) are pri-
mary headaches, and their clinical diagnosis depends on the classification system of 
the International Headache Society (IHS) [1]. Goadsby and Lipton were the first to 
propose the term “Trigeminal Autonomic Cephalgias” in 1997 [2]. The headache 
field has enjoyed a systematic hierarchical classification system and associated 
explicit (operational) diagnostic criteria since 1988 [3]. Currently, after much field 
testing of the previous editions, the third edition of the International Classification 
of Headache Disorders is in force. It is named ICHD-3, and it will be coordinated 
with the forthcoming International Classification of Diseases edition 11 (ICD-11) of 
the World Health Organization [1]. According to this hierarchical classification, 
patients can be diagnosed in groups and subgroups with various levels of diagnostic 
refinement. With such a system, patients can be diagnosed according to the first or 
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second digit in general clinical practice and to third or fourth digit for specialist or 
research purposes.

CH and the other TACs fall into group 3 of the ICHD-3. This group includes CH, 
paroxysmal hemicrania (PH), short-lasting unilateral neuralgiform headache attacks 
(SUN) with its variants, and hemicrania continua (HC). Tables 3.1, 3.2, 3.3 and 3.4 
list the ICHD-3 criteria for TACs.

TACs are a group of relatively uncommon headaches that share the clinical fea-
tures of head pain, which is usually unilateral and severe, and prominent cranial 
autonomic features, which are generally ipsilateral to the pain. Duration of attacks 
and response to indomethacin are the principal characteristics useful to distinguish 
each form. At one end of the TAC spectrum lie the SUN syndromes, in which 
patients experience the most frequent and shortest attacks. At the other end is CH, 
in which attacks are the longest and least frequent of the TACS, while PH is at the 
midpoint of the spectrum. HC represents an exception because it is not character-
ized by individual attacks per se [4].

CH is the principal form of TAC, and, possibly because of its severe debilitating 
pain, it has been described in exquisite detail by authors dating as far back as 1641 
[5]. CH was previously named in very different ways that have now been abandoned 
because confusing: ciliary neuralgia, erythromelalgia of the head, erythroprosopal-
gia of Bing, hemicrania angioparalytica, hemicrania neuralgiformis chronica, hista-
minic cephalalgia, Horton’s headache, Harris-Horton’s disease, migrainous 
neuralgia (of Harris), petrosal neuralgia (of Gardner), Sluder’s neuralgia, pheno- 
palatine neuralgia, and vidian neuralgia [1].

PH was first described by Sjaastad and Dale in 1974 in its chronic form as a sepa-
rate entity from cluster CH [6].

Table 3.1 International headache classification for cluster headache

3.1 Cluster headache
3.1.1 Episodic cluster headache

3.1.2 Chronic cluster headache

A. At least five attacks fulfilling criteria B–D
B.  Severe or very severe unilateral orbital, supraorbital, and/or temporal pain lasting 15–180 min 

(when untreated)
C. 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 rhinorrhea
        (c) Eyelid edema
        (d) Forehead and facial sweating
        (e) Miosis and/or ptosis
    2. A sense of restlessness or agitation
D. Occurring with a frequency between one every other day and eight per day
E. Not better accounted for by another ICHD-3diagnosis

P. Cortelli et al.
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SUN was initially described as SUNCT (short-lasting unilateral neuralgiform 
headache attacks with conjunctival injection and tearing) by Sjaastad in 1989, due 
to the prominence of conjunctival injection and tearing [7], but some patients were 
noted to lack either one of these, and therefore the term SUNA (short-lasting unilat-
eral neuralgiform headache attacks with cranial autonomic symptoms) was coined. 
It is still debated if SUNCT is the major subset of SUNA or if the two forms are 
separate subtypes [8].

CH, as with PH and SUN, may be episodic or chronic according to the presence 
of remission periods. In the episodic forms, there are at least two bouts of attacks 
lasting from 7 days to 1 year (when untreated) and separated by pain-free remission 
periods of ≥3 months. In the chronic forms, there are attacks occurring without a 
remission period, or remission lasting <3 months, for at least 1 year. On the con-
trary, HC is characterized by continuous pain with exacerbations [1].

HC was previously classified in group 4 (“other primary headache”), but, for the 
presence of ipsilateral cranial autonomic symptoms and the resolution with indo-
methacin, it was finally considered a form of TAC [9].

PH and HC respond absolutely by therapeutic doses of indomethacin and a trial 
with this drug is mandatory for the diagnosis. In an adult, oral indomethacin should 
be used initially in a dose of at least 150 mg daily and increased if necessary up to 
225 mg daily. The dose by injection is 100–200 mg. Smaller maintenance doses are 
often employed [1].

Headache attacks, which are believed to be a type of TAC but are missing one of 
the features required to fulfill all criteria for any of the subtypes coded into group 3 

Table 3.2 International 
headache classification for 
paroxysmal hemicrania

3.2 Paroxysmal hemicranias
3.2.1 Episodic paroxysmal hemicrania

3.2.2 Chronic paroxysmal hemicrania

A. At least 20 attacks fulfilling criteria B–E
B.  Severe unilateral orbital, supraorbital, and/or 

temporal pain lasting 2–30 min
C. 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 rhinorrhea
         (c) Eyelid edema
         (d) Forehead and facial sweating
         (e) Miosis and/or ptosis
     2. A sense of restlessness or agitation
D. Occurring with a frequency of >5 per day
E.  Prevented absolutely by therapeutic doses of 

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

diagnosis
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of the ICHD-3, do not fulfill all criteria for another headache disorder, therefore 
they should be classified as “3.5 Probable trigeminal autonomic cephalalgia” [1].

Finally in the appendix of the ICHD-3, a new entity named “A3.6 Undifferentiated 
trigeminal autonomic cephalalgia” was reported for a TAC-like disorder occurring in 
children and adolescents with characteristics of the disorder not fully developed [1].

The unilateral trigeminal distribution of the pain, the ipsilateral autonomic mani-
festations, and the overlaps in duration of attacks and response to treatment 
 suggested the hypothesis that these primary headaches share a common pathophysi-
ology [10]. Moreover, it was reported that more than one TAC may coexist in a 
single patient in different moment, justifying the choice of grouping TACs in Chap. 
3 of the current classification. The observation of hypothalamic activation, and the 

Table 3.3 International headache classification for SUN

3.3 Short-lasting unilateral neuralgiform headache attacks
A. At least 20 attacks fulfilling criteria B–D
B.  Moderate or severe unilateral head pain, with orbital, supraorbital, temporal, and/or other 

trigeminal distribution, lasting for 1–600 s and occurring as single stabs, series of stabs or in 
a sawtooth pattern

C. At least one of the following cranial autonomic
    1. Symptoms or signs, ipsilateral to the pain
    2. Conjunctival injection and/or lacrimation
    3. Nasal congestion and/or rhinorrhea
    4. Eyelid edema
    5. Forehead and facial sweating
    6. Miosis and/or ptosis
D. Occurring with a frequency of at least one a day
E. Not better accounted for by another ICHD-3 diagnosis
3.3.1 Short-lasting unilateral neuralgiform headache attacks with conjunctival injection and 
tearing (SUNCT)
3.3.1.1 Episodic SUNCT

3.3.1.2 Chronic SUNCT

A. Attacks fulfilling criteria for 3.3 Short-lasting unilateral neuralgiform headache attacks
B. Both of the following, ipsilateral to the pain
     1. Conjunctival injection
     2. Lacrimation (tearing)
3.3.2 Short-lasting unilateral neuralgiform headache attacks with cranial autonomic symptoms 
(SUNA)
3.3.2.1 Episodic SUNA

3.3.2.2 Chronic SUNA

A.  Attacks fulfilling criteria for 3.3 Short-lasting unilateral neuralgiform headache attacks and 
criterion B

B. Not more than one of the following, ipsilateral to the pain
    1. Conjunctival injection
    2. Lacrimation (tearing)
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fact that hypothalamic stimulation is effective in different TACs, suggests that hypo-
thalamus might be the pathogenic link among TACs [11].

It is known that trigeminal neuralgia may coexist with a TAC: PH, 9 SUNCT, 4,6 
or CH, 8 and the coexistence of multiple TAC forms and trigeminal neuralgia in a 
single patient has also been reported, ten prompting the suggestion that TACs and 
trigeminal neuralgia share a common pathophysiology.

3.2  Clinical Features

3.2.1  Cluster Headache

Cluster headache (CH) is the most common type of the TACs and is considered one 
of the most severe and debilitating pain syndromes in humans [12]. The pain is so 
severe that female patients describe each attack as worse than childbirth. The sever-
ity of the pain has earned it the nickname “suicide headache,” and a suicidal risk 
exists in this condition [13].

With a prevalence of around 0.1% in general population, this headache is more 
common in men than in women at a rate of 3:1, although currently it is increasing 

Table 3.4 International headache classification for hemicrania continua

3.4 Hemicrania continua
3.4.1 Hemicrania continua, remitting subtype

3.4.2 Hemicrania continua, unremitting subtype

A. Unilateral headache fulfilling criteria B–D
B. Present for >3 months, with exacerbations of moderate or greater intensity
C. 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 rhinorrhea
         (c) Eyelid edema
         (d) Forehead and facial sweating
         (e) Miosis and/or ptosis
     2. A sense of restlessness or agitation or aggravation of the pain by movement
D. Responds absolutely to therapeutic doses of indomethacin
E. Not better accounted for by another ICHD-3 diagnosis
3.4.1 Hemicrania continua, remitting subtype

A. Headache fulfilling criteria for 3.4 Hemicrania continua and criterion B below
B. Headache is not daily or continuous but interrupted (without treatment) by remission periods 
of 24 h
3.4.2 Hemicrania continua, unremitting subtype

A. Headache fulfilling criteria for 3.4 Hemicrania continua and criterion B below
B. Headache is daily and continuous for at least 1 year, without remission periods of 24 h

3 Classification and Clinical Features
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in women. The typical age of onset of the disease is around 20–40 years; neverthe-
less, it can occur at almost any age.

CH attacks recur during active periods with complete remissions among the clus-
ter bouts. Due to the high frequency of attacks, the syndrome has a substantial 
impact on the patient’s quality of life. The clinical features of CH attacks are orbital 
and periorbital unilateral pain attacks, with very high intensity and deep, expansive, 
or burning quality. The pain is maximal in around or behind the eye and may radiate 
into the ipsilateral temple, jaw, upper teeth, and neck.

The excruciating headache is associated with one or more autonomic symptoms 
and signs ipsilateral to the pain: ptosis, miosis, conjunctival injection, tearing, facial 
and frontal sweating, nasal obstruction, rhinorrhea, and increased intraocular pres-
sure. Even if pain and autonomic symptoms recur strictly unilaterally in the same 
patient, side exchange is reported by 15% of patients in different active periods and 
only by 5% in the same cluster bout.

Characteristically, CH patients have a very restless behavior with great agitation 
sometimes. In 80–90% of cases, patients are restless and constantly moving in a 
vain attempt to relieve pain. They often perform complex, stereotyped actions. 
During attacks, CH sufferers do not want to be touched, stroked, or comforted and 
frequently moan a great deal, cry, or even scream. They sometimes indulge in vio-
lent, self-hurting behavior. Restlessness is a highly sensitive and highly specific 
parameter for CH, and, in the absence of autonomic features, it is required for the 
diagnosis. Moreover, stillness during attacks can be used as a distinguishing behav-
ior for the differential diagnosis with migraine. The possibility of a visual aura, 
identical to migraine aura, was rarely reported. During an active cluster cycle, acute 
headaches may be triggered by alcohol, nitroglycerine, pungent odors, and daytime 
naps. Obstructive sleep apnea syndrome is more common in CH patients than in the 
general population, and treatment with continuous positive airway pressure can 
resolve attacks in some individuals.

The attacks last from 15 to 180 min, while the frequency of paroxysms in the 
symptomatic phases varies between one attack every 2 days and eight times per day.

Other than the severe pain and autonomic symptoms, the most distinguishing 
feature is the striking rhythms with which cluster attacks occur. The chronobiologi-
cal features of CH have been systematically studied since the 1980s. Recently an 
increased risk peak was found at 21:41, 02:02, and 06:23  h (Chronorisk) [14]. 
Previously, in an Italian population, Manzoni et al. found the highest peak during 
the afternoon, not the night [15]. The temporal profile of attacks depends on the 
population studied, and the same authors hinted that different factors may influence 
this timing, such as light exposition in different latitudes and habits. For attacks aris-
ing from sleep, a correlation with REM phase was postulated, since they appear 
between 60 and 90 min after falling asleep [16].

The most common presentation of cluster headache is the episodic form: in 
85–90% of patients, attacks appear as a series of daily attacks lasting for weeks or 
months, followed by a complete remission for months or years [13, 17]. Typically, 
patients report one or two episodes a year, usually in the spring or autumn, although 
the reasons underlying this circannual rhythm remain unknown. About 25% of 
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patients have only a single episode throughout their lifetime. If the episode does not 
remit within 12 months, which is the case in 10–15% of patients with cluster head-
ache, the disease is classified as chronic cluster headache. There is some inter-
change between chronic and episodic forms [18], since 13% of patients with 
episodic CH become chronic, and 33% of patients with chronic CH have seasons of 
episodic cluster.

Predictive factors have been identified that are correlated with an increased risk 
of unfavorable evolution from the episodic form to the chronic form of cluster head-
ache. Late onset, the presence of sporadic attacks, a high frequency of cluster peri-
ods, and short-lived duration of remission periods when the headache is still in its 
episodic form all correlate with a possible worsening of the clinical picture over 
time [19, 20]. The reasons for the evolution of episodic cluster headache to chronic 
are still unknown, but some factors, such as head trauma and other lifestyle factors, 
e.g., cigarette smoking and alcohol intake, have been suggested as having a negative 
influence on the course of cluster headache over time [21].

Cluster headache is frequently associated with psychiatric comorbidities, which 
can substantially increase the disease burden and the complexity of its treatment. 
Depression, anxiety, and aggressive behavior are among the most commonly 
observed psychiatric comorbidities. Despite the high prevalence of depression and 
suicidal thoughts in patients with cluster headache, suicidal attempts are rare [4].

Clinical experience and previous research suggest that CH patients have a higher 
prevalence than the general population of a number of comorbidities other than 
psychiatric ones, including coronary artery disease, peptic ulcer disease, and alco-
hol and tobacco use. Interestingly, CH patients had traumatic head injuries more 
frequently than migraineurs and were more often responsible for them, perhaps due 
to particular behaviors related to their lifestyles [21].

The diagnosis of cluster headache is based on clinical criteria, although a neuro-
imaging study is recommended, preferably magnetic resonance imaging, with 
sequences that accurately assess pituitary and cavernous sinuses to reject secondary 
forms. In fact, CH-type symptoms have been described in association with cervical, 
midline, intracranial lesions, and arterious-venous-malformations of the carotid ter-
ritory [22]. Many cases of pituitary tumors have been described associated with CH 
[1, 22]. Resolution of the pain after surgical treatment suggests a pathogenetic cor-
relation between CH attacks and previously reported lesions.

3.2.2  Paroxysmal Hemicrania

Paroxysmal hemicrania (PH) is a rare disorder with an estimated prevalence of 
1/50,000 headache patients. PH was originally considered to be a female disease, 
but afterward the female to male ratio was established to be 2:1. The typical age of 
onset is around 30–40 years, but PH may begin at any time [4, 12]. It is character-
ized by unilateral, short, excruciating head pain, with accompanying ipsilateral 
autonomic signs. The maximal pain is most often in the ocular, temporal, maxillary, 
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or forehead areas; less frequently neck or occipital pain is reported. The most com-
mon autonomic symptoms are lacrimation and nasal congestion, but all the CH 
autonomics signs can occur, even bilaterally in very few cases. Interictal discomfort 
or mild pain is present in up to one-third of subjects [4, 12].

Several significant differences exist between cluster headache and paroxysmal 
hemicrania: PH has a higher daily attack frequency (with a mean of 11 attacks per 
day), shorter duration of individual attacks (usually 10–30 min), and fewer noctur-
nal attacks; it is more often chronic versus episodic; it has less propensity to be 
triggered by alcohol but greater propensity to mechanical (e.g., neck movement) 
trigger factors; finally, it is responsive to treatment with indomethacin [4, 12].

About 10% of attacks may be induced mechanically by bending or rotating the 
head; external pressure against the transverse processes of C4–5, the C2 root or the 
greater occipital nerve can all induce the headache [13], probably due to reflex 
mechanisms involving connections between the trigeminovascular system and 
brainstem.

Episodic PH is rare in comparison to chronic PH.  There is sexual equality 
(men = women) in the episodic form, while the chronic form has a female predomi-
nance. Generally, when a woman presents with features of cluster headache, espe-
cially the chronic subtype, paroxysmal hemicrania should be strongly considered.

The diagnosis of PH is demonstrated by its absolute responsiveness to 
indomethacin.

3.2.3  Short-Lasting Unilateral Neuralgiform Headache 
Attacks

This syndrome is a rare form of TAC. The current terminology of SUNCT (short- 
lasting unilateral neuralgiform headache attacks with conjunctival injection and 
tearing) and SUNA (short-lived unilateral neuralgiform headache, with cranial 
autonomic signs) has evolved from the initial description and acronym (SUNCT) to 
include both syndromes; however, in headache clinical practice, it is clear that many 
patients do not manifest both conjunctival injection and tearing [23]; therefore, 
SUNCT and SUNA are probably clinical phenotypes of the same syndrome.

It is the least frequent disease in the TAC group, although SUNCT is more fre-
quent than SUNA. It has a slightly higher prevalence in men (male/female ratio: 
1.5–1), and the typical age of onset is between 35 and 65 years [8]. It is character-
ized by attacks of moderate-severe pain, with unilateral orbital, supraorbital, or tem-
poral location and sometimes extending to the other side. The pain is accompanied 
by conjunctival injection and ipsilateral tearing and sometimes by rhinorrhea and 
other autonomic manifestations. During the episodes, the ipsilateral eye pressure 
increases, and vascular congestion and palpebral edema can be observed, suggest-
ing a false ptosis. The attacks can cause increased blood pressure, bradycardia, and 
hyperventilation. The SUNCT and SUNA attacks have a sudden onset and end, 
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lasting from 1 to 600 s; they can appear in isolation or in cluster. Between attacks 
patients are usually asymptomatic, although someone may have residual pain in the 
affected area.

Usually, attacks are precipitated by mechanical stimulation in trigeminal or 
extratrigeminal areas, but do not present a refractory period as in trigeminal neu-
ralgia. The crises predominate during the day, and the pattern is episodic at first, 
although it can become chronic. During active periods, the frequency of attacks 
can range from less than one attack every 2–3 days to 30 attacks per hour. Patients 
with SUNCT and SUNA who have a personal or family history of migraine are 
more likely to have photophobia, phonophobia, and persistent pain between 
attacks [1].

SUNCT and SUNA require a good differential diagnosis with neuralgia of the 
first trigeminal branch. One of the keys to differentiate them is the low response to 
carbamazepine, the absence of a refractory period, the longer duration of the attacks, 
the presence of vegetative signs, and the absence of irradiation to the other trigemi-
nal branches. For its diagnosis, brain MRI is recommended with trigeminal nerve 
study, to reject secondary causes and visualize the degree of trigeminal neurovascu-
lar compression, present in the majority of cases [24, 25]. The high percentage of 
remission after microvascular decompression supports the pathogenetic role of neu-
rovascular compression. The first symptomatic case of SUNCT was reported in 
1991. It was due to an arteriovenous malformation in the cerebellopontine angle that 
was removed with clinical resolution [26].

3.2.4  Hemicrania Continua

Hemicrania continua (HC) is the second most frequent TAC. It represents 1.7% of 
total headache patients attending headache or neurology clinics, and it has a female 
preponderance [9].

It is a strictly unilateral headache, persistent, of mild-moderate intensity, with 
oppressive characteristics, presenting with exacerbations of pain with ipsilateral 
oculofacial manifestations. A continuous background pain is usually localized in V1 
distribution; however, the pain may spread during the exacerbation phase to involve 
other areas such as occiput, neck, shoulder, maxilla, periauricular region, and oral 
cavity (including teeth and throat).

The intensity of pain and vegetative symptoms is lower than in the other TACs. 
During pain crisis the typical characteristics of migraines (photophobia, 
 phonophobia, intolerance to movement, nausea, and vomiting) occur, and these 
exacerbations can last from 20  min to several days. As with cluster headache, 
patients are often restless or agitated during the exacerbations. Many patients with 
hemicrania continua also report superimposed episodes of brief stabbing pains (ice 
pick-like) and the sensation of a foreign body (e.g., sand, grittiness) in the eye on the 
side of the headache.
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Approximately 51% of patients noted exacerbations after stress or relaxation 
after stress periods, 38% with alcohol and irregular sleep, and some patients with 
menstruation [9].

HC is frequently misdiagnosed; the pooled mean delay of diagnosis of HC is 
8.0 ± 7.2 years. The core feature of HC is its continuous background headache. 
However, patients may be worried only about superimposed exacerbations. Focusing 
only on exacerbations and ignoring continuous background headache are the most 
relevant factors for the misdiagnosis of HC.

Two temporal profiles of hemicrania continua have been described: remitting 
and unremitting. The remitting form is characterized by headaches that are not daily 
or continuous but are interrupted by remission periods of 1 day or more without 
treatment. Most patients experience the unremitting form.

As in paroxysmal hemicrania, a complete response to indomethacin is a “sine 
qua non” factor for HC diagnosis [1].
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Chapter 4
Differential Diagnosis, Including 
Secondary Forms

Patricia Pozo-Rosich and Alessandro S. Zagami

4.1  Introduction

Cluster headache belongs to the trigeminal autonomic cephalalgias (TACs) chapter 
of the International Classification of Headache Disorders (ICHD-III) [1]. These are 
primary headaches with a trigeminal distribution of the pain which is unilateral and 
usually side-locked and in which the headache is accompanied by ipsilateral auto-
nomic symptoms. The most prevalent TAC is cluster headache (CH), but the cate-
gory also includes even rarer headaches such as paroxysmal hemicranias, 
short-lasting unilateral neuralgiform headache attacks with conjunctival injection 
and tearing (SUNCT), short-lasting unilateral neuralgiform headache attacks with 
cranial autonomic symptoms (SUNA) and hemicrania continua (see Table 4.1).

The TACs are nearly always unilateral and side-locked, with ipsilateral cranial 
autonomic features. The different clinical features that can help us diagnose these 
clinical syndromes, and differentiate between them, are shown on Table  4.2. 
Basically, the most prominent differences are based on three characteristics of the 
headache: the duration of the attacks, the attack frequency and the response to 
treatment. Practically, it is the pathochronicity of the disorders which helps us, 
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Table 4.1 Types of primary TACs according to the ICHD-III

3.1 Cluster headache
  3.1.1 Episodic cluster headache
  3.1.2 Chronic cluster headache
3.2 Paroxysmal hemicrania
  3.2.1 Episodic paroxysmal hemicrania
  3.2.2 Chronic paroxysmal hemicrania
3.3 Short-lasting unilateral neuralgiform headache attacks
  3.3.1  Short-lasting unilateral neuralgiform headache attacks with conjunctival injection and 

tearing (SUNCT)
     3.3.1.1 Episodic SUNCT
     3.3.1.2 Chronic SUNCT
  3.3.2  Short-lasting unilateral neuralgiform headache attacks with cranial autonomic 

symptoms (SUNA)
     3.3.2.1 Episodic SUNA
     3.3.2.2 Chronic SUNA
3.4 Hemicrania continua
  3.4.1 Hemicrania continua, remitting subtype
  3.4.2 Hemicrania continua, unremitting subtype
3.5 Probable trigeminal autonomic cephalalgia
  3.5.1 Probable cluster headache
  3.5.2 Probable paroxysmal hemicranias
  3.5.3 Probable short-lasting unilateral neuralgiform headache attacks
  3.5.4 Probable hemicrania continua

Table 4.2 Differentiating clinical features amongst the TACs

Cluster headache Paroxysmal hemicrania SUNCT

Gender F:M 1:2.5–7.2 1.6–1.4:1 1:1.5
Pain type Stabbing Throbbing, stabbing Severe to 

excruciating
Usual site Orbit Orbit, temple Periorbital
Attack frequency 1/alternate day to 8/

day
1–40/day (for more than half 
of time)

3–200/day

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

Autonomic features Yes Yes Yes
Cutaneous triggers No No Yes
Migrainous features Yes Yes No
Indomethacin effect No Yes No
Prophylactic 
treatment

Verapamil
Lithium

Indomethacin Lamotrigine
Gabapentin
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clinicians, differentiate between the aforementioned primary TACs. Thus, the 
diagnosis is a clinical one and is based primarily on the patient’s symptoms and the 
exclusion of secondary causes for the headache.

While, by definition, the TACs as primary headaches have no (as yet) identifiable 
cause, there are many reports of patients presenting with typical symptoms of 
 idiopathic TACs in whom a structural lesion is found, which possibly is implicated 
as the cause of their symptoms. There are even more reports of “TAC-like”, or prob-
able TACs, where a structural lesion is found and is suggested as the cause of the 
symptoms but, in many cases, these may be a coincidental co-occurrence. Moreover, 
accuracy of the diagnosis is another critical issue and will obviously change over 
time, as the diagnostic criteria evolve. It is stated in the International Classification 
of Headache Disorders, third edition (beta version) [2] that “when a new headache 
with the characteristics of a trigeminal autonomic cephalalgia (TAC) occurs for the 
first time in close temporal relation to another disorder known to cause headache, or 
fulfils other criteria for causation by that disorder, the new headache is coded as a 
secondary attributed to the causative disorder”.

The “truest” secondary TAC could be considered one that fulfils all the ICHD-III 
beta criteria for the particular TAC (including, for instance, absolute responsiveness 
to indomethacin in paroxysmal hemicrania and hemicrania continua), that has a 
demonstrable structural lesion, and that the symptoms remit once the underlying 
lesion is treated effectively. This has only occasionally been shown to be the case. 
However, it is important that secondary TACs are identified since the causative 
lesion will almost always need treatment in its own right, and these (relatively rare) 
cases may help us better understand the pathophysiology of the TACs, in general. 
Moreover, in some cases the patient can be rendered pain-free. In the following sec-
tions, we will briefly summarize the recent literature on secondary TACs and try to 
identify if there are any “red flags” that might suggest that an otherwise typical TAC 
might have an underlying lesion and thus which patients should have 
neuroimaging.

The imaging paradigm recommended by some has been brain MRI with, and 
without, contrast with fine cuts through the region of the hypothalamus. If a pitu-
itary gland lesion is suspected, laboratory testing for levels of pituitary hormones 
has been suggested as well. The relation between cluster headache symptoms and 
the presence of an abnormality in the neuroimaging has been reviewed in relation 
with the published clinical cases in the literature particularly those cases in which it 
is clearly identified that a therapeutic intervention led to a significant improvement 
of the symptoms [3, 4].

Several reviews have highlighted the length of time between the start of the 
symptoms and the correct headache diagnosis, as this delay leads to suboptimal 
treatment and increases the patient’s distress. In a study of 85 patients with CH seen 
in a single headache centre, the delay between onset of CH and diagnosis averaged 
9 years [5], while in a recent survey of 351 patients, the average diagnostic delay 
was 6.2 years, with half of the patients initially receiving the wrong diagnosis [6]. 
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In the US Cluster Headache Survey, only 25% of patients were diagnosed within 
1 year and 57% within 5 years, while 22% were not diagnosed for 10 or more years. 
Seventy-nine percent of patients initially received an incorrect diagnosis, including 
migraine (34%), sinusitis (21%), allergies (6%), or tooth-related issues (5%) [7].

It is also important to take into consideration that there can also be an overlap 
with other headache disorders, such as migraine, and therefore, the possibility of a 
patient suffering from both migraine and cluster headache should not be ruled out 
nor that a particular patient may be suffering from cluster headache with migrainous 
features. Thus, the major differential for CH (other than one of the other TACs) is 
migraine.

4.1.1  Differentiation of Cluster Headache from Migraine

For those with an interest in, and knowledge of, headache diagnosis, it often is dif-
ficult to understand how the diagnosis of cluster headache can be missed entirely, or 
be delayed for so long, in so many patients, given that the phenotype of CH is so 
characteristic and, once learnt, should never be forgotten. However, there are several 
potential reasons for this. Firstly, most doctors receive very little training in head-
ache medicine and, therefore, many may never have learnt about cluster headache, 
in the first place. Also, migraine is very common, especially in women, while CH is 
rare, but more common in men with a male/female ratio of 3.5:1 [7]. Despite the fact 
that the phenotype of CH is essentially the same for men and women, women with 
CH are more frequently misdiagnosed than men (61.1% vs. 45.5%, p < 0.01) [6]. As 
noted above, CH is most often misdiagnosed as migraine as opposed to any other 
headache condition, and while there are overlapping features that they share, there 
nevertheless remain distinct differences, even in these shared features, that clearly 
separate them.

Cluster headaches (and the other TACs) are unilateral, side-locked headaches in 
69–92% of cases [8], whereas this only occurs in 20.8% of migraine sufferers [9]. A 
shift in the side of the headache within an attack occurs in only between 1 and 8% 
in CH [7, 10] but is more common in migraine. Cluster headache sufferers can also 
experience the same accompanying symptoms as in migraine, such as nausea, pho-
tophobia, and phonophobia, although less commonly. However, in CH the sensitiv-
ity to light and sound, and in particular to light, is ipsilateral to the headache much 
more commonly than in migraine. In one study [11], whereas only 2/54 (4%) epi-
sodic migraine patients had unilateral photophobia or phonophobia, or both, this 
occurred in 10/21 (48%) of chronic, and 4/5 (80%) episodic, cluster headache 
patients, respectively.

While the presence of ipsilateral autonomic features is one of the diagnostic 
criteria for the diagnosis of CH (and the other TACs) [1], autonomic features can 
also occur in migraine. While the frequency of autonomic features in CH ranges 
from 72% for rhinorrhoea to 91% for lacrimation [10], one or more autonomic fea-
tures were seen in 226/841 (26.9%) in a population-based sample of migraineurs 
[12]. Importantly, in trying to distinguish migraine with autonomic features from 
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CH, it needs to be emphasized that the autonomic features are much more often 
lateralized, and side-locked, with the headache in CH, whereas in migraine they are 
more often bilateral and less prominent [13]. The presence, or not, of aura is not 
particularly helpful since it occurs in 14–21% of CH patients [7, 10]. Perhaps, the 
most telling differences in the clinical picture of a CH patient, compared to a 
migraine patient, are their demeanour and behaviour during an attack. In up to 97% 
of migraine without aura patients, movement makes the headaches worse [14] and 
therefore most migraine patients prefer to rest and be still. In dramatic contrast, in 
CH up to 93% of patients will be restless or agitated during an attack or have no 
worsening of the headache with movement [10] and therefore are much more likely 
to pace about and not be still. In another study, only 0.8% of CH patients did not 
have any sense of agitation during their attacks [7]. Having described the diagnostic 
differences between migraine and CH which help the clinician to confidently dif-
ferentiate between them, the next major task when dealing with a TAC, such as CH, 
or a TAC-like syndrome, is whether the headache is primary or secondary. In the 
following sections, we will briefly summarize the recent literature on secondary 
TACs and try to identify if there are any “red flags” that might suggest that an oth-
erwise typical TAC might have an underlying lesion and thus whether all, or only 
some, patients should have neuroimaging.

4.2  Secondary, or Symptomatic, Trigeminal Autonomic 
Cephalalgias

4.2.1  Summary of Previous Reviews of Symptomatic, or 
Secondary, Trigeminal Autonomic Cephalalgias

Since 2004 there have been five comprehensive reviews of “secondary” or “symp-
tomatic” TACs [3, 4, 15–17]. Here we summarize the findings of these publications. 
Trucco et al. in 2004 [15] reviewed cases from 1980 to 2001 and identified 22 CPH, 
9 HC and 7 SUNCT patients in whom coexisting pathology was identified. They did 
not look for symptomatic CH cases but rather referred to a review of such cases by 
Giraud et  al. [18]. For the diagnosis of CPH, the criteria of the International 
Classification of Headache Disorders: second edition [19] were used, while for HC 
and SUNCT those suggested by Goadsby and Lipton [20] were used. Of the 22 CPH 
patients, 6 fulfilled all (definite CPH) and 10 fulfilled all, bar 1 (probable CPH), 
criteria. In the other six, there was lack of sufficient information, or else they clearly 
did not fulfil the required criteria. The lesions identified in the definite CPH group 
were a Pancoast syndrome [21]; left sella turcica gangliocytoma [22]; right cavern-
ous sinus meningioma [23]; maxillary cyst [24], cerebral metastasis of parotid epi-
dermoid carcinoma [25]; and Meckel’s cave non-Hodgkin’s lymphoma [15]. In the 
probable group, the lesions were right internal carotid artery aneurysm [15], vascu-
litis [26], intracranial hypertension [27], AV fistula [15], tuber cinereum hamartoma 
[28], ipsilateral occipital infarction [29], pituitary microadenoma [24], possible 
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cerebral vasculitis [25], ipsilateral intraorbital and cavernous sinus granulomata 
[25], and head injury [30].

Of the nine HC cases, six cases fulfilled all, and two all but one, of the Goadsby 
and Lipton criteria [20]. The lesions implicated in the definite group were right 
mesenchymal chondrosarcoma [31] and sphenoid sinusitis [32], while in the 
 probable group they were C7 nerve root compression [23], HIV infection [33] and 
head trauma in four patients [34]. Of the seven SUNCT patients, five had definite 
and two possible SUNCT [20]. The lesions identified in the definite group were 
ipsilateral AVMs in two patients [35, 36], ipsilateral para-pontine cavernous angi-
oma [37], HIV infection [38] and craniosynostosis [39], while in the possible cases, 
they were ipsilateral dorsolateral brainstem infarction [40] and basilar invagination 
due to osteogenesis imperfecta [41].

From their review of these cases, the authors concluded that it was generally not 
possible to confidently establish a causal link between the pathology identified and 
the presenting TAC, or TAC-like, headache. They commented that posterior fossa 
lesions seemed somewhat common in SUNCT patients, while lesions in the region 
of the cavernous sinus seemed more common in CPH-like headache patients, 
although the numbers were small. Finally, they recommended neuroimaging in 
patients with “atypical” TACs, in terms of the phenotype, or with an uncharacteris-
tic response to indomethacin in CPH or HC patients.

Favier et al. in 2007 [16] reported on 31 patients with secondary TAC, or TAC- 
like, headaches in whom a structural lesion was identified which, when treated suc-
cessfully, resulted in a significant improvement, or even complete resolution, of the 
headache. They reviewed the literature from 2001 to 2005 and collated 27 cases, as 
well as 4 new patients from the records of their own institutions. Of the 31 patients, 
there were 19 patients with typical cluster, and 4 with cluster-like, headache. They 
also identified one PH-like, one typical CPH and one CPH-like patient and four 
SUNCT patients. They did not investigate patients with symptomatic, HC or 
HC-like, headache.

The underlying lesions in the four typical CH patients were an ipsilateral upper 
cervical meningioma [42], a recurrent nasopharyngeal carcinoma involving the ipsi-
lateral internal carotid artery [43], an ipsilateral temporal lobe AVM [44] and an 
aspergilloma of the sphenoid sinuses [45]. The single CH-like patient had a mycotic 
aneurysm of the intracavernous portion of the ipsilateral internal carotid artery [46].

In the four typical ECH cases, the lesions were an infected foreign body in the 
ipsilateral maxillary sinus [47], a thrombosed aneurysm of the ipsilateral posterior 
communicating artery [48], an AVM of the ipsilateral frontal lobe [44] and a pitu-
itary adenoma (prolactinoma) extending into the ipsilateral cavernous sinus [49], 
while in the three ECH-like patients, the lesions were an ipsilateral occipital lobe 
AVM [50] and two ipsilateral pituitary adenomas: one prolactinoma [16] and one 
growth hormone-secreting [51].

In the six typical chronic CH patients, the following abnormalities were identi-
fied: pituitary adenomas (prolactinomas) in three patients [16, 52, 53], a parasellar 
meningioma extending ipsilaterally [54], an ipsilateral meningioma of the tento-
rium cerebelli [55] and a benign tumour of the ipsilateral posterior fossa [56], while 
in the three chronic CH-like patients, there were an aneurysm of the ipsilateral ver-
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tebral artery [57], an ipsilateral subclavian steal syndrome [58], and a cavernous 
haemangioma of the ipsilateral orbit [16]. Both the typical cluster-tic syndrome 
patient [16] and the chronic cluster-tic-like patient [59] had pituitary adenomas 
(both prolactinomas).

There was a single patient with PH-like headaches with bilateral attacks with an 
AVM of the parietal lobe [60], a typical CPH patient with an aneurysm of the con-
tralateral carotid artery and a dilated ipsilateral carotid artery [53], a typical CPH 
patient previously reported [22] and a patient with CPH-like headache with a muco-
coele of the ipsilateral maxillary sinus [61]. Three of the four SUNCT patients had 
ipsilateral pituitary adenomas (two prolactinomas and one non-functioning) [62–
64] and the other, a brainstem pilocytic astrocytoma extending to the ipsilateral 
cerebro-pontine cistern [65].

The authors concluded from their study that typical TACs, even those that 
respond to the usual pharmacologic TAC treatments, such as indomethacin, can be 
due to structural lesions. Moreover, only 10 of the 31 patients had atypical features. 
The other striking finding they noted was that 11 of the 31 patients had pituitary 
tumours, 10 of which were secretory and 9 of these were prolactinomas. On the 
basis of these observations, they recommended neuroimaging in all patients pre-
senting with TACs or TAC-like headaches.

In 2009 Cittadini and Matharu published a review of 37 cases of symptomatic 
TACs [3]. These included 24 CH patients, 3 PH patients and 10 SUNCT patients. 
They selected cases where they believed the associated, underlying lesion was likely 
to be causal to the TAC, as evidenced by the fact that the lesion was ipsilateral to the 
TAC in all cases, although in 3 CH patients (1 cerebral vein thrombosis (CVST), 1 
idiopathic granulomatous hypophysitis and 1 sphenoidal aspergilloma) and 1 
SUNCT patient (metastatic carcinoid), the lesion involved the other side as well and 
that, in all cases, treatment of the underlying lesion resulted in significant improve-
ment in the headache. In fact, in all of the CH and PH patients and in 8 of the 10 
SUNCT patients, there was complete resolution of the headache, although reported 
follow-up times varied considerably. One SUNCT patient with a prolactinoma [63] 
had a marked, but not complete, response to treatment (partial resection and radio-
therapy), while another SUNCT patient with bilateral intraorbital metastatic bron-
chial carcinoid had only transient improvement for 1 month after radiotherapy [66].

Twenty-four of the 37 cases had already been described in 1, or other, of the 2 
previous reviews [15, 16]. Thus, there were 13 new cases identified: 6 CH (4 sub-
types unclear and 2 CCH), 1 PH and 6 SUNCT patients. Interestingly, three of the 
four unclassifiable CH (duration of headache less than a year) patients had ipsilat-
eral internal carotid artery dissections [67, 68], while the fourth had CVST [69]. In 
the single new CPH patient [70] and in four of the six SUNCT patients [71–74], the 
underlying lesion was a pituitary tumour. In the CPH patient, this was a macroade-
noma (prolactinoma) and in the SUNCT patients there were two microadenomas 
(both prolactinomas), one growth hormone-secreting adenoma and a non- 
functioning macroadenoma. The lesions in the two other SUNCT patients were an 
orbital cystic lesion [75] and a pilocytic astrocytoma [76], both ipsilateral.

The authors again highlighted the predilection for pituitary lesions in all three of 
the TACs studied, with 8/24 (33%) of CH patients, 2/3 (66%) PH and 7/10 (70%) of 
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SUNCT patients having these. They also emphasized that in more than half of CH 
and SUNCT patients, and in all cases of PH, an atypical headache phenotype and/or 
abnormal physical examination was noted. Finally, they noted that a poor response 
to, or the need for higher than usual doses of, appropriate medication should be a red 
flag for a secondary, or symptomatic, TAC. In terms of which patients should receive 
neuroimaging, they concluded that MR imaging should be done in all patients with 
“an atypical symptomatology, abnormal examination, and poor response to the 
appropriate treatments” [3].

The most recently published review of symptomatic TACs and TAC-like head-
aches is by de Coo et al. and was published in 2015 [17]. It was the first to use the 
ICHD-III beta criteria when evaluating reports of symptomatic TACs. They reviewed 
cases from 2009 to 2015 and separated them into probably secondary, possibly sec-
ondary and unknown. Probably secondary was used when there was a “dramatic 
improvement of the headache after treatment of the underlying lesion” and possibly 
secondary, when there was improvement but not complete resolution of the head-
ache or when a causal effect was deemed possible by the authors. We will not dis-
cuss their last category, unknown.

In the 12 probably symptomatic CH patients, there were 7 patients with tumours: 
2 had ipsilateral pituitary adenomas, 1 macroprolactinoma [77] and 1 non- 
functioning [78], 1 an intrasellar arachnoid cyst [79], 1 a hypothalamic cystic tumour 
related to sarcoid [80], 1 an ipsilateral glioblastoma multiforme [81], 1 an ipsilateral 
carotid paraganglioma [82] and an angiomyolipoma infiltrating the ipsilateral face 
[83]. There were two vascular lesions: one ischaemic stroke related to moyamoya 
[84]; and one due to neurovascular compression of the ipsilateral C3 nerve root and 
vertebral artery [85]; two inflammatory cases, both due to acute ipsilateral maxillary 
sinusitis [86, 87]; and one attributed to obstructive sleep apnoea [88]. In the seven 
possibly symptomatic CH patients, the underlying lesions were tumours in 2:1 ipsi-
lateral macroprolactinoma [89] and one angiomyolipoma infiltrating the ipsilateral 
face [83]; two ocular causes; recurrent posterior scleritis and aseptic meningitis [90] 
and post intraocular lens implant [91]; two cases of multiple sclerosis [92, 93]; and 
one dissection of the ipsilateral distal internal carotid artery [94].

There were 14 probable cases of symptomatic SUNCT/SUNA and 12 possible 
cases. As is the case with other TACs, there were four cases of probable symptom-
atic SUNCT/SUNA due to tumours: three pituitary lesions – one ipsilateral prolac-
tinoma [95], one ipsilateral macroprolactinoma [96] and one ipsilateral mixed 
gangliocytoma and pituitary adenoma [95]—and an epidermoid tumour in the ipsi-
lateral cerebellopontine angle [97]; and likewise, two vascular lesions affecting the 
internal carotid artery, one aneurysm of the cavernous portion of the ipsilateral 
internal carotid artery [98] and an ipsilateral cavernous dural AV fistula [99]. The 
striking finding, however, was the high number of cases attributed to neurovascular 
conflict where there was compression of the ipsilateral trigeminal nerve by the supe-
rior cerebellar [7], or anterior inferior cerebellar [1], artery, eight in total [100–102]. 
In the possibly symptomatic group, there were five cases due to tumours: three 
ipsilateral pituitary adenomas, including two prolactinomas [95], one ipsilateral 
meningioma [103] and one lung adenocarcinoma [104]. Again, there were four 
cases attributed to neurovascular conflict [101, 102]. The other three underlying 
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lesions were lesions due to multiple sclerosis [105], viral meningitis [106] and a 
case of mild hypothalamic/pituitary dysfunction related to ipsilateral optic nerve 
hypoplasia [107]. All patients in the probably symptomatic group became pain-free, 
bar 1 who improved considerably, whereas only five in the possibly symptomatic 
group became pain-free.

There were two cases of probably symptomatic, and three cases of possibly 
symptomatic, HC all of whom, by definition, were absolutely responsive to indo-
methacin. The underlying lesions in the probable group were a cerebral vein throm-
bosis [108] and cerebral metastases due to lung adenocarcinoma [109]. In both of 
these patients, after definitive treatment of the underlying condition, they were ren-
dered pain-free and were able to cease indomethacin completely. In the three pos-
sibly symptomatic HC patients, the lesions were post-traumatic head injury, 
post-craniotomy for evacuation of traumatic subdural haematoma and postabdomi-
nal surgery done under spinal anaesthesia [110]. All three patients remain headache- 
free, but only on indomethacin.

De Coo et al. [17] concluded from their review of a total of 53 TACs that tumours, 
particularly of the pituitary, especially prolactinomas and other adenomas, were 
relatively common. They reported only a single case of cerebral artery dissection in 
their CH patients, in distinct contrast to other reviews. They highlighted that 8/14 
patients with probable secondary SUNCT and 4/12 with possible SUNCT, that is, 
more than 45% of their SUNCT/SUNA cases, had evidence of ipsilateral neurovas-
cular conflict. Moreover, they emphasized that of those patients who underwent 
microvascular decompression, the vast majority had excellent outcomes, often 
being rendered entirely pain-free. This dramatic response to microvascular decom-
pression is similar to that seen in classical trigeminal neuralgia, with which SUNCT 
and SUNA share several other features as well. Thus, in some patients first division 
trigeminal neuralgia will enter into the differential of SUNCT/SUNA patients. 
While there are clear differences, such as the presence of a refractory period in TN, 
but not in SUNCT/SUNA, it has been suggested that these disorders may be variants 
of the same disorder [111].

4.3  Update of Recent Cases of Symptomatic Trigeminal 
Autonomic Cephalalgias

Having reviewed the previously published reviews of symptomatic TACs, and TAC- 
like headaches, we wished to review the more recent literature. We performed 
Medline and PubMed searches from 2015 to January 2018 using the keywords tri-
geminal autonomic cephalalgia, cluster headache, paroxysmal hemicrania, SUNCT, 
SUNA, hemicrania continua, secondary and symptomatic. We only selected articles 
in English and that were published in full. We also reviewed only those cases in 
which there was an identifiable pathology, which was on the appropriate side and 
which when treated, or spontaneously resolved, resulted in resolution of the head-
ache or significant improvement. We identified 18 such cases which are summarized 
in Table 4.3.
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4.3.1  Symptomatic Cluster Headache

There were six CH patients: only one patient had a pituitary tumour, a macroprolacti-
noma, which had infiltrated the cavernous sinus encasing the ipsilateral internal carotid 
artery [112]. Biochemically, the patient had hyperprolactinaemia and central hypogo-
nadism. Treatment with cabergoline led to abrupt cessation of the CH and dramatic 
reduction in size of the tumour. The other five patients had vascular lesions. One patient 
with an ipsilateral pontine cavernous hemangioma had ECH controlled with medica-
tion [113]. Several years later his ECH evolved into CCH, unresponsive to medication 
and repeat imaging showed enlargement of the hemangioma. Successful surgery was 
undertaken, and the patient became, and remained, free of medication. Another patient 
with ECH [113] developed visual disturbance and prolonged attacks of cluster-like 
headache and was found to have an ipsilateral jugular vein thrombosis extending into 
the sigmoid sinus. Treatment with warfarin and acetazolamide led to resolution of the 
thrombosis and the headache. One patient with typical ECH [114] usually had bouts 
that lasted for several months and which were well controlled with prophylactic therapy 
that could be successfully weaned once the bout had terminated. However, his head-
ache pattern changed such that he could not be weaned from his medication, prompting 
imaging with magnetic resonance angiography. This revealed a dural arteriovenous fis-
tula (DAVF) in the ipsilateral posterior fossa, supplied primarily by branches of the left 
middle meningeal artery. Definitive treatment of the DAVF with embolization led to 
complete resolution of CH without relapse at 1.5 year follow-up. Two patients, with no 
past history of CH, developed recurrent headaches fulfilling ICHD-III beta criteria for 
CH, 5 days and 7 days following ipsilateral carotid endarterectomy [115]. The head-
aches continued until effective treatment with verapamil was instituted.

4.3.2  Symptomatic Paroxysmal Hemicrania

We identified one case report of PH evolving into HC, both responsive to indo-
methacin, and which followed head trauma [116]; and one case of CPH-like head-
ache present for 1  year before identification of an ipsilateral orbital metastatic 
deposit of leiomyosarcoma [117]. Definitive treatment of the tumour with gamma 
knife surgery resulted in complete resolution of the headache and one case of CPH- 
tic syndrome due to demyelinating plaques, involving the ipsilateral trigeminal 
principal nucleus and the dorsal root entry zone of the trigeminal nerve in a patient 
with a clinically isolated syndrome [118]. Her pain was eventually completely con-
trolled with a combination of lamotrigine and indomethacin.

4.3.3  Symptomatic SUNCT/SUNA

We identified a case report of a patient with coexistent SUNCT and trigeminal neu-
ralgia (TN) both present for 16  years following haemorrhagic infarction of the 
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ipsilateral dorsolateral medulla [119]. On imaging there was no evidence of neuro-
vascular conflict to account for the TN in this patient, suggesting that both condi-
tions were caused by damage to the trigeminal nucleus caudalis and adjacent 
autonomic structures in the medulla. Both conditions were partially controlled with 
a combination of carbamazepine and gabapentin. Interestingly, Jin et  al. [120] 
reported a case of SUNCT starting 13  days after the patient developed a lateral 
medullary syndrome due to ipsilateral ischaemic infarction of the dorsolateral 
medulla. The headache eventually resolved spontaneously. There are two recent 
cases of SUNCT due to vascular lesions of the cavernous sinus: one a carotico- 
cavernous fistula and the other an AVM [121]. Both patients became headache-free 
after surgery. The final case of symptomatic SUNCT developed following radio-
therapy to the pituitary for recurrent macroadenoma [122].

4.3.4  Symptomatic Hemicrania Continua

Brilla et  al. have very recently described five cases (four of which had not been 
reported previously) of hemicrania continua-like headache associated with dissec-
tion of the ipsilateral internal carotid artery [123]. In three of the cases, the headaches 
fulfilled all, bar 1, of the ICHD-III beta diagnostic criteria for HC. The three patients 
treated with indomethacin responded absolutely to it, while in the other two, the 
headaches resolved spontaneously before indomethacin could be exhibited. In the 
final symptomatic HC case [124], the patient presented with headache present for a 
year and is completely consistent with ICHD-III beta criteria, including responsive-
ness to indomethacin but who, after developing diplopia due to a sixth nerve palsy, 
was found to have idiopathic hypertrophic pachymeningitis requiring treatment with 
high-dose steroids. Both the diplopia and headache resolved with this treatment.

4.3.5  Imaging in TACs and TAC-Like Headaches

Trucco et  al. [15] concluded that neuroimaging should be done in patients with 
“atypical” TACs, in terms of the phenotype, such as older age at onset, or with an 
uncharacteristic response to indomethacin in CPH or HC patients. However, Favier 
et al. [16] noted that typical TACs, even those that responded to the usual pharma-
cologic TAC treatments, such as indomethacin, could be due to structural lesions, 
and moreover, that in their series, only 10 of the 31 patients had such atypical fea-
tures. Consequently, they recommended neuroimaging in all patients presenting 
with TACs or TAC-like headaches. However, in many countries, imaging all patients 
with TACs, despite them being rare, may not be practical.

In their review, Cittadini and Matharu [3] commented that it would not be until 
there was a large prospective study done in patients with TACs, and TAC-like head-
aches, that we would know which groups of patients should have imaging to rule out 
potential secondary causes. In terms of which patients should receive neuroimaging 
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given the present level of knowledge, they concluded that MR imaging should be 
done in all patients with “an atypical symptomatology, abnormal examination, and 
poor response to the appropriate treatments” but noted that the decision as to 
whether to recommend imaging in patients with a typical presentation and normal 
clinical examination was more difficult.

Wilbrink et al. [4] specifically reviewed the role of, and indications for, neuroim-
aging in TACs. They too noted that clinically typical TACs could be due to an under-
lying structural lesion and that there were no “typical warning signs or symptoms”. 
They concluded that neuroimaging with brain MRI should be considered in all 
patients with TAC, or TAC-like, presentations. In certain cases, they suggested more 
specific additional imaging should be also be considered, such as imaging of neck 
vessels (looking for arterial dissections) and of the sellar, and parasellar, regions 
(looking for pituitary lesions and lesions involving the cavernous sinus).

Most recently, in their 2015 review [17], de Coo et al. noted that, despite the fact 
that secondary causes for TACs seem rare, contrast-enhanced MRI brain should be 
considered, at least once, in every TAC, or TAC-like, patient and, moreover, that imag-
ing of the neck vessels should also be considered. They also emphasized the more 
recent finding of the high proportion of cases of SUNCT/SUNA patients with neuro-
vascular conflict between the trigeminal nerve and the superior, or less commonly, the 
anterior inferior, cerebellar artery, which when treated surgically, frequently resulted 
in complete resolution of pain, even in previously medically refractory cases. 
Moreover, a very recent report [125] described two patients with medically refractory 
SUNCT who had already undergone invasive neuromodulation techniques (one 
occipital nerve stimulation and the other deep brain stimulation) with incomplete pain 
relief, in whom ipsilateral neurovascular conflict was demonstrated. In both patients, 
microvascular decompression resulted in complete resolution of their SUNCT, with-
out the need for either ongoing medication or further neuromodulation. In the light of 
these observations, we would suggest that, in addition to the recommendations made 
by de Coo et al., additional imaging, specifically looking for neurovascular conflict, 
be done in all SUNCT and SUNA patients. A recent review of all SUNCT/SUNA 
cases to date focusing on the presence of neurovascular conflict and the response to its 
treatment came to the same conclusion [102]. While we acknowledge that a signifi-
cant number of patients with otherwise typical TACs may well have normal imaging, 
it is not often that we can offer our TAC patients the possibility of a cure, such as we 
can if they were to have a treatable lesion, which is all the more important given how 
disabling, and often refractory to treatment, these rare headaches often are.
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Chapter 5
Genetics of Cluster Headache and Other 
Trigeminal Autonomic Cephalalgias

Arn M. J. M. van den Maagdenberg and Anne Ducros

5.1  Why Study Genetics in Cluster Headache 
and Trigeminal Autonomic Cephalalgias?

Cluster headache belongs to a group of primary headache disorders, the trigeminal 
autonomic cephalalgias (TACs), all of which consist of disabling unilateral pain in 
trigeminal distribution associated with marked ipsilateral cranial autonomic fea-
tures [1–4]. Cluster headache is the commonest TAC. The majority of TACs, includ-
ing cluster headache, paroxysmal hemicranias, short-lasting unilateral neuralgiform 
headache attacks with conjunctival injection and tearing (SUNCT) and short-lasting 
unilateral neuralgiform headache attacks with cranial autonomic symptoms 
(SUNA), manifest as daily short-lived recurrent attacks and can be distinguished 
one from each other by the duration of the attacks [5]. Only hemicrania continua 
manifests as a continuous daily unilateral pain, so it is not presented in the form of 
attacks. Response to therapy is different among TACs. The neurobiological mecha-
nisms underlying cluster headache and other TACs are complex and remain incom-
pletely understood [2, 6, 7]. The leading hypothesis incriminates hypothalamic 
activation with secondary activation of the trigeminal-autonomic reflex, probably 
via a trigeminal-hypothalamic pathway [8–10]. In contrast to migraine, cluster 
headache has not been considered as a familial disorder until the last decades, and 
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epidemiological studies suggested that this condition could be, at least in part, of 
genetic origin [11]. Thereafter, the genetics of cluster headache has become an 
emerging research field with the major goal to identify genes that confer disease 
risk. The identification of causal genes will give important clues to the molecular 
underpinning and insight in the pathogenesis of the disorder and may guide the 
development of new diagnostic and therapeutic strategies. At the moment, however, 
such genetic factors remain unknown for any of the TACs.

5.2  Why Is It Difficult to Identify Genes Involved in Cluster 
Headache and Other TACs?

Genetic studies in cluster headache and TACs encounter difficulties directly related 
to some of the characteristic features of the disorders, i.e. their low prevalence and 
the fact that diagnosis is not straightforward, assuming that the disorders are genetic 
in the first place.

With respect to cluster headache, the prevalence is only about 0.1% in the popu-
lation, and the diagnosis is often missed. In the absence of a biological or radiologi-
cal marker, the diagnosis is purely based on clinical criteria proposed by the 
International Classification of Headache Disorders (ICHD) [4]. The patient must 
have had at least five attacks of severe or very severe unilateral orbital or supraor-
bital and/or temporal pain lasting 15–180  min when untreated. The headache is 
accompanied by one ipsilateral autonomic symptom of the following: conjunctival 
injection and/or lacrimation, nasal congestion and/or rhinorrhoea, eyelid oedema, 
forehead and facial sweating, miosis and/or ptosis. Since the 2004 ICHD-2, cluster 
headache can be diagnosed in the absence of autonomic signs if headache is associ-
ated with restlessness or agitation [12]. Primary cluster headache is characterized by 
the repetition of such attacks in the absence of any underlying disorder causing 
secondary headaches. The clinical spectrum of cluster headache may be larger, as 
suggested by the description of several persons with painless attacks of unilateral 
autonomous signs who later on developed or who had previously suffered from 
typical painful cluster headache attacks [13, 14]. Recurrent cluster-like attacks may 
be associated with several organic cerebral disorders, including mainly pituitary 
tumours, other brain or cervical tumours, sinusitis and carotid artery dissection [15, 
16]. Many reports have described that these structural lesions might cause symp-
toms that are indistinguishable from those of primary cluster headache. At present, 
whether the mechanisms of symptomatic cluster headache attacks are different from 
those of primary cluster headache attacks is an unresolved issue.

Classification of individuals as definitely ‘affected’ or ‘unaffected’, which is 
essential for genetic studies, does not reflect the clinical heterogeneity of cluster 
headache. Indeed, the frequency and severity of attacks, as well as the duration of 
active periods show much variability from one patient to another, complicating 
genetic analysis. Depending on the long-term temporal course of attacks, cluster 
headache is divided by clinicians in episodic and chronic forms [2–4]. Most of the 
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cluster headache patients are episodic and may present one or two active periods per 
year or even go in remission for years before the next bout starts. About 20% of clus-
ter headache patients are chronic and have ongoing attacks for 1 year or more. The 
distinction between episodic and chronic forms is arbitrary, which further compli-
cates genetic studies, also because it is not unknown whether the distinction reflects 
differences in underlying molecular pathways. The diagnostic criteria for chronic 
cluster headache have been modified in the latest ICHD-3 version, stipulating that 
attacks must have occurred without a remission period or with remissions lasting 
<3  months for at least 1  year [17]. In the previous versions of the classification, 
chronic cluster headache was diagnosed in patients having ongoing attacks for 1 year 
or more without more than 1 month (ICHD-2 and ICHD-3 beta) or 14 days of remis-
sion (ICHD-1) [4, 12, 18]. Some patients may evolve from one form to the other and 
reverse. Future genetic findings may shed light on whether episodic and chronic 
cluster headaches are in fact two clinical forms of the same disease or whether they 
represent distinct disorders. Finally, the age of onset is highly variable ranging from 
early childhood to more than 80 years, and the overall male to female ratio is 4.3:1, 
which also has to be taken into account in family and segregation studies [19].

Similar problems are related to studying the genetics of other TACs. In brief, 
these conditions are very rare, and their diagnosis is also purely clinical based on the 
ICHD criteria [4]. The prevalence of paroxysmal hemicrania is not known, but the 
relationship in comparison with cluster headache is reported to range from 1 to 15% 
[20, 21]. Paroxysmal hemicrania differs from cluster headache by a female prepon-
derance, the shorter length and higher frequency of attacks and an absolute response 
to indomethacin [22], but distinguishing the two TACs may be difficult. SUNCT has 
an estimated prevalence around 6.6 per 100,000 [23] and manifests as very short 
attacks that can occur up to 300 times a day, which can be difficult to distinguish 
from trigeminal neuralgia [24]. The prevalence of hemicrania continua, another 
indomethacin-responsive TAC, is unknown, and only a few hundred cases have 
been published in the literature [25, 26].

5.3  Is Cluster Headache Really a Genetic Condition?

Initially, CH was not thought to be a genetic disease. However, with the official 
criteria for diagnosis being published, there came increasing recognition of the dis-
ease likely having a genetic basis. A logical first approach to investigate whether a 
trait is genetic is to perform twin studies by comparing co-occurrence of disease 
(concordance) in monozygotic twins versus dizygotic twins. However, because of 
the low prevalence of the disease, such studies are difficult to perform. Cluster head-
ache has been reported in five concordant monozygotic twin pairs [27–31]. The first 
large twin survey based on the Swedish Twin Registry and the Swedish Inpatient 
Registry failed to identify any concordant pair; the two monozygotic and nine dizy-
gotic twin pairs were all discordant for cluster headache and had been discordant for 
10–31  years [32]. A subsequent larger Swedish study was conducted on 31,750 
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registered twins and showed a higher concordance rate for cluster headache in 
monozygotic twins (2/12 pairs) than dizygotic twins (0/25 pairs), presenting at least 
some indication that the trait is genetic. The fact that most monozygotic twins are 
discordant for CH shows that environmental factors also play a role [33].

There have been clinical reports of cluster headache in families [34, 35]. A 
genetic component in cluster headache pathogenesis was further confirmed by 
seven systematic family studies in large samples of probands with cluster headache 
[36–43]. Compared with the general population, the risk of cluster headache for 
first-degree relatives was found increased by 14- to 46-fold and for second-degree 
relatives by 2- to 8-fold [38–40, 42]. Differences between studies may be explained 
by methodological issues, for example, only the French study included a direct 
interview of all first-degree relatives by a headache specialist [40]. Estimating heri-
tability in cluster headache, which is another often-used measure of the genetic 
component, is not feasible given the low prevalence of the disorder.

A precise transmission mode is not established for cluster headache. All types of 
transmission have been observed: from father to son, father to daughter, mother to 
son and mother to daughter. In a large Dutch study, some 1700 patients with cluster 
headache were asked whether they had relatives with the disease which revealed 
that of the 33 parent-to-child transmissions, 22 were from father to son, 6 from 
mother to son, 2 from mother to daughter and 3 from father to daughter [44]. The 
study identified 12 families with 3 affected (3 in 1 generation, 8 in 2 generations and 
1 in 3 generations) and 58 families with 2 affected (33 in 1 generation, 20 in 2 gen-
erations and 5 included second-degree relatives).

A Danish complex segregation analysis [45] and two Italian family studies [37, 
39] have suggested an autosomal dominant inheritance with incomplete penetrance. 
Such inheritance is further suggested by two studies that found a lower male/female 
ratio in familial cluster headache than in cluster headache in general [40, 43]. 
Conversely, an analysis of a single Italian pedigree suggested autosomal recessive 
inheritance [46]. The French family study identified 12 vertical and 8 horizontal pat-
terns of transmissions consistent with autosomal dominant and recessive inheritance, 
respectively [40]. Still, a polygenic mode of inheritance should not be excluded, as 
in most families with cluster headache no clear segregation pattern is observed.

Altogether, these results have confirmed that cluster headache has a genetic com-
ponent but that the mode of transmission may vary while the amount of heritability 
is unclear.

5.4  Are Other TACs Genetic Conditions?

There have been only few reports of other TACs running in families. Familial par-
oxysmal hemicrania was reported in a mother and a daughter [47]. In a series of 74 
patients with paroxysmal hemicrania, 80% did not report a family history of any 
headaches, 15% had a family history of migraine and 5% had a family history of 
other types of headache and facial pain including cluster headache and trigeminal 
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neuralgia, but none had paroxysmal hemicrania [48]. There has been one report of 
familial hemicrania continua in a single family with a mother and a daughter both 
affected by hemicrania continua and migraine [49]. Familial SUNCT was reported 
in two families each comprising of two affected first-degree relatives, namely, a 
brother and a sister [50] and a mother and a son [51]. One report showed, in a cohort 
of 117 SUNCT/SUNA and 107 hemiplegic migraine patients, co-occurrence of both 
disorders in 10 patients, which is not expected given the low prevalence of both 
disorders, suggesting that they may be brought about by a common mechanism, 
although this was not supported by evidence [52].

All in all, these reports suggest that the other TACs may have a genetic component, 
but rarity of these conditions renders epidemiological surveys difficult to conduct.

5.5  Are Other Primary Headache Types Genetic Conditions?

Of the other primary headache disorders, the genetics of migraine is the best stud-
ied. Information about the genetics of other primary headache disorders is scarce 
and not further discussed here. Twin and family studies in migraine have indicated 
a strong genetic component. The genetic component was higher in migraine with 
aura than migraine without aura [4], with concordance rates in monozygotic twins 
being 1.5- to 2-fold higher than in dizygotic twins [53–55] and an increased risk of 
migraine for first-degree relatives that is 1.4- to 4-fold higher, depending on the 
migraine type [55, 56]. The lower fold changes in migraine compared to those in 
cluster headache merely reflect the higher prevalence of migraine in the population 
(15–20%) and not that the genetic component in migraine would be lower than in 
cluster headache. In fact, migraine has an estimated heritability of 42%, indicating 
that about half of the risk for migraine is conferred through genetic factors and 
which is in the range of most other complex (polygenic) disorders [57].

5.6  Which Strategies Can Be Used to Identify Genes for CH?

The epidemiological evidence that cluster headache is rare, runs in families and is 
brought about by both genetic and environmental factors determines chances for 
success of the genetic approach applied to identify causal genes.

5.6.1  Gene Identification Strategy in Case  
of a Monogenic Inheritance

The fact that some extended Mendelian pedigrees have been identified with multi-
ple patients with cluster headache, at least in theory, should make them suited to 
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identify disease-causing mutations using linkage. In a linkage approach, several 
hundreds of genetic markers, equally spread over all chromosomes, are tested in 
affected and unaffected individuals of a single family or of multiple families, and 
markers that best segregate with the disease reveal the likely chromosomal location 
of the disease gene. Next, using a positional cloning approach, the pathogenetic 
mutation is identified in a disease locus. In recent years, next-generation sequencing 
(NGS) is used to speed up the process, as it allows massive parallel sequencing of 
all protein-coding regions (‘exome sequencing’), or in fact the whole genome 
(‘whole genome sequencing’), in a single experiment, and has been very successful 
in identifying disease genes for monogenic disorders [58].

Proof of causality of a mutation comes from the fact that (1) the mutation is pres-
ent in most affected family members (in case of reduced penetrance, the mutation is 
also found in some cases who do not (yet) express the disease) and not present in 
non-affected family members (although phenocopies may occur, which are defined 
as patients that express disease because of an unlinked cause), (2) the mutation is 
not found in large cohorts of control individuals and (3) follow-up functional studies 
provide convincing support that the mutated gene affects a pathway implicated in 
the disease. At the moment, no pathogenic mutation for cluster headache or any of 
the other TACs was identified by a linkage or NGS study. For comparison, and as 
demonstration of how powerful such approach can be, in familial hemiplegic 
migraine, three genes and in them many different mutations have been identified in 
hundreds of families and sporadic patients, which had a profound impact on clinical 
care, already because the identification of a causal mutation confirms the clinical 
diagnosis [59].

5.6.2  Gene Identification Strategy in Case  
of a Polygenic Inheritance

However, as most cluster headache patients are not part of Mendelian families, but 
merely singletons, or at best two or three patients in a pedigree without a clear seg-
regation pattern, alternative approaches that take into account that one genetic factor 
is not sufficient to bring about disease may be more appropriate to identify genetic 
factors. Association-based methods are particularly suited, because they can iden-
tify susceptibility genes and DNA variants with small relative risks. However, such 
studies only give convincing evidence for involvement of a gene when (1) a large 
sample size is used (preferably many hundreds to thousands); (2) when (well- 
phenotyped) patients and control samples have a comparable genetic architecture, 
so spurious association because of population stratification is prevented; and, most 
importantly, (3) that promising findings are replicated in other samples.

Until recently, a genetic association study was designed based on a specific 
hypothesis (candidate gene association study), which entails that a gene is selected 
based on prior knowledge that it acts in a presumed disease pathway. The frequency 
of alleles of polymorphic genetic markers, typically single nucleotide polymor-
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phisms (SNPs), in such a gene is compared between patients and healthy controls. 
A significant difference suggests that the polymorphism (and the gene) is involved 
in disease pathology or that because of linkage disequilibrium, a gene in close prox-
imity is the causal gene. Instead of testing one SNP at a time, nowadays, because of 
technological advances, it is feasible to cost-effectively genotype hundreds of thou-
sands of SNPs in the entire genome (hypothesis-free approach) in thousands of 
patients and controls.

5.7  What Is Currently Known About the Genetics of CH?

Almost all genetic studies in cluster headache to date used the candidate gene asso-
ciation approach. Genes were selected because they are believed to be involved in 
molecular pathways that explain clinical features, in particular the characteristic 
periodicity and circadian rhythm of attacks, which suggests hypothalamic dysfunc-
tion, and the fact that patients are heavy smokers and drinkers [60, 61] although the 
latter is debated [62].

5.7.1  Candidate Gene Association Studies in Cluster Headache

A large number of candidate genes were tested, among others, CLOCK, PER3, 
HCRTR1 and HCRTR2 that affect functioning of the biological clock, which reside 
in the suprachiasmatic nucleus of the hypothalamus, ADH4 that is involved in alco-
hol metabolization and CACNA1A and NOS1-3 genes that are involved in pain pro-
cessing (for comprehensive reviews, see [11] and [63]). Except for HCRTR2, which 
will be discussed separately below, none of the candidate genes showed evidence 
for association with cluster headache, mainly because investigated samples were 
much too small—most of them had below 230 cases, a number that often was sub-
divided into episodic and chronic cluster headaches which reduced power even 
more—and, without exception, no association result could be convincingly repli-
cated. Therefore, with the present data, no conclusion can be drawn about the 
involvement of any of these genes in cluster headache.

The situation is slightly better for HCRTR2, which encodes the hypocretin 
receptor 2. The hypocretin (orexin) system is thought to play an important role in 
cluster headache as hypocretin-containing neurons almost exclusively are located 
in the posterolateral hypothalamus that generates rhythms [8]. Foremost, SNP 
rs2653349 (G1246A), which changes a valine residue to an isoleucine at position 
308 of the receptor protein, was investigated, and the first study showed promising 
association in an Italian cohort of patients with cluster headache [64]. The associa-
tion was replicated in one [65] but not in another study [66]. A recent, larger Dutch 
study that investigated 575 patients with cluster headache was also not able to 
show association, although a meta-analysis of 1167 cases and 1618 controls was 
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again positive [67]. In light of the fact that cluster headache patients are heavy 
smokers, it certainly is interesting that the same SNP was linked to increased nico-
tine dependence because of increased rewarding effects due to changed activity of 
the orexin system [68].

Finally, an association of mtDNA abnormalities with cluster headache was sug-
gested, even though transmission of disease from the father to offspring often 
occurs. Evidence for mitochondrial involvement came from the fact that (1) a spo-
radic Japanese patient with a 3243 point mutation in platelet mitochondrial 
tRNALeu(UUR), known to cause MELAS (mitochondrial myopathy, encephalopa-
thy, lactacidosis and stroke-like episodes), also had cluster headache [69] and (2) 
cluster headache was also reported in a patient with multiple deletions in mitochon-
drial DNA. It remains unclear to what extent abnormal mitochondrial function actu-
ally is involved in cluster headache [70].

5.7.2  Candidate Gene Association Studies in Other Primary 
Headache Disorders

Candidate gene association studies have also been performed in other primary 
headache disorders, mainly in migraine with an equally disappointing outcome 
(for reviews, see [71] and [72]). Despite overwhelming evidence from clinical, 
pharmacological and neuroanatomical studies that, for instance, the serotonin and 
dopamine systems are involved in migraine, no convincing evidence for associa-
tion was found for SNPs in genes of these pathways. Using a much larger large 
data set of 5175 patients with migraine with or without aura and 13,972 controls, 
a systematic re-evaluation was conducted of the most promising 21 genes, which 
included the MTHFR gene that encodes a key enzyme in folate and homocysteine 
metabolism that had surfaced as the best migraine candidate gene [71, 73] and 
also showed suggestive association in chronic cluster headache [74]. Neither the 
previously implicated variants nor any other variant in a region of 500 kb sur-
rounding the respective genes provided evidence for association [73]. The most 
likely conclusion, therefore, is that all published associations from candidate 
gene association studies, in retrospect, are false positives. Proof that this scenario 
indeed applies comes from the consideration that in such a large sample, the asso-
ciated T allele of the MTHFR C677T polymorphism, with reported effect sizes of 
~1.5, when assuming a minor allele frequency of 31%, should have produced a 
p-value ~1.5 × 10−63 instead of the non-impressive observed 9.7 × 10−3 [73]. The 
effect size in these small studies is very much inflated, as evidenced by the small 
effect size (1.08), which is more in line with the larger genome-wide association 
studies (GWAS) discussed below. A sobering thought perhaps is the realization 
that a p-value cut-off of 0.05 simply is not reliable to obtain robust results when 
dealing with small data sets, which had already been recognized in other areas of 
science [75].
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5.7.3  Genome-Wide Association Study in Cluster Headache

The low prevalence of cluster headache did not stop Italian researchers from per-
forming the first, and thus far only, genome-wide association study (GWAS) in clus-
ter headache [76]. Admittedly, their sample of 99 clinically well-defined patients 
with cluster headache and 360 healthy individuals is tiny compared to the thousands 
to tens of thousands of cases and controls that one nowadays investigates in a GWAS 
[77]. Also, the male-female distribution and smoking status was not appropriately 
matched in the cluster headache GWA study [76]. Still, by combining single-marker 
(testing common SNPs) and gene-based (focussing on rare protein-altering variants 
in 745 candidate genes with a putative role in CH) association analyses, they claim 
some suggestive hits, although the observed effect sizes (<0.5 or >2.0) were more 
extreme than those reported in other GWA studies (between ~0.8 and ~1.2). Also 
observed p-values, often by orders of magnitude, did not reach the commonly 
accepted threshold for a genome-wide significant association (p  ≤  5  ×  10−8). 
Therefore, the findings can, at best, be taken as hypothesis-generating. Among their 
hits was an association with a variant in the PACAP receptor gene ADCYAP1R1, 
which is of interest given that PACAP induces activation of specific neurons that 
have been implicated in the pathophysiology of cluster headache and that higher 
plasmatic levels of PACAP have been detected in patients with cluster headache 
inside a period of attacks than outside such a period [78]. In addition, their gene- 
based analysis provided some evidence of association for a rare potentially damag-
ing missense variant in MME that encodes the membrane metallo-endopeptidase 
neprilysin [76]. The fact, however, that these findings could not be replicated in a 
much larger sample set of over 500 Swedish cluster headache patients may suggest 
that the initial hits were false positives [79].

5.7.4  Genome-Wide Association Studies in Other Primary 
Headache Disorders

Various GWAS were performed for various migraine types in increasingly large 
cohorts of patients and controls [80]. The most recent, and largest, migraine GWAS 
investigated 59,674 migraine cases and 316,078 healthy controls and identified 38 
genome-wide significant loci with 45 independent SNPs that confer migraine risk 
[81]. Of the 29 migraine-associated SNPs that could directly be genotyped or cap-
tured by a tag SNP in the cluster headache GWAS, only SNP rs9349379 in PHACTR1 
achieved a nominally significant p-value in cluster headache [76]. The same SNP 
associated with several vascular diseases (coronary heart disease, coronary artery 
calcification and cervical artery dissection), and through various genetic and molec-
ular approaches, it was convincingly shown that the SNP in fact regulated endothe-
lin- 1, a potent vasoconstrictor encoded by EDN1 located 600  kb upstream of 
PHACTR1 [82]. The observation that mean endothelin-1 plasma levels were 
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increased during attacks of cluster headache suggests that vascular or immune func-
tion, two known functions of endothelin-1, may be involved in its pathology [83].

5.8  Investigating the Genetics of Cluster Headache Through 
RNA-Based Approaches

RNA-based approaches have also been tried to identify genes and pathways involved 
in cluster headache by searching for differential gene expression in tissue from 
patients and controls. Microarray profiling of RNA from whole blood or immortal-
ized lymphoblastoid cell lines from a few cluster headache patients revealed dif-
ferentially expressed genes: i.e. 90 in blood [84] and 1100 in cell lines [85], albeit 
with very limited overlap. It remains unclear to what extent the suggested pathways 
(noninfectious inflammation or endoplasmic reticulum protein processing) are 
involved in the pathology. In a recent Dutch study, RNA-sequencing (RNA-seq), a 
deep sequencing-based technique that is more robust and detects a wider range of 
transcripts than microarray technology, was used to compare whole blood gene 
expression profiles of a much larger sample: 39 well-characterized patients with 
cluster headache (19 episodic, 20 chronic) and 20 matched controls [86]. No single 
cluster headache-associated gene survived false discovery rate multiple testing cor-
rection. So, unlike previous reports, differences in gene expression in cluster head-
ache, at best, seem very modest. At the level of functional gene sets, associations 
were observed for genes involved in several brain-related mechanisms, such as 
GABA receptor function and voltage-gated channels. The analysis of genes and 
modules of co-expressed genes suggested a role for intracellular signalling cas-
cades, mitochondria and inflammation [86]. A role for abnormal inflammation has 
been proposed before [85], although the genes identified in both studies did not 
overlap. In the Dutch study, no evidence was obtained for the involvement of hypo-
cretin, by analysing custom hypocretin gene sets [86]. Clearly, even larger samples 
should be studied with carefully taking into account (1) the matching of patients and 
controls and (2) the time of blood withdrawal relative to the occurrence of attacks 
(i.e. for cluster headache inside or outside an attack period), to identify the full 
range of cluster headache-associated genes and pathways. Ideally, of course, gene 
expression profiling should be performed in well-characterized human postmortem 
brain samples, but these are extremely difficult to obtain.

5.9  Conclusion

There is compelling epidemiological evidence that cluster headache has a genetic 
component. Evidence is less convincing for the other TACs. Despite many efforts, 
it has not been possible to identify causal genetic factors for cluster headache that 
are undisputed. Lessons can be learnt from other primary headache disorders, 
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foremost migraine, which has shown that it is possible to identify genetic factors. 
Future studies in cluster headache should perhaps take into account many of the 
mentioned factors for success, i.e. much larger sample sizes, less heterogeneity of 
phenotypes (not mixing episodic and chronic patients in the analyses), more ade-
quately matching cases and controls and—for RNA-based studies—ideally analys-
ing diseased brain tissue or in the case of blood optimally timing the moment of 
drawing blood in relation to the occurrence of attacks.

References

 1. Goadsby PJ, Lipton RB. A review of paroxysmal hemicranias, SUNCT syndrome and other 
short-lasting headaches with autonomic feature, including new cases. Brain. 1997;120:193–209.

 2. May A.  Cluster headache: pathogenesis, diagnosis, and management. Lancet. 
2005;366:843–55.

 3. Nesbitt AD, Goadsby PJ. Cluster headache. Br Med J. 2012;344:e2407.
 4. Headache Classification Committee of the International Headache Society (IHS). The 

international classification of headache disorders, 3rd edition (beta version). Cephalalgia. 
2013;33:629–808.

 5. Goadsby PJ.  Trigeminal autonomic cephalalgias. Pathophysiology and classification. Rev 
Neurol. 2005;161:692–5.

 6. Leone M, Bussone G. Pathophysiology of trigeminal autonomic cephalalgias. Lancet Neurol. 
2009;8:755–64.

 7. Barloese MCJ. The pathophysiology of the trigeminal autonomic cephalalgias, with clinical 
implications. Clin Auton Res. 2018;28(3):315–24.

 8. May A, Bahra A, Buchel C, Frackowiak RS, Goadsby PJ. Hypothalamic activation in cluster 
headache attacks. Lancet. 1998;352:275–8.

 9. May A, Goadsby PJ. The trigeminovascular system in humans: pathophysiologic implications 
for primary headache syndromes of the neural influences on the cerebral circulation. J Cereb 
Blood Flow Metab. 1999;19:115–27.

 10. Malick A, Strassman RM, Burstein R.  Trigeminohypothalamic and reticulohypothalamic 
tract neurons in the upper cervical spinal cord and caudal medulla of the rat. J Neurophysiol. 
2000;84:2078–112.

 11. Sjostrand C. Genetic aspects of cluster headache. Expert Rev Neurother. 2009;9:359–68.
 12. Headache Classification Subcommittee of the International Headache Society. The interna-

tional classification of headache disorders: 2nd edition. Cephalalgia. 2004;24(Suppl 1):9–160.
 13. Salvesen R. Cluster headache sine headache: case report. Neurology. 2000;55:451.
 14. Leone M, Rigamonti A, Bussone G. Cluster headache sine headache: two new cases in one 

family. Cephalalgia. 2002;22:12–4.
 15. Favier I, van Vliet JA, Roon KI, Witteveen RJ, Verschuuren JJ, Ferrari MD, et al. Trigeminal auto-

nomic cephalgias due to structural lesions: a review of 31 cases. Arch Neurol. 2007;64:25–31.
 16. Leroux E, Ducros A. Cluster headache. Orphanet J Rare Dis. 2008;3:20.
 17. Headache Classification Committee of the International Headache Society. The International 

Classification of Headache Disorders. 3rd edition. ICHD-3. Cephalalgia. 2018;38(1):1–211.
 18. Headache Classification Committee of the International Headache Society. Classification and 

diagnostic criteria for headache disorders, cranial neuralgias and facial pain. Cephalalgia. 
1988;8:1–96.

 19. Russell MB. Epidemiology and genetics of cluster headache. Lancet Neurol. 2004;3:279–83.
 20. Goadsby PJ, Cittadini E, Cohen AS. Trigeminal autonomic cephalalgias: paroxysmal hemicra-

nia, SUNCT/SUNA, and hemicrania continua. Semin Neurol. 2010;30:186–91.

5 Genetics of Cluster Headache and Other Trigeminal Autonomic Cephalalgias



54

 21. Prakash S, Belani P, Susvirkar A, Trivedi A, Ahuja S, Patel A. Paroxysmal hemicrania: a ret-
rospective study of a consecutive series of 22 patients and a critical analysis of the diagnostic 
criteria. J Headache Pain. 2013;14:26.

 22. Goadsby P, Lipton R. A review of paroxysmal hemicranias, SUNCT syndrome, and other short 
lasting headaches with autonomic features, including new cases. Brain. 1997;120:193–209.

 23. Williams MH, Broadley SA. SUNCT and SUNA: clinical features and medical treatment. J 
Clin Neurosci. 2008;15:526–34.

 24. Cohen AS, Matharu MS, Goadsby PJ. Short-lasting unilateral neuralgiform headache attacks 
with conjunctival injection and tearing (SUNCT) or cranial autonomic features (SUNA)—a 
prospective clinical study of SUNCT and SUNA. Brain. 2006;129:2746–60.

 25. Rapoport AM, Bigal ME. Hemicrania continua: clinical and nosographic update. Neurol Sci. 
2003;24(Suppl 2):S118–21.

 26. Silberstein SD, Peres MF. Hemicrania continua. Arch Neurol. 2002;59:1029–30.
 27. Sjaastad O, Salvesen R.  Cluster headache: are we only seeing the tip of the iceberg? 

Cephalalgia. 1986;6:127–9.
 28. Sjaastad O, Shen JM, Stovner LJ, Elsas T.  Cluster headache in identical twins. Headache. 

1993;33:214–7.
 29. Eadie MJ, Sutherland JM. Migrainous neuralgia. Med J Aust. 1966;1:1053–7.
 30. Couturier EG, Hering R, Steiner TJ. The first report of cluster headache in identical twins. 

Neurology. 1991;41:761.
 31. Roberge C, Bouchard JP, Simard D, Gagne R.  Cluster headache in twins. Neurology. 

1992;42:1255–6.
 32. Svensson D, Ekbom K, Pedersen NL, Traff H, Waldenlind E. A note on cluster headache in a 

population-based twin register. Cephalalgia. 2003;23:376–80.
 33. Ekbom K, Svensson DA, Pedersen NL, Waldenlind E. Lifetime prevalence and concordance 

risk of cluster headache in the Swedish twin population. Neurology. 2006;67:798–803.
 34. D'Amico D, Leone M, Moschiano F, Bussone G. Familial cluster headache: report of three 

families. Headache. 1996;36:41–3.
 35. Spierings EL, Vincent AJ.  Familial cluster headache: occurrence in three generations. 

Neurology. 1992;42:1399–400.
 36. Kudrow L, Kudrow DB.  Inheritance of cluster headache and its possible link to migraine. 

Headache. 1994;34:400–7.
 37. Montagna P, Mochi M, Prologo G, Sangiorgi S, Pierangeli G, Cevoli S, et al. Heritability of 

cluster headache. Eur J Neurol. 1998;5:343–5.
 38. Russell MB, Andersson PG, Thomsen LL. Familial occurrence of cluster headache. J Neurol 

Neurosurg Psychiatry. 1995;58:341–3.
 39. Leone M, Russell MB, Rigamonti A, Attanasio A, Grazzi L, D’Amico D, et  al. Increased 

familial risk of cluster headache. Neurology. 2001;56:1233–6.
 40. El Amrani M, Ducros A, Boulan P, Aidi S, Crassard I, Visy JM, et al. Familial cluster head-

ache: a series of 186 index patients. Headache. 2002;42:974–7.
 41. Torelli P, Manzoni GC.  Clinical observations on familial cluster headache. Neurol Sci. 

2003;24:61–4.
 42. Cruz S, Lemos C, Monteiro JM. Familial aggregation of cluster headache. Arq Neuropsiquiatr. 

2013;71:866–70.
 43. Taga A, Russo M, Manzoni GC, Torelli P. Familial cluster headache in an Italian case series. 

Neurol Sci. 2015;36(Suppl 1):141–3.
 44. Vliet JA, Ferrari MD, Haan J.  Genetic factors in cluster headache. Expert Rev Neurother. 

2003;3:301–6.
 45. Russell MB, Andersson PG, Thomsen LL, Iselius L. Cluster headache is an autosomal dom-

inantly inherited disorder in some families: a complex segregation analysis. J Med Genet. 
1995;32:954–6.

 46. De Simone R, Fiorillo C, Bonuso S, Castaldo G.  A cluster headache family with possible 
autosomal recessive inheritance. Neurology. 2003;61:578–9.

A. M. J. van den Maagdenberg and A. Ducros



55

 47. Cohen AS, Matharu MS, Goadsby PJ.  Paroxysmal hemicrania in a family. Cephalalgia. 
2006;26:486–8.

 48. Boes CJ, Dodick DW. Refining the clinical spectrum of chronic paroxysmal hemicrania: a 
review of 74 patients. Headache. 2002;42:699–708.

 49. Weatherall MW, Bahra A. Familial hemicrania continua. Cephalalgia. 2011;31:245–9.
 50. Gantenbein AR, Goadsby PJ. Familial SUNCT. Cephalalgia. 2005;25:457–9.
 51. Martins IP, Viana P, Lobo PP. Familial SUNCT in mother and son. Cephalalgia. 2016;36:993–7.
 52. Lambru G, Nesbitt A, Shanahan P, Matharu MS. Coexistence of hemiplegic migraine with 

SUNCT or SUNA: a case series. Cephalalgia. 2012;32:258–62.
 53. Honkasalo ML, Kaprio J, Winter T, Heikkila K, Sillanpaa M, Koskenvuo M. Migraine and 

concomitant symptoms among 8167 adult twin pairs. Headache. 1995;35:70–8.
 54. Ulrich V, Gervil M, Kyvik KO, Olesen J, Russell MB. Evidence of a genetic factor in migraine 

with aura: a population-based Danish twin study. Ann Neurol. 1999;45:242–6.
 55. Russell MB, Ulrich V, Gervil M, Olesen J. Migraine without aura and migraine with aura are 

distinct disorders. A population-based twin survey. Headache. 2002;42:332–6.
 56. Russell MB, Iselius L, Olesen J. Migraine without aura and migraine with aura are inherited 

disorders. Cephalalgia. 1996;16:305–9.
 57. Polderman TJ, Benyamin B, de Leeuw CA, Sullivan PF, van Bochoven A, Visscher PM, et al. 

Meta-analysis of the heritability of human traits based on fifty years of twin studies. Nat Genet. 
2015;47:702–9.

 58. Kuhlenbaumer G, Hullmann J, Appenzeller S. Novel genomic techniques open new avenues in 
the analysis of monogenic disorders. Hum Mutat. 2011;32:144–51.

 59. Ferrari MD, Klever RR, Terwindt GM, Ayata C, van den Maagdenberg AM.  Migraine 
pathophysiology: lessons from mouse models and human genetics. Lancet Neurol. 
2015;14:65–80.

 60. Manzoni GC. Cluster headache and lifestyle: remarks on a population of 374 male patients. 
Cephalalgia. 1999;19:88–94.

 61. Levi R, Edman GV, Ekbom K, Waldenlind E. Episodic cluster headache. II: high tobacco and 
alcohol consumption in males. Headache. 1992;32:184–7.

 62. Schurks M, Diener HC.  Cluster headache and lifestyle habits. Curr Pain Headache Rep. 
2008;12:115–21.

 63. Schurks M. Genetics of cluster headache. Curr Pain Headache Rep. 2010;14:132–9.
 64. Rainero I, Gallone S, Valfre W, Ferrero M, Angilella G, Rivoiro C, et al. A polymorphism of the 

hypocretin receptor 2 gene is associated with cluster headache. Neurology. 2004;63:1286–8.
 65. Schurks M, Kurth T, Geissler I, Tessmann G, Diener HC, Rosskopf D. Cluster headache is 

associated with the G1246A polymorphism in the hypocretin receptor 2 gene. Neurology. 
2006;66:1917–9.

 66. Baumber L, Sjostrand C, Leone M, Harty H, Bussone G, Hillert J, et  al. A genome-wide 
scan and HCRTR2 candidate gene analysis in a European cluster headache cohort. Neurology. 
2006;66:1888–93.

 67. Weller CM, Wilbrink LA, Houwing-Duistermaat JJ, Koelewijn SC, Vijfhuizen LS, Haan J, 
et al. Cluster headache and the hypocretin receptor 2 reconsidered: a genetic association study 
and meta-analysis. Cephalalgia. 2015;35:741–7.

 68. Nishizawa D, Kasai S, Hasegawa J, Sato N, Yamada H, Tanioka F, et al. Associations between 
the orexin (hypocretin) receptor 2 gene polymorphism Val308Ile and nicotine dependence in 
genome-wide and subsequent association studies. Mol Brain. 2015;8:50.

 69. Shimomura T, Kitano A, Marukawa H, Mishima K, Isoe K, Adachi Y, et  al. Point muta-
tion in platelet mitochondrial tRNA(Leu(UUR)) in patient with cluster headache. Lancet. 
1994;344:625.

 70. Odawara M, Tamaoka A, Mizusawa H, Yamashita K. A case of cluster headache associated 
with mitochondrial DNA deletions. Muscle Nerve. 1997;20:394–5.

 71. de Vries B, Frants RR, Ferrari MD, van den Maagdenberg AM. Molecular genetics of migraine. 
Hum Genet. 2009;126:115–32.

5 Genetics of Cluster Headache and Other Trigeminal Autonomic Cephalalgias



56

 72. Sutherland HG, Griffiths LR.  Genetics of migraine: insights into the molecular basis of 
migraine disorders. Headache. 2017;57:537–69.

 73. de Vries B, Anttila V, Freilinger T, Wessman M, Kaunisto MA, Kallela M, et al. Systematic re- 
evaluation of genes from candidate gene association studies in migraine using a large genome- 
wide association data set. Cephalalgia. 2016;36:604–14.

 74. Schurks M, Neumann FA, Kessler C, Diener HC, Kroemer HK, Kurth T, et  al. MTHFR 
677C>T polymorphism and cluster headache. Headache. 2011;51:201–7.

 75. Button KS, Ioannidis JP, Mokrysz C, Nosek BA, Flint J, Robinson ES, et  al. Power fail-
ure: why small sample size undermines the reliability of neuroscience. Nat Rev Neurosci. 
2013;14:365–76.

 76. Bacchelli E, Cainazzo MM, Cameli C, Guerzoni S, Martinelli A, Zoli M, et al. A genome- 
wide analysis in cluster headache points to neprilysin and PACAP receptor gene variants. J 
Headache Pain. 2016;17:114.

 77. Visscher PM, Wray NR, Zhang Q, Sklar P, McCarthy MI, Brown MA, et al. 10 years of GWAS 
discovery: biology, function, and translation. Am J Hum Genet. 2017;101:5–22.

 78. Tuka B, Szabo N, Toth E, Kincses ZT, Pardutz A, Szok D, et al. Release of PACAP-38 in epi-
sodic cluster headache patients—an exploratory study. J Headache Pain. 2016;17:69.

 79. Ran C, Fourier C, Michalska JM, Steinberg A, Sjostrand C, Waldenlind E, et al. Screening of 
genetic variants in ADCYAP1R1, MME and 14q21 in a Swedish cluster headache cohort. J 
Headache Pain. 2017;18:88.

 80. Gormley P, Winsvold BS, Nyholt DR, Kallela M, Chasman DI, Palotie A. Migraine genetics: 
from genome-wide association studies to translational insights. Genome Med. 2016;8:86.

 81. Gormley P, Anttila V, Winsvold BS, Palta P, Esko T, Pers TH, et al. Meta-analysis of 375,000 
individuals identifies 38 susceptibility loci for migraine. Nat Genet. 2016;48:856–66.

 82. Gupta RM, Hadaya J, Trehan A, Zekavat SM, Roselli C, Klarin D, et al. A genetic variant 
associated with five vascular diseases is a distal regulator of endothelin-1 gene expression. 
Cell. 2017;170:522–33.

 83. Franceschini R, Tenconi GL, Leandri M, Zoppoli F, Gonella A, Staltari S, et al. Endothelin-1 
plasma levels in cluster headache. Headache. 2002;42:120–4.

 84. Sjostrand C, Duvefelt K, Steinberg A, Remahl IN, Waldenlind E, Hillert J. Gene expression 
profiling in cluster headache: a pilot microarray study. Headache. 2006;46:1518–34.

 85. Costa M, Squassina A, Piras IS, Pisanu C, Congiu D, Niola P, et al. Preliminary transcriptome 
analysis in lymphoblasts from cluster headache and bipolar disorder patients implicates dys-
regulation of circadian and serotonergic genes. J Mol Neurosci. 2015;56:688–95.

 86. Eising E, Pelzer N, Vijfhuizen LS, Vries B, Ferrari MD, t Hoen PA, et al. Identifying a gene 
expression signature of cluster headache in blood. Sci Rep. 2017;7:40218.

A. M. J. van den Maagdenberg and A. Ducros



57© Springer Nature Switzerland AG 2020 
M. Leone, A. May (eds.), Cluster Headache and other Trigeminal Autonomic 
Cephalgias, Headache, https://doi.org/10.1007/978-3-030-12438-0_6

Chapter 6
Pathophysiological Considerations 
Regarding Cluster Headache 
and Trigeminal Autonomic Cephalalgias

Massimo Leone and Arne May

6.1  Introduction

When we discuss pathophysiological background regarding cluster headache, scien-
tific progress over the last 20 years has put us in the fortunate situation that we can 
divide this question into “what drives cluster headache” and “where is the source of 
the pain.” For decades these (fundamentally different) questions have been mixed as 
so little was known about the pathophysiology of this dreadful disease. We have 
learned so much about modulators and generators of cluster headache attacks and—
to be frank—know still relatively little of what structure actually generates the 
nociceptive input. We therefore focus here on central generating factors (the why) 
and refer to the Chaps. 8 and 9 in this book (the where) [1, 2].

Trigeminal autonomic cephalalgias (TACs) are a group of primary headaches 
characterized by attacks of short-lasting unilateral head pain associated with ipsilat-
eral craniofacial autonomic manifestations [3]. The group includes cluster headache 
(CH), the main form, paroxysmal hemicrania (PH), short-lasting unilateral neural-
giform headache attacks, and hemicrania continua [3]; attack duration is the main 
feature that distinguishes TACs [3].

For decades CH has been seen as a vascular headache [4] according to the vascu-
lar theory of migraine and related forms, but the term of neurovascular headache is 
now used given the wealth of evidence suggesting that migraine and related disorders 
mainly derive from within the brain [5]. Contemporary trigeminal nerve and 
craniofacial parasympathetic nerve fiber activation are thought to provoke the pain 
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and the autonomic craniofacial phenomena, respectively [6–8]; this activation has 
been named trigeminal-parasympathetic or trigeminal-facial reflex [6]. An impressive 
phenomenon reported by many CH patients is the clockwork regularity of attacks as 
well as the seasonal recurrence of cluster periods in the episodic form of the disease 
[9] suggesting that the biological clock located in the hypothalamus is involved in its 
pathophysiology [10]. Results from a number of neuroendocrinological studies lent 
support to the hypothalamic hypothesis [11]. The first direct demonstration of 
hypothalamic involvement came from the seminal neuroimaging studies showing 
activation of the ipsilateral posterior hypothalamus during CH attacks [12] and 
structural anomalies (increased neuronal density) in the same brain region [13]. 
These observations suggested that the cluster generator could be located there [12]. 
It was then hypothesized that high-frequency deep brain stimulation of that brain area 
could inhibit neuronal activation of the stimulated area just as has been used in the 
treatment of Parkinson disease [14]. Efficacy of hypothalamic deep brain stimulation 
as a treatment for intractable chronic CH [14] as well as for other intractable TACs as 
short-lasting unilateral neuralgiform headache attacks [15–18] and PH [19] confirmed 
the crucial role of the hypothalamus in CH and other TACs.

In this chapter the main focus will be pathophysiology of CH because of the 
scarcity of data on the other TAC forms.

6.2  Genetics

An exhaustive and detailed description of genetics in CH and related disorders is 
reported in this book [20]. Both twins [21] and epidemiological [22] studies suggest 
a familial occurrence of CH. For instance, in twins an anticipation between genera-
tions has been observed [21].

Notwithstanding some methodological limitations, epidemiological studies all 
suggested an increased risk for first-degree relatives of patients with CH to develop 
CH: 14 times (or more) higher than that of the general population [22–26]. For 
second-degree relatives, the risk is much lower ranging between two and eight times 
above that of the general population [23–26].

A number of studies have investigated involvement of various genes in CH [for 
a comprehensive review, see Ref. 20].

The CACNA1A gene on chromosome 19p harboring the familial hemiplegic 
migraine type 1 mutation was investigated in CH because of the paroxysmal nature 
of both diseases, but no abnormalities were observed [27]. The hypocretin system 
has been advocated to be involved in CH because of its involvement in pain and in 
the regulation of the sleep–wake cycle [26] also affected in CH. A missense single- 
nucleotide polymorphism in the HCRTR2 gene coding for the hypocretin-2 (orexin-
 B) receptor was reported in CH [28] but not confirmed in other studies [29–31]. 
Given the circadian occurrence of painful attacks in CH, some studies investigated 
genes involved in circadian rhythmicity. Among these, the PER3 gene was studied 
but no association was found [32]. In one study genes linked to circadian rhythms 
such as the RBM3 protein binding several genes, including BMAL1 (ARTNL), 

M. Leone and A. May



59

PER1, and CLOCK, seemed to involved in CH [33], but a larger study did not con-
firm those findings [31]. It has been shown that plasma level of pituitary adenylate 
cyclase-activating polypeptide (PACAP) is increased during cluster attacks [34], 
and a genome-wide analysis study indicated that a variant of the PACAP receptor 
gene ADCYAP1R1 might play a role in CH [35]. Due to the conflicting results on 
the topic [36], future studies are needed. In summary, the genetic mutation behind 
the familial occurrence in CH is likely; the exact nature of this remains to be 
established.

6.3  From the Trigeminal System to Hypothalamus

The main actors in the generation of headache episodes in CH and TACs are the 
trigeminal system, the parasympathetic system, and the hypothalamus (Fig.  6.1) 
[5–8]. Typically CH patients report that alcohol or other vasodilating agents such as 
nitroglycerine can trigger attacks [9, 10]. This happens only in patients with chronic 
or episodic CH during active cluster periods [9, 10] suggesting that a permissive 
state is necessary to start CH attacks. A (anatomically still unknown) brain dysfunc-
tion could lower the threshold leading to the simultaneous activation of the trigemi-
nal and the parasympathetic system and the inhibition of the sympathetic system. 
Outside the active (cluster) period, this attack like orchestrated combination of acti-
vation and inhibition is not possible to activate. A genetic susceptibility would then 
explain the familial occurrence in some cases.

6.3.1  Trigeminal System

Activation of the trigeminal system in CH is strongly suggested by the increased 
serum concentrations of CGRP during a CH attack (Fig. 6.1) [37]. CGRP is con-
tained in neurons of the gasserian ganglion and released from these neurons [38] 
with at least two targets: it is a potent vasodilator and modulates the activity of 
nociceptive trigeminal neurons [39]. The peripheral axons of the trigeminal pseu-
dounipolar neurons innervate the dura mater and cranial vessels, while the central 
projections end onto the trigeminocervical complex in the brainstem. The trigemi-
nocervical complex plays a key role in modulating and transmitting potentially 
painful stimuli from the face and head to the brain. It contains the trigeminal nucleus 
caudalis and the C1 and C2 dorsal horns of the spinal cord [40]. Animal models 
have clarified the interplay between the posterior hypothalamus and the trigemino-
cervical complex. The two areas of the central nervous system are connected by the 
trigemino-hypothalamic pathway, and a number of neurotransmitters modulate pain 
transmission between the posterior hypothalamus and the trigeminal nucleus cauda-
lis [41]. In humans high-frequency deep brain stimulation of the posterior hypotha-
lamic area activates a network of brain areas including the ipsilateral trigeminal 
system that seems to be interconnected and plays a crucial role in attack generation 
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[42]. Another observation questioning at least the role of the peripheral trigeminal 
system in CH pathophysiology is the persistence of CH after complete trigeminal 
nerve root section [43–45]. If these data are confirmed, the fully developed cluster 
picture could occur without peripheral trigeminal input, and vessels would not play 
any role in cluster headache generation. However, many of the clinical symptoms in 
CH could then not be explained. There is no question that further studies are 
necessary to better understand the role of the trigeminal system in pathophysiology 
and attack generation of CH and TACs [8].

Thalamus

Light

Blood vessel

Trigeminal
ganglion

Superior
cervical ganglion

Intermediolateral
nucleus (sympathetic

system)

Superior
salivatory

nucleus (para-
sympathetic

system)

Sphenopalatine
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(acetylcholine)

Suprachiasmatic
nucleus

Nociceptive input
(heal and face)
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(melatonin, orexin A,

orexin B)
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CGRP, PACAP,
and serotonin

Neuropeptide Y

Trigeminocervical
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Fig. 6.1 Graphic illustrating the anatomical and neurotransmitter components of the cluster 
headache pathobiology. Only neurotransmitters which are known to be involved in cluster head-
ache are shown. SSN, TCC, and ILN stand under hypothalamic control which communicates 
with the SCN. A strong trigeminal nociceptive input generates a signal which is transmitted to 
the thalamus. This signal generates in the periphery (between the trigeminal and the parasympa-
thetic ganglion) but also centrally in a physiological reflex arch with a parasympathetic outflow. 
It may well be that this parasympathetic reaction (lacrimation, conjunctival injection) is facili-
tated due to the sympathetic deficit (miosis, ptosis) which is inherent to cluster attacks. For fur-
ther explanation please see text. ACH acetylcholine, CGRP calitonin gene-related peptide, IML 
intermediolateral nucleus (sympathetic system), SSN superior salivatory nucleus (parasympa-
thetic system), TCC trigeminocervical complex, SCG superior cervical ganglion, SPG spheno-
palatine ganglion, SCN suprachiasmatic nucleus, NPY neuropeptide Y, PACAP pituitary 
adenylate cyclase-activating peptide, VIP vasoactive intestinal peptide, 5-HT serotonin. 
*Modified after ref. [8]
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6.3.2  Parasympathetic System

Autonomic phenomena accompanying CH attacks such as conjunctival injection, 
lacrimation and rhinorrhea, as well as extracranial [46] and intracranial vasodilation 
[47, 48] are mediated by activation of parasympathetic fibers which form the para-
sympathetic branch of the facial nerve, whose cell bodies originate from the superior 
salivatory nucleus (SSN) (Fig. 6.1). Part of the parasympathetic nerve fibers passes 
through the sphenopalatine ganglion (SPG) (mediating conjunctival injection, lacri-
mation, rhinorrhea and extracranial vasodilation) [46, 47], and part passes through 
the otic and carotid mini ganglia (mediating intracranial vasodilation) [47, 48].

The superior salivatory nucleus (SSN) and the trigeminal nucleus are functionally 
connected in the brainstem, and their contemporary activation gives rise to the trigemi-
nal-parasympathetic reflex [6]. Nociceptive stimulation of the first division of the tri-
geminal nerve triggers this reflex [49]. Following this trigeminal activation, the 
parasympathetic neurons traveling through the SPG provoke the release of neuropep-
tides such as vasoactive intestinal polypeptide (VIP) [50] and pituitary adenylate 
cyclase-activating polypeptide (PACAP) which are raised during a CH attack (Fig. 6.1) 
[34]. PACAP might be a particularly interesting target for future treatments given that 
PACAP is a neurotransmitter of the trigeminal and the parasympathetic system [51]. The 
superior salivatory nucleus is, just as the trigeminal nucleus, under modulating control 
of the hypothalamus. Oculo-facial parasympathetic phenomena in cluster headache 
attacks could therefore be initiated by hypothalamic input instead of being a result of 
trigeminal nociceptive input, i.e., a trigeminally induced reflex phenomenon. This could 
explain why some CH patients report painless attacks with only autonomic phenomena 
[52]. Following this thought, a number of treatment interventions have been tried to stop 
the parasympathetic outflow and thus stop the acute attack altogether. Consequently, 
blockade of sphenopalatine ganglion on the pain side has been shown to be effective in 
CH prophylaxis in more than 50% of patients, but the recurrence rate is high [53].

In the last years, neuromodulation techniques have enlarged the armamentarium 
in the treatment of CH.

The efficacy produced by both sphenopalatine ganglion electrical stimulation 
[54, 55] and chemical inhibition of neurotransmission in the sphenopalatine gan-
glion by onabotulinum toxin A [56] is further evidence of the relevant role that the 
parasympathetic pathway has for the generation of a cluster attack [57].

In this respect the observation that CH attacks can occur without autonomic 
symptoms [58], and the recent finding that triggering autonomic outflow is not suf-
ficient to provoke cluster attacks [59, 60] suggests that isolated parasympathetic 
activation is not the main cause of trigeminal activation.

6.3.3  Hypothalamic Activation and Stimulation

The term “cluster headache” was introduced to describe the typical seasonal recur-
ring pattern of the disease [61]; in addition the circadian periodicity of pain 
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attacks—more often at night and frequently starting at the same time—strongly 
suggests that the biological clock has a role in the pathophysiology of the disease 
[10]. The suprachiasmatic nucleus of the hypothalamus plays an important role in 
circadian synchronization of many body processes. It receives light stimuli from the 
retina and entrains the biological clock with the light–dark cycle (Fig. 6.1). The 
suprachiasmatic nucleus controls melatonin production and secretion whose plasma 
levels peak during the night with darkness [62]. This peak is markedly blunted in 
patients with CH [63–65]. This and other neuroendocrinological abnormalities lent 
support to the hypothesis that the hypothalamic biological clock is deranged in CH 
[5]. A PET study showed activation in the ipsilateral inferior hypothalamic gray 
matter during CH attacks [12]; and an increased neuronal density of this structure 
was identified in a voxel-based morphometry study [13]. Even if hypothalamic acti-
vation can occur in other painful conditions [66], the fact that application of a pain-
ful stimulus in the receptive field of the first division of the trigeminal nerve is not 
followed by hypothalamic activation [67] indicates that the observed hypothalamic 
activation is not a consequence of the pain but has a causative role in the disease. A 
confirmation of the prominent role of the posterior hypothalamic area in the patho-
physiology of CH came from the demonstration that high-frequency deep brain 
stimulation of that area can improve otherwise intractable chronic CH patients [14].

In animals it has been shown that the posterior hypothalamus is a physiologic 
modulator of trigeminal nucleus caudalis (TNC) neuronal activity: when injected 
into the posterior hypothalamus, both orexins (orexin A and B) modulate neuronal 
activity in the TNC [41], and a disturbance in the hypothalamic orexinergic system 
has been hypothesized in CH [68]. Posterior hypothalamic orexins can also modu-
late the duration of neuronal discharge in TNC neurons [41] suggesting that these 
transmitters are involved in generating the various forms of TACs [68]. A significant 
reduction of hypocretin (orexin)-1 CSF levels has been found in both episodic and 
chronic CHs [69] and attributed to a reduced activity of hypothalamic descending 
antinociceptive pathway, but an alternative theory is that it simply represents a pain- 
induced phenomenon. The conflicting results of genetic studies do not allow con-
firming involvement of hypothalamic orexinergic system in CH [28–30]. GABA-A 
receptors in the posterior hypothalamus are also involved in the modulation of neu-
ronal discharge in the TNC [41]. Involvement of hypothalamic GABA-A receptors 
in CH is also suggested by the efficacy of both verapamil and topiramate in CH 
prophylaxis [70] since both drugs inhibit GABA-A receptors in the CNS [71].

Hypothalamic deep brain stimulation takes weeks to months to exert its preven-
tive effect [72, 73] suggesting that a mere inhibition of hypothalamic neurons is a 
too simplistic hypothesis to explain its mechanism of action. It has been shown that 
prolonged hypothalamic stimulation increases ipsilateral cold pain threshold in V1 
territories [74] indicating that the continuous stimulation could restore the 
 antinociceptive system. The periventricular posterior hypothalamic region [75], 
very close to that of electrode placement in hypothalamic deep brain stimulation 
[76], includes the A11 nucleus that contains dopamine cells, dopamine cells co-
localized with CGRP, as well as CGRP-only cells [75]. Sensory and pain responses 
in the trigeminocervical complex (TCC) are strongly inhibited by projection from 
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the A11 nucleus [75]. Hypothalamic stimulation could increase V1 cold pain thresh-
old [74] by activating A11 hypothalamic neurons.

Hypothalamic stimulation could also exert its action by interfering with mecha-
nisms leading to pain chronification. Hypothalamic stimulation induces blood flow 
changes in some brain areas as anterior cingulate, insula, and frontal lobe [42] 
involved in pain chronification [77] and long-term potentiation could be the basic 
mechanism of the changes [78]. An interference of hypothalamic stimulation with 
pain chronification is indicated by the observations that in some CH patients, long- 
term hypothalamic stimulation reverted chronic to episodic CH [79]. We note that 
in patients undergoing hypothalamic continuous stimulation, the parasympathetic 
system activity is normal [80], and this suggests that the stimulation could improve 
CH by restoring parasympathetic activity in the superior salivatory nucleus and thus 
preventing further activation of the trigemino-parasympathetic reflex (Fig. 6.1). It 
needs to be pointed out that although we start unraveling the enigma of cluster head-
ache attacks and although the scientific consensus now is that CH is a brain disorder 
and not a vascular or vessel disease, many questions remain. We must understand 
the pathophysiology completely if we ever want to change the course of the disease 
and by doing so change the life of our patients to the better.
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Chapter 7
Neuroimaging in Cluster Headache 
and Trigeminal Autonomic Cephalalgias

Laura H. Schulte and Stefania Ferraro

7.1  Introduction

Within the last 20 years, the tremendous progress of neuroimaging techniques has 
provided an unprecedented impact on the comprehension of pathological processes 
at the basis of several neurological conditions.

Cluster headache has greatly benefitted from these technical and theoretical 
advancements: neuroimaging indeed shifted the core understanding of this neuro-
pathological condition from neurovascular mechanisms to dysfunctions of the cen-
tral nervous system. Here, we present a comprehensive review of the neuroimaging 
studies that have revolutionized the comprehension of this neuropathology.

7.2  Structural Imaging

7.2.1  Voxel-Based Morphometry

Voxel-based morphometry (VBM) is a widely used method based on high- resolution 
MRI images, which aims at identifying focal morphometric changes in grey and 
white matter volume. Simply speaking, VBM is a comparison of grey and white 
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matter concentrations between two groups of subjects [1]. To function well, high- 
resolution images of the single subjects have to be realigned and warped to ensure 
congruity of brain regions between subjects. VBM is further based on voxel-based 
image segmentation into grey and white matter images taking into account intrinsic 
intensity information of the single volumes as well as a priori information and is 
thus strongly depending on grey and white matter contrast of the respective images. 
Consequently, VBM is an apt method for cerebral structures, while performance on 
the level of the cerebellum and brainstem is poor. Furthermore, VBM is susceptible 
to a lot of confounders, such as poor image realignment or misclassification of tis-
sue types [2]. Although grey matter changes found using VBM are usually inter-
preted as a local increase or decrease in grey matter volume and thus as a marker of 
neuronal density and plasticity, it is in fact not clear what is really the structural 
correlate to the so-called VBM grey matter changes. Nonetheless, VBM is until 
today widely used in pain and headache research.

VBM has a long history in cluster headache: it was in fact the first method ever 
to be used to depict changes in brain structure in cluster headache patients [3] and 
has since been used in multiple consecutive studies. Back in 1999, May and col-
leagues were able to correlate functional changes observed within the posterior 
hypothalamic area in acute cluster headache attacks with bilateral grey matter 
changes in the same area [3] in cluster headache patients both within and outside the 
bout. This very important early study in the field of VBM had—taken together with 
the functional imaging results—high therapeutic impact: in the following years, 
over 50 otherwise intractable cluster headache patients were treated successfully 
with deep brain stimulation of the posterior hypothalamic area [4–7]. This study 
was over the next nearly 20 years followed by various other studies: Matharu et al. 
conducted a VBM study of 66 episodic cluster headache patients and 96 healthy 
controls but did not find any structural alterations between cluster headache patients 
and control participants despite the fact that they used a predefined hypothalamic 
region of interest for statistical small volume correction. Findings of the more recent 
studies present a multifaceted image of structural changes in cluster headache: the 
most common finding is grey matter volume changes in areas unspecifically involved 
in pain processing and modulation of aversive stimuli, among these the thalamus, 
insular and cingulate cortex, cerebellum, temporal lobe, hippocampus, and frontal 
cortex [8–10]. Naegel et al. showed these changes to be dynamic and depending on 
the disease and pain state regarding their direction, location, and extent [8].

None of the studies were able to replicate the posterior hypothalamic volume 
changes. One possible reason could be the differences in the software used for anal-
ysis: SPM (http://www.fil.ion.ucl.ac.uk/spm) as well as the VBM toolbox for SPM 
have been gradually updated with huge impact on the normalization and segmenta-
tion procedures which crucially influence results in a relatively small area as the 
hypothalamus. However, very recently, Arkink et al. found increased grey matter 
values in the anterior part of the hypothalamus in chronic cluster headache patients 
as compared to healthy controls [11]. This VBM analysis was amended by a volume 
comparison of the manually segmented anterior hypothalamus leading to the find-
ing of increased anterior hypothalamic volume in chronic as well as episodic cluster 
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headache. Taken together, very early and very recent VBM analyses suggest some 
structural alterations within the hypothalamus in cluster headache patients, whereas 
other VBM studies in cluster headache found more unspecific changes in general 
pain processing areas.

7.2.2  Diffusion Tensor Imaging

The evolution of the magnetic resonance imaging (MRI) techniques has provided an 
extraordinary tool to characterize the microstructural organization of biological tis-
sue in vivo: diffusion tensor imaging (DTI) [12]. DTI maps the magnitude and direc-
tionality of the water molecules diffusion by means of the diffusion tensor model. 
There are four major parameters that can be computed from the diffusion tensor in 
each voxel: mean diffusivity (MD), fractional anisotropy (FA), radial diffusivity 
(RD), and axial diffusivity (AD). Based on these parameters, it is possible to detect 
microstructural alterations of the white matter and to understand whether the inves-
tigated structures present de-myelination or dys-myelination, although some doubts 
still persist about the exact interpretation of these measures [13, 14]. Remarkably, 
the principal direction of the diffusion tensor can be used to perform tractography, a 
technique that allows revealing the anatomical connectivity of the brain [15].

Despite the putative importance of the study of white matter microstructural 
alterations in the cluster headache pathophysiology, these investigations are few 
and, due to the puzzling results, not conclusive. In particular, in one of the first DTI 
studies, Absinta et al. [9], using a 3T MRI scanner, published a convincing evidence 
of the absence of white matter alterations in a convenient sample of episodic cluster 
headache patients during the “out-of-bout” condition. However, subsequent investi-
gations, all conducted with a 1.5T MRI scanner and mainly in small samples of 
patients, showed the widespread presence of microstructural alterations of the white 
matter in episodic cluster headache. The first study [16] of these series showed sig-
nificant FA changes in frontal and subcortical areas (amygdala, hippocampus, thala-
mus, and basal ganglia) and in the brainstem in a small sample of episodic cluster 
headache individuals, mainly in “out-of-bout” condition. The authors speculated 
that these white matter microstructural alterations indicated pain processing abnor-
malities, suggesting a possible key role in the cluster headache pathophysiology of 
the alterations of the descending pain inhibitory pathways. Remarkably, they inter-
preted the alterations observed in the brainstem as abnormalities of the medial lem-
niscus and of the nucleus tractus trigemini, involved in the modulations of the 
trigemino-sensory pathways. Interestingly, the alterations observed in the upper 
brainstem were linked to lesions of the sympathetic pathway. Altogether these 
results support the well-recognized involvement of the sympathetic and trigeminal 
systems in the cluster headache pathophysiology, but also a role of the pain process-
ing pathways, suggested in several neuroimaging studies [17–19].

Along the same lines, the work of Szabó et al. [20] reported widespread altera-
tions of the white matter across all the brain areas (i.e., in the frontal, parietal, 
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 temporal and occipital lobes) in patients with episodic cluster headache. More 
recently, Király et al. [21] investigated white matter microstructural alterations of the 
subcortical structures in two different groups of patients with left or right episodic 
cluster headache. Interestingly, the data from these patients were not merged in a 
unique sample, due to the observed differences in diffusivity parameters between the 
left and right hemisphere. In line with the hypothesis of the involvement of the sub-
cortical structures in pain processing, they found evidence of microstructural altera-
tions in the right amygdala, caudate, and pallidum. Chou et al. [22] showed white 
matter alterations in a group of episodic cluster headache patients during “in-bout” 
and “out-of-bout” periods. Using tract-based spatial statistic (TBSS), they found 
microstructural alterations in frontal (medial prefrontal gyrus, in subgyral area of the 
frontal lobe), limbic (hippocampus/amygdala, insula), and cerebellar areas. These 
areas play an important role in the processing of the cognitive and affective dimen-
sions of the painful experience; clearly, this result provides further support for the 
mass of neuroimaging data showing structural and functional alterations in the 
regions involved in pain processing [3, 16, 23, 24]. Notably, the observed alterations 
were present in both “in-bout” and “out-of-bout” conditions, suggesting possible 
stable white matter abnormalities. Very remarkably, the authors observed direct ana-
tomical connections between these altered white matter areas and the ipsilateral 
hypothalamus. This important result shows, again, a key role of the hypothalamus in 
the cluster headache pathophysiology. In the light of the negative findings of the 
work of Absinta et al. [9] conducted with a 3T MRI scanner in a relatively large 
sample of patients and the different results obtained by other studies conducted with 
a 1.5T MRI scanner [20–22, 25], future investigations are needed to identify global 
microstructural white matter alterations in the cluster headache pathophysiology.

Remarkably, some studies were dedicated to the investigations of the anatomical 
circuits at the basis of successful hypothalamic deep brain stimulation (DBS). 
Although DBS of the hypothalamic region is successful in the treatment of more 
than 60% of patients implanted for drug-refractory cluster headache [26], the stimu-
lated anatomical and functional networks at the basis of this efficacy are not well 
understood. To identify the cerebral networks associated with the DBS targets in 
chronic cluster headache, Clelland et al. [27] used DTI. Two important results were 
observed: (1) the tips of the electrodes for DBS were located in the midbrain teg-
mentum, near the third ventricle, and posterior to the hypothalamus, as previously 
suggested [28, 29]; (2) the DBS targets project to three main regions: the ipsilateral 
hypothalamus, reticular formation, and cerebellum. The observed anatomical pro-
jections from the DBS target to the ipsilateral hypothalamus are an important proof 
of concept that links the neuroimaging data, showing the activity in midbrain [30] 
and hypothalamic regions [24] during the attacks, with clinical, neuroendocrino-
logical, and animal findings providing converging evidence of the hypothalamic 
involvement in cluster headache pathophysiology [26, 31]. Importantly, a direct 
pathway between the hypothalamus and cerebellum was evidenced in a previous 
DTI study [32]; this fits well with the observed abnormal functional connectivity 
between the hypothalamus and cerebellum [33, 34], and with the observation that 
the cerebellum and the hypothalamus/midbrain tegmentum are activated during the 
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attacks [24, 30]. The cerebellum was suggested to be part of the pain processing 
network playing an important role in the nociceptive modulation [35]. Remarkably, 
the observed data are very consistent with studies evidencing projections from the 
DBS electrode target to the cerebellum and the reticular nucleus [36, 37].

7.3  Functional Imaging

7.3.1  Single-Photon Emission Tomography and Positron 
Emission Tomography

In functional neuroimaging, fluorodeoxyglucose-positron emission tomography 
(FDG-PET) is often used to measure brain metabolism. By using methods of statis-
tical parametric mapping, groups of subjects can be compared regarding the distri-
bution of areas with heightened glucose metabolism. Areas with such a heightened 
metabolism are usually interpreted as being activated in the respective group or 
under a respective condition. It is thus possible to identify and localize brain activa-
tions typical for a certain group of patients or for a certain condition within one 
group of patients (e.g., cluster headache patients inside of an attack). While FDG- 
PET is a widely used method in neuroimaging as an unspecific marker of brain 
activity, there are a lot of specific ligand-PET variants, in which radioactively 
marked ligands are used to measure, e.g., receptor density within certain parts of the 
brain [38]. Single-photon emission tomography (SPECT) on the other hand is a 
method that in scientific neuroimaging in the headache field has become gradually 
less influential. Reasons might include the poor spatial resolution and the fact that it 
has never really been used in voxel-based analyses in the headache field [39].

There are currently only a few SPECT studies in cluster headache available, all of 
which have been conducted prior to the broad establishment of voxel-based analyses. 
Results are mostly contradictory: whereas some studies did not find any differences in 
mean cerebral blood flow (CBF) when comparing the acute attack state with the state 
outside of attacks [40–42], other studies have found a heterogeneous pattern (increases 
in some patients and decreases or no changes in others during acute cluster headache 
attacks) [43, 44] or an increased CBF during acute attacks [45]. There is only one 
SPECT study to date that has not focused on overall CBF changes during attacks but 
has used a case-control design to compare “out-of-bout” cluster headache patients 
with healthy controls [46]. CBF was lower in the contralateral primary somatosensory 
cortex and motor cortex as well as in the thalamus. All in all, while providing some 
early attempts on capturing brain activity changes in cluster headache, SPECT studies 
have as yet not provided much insight into cluster headache pathophysiology.

Regarding other trigeminal autonomic cephalalgias, evidence from SPECT 
imaging is limited to two case reports: In paroxysmal hemicrania, hypoperfusion 
was detected bilaterally in the frontoparietal region between attacks with complete 
normalization of rCBF within attacks [47], whereas in two SUNCT patients, perfu-
sion was normal during attacks [48].
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Positron emission tomography (PET) on the other hand is a still widely used 
functional imaging method that had its main significance in the early functional 
studies in cluster headache. The possibility of performing voxel-based analyses in 
combination with PET allowed for a distinct attribution of changes in cerebral blood 
flow to certain areas of the brain and brainstem. Back in 1996, Hsieh et al. investi-
gated a group of four episodic cluster headache patients during induced attacks and 
found increased regional cerebral blood flow in various pain processing areas such 
as the anterior cingulate cortex, insular region, and operculum, indicating the 
expected but unspecific involvement of those areas in cluster headache pain pro-
cessing [49]. These brain regions however are widely involved in pain processing 
and not specific for cluster headache. Judging from the clinical appearance with a 
clear circadian and circannual rhythmicity of attacks and bouts as well as a clear 
autonomic involvement, the hypothalamus has long been hypothesized to be cru-
cially involved in the pathophysiology of cluster headache. Activation within this 
region was thus the first finding to be seen as specific for cluster headache attacks in 
a PET study of nine episodic cluster headache patients during nitroglycerin- 
triggered attacks: a small area close to the posterior hypothalamic grey matter was 
strongly activated during these attacks than outside of attacks [30]. This activation 
was present neither in mild headaches following nitroglycerin administration nor in 
experimentally induced pain. This led to the conclusion of this activation being 
indeed not solely an epiphenomenon of severe pain during cluster attacks but really 
cluster attack specific—a finding of tremendous importance as it was the first with 
a specific link to cluster headache pathophysiology. Other PET studies have been 
able to replicate this finding in a spontaneous acute cluster attack in one chronic 
cluster patient [50] and also provided evidence for reduced availability of opioider-
gic receptors within the hypothalamic area depending on the disease duration: the 
longer the disease duration, the less receptor binding was observed [38]. Additionally, 
hypermetabolism in many cortical and subcortical pain processing areas could be 
observed in cluster headache patients during “in-bout” periods but between attacks 
when compared to “out-of-bout” periods [51]. Interestingly, when comparing all 
cluster headache patients regardless of the bout status with all healthy controls, 
many of these areas showed hypometabolism. This undermines the hypothesis that 
chronic pain conditions may functionally affect pain processing areas with the 
cluster- specific alterations of functional increases during “in-bout” periods. PET in 
combination with voxel-based analyses has thus contributed essentially to our cur-
rent understanding of cluster headaches and has even paved the way for specific new 
treatment options: stimulation of the posterior hypothalamic grey area is a treatment 
option in otherwise intractable cluster headache, which makes this a great example 
of translational medicine.

Another advantage of PET as an imaging method as compared to functional MRI 
is that it operates without a strong magnetic field while providing a reasonable spa-
tial resolution, which makes it an apt tool to investigate effects and treatment mech-
anisms of neurostimulation therapies: this has to date been done for occipital nerve 
stimulation in drug-resistant chronic cluster headache [52]. After 6–30 months of 
stimulation, hypermetabolism within several areas of the pain matrix including the 
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anterior cingulate cortex, the midbrain, and pons normalized, while there was still 
heightened activity within the hypothalamus. This might suggest a symptomatic 
rather than a curing effect of occipital nerve stimulation in cluster headache. To 
date, there are no further PET studies on neurostimulation devices in cluster head-
ache, although this method might be ideal to study the effects of the relatively new 
and effective sphenopalatine ganglion stimulation.

Regarding other trigeminal autonomic cephalalgias, similar activations of the 
posterior hypothalamus could be demonstrated. During the acute untreated stage of 
paroxysmal hemicrania, there was stronger activation of the posterior hypothala-
mus and midbrain contralaterally to the pain site. A similar pattern could be 
observed for hemicrania continua with significant activation of the posterior hypo-
thalamic grey area and the dorsal rostral pons [53]. Noteworthy, while posterior 
hypothalamic activation in cluster headache usually occurred ipsilaterally to the 
pain site, in paroxysmal hemicrania and hemicrania continua it was detected on the 
contralateral site.

7.3.2  Resting State Functional Magnetic Resonance Imaging

During the resting state (RS) condition, a poorly defined state in which an individual 
is not actively engaged in cognitive or sensory-motor tasks, the brain shows an 
extraordinary highly structured intrinsic dynamic activity. fMRI during RS is able 
to capture the low-frequency (<0.1 Hz) large-scale spatial patterns of this ongoing 
activity, mapping the spontaneous blood oxygen level-dependent signal covaria-
tions in the temporal domain between distant brain regions [54, 55]. The first report 
that RS-fMRI signal fluctuations are highly structured dates back to 1995 with the 
seminal work of Biswal and colleagues [54]. In this study, the authors showed that 
low-frequency RS-fMRI signal fluctuations in the sensory-motor regions present a 
high degree of correlation in the time domain. The authors argued that this temporal 
coherence observed between distant areas was an epiphenomenon of the functional 
connectivity between brain areas. Subsequent studies confirmed that several differ-
ent cortical and subcortical networks present high temporal coherence of RS-fMRI 
signal fluctuations. This pattern of correlated activity, defined as “functional con-
nectivity” [54, 56], seems to have its underpinning in the anatomical connectivity of 
the brain [57–60]: strong evidence came from studies on corpus callosum agenesis 
[61], and callosotomy [62, 63], neuropathological conditions that abolish, particu-
larly in the acute state, the interhemispheric functional connectivity. However, a 
seminal study investigating both the functional connectivity (using RS-fMRI) and 
the anatomical connectivity (using diffusion tensor imaging) showed that the func-
tional connectivity is not completely explained by the structural connectivity; 
indeed functional connectivity also exists between distant brain regions with no 
direct anatomical pathways [56]. Based on the observation that every single func-
tional network comprises regions that are typically co-activated during the execu-
tion of a cognitive task, it was hypothesized that the task-related activity is mirrored 
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in this intrinsic and dynamic spontaneous process [64]. At the moment, we have no 
clear explanations for this pervasive phenomenon [64]; however, it was speculated 
that this low-frequency ongoing activity might organize and coordinate neuronal 
activity [65] or, in a Bayesian perspective, that it may represent a dynamic predic-
tion of the brain regions that will be involved together in the execution of tasks [66].

7.3.2.1  The Main Resting State Functional Magnetic  
Resonance Imaging Networks

The analyses of the spatiotemporal coherence of low-frequency fluctuations during 
RS-fMRI acquisitions reveal several functional networks characterized by distinct 
temporal coherence features [67]. These functional networks are supposed to under-
lie cognitive, motor, and sensory processing [68–70] and are detected mainly by 
means of independent component analyses (ICA) [71, 72], the seed-based approach, 
and the hierarchical clustering [73]. The most investigated functional circuit is the 
default mode network: the seminal fMRI work of Greicius et al. [74] showed that 
the medial prefrontal cortex, the posterior cingulate/precuneus, and the lateral pari-
etal cortex form a very robust functional network, which increases its activity dur-
ing rest and decreases its activity during the execution of tasks. This particular 
pattern of activity led to hypothesize that the brain presents a baseline functional 
state [75] whose activity is suppressed or reduced when the subject is engaged in the 
goal-directed behavior, although there are still some debates [76]. Beyond the 
default mode network, other very consistent neural functional networks, each one 
characterized by specific BOLD signal time-courses [71, 77], were identified. These 
networks comprise primary sensory networks, such as the visual [71, 78]; auditory 
[55] and the sensorimotor network [67]; and networks mediating several other cog-
nitive functions, such as the temporoparietal network, the executive control net-
work, and the salience network, particularly important in the cluster headache 
pathophysiology. In addition, hippocampus [79], thalamus [80], cerebellum [81], 
basal ganglia [81], and hypothalamic [82] networks were also identified.

7.3.3  The Main RS-fMRI Networks in Cluster Headache

A summary of the studies investigating functional connectivity with RS-fMRI in 
cluster headache pathophysiology is presented in Table 7.1.

In the past, the investigations of neurological disorders have greatly benefited 
from localization-based approaches; however, the relatively recent advances in 
acquisition techniques, in data analyses, and in the theoretical frameworks opened 
new venues for the investigation of the brain activity more focused on the  complexity 
and interactions between cerebral regions. Along these lines, RS-fMRI, investigat-
ing large-scale brain networks in the low-frequency domain, offered new and suc-
cessful perspectives in various neurological and psychiatric diseases, such as 
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Alzheimer’s disease, depression, and schizophrenia [83–88]. More importantly, 
alterations in the low-frequency coherence of specific networks were showed to 
have diagnostic and prognostic value for specific neurological diseases [89, 90]. 
This suggests that the more consistent RS-fMRI networks, such as the default mode 
network, might be sensitive biomarkers of the pathological dynamic organization of 
the brain.

What is the role of the investigations of the functional connectivity of the 
RS-fMRI networks in revealing the neuropathological bases of the cluster 
headache?

Cluster headache is characterized by extremely severe unilateral head pain and 
ipsilateral cranial-facial autonomic symptoms [91]. Clinical, neuroendocrinologi-
cal, and animal findings [26, 31] together with the already mentioned neuroimaging 
studies of May et al. [30, 92] strongly suggest the ipsilateral (to the head side of 
attack) posterior hypothalamus as the generator of cluster headache attacks. These 
findings led to the pioneering successful treatment of refractory chronic cluster 
headache with hypothalamic deep brain stimulation (DBS) [93]. As the electrode tip 
is in fact usually located posterior to the hypothalamus in the diencephalon–mesen-
cephalic junction, where it possibly stimulates several fasciculi and regions [94] and 
DBS is also successful when stimulating the ventral tegmental area [95] and the 
posterior wall of the third ventricle [96], the hypothalamus could have a modulatory 
role on some functional networks, possibly comprising the hypothalamo-trigeminal 
pathway [26, 97], pointing clearly to the possible presence of a dysfunctional net-
work, normalized or modulated by DBS [26].

In line with this very important hypothesis, the study of RS-fMRI functional con-
nectivity is very promising in the investigation of the neuropathological bases of the 
cluster headache condition. In this framework, since 2010, neuroimaging studies 
have begun to shed lights on the presence of several abnormal functional networks 
in the cluster headache condition: in particular, the hypothalamic network, the 
salience network, and the default mode network might play a key role in the cluster 
headache pathophysiology.

7.3.3.1  The Salience Network

The salience network is one of the most interesting functional RS-fMRI circuits in 
regard to cluster headache pathophysiology. The seminal work of Seeley et al. [98] 
showed that the areas typically involved during the execution of a variety of demand-
ing fMRI tasks and comprising the dorsal anterior cingulate cortex, the frontoinsu-
lar cortex, the dorsolateral prefrontal cortex, and the lateral parietal cortex are 
dissociable into two functional circuits when appreciated with RS-fMRI: the 
salience network and the executive control network. The key nodes of the salience 
network comprise the dorsal anterior cingulate cortex and the orbital frontoinsular 
cortex, with projections to subcortical structures such as the thalamus, hypothala-
mus, and ventral tegmental area/substantia nigra. Previous works have shown that 
the dorsal anterior cingulate cortex and the frontoinsular cortex represent salient 
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stimuli, such as hunger [99] and pain [100], and respond to emotional pain, such as 
during social rejection; it was therefore hypothesized that these areas are the neural 
substrate of the interoceptive feedbacks [101]. In agreement, Seeley et al. [98] pro-
posed that the salience network identifies relevant homeostatic stimuli, by integrat-
ing sensory information with visceral and autonomic functions, supporting a capital 
role of this network in pain processing. Notably, the identified salience network 
comprises brain regions involved in the central processing of the autonomic func-
tions [102]. Indeed, the anterior cingulate cortex, the insular cortex, the amygdala, 
and the hypothalamus were shown to be key components of the autonomic function 
network. It is important to note that the parasympathetic and the sympathetic system 
present divergent central processing pathways: the parasympathetic system maps 
onto areas of the default mode network, while the sympathetic system maps onto 
areas of the salience and the executive network [102]. The possible involvement of 
the salience network in the cluster headache pathophysiology is well suggested by 
its clinical features and neuroimaging investigations. The typical clinical features of 
this condition (severe head pain and cranial-facial autonomic symptoms) directly 
call in cause areas involved in pain and in central autonomic processing; neuroimag-
ing investigations provided convincing evidence of the involvement of the hypo-
thalamus, the anterior cingulate cortex, and the insular cortex, areas belonging to 
the salience network, during spontaneous and induced cluster headache attacks [18, 
23, 24, 50, 103]. Similarly, RS-fMRI studies also reported abnormal functional con-
nectivity between these same cortical regions (i.e., anterior cingulate cortex and 
insular cortex) and the hypothalamus in “out-of-bout” conditions [17] and during 
CH attacks [104]. Based on these pieces of evidence, Qiu et al. [105] directly inves-
tigated the functional connectivity of the salience network in a relatively large sam-
ple of episodic cluster headache patients during the “in-bout” condition but outside 
the attacks. The results of this study suggest that episodic cluster headache patients 
present, in comparison to healthy individuals, a decreased functional connectivity 
between regions of the salience network and the bilateral hypothalamus, indepen-
dent from the site of recurrent attacks. The authors suggested that the presence of a 
defective functional connectivity within the salience network might indicate an 
abnormal pain control, with possible dysregulation of the antinociceptive pathways, 
leading to the generation of the cluster headache attacks. Functional alterations of 
the salience network were replicated in a more recent study [19] showing a decreased 
functional connectivity in the insular cortex within this network in cluster headache 
patients during “in-bout” and “out-of bout” conditions. This last observation seems 
to indicate that the functional alterations in the salience network are relatively stable 
and not related to the shift from “in-bout” to “out-of bout” condition and vice versa.

7.3.3.2  The Default Mode Network

The default mode network comprises the ventral medial prefrontal cortex, the dor-
somedial prefrontal cortex, the posterior cingulate cortex, the precuneus, and the 
lateral parietal cortex [76]. The entorhinal cortex is frequently described as a 
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structure belonging to this functional network. According to Raichle [76], the 
default mode network integrates the sensory-visceromotor processing (occurring in 
the ventral medial prefrontal cortex), with the self-referential activity (occurring in 
the medial prefrontal cortex) and the recalling of the previous experience (occurring 
in the precuneus/parietal cortex and in the hippocampus). Importantly in the context 
of the cluster headache, as we have noted above, the central processing of the para-
sympathetic activity occurs in the default mode network [102]. Given the above 
characteristics, it is not unexpected that default mode network presents abnormal 
functional connectivity in chronic pain conditions [106–108] and in several neuro-
psychiatric [77] and neurodegenerative [74] diseases. Notably, the dysfunctional 
connectivity of default mode network in the context of chronic pain processing 
seems to mediate pain rumination [109]. Based on these observations, it is plausible 
that the cluster headache, as recurrent (chronic) and severe pain, may induce altera-
tions of the default mode network functional connectivity. Rocca et al. [17], inves-
tigating the intrinsic functional connectivity in episodic cluster headache patients 
during the out-of-bout condition, reported no alterations in the default mode net-
work. This lack of evidence was possibly related to the relatively small sample size 
investigated. Indeed, in a larger dataset of cluster headache patients, Chou et al. [19] 
observed functional alterations of the default mode network (in left precuneus) in 
both the “in-bout” and “out-of-bout” conditions with no differences between the 
two. As for the salience network, this work suggests that the default mode network 
is dysfunctional in episodic cluster headache patients; however, this dysfunction is 
not affected differently by the “in-bout” and “out-of-bout” conditions, indicating 
relatively stable functional alterations in this network.

7.3.3.3  Hypothalamic RS-fMRI Functional Connectivity

A summary of the studies investigating hypothalamic functional connectivity with 
RS-fMRI is presented in Table 7.2.

Hypothalamic functional connectivity was recently investigated [82] in a large 
sample of healthy and overweight participants. Using a seed-based approach, lateral 
and medial hypothalamus were shown to present an overlapping functional con-
nectivity with the striatum, the thalamus, the brainstem, and with some cortical 
regions, such as the orbitofrontal cortex, the cingulum, and the temporal areas. 
However, the two hypothalamic subnuclei also revealed distinct patterns of func-
tional connectivity: in particular, the lateral hypothalamus was shown to be part of 
the functional network comprising the dorsal striatum, the thalamus, the midbrain, 
the operculum, the anterior cingulate, and the prefrontal cortex. It is interesting to 
note that some cortical areas (the operculum and the anterior cingulate cortex) of 
the lateral hypothalamic network map onto regions belonging to the salience net-
work (frontoinsular cortex and anterior cingulate cortex), while the prefrontal cor-
tex maps onto the executive control network, as observed in the work of Seeley 
et al. [98]. The authors speculated that the lateral hypothalamus works in concert 
with regions involved in goal-directed behaviors (dorsal striatum and cingulo-oper-
cular network) and with regions responding to stimulus salience (opercular and 
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Table 7.2 Summary of the studies investigating hypothalamic functional connectivity in cluster 
headache pathophysiology using resting state functional magnetic resonance imaging (RS-fMRI) 
with seed-based analyses (seed in left or right hypothalamus, or * in hypothalamus ipsilateral to 
the pain or controlateral to the pain)

Hypothalamic functional connectivity—seed-based analyses

Patients
Seed 
characteristic

RS-FC of R (or 
ipsilateral*)  
hypothalamus

RS-FC of L (or 
contralateral*) 
hypothalamus

Rocca 
et al. 
[17]

13 episodic 
CH patients: 
“out-of-bout” 
patients 
(8 with 
right- sided, 
5 left-sided 
attacks)

5 mm spherical 
volume, 
centered at 
[2/−2, −18, −8] 
in SPM space

CH vs. CTRL: Increased 
RS-FC with anterior 
cingulate cortex, bilateral 
secondary sensorimotor 
cortex, left V1, right 
middle occipital gyrus, 
right thalamus and right 
insula

CH vs. CTRLs: 
Increased RS-FC with 
anterior cingulate 
cortex, bilateral 
secondary sensorimotor 
cortex, left V1, right 
middle occipital gyrus, 
right thalamus and right 
insula

Qiu 
et al. 
[104]

12 episodic 
CH patients: 
“in-attack” 
and “out-of-
attack” (all 
right-sided)

6 mm spherical 
volume, 
centered at  
[2, −18, −8] in 
Talairach space

In-attack CH vs. out-of- 
attack CH: increased 
RS-FC with anterior 
cingulate cortex, posterior 
cingulate cortex, superior 
frontal gyrus, middle 
frontal gyrus, inferior 
frontal gyrus, superior 
temporal gyrus, inferior 
parietal lobule, gyrus, 
amygdala. Out-of attack vs. 
CTRL: increased RS-FC 
with inferior frontal gyrus, 
superior temporal gyrus, 
middle temporal gyrus, 
temporal pole, insula 
cortex, parahippocampal 
gyrus and uncus; decreased 
RS-FC with precuneus, 
inferior parietal lobule, 
occipital lobe

Yang 
et al. 
[34]

18 episodic 
CH patients: 
“in-bout” and 
“out-of-bout” 
(with 
right-sided 
attacks after 
flipping 
images)

4 mm spherical 
volume, 
centered at 
[4/−4, −18, −8] 
in MNI space

CH (in-bout and out-of- 
bout) vs. CTRL: RS-FC* 
alterations with L middle 
frontal gyrus and bilateral 
inferior temporal gyri

CH (in-bout and 
out-of-bout) vs. CTRL: 
RS-FC* alterations 
with R fusiform gyrus, 
L middle frontal gyrus, 
L inferior semi-lunar 
lobule, and L inferior 
temporal gyrus

Visual 
identification of 
hypothalamus 
in MNI space

CH (in-bout and out-of- 
bout) vs. CTRL: RS-FC* 
alterations with L medial 
frontal gyrus, R cuneus 
CH in-bout vs. CH out-of- 
bout: RS-FC* alterations 
with bilateral cerebellar 
areas, L precuneus

CH (in-bout and 
out-of-bout) vs. CTRL: 
RS-FC* alterations 
with right cuneus. CH 
in-bout vs. CH 
out-of-bout: RS-FC* 
alterations with L 
cerebellar tonsil, R 
medial frontal areas

(continued)
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Table 7.2 (continued)

Hypothalamic functional connectivity—seed-based analyses

Patients
Seed 
characteristic

RS-FC of R (or 
ipsilateral*)  
hypothalamus

RS-FC of L (or 
contralateral*) 
hypothalamus

Qiu 
et al. 
[105]

21 episodic 
CH patients: 
“in-bout” 
outside 
attacks 
(13 with 
right-sided, 
8 left-sided 
attacks)

10-mm cubic 
volume, 
centered at 
[5/−5, −18, −8] 
in MNI space

CH vs. CTRL: decreased 
RS-FC with salience 
network (dorsal anterior 
cingulate cortex and 
anterior insula-frontal 
operculum) in both 
right- and left-sided CH

CH vs. CTRL: 
decreased RS-FC with 
salience network 
(dorsal anterior 
cingulate cortex and 
anterior insula-frontal 
operculum) in both 
right- and left-sided 
CH

Ferraro 
et al. 
[111]

17 chronic 
CH patients 
outside 
attacks (with 
right-sided 
attacks after 
flipping 
images)

Visual 
identification of 
hypothalamus 
in native space

CH vs. CTRL: RS-FC* 
alterations with 
diencephalic-
mesencephalic junction 
regions

CH cluster headache patients, CTRL control group, RS-FC resting state functional connectivity, L 
left, R right

anterior cingulate cortex) [98]. As we have discussed above, the hypothalamus 
seems to play an important role in the modulation of a possible dysfunctional net-
work in the cluster headache pathophysiology [31]. Based on this rationale, some 
studies have investigated the hypothalamic functional connectivity by means of 
RS-fMRI. However, there is an important consideration that needs to be done when 
interpreting these studies: the most part of the previous literature using RS-fMRI 
[17, 104, 105], with the exception of a few [34], used regions of interest defined by 
the standard coordinates of posterior hypothalamic activation as reported in the 
study of May et al. [30]; reconsideration of these coordinates led to hypothesize that 
they really relate to midbrain areas [29, 110]. Therefore it is possible that some of 
these results truly investigated functional connectivity of midbrain areas and not of 
the hypothalamus.

Rocca et al. [17] complemented the ICA analyses using a seed-based approach 
to investigate the hypothalamic functional connectivity. The authors showed that 
episodic CH patients in out-of-bout conditions present an increased functional con-
nectivity between the hypothalamus and the anterior cingulate cortex, but also with 
the secondary somatosensory cortex and the occipital regions, confirming the results 
obtained with ICA, which showed functional connectivity alterations beyond the 
pain processing regions [17] and involving the visual regions.

Qiu et al. [104], directly testing the functional connectivity of the hypothalamus 
network, showed that episodic cluster headache patients during “attack” condition 
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in comparison to “out-of-attack” condition present increased functional connectiv-
ity between the ipsilateral-to-the-pain hypothalamus and several cortical and 
 subcortical areas such as the anterior cingulate cortex, the posterior cingulate cor-
tex, the superior, middle, and inferior frontal gyrus and ventral medial prefrontal 
cortex, the superior temporal gyrus, the inferior parietal lobule, the parahippocam-
pal gyrus, and the amygdala. It is interesting to note that some of the identified areas 
belong to the default mode network (posterior cingulate cortex, inferior parietal 
lobule, ventral medial prefrontal cortex and parahippocampal gyrus). Two observa-
tions are important in this regard: (1) the central processing of the parasympathetic 
activity occurs in regions of the default mode network [102], as we have discussed 
above; therefore the typical autonomic symptoms of the cluster headache during the 
attack well explain the dysfunctional connectivity in the default mode network; (2) 
the observed abnormal functional connectivity in the default mode network occurs 
in areas involved in the recalling of the past experience, namely the posterior cingu-
late cortex/precuneus, the parietal cortex, and the hippocampus [76]. The different 
dysfunctional connectivity observed in the “attack” condition in comparison to the 
“out-of-attack” condition suggests that during the attack the central processing of 
the parasympathetic activity and pain processing might have a direct effect on the 
functional connectivity of the default mode network. However, as we have discussed 
in the previous sections, cluster headache patients seem to present a relatively stabi-
lized dysfunctional connectivity within the default mode network, with no differ-
ence between the “in-bout” and out-of-bout conditions [19]. Altogether these results 
indicate that the acute modulations in the default mode network during the cluster 
headache attacks might be the cause of the permanent dysfunction of this circuit; 
however, this dysfunctional activity is not at the basis of the shift from the “in-bout” 
to the “out-of-bout” condition or vice versa. Notably, Yang et al. [34] showed that 
the hypothalamic dysfunctional connectivity is different between the “in-bout” and 
“out-of-bout” conditions: interestingly, “in-bout” condition revealed decreased 
hypothalamic functional connectivity with regions of the default mode network 
(i.e., the precuneus) but also with the middle frontal gyrus, and the cerebellar areas. 
Interestingly, the episodic cluster headache patients differed from healthy partici-
pants in hypothalamic functional connectivity in visual region (i.e., the cuneus) and 
in the middle frontal gyrus, further confirming that the functional connectivity 
abnormalities are well beyond the pain matrix. Additionally, the annual bout fre-
quency correlated significantly with the hypothalamic functional connectivity in the 
cerebellar areas, suggesting that this might be an effect of the pathophysiological 
condition. It is important to note that in this study, the authors used as seed the ana-
tomical hypothalamus.

A more recent study [111] investigated the functional connectivity in chronic 
cluster headache patients (out of the attacks) using as seed the anatomical hypo-
thalamus. The authors showed an increased functional connectivity between the 
ipsilateral posterior hypothalamus and a number of diencephalic–mesencephalic 
structures, comprising the ventral tegmental area, the dorsal nuclei of raphe, and the 
bilateral substantia nigra, the subthalamic nucleus, and the red nucleus. They 
 concluded that in chronic cluster headache patients, there is a deranged functional 
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connectivity between the posterior ipsilateral hypothalamus and diencephalic– 
mesencephalic regions that mainly involves structures that are part of (i.e., ventral 
tegmental area, substantia nigra) or modulate (dorsal nuclei of raphe, subthalamic 
nucleus) the midbrain dopaminergic systems [111]. These results suggest that the 
midbrain dopaminergic systems could play a role in cluster headache pathophysiol-
ogy and in particular in the chronicization process.

7.3.3.4  Other RS-fMRI Networks

Beyond the involvement of the salience network and the default mode network, 
several studies presented evidence that episodic cluster headache patients present 
important alterations in other functional networks. The study by Rocca et al. [17] 
showed that episodic cluster headache individuals in out-of-bout condition present 
abnormalities in the visual and the sensorimotor networks. In particular, episodic 
CH patients showed reduced functional connectivity bilaterally in V1 (visual net-
work), and in the primary sensory-motor cortex, the supplementary motor area, and 
the anterior cingulate cortex (sensorimotor network). These results indicate that epi-
sodic cluster headache patients present dysfunctional connectivity in networks com-
prising regions involved in the sensory discrimination processing (primary and 
secondary somatosensory area, posterior insula and thalamus) and in the affective- 
cognitive processing (anterior cingulum) of the painful experience. Notably, the 
anterior cingulate cortex is part of the salience network [98, 112]: alteration of func-
tional connectivity in this region, again, reinforces the hypothesis of a strong 
involvement of this circuit in the cluster headache pathophysiology.

These results clearly showed that the alteration of the functional connectivity in 
the cluster headache brain is well beyond the regions involved in pain processing: 
this is evidenced by the dysfunctional connectivity observed in the visual networks. 
Possibly, photophobia and retro-orbital pain, frequently observed in cluster head-
ache [113], might lead to functional connectivity alterations of the visual system.

Remarkably, the disease duration was negatively correlated with the strength of 
the functional connectivity in V1 and in the primary sensory-motor cortex: it is pos-
sible that these abnormalities might be the consequence of prolonged and severe 
painful condition, known to induce alterations of the central nervous system [114]. 
Chou et al. [19] confirmed functional alterations in the visual and the somatosen-
sory networks in episodic cluster headache patients investigated during “in-bout” 
and “out-of-bout” conditions. Notably, this study found evidence of functional 
alterations also in several other networks such as the temporal, frontal, and dorsal 
attention network, and, as we have discussed so far, also in default mode network 
(in left precuneus) and in the salience network (in left insula). Importantly, differ-
ences in functional connectivity between the “in-bout” and “out-of-bout” condi-
tions were not observed in the classical regions of the pain matrix, but in the frontal 
network (in the right inferior frontal gyrus) and the dorsal attention network (in the 
left postcentral gyrus). Further supporting widespread functional connectivity 
alterations, Faragò et al. [33] showed that episodic cluster headache patients during 
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out- of- bout condition present dysfunctional connectivity within the attention net-
work (in the ipsilateral superior frontal gyrus and medial frontal cortex) and the 
cerebellar network. Interestingly the cumulative headache days showed negative 
correlation within the controlateral attention network and the frontal pole, suggest-
ing that these abnormalities are possible effects of the cluster headache 
pathophysiology.

7.3.3.5  Concluding Remarks

Since 2010, relatively few studies were conducted to determine the putative dys-
functional neural networks involved in cluster headache pathophysiology. Moreover, 
the different conditions investigated (“in-bout,” “out-of-bout,” “in-attacks”) and the 
different coordinates used to investigate the hypothalamic functional connectivity 
(in midbrain tegmentum or in the hypothalamus) make difficult to have a coherent 
picture of the resting state functional connectivity in the cluster headache.

However, several, although not conclusive, considerations can be done.
First of all, the episodic cluster headache patients present widespread functional 

connectivity alterations in several networks. This suggests that the cluster headache 
brain is functionally reorganized, in a maladaptive or adaptive way, across multiple 
networks and multiple areas (i.e., visual networks, salience network, and default 
mode network), not only confined in regions involved in pain processing.

Second, the salience network seems to play a capital role in the cluster headache 
pathophysiology: the reported studies suggest that this network presents a relatively 
stable functional alteration during the “in-bout” and “out-of-bout” conditions. It is 
tempting to speculate that the dysfunctional connectivity of the salient network 
might be a neural “tract” of these patients and it might constitute the basis of the 
chronification of the disease. However, this circuit does not play a role in the shift 
between the “in-bout” and “out-of-bout” conditions. Notably, alteration of this net-
work suggests that cluster headache patients present a dysfunctional ability in the 
elaboration of salient stimuli. In this regard, it is important to note that alterations of 
the salient network are present in several pain conditions, such as headache [115] 
and irritable bowel syndrome [117], headache [116, 117], and irritable bowel syn-
drome [118]. Moreover, disruption of the integrity of the salience network was 
observed in several neuropsychiatric conditions, such as autism [119], schizophre-
nia [120], and addiction [121]. Therefore, the observed alterations are clearly not 
cluster headache-specific. This clearly opens an important question: is there a spe-
cific role of the salience network in cluster headache pathophysiology? Is it a spe-
cific effect of the disease or is it an epiphenomenon?

Third, the default mode network seems to be involved in cluster headache patho-
physiology, as the salience network, with functional alterations not related to the 
conditions of the cluster headache patients (“in-bout” or “out-of-bout” condition), 
but stabilized as neural “tract.” The dysfunctional activity of this circuit during the 
attacks might be at the basis of these stabilized alterations across the different con-
ditions. Due to the role of the default mode network in the integration of the sensory- 
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visceromotor processing, self-referential activity, and recalling of previous 
experience [76], these results suggest that cluster headache presents disturbances in 
the social-emotional spheres.

Future studies should confirm these results and should clarify if the observed 
dysfunctional networks are specific neurophysiological patterns of the cluster head-
ache or are an unspecific response to or a cause of pain processing.

7.3.4  Event-Related Functional Magnetic Resonance Imaging

Currently no functional imaging studies exist that used a stimulation paradigm dur-
ing a functional MRI (fMRI) session in trigeminal autonomic cephalalgias to detect 
distinct neuronal mechanisms of stimulus processing. However, a few studies used 
fMRI in a quasi-event-related setting by repeatedly recording echo-planar images 
during attacks and outside attacks and modeling the attacks as events that could then 
be compared to the scans outside attacks as some kind of baseline condition. Thus 
it might be possible to detect attack-specific activation patterns using fMRI—an 
imaging technique that is due to its nonquantitative characteristic usually not apt to 
detect simple activations at rest. In cluster headache, studying the attack, the attack- 
free state, and the state shortly after pain relieved by sumatriptan using such a semi- 
event- related setting could replicate the activation of the posterior hypothalamus 
previously identified in PET studies [24, 122]. Furthermore, different brainstem 
centers could be identified as being active during the acute pain stage of cluster 
headache attacks, including the red nucleus and the ventral pons [122]. A similar 
experimental approach was used in a patient with an atypical trigeminal autonomic 
cephalalgia (paroxysmal hemicrania might possibly be the closest fit), demonstrat-
ing a similar activation within the posterior hypothalamic grey as demonstrated in 
cluster headache [123]. In one case of SUNCT, activations corresponding to various 
brain and brainstem pain processing areas could be detected [124], whereas two 
other cases detected hypothalamic activation during attacks of SUNCT [92, 125].

Semi-event-related functional magnetic resonance imaging has thus proven to be 
useful in the detection of pathophysiologic mechanisms underlying trigeminal auto-
nomic cephalalgias, although most studies are limited to very few patients or even 
single case reports.

7.4  Conclusion

Within the past 30 years, neuroimaging studies have broadened our understanding 
of cluster headache and TAC pathophysiology. Especially early PET studies are 
here of vast importance as they were the first to identify the hypothalamus as the 
region specifically involved in cluster headache pathophysiology and differentiating 
the acute pain stage of cluster headache from experimentally inflicted pain. Our 
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current understanding of cluster headache is fundamentally based upon these find-
ings and most of the following studies emanated from the knowledge obtained here. 
Technical advances both regarding image acquisition and analyzing methods have 
led to more refined approaches and will in the future further advance our compre-
hension of these debilitating diseases.
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Chapter 8
Some Observations About the Origin 
of the Pain in Cluster Headache

Trine Nielsen, Arne May, and Tim P. Jürgens

8.1  Introduction

Given the clinical presentation and neuroscientific evidence, it is undisputed that the 
hypothalamus plays a central role in cluster headache (CH) pathogenesis [1, 2]. But 
does an activation of the hypothalamus suffice in generating the perception of pain 
or are peripheral structures required? This chapter revolves around the question of 
nociceptive input: where does the pain in CH originate from? This is a question 
which, as of yet, has no conclusive answer [2–5]. However, looking at previous 
research and clinical observations, we might be able to make some assumptions and 
pose some qualified guesses.

In order for an anatomical structure to come into consideration as the origin of 
the pain, it must have an effect on the trigeminocervical complex (TCC) [6]: an 
extension of the spinal nucleus of the trigeminal nerve into the adjacent column of 
grey matter from the brainstem into the upper cervical cord receiving nociceptive 
intra- and extracranial afferents from the trigeminal nerve and the upper cervical 
spinal nerves (C1 and C2) converging onto second-order neurons. These neurons 
project cranially and form a most complex network throughout the brainstem, dien-
cephalic and cortical areas [7, 8]. Signals are relayed to medullary pontine nuclei 
[9], to hypothalamic nuclei via the trigeminohypothalamic tract [10] and along the 
quintothalamic tract to areas in the thalamus such as the ventral posterior medial 
nucleus (VPM) [11]. Higher central structures, such as the somatosensory cortex 
and insular cortex, take part in the integration and processing of nociception [8, 12]. 
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However, they also convey descending, direct and indirect modulatory signals via 
several anatomical structures [13], including the hypothalamus [14, 15] and, in turn, 
through other medullary pontine nuclei.

Also contributing to the rich brainstem network is the connection between the 
TCC and the superior salivatory nucleus (SSN) as the main parasympathetic 
nucleus. Efferent parasympathetic fibres project through the greater petrosal branch 
of the facial nerve and the sphenopalatine ganglion (SPG), where they synapse to 
secondary neurons, to the lacrimal gland, nasal mucosa and the cranial vasculature 
[16]. This connection allows for a reflex response to trigeminal stimuli on the cra-
nial vasculature, dura mater and the lacrimal gland (the trigeminal-autonomic 
reflex) [3]. Other efferent fibres project to the parotid and buccal secretory glands 
via the otic ganglion [16].

This anatomical construct leads to the question of whether the pain originates 
from a peripheral structure, in which case it would have to be within the receptive 
fields of the aforementioned nociceptive afferents, or whether it originates centrally.

Any structure considered must, in addition, fit into a pathophysiological model 
which provides a satisfactory explanation to some of the main features of the dis-
ease, namely the severe pain intensity, the strict unilaterality and mainly retro- 
orbital location of the pain, the symptoms of parasympathetic activation and 
sympathetic deficit and the striking circadian and circannual rhythmicity [17]. 
Furthermore, one would expect excitatory and inhibitory stimulation of the struc-
ture to lead to initiation and termination of a CH attack, respectively.

Taken together, this leaves the following structures to be considered:

• The eye and retro-orbital tissue
• Intra- and extracranial vessels including the cavernous sinus and the internal 

carotid artery
• Peripheral nervous tissue such as the trigeminal nerve and trigeminal ganglion, 

the parasympathetic branch of the facial nerve and the sphenopalatine ganglion 
and the vagal nerve

• Central nervous structures such as brainstem networks and the hypothalamus.

In the following, the above-mentioned structures will be discussed as possible 
origins of pain. Clinical and pathophysiological aspects regarding the attack genera-
tion and oscillating systems are described in other chapters; hence their mention 
will be kept to a minimum in this chapter.

8.2  The Possible Sites of Pain Origin

8.2.1  The Eye and Retro-Orbital Tissue

The most pronounced symptom in CH is the severe pain located mainly supra- or 
retro-orbitally. Some patients describe a feeling of having their eye pushed out of its 
socket [5], which entails the question whether CH could be an ocular disease.
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Intraictal intraocular pressure measurements in CH patients show increased pres-
sure bilaterally but predominantly ipsilateral to the symptomatic side [18]. The 
change in intraocular pressure happens swiftly, which points more towards a 
changed intraorbital blood volume than a change in aqueous humour, as this is a 
slower process [18]. However, neither pain nor autonomic symptoms experienced 
during a CH attack could be elicited by an experimentally induced increase in intra-
ocular pressure (Valsalva manoeuvre) interictally in CH patients within a cluster 
bout. However, the intraocular pressure increases significantly more on the symp-
tomatic side when the patient is within a bout [19]. As CH still occurs after removal 
of the orbital bulb [20, 21], it is safe to assume that cluster headache is not an ocular 
disease. The increased intraorbital pressure could, however, point towards a dys-
function of the orbital vascular bed, either as a vascular disturbance or as an epiphe-
nomenon occurring due to a nervous malfunction [19].

8.2.2  Vascular Structures

Cluster headache, as first described by Horton et al., has long been referred to as a 
vascular headache [22]. Vasodilation within the trigeminovascular system has been 
observed during attacks [23, 24], and experimentally induced attacks with vasodi-
lating agents such as nitroglycerin and histamine have been reported [25, 26]. 
However, as vasodilatation is not necessary for an attack to occur [27] and as vaso-
dilating agents cannot elicit an attack in patients outside of a bout [25], CH is now 
recognised as a neuro-vascular disease [3].

A multitude of vascular structures have been placed under scrutiny in the search 
of a peripheral origin of pain in CH. Of the intra- and extracranial vessels investi-
gated, especially the cavernous sinus and the internal carotid artery have been given 
much attention.

8.2.2.1  Cavernous Sinus

The cavernous sinus is, with its parasellar location and close relation with a myriad 
of vascular and nervous structures, an intriguing anatomical location when consid-
ering the origin of pain in CH.  In fact, given its distinct anatomical features the 
cavernous sinus has been mentioned early in the literature as the possible source of 
the pain in CH [28–30]. The sinus is a dural cavity receiving venous output from the 
superior and inferior ophthalmic veins. Various structures traverse the sinus, such as 
the internal carotid artery densely innervated with sympathetic autonomic fibres, the 
oculomotor nerve, the trochlear nerve, the ophthalmic and maxillary branch of the 
trigeminal nerve and the abducens nerve. A malady in this area could affect the 
ophthalmic division of the trigeminal nerve and thereby explain the location of the 
headache pain. Moreover, it could explain the sympathetic deficit as an undermining 
of the sympathetic fibres located along the wall of the internal carotid artery.
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In the late 1980s it was postulated that the pain in CH originates as an intracav-
ernous inflammatory process [30]. It had been shown that irritative stimuli on the 
cavernous sinus amongst other vascular structures could produce pain in or behind 
the eye. Moreover, studies using orbital phlebography had pointed towards an 
inflammatory process in the cavernous sinus during CH attacks [29].

It was thought that an inflammation in this area would obliterate venous out-
flow from the sinus and, in cases with insufficient drainage, thereby causing 
venous congestion, which was argued to be painful [28]. Furthermore, the inflam-
mation was thought to cause damage to poorly myelinated sympathetic fibres, 
causing symptoms of sympathetic deficit, which in turn afflicted the duration of 
the attack. The explanation being that a regeneration of the myelin would cause an 
attack to cease, whereas a prolonged inflammation could cause a chronification of 
the disease. Moreover, the tendency of a CH attack to initiate during sleep in a 
circadian pattern was explained with the increase in venous load due to horizontal 
positioning [28].

The theory was dismissed [16, 31] after several studies had shown either no signs 
of inflammation in magnetic resonance imaging (MRI) [32], similar findings with 
orbital phlebography in patients with other diseases [33, 34] or no differences in 
frequency of pathology between CH patients and patients with tension-type head-
ache (TTH) or migraine [35].

If the cavernous sinus is the pain origin in CH, it is not because of inflammation 
[31]. But could it be due to another dysfunction in the area? The characteristic ipsi-
lateral location would still remain enigmatic, considering the anastomoses connect-
ing the bilateral cavernous sinuses. Moreover, how it is possible that none of the 
other cranial nerves crossing the sinus are affected and causing symptoms?

8.2.2.2  Internal Carotid Artery

Along with the cavernous sinus the internal carotid artery (ICA) has been argued to 
be a peripheral drive in the CH pain [36]. The ICA arises from the common carotid 
artery bilaterally as it bifurcates into an external and internal part. A sympathetic 
nervous plexus, the carotid plexus, surrounds the artery which protrudes cranially.

A case study reported two cases of CH following carotid endarterectomy. It 
was argued that, in patients with existing hypothalamic dysfunction, damage to 
the trigeminal nerve roots, along with damage to the sympathetic plexus on the 
ICA, could present a peripheral trigger mechanism for CH, causing pain, vasodi-
latation and in turn reflex parasympathetic activation of the trigeminal-autonomic 
reflex [3, 36].

Secondary cluster-like headache following carotid endarterectomy is rarely 
reported, however, often enough for it to be listed in the IHS classifications system 
[17]. Moreover, carotid dissection has been reported to elicit symptoms mimicking 
CH attacks [37].

It is worth noticing that changes in blood flow through the ICA are an epiphe-
nomenon to nociceptive input on the first trigeminal branch [3].
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If one considers the carotid artery as the source of the pain, one implies that dam-
age of the trigeminal C-fibres travelling along the vessel wall into the cranium is 
responsible. There is no definite answer why this cannot be the case and this theory 
therefore must stand at the moment. However, the strict side-locked and retro-orbital 
spatial distribution pain would be difficult to explain.

8.2.3  The Trigeminal Nerve and Ganglion

The pain in CH is mainly distributed within an area innervated by the trigeminal 
nerve. The pseudounipolar trigeminal nerve provides the sensory innervation of 
structures such as the frontal dura mater, the meningeal vessels and the most com-
ponents of the eye. Providing afferent somatosensory information from these struc-
tures via the trigeminal ganglion to the TCC in the brainstem, this nerve plays a 
central role in the speculations about the origin of the CH pain.

Activation of the trigeminovascular system in CH has been demonstrated by 
means of increased jugular blood levels of calcitonin gene-related peptide (CGRP) 
within CH attacks [24]. Moreover, triptans, one of the key therapeutics in the acute 
treatment of CH, exert their effects on the 5-hydroxytryptamine (5-HT) 1B/1D 
receptors mainly on trigeminal nerve endings and blood vessels, respectively, caus-
ing diminished release of neurotransmitter and vasoconstriction. This indicates that 
the trigeminal nerve could be an important nociceptive component of CH. However, 
CH has been shown to persist despite complete trigeminal nerve root section in two 
case reports [27, 38] where continued effects of triptans were reported in one patient. 
This data must be regarded with caution, as there are no more than these two reports. 
In addition, though, it has been shown that some newer triptans able to cross the 
blood-brain barrier might also have an inhibitory effect on neurons within the TCC 
[7, 39]. Taken together, it seems unlikely that activation of the trigeminal system 
alone can explain the pain in CH [4].

8.2.4  The Parasympathetic Fibres of the Facial Nerve 
and the Sphenopalatine Ganglion

Parasympathetic activation and resulting symptoms closely accompany the pain in 
CH [24]. The parasympathetic fibres of the facial nerve form the efferent compo-
nent of the trigeminal-autonomic reflex [3], innervating the lacrimal gland, mucosa 
of the nasopharynx and the meningeal vessels [40]. Activation of the SSN near the 
TCC results in signals relayed via preganglionic fibres projecting to the spheno-
palatine ganglion (SPG) where most fibres synapse onto postganglionic fibres. 
Sympathetic fibres from the carotid plexus follow the same path but only bypass 
the SPG without synapsing [41]. Whether trigeminal nociception causes parasym-
pathetic activation in CH or vice versa is still unknown. However, the close relation 
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between the structures is evident through the trigeminal-autonomic reflex and fur-
thermore through an anatomic link between the SPG and the trigeminal ganglion 
[42]. A hypothesis is that, as a consequence of SPG stimulation, subsequent activa-
tion of trigeminal nociceptors relays signals to the TCC which in turn activates the 
SSN via the trigeminal-autonomic reflex, thus forming a self-reinforcing mecha-
nism [41] which generates and maintains the CH pain.

High frequency stimulation of the SPG with an implanted neurostimulator has 
shown a significant effect in aborting acute attacks as well as in reducing attack fre-
quency [43, 44]. Moreover, low frequency stimulation of the SPG induced cluster- 
like attacks in three of six chronic CH patients within 30 min after stimulation, which 
in turn could be treated with high frequency stimulation [45]. This indicates that 
neurotransmitters released from parasympathetic fibres may activate or modulate tri-
geminal nociception. This is supported by the fact that SPG blockade [46] or ablation 
reduces attack frequency [47] and alleviates pain in CH patients [44].

The role of the SPG in CH is intriguing. Most of the initially listed criteria for a 
peripheral structure to act as a drive for the pain in CH are fulfilled. However, 
although rare, CH without autonomic symptoms is well known [48] and does indi-
cate that the parasympathetic activation is more likely an epiphenomenon to tri-
geminal activation than vice versa.

8.2.5  The Vagal Nerve

The vagal nerve is a mixed nerve with both afferent and efferent components. The 
majority of the cervical vagus nerve fibres carry sensory afferents which relay their 
input to the nucleus tractus solitarius (NTS) in the brainstem [49, 50]. From here 
afferents project to different nuclei related to primary headaches such as the locus 
coeruleus (LC), the dorsal raphe nucleus (DRN) [51], the paraventricular hypo-
thalamus (PVN) [52] and the trigeminal nucleus [53]. Non-invasive vagus nerve 
stimulation (nVNS) has been proved effective in CH treatment of acute attacks in 
episodic CH but not in chronic CH patients [54]. The exact mechanism for the pain-
relieving as well as frequency-reducing effects is not known. However, animal stud-
ies and human fMRI studies have shown that VNS has an inhibitory effect on areas 
including the spinal trigeminal nucleus [55, 56]. It has moreover been speculated 
that VNS has an indirect modulatory mechanism on the trigeminovascular system 
[53]. For example, through activation of areas such as the PVN and LC which lead 
to an anti-nociceptive modulation on the trigeminal-autonomic system [57].

8.2.6  Brainstem Networks

Several brainstem nuclei are involved in pain transmission in general and trigeminal 
nociception [8] and headache [58] in particular. However, whereas the brainstem 
has been repeatedly been discussed as being pivotal in migraine pathophysiology 
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[58, 59], it has never been shown in neuroimaging to be involved in generating clus-
ter headache attacks [60].

8.2.7  Hypothalamus

Involvement of the hypothalamus in CH has become evident through findings in CH 
patients such as abnormal structural changes in the inferior posterior hypothalamus 
with neuronal dysfunction [61, 62] and, more importantly, hypothalamic activation 
of the ipsilateral inferior hypothalamic grey matter during CH attacks [63]. It has 
therefore been suggested that the hypothalamus serves as a central generator of CH 
attacks with a focus in the inferior posterior hypothalamus. The theory has led to 
trials with deep brain stimulation in CH patients with intractable CH [64–66]. 
Clinical improvement was found in 60% of the cases; however, the effect of hypo-
thalamic high frequency stimulation is only preventive and occurs after prolonged 
stimulations of weeks to months [67]. As there is no effect of deep brain stimulation 
on acute CH attacks [66] and as hypothalamic stimulation have never been reported 
to have triggered attacks, another mechanism of the hypothalamus than a mere 
inhibitory or excitatory mechanism [68] is sought. It has been suggested that the 
hypothalamus provides a permissive state for the trigeminal-autonomic reflex and is 
to a higher degree implicated in terminating rather than triggering CH attacks [67].

8.3  Conclusion

The exact anatomical structure generating the nociceptive input in cluster headache 
cannot, as of yet, be unequivocally identified. However, there are several reasons 
why it should be located in the periphery rather than just in the brain:

• Stimulation of the hypothalamus does not evoke cluster attacks [64, 68].
• Sumatriptan penetrates the blood-brain barrier poorly but has excellent therapeu-

tic efficacy in acute attacks of CH.  Likewise, monoclonal CGRP antibodies 
probably have a site of action outside of the CNS as they do not cross the BBB 
to a relevant extent under normal conditions [1].

• SPG stimulation disrupts the trigeminal-autonomic reflex and offers acute pain 
relief in CH patients [69].

• Peripheral mechanisms alone cannot satisfactorily explain the complete symp-
tomatology of CH [2].

If one accepts the notion that the central brain signals, involving the hypothala-
mus, are attack-generating rather than pain-producing, one also has to conclude 
that the pain must come from the periphery. This excludes (as pointed out above) 
the parasympathetic system, the sinus cavernosus and, most likely, the carotid 
arteries and also the eye itself. From all the above data and considerations we pro-
pose that the nociception, i.e. activation of nociceptors generating the pain signal, 
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is probably generated from structures behind the eye and has an arterial and/or 
venous origin. However, what exactly excites trigeminal input in the retro-orbital 
space, be it vessel calibre or aseptic inflammation or both, remains uncertain. It is 
intriguing that all known cluster headache triggers (nitroglycerin, alcohol, hista-
mine, warmth) involve vessel calibre change [1, 70]. However, it needs to be 
pointed out that, whatever the source, it can only lead to pain signals when the 
hypothalamic area drifts into a permissive state in episodic as well as in chronic 
cluster headache.
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Chapter 9
Animals Models for Trigeminal Autonomic 
Cephalalgias

Simon Akerman and Cristina Tassorelli

9.1  Introduction

Trigeminal autonomic cephalalgias (TACs) are highly disabling primary headache 
disorders. Their pathophysiology is characterised by three major clinical features as 
classified by the International Classification of Headache Disorders 3rd edition [1]:

 1. Severe or very severe, unilateral, trigeminal distribution of pain, sometimes 
described as the worst pain experienced by humans [2]

 2. Lateralised-associated symptoms, including cranial autonomic features [3], such 
as lacrimation, conjunctival injection, and nasal congestion, and a local third- 
order sympathetic lesion due to carotid swelling [4]

 3. Recurrent pattern of attacks [2, 5]

They are rare compared to other primary headaches, such as migraine and 
tension- type headache. Cluster headache is the most common, with a prevalence in 
the general population of about 0.1% [6, 7], similar to other debilitating neurologi-
cal disorders, such as multiple sclerosis. Whereas paroxysmal hemicranias is 
approximately 1:50,000, while short-lasting unilateral neuralgiform headache 
attacks with conjunctival injection and tearing (SUNCT) and short-lasting unilateral 
neuralgiform headache (SUNA) have a prevalence of approximately 1:15,000. The 
TACs are differentiated from each other by their highly individual characteristic 
attack patterns, and also to some extent by their response to treatments, as sum-
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marised in Table 9.1 [5, 8, 9]. Cluster headache attacks tend to have the longest 
duration with lower attack frequency per day and seem to respond specifically to 
oxygen and sumatriptan treatment [10]. Paroxysmal hemicrania has an intermediate 
duration and attack frequency per day and is specifically defined by its response to 
indomethacin [11]. SUNCT and SUNA have the shortest duration with many attacks 
per day [12], while hemicrania continua has unremitting pain [13].

9.2  Animal Models: Putative Mechanisms

Generally, the development of animal models for a particular disorder has two major 
aims: to help understand its pathophysiology and to aid in the identification, devel-
opment and screening of novel and effective therapeutic targets. It is therefore 
important that these models clearly translate the clinical features of a disorder, using 
what is currently known about its pathophysiology. These include the anatomy, 
physiology, pharmacology, molecular biology and genetics, as well as response to 
treatments. Translating all of these components into a single preclinical approach is 
often complex, so that only one or two may be captured in a single model. However, 
the likelihood is that the more features that are translated, the more accurate and 

Table 9.1 Clinical features and treatments of trigeminal autonomic cephalalgias [5, 8, 9]

Cluster headache
Paroxysmal 
hemicrania/CPH SUNCT/SUNA

Sex F:M 1:3 1:1/7:1 1:1.2
Prevalence 0.1% 1/50,000 1/15,000
Pain type
Severity
Site

Stabbing, boring
Excruciating
Orbit, temple

Throbbing, boring, 
stabbing
Excruciating
Orbit, temple

Burning, stabbing, sharp
Severe to excruciating
Periorbital

Attack 
frequency

1/alternate days to 8/
day

1–40/day (>5/day 
most of the time)

3–200/day

Duration of 
attack

15–180 min 2–30 min 5–240 s

Autonomic 
features

Yes Yes Yes (mainly conjunctival 
injection 
and lacrimation –SUNCT)

Abortive 
treatments

Sumatriptan, oxygen None None

Preventive 
treatments

Verapamil, 
methysergide, 
lithium

Indomethacin 
(absolute response)

Lamotrigine, topiramate, 
gabapentin

CPH chronic paroxysmal hemicranias, SUNCT short-lasting unilateral neuralgiform headache 
attacks with conjunctival injection and tearing, SUNA short-lasting unilateral neuralgiform head-
ache
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reliable the animal approach. In the case of TACs, the very clear classification of 
symptoms for diagnosis [1] and the well-defined clinical features represent a huge 
advantage when trying to develop a translational preclinical approach. However, 
with that being said, historically, there has been a dearth of animal models for TACs. 
The majority of our understanding comes from clinical research and studies in 
patients experiencing headache attacks, as well as preclinical studies into gener-
alised primary headache mechanisms, where the anatomy and physiology of the 
trigeminovascular and cranial autonomic systems are likely shared across many 
headache disorders.

9.2.1  Evidence from Clinical Studies

A defining feature of TACs compared to other primary headaches is a very clear and 
reproducible activation in the posterior hypothalamic grey matter, demonstrated in 
cluster headache [14], paroxysmal hemicrania [15], SUNCT [16] and hemicrania 
continua [17]. Furthermore, deep brain stimulation of this region has been shown to 
relieve symptoms in cluster headache [18], chronic paroxysmal hemicrania [19] and 
SUNCT [20, 21]. In an experimental clinical approach for TACs, capsaicin injection 
into the forehead produces pain, and many of the vascular changes present during 
TACs, but no hypothalamic (or even brainstem) activation [22]. The implication is 
that the trigeminally mediated pain and vascular changes are not the cause of the 
hypothalamic activation; rather hypothalamic activation causes the subsequent acti-
vation of trigeminovascular and cranial autonomic pathways, resulting in TAC 
symptoms. There is also evidence of release of calcitonin gene-related peptide 
(CGRP) and vasoactive intestinal peptide (VIP) into the extracranial vasculature 
during attacks of cluster headache [23] and of chronic paroxysmal hemicrania [24], 
and release of pituitary adenylate cyclase-activating peptide (PACAP) during clus-
ter headache attacks [25]. The different TACs also have very specific response to 
treatments (Table 9.1), which can be used as a tool in developing an animal model 
of TACs. Indeed, CGRP release during cluster headache attacks is normalised by 
treatment with oxygen or sumatriptan, but not by opioids [23], indicative of the 
important role of this peptide in cluster headache pathophysiology.

9.2.2  Evidence from Preclinical Studies

The anatomy and physiology of the trigeminovascular and cranial autonomic sys-
tems is now well described and is likely shared across many primary headache 
disorders, including TACs. The pain associated with TACs is mainly located in 
and around the orbit, peri-orbitally or temporally. This localised pain is thought to 
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be mediated by trigeminal inputs that originate at the dural superior sagittal sinus 
and middle meningeal artery [26, 27]. Stimulation of these sites in preclinical 
studies results in neuronal activation in trigeminocervical neurons [28, 29]. 
Therefore, the excruciating trigeminal distribution of pain is likely a consequence 
of activation of the trigeminovascular system innervation of the dura mater. Dural-
nociceptive stimulation also leads to ascending neuronal activation in higher 
brainstem and diencephalic nuclei [30–32] involved in pain processing, including 
the superior salivatory nucleus (SuS) within the pons [33], via a reflex connection 
from the trigeminal nucleus caudalis (TNC). Lateralised cranial autonomic fea-
tures are believed to result from activation of this trigeminal autonomic reflex arc 
to the SuS and its projection to the cranial vessels and lacrimal glands. As a defin-
ing feature in TACs, it is therefore thought that this projection plays a far more 
significant role in their pathophysiology. The last defining characteristic of TACs 
is the episodic and circadian nature of attacks, believed to be related to the inter-
nal control of biological rhythms. This is likely via hypothalamic activation, pre-
viously alluded to in the clinical section of this chapter. Anatomically, reciprocal 
functional connections between the TNC and various hypothalamic nuclei that 
receive dural nociceptive information and provide descending control of trigemi-
novascular nociceptive traffic have been described. The SuS also receives descend-
ing projections from various hypothalamic nuclei, including the paraventricular 
hypothalamic nuclei (PVN) [34], as well as limbic and cortical areas [35–37]. It 
therefore seems the SuS is ideally placed to integrate and relay nociceptive and 
autonomic information to and from the trigeminovascular system, as well as being 
under descending control of the hypothalamus, in the pathophysiology of TACs 
(detailed in Fig. 9.1).

9.3  Animal Models of TACs

The development of an animal model for a disorder requires that it translate at least 
one aspect of the clinical phenotype, mediated by the same pathophysiology as 
described in humans. However, the presence of more than one feature would likely 
improve its translation and reliability. Furthermore, to validate the approach, it 
would also require a similar response to treatments. With respect to TACs, this 
includes the combination of lateralisation of trigeminal distribution of pain, and 
associated cranial autonomic features, and some degree of cyclical recurrence of 
attacks, likely mediated by hypothalamic manipulation. It should also respond to 
treatments of proved efficacy in TACs, such as inhaled oxygen and sumatriptan for 
cluster headache, indomethacin for paroxysmal hemicrania and topiramate, 
lamotrigine, or gabapentin for SUNCT/SUNA.
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Fig. 9.1 Anatomy and pathophysiology of trigeminal autonomic cephalalgias (TACs). The tri-
geminal distribution of pain in TACs is likely mediated by activation of the trigeminovascular 
system. This includes the nociceptive-specific nerve fibres that originate in the trigeminal ganglion 
(TG) and innervate the peripheral cranial vasculature and its central projection to the trigeminal 
nucleus caudalis (TNC) and its extension to the cervical spinal cord (the trigeminocervical com-
plex; TCC). Nociceptive incoming signals to the TCC ascend to higher brain structures (purple 
projections) including the midbrain and specific hypothalamic nuclei; the posterior (PH), supraop-
tic (SON) [40], ventromedial (VMH) and paraventricular hypothalamic nuclei (PVN) [41]; as well 
as thalamocortical neurons. Dural nociceptive activation also causes neuronal activation in the 
superior salivatory nucleus (SuS) within the pons [33], through a trigeminal autonomic reflex arc 
(grey neuron), which is the origin of cells of the autonomic parasympathetic projection to the cra-
nial vasculature [35]. This efferent projection is predominantly through the greater petrosal nerve 
(green neuron), a branch of the facial (VIIth) cranial nerve (sky blue neuron), and its relay with the 
sphenopalatine ganglion (SPG). Cranial autonomic symptoms in TACs are believed to result from 
activation of this trigeminal autonomic reflex arc to the SuS and its projection to the cranial vessels 
and lacrimal glands. Descending projections (red and yellow neurons) from PH [70], PVN, lateral 
(LH) [34], dorsomedial (DMH) and preoptic (PON) hypothalamic nuclei to the TCC (red projec-
tions), SuS [34–37] and the sympathetic nervous system (both yellow projections) are thought to 
modulate and control both trigeminovascular nociceptive transmission (purple network of neu-
rons) and parasympathetic (green)/sympathetic (orange) autonomic projections to the cranial vas-
culature that result indirectly or directly, respectively, in cranial autonomic symptoms ipsilateral to 
head pain. A third-order sympathetic nerve lesion (orange projection), in part mediated by internal 
carotid artery (ICA) vasodilation, is thought to result in Horner’s syndrome. AH anterior hypotha-
lamic area, DH dorsal hypothalamus, MB mammillary body
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9.3.1  Trigeminal Distribution of Pain

9.3.1.1  Dural Nociceptive Activation

The trigeminal distribution of pain is perhaps the most studied in primary head-
aches, and while the development of many assays was predominantly to study 
migraine pathophysiology and screen therapeutics, there is considerable overlap for 
them to be relevant to other primary headaches. Based on the clinical studies of 
dural vasculature manipulation and pain referral in orbital, peri-orbital or temporal 
region [26, 27], dural nociceptive activation, driven by electrical stimulation or 
chemical mediators, is thought to trigger trigeminovascular nociceptive afferents 
that are activated during headache. This produces dural vasodilation [38] and neu-
ronal activation in the trigeminocervical complex [28, 39], the SuS [33] and higher 
pain processing structures, including various hypothalamic nuclei [40, 41], as well 
as midbrain structures [33, 42]. Dural electrical stimulation also causes an increase 
in levels of CGRP, VIP and PACAP within the extracranial vasculature [43, 44], 
similar to findings in TACs.

A limitation of this assay is that it perhaps generically maps the neurophysiologi-
cal changes found across many primary headache disorders that do not specifically 
relate to TACs. As an example, imaging studies during TACs do not demonstrate 
midbrain activation, more commonly associated with migraine pathophysiology, 
yet here we see activation within many structures unrelated to TACs. Also, its 
response to treatments does not fully match that of TACs. 100% oxygen treatment 
is known to specifically relieve symptoms of cluster headache, and lamotrigine is 
used as a preventive for SUNCT/SUNA. Whereas oxygen is unable to inhibit neu-
rogenically mediated dural vasodilation or neuronal activation in the trigeminocer-
vical complex [45], lamotrigine similarly has no effect on dural-nociceptive 
neuronal responses [46]. In fact only drugs that are effective in treating both 
migraine and TACs, such as triptans [47–49], non-steroidal anti-inflammatory drugs 
(NSAIDs) [50, 51] and topiramate [52, 53] are effective in this assay. While noci-
ceptive trigeminovascular activation is very relevant to the pathophysiology of 
TACs, this model perhaps lends itself more to understanding migraine and screen-
ing for migraine therapeutics, rather than TACs. A further limitation is that without 
a measure of autonomic symptoms, it is difficult to translate this animal model to 
wider aspects of TAC pathophysiology.

9.3.1.2  Nitrergic Activation of Trigeminovascular Pain Pathways

Nitric oxide (NO) donors, such as nitroglycerin (NTG), are known to provoke 
cluster headache in patients [54–56] and cause the release of CGRP from the 
extracerebral vasculature during an attack phase [55]. NTG-provoked cluster 
headache also physiologically resembles spontaneous cluster headache with cra-
niovascular vasodilation and neuronal activation in the hypothalamus [57]. In pre-
clinical studies, NO donors cause craniovascular vasodilation [58] and activation 
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and sensitization of primary afferent and second-order trigeminovascular neurons 
[59–62], with increased immunoreactivity for CGRP in the trigeminal ganglion 
[63] and depletion of CGRP stores in the TNC [64]. Furthermore, some of these 
nitrergic responses are inhibited by triptans [58], NSAIDs, specifically indometh-
acin [58, 65], topiramate [52] and also CGRP receptor antagonists [59, 66]. A 
clear disadvantage to this assay is that when cluster headache patients are in 
remission, NTG does not trigger a cluster attack or cause the release of CGRP or 
produce hypothalamic activation [14, 55, 57]. Also, it is assumed that animals are 
in a ‘naïve’ state and thus not suffering from cluster headache or another 
TAC. NTG is also known to trigger migraine [67] and TTH [68] in sufferers of 
these primary headache types, and the NTG-mediated craniovascular and trigemi-
novascular neuronal changes are not specific to TACs. It seems NTG in animal 
models is useful in helping to understand the neurovascular neuronal changes that 
take place in primary headaches, but it is more difficult to generalise these changes 
to one specific primary headache. More clues could be derived by the study of the 
different temporal delay of NTG-induced headache response in cluster headache 
and migraineurs. The latency of onset of the spontaneous-like attacks is indeed 
significantly shorter in cluster headache patients [55, 56], as compared with 
migraine subjects, which suggests possible different activation of pathways/
intermediaries.

9.3.2  Trigeminal Distribution of Pain with Cranial  
Autonomic Features

9.3.2.1  Oral or Nasal Capsaicin Injection

It is perhaps more relevant to demonstrate more than one symptom in a preclinical 
approach to TACs, such as trigeminal distribution of pain and cranial autonomic 
symptoms. Similar to the capsaicin studies in patients, one approach has used oral 
and intranasal capsaicin in rodents [69]. This caused blood flow changes in dural 
arteries as a measure of trigeminovascular activation, and lacrimation, measured by 
placing filter paper to the medial angle of the eye and the change in weight used as 
an indicator of activation of the autonomic pathway. These responses were reversed 
by hexamethonium bromide, an autonomic ganglion blocker. The implication is that 
oral or intranasal capsaicin causes activation of the trigeminal-autonomic reflex to 
produce cranial vascular changes and lacrimation. While this model demonstrates 
several symptoms of TACs, there are reservations as to its clinical relevance. In 
clinical studies, the capsaicin model does not produce the signature hypothalamic 
activation of TACs but only the craniovascular changes [57]. Also, this approach has 
not been validated with TAC-specific treatments, such as oxygen or indomethacin. 
Perhaps this approach is a good example of trigeminal-autonomic activation, but 
lacking specific hypothalamic activation, it does not fully translate to the patho-
physiology of TACs.
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9.3.2.2  Superior Salivatory Nucleus Stimulation

To address the necessity for a central component in the mechanism of action under-
lying symptoms, with hypothalamic connections, another approach has used SuS 
activation by means of locally delivered electrical stimuli [45, 50]. Here, dural men-
ingeal artery vasodilation and neuronal firing in the trigeminocervical complex 
were used to measure trigeminal distribution of pain and changes in blood flow in 
the lacrimal gland/duct as a measure of cranial autonomic activation. SuS stimula-
tion caused a modest (3.3%) increase in meningeal diameter [45]. Using electro-
physiological methods to record trigeminocervical neurons, two distinct neuronal 
populations were determined after SuS stimulation: those with short latency of 
action (between 3 and 20 ms, average 12.1 ms) and those with a much longer latency 
of action (7–40 ms, average 20.4 ms; Fig. 9.2a, b). Using 100% inhaled oxygen to 
characterise a specific cluster headache response, only the longer latency neurons 
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Fig. 9.2 Examples of neuronal and autonomic responses to superior salivatory nucleus (SuS) 
stimulation. Two populations of neurons are characterised in the trigeminocervical complex in 
response to SuS stimulation. A long-latency response (a) thought to be mediated by activation of 
the cranial parasympathetic projection, which traverses the dural meninges and subsequently acti-
vating central trigeminovascular neurons and (b) a short-latency response mediated to antidromic 
activation of trigeminal-autonomic reflex. Lacrimal blood flow (c) also increases concurrent with 
SuS stimulation, via activation of the cranial parasympathetic projection. (a) and (b) original fig-
ures, (c) adapted with permissions from [45]
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were inhibited, whereas the shorter latency response was unaffected [45, 50]. 
Further characterisation with the autonomic ganglion blocker, hexamethonium bro-
mide, determined that again only the longer latency responses were inhibited. These 
data suggest that the longer latency neuronal response is mediated by activation of 
the cranial parasympathetic projection and that the locus of action of oxygen is 
likely via this pathway. The shorter latency response is most likely via antidromic 
activation of the trigeminal-autonomic reflex. The longer latency response was fur-
ther validated with TAC treatments. A triptan was significantly more efficacious 
than a CGRP receptor antagonist, and the cyclooxygenase (COX) inhibitor, indo-
methacin, was also significantly more efficacious compared to another NSAID, 
naproxen [50]. These data validate the specificity of the model to TAC treatments 
and highlight that their mechanism of action may be via the cranial parasympathetic 
projection.

The cranial autonomic response was determined by measurement of blood flow 
changes around the lacrimal gland/duct. SuS stimulation caused characteristic 
changes in flow that were reproducible over 30 min (Fig. 9.2c), indicative of an 
autonomic response [45]. Both 100% inhaled oxygen and hexamethonium bromide 
significantly inhibited the responses [45, 50], indicating they are mediated by acti-
vation of the cranial parasympathetic projection. Furthermore, both a triptan and 
indomethacin also inhibited these responses, whereas the CGRP receptor antagonist 
and naproxen had no effect [50]. These data validate the autonomic changes in this 
model as similar to those during TACs. Overall this model seems to represent most 
closely the known pathophysiology of TACs, demonstrating trigeminally mediated 
pain and autonomic symptoms, as well as responsiveness to treatments. It also uses 
a central site of origin for the initiation of the symptoms, which receives inputs from 
the hypothalamus, the likely site of the periodicity of attack. The lack of a dural- 
vasodilatory response is interesting, but it is now thought that vasodilation during 
TACs is an epiphenomenon and less relevant to the pathophysiology of the head-
ache symptoms. These data support this, as vasodilation is not necessary to mediate 
noxious activation of trigeminocervical neurons.

9.3.3  Future Directions and Conclusion

At present perhaps the major failing of these assays is that they do not reproduce 
hypothalamic activation as a mediator of symptoms and a potential marker of the 
episodic and seasonal nature of attacks. However, several studies have shown that 
manipulation of hypothalamic nuclei, including the posterior hypothalamus [70] 
and the paraventricular hypothalamic nucleus (PVN) [34], can modulate dural- 
nociceptive trigeminovascular activation, indicative of trigeminal distribution of 
pain and hypothalamic mechanisms. This approach could be readily transferred to 
the SuS stimulation model to determine if hypothalamic mechanisms can alter the 
trigeminally mediated pain and cranial autonomic features observed. Another 
unexplored aspect of the clinical phenotype is the release of neuropeptides CGRP, 
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VIP and PACAP. While they have not been studied in patients with TACs, they 
have in migraine patients. Interestingly both PACAP and VIP mediate profound 
autonomic symptoms, yet only PACAP triggers migraine-like headache [71]. 
Similarly, in preclinical studies, PACAP, but not VIP, mediates activation and sen-
sitization of dural-nociceptive central trigeminovascular neurons [72]. 
Furthermore, PACAP microinjection in the PVN also modulates trigeminovascu-
lar neurons [34]. Cranial autonomic features have not been measured in these 
preclinical studies, but perhaps PACAP and VIP can be used as tools to dissect 
pathophysiological mechanisms related to TACs in combination with other pre-
clinical approaches mentioned. Another approach is to dissect a common genetic 
link in patients with TACs, which is likely to have a huge beneficial effect on the 
development of animal models. Only cluster headache-related studies have been 
conducted, and they have found there is a far greater risk if a first-degree relative 
is a sufferer, suggesting a genetic link [5]. However, no definitive link to a specific 
gene has been identified.

While the current animal models for TACs are far from ideal, not least because a 
single approach is trying to model all the TACs, rather than one specifically, they do 
however represent what we currently understand of their pathophysiology and 
symptomatology. As more time and resources are committed to dissect the mecha-
nisms within these animal approaches, it is likely they will be adapted and finessed 
to more fully and accurately translate to these primary headache disorders.
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Chapter 10
The Role of the Sphenopalatine Ganglion 
in Headache Conditions: New Insights

Erling Tronvik and Rigmor Jensen

10.1  Introduction

For more than 100 years, the sphenopalatine ganglion (SPG) has been targeted for 
the treatment of headache and facial pain. Several techniques have been used over 
the years to influence the activity in this neuronal structure, from intranasal cocaine 
to today’s implanted stimulators. Data collected throughout the years point in the 
direction of an important role of this parasympathetic ganglion in different primary 
headaches. The aim of the present chapter is to give an overview of the anatomy and 
physiology of this structure with relation to headache pathophysiology and in par-
ticular how it may be targeted to treat headache disorders.

10.2  Anatomy

The SPG is located in the pterygopalatine fossa, a triangular space with a volume 
between 0.1 and 1 cm3 [1] (Fig. 10.1). In most individuals (70%), the ganglion is a 
single, 3–4 mm long (in the craniocaudal direction), conical structure, whereas in 
around 30% it consists of two separate parts [2]. It contains sensory, sympathetic, 
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and parasympathetic nerve fibers. The sensory fibers enter the ganglion as branches 
of the maxillary nerve, pass through without synapsing, and exit as the lesser and 
greater palatine nerves, supplying sensation to the palate and the mucous membrane 
of the nasal septum [3]. The postganglionic sympathetic fibers from the superior 
cervical ganglion run through the internal carotid plexus to form the deep petrosal 
nerve, which merges with the parasympathetic greater petrosal nerve to form the 
Vidian nerve. The sympathetic fibers of the Vidian nerve, passing through the SPG 
without synapsing, are distributed to the nose, palate, and lacrimal gland [4]. 
Preganglionic parasympathetic fibers originating in the superior salivatory nucleus 
(SSN) in the pons run through the facial nerve and further to the geniculate ganglion 
from which they exit in the greater petrosal nerve. This nerve merges with the deep 
petrosal nerve to form the Vidian nerve that enters the SPG where they synapse. The 
postganglionic fibers coming from the ganglion are distributed to the nose, palate, 
and lacrimal gland, as well as to cerebral and meningeal vessels [2].

Recent studies have demonstrated that there are small calcitonin gene-related 
peptide (CGRP) containing neurons in the SPG that most likely originate from the 
trigeminal ganglion [5], indicating that there may be a direct interaction between the 
sensory system and the SPG [6].

10.3  Physiology

The trigeminal-parasympathetic reflex center in the brainstem connects trigeminal 
afferents and the parasympathetic efferents that synapse in the SPG [7, 8]. Activation 
of the parasympathetic efferent neurons leads to perivascular neurotransmitter 
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release (vasoactive intestinal peptide (VIP), nitric oxide, and acetylcholine), result-
ing in dilatation of intracerebral blood vessels, plasma protein extravasation, and 
activation of meningeal trigeminal nociceptors [9, 10]. The current rationale for 
targeting the SPG in headache conditions is to interrupt parasympathetic outflow 
and thereby inhibit activation of trigeminal afferents.

10.3.1  Why Are We Targeting the SPG?

Several techniques for disrupting neuronal signaling in the SPG have been used 
over the years, including application of chemical substances (cocaine, alcohol, 
local anesthetics, steroids, botulinum toxin) in or near the ganglion, nerve section-
ing, radiofrequency ablations, and electrical stimulation of the ganglion. Two case 
reports on stereotactic neurosurgery on the SPG have also been published [11, 12]. 
Interruption of parasympathetic outflow is considered the most plausible mecha-
nism of action. Today, one used technique for interrupting neuronal activity in the 
SPG is high-frequency electrical stimulation. This works possibly by depletion of 
stored neurotransmitters in parasympathetic efferents, leading to reduced activa-
tion of meningeal nociceptors [13, 14]. Other modes of action could include an 
antidromic inhibitory effect on the SSN or even some degree of nerve conduction 
block. The latter is considered less likely given the stimulation frequencies used 
today [15]. Another possibility could be sensory modulation through the sensory 
(maxillary) fibers in the pterygopalatine fossa, as most techniques targeting the 
SPG are nonselective as to which types of nerve fibers are influenced (Sect. 10.3.2) 
[8]. The role of the direct neuronal pathways between the parasympathetic and the 
sensory system (Sect. 10.2) for the clinical effects is not known but should be fur-
ther explored.

10.3.2  What in the SPG Are We Targeting?

The SPG is traversed by sympathetic, parasympathetic, and sensory fibers. How do 
we know which fibers are influenced by current techniques used to target the SPG, 
and which fibers are most important to target in different headache conditions? 
These important questions have previously been asked by Narouze [16]. Possibly, it 
could be more effective to selectively influence one specific type of nerve fiber. 
Which one, could vary according to the condition we are treating. As an example, 
targeting of the sensory fibers from the second division of the trigeminal nerve 
might be more relevant for certain types of orofacial pain than for cluster headache 
or migraine. In addition to type of fiber to target, it is also important to know how 
the target area responds to the intervention. For instance, what would be the optimal 
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frequency (or dose for chemical agents) for attaining an optimal effect? In a recently 
published study, low-frequency stimulation of the SPG did not activate Aβ fibers or 
C fibers when testing for mechanical perception and pain thresholds [17]. High- 
frequency stimulation, on the other hand, readily elicits sensory symptoms [18]. 
These data emphasizes the need to determine the thresholds needed (for all types of 
SPG targeting modalities) to facilitate or inhibit activity in sympathetic, parasympa-
thetic, or sensory fibers.

A main question has been whether parasympathetic activation is involved in the 
generation or maintenance of pain in different headache conditions, in addition to 
producing autonomic symptoms. Yarnitsky et  al. observed that migraine patients 
with no parasympathetic symptoms were less likely to experience pain relief after 
treatment with nasal lidocaine than those with such symptoms [10]. The interpreta-
tion was that the parasympathetic pathways could contribute to the pain as well. In 
cluster headache, further support for the potential importance of the parasympa-
thetic pathways was illustrated by a patient that continued having cluster headache 
attacks, even after the ipsilateral trigeminal sensory root was excised [19]. Schytz 
et al. demonstrated that low-frequency (LF) stimulation of the SPG could provoke 
cluster headache attacks [20]. A recently published study, however, challenges these 
findings. When the Schytz study was replicated with slightly higher stimulation 
frequencies and longer duration, LF stimulation did not provoke cluster-like head-
ache significantly more often than sham (35% vs. 25%) [17], although autonomic 
symptoms did appear more frequently with LF stimulation (80% vs. 45%, p = 0.046). 
The role of the parasympathetic efferents in pain generation or maintenance is still 
unclear.

10.4  Cluster Headache

10.4.1  Intranasal Administration of Topical Agents  
in Cluster Headache

The first description of intranasal administration of a topical agent (cocaine) toward 
the SPG (n = 5) was made by Sluder in 1908 in “Sluder’s neuralgia” (resembling 
today’s cluster headache diagnosis) [21]. The apparent effect of cocaine was seen in 
other similar cases but had to be applied too often, with risk of negative side effects 
[22, 23]. The nonaddictive alternative, lidocaine, was found to be just as effective in 
a couple of case series [24, 25]. Further, 88% phenol applied with cotton swabs 
intranasally also had a relevant effect over time [26]. However, only one controlled 
study has been performed (n = 15) with intranasal topical agents in cluster headache 
[27]. Both cocaine and lidocaine showed superiority to saline; with complete cessa-
tion of pain after a little more than half an hour for active substances, compared to 
1 h for placebo.
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10.4.2  Invasive Techniques Targeting the SPG  
in Cluster Headache

10.4.2.1  Destructive Techniques

Meyer et al. removed the SPG (histologically verified) in 13 patients with cluster 
headache [28] but with no or only modest clinical effect: seven patients had no 
effect, four had incomplete relief, and only two had complete relief over the next 
12 months. One patient had previously undergone a trigeminal rhizotomy with 
anesthesia of the maxillary region but no effect on the pain attacks. With the addi-
tional SPG resection, there was an initial remission, but later the pain recurred. 
This demonstrated that even a combined destruction of both the sensory afferent 
(trigeminal pathways) and the parasympathetic efferent (SPG) was unhelpful. 
This was in line with previous findings in “sphenopalatine neuralgia” (cluster 
headache-like symptoms), where stimulation of the greater petrosal nerve pro-
voked pain and sectioning of the nerve in 13 patients provided relief. However, 
the results obtained were quite variable (“excellent” in 25%, “good to fair” in 
50%, and “poor” in 25%) [29].

Later, several other types of irreversible SPG blockades were performed, includ-
ing supra-zygomatic alcohol injection, relieving pain in 85% of 120 patients with a 
follow-up time of 6 months to 4 years [30]. However, a disadvantage with this treat-
ment is that the alcohol can spread to the maxillary nerve and cause painful neuritis 
[31]. The use of radiofrequency techniques has been effective in 60–80% of epi-
sodic cluster headache patients and 30–70% of chronic cluster headache patients, in 
a number of small, uncontrolled studies [31–35]. In order to avoid the more cumber-
some fluoroscopy technique, a Chinese group explored the use of CT-guided pulsed 
radiofrequency treatment in refractory episodic (n = 13) and chronic (n = 3) cluster 
headache [34]. Eleven of the former and one of the latter patients showed complete 
remission within 6 days.

10.4.2.2  Neuromodulatory Techniques

With the use of an endoscopic technique and injecting through the nasal wall, an 
Italian research group deposited a mixture of local anesthetics and corticosteroids 
toward the sphenopalatine fossa in 20 patients with refractory chronic cluster head-
ache [36]. The treatment resulted in improvement in 58% of the patients, but the 
effect was short-lasting, and repeated injections were less efficacious. The same 
technique was further evaluated in 15 patients with chronic cluster headache, where 
60% responded to the treatment [37]. In the latter study, there was a tendency to 
have a more long-lasting response, possibly owing to the improved injection 
technique.
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One of the problems with using local anesthetics has been their short-lasting 
effect. Aiming at exploiting the longer-lasting effect of botulinum toxin, a small 
open-label pilot study on ten patients with refractory chronic cluster headache 
investigated the efficacy and safety of injecting 25–50  units of botulinum toxin 
toward the SPG on the symptomatic side [38]. The injection was performed with a 
new surgical device using an image-guided navigation (MultiGuide®). Five of ten 
patients responded to the treatment with an average attack frequency reduction 
(main efficacy outcome) of 77% during the 6  months of follow-up period. The 
safety profile was considered acceptable by the authors. A physiological basis for 
the use of botulinum toxin toward the SPG was strengthened when the botulinum 
toxin receptor, synaptic vesicle glycoprotein 2-A (SV2-A), and the synaptosomal- 
associated protein 25 (SNAP-25) were found in human SPGs [39]. A randomized 
controlled trial is currently being planned to confirm the results of this preliminary 
open-label pilot study.

In 2010 six patients with refractory chronic cluster headache received short-
term electrical stimulation of the SPG [15]. The acute treatment response was 
promising. Later, a multicenter, sham-controlled study using an implantable, 
on-demand SPG stimulator (Pulsante®) in medically refractory chronic cluster 
headache (Pathway CH-1 study) demonstrated a clinically significant improve-
ment in 68% of the patients. Among these, 25% were acute responders (i.e., had 
pain relief at 15 min in >50% of treated attacks), 36% were frequency respond-
ers (>50% reduction in attack frequency), and 7% were both acute and fre-
quency responders [13]. The observation that there might be a prophylactic 
effect of the acute treatment was unexpected, but follow-up data support this 
finding. An open-label follow-up study at 24 months (n = 33) demonstrated a 
long-term clinical efficacy with 45% acute responders, 33% frequency respond-
ers, and 61% either acute responders or frequency responders or both [40]. A 
recently published open-label study, using the same type of SPG stimulator in 
97 cluster headache patients (88 chronic and 9 episodic), investigated efficacy 
at 12 months [41]. Twelve patients had their stimulators removed due to lack of 
effect or adverse effects. Of the remaining 85 patients, the mean attack fre-
quency was reduced from 25.2 to 14.4 attacks per week, and 68% were treat-
ment responders (defined as being acute responder or frequency responder or 
both). Thirty-two percent of all patients were acute responders, and 55% of the 
chronic patients were frequency responders. The implant procedure requires 
unique anatomical and surgical skill and is mainly performed by few selected 
cranio- maxillofacial surgeons in Europe. Therefore, it is recommended that the 
implants and the follow-up are concentrated to specialized centers with relevant 
surgical expertise.

A sham-controlled trial testing the Pulsante therapy on 120 patients with chronic 
cluster headache patients is currently ongoing in the USA (Pathway CH-2 study 
NCT02168764—ClinicalTrials.gov accessed October 2017).
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10.4.3  Clinical Usefulness of SPG-Targeted Treatments 
in Cluster Headache

• The evidence does not support the widespread clinical use of intranasal local 
anesthetics in cluster headache.

• Endoscopic injection with local anesthetics and steroids appears to have a rela-
tively short-lasting effect.

• A number of uncontrolled studies have indicated an effect of radiofrequency 
treatment in cluster headache, but there may be irreversible side effects, and the 
fluoroscopy method is somewhat cumbersome for widespread clinical use. The 
use of CT guidance may be an easier technique, but concern about radiation 
limits the number of repeated injections.

• The use of botulinum toxin injections toward the SPG is currently being further 
investigated. In theory, the use of botulinum toxin could have a long-term effect. 
No controlled studies have yet been performed.

• SPG stimulation has increasing evidence for long-term efficacy in chronic clus-
ter headache and is providing interesting new insight into the pathophysiology of 
cluster headache. Overall, this appears to be a safe therapy with tolerable and 
transient side effects in most patients. However, confirmation of its role in the 
treatment of chronic cluster headache awaits the results of the ongoing random-
ized sham-controlled trial (CH-2). Since the implant procedure is relatively com-
plicated and the eligible number of patients low, patient selection and surgery 
should be centralized to hospitals with high expertise in headache and dedicated 
surgeons.

10.5  Migraine

It is firmly established that cranial autonomic symptoms (CAS) indicating activa-
tion of the trigemino-parasympathetic reflex can be present in both adult [42–45] 
and pediatric [46] migraine patients. Yarnitsky et al. showed that migraine patients 
with parasympathetic symptoms were more likely to experience pain relief 
10–30 min after a lidocaine-induced SPG block than those with no parasympathetic 
symptoms [10]. This could indicate that targeting the SPG in migraine could affect 
not only parasympathetic symptoms but also influence the pain [8]. In addition, a 
pathway involving the SPG parasympathetic efferents whereby common migraine 
triggers activate meningeal nociceptors has been proposed [47]. Stress, lack of 
sleep, and olfactory stimulation may activate multiple brain areas (hypothalamic, 
cortical, limbic) with neural connections to the SSN, resulting in activation of post-
ganglionic parasympathetic fibers in the SPG and subsequent activation of menin-
geal nociceptors [47, 48].
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10.5.1  Intranasal Administration of Local Anesthetics 
in Migraine

The most common way to target the SPG in migraine has been through intranasal 
application of topical anesthetics, such as lidocaine or bupivacaine. An uncontrolled 
study on 23 migraine patients in 1995 indicated an effect following application of 
lidocaine, with 12 patients responding, most within 5 min [49]. Later, five small 
controlled studies have been performed yielding mixed results:

 1. Positive trials:

 (a) 1996 Lidocaine vs. saline with evaluation of effect after 15 min, n  = 81. 
Relief in 55% of the lidocaine group compared to 21% in the saline group, 
p = 0.04 [50].

 (b) 1999 Lidocaine vs. saline with evaluation of effect after 15 min, n = 131. 
Relief in 35.8% of the lidocaine group compared to 7.4% in the saline group, 
p < 0.001 [51].

 (c) 2015 Bupivacaine vs. saline with evaluation of effect after 15 min, 30 min, 
and 24 h, n = 41. Relief as early as 15 min with a 20% reduction in numeric 
rating scale (NRS) scores for the bupivacaine group compared to 7% reduc-
tion in the saline group [52]. A follow-up of this study was to continue treat-
ing the subjects prophylactically twice per week and compare baseline 
headache days to number of headache days 1 month posttreatment. A signifi-
cant decrease was not demonstrated [53].

 2. Negative trials:

 (a) 2001 Lidocaine vs. saline with evaluation of relief after 5, 10, 15, 20, and 
30 minutes, n = 49. No difference between the groups [54]

 (b) 2017 Lidocaine vs. saline with evaluation of relief after 15 and 30  min, 
n = 162. No difference between the groups [55]

10.5.2  Invasive Techniques Targeting the SPG in Migraine

A pilot study on 11 patients with refractory migraine (9 with medication overuse 
and 2 with episodic migraine) tested the efficacy of inducing migraine attacks and 
then treating them with electrical stimulation toward the SPG through an infrazy-
gomatic electrode [56]. Two patients experienced complete remission of the attacks, 
and three reported meaningful pain reduction. Five patients had no effect and one 
was not stimulated.

A randomized controlled trial (NCT01540799) testing an SPG stimulator in 80 
patients with predominantly fixed (no side-shift) episodic migraine is currently 
ongoing (ClinicalTrials.gov accessed October 2017).

E. Tronvik and R. Jensen



125

In an uncontrolled pilot study (n  =  10) using a novel image-guided surgical 
device, 10 patients with refractory chronic migraine were injected with 25 units 
botulinum toxin toward the SPG on both sides (total 50 units) [57]. The frequency 
of moderate or severe headache days in the second month post-injection (primary 
efficacy measure) was 53% less than at baseline, p = 0.009.

10.5.3  Clinical Usefulness of SPG-Targeted Treatments 
in Migraine

• It has not been proven that intranasal topical local anesthetics blocks the SPG 
parasympathetic, sensory, or sympathetic fibers.

• Controlled studies on intranasal administration of local anesthetics in migraine 
report conflicting results. Better data are needed before this method is imple-
mented into routine-clinical practice.

• There are ongoing studies evaluating the efficacy and safety of SPG stimulation 
in patients with episodic migraine as well as investigation of bilateral injection of 
botulinum toxin in patients with chronic migraine.

10.6  Other Pain Conditions

A small placebo-controlled crossover study, attempting to target the SPG maxil-
lary nerve fibers in 25 patients with idiopathic second branch trigeminal neural-
gia, was performed with 8% lidocaine nasal spray versus saline [58]. Pain 
recorded on a visual analogue scale (VAS) was reduced from 8.0 at baseline to 
1.9 at 15 min after treatment in the lidocaine group (p < 0.01). For saline, the 
numbers were 7.9 at baseline versus 7.6 posttreatment. The effect lasted median 
4.3 h (range 0.5–24 h).

Noninvasive management of persistent idiopathic facial pain (PIFP) is the pre-
ferred treatment in most cases. A retrospective study on the use of alcohol injections 
toward the SPG in 42 patients with refractory facial pain showed that 67% of the 
treatments were deemed as successful with a mean pain relief period of 10.3 months 
[59]. The patients who were classified as PIFP (n = 10) had the highest success rate 
(85.7% of treatments).

A randomized, placebo-controlled study with intranasal administration of bupi-
vacaine versus saline in 93 patients with acute frontal headache in the emergency 
department did not detect any difference between active and placebo treatment [60]. 
The primary endpoint was 50% reduction in pain at 15 min, and this was found in 
48.8% of the bupivacaine group and 41.3% of the saline group.
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10.7  Cranial Parasympathetic Innervation

The SPG is the main source of parasympathetic innervation to the head. Another 
cranial parasympathetic ganglion, which has attracted much less attention than the 
SPG, is the otic ganglion (OTG). There is evidence that postganglionic parasympa-
thetic fibers from the OTG also innervate intracerebral vessels [61–64]. Could there 
be anything to gain by blocking the OTG or perhaps even a dual block of the SPG 
and the OTG? Goadsby et al. showed that approximately 50% of the parasympa-
thetic activity to the cranial vessels in cats was conveyed through the OTG and 50% 
through the SPG [65]. The exact importance of the OTG in humans is not known, 
but there are data indicating that parasympathetic fibers from the SPG may be more 
important for the frontal region of the cranium, whereas such fibers from the OTG 
are more important for the occipital region [10, 66]. Neurochemical studies have 
demonstrated co-localization of both pituitary adenylate cyclase-activating poly-
peptide (PACAP) and vasoactive intestinal peptide (VIP) in both the SPG and the 
OTG [67–69]. Hopefully future studies will shed more light on whether the OTG, 
which has many similarities with the SPG, has any role in headache pathophysiol-
ogy and whether it may be a feasible and useful target for therapy.

10.8  Conclusion

The sphenopalatine ganglion appears to have a central role in cluster headache and 
potentially in other primary headache and idiopathic facial pain disorders. New 
technology that provides a more accurate technique to target the SPG offers the 
opportunity to evaluate the efficacy of various treatments that can be more precisely 
directed toward the SPG. This will also facilitate a better understanding of the role 
of the SPG in the pathogenesis of a variety of headache and craniofacial pain 
disorders.
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Chapter 11
Acute Treatment of Cluster  
Headache Attacks

Stefan Evers

11.1  Introduction

The treatment of acute cluster headache attacks is based on clinical trials and on 
empirical data. In the last decades, we also learnt more about the pathophysiology of 
cluster headache leading to new substances for both acute and prophylactic treatment. 
Although cluster headache is a very impressive somatic disorder, it has to be consid-
ered that drug treatment in cluster headache shows a placebo rate similar to that 
observed in migraine treatment [1]. There are treatment guidelines available published 
for different parts of the world [2, 3], and the superiority of guideline- adherent treat-
ment over purely intuitive treatment in cluster headache has been shown [4].

11.2  Attack Treatment

After the first published report on the use of oxygen to abort cluster headache attacks 
[5], the use of oxygen in cluster headache has been proposed for decades. The first 
controlled clinical trial was published in the 1980s [6]. The most recent trial showed 
that inhalation of pure (100%) oxygen with a flow of at least 12 L/min is effective 
in abortion of acute cluster headache attacks [7]. Oxygen should be inhaled for 
15 min in a sitting, upright position by demand valve oxygen (full facial mask) [8]. 
There are no contraindications known for the use of oxygen. It is safe and without 
side effects. More than 70% of all cluster headache patients respond to this treat-
ment with a significant pain reduction within 30 min.

In double-blind, placebo-controlled trials, the 5-HT1B/D agonist sumatriptan injected 
subcutaneously was effective in about 75% of all cluster headache patients (i.e., pain free 
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within 20 min) [9, 10]. It is safe and without side effects in most of the patients even if it 
is taken nearly daily as some cluster headache patients do off- label [11]. Contraindications 
are cardio- and cerebrovascular disorders and untreated arterial hypertension. The most 
unpleasant side effects are chest pain and distal paraesthesia. Even 3 mg subcutaneous 
sumatriptan is effective in the majority of patients [12]. Zolmitriptan 5 mg nasal spray 
has also been shown to be effective in two placebo-controlled trials and has been 
approved by the EMA for the acute treatment of cluster headache [13, 14]. In one single 
open and one double-blind, placebo- controlled trial, sumatriptan nasal spray 20 mg was 
also effective in the abortion of attacks [15, 16]. These triptan nasal sprays should be 
installed into the contralateral nostril as ipsilateral rhinorrhea might hamper the uptake 
of the drug by the nasal mucosa. Finally, oral zolmitriptan 10 mg was also effective 
within 30 min [17]. However, oral use of triptans in the approved dose is not recom-
mended for cluster headache attacks, since the onset of efficacy is too late.

Oral and intranasal ergotamine tartrate has been used in the treatment of acute 
cluster headache attacks for more than 60 years [18] and is probably effective when 
given very early in the attack. However, placebo-controlled trials are missing. Short- 
term prophylaxis with ergotamine is not recommended anymore because of severe 
side effects. The intranasal application of dihydroergotamine in cluster headache 
attacks was not superior to placebo in a single trial [19]. The intravenous application 
of 1 mg dihydroergotamine over 3 days has been shown to be effective in the abor-
tion of severe cluster attacks in an open retrospective trial [20].

The nasal installation of lidocaine into the ipsilateral nostril (1 mL with a con-
centration of 4–10%; the head should be reclined by 45° and rotated to the affected 
side by 30–40°) is effective in at least one third of the patients [21–23].

One hundred microgramme subcutaneous octreotide has been shown to be effec-
tive in the treatment of acute cluster headache attacks in a double-blind, placebo- 
controlled trial [24].

The use of the so-called peripheral analgesics and of opioids is not recommended 
in the treatment of cluster headache attacks [2]. Although controlled trials on these 
substances in cluster headache are lacking, there is expert consensus that they are 
ineffective or show much lower efficacy than the substances discussed above.

Although the (nearly) daily intake of acute drugs to abort cluster headache 
attacks is safe and without further complications in most cluster headache patients, 
the induction of medication overuse headache cannot be excluded, in particular in 
those patients with concomitant migraine or migraine in their family [25]. Therefore, 
the intake of acute drugs should be restricted to 10 days per month which is possible 
in nearly all patients with successful prophylactic treatment.

11.3  Future Developments

New drugs affecting the CGRP pathways are under development for the treatment 
of cluster headache. The so-called CGRP antagonists (class group of gepants), 
which are given orally, might be an option for long-lasting cluster headache attacks; 
however, no clinical trials have been performed so far. The class of CGRP 
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antibodies is mainly investigated for the prevention of cluster headache attacks; 
however, for very severe cluster attacks, a parenteral application could be 
efficacious.

Stimulation techniques to treat cluster headache focus on the prevention of 
attacks. However, the acute treatment of attacks has also been investigated. In a first 
unblinded, but sham-controlled pilot study on sphenopalatine ganglion stimulation 
in the acute attack, 67% of 28 patients showed significant pain relief by this stimula-
tion [26]. However, in the largest trial on this stimulation technique, there was no 
significant difference in the primary endpoint (responder rates) between verum and 
sham stimulation with only maximal 26.7% responders, and patients with episodic 
cluster headache responded significantly better [27]. Another technique under 
development for acute attack treatment is the transdermal vagal nerve stimulation 
[28], suggesting an efficacy also for the acute attack abortion. However, further tri-
als with a real sham control have to follow, before these techniques can be 
recommended.
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Chapter 12
Prophylactic Drugs

Andrea Negro and Paolo Martelletti

12.1  Introduction

Prophylactic treatment is the mainstay in the management for both episodic and 
chronic cluster headache (CH). The typical CH patient may suffer one to eight 
attacks a day requiring abortive therapy with risk of medication overuse and drug 
toxicity.

The primary goal of prophylactic treatment is to shorten cluster episodes, reduce 
the number of attacks during the bouts, and maintain the patient attack-free for all 
the expected duration of the cluster period. An appropriate prophylactic medication 
can reduce triptans use, save medical resources, and improve quality of life of CH 
patients.

Prophylactic therapy often becomes effective quite rapidly, but unfortunately 
total attack suppression is not always achievable, and patients need to wait the natu-
ral ending of the bouts. Patients with active CH require close follow-up both to 
monitor the efficacy and the toxicity of maintenance treatments. Moreover, patients 
with chronic CH (CCH) often need periodic tailoring of medications, and some of 
them may become refractory to prophylactic treatments [1].

There are fundamental principles in the pharmacological prevention of CH [2]:

• Medications should be selected on the basis of CH course (episodic or chronic), 
attack frequency and duration, pain intensity, contraindications, and patients 
comorbidities.

• Prophylaxis should begin at the first signals of the start of a new cluster bout with 
caution to find the lowest effective dose, maintained during the cluster period and 
then discontinued by slowly tapering the doses after full remission.
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• Treatments for CCH may need to be continued long-term without reduce mainte-
nance medications and sometimes patients may require prophylaxis indefinitely.

• Combinations of prophylactic medications are often required, particularly for 
CCH patients, although the high potential for toxicity.

Only few randomized clinical trials (RCTs) investigated efficacy of preventive 
drugs in CH, and drugs employed as prophylactic treatments for the disease have 
been introduced on empirical bases rather than full knowledge of pathophysiologi-
cal mechanisms [3].

Another issue is for how long prophylaxis should be maintained after the patient has 
no more attacks. It is helpful to know the average length of a patient’s cluster period to 
estimate if attacks were stopped due to treatment or to the natural history of the disease. 
Once cluster attacks stopped, it is recommended to continue prophylaxis for a period 
of time that is at least the half of the duration of previous cluster periods, but also taper-
ing in shorter periods can be done [4]. In the case of prolonged cluster that lasts 
≥3 months, prophylaxis may need to be maintained for at least the same period.

In 2006 a Task Force of the European Federation of Neurological Societies 
(EFNS) published comprehensive guidelines on the treatment of cluster headache 
(Table 12.1) [4].

12.2  First-Line Medications

12.2.1  Verapamil

Verapamil, a calcium channel blocker, is considered the first choice for the prophylaxis 
of both episodic and chronic CH [2–9]. The prophylactic efficacy has been established 
by clinical evidence and by two RCTs [8, 9]. In a double-blind placebo- controlled trial 
of verapamil 360 mg daily, 80% of patients receiving verapamil had a ≥50% reduction 
in headache frequency with half of responders improving in the 1st week and the rest 
responding in the 2nd week of therapy [8]. A double-blind, crossover study compared 
verapamil (360 mg daily) for 8 weeks to lithium (900 mg daily) for CCH prophylaxis. 
Both substances provided similar reductions in analgesic consumption and headache 
index, but verapamil showed more rapid action and better tolerability [9].

Although there is no evidence for an optimal dosage, for CH prophylaxis a daily 
dosage of 240–960 mg of verapamil is typically used [5, 6, 10, 11]. Most patients 
will improve at 240–480 mg/day [12], but in some cases, a daily dose of >720 mg 
can be necessary [6, 7, 13], up to 1200 mg/day in rare refractory cases [4]. Only 
experienced physicians should give higher dosages.

Given the short half-life of verapamil (3–7 h), the daily dose is divided into three 
administration, and regular release tablets are preferred to slow release preparations 
because they are more reliable in maintaining drug blood levels.

A baseline electrocardiogram (EKG) is mandatory before initiating verapamil 
therapy and should be repeated with each dosage increase to monitor atrioventricular 
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conduction. The dosages required for CH prophylaxis are considerably higher than 
those used for cardiovascular indications (240–480 mg/day) [11]. Consequently, PR 
interval prolongation, bradycardia, hypotension, syncope, dizziness, crural edema, 
constipation, and impotence are more likely to occur [14, 15]. Nearly 20% of patients 
receiving verapamil develop EKG abnormalities, the great majority of these consist-
ing of prolonged PR intervals. Moreover, 5% of patients develop complete heart 
block with junctional rhythms, in particular those taking higher doses (720 mg or 
more) [16, 17]. Blockade of atrioventricular conduction can be caused not only by 
verapamil but also by some of its metabolites such as norverapamil [18]. Because of 
this, slow titration up to the target dose has been recommended to reduce the AEs.

Long-term verapamil administration can reduce its clearance and increase the 
plasmatic availability through the CYP3A enzymes auto inhibition [19]. Verapamil 
metabolism could be affected also by xenobiotics. Patients should be warned to 
avoid grapefruit and related fruit as limes and pomelos, which contain furanocou-
marins that cause irreversible inactivation of CYP3A4 resulting in increased vera-
pamil levels [20, 21]. An excess of coffee and/or tea consumption may enhance both 
the excretion of verapamil and its first-pass metabolism by CYP1A2 [22].

There are no evidence-based guidelines suggesting the optimal way of dosing 
verapamil, and the recommendations are based on effectiveness and tolerability. 
Slow dosage escalation is questionable considering the severity of CH attacks and 
the additional risks of prolonged use of bridging medications, but on the other hand, 
faster dosage escalation (80–160 mg every 2 or 3 days) increases the risk of cardiac 
AEs. An acceptable compromise would be to start verapamil at 80 mg or 120 mg 
three times daily and then increase the dosage by 80 mg every week up to a dose of 
480  mg a day. However, verapamil is generally well tolerated and can be co- 
administered with sumatriptan, ergotamine, corticosteroids, and other preventive 
substances with less concern about drug interactions and then with other prophylac-
tic treatment (e.g., lithium carbonate). Lithium and verapamil should be co- 
administered with great caution in elderly: profound bradycardia developed was 
reported on two elderly manic patients taking the combination and was followed by 
a fatal myocardial infarction in one case [23].

The full efficacy of verapamil can be expected within 1–3 weeks in episodic CH 
at doses of 240–360 mg/day, while CCH patients may need higher doses and up to 
4–5 weeks to manifest a response. In the first 2 weeks of verapamil administration, 
some clinicians also administer corticosteroids as transitional therapy (see after).

12.3  Second-Line Medications

12.3.1  Lithium

Lithium (lithium carbonate), a mood stabilizer medication, has been studied in CH 
prophylaxis in more than 20 open trials [24]. It was noted that patients suffering from 
psychiatric disorders improved their cluster headaches while on lithium therapy [25]. 
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Lithium is considered a second-line treatment for maintenance prophylaxis of CH 
because of its narrow therapeutic window, the need for periodical blood test monitor-
ing during therapy, frequent adverse events (AEs), and several drug interactions.

As mentioned above, a RCT compared lithium (900  mg daily) to verapamil 
(360 mg daily) for 8 weeks in patients with CCH; the efficacy was similar, but lith-
ium acted more slowly and had more AEs [9]. A recent placebo-controlled trial com-
paring lithium to placebo in patients with episodic CH found no difference in the 
primary outcome (cessation of attacks within 1 week) [26]. Even if this study did not 
reproduce the beneficial effect found in CCH, the dose used (800 mg) was too low 
and the treatment period (1 week) too short for an adequate efficacy assessment.

Common dosage to obtain benefit is 900 mg (600–1200 mg) per day usually cor-
responding to 0.4–0.8 mEq/L lithium serum levels [27]. Higher daily dosages can be 
required in non-responders; it is important to consider that above 1.2 mEq/L lithium 
serum levels, the risk to develop AEs is high [28]. The drug should be started consid-
ering both age and severity of CH, usually a single dose of 300 mg bedtime, then 
increased after 3–4 days. Lithium plasma level should be measured after 10 days. 
The dose can be increased to 300 mg three times a day and increased even more in 
steps of 150–300 mg/day if necessary. Some patients may require 1200 mg/day. In 
general, if the subject improves or headaches stop at a given dosage, there is no need 
to further increase the dose. The dosage increase should be stopped if AEs appear.

Baseline thyroid, renal, and liver function tests, as well as electrolytes, should be 
done prior to start lithium and regularly monitored thereafter. Long-term use can 
induce hypothyroidism, polymorphonuclear leukocytosis, and renal dysfunction 
leading to polyuria due to diabetes insipidus [29]. The probability of drug-induced 
AEs is increased by dehydration; thus patients have to be warned of the importance 
of an appropriate water intake.

Special caution is again needed when lithium is administered in the elderly par-
ticularly because lithium effects and drug interactions on renal function, diuretics, 
and nonsteroidal anti-inflammatory drugs (NSAIDs) can reduce lithium renal clear-
ance [22, 30], and angiotensin-converting enzyme (ACE) inhibitors can increase the 
steady-state serum lithium levels up to threefold [31]. Also prokinetic drugs as 
metoclopramide accelerating gastrointestinal motility may increase lithium absorp-
tion and blood concentration [32]. Verapamil metabolites (especially when vera-
pamil is given at >560 mg daily) can reduce renal clearance of lithium; in such 
patients lithium dosage has to be reduced to prevent AEs [33]. Alcohol should be 
avoided, and caffeine intake controlled because it increases lithium excretion [29]. 
Conversely, caffeine discontinuation reduces lithium excretion, and lithium dosage 
should be decreased as well.

12.3.2  Methysergide

Federigo Sicuteri introduced methysergide, an ergotamine alkaloid derivative as 
effective headache treatment more than 50 years ago [34]. It has been used as effec-
tive CH preventative also in CH [4]. However, no placebo-controlled, double-blind 
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studies are available. Open-label studies showed that between 20% and 73% of 
patients improve at dosages ranging from 4 to 16 mg daily particularly patients with 
chronic CH [33].

Usually, methysergide is administered at a daily dose of 4–8  mg starting 
from 1 mg/day and then increasing 1 mg every 3–5 days up to maximum of 
12 mg/day.

Methysergide is indicated for patients with short cluster periods (less than 
4 months) [13] as prolonged treatment has been reported to cause retroperitoneal, 
pulmonary, pleural, and cardiac fibrosis [35, 36]. Laboratory controls including 
renal function, chest X-ray, electrocardiogram, and abdominal MRI should be 
undertaken after 4–6 months of treatment.

Methysergide is used much less now because of concerns due to side effects, and 
its prescription has also been prohibited in several countries (e.g., USA). 
Methysergide is contraindicated in patients with coronary or peripheral arterial 
insufficiency and should not be co-administered with triptans because of the syner-
gistic vasoconstrictive effects. Because of the problematic safety profile, methyser-
gide should be used only by experienced practitioners and only as third-line 
pharmacotherapy.

12.3.3  Topiramate

Topiramate is considered a second-line therapy for CH prophylaxis.
Open-label studies suggest that topiramate in doses ranging from 50 to 200 mg/

day is effective in the 70% of patients [37], although one study showed only a 
minor, if at all, topiramate effect [38].

The recommended starting dose is 25 mg that should be slowly increased by 
25  mg every week to minimize adverse effects, to reach at least 100  mg/day. 
However some authors consider topiramate effective only at higher daily dosages 
(>100–150 mg/day) or in combination with verapamil and/or lithium.

AEs occur in about 40% of patients, and even if rarely severe, they are a major 
cause of treatment discontinuation. Topiramate is contraindicated with a history of 
nephrolithiasis because it may increase the risk of recurrent stones. To prevent 
nephrolithiasis, patients should be warned to drink at least 2 L of water per day, 
particularly in warm periods.

Topiramate binding to proteins is quite variable (9–41%) and inversely corre-
lated to its plasmatic concentration [39]. Among 55–97% of administered dose is 
excreted unchanged in urine. Topiramate may induce the CYP3A4 enzyme leading 
to a reduction of plasmatic concentrations of oral contraceptive steroids (e.g., ethi-
nylestradiol) [40]. The maintenance of an effective contraception may require 
higher estrogen doses. Topiramate can have other drug-drug interactions through 
inhibition of the CYP2C19 enzyme, with consequent decreased clearance of drugs 
like omeprazole, diazepam, or mephenytoin [41].
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12.4  Third-Line Medications

12.4.1  Ergotamine Tartrate

Oral ergotamine has been found to be effective in CH prophylaxis, but its use is limited 
by the vasoconstrictive properties, variable gastrointestinal absorption, and the poten-
tially threatening AEs associated with ergotism. Ergotism is suggested when limb par-
esthesia start; in this case the drug must be stopped. Ergot derivatives can be prescribed 
to hypertensive patients only if arterial blood pressure values are fully controlled.

It is recommended to use this drug category only for short-term treatment 
courses. Ergotamine tartrate 2 mg per rectum taken at bedtime may help to prevent 
nocturnal attacks, while 3–4 mg daily in divided doses may be administered for 
2–3 weeks as transitional prophylaxis [42].

Dihydroergotamine (DHE) also seems an alternative in CCH patients not 
responding to other prophylactic drugs. In an open-label study, repeated intravenous 
(i.v) DHE administration induced remission lasting 12 months in 83% of patients 
with intractable episodic CH and in 39% of patients with intractable CCH [43].

Because of synergistic side effects, ergot derivatives cannot be administered 
simultaneously with triptans as for methysergide.

12.4.2  Valproic Acid

Valproic acid has been studied in three small-sample open-label trials that showed 
efficacy in 54–73% of CH patients, both episodic and chronic [44–46]. A random-
ized controlled double-blind study did not confirm its efficacy; however, this may 
have been due to an exceedingly high response rate of 62% in the placebo group, 
most likely due to spontaneous remission [47].

The clinical experience is that valproic acid is generally ineffective in CH but can 
be tried as drug of third choice in doses ranging from 500 to 2000 mg daily used 
alone or in combination with ergots and possibly lithium. Valproic acid may be 
more effective in CH patients with migrainous features, such as nausea, vomiting, 
and photo and phonophobia [2]. Regular evaluation of hemogram and liver and 
pancreatic function are necessary to monitor AEs [19].

Valproic acid is contraindicated in female potentially childbearing patients 
because of the risk of fatal birth defects [48].

12.4.3  Melatonin

Melatonin is a natural sleep hormone. Cluster patients have reduced serum melato-
nin levels, and this has the potential to favor CH attacks particularly during the night 
[49]. This and other observations prompted its use as a CH preventive agent.
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In a double-blind, placebo-controlled trial, melatonin 10 mg in regular release 
tablets was effective to induce cluster remission in five of ten subjects within 5 days 
while none of the ten subjects randomized to placebo went into remission [50]. A 
subsequent study that used a 2 mg slow release tablet investigated melatonin efficacy 
as adjunctive therapy in CH prophylaxis but failed to show benefits [51]. However 
melatonin can be used with other cluster medications at a starting dose of 10 mg, 
titrated quickly to 25 mg, and given in the late evening before going to sleep [27].

12.4.4  Pizotifen

One old controlled trial showed that pizotifen exerts some effect [52, 53]. It can be 
used in one dose of 1.5–3 mg before retiring. Its use is limited by side effects, and 
it should be used in rare cases as third- line drug [27].

12.4.5  Capsaicin

The effect of repeated capsaicin application to the nasal mucosa in cluster headache 
has been evaluated in two open [54, 55] and one double-blind, placebo-controlled 
[56] trial that showed an efficacy in about two-third of the patients. Results from the 
double-blind study are questionable because of the irritating properties of the active 
drug [56].

12.4.6  Baclofen

A small open-label study evaluated the efficacy of baclofen 15–30  mg in three 
divided doses in nine CH patients [57]. Six patients went into remission within a 
week, and one additional patient improved with cessation of attacks at week 2 [57]. 
Baclofen should be started at low dosage, increased slowly, and slowly decreased 
until stopped.

12.4.7  Civamide

A randomized double-blind, placebo-controlled study evaluated the efficacy of 
intranasal application of civamide for 7 days in 28 CH patients [58]. The primary 
endpoint was change in frequency of CH attacks per week during posttreatment 
period (20 days). During the 1st week of the study, civamide was significantly better 
than placebo in decreasing number of attacks (55.5% vs. 25.9%); a similar trend 
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was present for the entire posttreatment period but did reach statistical significance 
(61.4% vs. 30.9%; p 0.054). As for capsaicin, blindness is difficult to achieve 
because of the irritating nature of the nasally applied substance.

12.4.8  Gabapentin

Gabapentin was used in two open-label studies. In the first, 900 mg/day induced remis-
sion in eight episodic and four CCH patients within 8 days, with a bout duration reduc-
tion ranging from 16 to 40% compared to previous bouts (in episodic cluster headache 
patients) [59]. In the second study, gabapentin was used as add-on drug in eight patients 
suffering from CCH refractory to first-line treatment [60]. Six of them responded to 
treatment, and the longest remission under gabapentin treatment was 18 months.

12.4.9  Clonidine

Clonidine 5–7.5 mg transdermal patch has been studied in two small open-label 
studies [61, 62]. The first included eight episodic and five chronic CH patients, and 
all had significant reduction in frequency, intensity, and duration of the attacks [61]. 
The second study included 16 episodic CH patients but failed to confirm the previ-
ous positive results [62].

12.4.10  Botulinum Toxin Type A

Botulinum toxin type A has been tested as add-on therapy in a small open-label study 
that gave mixed results [63]. Patients with CH (three episodic and nine chronic) 
received 50 units injected ipsilateral to the headache. One chronic CH patient had 
remission, other two chronic patients had improvement in attack frequency and 
severity, and another chronic CH patient had his continuous headache improved but 
no change in cluster headache attacks. The remaining eight patients had no benefit.

12.4.11  Calcitonin Gene-Related Peptide (CGRP)-Targeted 
Therapies

Calcitonin gene-related peptide (CGRP)-targeted therapies represent the new fron-
tiers in migraine and CH treatment. At this time, two monoclonal antibodies, galca-
nezumab (LY2951742 by Eli Lilly) and fremanezumab (TEV-48125 by TEVA), are 
under evaluation in Phase 3 clinical trials.
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Galcanezumab is being studied for both episodic (NCT02397473) [64] and 
chronic CH (NCT02438826) [65]. The drug is administered subcutaneously every 
30 days for 8 weeks and 12 months (in episodic and chronic trial, respectively). In 
both studies the primary outcome is the mean change in number of weekly attacks, 
and the secondary outcome is the proportion of participants with ≥30 or ≥50% 
reduction in number of weekly attacks. Both studies estimate to enroll 162 patients. 
The estimated completion date for the episodic study is June 2018 and for the 
chronic one is July 2019. Patients that complete those trials will be invited to partici-
pate to a long-term safety and tolerability study [NCT02797951] estimated to be 
completed in August 2020 [66].

Similarly, fremanezumab in two dose regimens (intravenous/subcutaneous and 
subcutaneous) is under evaluation for both episodic [NCT02945046] [67] and 
chronic [NCT02964338] [68] CH prophylaxis. The primary outcome is the mean 
change in the weekly average number of attacks during the 4-week (for episodic) 
and the12-week period (for chronic) after administration of the first dose. The sec-
ondary outcomes are the mean change from baseline in the number of CH attacks 
during the 4-week (for episodic) and the 12-week period (for chronic) after the first 
dose and the proportion of participants with ≥50% reduction in number of weekly 
attacks during same period. Both studies estimate to enroll 300 patients. The esti-
mated completion date for the episodic study is June 2018 and for the chronic one 
is November 2018. Patients that complete those trials will be invited to participate 
to a 68  weeks study to evaluate the long-term safety of fremanezumab 
[NCT03107052] estimated to be completed in August 2020 [69].

12.5  Transitional Therapies

The transitional medications are usually administered initially together with CH 
prophylactic treatment until prophylactic treatment effectiveness begins. Transitional 
therapies are indicated primarily in episodic CH patients with relatively high attacks 
frequency (>2 attacks/day). This approach aims to quickly stop CH attacks to pre-
vent pain and reduce disability, also reducing use of acute medications. In the mean-
time dosage of prophylactic medication can be gradually increased up to therapeutic 
range. Transitional therapies are generally used for 1–3 weeks depending on the 
prophylactic drug titration and cluster period severity. Occipital nerve blockade 
with steroids and/or local anesthetics can require only one injection.

12.5.1  Corticosteroids

Corticosteroids as prednisolone, prednisone, and dexamethasone are rapidly effec-
tive drugs for CH and are considered the most effective transitional treatment [27]. 
About 70–80% of all CH patients report headache-free or near headache-free states 
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within 24–48 h from steroid administration, but some patients require prolonged 
administration as headaches recur once steroid is tapered/stopped [70]. Because of 
the high risk for side effects, steroids should be used for short-term courses only 
trying to limit their use as long-term treatment [2].

CH is very likely to relapse when transitional steroid treatment is reduced and 
stopped unless a nonsteroidal prophylactic therapy as verapamil or lithium has been 
initiated in the meantime. A steroid course lasting 15–18  days provides time to 
increase the dose of the prophylactic drug to the expected therapeutic dosage.

There are no adequate randomized, placebo-controlled trials available for the use 
of corticosteroids in CH. Common dosage of oral prednisone or prednisolone is 
60–100 mg given once a day for 5–7 days; the dose should then be tapered every 
2–3 days by 10 mg down to zero. The tapering could be slower in CCH because of 
relapse occurrence. Intravenous corticosteroids (methylprednisolone i.v. 500 mg), 
sometimes followed by oral steroids, may also be effective [71, 72]. Also dexa-
methasone, a synthetic corticosteroid used mainly to manage cerebral edema, 
resulted in a clinical positive response when administered intramuscularly or orally 
as 4 mg twice a day for 2 weeks followed by 4 mg/day for the subsequent week [71].

12.5.2  Ergot Derivatives

Even though controlled trial data supporting their use are lacking, ergotamine tar-
trate and DHE may be used for CH transitional prophylaxis. Ergotamine tartrate 
(3–4 mg/day in divided doses) may be administered for 2–3 weeks [42]. Repetitive 
intravenous DHE administrations (two or three times a day) stop the attacks within 
3 days from initiating therapy in more than 90% of patients [73]. The most practi-
cal method of administration for use at home is by SC or intramuscular self-injec-
tion. DHE given subcutaneously as 1 mg twice a day or just 1 mg at bedtime can 
be continued beyond 1 week [74]. DHE nasal spray could theoretically also be 
used, but not all the medication is absorbed [75], and consequently a higher dose 
of 2 mg is recommended [76].

12.5.3  Occipital Nerve Block

An effective alternative to steroid oral administration is occipital nerve block inject-
ing local anesthetic and corticosteroid or corticosteroid alone; compared to oral 
administration, this route has the advantage of not inducing the rebound effect [77].

Blockade of greater occipital nerve (GON) was investigated as CH treatment in 
several studies, with the majority showing positive results. In a small open-label 
trial, GON block ipsilateral to the head pain using lidocaine 1% in combination with 
triamcinolone 40 mg was associated with good or moderate response in 64% of 
patients [78]. However, triamcinolone should be avoided because of reported risk of 
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cutaneous atrophy and localized alopecia [79]. A prospective open-label study 
showed a positive response to GON blockade in 57% of CCH patients: 42% of 
responders were pain free and 15% having a partial benefit [80]. Duration of 
improvement was 3 weeks (median); efficacy, overall rate, and average duration of 
response remained consistent with repeated quarterly injections.

Also, suboccipital injection of steroids was effective in a double-blind, placebo- 
controlled trial [81]. A single injection of a mixture of short- and long-acting beta-
methasone (12.46  mg betamethasone dipropionate and 5.26  mg betamethasone 
disodium phosphate mixed with 0.5 mL lidocaine 2%) suppressed cluster attacks in 
85% of patients (both episodic and chronic) with 61% remaining attack-free for at 
least 4 weeks. In another randomized, double-blind, placebo-controlled trial, three 
suboccipital injections (48–72 h apart) of cortivazol 3.75 mg reduced the number of 
attacks during the first 15 days after the first injections in both episodic and chronic 
CH patients [75].

Long-acting preparation of steroids may be more useful for occipital nerve block, 
and based on the two controlled trials, a relatively high dose can be used [75, 81]. 
Betamethasone has a five times higher potency than methylprednisolone, so meth-
ylprednisolone dosages between 40 and 80 mg in a slow release preparation would 
be appropriate in case of several repeated injections. In the case of only a single 
injection, 80 mg of methylprednisolone might be more appropriate than 40 mg.
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Chapter 13
Neurostimulation: Why, When,  
and Which One?

Michel Lantéri-Minet, Denys Fontaine, and Delphine Magis

Neuromodulation has been proposed for more than a decade to treat primary head-
aches including cluster headache. Neuromodulation can be separated into invasive 
techniques, that is, with a surgical procedure to implant the stimulation device, and 
noninvasive techniques (transcutaneous or transcranial stimulation). For the treat-
ment of cluster headache (CH), the only noninvasive neuromodulation technique 
studied up to now is vagus nerve stimulation (cervical portion), while invasive 
neuromodulation has been applied to target the posteroinferior hypothalamic area, 
the great occipital nerve, or the sphenopalatine ganglion. For each target, we will 
review key elements in terms of background, efficacy evidence, limits, and mecha-
nisms of action.

13.1  Vagus Nerve Stimulation

13.1.1  Background

Vagus nerve stimulation has been considered as a promising treatment of primary 
headaches following migraine improvement in epileptic patients with a migraine 
comorbidity, while their epilepsy was treated by implanted vagus nerve stimulation 
[1]. Recent devices allowing a noninvasive stimulation of the vagus nerve (nVNS) 
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have increased interest for this target, the gammaCore® device having been mean-
while specifically developed for the treatment of headache by noninvasive stimula-
tion of the cervical branch of the vagus nerve.

13.1.2  Evidence

PREVA study is an open randomized controlled trial (RCT) in which nVNS was 
examined as adjunctive prophylactic treatment of chronic CH [2]. The PREVA 
study compared adjunctive prophylactic nVNS (n  =  48) with standard of care 
(SoC), i.e., medications alone as a control (n = 49). A 2-week baseline phase was 
followed by a 4-week randomized phase (SoC plus nVNS vs. SoC alone) and a 
4-week extension phase (SoC plus nVNS). The primary endpoint was the reduc-
tion in the mean number of CH attacks per week. During the randomized phase, 
individuals in intent- to- treat population treated with SoC plus nVNS (n = 45) had 
a significantly greater reduction in the number of attacks per week compared to 
those receiving SoC alone (n = 48) (−5.9 vs. −2.1, respectively) for a mean thera-
peutic gain of 3.9 fewer attacks per week (95% CI: 0.5–7.2; p = 0.02). This preven-
tive effect was maintained during the 4-week extension phase during which all 
patients benefited from nVNS [3]. Using PREVA study data, a pharmacoeconomic 
model from the German statutory health insurance perspective showed cost-effec-
tiveness of nVNS, suggesting that adjunctive nVNS provides economic benefits in 
the treatment of chronic CH [4].

The PREVA study did not show any evidence of nVNS efficacy for the acute 
treatment of CH in patients with chronic CH [5]. Conversely, nVNS showed its 
efficacy to abort or relieve attacks of episodic CH in two large sham-controlled 
trials (ACT1 and ACT2, ref.). ACT2 study is a RCT that compared nVNS with a 
sham (placebo) device for acute treatment in patients suffering from episodic or 
chronic CH [6]. After completing a 1-week run-in period, subjects were ran-
domly assigned to receive nVNS or sham stimulation during a 2-week double-
blind period. The primary efficacy endpoint was the proportion of all treated 
attacks that achieved pain- free status within 15  min after treatment initiation, 
without rescue medication. The Full Analysis Set comprised 48 nVNS-treated 
(14 episodic CH, 34 chronic CH) and 44 sham-treated patients (13 episodic CH, 
31 chronic CH). From the primary endpoint, nVNS (14%) and sham (12%) treat-
ments were not significantly different for the entire CH population. No signifi-
cant differences were seen between nVNS (5%) and sham (13%) in the chronic 
CH subgroup. By contrast, nVNS (48%) was superior to sham (6%; p < 0.01) in 
the episodic CH subgroup. Efficacy of nVNS for the acute treatment of episodic 
CH was also supported by the ACT1 study [7]. ACT1 study is a RCT similar to 
ACT2, but the primary endpoint was the response rate, defined as the proportion 
of subjects who achieved pain relief at 15 min after treatment initiation for the 
first attack without any rescue medication use through 60 min. The intent-to-treat 
population comprised 133 subjects: 60  nVNS-treated (episodic CH, n  =  38; 
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chronic CH, n  =  22) and 73 sham-treated (episodic CH, n  =  47; chronic CH, 
n = 26). Again, response rates were overall not significantly different between 
nVNS-treated and sham-treated patients (26.7% vs. 15.1% p  =  0.1), but were 
significantly higher with nVNS than with sham when the episodic CH subgroup 
was considered (34.2% vs. 10.6%; p = 0.008).

13.1.3  Limits

Evidence supports the use of nVNS as an acute treatment of episodic CH and as a 
prophylactic treatment of chronic CH. Nevertheless, based on clinical experience, 
therapeutic benefit from prophylactic treatment would be more convincing than 
from acute treatment especially in chronic CH [8]. Acute nVNS use requires the 
self-application of three stimulation sessions of 2 min each separated by 1 min 
from the beginning of the attack. For preventive use, the administration of a stim-
ulation period of 2 min three times a day is necessary and must be evaluated over 
3 months. The gammaCore® device has only one nVNS program. The subject can 
use the device on the right or left sides of the neck by putting it next to his/her 
carotid pulse (usually alternate sessions are recommended). Intensity is raised 
until the subject feels a tingling sensation deep in the neck, and the device is well 
positioned when the subject feels a tightness of its lower lip (due to platysma 
muscle contraction). Safety and tolerability of nVNS with gammaCore® was con-
firmed by the three RCTs (PREVA, ACT1, ACT2) performed in CH. In these tri-
als, the side effects (voice change, skin irritation, muscle contraction, dysesthesia) 
were mild to moderate and all transient [2, 6, 7]. The manufacturer of gamma-
Core® advises not to use it in pregnancy and in the following situations: cervical 
atheroma, implanted stimulator, high blood pressure, hypotension, tachycardia, 
bradycardia, cervical vagotomy, and metallic device implanted in the cephalic 
segment. This device has a CE mark, but it is not reimbursed by all health insur-
ance systems. It is available, on prescription, on the manufacturer’s website 
(https://gammacore.com) at a rate of 260 €. Although comparable to the triptan 
budget, this price might therefore represent a limit to nVNS use, especially as this 
device allows a limited number of stimulations (or “doses,” up to 300) but its bat-
tery cannot be recharged. Thus, a new device must be purchased at the end of the 
battery.

13.1.4  Mechanism of Action

The precise mechanism of action of nVNS in primary headaches is not known, but 
corpus of data is available and allows certain assumptions [9]. The reality of vagus 
nerve stimulation by gammaCore® has been confirmed using a neurophysiological 
approach in healthy volunteers, which showed that cervical nVNS induced evoked 
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nerve potentials similar to those induced by invasive vagus nerve stimulation 
devices [10]. Similarly, a functional magnetic resonance imaging study, also per-
formed in healthy controls stimulated by gammaCore®, highlighted an activation 
of the solitary tract nucleus, which is the main central relay of vagal afferences 
[11]. The therapeutic effect of nVNS is probably mediated by the stimulation of 
large myelinated fibers as argued by magnetic resonance-based model predicting 
the properties of the induced electric field in different anatomical planes [12]. The 
lack of C fibers recruitment suggested by this model accounts for the absence of 
pain and parasympathetic signs with nVNS using gammaCore®. Experimental 
works have also tried to specify the mechanism of the therapeutic effect of gam-
maCore® in primary headaches. Centered on migraine, a first experimental work 
has shown an inhibition of cortical spreading depression (CSD) support of the 
migraine aura and possible trigger of migraine headache [13]. Another study, 
focused on trigeminal pain and performed on a murine model of trigeminal allo-
dynia induced by dural inflammation, has shown a significant reduction in perior-
bital skin sensitivity for more than 3.5  h after nVNS, this reduction being 
associated with a reduction of extracellular glutamate concentration in the trigem-
ino-cervical complex [14]. A neuroimaging study showed an activation of the 
solitary tract nucleus that was associated to changes in the pain matrix (parabra-
chial nucleus, primary somatosensory cortex, and the insula) and the trigemino-
cervical complex [11]. Finally, an experimental electrophysiological work 
demonstrated the ability of implanted vagus nerve stimulation to reduce dose-
dependent nociceptive activation of neurons of the trigemino- cervical complex 
and the superior salivary nucleus which are the two essential relays of the trigem-
ino-autonomic pathway supporting primary headaches like migraine and cluster 
headache [15].

13.2  Deep Brain Stimulation of Posteroinferior 
Hypothalamic Area

13.2.1  Background

Deep brain stimulation (DBS) of the posteroinferior hypothalamus has been the first 
neuromodulation technique to be proposed in drug-refractory chronic CH. The ini-
tial concept was to inhibit the presumed CH attack generator [16, 17] identified in 
this area shortly before, by neuroimaging studies. Indeed, positron emission tomog-
raphy (PET) imaging during CH attacks showed a specific activation of an area 
located at the diencephalo-mesencephalic region, close to the floor of the third ven-
tricle [18]. Based on its projection on the Talairach grid, this region has been called 
posteroinferior hypothalamus.
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13.2.2  Evidence

Preventive treatment with high-frequency (130  Hz) DBS of the posteroinferior 
hypothalamus area has been reported in the literature in about 80 patients up to now 
(Table 13.1) [16, 17, 19–27] with an overall 50% responders’ rate (≥50% decrease 
of attack frequency) of 62.8%, including 30% of patients being almost pain-free at 
longer follow-up. This approach has been evaluated in controlled conditions by a 
single study [22]. However due to methodological issues, including the too short 
duration (1 month) of the randomized periods, this RCT failed to demonstrate a 
significant decrease of CH attacks with DBS (ON) compared to control (OFF) con-
ditions. As a matter of fact, retro-hypothalamic DBS therapeutic effect may be 
delayed, and a clinically significant headache decrease can be observed in an inter-
val ranging from 1 to 86 days. Several studies reported that some patients with a 
long follow-up showed few bouts of attacks per year, like episodic CH.

13.2.3  Limits

DBS is the last-line preventive treatment of the most severe chronic CH patients and 
should only be practiced by medico-surgical teams combining headache expertise 
and functional neurosurgery expertise with a strict respect of patient selection crite-
ria (at least 2 years of disease duration, at least one attack per day, resistance to 
pharmacotherapy including verapamil and lithium, headache “locked” to the same 
side, normal neurological examination, and absence of psychiatric comorbidity) 
[28, 29]. This position as a last-line treatment is justified by the invasiveness and the 

Table 13.1 Open series and RCT related to DBS in chronic CH

Study
Patients 
(n) Country

Mono/
multi 
centric

Mean 
follow-up 
(years)

At least 50% 
improvement (n)

Leone et al. [17, 23], and 
Franzini et al. [16]

17 Italy Mono 8.7 12

Schoenen et al. [25] 6 Belgium Mono 4 3
Starr et al. [27] 4 USA Mono 1 2
Owen et al. [24] 1 GB Mono 0.7 1
Bartsch et al. [20] 6 Germany Mono 1.4 3
Fontaine et al. [22] (RCT) 11 France Multi 1 6
Seijo et al. [26] 5 Spain Mono 2.8 5
Akram et al. [19] 21 GB Mono 1.5 11
Chabardès et al. [21] 7 France Mono 1 6
Total 78 49 (62.8%)
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risks of this therapeutic approach. If few side effects are related to the stimulation 
itself (essentially gaze disturbances), the implantation of the electrode can be asso-
ciated to brain hemorrhages which can be fatal [25]. This risk can be reduced by 
endoventricular stimulation of the hypothalamus using a floating DBS electrode 
laid on the floor of the third ventricle [21].

13.2.4  Mechanisms of Action

The common target used for posteroinferior hypothalamic DBS is located 5 mm 
below the mid-commissural point (MCP), 2 mm lateral to the midline, and 3 mm 
posterior to the MCP [16], although stimulation delivered from an electrode located 
on the floor of the third ventricle is also effective [21]. The neural structure corre-
sponding to these coordinates and whose stimulation induces the therapeutic effect 
is still debated. Fontaine and colleagues studied the anatomical locations of the 
DBS electrodes and identified several candidates [30], including the mesencephalic 
gray substance, the ventral tegmental area, and several tracts connecting the hypo-
thalamus with autonomic nuclei of the brain stem. Recently, a more precise model-
ing of volume of cerebral tissue activated by DBS in responders and non-responders 
was used to identify the region associated with the highest improvement [19]. The 
spot that correlated with better outcome was located 6 mm lateral, 2 mm posterior, 
and 1 mm inferior to MCP, in an area between the red nucleus and the mammillo-
thalamic tract, encompassing the ventral tegmental area and mesencephalic gray 
and the lateral wall of the floor of the third ventricle (explaining the efficacy of DBS 
lead implanted in the V3). An additional tractography study showed that this area 
was crossed by a so-called trigemino-hypothalamic tract, connecting the trigeminal 
system (and other brain stem nuclei associated with nociception and pain modula-
tion) with the hypothalamus, the prefrontal, and the mesio-temporal area. However, 
as the electrodes’ coordinates are usually similar in DBS responders and non- 
responders, failure of DBS in CH may be caused by factors other than electrode 
misplacement, likely related to the disease itself.

Very few neuroimaging studies have explored brain activity changes following 
retro-hypothalamic DBS. May et  al. studied the acute (60  s) effects of DBS by 
positron emission tomography. They reported cerebral blood flow changes induced 
by stimulation in the ipsilateral posterior hypothalamic gray (site of electrode 
implantation), the ipsilateral thalamus, the somatosensory cortex and precuneus, 
the anterior cingulate cortex, and the ipsilateral trigeminal nucleus and ganglion 
[31]. A magnetoencephalography study in a single patient reported short-term 
(10  min) retro-hypothalamic DBS-induced activity changes in the orbitofrontal 
cortices and in the periaqueductal gray [32]. No study explored long-term effect of 
DBS in chronic CH patients. Together, these data suggest two alleged mechanisms 
of action for DBS in CCH. First is the inhibition of a CH generator located in the 
hypothalamus via stimulation of afferent fibers located in the retro-hypothalamic 
area. This mechanism might be specific to CH. Second is the modulation of non-
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specific  antinociceptive systems, including the mesencephalic gray substance, and 
the orexinergic system [33] leading to modulation of regions belonging to the 
“pain matrix.”

13.3  Occipital Nerve Stimulation

13.3.1  Background

Occipital nerve stimulation (ONS) is characterized by the application of a continu-
ous electrical stimulation over the great and/or lesser occipital nerves (respectively, 
GON and LON), using a subcutaneous chronically implanted electrode that is 
placed close to the nerve and connected to a battery. This procedure was originally 
described by Weiner and Reed [34] and has been first proposed to treat occipital 
neuralgia and then primary headaches, including CH.

13.3.2  Evidence

The demonstration of ONS efficacy in controlled conditions is challenging because 
its clinical effect is conditioned by the induction of paresthesia within the GON ter-
ritory, which limits the double-blind. The ICON study was set up with a methodol-
ogy aiming to maintain as much as possible this double-blind [35]. This RCT, 
comparing high-amplitude (100%) and low-amplitude (30%) ONS, is ongoing 
(NCT01151631, as for March 2018), and, pending its results, the use of ONS in the 
preventive treatment of chronic CH is only supported by data obtained under uncon-
trolled conditions [26, 36–46] (Table 13.2).

ONS was first experimented by Schwedt and colleagues with beneficial effect on 
headache frequency, duration, and intensity in one patient with refractory chronic 
CH [47]. Subsequently, Magis and colleagues suggested the interest of ONS in the 
preventive treatment of refractory chronic CH by reporting an attack frequency 
reduction of more than 50% in five out of eight subjects treated in a prospective pilot 
study [42]. These results were duplicated by Burns and colleagues who reported a 
similar percentage of responders in another open pilot study including eight patients 
[36]. These two teams confirmed their preliminary results in larger longer-term tri-
als [37, 43], and other European centers proposed ONS in a compassionate use to 
patients with refractory chronic CH and reported results in larger series. Thus, 
Leone and colleagues reported a 50% attack frequency reduction in 20 (66.7%) out 
of 35 patients with a median follow-up of more than 6 years [41]. A lower (46.1%) 
50% responders’ rate was reported by Miller and colleagues, but 19 of the 51 
included patients presented another primary headache associated with their chronic 
CH.  Considering the subpopulation of patients with chronic CH alone, the 50% 
responders’ rate was 53.1% [44]. In a prospective multicenter series including 
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44 chronic CH sufferers treated by ONS with 1-year follow-up, the French ONS 
registry has reported a 30% attack frequency reduction and a 50% attack frequency 
reduction in 28 (64%) and 26 (59%) of patients, respectively, whereas near half of 
patients were considered as excellent responders according to a composite criterion 
associating a 30% attack frequency reduction, a high level of satisfaction, and a 
stability or a reduction in preventive pharmacological treatment [40].

Overall, ONS procedure presents a 66% success rate (improvement >50%) 
(Table 13.2). An obvious limitation is the lack of controlled conditions. This is of 
particular concern as a significant placebo effect is seen in CH like in other pri-
mary headaches; and the natural history of CH is often characterized by fluctua-
tions and spontaneous remissions. Nevertheless, two main elements in collected 
data suggest more than a placebo effect or a natural history: the preceding very 
long duration of the chronic phase in the implanted patients and the rapid worsen-
ing and recovery after technical failures which appears as consistent finding 
across the series.

Beyond the preventive effect of ONS, analysis of the collected data provided 
important additional informations for the clinical practice. Some patients found that 
ONS helped abort acute attacks but acute use of ONS is not supported by the litera-
ture. Similarly, the available data do not suggest that ONS reduces the duration and 
the intensity of CH attacks. Retrospective evaluation of time to improvement in 
individual cases appears to show two groups, the first being patients with quick 
improvement in few weeks and the second being those gradually improving over 
months. Burns and colleagues stated that the group with delayed improvement has 
a lesser ONS benefit than the group with quick improvement [37] but such a differ-
ence in benefit was not confirmed later.

Table 13.2 Open series related to ONS in chronic CH

Study
Patients 
(n) Country

Mono/
multi 
centric

Mean 
follow-up 
(months)

At least 50% 
improvement (n)

Magis et al.  
[42, 43, 53]

15 Belgium Mono 36.8 12

Burns et al. [36, 37] 14 GB Mono 17.5 5
de Quintana-Schmidt 
et al. [38]

4 Spain Mono 6 4

Mueller et al. [46] 24 Germany Mono 20 21

Fontaine et al. [39] 13 France Multi 14.6 10
Strand et al. [61] 3 USA Mono 10 2
Fontaine et al. [40] 44a France Multi 12 26
Miller et al. [44] 32b GB Mono 42.6 17
Leone et al. [41] 35 Italy Mono 73.2 20
Total 184 117 (63.6%)

aOnly patients with complete after 12 months follow-up
bOnly patients with CH alone
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13.3.3  Limits

The European Headache Federation considers ONS as a valuable therapeutic alter-
native in drug-refractory chronic CH [29] with a statement supported by evidence 
and the benefit/risk ratio of this approach sometimes considered as “minimally inva-
sive.” Nevertheless, ONS is not devoid of side effects. As any invasive neuromodu-
lation technique, ONS exposes to a risk of immediate or delayed infections. On the 
other hand, ONS is associated with two adverse events of its own. The first one is a 
fast battery depletion (mean life from 1 to 2 years) due to high current consumption 
related to high intensity and duration (daytime and nighttime) of the stimulation. 
This depletion requires battery replacement in up to 100% of patients at long term 
and increases the cost of this treatment, especially in countries where rechargeable 
batteries are not allowed in first-line use. The second adverse event limiting ONS is 
the lead migration due to neck movements. Migration, like the other complications 
concerning leads (fracture, skin erosion), is partly related to surgical implantation 
technique. Multiple surgical techniques have been reported in the literature, using 
percutaneous cylindrical or surgical paddle leads, approach from the midline or 
from retro-mastoid incision(s) [48], but no evidence is available claiming the supe-
riority of one technique over others in terms of complication incidence. One of the 
main important technical aspects to limit the risk of migration is a firm anchorage 
of the lead. This point has been considered by manufacturers, and, in order to limit 
the risk of migration, Medtronic has developed a new electrode specifically dedi-
cated to the ONS (Ankerstim®), which has just obtained its CE marking but will 
need to demonstrate its superiority in CH therapy.

Bilateral stimulation is recommended to treat CH to avoid headache side-shift, 
which has been reported in up to one third of the patients stimulated unilaterally [36, 
37]. Trial stimulation is not useful because some patients can improve after several 
months of continuous stimulation [39]. Response to occipital nerve block is not use-
ful in selecting patient for ONS treatment [49], but a recent retrospective study 
showed that prior response to greater occipital nerve block was associated with 
increased likelihood of ONS response [5].

13.3.4  Mechanisms of Action

If several hypotheses have been proposed to understand how ONS improves CH 
patients, its exact mechanism of action remains unknown. ONS could act through 
the modulation of the convergent nociceptive inputs in the trigemino-cervical com-
plex [50, 51], by a “gate control theory-like” mechanism [52]. Nevertheless, the 
latency of the effect appearance in many patients with CH benefiting from ONS 
makes one consider a more complex mechanism. This mechanism would be generic 
and imply structures involved in pain modulation. Two arguments suggest that ONS 
might act through a non-specific regulation of the central pain control systems 
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rather than modulation of a central CH generator. Firstly, some successfully ONS- 
treated chronic CH patients still report autonomic attacks without pain [36, 37, 47]. 
Secondly, a functional imaging study has described ONS-induced metabolic 
changes in the “pain matrix,” especially in the perigenual anterior cingulate cortex 
in ONS responders, but no change in the ipsilateral hypothalamic [53]. These results 
should be duplicated to confirm the absence of hypothalamic change in ONS 
responders and the symptomatic character of this treatment. MET-ONS study, a 
similar functional imaging study performed by the French ONS registry, included 
18 patients with chronic CH treated with ONS, and its results are being analyzed 
(NCT02081482/clinicaltrials.gov).

13.4  Stimulation of the Sphenopalatine Ganglion

13.4.1  Background

The sphenopalatine ganglion has been chosen as a valuable target of neuromodula-
tion due to the involvement of the parasympathetic system in the pathophysiology 
of trigeminal autonomic cephalalgias. This background justified a proof-of-concept 
study with five patients with CH in which the majority of attacks could be con-
trolled by a sphenopalatine ganglion stimulation (SPGS) via an electrode connected 
to an external stimulator [54]. This neuromodulation approach could be considered 
in a practical perspective through the development of Pulsante® (Autonomic 
Technologies, USA) which is an original implantable SPG microstimulator allow-
ing to abort CH attacks on demand. Specifically designed for acute SPGS, the 
device is implanted along the posterior wall of the maxillary bone in the pterygo-
palatine fossa (PPF), fixed with a screwed plate to the zygomatic process, and the 
lead is in contact with the sphenopalatine ganglion. No battery is contained in the 
neurostimulator, so power and activation are initiated transcutaneously by a remote 
controller using radio-frequency energy.

13.4.2  Evidence

Evidence supporting SPGS by Pulsante® is limited to CH with the PATHWAY CH-1 
study which is a RCT promoted by ATI to evaluate this device in the treatment of 
cluster headache attacks [55]. This multicenter randomized sham-controlled study 
tested the safety and efficacy of the Pulsante® device. Thirty-two patients suffering 
from refractory chronic CH were enrolled and 28 completed the randomized experi-
mental period. Optimal, suboptimal, or sham stimulation were randomly used to 
treat each CH attack, and pain relief 15 min after the start of the SPGS was the main 
criterion. Pain relief was achieved in 67.1% of optimal stimulation-treated attacks 
compared to 7.4% of sham-treated and 7.3% of suboptimal-treated attacks 
(p < 0.0001). Absence of pain was achieved in 34.1% and 1.5% of attacks after 
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optimal stimulation and sham stimulation, respectively (p < 0.0001). Nineteen of 28 
(68%) patients experienced a clinically significant improvement, but only 32% 
achieved a pain relief in more than 50% of the treated attacks.

Results of the long-term (24 months) open extension phase of PATHWAY CH-1 
study have been recently published [56]. This open extension phase involved 33 
patients who were initially included in the PATHWAY CH-1 study, although 11 of 
them were not included in the first analysis for time reasons. Moreover, ten patients 
included in the initial study were excluded from this long-term analysis, because 
they no longer had the stimulator implanted or due to previous protocol noncompli-
ance. Across all 33 patients, a total of 5956 attacks were treated. Effective treatment 
(pain relief and/or absence of pain) was achieved in 65% of CH attacks, with a delay 
of 11.2  min on average, including 50% becoming pain-free. Fifteen out of 33 
patients (45%) were considered as acute responders (at least 50% of attacks were 
successfully treated). In 79% of the attacks, patients did not report the use of acute 
medication.

In PATHWAY CH-1 study, there was also an unexpected reduction in attack fre-
quency noted with repetitive attack stimulation in 12 of 28 (43%) patients who 
experienced a reduction in attack frequency of at least 50% (average 88%). This 
reduction was confirmed in the open extension phase and suggested that repeated 
use of SPG stimulation might act as a CH preventive treatment. Nevertheless, this 
study was not designed to demonstrate a preventive effect, and spontaneous trans-
formation from chronic to episodic forms of the disease cannot be excluded.

13.4.3  Limits

According to available evidence, SPGS with Pulsante® should be dedicated to the 
acute treatment of chronic CH. This device is indicated for patients with strictly 
lateralized attacks and, intuitively, mostly indicated in those with no response to 
oxygen inhalation and subcutaneous sumatriptan administration and those with a 
high daily number of attacks since the system allows a 5-min stimulation that can be 
repeated as many times as needed. The place of SPGS is also to be determined in 
patients who suffer from an episodic CH form with painful bouts of long duration 
and the same attack characteristics. Finally, implanted patients with Pulsante® will 
likely try to use this device as a preventive treatment by administering one or two 
stimulations of 15 min per day outside their attacks [57]. Immediately after implan-
tation, use of Pulsante® requires a learning phase to allow patients to find the stimu-
lation parameters producing paresthesia in the soft palate [57].

The implantation of the Pulsante® often requires the expertise of a maxillofacial 
surgeon because of the approach. It remains a minimally invasive surgery, but it 
exposes to damage of maxillary branch of the trigeminal nerve with a risk of sen-
sory disturbances and possibly neuropathic pain. In the PATHWAY CH-1 study, 
81% of patients experienced transient, mild-to-moderate hypoesthesia within the 
maxillary (V2) nerve territory, resolving within 3 months in most of the cases [55]. 
More recently, the safety of the surgical implantation procedure has been evaluated 
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in a cohort of 99 patients, including 43 patients of the PATHWAY CH-1 study and 
56 patients from the Pathway-R1 registry [58]. Eighty-one percent of the patients 
experienced at least one adverse event, most of them being transient. Sensory dis-
turbances were the most frequent complications, observed in 67% of the patients, 
46% of them resolving within a mean delay of 104 days. Transient allodynia was 
rare (3%). Pain and/or swelling was reported by 47% of the patients, resolving in 
80% of the cases with a mean delay of 68 days. Dry eye (3%, resolving in 40% of 
cases), transient trismus (8%), and limited jaw movements (6%) were also reported. 
Infection rate was 5%. Device revision procedures were performed in 13 cases due 
to inappropriate initial placement of the stimulating electrode within the PPF. Five 
devices were explanted. Although frequent, most (92%) of the adverse events were 
transient and evaluated as mild or moderate. The authors concluded that Pulsante® 
insertion procedure has sequelae comparable to other oral cavity surgical proce-
dures. Moreover, the technique is recent, and the rate of surgical complications will 
likely decrease with progression of the learning curve, further refinement of the 
surgical procedure and tools, and the use of neuronavigation systems [59].

13.4.4  Mechanisms of Action

The mechanism of action of the SPGS by Pulsante® is supposed to be the para-
sympathetic inhibition. This inhibition appears secondary to the high-frequency 
stimulation generated by the Pulsante®, and it has been shown that, conversely, the 
SPGS using a low-frequency stimulation was likely to trigger attacks in subjects 
with CH [60].

13.5  Conclusion

Substantial progress has been achieved in invasive and noninvasive neuromodula-
tion techniques to treat cluster headache, but evidence for using such approaches 
was relatively sparse. This weak evidence had been outlined by the European 
Headache Federation in a consensus statement [28]. According to this interna-
tional consensus, the application of an invasive neuromodulation, either in a trial 
or on the basis of a CE mark treatment, should be considered only once all alterna-
tive therapies as recommended by international guidelines have failed. This 
implies that the patients have been evaluated in a tertiary care headache center. 
When invasive neuromodulation technique is indicated for a refractory chronic 
CH patient, it is advisable to use ONS and SPGS before considering DBS. nVNS 
is an attractive treatment option with excellent safety profile, and, if its efficacy is 
confirmed, it should be used prior to surgical implantation of a neurostimulator in 
refractory chronic CH and eventually considered as an adjunctive treatment in 
less severe CH.
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Chapter 14
Behavioral and Psychological Aspects, 
Quality of Life, and Disability and Impact 
of Cluster Headache

Lauren Ashley-Marie Schenck, Alberto Raggi, Domenico D’Amico, 
Alberto Proietti Cecchini, and Frank Andrasik

14.1  Introduction

Cluster headache (CH) is among the most severe and disabling primary headache 
disorders. A bout of CH results in excruciating unilateral pain occurring several 
times daily, with each episode lasting up to 3  hours and being accompanied by 
prominent ipsilateral cranial autonomic features [1]. Extreme restlessness, explo-
sive anger, and even self-injury often occur during full-blown attacks, something 
rarely if ever seen in other acute pain conditions. Although first coined by Horton in 
1952 as the “suicide headache” [2], it may be more appropriately characterized as 
the “aggressive headache,” as violent behaviors are much more commonly reported 
than actual suicide attempts or completions [3]. Dr. Lee Kudrow, a seminal investi-
gator on CH, early on provided the following personal account of a cluster headache 
attack: “I am stuck with the additional fear that the pain will never end, but I dismiss 
it as impossible. Even if it were the case, I would surely kill myself” [4]. No matter 
what descriptor is used, it is clear the pain experienced during these attacks is most 
often unbearable.

Between 2000 and 2017, more than 200 literature reviews addressing CH were 
published: the most cited—and oldest—ones dealt with diagnostic and pathophysi-
ological issues, as well as with treatment options [5–8], and the same is true for 
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reviews published in the last 2 years [9–12]. That said, the potential role of behav-
ioral and psychological factors in this disorder remains uncertain, as psychopatho-
logical assessment results have been variable, due in part to the complexity of this 
disorder as well as methodological shortcomings (i.e., uncontrolled clinical inter-
views, small sample sizes, absence of appropriate control or comparison groups, 
non-standardized assessment procedures or measures, etc. [13]). Given the widely 
acknowledged pronounced impact of CH, it is surprising that this aspect has been 
relatively ignored in the literature. During CH attacks, patients are typically unable 
to function as desired, which in turn leads to adverse psychosocial sequelae, marked 
impairments in daily activities, and reduced quality of life (QoL) also outside the 
CH bouts. In this chapter, we examine what is currently known about psychological 
and behavioral factors related to CH, how CH impacts disability and QoL, and, in 
brief, how what is known may help inform management of CH.

14.2  Psychological and Behavioral Aspects

Unlike other pain disorders, CH is more prevalent in men than women, although this 
ratio appears to have decreased from a high of 6.2:1  in the 1960s to 2.1:1  in the 
1990s [14]. Early characterizations of psychological profiles of individuals with 
cluster headache (such as those described by Friedman and Graham in the 
1950s–1970s [15, 16]) were “hypermasculinized” and framed as ambitious, hard- 
working, rugged in appearance, heavy smokers and drinkers, yet internally passive. 
Much of the literature produced during this time was driven by psychoanalytic per-
spectives and lacked methodological rigor [17].

Since then, more rigorous attempts, incorporating objective, validated mea-
sures, with a focus on multiple headache disorders as well as matched non-head-
ache samples, have been pursued, but, again, with limited convergence. In one of 
the earliest controlled investigations, 12 patients with episodic cluster were com-
pared to 26 migraineurs, 39 tension-type (TTH; then termed “muscle contrac-
tion”), 22 combined migraine and TTH, and 30 non-headache controls (who were 
asked to assist in recruiting a friend or relative of the same sex, approximate age 
and marital status, and presumably similar socioeconomic status) on a comprehen-
sive battery of psychometrically validated measures: Minnesota Multiphasic 
Personality Inventory (MMPI), modified Hostility Scale derived from the MMPI, 
Beck Depression Inventory, State-Trait Anxiety Inventory, Autonomic Perception 
Questionnaire, Rathus Assertiveness Schedule, Social Readjustment Rating Scale, 
Psychosomatic Symptom Checklist, Schalling-Sifneos Scale, Need for 
Achievement, and Hostile Press [18]. On the MMPI scales of most interest, patients 
with CH were rarely significantly different from controls (and incidentally most 
similar to the profiles for migraineurs). The only scale where differences emerged 
between controls and CH patients was scale 3, which reflects tendencies toward 
somatization during periods of stress. It is important to point out that the slight 
differences in elevations did not reach the level reflecting clinical significance. The 
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remaining tests in the battery yielded 16 separate scores, none of which revealed 
significant differences between controls and CH patients (although two scales 
showed some slight, but again clinically nonsignificant elevations). Prior to this 
more comprehensive investigation, Kudrow and Sutkus [19] had researched 
whether the main clinical scales of the MMPI alone could reliably distinguish six 
different headache types: migraine, TTH (then termed chronic scalp muscle con-
traction), combined migraine and TTH, cluster, post-traumatic cephalalgia, and 
conversion cephalalgia. For males and females alike, CH and migraine shared a 
similar profile, with no clinically elevated scales (with the other groupings show-
ing increased scores). These findings for CH and migraine were soon thereafter 
replicated with the MMPI for males and females [13]. A subsequent investigation 
incorporating the MMPI, with larger sample sizes (160 migraineurs, 95 TTH, 149 
migraine combined with TTH, and 30 CH) yielded similar findings, showing no 
major differences between different types of headache [20]. Although slight eleva-
tions were noted overall, none fell into the clinically significant range, and, as 
non-headache controls were not included, it is not possible to determine if the 
slight elevations would have exceeded those for individuals absent of headache. A 
more recent investigation of 120 patients with CH, which included a like number 
of age- and gender-matched controls (case-control study), revealed no significant 
elevations or differences in MMPI scores between the two groups [21]. Additionally, 
no visible differences in appearance were found as well when neurologists per-
formed a series of blind ratings of pictures for a subset of both groups.

Yet even more recently, however, investigations using different broad-spectrum 
personality measures have produced markedly different findings. In a small sample 
of 26 CH “in-ward” patients, 92% were reported as evidencing pathological levels 
of personality disorders, particularly obsessive-compulsive and histrionic, when 
assessed by the Millon Clinical Multiaxial Inventory-III questionnaire [22]. How 
the obtained profiles might have compared to other headache types on the inpatient 
unit or to non-headache controls is unknown. A larger study, comparing outpatients 
with CH (n = 80) to migraineurs (n = 164), reported a higher percentage of negative 
personality traits among patients with CH compared to migraineurs [23]. Specifically, 
paranoid and schizoid traits were significantly more prevalent among CH patients 
(30% and 42.5%, respectively) than migraineurs (11.6% and 25.6%, respectively), 
as assessed by the Salamanca screening test. Again, comparisons to non-headache 
controls were lacking.

All studies here-to-date have failed to consider the role that having a pain condi-
tion, such as CH, may play in how individuals respond to and are evaluated by 
personality tests and psychological measures. Nearly all such tests are aimed at 
capturing traits that are presumed to be relatively stable throughout the lifetime, and 
many have not been normed among medical populations. With this in mind, it could 
well be the case that what appears to be psychopathological traits or disorders are 
more aptly viewed as a reflection of pain state. Indeed, in a broad review of 32 stud-
ies on personality characteristics evidenced before and after treatment of chronic 
pain, 90% of studies using the MMPI showed an improvement in MMPI scores after 
treatment [24]. One study, specifically focused on headache and craniofacial pain, 
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showed MMPI scores improved after treatment for women, but not men [25]. 
Overall, these traits were not predictive of treatment outcome.

So, what can be made of this? Although some research advances have been made 
over the years, significant methodological problems remain—differences in sam-
pling strategies, sample sizes, and settings where data are collected; quality and type 
of measures used; adequacy of comparison groups selected, with non-headache 
controls often omitted and other recurring pain conditions rarely included; and, per-
haps of most importance, is the failure to take into account the headache status of 
patients at the time of assessment, distinguish episodic (ECH) from chronic forms 
(CCH) of CH, and track changes over time. Hence, debates surrounding the “cluster 
headache personality” continue [3, 26]. Although individual personality character-
istics may be informative for how patients may respond to treatment, the conflicting 
evidence steers us away from using personality as a diagnostic indicator of head-
ache type.

Even though a typical personality profile does not seem to exist in general for 
CH patients, some findings point to other possible reliable behavioral correlates. 
Pain disorders in general are largely known to have high co-occurrence with psy-
chological symptoms, particularly anxiety and depression, especially when the con-
dition is chronic [27–29]. Although evidence bearing on this topic is more limited 
for CH than for migraine, available findings to date suggest the patterns are similar. 
One particular study of interest was able to examine US insurance claims for indi-
viduals diagnosed with CH (both ECH and CCH) and compare them to patients 
without a headache diagnosis [30]. Claims due to depressive disorders, sleep distur-
bance, anxiety disorders, and suicidal ideation were around twice as likely in the 
CH group than controls. Using an insurance claims database allows for large sample 
sizes (7,589 CH patients and 30,341 controls in this instance), but it is only repre-
sentative of select individuals with insurance coverage that perceived their condi-
tion so burdensome to require some kind of compensation. Additionally, claims and 
diagnoses could not be cross-verified; thus, results should be interpreted with cau-
tion. A more well-controlled study included patients with CCH and ECH (both in 
and out of active cluster bouts), migraine patients, and healthy controls who were 
screened for psychiatric co-occurrence using the Mini-DIPS, a validated structured 
clinical interview [31]. These researchers found that CCH patients fared the worst, 
with over half the group endorsing depressive symptoms compared to 27% of active 
ECH patients, 36% of inactive ECH patients, 29% of migraine patients, and 19% of 
controls. Suicidal tendencies and symptoms of agoraphobia were also higher in this 
group. It is important to note that these findings are based only on screener items 
and that few symptoms were endorsed across groups overall, such that only descrip-
tive statistics could be provided. It could be the case that the chronicity, rather than 
CH itself, is the more salient linkage to these elevated symptoms (consistent with a 
point made earlier).

Taken altogether, it appears that those who have CH do not experience much 
psychological distress during times of remission, suggesting the experience of pain 
itself leads to any psychological sequelae noted. This is consistent with the findings 
of Liang and colleagues [32] who were able to analyze 673 patients with CH 
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 residing within a Taiwan National Health Insurance database over an extensive time 
period (2005–2009) and compare findings from this group to two large age-, sex-, 
and comorbidity-matched cohort comparison groups (2,692 patients with migraine 
only versus 2,692 patients absent migraine or CH; comorbidity matching was based 
on scores derived from the Charlson Comorbidity Index). Over an extensive follow-
 up period (median of 2.5 years), the patients with CH were 5.6 times more likely to 
develop depression when compared to pure controls. However, rates of depression 
were similar when compared to the migraineurs.

The early descriptor based on observations of the CH patient as a heavy smoker 
may not be far off, however. Govare’s review [33] found a higher prevalence of 
reported licit and illicit drug use in CH compared to the general population, particu-
larly for tobacco and cannabis. In the more recent study conducted by Choong and 
colleagues [30] using an insurance claim database, those diagnosed with CH were 
three times more likely to have a tobacco use disorder than controls. What is not 
clear is the nature of this relation. Does it represent a linked predisposition to addic-
tion and CH pathologies, or might substance use contribute to CH onset? An inter-
esting note to consider is that as the gender gap for CH prevalence has closed, so too 
has the gap for smoking habits, lowering from nearly 9:1 (male to female) in the 
1960s to around 2:1  in the 1990s [14], alongside a general decrease in smoking 
habits in the USA [34] and EU [35]. More longitudinal research in this area may 
help to further inform our understanding of behavioral precipitants to CH.

Sleep, too, is closely tied to CH pathology [36]. Nocturnal sleeping is often a 
trigger for cluster headaches, and patients with CH show much poorer sleep com-
pared to controls. Attacks often occur during rapid eye movement (REM) sleep, 
though they are not limited to this phase. Heightened activity in emotional arousal 
brain centers, namely, amygdala and medial prefrontal cortex, suggests these areas 
are key to regulating REM sleep [37]. Interestingly, one study showed abnormal 
metabolism in the amygdala in ECH during an active phase [38]. This could cause 
a derangement in the crosstalk between the amygdala and hypothalamus, with a 
putative role to generate a permissive state of the brain leading to the activation of 
the cluster circuit [39]. As with substance use and abuse, the full picture of the rela-
tionship between sleep dysregulation and CH is not yet clear.

14.3  Quality of Life, Disability, and Impact

Although psychological and behavioral factors related to the onset and maintenance 
of CH can be informative, what is equally important to consider is how CH affects 
the lives of these individuals. The socioeconomic burden of CH patients was evalu-
ated in 2007 in a Danish survey using a telephone interview [40]. Data showed that 
78% reported restrictions in daily living (13% also outside of cluster periods) and 
25% reported a major decrease in their ability to participate in social activities, fam-
ily life, and housework. Furthermore, the absenteeism rate was 30%, which was 
significantly higher than 12% among the general population.
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In this section, we review studies in which standard tools were used to assess 
QoL and disability in CH patients, aiming to highlight the main results and discuss 
possible research developments bearing on these topics. We have limited our focus 
to manuscripts published between 2000 and 2017. A summary of included studies 
is provided in Table 14.1.

14.3.1  Evaluation of QoL

QoL was evaluated in six studies relying on generic tools: in five studies, the 
Medical Outcome Study Short Form (MOS-SF-36) was used [41–45] and in one 
case with the 12-item version [41], while three studies used the EuroQoL-VAS [41, 
42, 46]. Parallel to this, the Migraine Specific Quality of Life Questionnaire (MSQ) 
was used in only one study [44]. Table 14.2 summarizes cross-sectional and longi-
tudinal data evaluating QoL. On average, the Physical Composite Summary (PCS) 
of MOS-SF scored 37.5, the Mental Composite Summary (MCS) scored 35.2, and 
the EuroQol-VAS scored around 50. The SF-36 and the EuroQoL are generic instru-
ments and, thus, not intended to specifically measure QoL in headache populations. 
The SF-36 [47] comprises eight scales that can be summed to yield two composite 
scores: the first addresses physical health issues (e.g., pain, general health, or ability 
to undertake physical activities), while the second addresses mental health issues 
(e.g., vitality, emotional state, and mental health). The EuroQoL [48] covers five 
domains (mobility, self-care, usual activities, pain/discomfort, and depression/anxi-
ety) that comprise a single composite score and also includes a visual analog scale 
addressing “current health state.” The MSQ [49] is a migraine-specific QoL tool, 
which has not been formally validated in patients with CH.  For all of the three 
instruments, higher scores indicate higher QoL.

We note that some of these studies were performed on intractable and/or refrac-
tory CH patients [41–43]. For example, interesting data were obtained in two stud-
ies on consecutive patients, not “selected” for their particular severe forms, but who 
were experiencing daily attacks when assessed. In the study by Ertsey and col-
leagues [44], patients with ECH had lower scores in all domains of the MOS-SF-36 
when compared to those obtained in controls as well as in patients with migraine, 
with a significant difference occurring for the MOS-SF-36 domains evaluating 
bodily pain and social functioning. With regard to the MSQ, patients reported the 
following scores: Role-Restriction (RR) = 39.6, Role-Prevention (RP) = 52.2, and 
Emotional Function (EF) = 51.0. These scores are slightly lower compared to those 
reported by episodic migraineurs, and by those observed by Bagley and colleagues 
(respectively, RR = 44.4, RP = 61.4, EF = 48.3) [50] and Rendas-Baums and col-
leagues (respectively, RR = 44.6, RP = 62.2, EF = 59.7) [51], but are in line with 
those reported by Raggi and colleagues (respectively, RR  =  33.2, RP  =  52.2, 
EF = 51.0) [52] found for samples of patients with chronic migraine. In the study by 
D’Amico and colleagues [45], both ECH and CCH patients had lower scores on the 
MOS-SF-36, with a significant difference noticed when comparing these findings to 
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those in the general population for most QoL domains (i.e., those exploring physi-
cal, emotional, and social dimensions) and also for those dedicated to the personal 
evaluation of health status. No significant differences, however, were found between 
patients with ECH and CCH in this study.

In three studies, a longitudinal evaluations of change in QoL were addressed. 
Miller and colleagues [41] found a 12% significant improvement for the MOS-SF-36 
MCS over 39  months in patients with intractable CCH that underwent occipital 
nerve stimulation, but no significant improvements were obtained for the EuroQol- 
VAS or MOS-SF-36 PCS. Akram and colleagues [42] and Fontaine and colleagues 
[43] failed to demonstrate any significant change in QoL measures in refractory 
patients treated with ventral tegmental area deep brain stimulation (DBS) and hypo-
thalamic DBS, respectively.

In sum, data on QoL in regard to CH show a marked reduction compared to nor-
mative values, controls, and migraineurs. However, on the few occasions when QoL 
was reassessed following successful surgical procedures that positively impacted 
CH attack frequency, no appreciable improvements have been found.

14.3.2  Evaluation of Disability and Impact

Disability and impact of CH have been evaluated in seven studies, and cross- 
sectional and longitudinal data pertaining to disability or impact evaluation are 
reported in Table 14.3. The 6-item Headache Impact Test (HIT-6) was used in four 
longitudinal studies on refractory CH patients [41, 42, 53, 54] and in two cross- 
sectional studies [46, 55]; the Migraine Disability Assessment (MIDAS) was used 
in two longitudinal [41, 42] and one cross-sectional study [46]; the Headache 
Disability Inventory (HDI) was used in one cross-sectional study [31]; and the Pain 
Disability Index (PDI) was used in another longitudinal study [56]. HIT-6 [57] and 
MIDAS [58] are brief questionnaires, comprising six and five items, respectively, 
that specifically address the impact of headaches on patients’ daily lives. Although 
they are largely used in headache disorders in general, both have been separately 
validated for migraine. The HDI [59] is a headache-specific disability inventory 
composed of 25 items that yield two composite scores and an overall score: the 
emotion score measures the influence of headaches on mood, while the function 
score assesses restrictions in daily tasks. The PDI [60] is a pain-specific disability 
index composed of seven items that has been validated in different groups of patients 
with pain-related conditions, but it, too, is not headache-specific. For all of these 
questionnaires, higher scores indicate greater levels of disability or impact.

Average HIT-6 scores are generally indicative of a very relevant impact of CH on 
patients’ lives with mean scores >60  in refractory patients [41, 42, 53, 55] and 
>50 in two cross-sectional studies on consecutive patients, not “selected” for their 
particular severe forms [46, 55]. A moderate improvement after study treatments 
was suggested: in fact, with the exception of trial on warfarin [54]—which basically 
produced an almost complete short-term remission—follow-up scores were still 
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suggestive of a significant deleterious impact. Average MIDAS scores are also sug-
gestive of a significant disability level [41, 42]. In fact, all baseline scores were far 
higher than the threshold of 21, which is considered indicative of significant prob-
lems as a result of headache [58]. This threshold was not reached even with a reduc-
tion of 79% of baseline scores in the study by Akram and colleagues [42].

Jürgens and colleagues [53] addressed disability as measured by the HDI and 
found that patients with CCH or ECH in the active phase had higher disability 
scores (HDI totals were 62.5 and 59.4, respectively) when compared to patients 
with ECH outside of the active period and to patients with migraine (HDI totals 
were 45.3 and 42.0, respectively). To the best of our knowledge, this is the only 
published paper in which the HDI was used in patients with CH. The above scores 
are suggestive of significant disability in patients with CH, and all were minimally 
comparable to or more elevated than those reported in other large samples of patients 
with different forms of headache: 32.5 in a sample of 492 persons with headache in 
a nonclinical setting [61], 45.7 in a sample of 225 patients with chronic migraine 
and comorbid depression and anxiety [62], and 18.8 in a sample of 197 patients with 
TTH [63].

Finally, Narouze and colleagues used the PDI to assess disability in a sample of 
15 patients with refractory CCH that underwent sphenopalatine ganglion radiofre-
quency ablation [56]. Twelve months following the intervention, the frequency of 
attacks per week decreased from 17 to 8.6 (49% reduction) and the PDI decreased 
from 55 to 25.6 (53% reduction), both significant.

14.4  Discussion and Conclusions

The results of our review point out a few simple messages: (a) patients with CH, at 
least when not experiencing a bout of headaches, reveal few signs of psychological 
distress; (b) patients with CCH or ECH experience a strong reduction of their QoL 
and report considerable disability levels; (c) reduced QoL and increased disability 
observed in patients with CH is much greater than that of patients with other head-
ache disorders. This conclusion, however (and unfortunately), is based on a limited 
amount of research and on a relatively small number of patients, who are often 
among the most severely affected (i.e., with refractoriness to standard pharmacologi-
cal therapies), thus receiving invasive surgical treatments. In a sense it is puzzling 
that so little data are available, considering the severity profile of CH, a condition 
where pain is excruciating, often leading to suicidal ideation as a possible means of 
terminating the pain (reported in 55% of patients in a large cohort study [63]). 
Fortunately, reported suicide attempts were fairly low (2%) [63]. It is even more puz-
zling when considering the position taken by regulatory agencies that explicitly 
requires patients’ perspectives to be taken into account in research [64–66].

Of further note, differences do exist between the two outcomes (QoL versus 
Disability) with regard to the detection of significant longitudinal changes. The 
three studies that addressed the impact of surgical procedures and improvements in 
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QoL [41–43] found reductions of weekly attacks between 40% and 60% and 
improvements in pain severity between 25% and 30%. However, improvements in 
QoL were nonsignificant and ranged between 5% and 21%. On the contrary, studies 
incorporating measures of disability and impact found improvements that, although 
smaller in terms of percentage reduction, were generally significant. We presume 
that QoL items, which typically address general and affective components related to 
“having a disease,” may be less sensitive to change as patients continue to be 
affected by the fact of “still having CH” after receiving invasive treatment. 
Alternatively, some individuals may perceive QoL differences while others do not, 
resulting in mean differences that reveal no or minimal longitudinal change when 
findings are combined for groups. Percentage of patients deriving various levels of 
improvement in QoL is one way to examine if the present state of affairs is yet 
another case where mean values are not all that representative of the typical indi-
vidual patterns of improvement.

On the contrary, evaluations of disability or impact are based on the amount of 
times during which a patient was unable to do something (the case for MIDAS rat-
ings) or the degree to which he or she was unable to do something desired (the case 
for HDI ratings). Clearly, an instrument addressing this type of construct is likely to 
be more sensitive to the main goal of interventions aimed to reduce the frequency 
and intensity of CH attacks. Based on this logic, one might conclude that disability 
measures may be more appropriate than QoL measures for capturing a patient’s 
experience of living with CH. However, we note that the most commonly used tools 
(HIT-6 and MIDAS) were developed to address migraine headaches and, thus, they 
have not been validated for use with patients with CH. MIDAS questions in particu-
lar are based on patient recall for the prior 3 months, with respondents being asked 
to report the number of days with missed work, household, and leisure time activi-
ties [58]. Consequently, the MIDAS does not distinguish between having a single 
attack per day or four to five attacks per day (as reported by Miller et al. [41] and 
Akram et al. [42]). This aspect alone questions whether the MIDAS is appropriate 
for addressing the impact of CH, wherein the number of days with headaches in a 
given period, frequency, intensity, and duration of single attacks, as well as time 
until relief, constitutes the primary clinical outcomes of interest [67–73]. Similar 
concerns arise for the other existing measures.

At this juncture, the need for “cluster”-specific measures of QoL, disability, and 
impact is readily apparent. To date, we could find only one such scale—the Cluster 
Headache Quality of Life Scale (CHQ)—that was published in 2016 [74]. It is com-
posed of 28 items, grouped into four subscales: (1) restriction of activities of daily 
living (i.e., being unable to leave the house, complete work duties, or being involved 
in leisure activities); (2) impact on mood and interpersonal relationships (i.e., feel-
ing unrespected by others, aggressive, impatient, or less tolerant, and having prob-
lems with relationships); (3) pain and anxiety; and (4) lack of vitality. Preliminary 
data reveal good construct validity, internal consistency, convergent validity, and 
test-retest reliability, while sensitivity to change has yet to be examined. Most of the 
explained variance is due to the first factor that, rather than QoL, seems to more 
appropriately reflect disability issues.
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We conclude our summary of QoL and disability by pointing out the hetero-
geneity in the studies available for this review, as this suggests caution on the 
part of the reader in extrapolating the findings reported. To list a few, the sample 
sizes ranged from 11 to 175, with a third of the entire number of subjects being 
included in a single study; although the distribution of ECH and CCH was simi-
lar (235 and 290 cases, respectively), 6 of the 13 studies focused on CCH patients 
alone; and the follow-up duration varied greatly as well, ranging from 3 to 
39 months.

A final point that merits discussion concerns what role, if any, might psychologi-
cal science play in managing symptoms of CH.  Evidence-based guidelines and 
comprehensive reviews of high flow oxygen and various pharmacological agents 
and stimulation techniques show steady progress at developing efficacious interven-
tions for acute and prophylactic treatment [9, 67, 68, 75–78]. Existing guidelines, 
however, rarely, if ever, mention behavioral or non-drug approaches for CH.

Based on scattered early case reports of some success with applying varied forms 
of biofeedback and relaxation for CH (11 total, 5 retrospective recall) [79–81], 
Blanchard and colleagues [82] embarked on a single-group, uncontrolled outcome 
investigation of the potential benefits of an intensive, standardized course of pro-
gressive muscle relaxation training (10 sessions over 8 weeks) followed by 12 ses-
sions of thermal biofeedback administered over 6  to  9  weeks for CH.  The later 
component was supplemented with aspects of autogenic training, and patients were 
provided with temperature-sensitive bands to help guide and evaluate home practice 
at temperature warming. Eleven patients with ECH (7 male, 4 female) began treat-
ment when headache-free, with four ceasing participation during baseline headache 
monitoring. Three of the patients completing the trial reported some reductions in 
distress and overall debilitation over follow-up periods ranging from 5 months to 
3 years, time points well beyond the point at which their headache bouts were pre-
dicted to reoccur based on their prior history. One patient evolved from episodic to 
chronic CH, with us being unable to assess whether this was at all related to 
treatment.

While the role that psychological aspects have in CH is not well-recognized, it 
appears from the abovementioned review of cases that relaxation-based approaches 
may be of value for some patients and that targeting some behavioral factors known 
to affect CH, such as smoking and sleep, may be of further incremental value. 
Indeed, a decrease in the CH gender ratio has coincided with a decrease in the gen-
der ratio for smoking [14] and an overall decrease in smoking habits [34, 35], mak-
ing this a prime area to consider targeting. It is also important to take note that pain 
and emotion processing are closely linked in the brain [83]—pain is a subjective 
experience that influences and is influenced by emotional and cognitive processing, 
which is especially so for CH. In Blanchard et al. [82], all but one patients were seen 
at varying points during their headache-free periods. For some, by history, the next 
expected bout was predicted to occur many months or even years later. Having mas-
tered the coping skills provided, the very likely possibility of skill decay during the 
intervening period was not considered. When patients with ECH now seek  behavioral 
treatment, in addition to helping them find appropriate medical care and upon 
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explaining the experimental nature of procedures, we recommend delaying pursuit 
of behavioral adjunctive procedures until a few months before the next bout is 
expected to occur (when such predictions are possible) to maximize readiness to 
employ learned coping skills. We offer, as well, to train during existing bouts if 
conditions permit this. Whether implementation of supplemental “just-in-time” 
behavioral coping training is of measurable value for CH awaits more rigorous eval-
uation. Finally, the findings of Jensen and colleagues [84], who provided outcomes 
from their comprehensive multidisciplinary treatment of over 1000 patients, approx-
imately 50 of whom were diagnosed as CH, support this call for further 
investigations.
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NWR Nociceptive withdrawal reflex
REM Rapid eye movement
SSEPs Somatosensory evoked potentials
SUNA Short-lasting unilateral neuralgiform headache attacks with cranial 

autonomic symptoms
SUNCT Short-lasting unilateral neuralgiform headache attacks with conjuncti-

val injection and tearing
TACs Trigeminal autonomic cephalalgias
TMS Transcranial magnetic stimulation
TST Temporal summation threshold
VEP Visual evoked potential

15.1  Introduction

The conditions collectively termed trigeminal autonomic cephalalgias (TACs) 
include cluster headache (CH), paroxysmal hemicrania, short-lasting unilateral neu-
ralgiform headache attacks with conjunctival injection and tearing (SUNCT), short- 
lasting unilateral neuralgiform headache attacks with cranial autonomic symptoms 
(SUNA), and hemicrania continua. These syndromes differ in attack duration and 
frequency and present different responses to therapy [1].

Neurophysiological methods, despite having no role in the routine activity of 
headache clinics [2], are commonly employed as atraumatic and noninvasive means 
of assessing neural functional integrity of the various subcortical-cortical structures 
claimed to be involved in the pathophysiology as well as in the peculiar phenotypi-
cal presentation of TACs.

Cluster headache is the most extensively studied TAC. Researchers, using corti-
cal evoked potentials, brainstem reflexes, and spinal withdrawal reflexes, have 
described several interesting brain response abnormalities in this disorder. The 
results suggest that neurophysiological patterns may fluctuate between active and 
remission periods and differ according to certain clinical features of the headache.

This chapter aims to provide a complete and systematic outline of the results 
provided by different neurophysiological techniques that have been used to study 
the pathophysiology of TACs.

15.2  Electroencephalography and Microelectrode Recording 
During Deep Brain Stimulation in Cluster Headache

Electroencephalography, being of no use in the diagnosis of primary headaches [2], 
, is not recommended in the routine clinical evaluation of patients affected by TACs.

In the research setting, Silvestri and colleagues [3] performed a polysomno-
graphic study in a group of 13 untreated episodic CH patients, 3 of whom  experienced 
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attacks during the recording. However, these three patients did not show abnormali-
ties on electroencephalography (EEG), which, on the contrary, revealed abnormali-
ties in two female patients with a family or personal history of epilepsy or head 
injury, and in one patient, also female, without personal or family antecedents. In 
the latter patient, non-rapid eye movement (non-REM) sleep EEG examination 
showed diffuse generalized rapid (4–5 c/s) polyspike and wave complexes bilater-
ally, mainly over the anterior derivations [3]. Another study failed to detect specific 
EEG findings in children with CH [4].

A few studies have evaluated patients implanted with devices for deep brain 
stimulation (DBS) of the ipsilateral hypothalamus (this is a treatment option for 
chronic CH patients refractory to other treatments) [5]. Recording of local field 
potentials (LFPs) from microelectrodes revealed tonic firing patterns with dis-
charge rates ranging from 13 to 35 Hz; LFPs were unresponsive to sensory, motor, 
autonomic and emotional stimuli [6, 7], except in one case, reported to be sensi-
tive to tactile stimulation of the ophthalmic branch of the trigeminal nerve, con-
tralateral to the recording side [8]. Other authors observed, in a single patient 
during a CH attack, a prominent peak of hypothalamic LFP spectra recorded from 
the DBS electrode, with the LFPs showing a power increase of around 20 Hz. 
This activity lasted only a few minutes and was not detected at cortical level. 
These results were felt to argue for a role of hypothalamic activation in the gen-
eration of CH [9, 10].

15.3  Polysomnography and Sleep Dysfunction in Cluster 
Headache

Cluster headache and sleep are interrelated. Up to 80% of CH patients are woken 
during the night because of an attack [11], especially within the first 2 h of sleep 
onset, mostly between 1 and 3 a.m. [11–13].

Few polysomnographic studies have been carried out in CH.
Using a controlled study design in a population of 40 CH patients (21 episodic 

studied during an active cluster period, and 19 chronic), Barloese [11] investigated 
the macrostructure of sleep as well as arousals, and the relationship between spon-
taneous CH attacks and sleep (considering both sleep in general and specific sleep 
phenomena). They found a longer time to onset of rapid eye movement (REM) 
sleep (REM latency) and a lower percentage of REM sleep in patients versus con-
trols; comparison of patients who did not suffer attacks during recording with those 
who did report attacks (during both sleep and wakefulness) revealed that both 
groups had reduced REM sleep. Moreover, the authors reported decreased cortical 
activation, as reflected in a decreased number of EEG arousals per hour of sleep, in 
the patients versus the controls [11]. In one case, these alterations remitted after the 
cluster phase [14]. Vetrugno et al. [15] found reduced sleep efficiency, fragmented 
sleep, and increased periodic limb movements during sleep in three male chronic 
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CH patients. All these sleep abnormalities improved 4 months after implantation of 
DBS of the posterior hypothalamus [15].

Although some authors have reported an association between nocturnal CH 
attacks and REM sleep periods [16–18], others have not confirmed this [11]. This 
aspect is thus still debated. In a study involving a large sample of patients, no 
difference in the macrostructural composition of sleep was found between 
patients and controls, apart from a lower REM density in the former [11]. A 
relationship between REM-related attacks and sleep apneic events has been 
observed in both episodic and chronic CH by some authors [19–22], but not oth-
ers [23, 24].

15.4  Evoked Potentials

Evoked potential studies have been used to investigate the central pathogenesis of 
CH. Different sensory modalities have been used (Table 15.1).

Table 15.1 Innocuous cortical evoked potential studies performed in cluster headache

Authors
Sensory 
modality

Stimulation 
parameters Diagnosis Results

Polich 
et al. [25]

VEPs Full-field 
checkerboard, 
1.9 Hz reversal rate, 
0.25 and 1 degrees 
of visual angle

10 male CH, 10 
HCs

No differences between 
groups

Boiardi 
et al. [26]

VEPs Full-field 
checkerboard, 
1.6 Hz reversal rate, 
55 min of arc

20 (18 males) CH, 
20 HCs

P100 amplitudes were 
significantly lower than in 
controls, on the pain side only

Boiardi 
et al. [27]

VEPs 
and 
BAEPs

VEP: full-field 
checkerboard, 
1.6 Hz reversal rate, 
55 min of arc;
BAEPs: 11 Hz, 
70 dB

14 male CH, 14 
HCs

VEPs: P100 amplitudes were 
significantly lower than in 
controls, on the pain side 
only; BAEPs: I–V latencies 
were increased on the pain 
side

Bussone 
et al. [29]

BAEPs Repetition rate of 
11 Hz, 70 dB

16 (12 episodic 
and 4 chronic) 
CH, 16 HCs

I–V latencies were increased 
in CH patients both during 
and outside an attack, and 
normalized during lithium 
therapy

Afra et al. 
[30]

IDAP Repetition rate of 
0.55 Hz at four 
intensities (40, 50, 
60 and 70 dB)

15 (11 males) CH 
[during the bout, 
outside an attack], 
13 HCs

ASF slopes of auditory 
evoked potentials were steep 
in CH patients compared with 
HCs, both during and outside 
a bout
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Authors
Sensory 
modality

Stimulation 
parameters Diagnosis Results

Firenze 
et al. [31]

SSEPs Median nerve 
stimulation 
contralateral to the 
headache side, 0.2 
stimulus duration, 
twitching threshold, 
repetition rate of 
2 Hz

10 male CH 
[during the bout, 
outside an attack, 
and again during 
an attack induced 
by intravenous 
administration of 
histamine], 20 
HCs

During a bout, outside an 
attack, SSEP amplitudes were 
found to be like those of HCs, 
while they were reduced 
during an attacks induced by 
intravenous administration of 
histamine

Cosentino 
et al. [32]

TMS Paired-pulse focal 
TMS over the hand 
motor cortex (120% 
of RMT) of both 
hemispheres. 
Measurements: ICF 
and SICI, CSP, 
input-output curves 
(I-O curves)

25 episodic CH 
patients (21 
males) [13 outside 
bout, 12 during a 
bout], 13 HCs

RMT and CSP values did not 
differ between groups. Both 
inside and outside bouts, ICF 
was more pronounced in the 
hemisphere ipsilateral to the 
headache side with respect to 
the contralateral one, and also 
with respect to values 
recorded from both 
hemispheres in HCs. Only in 
patients evaluated during a 
bout were significantly higher 
SICI values were found in the 
motor cortex ipsilateral to the 
headache side compared to the 
contralateral one. Compared 
with what was found in HCs, 
a steeper slope was recorded 
from both hemispheres of CH 
patients evaluated outside a 
bout, and from the motor 
cortex contralateral to the 
headache side in patients 
during a bout

BAEPs brainstem auditory evoked potentials, CH cluster headache, HCs healthy controls, IDAP 
intensity dependence of cortical auditory evoked potentials, SSEPs somatosensory evoked poten-
tials, TMS transcranial magnetic stimulation, VEPs visual evoked potentials, RMT resting motor 
threshold ICF: intracortical facilitation, SICI short intracortical inhibition, CSP cortical silent 
period

Table 15.1 (continued)

15.4.1  Visual Evoked Potentials

An early study by Polich et al. [25] failed to find any significant differences in visual 
evoked potential (VEP) latencies and amplitudes between a group of ten male CH 
patients and matched controls. However, when VEP responses were assessed over 
both occipital regions (O1 and O2, 10–20 EEG system), P100 amplitudes were 
found to be significantly lower in patients than in controls, on the pain side only, 

15 Neurophysiology of Cluster Headache and Other Trigeminal Autonomic Cephalalgias



194

during a pain-free period, not due to pupillary asymmetry [26, 27]. This finding was 
interpreted as reflecting cerebral neurotransmitter dysfunction in CH. Further inves-
tigations are needed to elucidate whether it is related to a possible abnormal asym-
metrical activation of the posterior hypothalamus to thalamus pathway [28].

15.4.2  Auditory Evoked Potentials

Measurement of brainstem auditory evoked potentials is a useful electrophysiologi-
cal method for studying brainstem functional integrity.

A larger asymmetry of the I–V interpeak latency, increased on the symptomatic 
side [27], was detected in both episodic and chronic CH with respect to healthy 
controls (HCs), irrespective of whether patients were recorded during or outside an 
attack [29]. Interestingly, this neurophysiological pattern normalized during pro-
phylactic intervention with lithium [29].

Afra and co-workers [30] recorded intensity dependence of cortical auditory 
evoked potentials (IDAP) in 15 episodic CH patients during both the active and the 
remission phase. They found steeper amplitude-stimulus intensity function slopes 
in CH patients than in controls, in both phases, and this difference was not related 
to patients’ clinical features. Since IDAP is a surrogate marker of central nervous 
system serotonin transmission, the authors argued that their results reflect dimin-
ished serotonergic activity in raphe-hypothalamic serotonergic pathways in CH 
patients.

15.4.3  Somatosensory Evoked Potentials

Only one study involving the use of somatosensory evoked potentials (SSEPs) has 
been performed in CH (a group of ten patients). SSEPs were recorded, after median 
nerve stimulation at the wrist, during an active period but outside an attack, and then 
during an attack induced by intravenous administration of histamine (40 μg) [31]. In 
the first condition (during a bout but outside an attack), the patients showed normal 
SSEP patterns; however, during a severe histamine-induced attack, the amplitudes 
of the N20-P25 complex were significantly decreased in comparison with outside 
the attack, and in comparison with values recorded in HCs. This histamine-related 
effect on SSEPs seems to be specific to CH, since it was not found in other primary 
headache disorders, such as migraine and tension-type headache [31].

15.4.4  Motor Evoked Potentials

Transcranial magnetic stimulation (TMS) is a noninvasive method used to study the 
excitability of the underlying cortical area.
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To date, only one TMS study has been performed in CH [32]: in this study, epi-
sodic CH patients, recorded in active and remission periods, showed normal thresh-
olds for the elicitation of motor evoked potentials and normal duration of the cortical 
silent period. Using paired-pulse TMS, intracortical facilitation, recorded both in 
active and remission phases, was found to be increased in the hemisphere ipsilateral 
to the headache side versus the contralateral one, and compared with values recorded 
from both hemispheres in healthy volunteers. Only patients evaluated during the 
active phase showed significantly lower short intracortical inhibition in the motor 
cortex ipsilateral to the headache side compared with the contralateral one.

15.4.5  Event-Related Potentials and P300

Few studies have investigated cognitive event-related potentials (ERPs) in CH. Evers 
et al. [33, 34], using a visual oddball paradigm, evaluated the P300 component in 
CH patients and found, in active (but not remission) periods, a delayed latency as 
compared with HCs, but normal amplitude, reaction time, and cognitive habitua-
tion. Furthermore, P300 latency, amplitude, and reaction time were found to be 
significantly increased in chronic CH during the cluster period as compared with 
remission and with all other conditions [34]. The same authors also studied a group 
of chronic paroxysmal hemicrania patients during indomethacin treatment and 
detected normal ERP parameters [33, 34]. Prophylactic drugs normalized the ERP 
latencies in episodic, but not in chronic, CH. No significant correlations were found 
between ERP data and disease duration, attack duration and daily frequency of 
attacks in the different groups of patients [33, 34]. In one visual ERP study, P300 
amplitude was decreased in CH patients in comparison with HCs, irrespective of the 
headache side [35].

Event-related potentials have also been investigated using an auditory paradigm 
in CH [36]. The authors found significantly diminished middle-latency P200 ampli-
tudes in CH patients compared with HCs, but no significant differences in P300 or 
N100 amplitudes, and no increased latencies for any of the ERP components con-
sidered [36] (Table 15.2).

15.4.6  Pain-Related Evoked Potentials

Electrical or laser pulse stimulation of the superficial skin layers is a reliable and 
objective way of studying pain-evoked brain responses in the trigeminal or extracra-
nial systems.

Trigeminal somatosensory evoked potentials were recorded in 28 CH patients in 
an active period and repeated in 22 during remission. Recordings were made after 
electrically stimulating the corner of the mouth (third trigeminal nerve division) on 
both sides. Data recorded in cluster periods showed the N2 latency to be delayed on 
the affected side versus the non-affected side, and compared with latency data 
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Table 15.2 Cognitive event-related potentials and noxious-related pain-related cortical evoked 
potential studies performed in cluster headache

Authors
Sensory 
modality

Stimulation 
parameters Diagnosis Results

Evers 
et al. 
[33]

ERPs (P300 
component)

Visual oddball 
paradigm

37 (32 males) 
CH [11 during 
remission, 26 
during active 
phase], 8 CPH, 
30 HCs

Delayed P300 latency with 
normal habituation in CH patients 
during active phase. CPH patients 
showed normal ERP parameters

Evers 
et al. 
[34]

ERPs (P300 
component)

Visual oddball 
paradigm

61 (32 males) 
CH [50 episodic 
during active 
phase, 11 
chronic], 12 
CPH, 20 HCs

Delayed P300 latency with 
normal habituation more marked 
in chronic CH patients than in 
episodic CH patients during 
active phase. CPH patients 
showed normal ERP parameters

Casale 
et al. 
[36]

ERPs (P300 
component)

Auditory 
paradigm

27 (21 males) 
CH, 25 HCs

Significantly smaller P200 
amplitude in CH patients than in 
controls. No significant 
differences in P300 or N100 
amplitudes were detected, or 
increased latencies for any of the 
ERP components considered

Wang 
et al. 
2014 
[35]

ERPs (P300 
component)

Visual oddball 
paradigm

17 (15 males) 
CH, 15 HCs

P300 amplitude was decreased in 
CH patients compared with HCs, 
without side-to-side differences. 
No differences in P300 latency or 
in reaction times were detected

van Vliet 
et al. 
[37]

TSEPs Electrical 
stimuli were 
delivered to 
both sides on 
the corner of the 
mouth in all 
subjects at three 
times the 
sensory 
threshold

28 male episodic 
CH patients 
during active 
phase [repeated 
in 22 also during 
remission], 22 
HCs

TSEP N2 component latency was 
more delayed during the active 
phase on the affected side versus 
the non-affected side, compared 
with HCs and recordings outside 
the active phase. N1 latency was 
significantly delayed on the 
affected (during the active phase) 
and unaffected side (in remission 
phase only) compared with HCs

Ellrich 
et al. 
[39]

LEPs YAG laser 
stimulation of 
the cutaneous 
innervation 
territory of the 
supraorbital 
nerve

25 (21 males) 
CH patients (16 
episodic [7 
during and 10 
outside the 
active phase], 9 
chronic), 10 HCs

In chronic CH patients on the 
headache side, the LEP N1c 
component occurred later, while 
the P2 amplitude was smaller than 
on the non-headache side. In 
episodic CH patients during the 
active phase, P2 latency was 
shorter on the headache side. In 
episodic CH outside the active 
phase the N2-P2 ratio was lower 
on the headache side
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recorded in HCs and in patients during remission. N1 latencies were found to be 
significantly delayed in CH patients on both sides (affected, only in active periods, 
and non-affected, only during remission) compared with HCs [37].

In another study, use of a concentric electrode placed over the supraorbital divi-
sion of the trigeminal nerve to elicit pain-related evoked potentials revealed a 
decreased N2 latency ratio (headache side/non-headache side) in chronic CH 
patients compared with HCs, but not in episodic CH during either active or remis-
sion periods [38]. Perception and pain thresholds as well as P2 amplitude and 
latency ratios showed no significant between-groups differences [38].

Ellrich and colleagues [39] measured YAG laser evoked potentials (LEPs) and 
found similar LEP component values and pain thresholds between CH patients and 
HCs. In chronic CH patients, N1c was delayed on the headache side, while the P2 
amplitude was larger on the non-affected side. In episodic CH patients during a 
cluster period, P2 latency was found to be reduced on the headache side compared 
with the contralateral one. In episodic CH during remission, the N2-P2 ratio was 
lower on the affected than on the non-affected side [39]. Unfortunately, the authors 
did not compare mean LEP parameters between CH patients and HCs but limited 
their analysis to an assessment of whether each single patient’s LEP values exceeded 
the normal limits. They found that 19 out of 26 patients showed pathological devia-
tion on some LEP parameter, although no typical pattern emerged [39].

15.5  Electromyographic Reflex Responses

15.5.1  Brainstem Reflexes

Side-to-side asymmetry in CH patients was also observed using the blink reflex 
(BR), a surrogate marker of brainstem trigeminal system integrity. Episodic CH 
patients, investigated during the active phase, showed higher R2 threshold [40] and 

Table 15.2 (continued)

Authors
Sensory 
modality

Stimulation 
parameters Diagnosis Results

Holle 
et al. 
[38]

PREPs The PREP was 
recorded using 
two planar 
concentric 
surface 
electrodes 
placed above the 
entry zone of 
the supraorbital 
nerve

66 (49 males) 
CH patients (46 
episodic [7 
during and 28 
outside the 
active phase], 20 
chronic), 30 HCs

In chronic CH patients, the 
authors found a decreased N2 
latency ratio ([latency headache 
side/latency non-headache 
side] × 100) compared with HCs, 
which was not detected in 
episodic CH either during or 
outside the active phase

CH cluster headache, CPH chronic paroxysmal hemicrania, ERPs event-related potentials, HCs 
healthy controls, TSEPs trigeminal somatosensory evoked potentials, LEPs laser evoked poten-
tials, PREP pain-related evoked potentials
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amplitude [41] values on the headache side than contralaterally. The threshold of the 
corneal reflex, another brainstem reflex, was reduced on the affected side in a mixed 
group of episodic CH (investigated during the active phase) and chronic CH patients, 
but normal when recorded during the remission phase [42].

In ten episodic CH patients, also recorded during an active period, Lozza et al. 
[43] found a significantly faster R2 BR recovery curve on the headache side after a 
paired supraorbital stimulus, possibly secondary to a sensitization process within 
the trigeminal nucleus caudalis. Additionally, the same patients showed a faster R2 
recovery curve on both the headache and the non-headache side when the supraor-
bital stimulus was preconditioned by an index finger stimulation. Since injection of 
the opioid antagonist naloxone transiently reversed this bilateral R2 sensitizing 
response, the authors hypothesized, in line with more recent neuroimaging findings 
[44, 45], that the faster R2 recovery they observed reflects hypoactivity of reticular 
nuclei, due to reduced descending opiatergic inhibition [43].

These lateralized BR abnormalities were further confirmed by the use of a 
nociception- specific concentric electrode to evoke reflex blinking. Both in episodic 
and in chronic CH patients, the authors found a decreased R2 latency ratio ([latency 
headache side/latency non-headache side] × 100) compared with controls, while the 
R2 area-under-the-curve ratio was increased only in active episodic CH patients 
compared with HCs. However, when considering the raw R2 latencies, only those 
of the non-headache side in episodic CH patients investigated during a bout were 
delayed compared with those of HCs [38] (Table 15.3).

After the initial observation, by Formisano et al. [46], of abnormal habituation of 
the R2 BR component in a small number of CH patients during attacks, the habitu-
ation process was further explored outside attacks and in comparison with controls. 
Habituation of both the conventional R2 and the R3 BR components was found to 
be impaired in CH patients compared with HCs, although only the usual headache 
side was investigated [47]. It is worth noting that the lack of habituation in the CH 
patients was even more pronounced than that found in episodic migraine [47]. These 
abnormalities in the processing of painful trigeminal stimuli were further investi-
gated in a study involving the use of a nociception-specific concentric stimulating 
electrode, which showed that the R2 reflex area and habituation were reduced on the 
headache side in comparison with the non-headache side in episodic CH [48]. More 
recently, the habituation to trigeminal nociceptive stimulation has been investigated 
using different stimulation frequencies (SF, 0.05, 0.1, 0.2, 0.3, 0.5, 1  Hz). The 
authors demonstrated a frequency-dependent habituation deficit of the R2 compo-
nent of the nociceptive BR (nBR) in episodic CH at higher stimulation frequency, 
and both during the active and remission period. This abnormal temporal pattern of 
pain processing may suggest a trait-dependent dysfunction of some underlying 
pain-related subcortical structures, rather than a state-dependent functional abnor-
mality due to the recurrence of the headache attacks during the active period [49]. 
Conversely, Holle et al. [50] did not detect habituation deficit of the nBR R2 com-
ponent in episodic and chronic CH, either during or outside active periods, but the 
inclusion of patients under multiple prophylactic medications may have biased the 
results.
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Table 15.3 Blink reflex studies performed in cluster headache

Authors
Sensory 
modality

Stimulation 
parameters Diagnosis Results

Pavesi 
et al. [40]

Blink reflex Electrical 
stimulation of the 
supraorbital nerve

18 (13 males) 
CH (5 chronic 
and 13 
episodic [8 
during and 5 
outside active 
phase]), 15 
HCs

Almost all patients were 
under prophylactic 
pharmacological treatment. 
Episodic CH patients during 
active phase showed R2 
threshold values on the 
headache side exceeding 
those of the non-affected one

Formisano 
et al. [46]

Blink reflex Blink reflex 
habituation

8 CH patients 
during attack 
vs. between 
attacks

Abnormal habituation of the 
blink reflex in CH patients 
during the attack

Raudino 
[41]

Blink reflex Electrical 
stimulation of the 
supraorbital nerve

12 episodic 
CH during 
active phase, 
15 HCs

At the same stimulus 
intensity, the amplitude of the 
R2 response on the 
symptomatic side was 
significantly lower than on 
the asymptomatic side

Sandrini 
et al. [42]

Corneal reflex Electrical 
stimulation

21 (17 males) 
CH (episodic 
[during and 
outside active 
phase] and 
chronic), 9 
HCs

The pain threshold of the 
corneal reflex was reduced on 
the headache side in a mixed 
group of episodic (active 
phase) and chronic CH 
patients, and normal outside 
the active phase

Lozza 
et al. [43]

Blink reflex Blink reflex 
recovery curve 
after paired 
supraorbital 
electrical 
stimulations and 
after paired 
supraorbital and 
index finger 
stimulations

10 (9 males) 
episodic CH 
during active 
phase, 10 HCs

Faster R2 blink reflex 
recovery curve on the 
symptomatic side after paired 
supraorbital stimuli. Faster 
R2 blink reflex recovery 
curve both on the 
symptomatic and on the 
asymptomatic side after index 
finger conditioning 
stimulation

Magis 
et al. [45]

Brink reflex Concentric 
electrode 
stimulation of the 
supraorbital nerve 
in the forehead 
before and after 
ONS device 
implantation

8 drug- 
resistant 
chronic CH

ONS did not significantly 
modify pain thresholds. The 
amplitude of the nociceptive 
blink reflex increased with 
longer durations of ONS

Perrotta 
et al. [57]

Blink reflex Blink reflex 
habituation

27 (22 males) 
episodic CH 
patients during 
active phase, 
20 HCs

A significant habituation 
deficit in the R2 and R3 BR 
components was found in CH 
patients compared with both 
HCs and migraineurs

(continued)
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Table 15.3 (continued)

Authors
Sensory 
modality

Stimulation 
parameters Diagnosis Results

Holle et al. 
[50]

Nociception- 
specific blink 
reflex

The blink reflex 
was recorded using 
2 planar concentric 
surface electrodes 
placed above the 
entry zone of the 
supraorbital nerve

66 (49 males) 
CH patients 
(46 episodic [7 
during and 28 
outside active 
phase], 20 
chronic), 30 
HCs

Almost all patients were 
under prophylactic 
pharmacological treatment. In 
all CH patients, authors found 
a decreased R2 latency ratio 
([latency headache side/
latency non-headache 
side]*100) compared with 
HCs. AUC ratio was 
increased only in episodic CH 
patients during the active 
phase compared with HCs. 
With regard to the latency of 
R2 component of the blink 
reflex, only those of the 
non-headache side in episodic 
CH patients investigated 
during an active period were 
delayed compared with those 
of HCs

Di 
Lorenzo 
et al. [51]

Nociception- 
specific blink 
reflex

Nociceptive blink 
reflex habituation 
before and after 
treatment with 
dopamine agonist 
rotigotine

1 male 
drug-resistant 
chronic CH 
patient

Normalization of the baseline 
reduced habituation of the R2 
component of the nociceptive 
blink reflex was observed 
during rotigotine treatment

Haane 
et al. [54]

Nociception- 
specific blink 
reflex

Electrical 
stimulation using 
nociception- 
specific concentric 
electrode on both 
the affected and 
non-affected side

8 male CH 
patients (5 
episodic and 3 
chronic)

Transcutaneous supraorbital 
nerve stimulation could have 
a prophylactic effect in 
episodic and chronic cluster 
headache

Coppola 
et al. [48]

Nociception- 
specific blink 
reflex

Nociceptive blink 
reflex habituation

18 (16 males) 
episodic CH 
patients during 
active phase, 
18 HCs

Reduced pain threshold, R2 
reflex area, and habituation 
were found on the affected 
side compared with the 
non-affected side

Haane 
et al. [53]

Nociception- 
specific blink 
reflex

Supraorbital 
nociceptive blink 
reflex recording 
before, during, and 
every 2 h thereafter 
up until 6 h after 
O2 inhalation

10 male CH 
patients (3 
episodic, 5 
chronic, and 2 
on their first 
cluster)

Oxygen showed no significant 
effect, immediately or over 
time, on the nociception- 
specific blink reflex 
parameters

CH cluster headache, HCs healthy controls, ONS occipital nerve stimulation, AUC area under the 
curve
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In one patient with drug-resistant chronic CH whose clinical condition improved 
following administration of the transdermal dopamine agonist rotigotine, concur-
rent normalization of the baseline reduced habituation of the R2 nBR component 
was observed [51]. This observation led the authors to suggest that a malfunction in 
descending aminergic (especially dopaminergic) control may play a role in CH 
pathogenesis.

In a group of drug-resistant chronic CH patients submitted to invasive occipital 
nerve stimulator implantation, Magis et al. [52] observed that the amplitude of the 
nBR response increased with more protracted occipital nerve stimulation, although 
this did not significantly modify pain thresholds.

Oxygen did not modify both immediately and over time the nociception-specific 
BR parameters, in ten CH patients (mixed population of both episodic and chronic 
males) both during the active phase, between attacks [53]. As a chance observation, 
the same authors noticed that the transcutaneous supraorbital nerve stimulation used 
to elicit reflex blinking may have a prophylactic effect in episodic and chronic CH, 
warranting its testing in a specific study [54].

15.5.2  Spinal Reflexes

The nociceptive withdrawal (or flexor) reflex (NWR) of the lower limb is a reflex 
response induced by nociceptive stimulation and intended to protect the body from 
potentially damaging stimuli. The NWR is a reliable and objective measure of 
experimental pain in humans and animals [55]. Furthermore, as the NWR parame-
ters are under the influence of supraspinal pain control systems, the NWR also 
serves as a tool for studying the endogenous pain system (Table 15.4).

In TACs (predominantly CH), the NWR has been employed to study extrace-
phalic sensitization of the pain pathways and the functional activity of the endoge-
nous pain system. A lowered threshold for the NWR and for subjective electrically 
induced pain has been reported in episodic CH during the active compared with the 
remission phase [56, 57]. Furthermore, both episodic CH patients during the active 
phase and chronic CH patients had lower electrically induced pain and NWR thresh-
olds on the affected versus the unaffected side [56]. Surprisingly, two different stud-
ies [56, 58] failed to document significant reductions in NWR and pain sensation 
thresholds in chronic CH, probably due to the small sample sizes. Due to the circa-
dian rhythmicity of the NWR threshold, this response has also been used to verify 
potential abnormalities in the circadian activity of the nociceptive system in CH, 
considered a counterpart of the cyclic occurrence of CH attacks [58]. The authors 
found significantly preserved circadian rhythmicity of the NWR threshold in epi-
sodic CH during both active and remission periods, but the sensitization within the 
nociceptive system was coupled with a phase shift of the normal circadian rhythmic 
variations in the NWR threshold during the active period when compared with the 
remission period. On the contrary, no circadian rhythmicity of the NWR threshold 
was observed in chronic CH patients [58].
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Table 15.4 Nociceptive spinal reflexes and experimental subjective pain sensation studies in 
cluster headache and other trigeminal autonomic cephalalgias

Authors
Sensory 
modality

Stimulation 
parameters Diagnosis Results

Sandrini 
et al. [56]

NWR and 
electrically 
induced pain 
threshold

Electrical 
stimulation of 
the sural nerve

23 (19 males) 
CH during and 
28 (25 males) 
outside active 
phase, 18 CCH 
(16 males)

No patient was under 
prophylactic pharmacological 
treatment. Episodic CH 
patients during the active 
phase showed lower NWR 
and electrically induced pain 
threshold values on the 
headache side
No differences were detected 
in chronic CH

Perrotta 
et al. [57]

NWR 
threshold and 
TST of the 
NWR, cold 
pressor test

Electrical 
stimulation of 
the sural nerve, 
cold pressor 
test

10 (8 males) 
CH during and 
outside active 
phase

No patient was under 
prophylactic pharmacological 
treatment. Episodic CH 
patients during the active 
phase showed lower NWR 
threshold and TST values on 
the headache side coupled 
with a defective activity of the 
CPT on NWR threshold and 
TST

Nappi et al. 
[58]

NWR 
threshold

Electrical 
stimulation of 
the sural nerve

14 (14 males) 
CH during and 
11 (11 males) 
outside active 
phase, 6 chronic 
CH (6 males)

No patient was under 
prophylactic pharmacological 
treatment
Episodic CH showed a 
significant circadian 
rhythmicity of the NWR 
threshold. A clear shift of the 
phase was observed in the 
active period, while a loss of 
circadian rhythmicity was 
seen in chronic CH

Fernandez 
de La 
Penas et al. 
[59]

Quantitative 
sensory testing

Mechanical 
pain threshold 
at trigeminal 
and ulnar, 
radial and 
median nerve 
level

16 (16 males) 
CH outside 
active phase

No patient was under 
prophylactic pharmacological 
treatment
Episodic patients showed 
bilateral trigeminal and 
extratrigeminal mechanical 
hyperalgesia during the 
remission period

Bono et al. 
[60]

Quantitative 
sensory testing

Mechanical 
pain threshold 
at trigeminal 
and deltoid 
level

41 (35 males) 
CH during and 
14 (14 males) 
outside active 
phase, 17 CCH 
(17 males)

No patient was under 
prophylactic pharmacological 
treatment. Episodic CH 
patients during the active 
phase and chronic CH patients 
showed lower pressure pain 
threshold values on the 
headache side
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An interesting property of the NWR response is that it can be evoked through the 
temporal summation of non-nociceptive stimuli. Temporal summation of sensory 
neuronal responses to non-nociceptive or nociceptive stimuli is a form of neural 
plasticity that shifts the sensory inflow from tactile to nociceptive or amplifies the 
nociceptive responses. In humans, the temporal summation of pain can be tested 
using the temporal summation threshold (TST) of the NWR. Like the NWR thresh-
old, the TST can be modulated by supraspinal descending pain control systems.

Perrotta et al. [57] studied the functional activity of the descending diffuse nox-
ious inhibitory control (or conditioned pain modulation system) elicited by a cold 
pressor test (CPT) in a group of episodic CH patients during active and remission 
phases. CH patients during active periods showed a significant reduction of the TST 
when compared both with controls and with CH patients during the remission phase. 
Only during this phase, was the CPT found to have no effect on the TST or on the 
NWR threshold and area. The authors concluded that CH patients have a dysfunc-
tion of the supraspinal pain control system that depends on the clinical activity of the 
disease and leads to facilitation of pain processing, predisposing to CH attacks [57].

15.5.3  Experimental Subjective Pain Sensation

Subjective pain sensation, both cephalic and extracephalic, is usually investigated 
through mechanical or thermal stimulation of the skin and recording of the subjec-
tive pain sensation reported by the subject. This method can reveal sensitization of 

Table 15.4 (continued)

Authors
Sensory 
modality

Stimulation 
parameters Diagnosis Results

Ellrich 
et al. [61]

Quantitative 
sensory testing

Thermal 
threshold on 
the periorbital 
area

10 (6 males) 
CH during and 
7 (7 males) 
outside active 
phase, 9 CCH 
(9 males)

Episodic and chronic CH 
showed reduced warmth, cold, 
and pressure pain on the 
symptomatic side

Antonaci 
et al. [63]

Quantitative 
sensory testing, 
NWR, blink 
reflex, and 
corneal reflex

Mechanical 
pain threshold, 
blink reflex 
threshold, sural 
nerve 
stimulation

12 (6 males) 
chronic 
paroxysmal 
hemicrania, 12 
(7 males) 
hemicrania 
continua

Both paroxysmal hemicrania 
and hemicrania continua 
patients showed lower NWR, 
electrically induced pain, and 
pressure pain threshold values 
on the headache side
Corneal reflex thresholds were 
significantly reduced 
bilaterally in paroxysmal 
hemicrania

CH cluster headache, NWR nociceptive withdrawal reflex, TST temporal summation threshold, 
CPT cold pressor test
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the pain pathways as a consequence of local or widespread abnormal pain process-
ing, clinically expressed as hyperalgesia.

In TACs, mechanical pressure-induced pain has been explored in subjects with 
episodic and chronic CH. The authors found diffuse bilateral cephalic and extrace-
phalic mechanical hyperalgesia in episodic CH patients during the remission phase 
when compared with controls [59]. However, the findings of this study are limited 
by the lack of data from CH patients during the active phase. In a previous study, a 
lower mechanical pressure pain threshold was detected on the symptomatic side in 
episodic CH during the active phase and in chronic CH [60]. Thermal stimulation 
has been used in episodic CH to investigate thresholds for the sensory perception of 
warmth and cold in the periorbital area. The patients showed reduced perception of 
warmth and cold on the symptomatic side [61]. In a prospective and controlled study, 
the thermal thresholds for warm and cold sensations as well as the thermal thresh-
olds for heat and cold pain were examined bilaterally at the cephalic (forehead), 
extracephalic (ventral forearm, lateral lower leg) levels in chronic CH patients who 
received or not DBS implantation and in a group of HCs. Authors found that DBS 
induces an increase of cold pain solely at the cephalic level (forehead) and ipsilateral 
to the stimulation side both when compared with HCs and with non- implanted CH 
patients [62]. Interestingly, these results were obtained only after long-term DBS 
(for months), not after short-term interruption of DBS (stimulator on/off) [62].

15.5.4  Other TACs

To the best of our knowledge, very few neurophysiological studies explored trigemi-
nal and extratrigeminal sensory pathways in TACs other than CH. To date, only one 
study explored the habituation to painful trigeminal stimulation in episodic PH. By 
studying the habituation of the nBR R2 component, the authors revealed a clear defi-
cit in habituation to trigeminal pain that resembles what has been observed in epi-
sodic CH. These results demonstrated that the clinical similarities in the different 
subtypes of TACs are in parallel with a trait-dependent dysfunction in pain process-
ing. We are aware of only one study on sensitization of the pain pathways in patients 
with chronic paroxysmal hemicrania and hemicrania continua. In both groups, pres-
sure pain threshold, subjective pain perception after sural nerve stimulation, and the 
NWR threshold were reduced, most markedly on the affected side, compared with the 
values recorded in healthy subjects [63]. Moreover, corneal reflex thresholds were 
significantly reduced on both sides only in chronic paroxysmal hemicrania patients.

15.6  Conclusions

Despite the considerable advances in modern neuroimaging techniques seen in 
recent years, the mechanisms of CH attack initiation, recurrence, and resolution 
remain to be clearly identified. A major role of posterior hypothalamic activation in 
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initiating and maintaining attacks has been suggested [64]. Pathophysiological 
involvement of the pain neuromatrix, now termed the salient network, and of the 
central descending opiatergic pain control system, has also been observed [65]. 
Neurophysiology techniques have provided some insights, which can be summa-
rized as follows:

• The very few studies of spontaneous EEG cortical activity have not revealed 
peculiar electrocortical features in CH patients, but a systematic study of a larger 
sample of patients would be useful to confirm these observations. Conversely, 
LFP recordings in patients implanted with DBS devices consistently disclosed a 
tonic firing pattern in the posterior hypothalamus with a frequency of around 
20 Hz coinciding with the onset of an attack.

• In polysomnographic studies, CH patients have been found to show a longer 
REM latency, a lower percentage of REM sleep, and a decreased number of EEG 
arousals compared with HCs. Some authors have reported an association between 
REM sleep and nocturnal CH attacks and thus suggested that REM sleep may be 
either one of several triggering events and/or a perpetuating factor of cluster 
attacks. It has been proposed that a hypothalamic dysregulation may somehow 
be responsible both for sleep-related complaints and for CH recurrence with its 
strong chronobiological features [11, 66].

• Innocuous or noxious evoked potential and TMS studies of CH have revealed 
signs of abnormal levels of cortical excitability, more prominent on the headache 
side, interpreted as due to asymmetrical cerebral neurotransmitter dysfunction. It 
remains to be established whether these findings pointing to abnormal cortical 
excitability in CH patients are primary dysfunctions determining the recurrence 
of strictly lateralized pain or rather secondary signs of this recurrence.

• Cognitive ERP studies, in conjunction with the findings provided by non- 
cognitive evoked potential studies, support the hypothesis that CH cannot be a 
disorder of exclusively peripheral origin. The extent to which the findings 
observed in studies using cognitive ERPs might be ascribed to real cognitive, 
mood, and affective changes in CH patients remains to be determined.

• In CH, lateralized abnormalities have also been observed at the trigeminal and 
spinal levels, using blink and lower limb flexion reflexes, respectively. These 
findings may be explained as due mainly to side-specific sensitization of anatomi-
cal structures involved in cephalic and extracephalic pain processing (e.g., wide 
dynamic range neurons in the ipsilateral trigeminal nucleus caudalis) on the head-
ache side. The facilitating response at spinal level may be due to a process of 
widespread central sensitization triggered by the recurrence of CH attacks, fur-
ther reinforced by a malfunctioning descending brainstem pain control system. In 
some cases, acute or prophylactic treatments can reverse these dysfunctions.

• Most of the authors did not found peculiar dysfunctions in chronic CH patients 
as compared with episodic CH patients.

• The few ERP and reflex data available support the hypothesis that CH and par-
oxysmal hemicrania have both common and specific basic neurophysiological 
mechanisms and thus that the central structures involved in the pathophysiology 
of both conditions could be at least in part different.
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To reduce discrepancies between studies, greater attention should be paid to 
ensure more accurate patient selection and inclusion. Moreover, although the poste-
rior hypothalamus is generally recognized as playing a pivotal role in the patho-
physiology of CH, its specific role in determining the functional abnormalities of 
the cluster brain must be questioned. More investigation of this particular area is 
needed in order to solve the puzzling pathophysiology of this brain disorder.
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Chapter 16
Trigeminal Neuralgia: Channels, 
Pathophysiology, and Therapeutic 
Challenges

Daniele Cazzato, Stine Maarbjerg, Lars Bendtsen, and Giuseppe Lauria

16.1  Introduction

Trigeminal neuralgia (TN) is defined by the International Classification of Headache 
Disorders-3 (ICHD-3) as a condition characterized by recurrent unilateral brief 
electric shock-like, shooting, stabbing, or sharp pain, abrupt in onset and termina-
tion, limited to the distribution of one or more divisions of the trigeminal nerve, and 
triggered by innocuous stimuli. In ICHD-3 a new subclassification of TN into three 
subtypes was proposed: idiopathic TN with no neurovascular contact or neurovas-
cular contact without morphological changes of the trigeminal nerve and without 
significant electrophysiological findings; classical TN with neurovascular compres-
sion with morphological changes of the trigeminal nerve; and symptomatic TN 
when there is another underlying neurological disease such as multiple sclerosis or 
a space-occupying lesion affecting the ipsilateral trigeminal nerve in the root entry 
zone [1].
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The clinical picture is characterized by painful paroxysms lasting from seconds 
to minutes, with highly variable frequency ranging from a few to hundreds of attacks 
per day. Long remission periods that can last years are seen in most patients. The 
pain is sharp and severe, and it can be triggered by trivial non-painful sensory stimuli 
in the area of trigeminal nerve distribution, such as light touch and cold wind, or by 
simple actions including chewing, talking, washing the face, or brushing the teeth. 
During the refractory period typically following a pain attack, patients can remain 
completely asymptomatic or experience background dull pain of variable intensity.

16.2  Pathophysiology

The finding of a neurovascular conflict at brain magnetic resonance imaging (MRI) 
in a high percentage of patients and the prolonged pain relief achieved by the micro-
vascular decompression have suggested that nerve compression could have a pri-
mary role in the pathogenesis of TN [2, 3]. However, the presence of a neurovascular 
conflict does not necessarily induce TN, and not all the patients diagnosed with TN 
have a neurovascular conflict. Therefore, it is possible that individual susceptibility 
and/or specific conditions are needed to determine the development of TN. Moreover, 
how vascular compression can cause the clinical picture and explain its course 
remains speculative. Repetitive pulsatile microvascular compression has been pro-
posed to cause nerve demyelination, as supported by neuropathology studies and 
the increased incidence of TN in multiple sclerosis patients with brainstem demye-
linating lesions in the trigeminal root entry zone [4]. In TN patients with multiple 
sclerosis, one study found that both brainstem plaque and neurovascular compres-
sion were associated with the painful side thus suggesting a dual crush mechanism 
in this patient category [5].

The analysis of the pathophysiological mechanisms should consider the follow-
ing crucial issues: (1) How do abnormal sensory impulses occur either spontane-
ously or triggered by non-painful stimuli and spread beyond the trigger area? (2) 
How do attacks abruptly stop and the triggering mechanism become temporary 
refractory?

Pathological findings confirming demyelination of trigeminal fibers and electro-
physiological evidence of spontaneous discharge generation in focally demyelin-
ated axons suggest that pulsatile compression of demyelinated axons may be 
responsible for initiating aberrant discharges in some patients. Nerve injury triggers 
the release of inflammatory mediators inducing alteration of primary afferent neu-
rons. Changes in the expression of Na+, K+, and Ca2+ channels can increase nerve 
excitability, enhance ectopic and spontaneous activity, and reduce nociceptors 
threshold making them more responsive to low-intensity stimuli [6, 7]. Demyelinated 
nerve fibers can acquire the ability of producing after discharges, namely, bursts of 
spontaneous firing triggered by brief low-intensity stimulation lasting for tens of 
seconds after the stimulus removal. At the site of vascular compression, the close 
apposition of myelin-devoid axons is thought to facilitate the ephaptic transmission 
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of the impulses. The ephaptic cross-talk between nerve fibers conveying light touch 
and those conveying pain has been proposed as a possible explanation for the 
 generation of excruciating attack in response to light mechanical triggering stimuli. 
The spreading of nerve impulses can cause the recruitment of nerve fibers convey-
ing pain in a synchronous fashion, amplifying the neural response and inducing the 
spread of the lightening sensation.

The abrupt termination of the pain attack and the ensuing refractory period are 
thought to occur because of a prolonged hyperpolarization shift triggered by the 
repetitive firing of primary sensory neurons in the dorsal root ganglia (DRG). Ca2+ 
ions that enter the neuron during the burst activate calcium-activated potassium 
channels and increase the outflow of potassium ions which produce the neuronal 
hyperpolarization, firing termination, and refractoriness of the nerve fibers to fur-
ther excitation. However, in experimental setting, the duration of the refractory 
period is much shorter than that experienced by the patients, suggesting that other 
unknown factors likely intervene.

16.3  Ion Channels and Trigeminal Neuralgia

The clinical evidence that carbamazepine and oxcarbazepine, which are sodium 
channel blockers, can provide fast and prolonged control in the majority of TN 
patients is used as an indirect clue in support of the role of sodium channel altered 
functioning in the pathophysiology of TN.

Most of the experimental studies suggesting that sodium channels could play key 
roles in the pathophysiology of TN have been performed applying the chronic con-
striction injury method to the infraorbital branch of the trigeminal nerve, providing 
a model to recapitulate human TN [8]. However, such model probably better mimics 
the nerve damage seen in painful posttraumatic trigeminal neuropathy.

Genetic mutations of sodium channel genes have been described in rare 
Mendelian disorders affecting pain perception, ranging from extremely painful con-
ditions to complete insensitivity to pain. In particular, homozygous or compound 
heterozygous mutations inactivating SCN9A gene, which encode for Nav1.7 
α-subunit, and mutations of SCN11A encoding for Nav1.9 α-subunit result in con-
genital insensitivity to pain [9–11]. Conversely, missense heterozygous gain-of- 
function mutations in SCN9A produce dominantly inherited pain syndromes such as 
inherited erythromelalgia and paroxysmal extreme pain disorder [12]. Further clini-
cal studies have demonstrated the association between heterozygous gain-of- 
function mutations of SCN9A, SCN10A, and SCN11A genes, encoding for Nav1.7, 
Nav1.8, and Nav1.9 α-subunits, respectively, and painful idiopathic small fiber neu-
ropathy, a condition characterized by burning and paroxysmal pain, neuropathic 
pain, hyperalgesia, allodynia, and autonomic dysfunctions usually presenting with 
a length-dependent “gloves and stockings” distribution [13–15]. Gene mutations 
identified in the context of SFN are best described as variants, since some of them 
can have a minor allele frequency up to 3–7% and their penetrance is not yet known. 
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At electrophysiological testing, these mutations produce a range of dysfunctions 
including enhanced excitability of nociceptor membrane, hypoexcitability of 
 sympathetic neurons, and altered channel functioning such as impaired slow inacti-
vation or impaired fast and slow inactivation [16]. Overall, these sodium channel 
gene variants might be part of a complex genetic and molecular mosaic predispos-
ing individuals to develop neuropathic pain.

Recently, sodium and calcium channel genes have been sequenced in a small 
series of patients with TN. A de novo missense mutation of SCN8A encoding for the 
Nav1.6 α-subunit has been described in one patient with TN and neurovascular com-
pression. The Nav1.6 subunit is widely expressed in the central and peripheral ner-
vous system and is crucial for the initial membrane depolarization that occurs during 
the generation of the action potential in excitable cells. Gain-of-function mutations 
in Nav1.6 have previously been linked to epilepsy and cognitive impairment with or 
without ataxia. The electrophysiological characterization of the mutated Nav1.6 
revealed that the p.Met136Val substitution potentiates transient and resurgent 
sodium currents and leads to increased excitability of trigeminal ganglion neurons 
expressing the mutant channel, therefore suggesting a pathophysiological role of 
Nav1.6 [17].

Other studies investigated the expression of three different sodium channels in 
TN patients. The quantification of mRNA extracted from homogenized gingival 
biopsies from patients and controls demonstrated the upregulation of Nav1.3 and the 
downregulation of Nav1.7, whereas no differences emerged in the expression of 
Nav1.8 [18]. Interestingly, other works showed the upregulation of Nav1.3 and the 
downregulation of Nav1.7, Nav1.8, and Nav1.9 in the CION model [15]. Conversely, 
no changes in Nav1.3, Nav1.8, and Nav1.9 expression have been found in DRG neu-
rons after transection of the centrally projecting axons by dorsal rhizotomy.

Silencing of the Nav1.9 subunit was found to prevent mice from developing 
CION-induced mechanical and thermal allodynia [19]. Intriguingly, mutations in 
this α-subunit can result in enhanced pain or complete loss of pain perception in 
man [11, 15]. However, this finding appears to be in contrast with other reports 
revealing only a minor role for this sodium channel subunit in other somatic neuro-
pathic pain models, thus prompting possible distinct mechanisms of neuropathic 
pain [20, 21].

The emerging concept of “channelopathy” in several painful conditions 
prompted investigating further families of ion channels involved in the pathway of 
pain sensation. In particular, transient receptor potential (TRP), calcium, and potas-
sium channels have been studied in a TN model.

TRP channels are a wide group of nonselective ion channels among which spe-
cific subtypes are involved in pain and thermal stimuli transduction. The capsaicin 
receptor transient receptor potential vanilloid 1 (TRPV1) activated by capsaicin, 
heat, and other painful stimuli has been the first identified [22]. In the CION model, 
TRPV1 was found to be overexpressed in trigeminal neurons and involved in heat 
hyperalgesia but not in mechanical allodynia. The antagonist capsazepine could 
abolish the heat hyperalgesia without changing the behavior related to mechanical 
stimuli. Cold allodynia is known to be associated with TRPM8 activation, which is 
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enhanced by the receptor agonist menthol and abolished by its antagonist capsaze-
pine [23, 24]. TRPA1, also involved in painful cold sensation, has been studied in 
trigeminal neuropathic pain models. TRPA1 knockout mice do not develop non- 
evoked nociceptive, mechanical allodynia and cold hypersensitivity behaviors. 
Consistently, TRPA1 selective antagonists showed the rescue of the painful pheno-
type in CION mice. Conversely, loss of TRPA1 channel in knockout mice does not 
prevent heat hyperalgesia that therefore appears not to be related to this TRP chan-
nel subtype [25].

The painful phenotype of CION model has been also associated with a signifi-
cant downregulation in trigeminal neurons of large-conductance, calcium-activated 
potassium channels (BKCa) both at mRNA and protein level. On the electrophysi-
ological ground, it reflected into a decreased BKCa current and lower threshold 
intensity of action potential in neurons [26].

Second-line pharmacological treatments of TN include gabapentinoids. These 
compounds block the α2δ1calcium channels (Cavα2δ1) of nociceptors at presynaptic 
level, reducing the release of neurotransmitters at the dorsal horn where they exert 
the pharmacological action. Cavα2δ1 channels have been demonstrated to be upregu-
lated in the trigeminal neurons of the CION model. The increased expression in the 
dorsal horns was associated with increased excitatory synaptogenesis and increased 
frequency of miniature excitatory postsynaptic currents in dorsal horn neurons that 
can be blocked by gabapentinoids [27]. This evidence provided further experimen-
tal support for their clinical use in TN.

The role of calcium channels has also been investigated in central processing of 
pain. Electroencephalogram and magnetoencephalogram studies revealed an 
increase of low-frequency thalamocortical oscillations in patients with neuropathic 
pain compared to healthy controls. This activity is thought to be mediated by T-type 
Ca2+ channels inducing thalamic burst firing which is a well-defined underlying 
mechanism for low-frequency oscillations. The CION model of Cav3.1 knockout 
mice has been used to investigate the role of T-type calcium channel in trigeminal 
neuropathic pain. Results revealed a decrease of trigeminal neuropathic pain associ-
ated with reduced low-frequency rhythms in mice lacking of Cav3.1 channel com-
pared to wild type, therefore suggesting a possible role of Cav3.1 channels in 
pathophysiology of trigeminal neuropathic pain [28].

While disentangling the role of ion channels in TN can provide a better under-
standing of its pathophysiology, the identification of new molecular mechanisms 
represents the opportunity to identify new druggable target.

16.4  Treatment

Recommendations for medical treatment are generally the same in classical, idio-
pathic, and symptomatic TN [29]. Figure  16.1 outlines a proposed work-up and 
treatment algorithm. An MRI of the brain and brainstem, ECG, and laboratory test-
ing should be part of early work-up.
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First-line treatment is sodium channel blockers, either carbamazepine or oxcar-
bazepine [29]. Laboratory testing should be performed to ensure normal renal and 
liver function and normal sodium level prior to prescription of medication. ECG is 
warranted because carbamazepine and oxcarbazepine are contraindicated in patients 
with atrial ventricular block. They have the same mechanism of action, namely, the 
blockade of voltage-gated sodium channels in a frequency-dependent manner. It is 
thought that this stabilizes the hyperexcited neural membranes and inhibits repeti-
tive firing. Sodium channel blockers are effective in most TN patients, and the num-
bers needed to treat for carbamazepine is 1.7 [30]. However, side effects including 
somnolence, drowsiness, dizziness, rash, and tremor are frequent [31], and the num-
bers needed to harm for carbamazepine are 3.4 for minor and 24 for severe side 
effects [30]. Furthermore, carbamazepine-induced Stevens-Johnson syndrome and 
toxic epidermal necrolysis have been described to be more frequent in Asiatic popu-
lation carrying HLA-B*1502 allele [32]. Oxcarbazepine may be preferred because 
of a minor risk of drug interactions and better tolerability in comparison with carba-
mazepine [33]. Typical doses are 400–1200 mg/day for carbamazepine and 600–
1800 for oxcarbazepine, but higher doses up to 2000 mg/day may be needed. They 
have a good effectiveness, and carbamazepine can provide up to 100% of pain relief 
in about 70% of patients, although over time response tends to wane, ensuring a 
sustained pain relief in fewer patients. Carbamazepine was reported to have a higher 
percentage of discontinuation due to all kinds of side effects, except for sodium 
depletion, for which discontinuation only occurred with oxcarbazepine [31]. It is 
possible that the efficacy of sodium channel blockers is lower in the subgroup of 
patients [34] with concomitant continuous pain [35]. It can be hypothesized that 
add-on therapy with gabapentin, pregabalin, or amitriptyline is particularly useful in 
this group of patients, but this has not been investigated.

Very often high dosages are necessary to achieve a satisfactory pain relief; thus 
patients can complain of disabling side effects, which are a major reason of drug 
withdrawal. In one study, worsening of pain with time and development of late 
resistance only occurred in a very small minority of patients [31]. A recent small 
open-label retrospective study indicated efficacy of eslicarbazepine, a third- 
generation antiepileptic drug [36].

According to the international guidelines, it is advised that “if any of these 
sodium-channel blockers is ineffective, referral for a surgical consultation would be 
a reasonable next step” [29]. Surgery should also be considered when drugs, 
although effective, cannot reach the therapeutic dosage due to adverse events. From 
a clinical perspective, it may be reasonable to try out both carbamazepine and 
oxcarbazepine sequentially. Furthermore, many TN patients benefit from add-on 
treatment combining carbamazepine or oxcarbazepine with gabapentin, pregabalin, 
lamotrigine, or baclofen. Combination treatment should be considered when carba-
mazepine or oxcarbazepine cannot reach full dosage because of side effects. Each 
of the before-mentioned drugs may also have efficacy as mono-therapeutic agents, 
although the available evidence is very weak.

Some recent studies have indicated that onabotulinumtoxinA (Botox) could be 
efficacious in TN [37]. However, injection paradigms and doses varied among the 
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studies making it difficult to draw conclusions. A phase 2 trial recently published 
has shown promising efficacy and safety profile of a selective sodium channel 
blocker in TN [38].

At severe exacerbations in-hospital treatment may be necessary for titration of 
antiepileptic drugs and rehydration. Exacerbation can be treated with intravenous 
loading of fosphenytoin, even though there is no evidence-based data in support.

Since medical treatment is generally recommended because of severe pain, there 
is only little information about the natural course of the disease. However, a retro-
spective study conducted over 40 years of observation reported that about 29% of 
patient experienced only one episode of facial pain, 19% two episodes, 24% three 
episodes, and 28% four to eleven episodes. Most of relapses occurred within 5 years 
from the first episodes, whereas in a quarter of patients, recurrence was reported 
after a pain-free period of more than 10 years [39].

In medically refractory patients with MRI evidence of neurovascular conflict, 
microvascular decompression (MVD) is first-choice treatment [29]. This procedure 
implies craniotomy and posterior fossa exploration for identification of the affected 
trigeminal nerve and the conflicting blood vessel. A recent study has demonstrated 
that the presence of neurovascular compression with morphological changes and 
male gender are both positive predictors of excellent outcome [40]. Microvascular 
decompression provides immediate pain relief in up to 90% and the longest duration 
of pain freedom in comparison with other surgical techniques as it provides signifi-
cant pain relief in 73% of TN patients at a 5-year follow-up. Minor complications 
such as new aching or burning pain, sensory loss, and other mild or transient cranial 
nerve dysfunctions occur in 2–7%. Major complications such as major cranial nerve 
dysfunction (2%), stroke (0.3%), and death (0.2%) are rare, yet it is important to 
inform patients on the potential risks [41]. However, most studies did not provide 
the rate of surgical complications or efficacy as assessed by an independent exam-
iner; therefore frequency of complications might be higher, and the rate of efficacy 
might be lower. The conventional opinion that multiple sclerosis is a contraindica-
tion to microvascular decompression has recently been confuted by a study showing 
that in multiple sclerosis patients with TN, a neurovascular conflict may act as a 
concurring mechanism in producing focal demyelination of the primary afferents at 
the root entry zone [5].

Second-choice neurosurgical treatments are lesioning peripheral procedures tar-
geting the trigeminal ganglion by chemical glycerol blockade, balloon mechanic 
compression, or radiofrequency thermocoagulation. Stereotactic radiosurgery 
(Gamma Knife) targets the trigeminal root by convergent beams of radiation. 
Overall, these second-line procedures are efficacious in approximately 50% of the 
patients after 5 years. Complications such as sensory loss (12–50%), masticatory 
problems after balloon compression (up to 50%), and new burning or aching pain 
(12%) can occur [29].

The abovementioned treatment recommendations are mainly based on expert 
opinion. There is a lack of robust scientific evidence for effect and side effects of 
both medical and surgical treatment of TN.
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GMV Gray matter volume
DTI Diffusion tensor imaging
WM White matter

17.1  Introduction

Migraine and cluster headache (CH) are widely regarded as two of the most dis-
abling primary headache disorders. According to the International Classification of 
Headache Disorders (ICHD-III) criteria, there is a clear diagnostic distinction 
between migraine and CH [1]. Migraine—which affects approximately 10% of the 
global adult population with female predominance [2]—is characterized by recur-
rent attacks of 4–72 h moderate-to-severe headache of pulsating quality, aggrava-
tion during routine activities, and the presence of nausea, vomiting, photophobia, 
and phonophobia [2]. Patients with migraine can also experience autonomic, affec-
tive, and cognitive symptoms before (premonitory phase), during, or after (post-
drome) each headache episode [3]. Furthermore, approximately one-third of patients 
with migraine experience transient focal neurological deficits or “auras” (e.g., 
visual, speech and/or language, sensory, motor, brainstem, or retinal deficits) [4]. 
CH is much less prevalent than migraine (0.1% of the population) and occurs more 
frequently in men than in women [5]. CH is the most common form of trigeminal 
autonomic cephalalgias (TACs) and has been regarded as one of the most painful 
conditions people can experience, with a pain intensity estimated to be 100–1000 
times worse than migraine [6, 7]. CH attacks are characterized primarily by severe, 
unilateral, and relatively short-lasting (15–180 min) headache episodes. These epi-
sodes occur in association with ipsilateral cranial autonomic symptoms (CAS) such 
as conjunctival injection and/or lacrimation, nasal congestion and/or rhinorrhea, 
eyelid edema, forehead and facial sweating, and miosis and/or ptosis [7] (ICHD-3 
criteria). CH is also characterized by circadian and circannual rhythmicity: CH 
attacks may occur at the same time(s) each day during episodes that last for weeks 
or months (in-bout period), separated by pain-free remission periods (out-of-bout 
period) [7]. Although the characteristic features of migraine and CH are very differ-
ent, in practice there can be substantial overlap in the clinical presentations of the 
two disorders [8].

Furthermore, research indicates that migraine and CH share some pathophysi-
ologic mechanisms, such as head pain being mediated by activation of neuronal 
pathways within the trigeminovascular system [9, 10]. Previous research suggests 
that the pathophysiology of migraine may involve the diencephalon and brain-
stem, regions that might also be involved in cluster headache [11]. Additional 
studies have indicated that cortical spreading depression (CSD)—a wave of neu-
ronal hyperactivity followed by cortical depression—is the most likely patho-
physiological mechanism underlying the generation of migraine auras [12]. 
Neuroimaging studies and the reported efficacy of deep brain stimulation (DBS) 
have suggested that CH attacks involve the ipsilateral hypothalamus, particularly 
during the active headache period [13].
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In this chapter, we review the similarities and differences in the clinical and 
pathophysiological characteristics of these two headache disorders.

17.2  Differences and Similarities in the Clinical Features 
of CH and Migraine

17.2.1  Pain Location and Duration

In both migraine and CH, the location of the pain is primarily in the first division of 
the trigeminal nerve, with more than three-quarters of patients with CH reporting 
periorbital pain localization [7, 14]. Although approximately two-thirds of patients 
with migraine report unilateral pain, pain can be bilateral or begin unilaterally 
before developing into generalized pain. The headache side may also change within 
the same attack [15].

The pain of a CH attack is almost exclusively side-locked, and the patient usu-
ally experiences attacks consistently on the same side of the head. However, stud-
ies have reported that approximately 17% of patients with migraine also experience 
side-locked headaches [16]. Moreover, some patients with CH experience pain 
that shifts sides during attacks, and very rarely pain can occur on both sides dur-
ing a single attack [14, 15]. This shift may occur following invasive treatment 
such as unilateral occipital nerve stimulation [17]. Most CH attacks last between 
30 and 120 minutes, seldom persisting for more than 3 h (when untreated) [15]; 
however, most migraine attacks last for at least 4 h and may last for 2–3 days if 
untreated [18].

17.2.2  Circannual and Circadian Periodicity

Many patients with CH experience extended periods of time in which headache 
attacks recur from one every other day to up to eight per day. These in-bout periods 
last for weeks or months, during which time most patients experience one to two 
attacks per day. These periods are followed by headache-free periods of weeks to 
years (out-of-bout periods) [7]. Furthermore, patients with CH tend to experience 
attacks at the same time(s) each day. This pattern may persist for days or weeks, and 
a nocturnal preponderance is commonly observed [15]. CH may also exhibit sea-
sonal periodicity, with the onset of in-bout periods occurring once or twice yearly, 
especially in the spring and autumn (following solstices) [7, 19].

This consistent circannual and circadian periodicity is rarely observed in patients 
with migraine. The median migraine attack frequency is 1.5 attacks per month, 
although approximately 10% of patients experience migraine attacks at least weekly 
[18]. However, some reports have indicated that migraine attacks with aura peak 
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once per year in May [20], and some patients with migraine may similarly experi-
ence frequent headaches during a limited period (several weeks to months), which 
may even recur during the same season. This condition has often been described as 
cyclical migraine [21]. Studies have also demonstrated that patients with cyclical 
migraine respond well to lithium carbonate, which is generally accepted as a stan-
dard prophylactic therapy for CH [19, 21].

17.2.3  Cranial Autonomic Symptoms (CAS)

CH attacks are usually accompanied by ipsilateral CAS, including conjunctival 
injection, lacrimation, nasal congestion, eyelid edema, forehead/facial sweating, 
miosis, and ptosis [7]. These distinct CAS are suggestive of a parasympathetic dis-
charge with a sympathetic deficit, although the precise reason for unilateral CAS in 
patients with CH remains unknown. Researchers have hypothesized that ipsilateral 
activation of the hypothalamus during headache attacks may stimulate ipsilateral 
while simultaneously suppressing contralateral, trigeminal autonomic reflexes [22]. 
However, patients with CH may also experience bilateral CAS such as conjunctival 
injection or facial/forehead sweating [23, 24]. This may be because the trigeminal 
autonomic reflex includes an often minor contralateral component, likely due to 
crossover within the brainstem [25].

These CAS are also observed in 67–95% of patients with migraine. Therefore, 
migraines accompanied by autonomic symptoms may clinically mimic CH [23, 26]. 
However, patients with migraine mainly experience a single CAS, which tends to be 
less consistent, bilateral, less severe, and unrelated to the headache side [27]. In 
contrast, patients with CH are more likely to report multiple and more severe CAS 
[14, 23]. Collectively, these differences in the clinical characteristics of CAS may 
aid physicians in differentiating CH from migraine with CAS.

17.2.4  Aura Symptoms

Although aura symptoms usually involve visual sensations (flashing lights, 
scintillating scotomas), they may occasionally include facial and limb paresthe-
sias, speech disturbances, weakness, vertigo, and mild ataxia. Previously, such 
symptoms were regarded as being solely characteristic of migraine with aura 
[4]; however, aura symptoms have been reported in up to 20% of patients with 
CH [28, 29]. Furthermore, Asian patients with CH tend to present less frequent 
aura symptoms (approximately 1%) than Western patients [30]. Studies have 
also indicated that only 1.8% of patients with CH have comorbid migraine with 
aura [31].
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17.2.5  Restlessness

While headaches during migraine attacks are usually aggravated by movement or 
routine physical activity [18], between 51% and 99.2% of patients with CH experi-
ence restlessness and/or agitation during attacks [7, 14]. Thus, individuals with 
migraine typically remain quite still during attacks (e.g., lying in bed), while those 
with CH often pace or rock during CH attacks. Despite the agitated behavior that is 
common during CH attacks, physical activity can worsen headache intensity in a 
minority of patients with CH. Although it was previously believed that the pain of 
CH attacks is not exacerbated by activity or movement, more recent studies have 
reported that approximately 7–45.8% of patients with CH also experience aggrava-
tion of headache pain during physical activity or movement [30, 32]. While restless-
ness and avoidance of movement are hallmarks of CH and migraine, respectively, 
Asian patients with CH tend to exhibit less frequent pacing/restlessness than 
Western patients [30].

17.2.6  Other Features

Nausea and vomiting are commonly observed during acute migraine attacks [18, 
33]. Sensory hypersensitivity is also observed in most patients with migraine, with 
photophobia and phonophobia occurring in up to 90% of patients [18, 33]. 
Interestingly, a high proportion of patients with CH also report at least one accom-
panying symptom (photophobia, phonophobia, nausea, or vomiting) typically asso-
ciated with migraine [7, 14]. Studies have reported that 27–53% of patients with CH 
experience nausea, 12–32% experience vomiting, 54–78% experience photophobia, 
and 15–49% experience phonophobia [7, 14]. Individuals with CH more commonly 
report unilateral photophobia and phonophobia, while those with migraine nearly 
always report that these symptoms are bilateral [34]. Some patients with CH have 
also reported a variety of triggers for their attacks (e.g., certain foods, odors, or 
chocolate), many of which are supposed triggers of migraine attacks as well [19].

Although premonitory symptoms such as fatigue, apathy, irritability, yawning, 
and neck pain/stiffness are not included in the International Headache Society (IHS) 
classification criteria for migraine, such symptoms are known to precede migraine 
attacks in the majority of patients with migraine [15, 35]. However, these symptoms 
are also observed in approximately 8–11% of patients with CH [15, 36].

Once regarded as a characteristic feature of migraine, allodynia—which can be a 
clinical feature of peripheral or central sensitization—has also been observed in 
40–49% of patients with CH [37, 38]. In summary, although features such as nau-
sea, vomiting, sensory hypersensitivities, and premonitory symptoms occur more 
frequently with migraine attacks, they can also be observed in patients with CH, 
potentially delaying diagnosis of CH (Table 17.1).
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Prophylactic treatment is important for both CH and migraine. Some prophylac-
tic treatments are similarly effective for patients with CH and for those with 
migraine, such as calcium channel blockers (i.e., verapamil) and anticonvulsants 
(i.e., sodium valproate, topiramate). However, others such as beta-blockers and tri-
cyclic antidepressants are more effective in patients with migraine than in those 
with CH [39, 40]. In contrast, oxygen and lithium are more often used in patients 
with CH.

While many women with migraine notice that their headaches greatly improve 
during the second and third trimesters of pregnancy, few large-scale prospective 
studies have investigated the effect of pregnancy on patients with CH, as the 

Table 17.1 Comparisons of the clinical features between CH and migraine

CH Migraine

Prevalence Approximately 0.1% Approximately 10%
Sex predominance Majority male Majority female
Location of pain Primarily in the first division of the 

trigeminal nerve, one-sided, 
around the eyes

Primarily in the first division of 
the trigeminal nerve, one-sided 
or both sides

Duration of each 
headache attack (when 
untreated)

15–180 min 4–72 h

Intensity of pain Severe or very severe Moderate or severe
Occurrence of attacks Multiple attacks daily for weeks 

during the in-bout period (0.5–8/
day)

Usually 1–7 per month

Circannual and circadian 
periodicity

Common Rare

Cranial autonomic 
symptoms

Most accompanied by ipsilateral 
cranial autonomic symptoms
Consistent, severe, ipsilateral to 
headache side

Approximately 67–95% of 
patients
Inconsistent, less severe, 
bilateral

Aura Rare Approximately 1/3 of patients
Restlessness and/or 
agitation during attacks

Approximately 51% and 99.2% of 
patients

Rare

Headache exacerbated 
by activity or movement

Approximately 7–45.8% of 
patients

Approximately up to 90% of 
patients

Nausea and vomiting 
during attacks

Nausea, approximately 27–53% of 
patients; vomiting, 12–32% of 
patients

Approximately 50–90% of 
patients

Photophobia and/or 
phonophobia

Photophobia, approximately 
54–78% of patients; phonophobia, 
15–49% of patients

Approximately up to 90% of 
patients

Premonitory symptoms Approximately 8–11% of patients Approximately up to 88% of 
patients

Allodynia Approximately 40–49% of patients Approximately up to 62% of 
patients

CH cluster headache
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 condition is observed in less than 0.3% of pregnancies [41]. In one previous study, 
approximately 25% of pregnant women with CH reported that an expected cluster 
period did not develop during gestation, although many reported that clusters began 
soon after delivery. Additionally, the majority of these women reported that CH 
attacks did not change in frequency or intensity during pregnancy [42]. Menstruation, 
the use of oral contraceptives, and menopause also exert a much smaller influence 
on CH attacks than on migraine attacks. However, CH may have an impact on 
women with the condition, who may refrain from having children due to their 
symptoms [42].

17.3  Pathophysiological Similarities and Differences 
Between CH and Migraine

17.3.1  The Trigeminovascular System

In CH and migraine, headache pain originates from activation of the trigeminovas-
cular system. The trigeminovascular system consists of the neurons innervating the 
cerebral vessels whose cell bodies are located in the trigeminal ganglion [43]. This 
ganglion contains bipolar cells: the peripheral fiber making a synaptic connection 
with the vessels in the meninges, the extracranial arteries, and those in the circle of 
Willis; and the centrally projecting fiber synapsing in the caudal brainstem or high 
cervical cord [43]. Furthermore, the peripheral fibers—which are mainly found in 
the ophthalmic division of the trigeminal nerve—exhibit synaptic connections with 
the dura mater, vessels, and other widespread brain structures involved in pain pro-
cessing [44, 45]. In CH, activation of the trigeminovascular system may trigger 
CAS through the trigeminal autonomic reflex [46]. The trigeminal nucleus caudalis 
exhibits a connection with the superior salivatory nucleus, from which the parasym-
pathetic efferent fibers of the facial nerve arise. Activation of these parasympathetic 
fibers may result in symptoms such as rhinorrhea, lacrimation, nasal congestion, 
ptosis, and miosis [47]. Furthermore, fibers originating from the superior salivatory 
nucleus synapse in the pterygopalatine ganglia, with postganglionic fibers innervat-
ing the cerebral vessels as well as the lacrimal and nasal glands [47]. This explains 
why blockade of the sphenopalatine ganglion may relieve the symptoms of CH 
attacks in some patients [48]. It is widely accepted that high-flow oxygen is an effi-
cient abortive therapy for acute CH attacks [49]. Indeed, previous animal studies 
have suggested that oxygen may produce these effects by acting on parasympathetic 
outflow to the cranial vasculature and trigeminovascular system [50].

Although most migraine pain is localized to the ophthalmic division of the tri-
geminal nerve, some patients report headache sites outside this region, such as in 
the occipital area, the area of innervation for the greater occipital nerve (GON) [51]. 
This may be due to the convergence of trigeminal and cervical afferent neurons in 
the trigeminocervical complex (TCC)—the region of the brainstem in contact with 
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the caudal portion of the trigeminal nucleus caudalis and the dorsal horn of the C1–
C2 segments of the spinal cord [51]. Additionally, the pathophysiology of migraine 
attacks involves both central and peripheral sensitization. Peripheral sensitization is 
associated with the activation of primary afferent nociceptive neurons [52]: A first- 
order neuron in the trigeminal ganglion receives input from dura-level blood ves-
sels. This signal is then transmitted to a second-order neuron in the trigeminal 
brainstem nuclear complex, followed by a third-order neuron in the thalamus to the 
sensory cortex [53]. The major clinical symptom associated with first-order-neuron 
sensitization is throbbing pain that is aggravated by physical activity or certain pos-
tures that increase intracranial pressure (e.g., coughing) [53]. Moreover, sensitiza-
tion of the nociceptors innervating the meninges may also result in intracranial 
hypersensitivity [54].

The central sensitization hypothesis suggests that, when peripheral sensitization 
later spreads to second-order neurons in the trigeminovascular system, cutaneous 
allodynia (pain evoked by applying non-noxious stimuli to normal skin) will occur 
[55]. Furthermore, the sensitization of third-order neurons in the thalamus is clini-
cally expressed as extracranial hypersensitivity [54]. Thus, altered sensory process-
ing in the brainstem may lead to hyperexcitability of TCC neurons [56]. Central 
sensitization may contribute to reducing the pain threshold, aggravating the pain 
response, and resulting in typically non-painful stimuli being perceived as painful 
(i.e., allodynia) [57]. Interestingly, central sensitization is also believed to be a risk 
factor for increasing headache frequency, such as transforming from episodic 
migraine to chronic migraine [55, 58].

17.3.2  Neuropeptide Release

Release of vasoactive neuropeptides from trigeminovascular sensory afferents 
results in vasodilatation, leakage of plasma protein from blood vessels, and mast 
cell degranulation [59, 60]. Following activation of the trigeminal fibers or tri-
geminal ganglion, neuropeptides such as calcitonin gene-related peptide (CGRP), 
substance P, vasoactive intestinal peptide (VIP), and pituitary adenylate cyclase-
activating polypeptide (PACAP) [61] are released. These neuropeptides have been 
associated with the pathophysiology of both CH and migraine [60].

CGRP is also a powerful vasodilator that may contribute to dilation of the dura 
vessels [62]. Previous studies have also reported that substance P-immunoreactive 
fibers are more highly concentrated around the cerebral arteries, while CGRP- 
immunoreactive fibers are more highly concentrated around the middle meningeal 
artery [62]. Animal studies have demonstrated that small nerve fibers containing 
CGRP and substance P arise from the trigeminal ganglion and innervate the dura 
mater [62], thereby allowing for the transmission of nociceptive information from 
nerves innervating meningeal blood vessels to the trigeminal nucleus caudalis [63]. 
Accumulating evidence also suggests that migraine can be successfully treated 
using antibodies against CGRP, CGRP receptor antagonists, and CGRP-regulating 

F.-C. Yang et al.



229

triptans [64, 65]. Such findings support an important role for CGRP in migraine and 
other primary headache disorders [66–69].

Previous studies have demonstrated that elevated plasma concentrations of 
CGRP, substance P, and VIP occur during migraine attacks and during CH attacks 
(for a review see [70]). Furthermore, since VIP is derived from parasympathetic 
afferents, elevated plasma VIP may be associated with parasympathetic activation, 
which has been linked to CH pathophysiology [71]. Nitric oxide (NO), which may 
interact with CGRP, is also a potent vasodilator in the meningeal circulation [71]. 
The interaction between NO and CGRP may contribute to vasodilation and periph-
eral sensitization of perivascular afferent fibers [72]. Furthermore, infusion of nitro- 
vasodilators can trigger CH attacks, supporting a key role for NO in CH 
pathophysiology and nociceptive processing, as well as migraine [73].

Research has further revealed that substance P and neurokinin A (NKA) may 
increase vascular permeability in response to trigeminal nerve activation [74]. 
Moreover, it has been hypothesized that activation of substance P neurons in the 
ophthalmic and maxillary divisions can cause all the symptoms of an acute CH 
attack, and this could explain the observed improvement in symptoms following 
blockade of the Gasserian or sphenopalatine ganglia [75]. Although there is a poten-
tially prominent link between the release of several important neuropeptides in 
migraine and CH pathophysiology, further research is required to fully elucidate 
this relationship and its role in triggering and maintaining individual attacks.

17.3.3  Structural and Functional Brain Changes

17.3.3.1  Cluster Headache

Clinically, the circadian rhythmicity and ipsilateral cranial autonomic features of 
CH underlie the hypothesis that the disorder may involve the hypothalamus [76, 
77]. Indeed, functional imaging studies have documented increased ipsilateral pos-
terior hypothalamic activation in patients with CH during acute attacks [78–80]. 
Proton magnetic resonance spectroscopy (MRS) studies have provided additional 
evidence in support of the hypothesis that CH is caused by hypothalamic neuronal 
dysfunction [81, 82]. In addition to the hypothalamus, several regions of the pain 
matrix have been strongly implicated in CH, including the anterior cingulate cortex, 
posterior thalamus, basal ganglia, insula, and the cerebellar hemispheres [79, 80, 
83]. Furthermore, dynamic functional differences in the central descending pain- 
modulatory system have been observed between in-bout (without acute attacks) and 
out-of-bout periods [84].

Several functional magnetic resonance imaging (fMRI) studies have reported 
abnormal functional connectivity (FC) between the hypothalamus and other 
brain areas (i.e., areas of the pain network) in patients with CH experiencing 
acute attacks [85, 86]. Additionally, FC disruptions in nontraditional pain-pro-
cessing areas (e.g., occipital and salience networks) may also be involved in CH 

17 Migraine and Cluster Headache: Differences and Similarities



230

pathophysiology [87, 88]. These FC differences in nontraditional pain-process-
ing areas have also been associated with the patient’s in- or out-of-bout status 
[88, 89], advancing our understanding of network functionality in episodic CH.

Using T1 voxel-based morphometry (VBM), structural imaging studies have 
demonstrated changes in the gray matter volume (GMV) of the hypothalamus and 
several pain-processing regions in patients with CH [83, 90–93]. GMV differences 
have also been observed between in-bout and out-of-bout periods. These changes in 
GMV may reflect an insufficient capacity to modulate pain in frontal areas, which 
may contribute to the pathophysiology of shifts in bout status among patients with 
CH [92].

Several diffusion tensor imaging (DTI) studies have documented controversial 
microstructural white matter (WM) changes in patients with CH, while others have 
reported no differences between patients with CH and healthy controls [91]. Still 
other studies have reported changes primarily in regions related to the pain matrix 
[94, 95]. Such discrepancies may be attributable to differences in bout status among 
the study populations. An additional study documented dynamic microstructural 
differences in the frontal and limbic WM between patients with CH and healthy 
controls (with the exception of the cerebellum), noting that these changes persisted 
during the out-of-bout period [96]. Consistent anatomical connections have also 
been observed between these altered areas and the hypothalamus [96]. These find-
ings may also partially explain the shifts between in-bout and out-of-bout periods in 
patients with CH.

17.3.3.2  Migraine

Functional neuroimaging studies have demonstrated differences in brain activation 
patterns during migraine attacks compared to the interictal phase, highlighting the 
potential importance of brainstem regions such as the dorsal midbrain, dorsolateral 
pons, and trigeminal nucleus caudalis and of the hypothalamus for generating 
acute migraine attacks [97, 98]. Increased activation has also been observed in the 
red nucleus, substantia nigra, posterior thalamus, cerebellum, insula, cingulate, 
prefrontal cortices, hippocampus, and anterior temporal pole during migraine 
attacks [10, 97–99]. However, these areas do not appear to be specific to migraine 
and are collectively referred to as the “pain matrix,” which exhibits increased acti-
vation in other pain disorders that are thought to occur secondary to central hyper-
sensitivity (e.g., low back pain, irritable bowel syndrome, fibromyalgia, and 
cardiac pain) [100].

Evidence obtained from fMRI studies indicates that activation of the thalamic 
pulvinar occurs during migraine attacks accompanied by extracephalic allodynia, 
suggesting that sensitization of posterior thalamic neurons may mediate the 
spread of multimodal allodynia and hyperalgesia beyond the locus of the migraine 
headache [101]. Patients with episodic migraine also experience greater pain-
induced activation in regions primarily associated with the cognitive aspects of 
pain perception, including attending to pain and pain memory [102]. Therefore, 
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enhanced cognitive pain processing by migraineurs may reflect cerebral hyper-
sensitivity, which may in turn be associated with high expectations and hyper-
vigilance for pain [102]. Migraine may also be associated with altered FC in the 
insular region during the interictal state, especially with the dorsal pons [103]. 
Moreover, the FC of various brain regions and networks may be altered during 
the pain stage of migraine attacks [104]. More recently, Schulte and May inves-
tigated the different stages of the native migraine cycle in a single patient with 
episodic migraine. The authors observed heightened hypothalamic, pontine, tri-
geminal nucleus caudalis and visual cortex activity shortly before the onset of 
migraine pain. Furthermore, the FC between the hypothalamus and trigeminal 
nucleus caudalis/dorsal rostral pons differed between the pre-ictal and ictal 
phases, providing evidence that changes in hypothalamic FC occur during differ-
ent stages of the migraine cycle [105].

In addition to functional alterations, VBM and DTI studies have also demon-
strated GMV reductions in the insula, motor/premotor cortex, prefrontal cortex, 
cingulate cortex, posterior parietal cortex, and orbitofrontal cortex in patients 
with migraine, along with thickening of the somatosensory cortex and increased 
gray matter density in the caudate [106–108]. Furthermore, several reports have 
indicated that such changes in areas mostly related to pain processing may be 
associated with the frequency and duration of migraine attacks [106–108]. 
Similarly, these structural changes have also been observed in patients with other 
chronic pain disorders, including osteoarthritis, chronic low back pain, and pel-
vic pain [109].

The accumulated evidence from structural and functional neuroimaging stud-
ies draws a complex picture of the central mechanisms underlying CH and 
migraine, with some key similarities and differences. First, the hypothalamus 
and the dorsal rostral pons likely play key roles during the acute stages of 
migraine, similar to the key role of the hypothalamus in acute CH attacks. 
Furthermore, the trigeminal nuclei are essential for headache generation in both 
migraine and CH [110]. Recent evidence suggests that the hypothalamus is not 
only a potential generator of CH attacks but also a generator of migraine-like 
accompanying symptoms [105]. Furthermore, the descending projections of the 
hypothalamus may activate or disinhibit the trigeminal nucleus caudalis and the 
dorsal rostral pons, both of which are thought to be specifically associated with 
the activation of migraine attacks [105]. Additionally, the activation of the tri-
geminal system via trigeminal autonomic reflexes may explain the variation in 
CAS observed in patients with CH who exhibit migraine-like accompanying fea-
tures [111]. Finally, although these structural and functional changes in pain-
related areas can be observed in patients with CH and in those with migraine, 
some overlap is also observed with other chronic pain disorders, suggesting that 
CH and migraine may also be related to these pain disorders. However, unique to 
CH are the dynamic changes in the structure and functional linkage of pain-
modulatory networks—as well as regions outside of the traditional pain-process-
ing networks—that occur between in-bout and out-of-bout periods. Such changes 
may indeed be more specific to the pathophysiology of CH.
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17.4  Conclusions

Both migraine and CH are disorders of the trigeminovascular system with complex 
pathophysiological origins. Although the two conditions can be differentiated based 
on differences in clinical symptoms, neurochemical mechanisms, and neuroimag-
ing patterns, some overlap (e.g., some clinical features and similar responses to 
triptans) can be observed between the two. Identifying the similarities and differ-
ences between CH and migraine may advance the current understanding of the 
shared pathophysiology of these two conditions and aid in the development of novel 
therapeutic strategies.
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Chapter 18
The Short-Lasting Headaches Including 
Hypnic Headache

Anna Cohen and Giorgio Lambru

18.1  The Short-Lasting Unilateral Neuralgiform Headache 
Attacks (SUN)

18.1.1  Introduction

The SUN constellation incorporates SUNCT (short-lasting unilateral neuralgiform 
headache attacks with conjunctival injection and tearing) and SUNA (short-lasting 
unilateral neuralgiform headache attacks with cranial autonomic symptoms). As 
with the other TACs, these are attacks of severe unilateral head and facial pain, with 
associated ipsilateral autonomic features such as conjunctival injection, lacrimation, 
nasal blockage, rhinorrhoea, eyelid oedema, facial sweating, feeling of ear fullness, 
miosis and/or ptosis [1]. Attacks can be either spontaneous or triggered by cutane-
ous triggers such as touching the face or scalp, washing or brushing hair, chewing, 
brushing teeth, cold wind on the face, and also light (including sunlight and fluores-
cent lights). Table 18.1 lists the Classification Criteria for SUN.

When SUNCT was first described in the 1980s, the cranial autonomic symptoms 
including conjunctival injection and tearing (‘C’ and ‘T’ in the nomenclature) were 
noted to be prominent [2]. However subsequent patients were identified with an 
almost identical syndrome, with cranial autonomic symptoms, but lacking either 
conjunctival injection or tearing or both. This syndrome was labelled SUNA (cra-
nial ‘a’utonomic symptoms) [3]. Although the SUNCT syndrome has been vali-
dated, very limited data are available for SUNA, despite the diagnostic criteria were 
set to suggest that SUNCT forms a subset of a the broader SUNA entity [4]. For this 
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reason the two conditions are currently classified as a separate subtype, although 
studies on this are ongoing.

18.1.2  Epidemiology

SUNCT is relatively rare, with a recent study showing a prevalence of 6.6/100,000 and 
an incidence of 1.2/100,000 [5]. The disorder seems to have a male preponderance, 
with a gender ratio of 2:1. In a small case series of nine SUNA patients, the disorder 
seemed to display a female preponderance with a gender ratio of 2:1. The typical age 
of onset is between 40 and 70 years, with a mean age of onset at 48 years [6].

18.1.3  Clinical Phenotype

Headache attacks in SUN are strictly unilateral with a slight preponderance of right- 
sided attacks. However patients with unilateral, side-alternating attacks and seldom 
patients with bilateral attacks have been reported [6]. The pain in SUN is predomi-
nantly centred over the periorbital, retro-orbital and temporal regions, though 1/3 of 
patients experience pain radiation in the second branch of the trigeminal territory 
and 1/3 of SUNA patients can experience pain in the third branch of the trigeminal 
territory.

Table 18.1 International Headache Classification for SUN [4]

3.3 Short-lasting unilateral neuralgiform headache attacks
Description:
Attacks of moderate or severe, strictly unilateral head pain lasting seconds to minutes, occurring 
at least once a day and usually associated with prominent lacrimation and redness of the 
ipsilateral eye
Diagnostic criteria

A. At least 20 attacks fulfilling criteria B–D
B. Moderate or severe unilateral head pain, with orbital, supraorbital, temporal and/or other 
trigeminal distribution, lasting for 1–600 s and occurring as single stabs, series of stabs or in a 
sawtooth pattern
C. At least one of the following cranial autonomic symptoms or signs, ipsilateral to the pain
   1. Conjunctival injection and/or lacrimation
   2. Nasal congestion and/or rhinorrhoea
   3. Eyelid oedema
   4. Forehead and facial sweating
   5. Miosis and/or ptosis
D. Attacks have a frequency of at least once a day for more than half of the time when the 
disorder is active
E. Not better accounted for by another ICHD-3 diagnosis
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Classically the attacks last a few seconds or minutes at a time, in a ‘stab’-like 
pattern. However these stabs can group together to give the impression of a longer- 
lasting attack, or if multiple stabs occur without resolution of the pain to baseline 
between the stabs, then a ‘sawtooth’ pattern is experienced, and this may last up to 
an hour [6]. This may lead to diagnostic confusion, and the syndrome may be mis-
taken for cluster headache or paroxysmal hemicrania. Figure 18.1 depicts the three 
types of attacks in SUN.

By definition, all of the SUNCT patients have both ipsilateral conjunctival injec-
tion and lacrimation accompanying the attacks. Almost half of the patients also 
report ipsilateral eyelid oedema, ptosis, nasal blockage and rhinorrhoea associated 
with their attacks. A small percent of the SUNCT patients reports facial flushing and 
facial sweating.

The other TACs also have agitation in their list of features; typically during an 
attack, patients cannot sit still and feel the need to rock or pace the floor. This is 
thought to be due to activation in the region of the posterior hypothalamus, which 
has been reported in all the TACs [7–10]. Agitation is thought to be also a feature of 
SUN [6], though this is not included in the current diagnostic criteria.

The vast majority of SUNCT patients could trigger their attacks by various cuta-
neous stimulations. Touching the face ipsilaterally to the side of the pain, chewing, 
eating, wind blowing on the face, washing the face and brushing teeth were the most 
prevalent types of triggers. Alcohol seems not to be a trigger unlike cluster head-
ache. The majority of SUN patients denies the presence of a refractory period, 
which is the ability of triggering an attack immediately after the cessation of the 
previous one. This seems to constitute a meaningful distinguishing clinical feature 
to trigeminal neuralgia, which traditionally manifests refractory periods after trig-
gered attacks [6].

0 0

10

1. Single stabs

Pain (Verbal Rating Scale from 0 to 10)

2. Each attack is a group of stabs 3. Saw-tooth pattern

10

0

Fig. 18.1 The three types of clinical picture of attacks of SUNCT/SUNA. From: Short-lasting 
unilateral neuralgiform headache attacks with conjunctival injection and tearing (SUNCT) or cra-
nial autonomic features (SUNA)—a prospective clinical study of SUNCT and SUNA.  Brain. 
2006;129(10):2746–2760. doi:10.1093/brain/awl202. Brain | © The Author (2006). Published by 
Oxford University Press on behalf of the Guarantors of Brain. All rights reserved. For Permissions, 
please email: journals.permissions@oxfordjournals.org
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The SUN headache syndromes can be episodic or chronic, just as in cluster head-
ache or paroxysmal hemicrania. Unlike cluster headache, SUN presents more fre-
quently with the chronic form ab initio or evolved from an episodic form. In the 
episodic form, bouts of SUNCT last between 7 days and 1 year and can remit for 
usually a year, up to 7 years [6]. In the chronic form, as in the other TACs, attacks 
are present for at least a year with no more than 7 days’ break [1].

18.1.4  Differential Diagnosis of SUN

The differential diagnosis of the SUN headaches includes any short-lasting unilateral 
headache attack with ipsilateral autonomic features, that is, cluster headache and 
paroxysmal hemicrania. However the attacks in PH are longer lasting and less fre-
quent than in SUN (2–30 min, several or many attacks per day), and those in CH are 
longer and less frequent still (up to 180 min, from one every other day up to eight 
attacks per day) [1, 4]. Another clinical feature that may help differentiating SUN 
from the other TACs is the presence of attacks triggered by cutaneous/intraoral stim-
ulation. These triggers do not occur in the other TACs. In complex cases or poor 
patient history, diagnostic trials of certain medications such as sumatriptan 6 mg sub-
cutaneous injection, high flow oxygen (100%, 12–15 litres/minute) and indometacin 
can help in ruling out cluster headache and the indometacin-sensitive headaches.

SUN may also be confused with trigeminal neuralgia (TN), in view of the mul-
tiple neuralgiform short-lasting attacks of unilateral facial pain. However, although 
autonomic symptoms may be present in TN due to the trigeminal autonomic reflex, 
the autonomic symptoms are generally much more prominent in SUN [11]. Also the 
agitation seen in SUN is presumed to be of hypothalamic origin [12] and is a defin-
ing feature of the TACs. Furthermore the lack of refractory period between attacks 
of SUN [6], such that an attack of SUN can be triggered immediately on top of a 
previous attack, can generally distinguish SUN in its purest form from TN. SUN can 
coexist with TN as two separate entities [13].

18.1.5  Secondary/Symptomatic SUN

SUN is a primary headache syndrome, but as with the other TACs, there may be a 
structural cause or lesion which results in the SUN headache syndrome. To date 
there are many causes of secondary or symptomatic SUN, which are detailed in 
Table  18.2. These mainly involve pituitary lesions such as adenomata; posterior 
fossa lesions such as infarcts or neuro-inflammatory disease; or direct local effects 
onto the trigeminal nerve such as vascular loops, which are also found in up to 80% 
of cases of TN.

Pituitary lesions are well recognised to cause any type of headache syn-
drome, most commonly migraine. However studies have shown that SUNCT 
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and SUNA are present in higher proportions in cohorts of patients with pituitary 
adenomata (5% in one series of 88 patients) [14] than in the general population 
(usually quoted as 6.6 per 100,000 population) [5]. Both micro- and macro-
adenomata are able to cause a secondary SUN syndrome; therefore it is not 
purely due to the size of the lesion and its local mass effect; rather it is thought 
to be due to neurohormonal mechanisms. Table 18.2 lists some of the recog-
nised causes of secondary SUN.

18.1.6  Diagnostic Workup

It is recommended that patients with SUNCT or SUNA, especially those with atypi-
cal features or with abnormal findings on neurological examination, should have 
MRI imaging of the brain, particularly to rule out any pituitary or posterior fossa 
lesions. Dedicated fine cut or high-resolution scanning through the trigeminal 
nerves should also be performed to look for neurovascular conflict to the ipsilateral 
trigeminal nerve [15].

Table 18.2 Causes of secondary/symptomatic SUNCT and SUNA

Location of 
lesion Pituitary lesions Posterior fossa Local lesions

Presumed 
mechanism of 
action

Via pituitary- 
hypothalamic axis

Local action on trigeminal 
nerve root or trigemino- 
cervical complex or 
ascending pathways

Local action on trigeminal 
nerve

Examples Macrodenomata
Microadenomata

Arteriovenous 
malformations
Brainstem cavernous 
haemangioma
Associated with HIV/AIDS
Osteogenesis imperfecta
Craniostosis
Ischaemic brainstem and 
medullary infarctionsa

Pilocytic astrocytomas in V 
root entry zone
Devic’s syndrome 
(neuromyelitis optica)
Plaque of multiple sclerosis 
in the pons, cerebral 
peduncle and medulla
Vertebral artery dissection
Pathological white matter 
changes in multiple sclerosis
Epidermoid cyst in 
cerebellopontine angle

Vascular loops compressing 
trigeminal nerve
Pontine capillary 
telangiectasia and 
developmental venous 
anomaly
Meningoencephalitis
Metastatic intraorbital 
carcinoid
Associated with chronic 
sinusitis
After herpes zoster infection 
of V1 trigeminal nerve

aThere is one case report also of medullary infarction causing coexistent SUNCT and trigeminal 
neuralgia [13]
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18.1.7  Medical and Surgical Treatments

The management of SUN have historically been considered challenging. Due to the 
rarity of these disorders, no randomised placebo-controlled trials have ever been 
conducted. The series published so far have included very small numbers of patients 
and have produced data on a very limited number of medications. As far as SUNA 
is concerned, it is still unclear whether medications effective in SUNCT are also 
effective in SUNA.

18.1.8  Abortive Treatments

Since the attacks are very short lasting, abortive therapy strategies are not a useful 
concept in SUNCT/SUNA.

18.1.9  Preventive Treatments

Several case reports and small case series have shown the efficacy of lamotrigine in 
SUNCT, with a response rate of almost 70% [8]. The dose reported to be effective 
in SUN ranges between 50 and 600 mg/day. On the basis of the current evidence and 
although no randomised-controlled trials have been published, lamotrigine is at 
present considered the drug of choice for the preventive treatment of SUNCT [16].

Other anticonvulsants have been reported to have some effect in SUN.
Topiramate was reported to be effective in five SUNCT patients at doses up to 

300 mg daily [17, 18]. Subsequently, 11 of 21 SUNCT patients (52%) benefited 
from topiramate given up to a dose of 400 mg/day in an open-label study, whereas 
the only SUNA patient treated with topiramate did not notice any benefit [8]. A 
placebo-controlled trial of Topiramate in SUNCT showed that three out of five 
patients received some benefit in reduction of attack frequency or attack load [19].

Zonisamide, which has got similar mechanisms of action to topiramate, has been 
tried in a SUNCT patient who did not tolerate carbamazepine with excellent results 
on long-term follow-up [20].

SUNCT has been shown to respond to gabapentin, with complete suppression of 
attacks in three of nine patients treated with 800 to 2700 mg daily [21–23]. When tried 
in an open-label fashion in 22 SUNCT and 5 SUNA patients at up to 3600 mg daily, it 
was reported to be effective in 60% of SUNA but only 45% of SUNCT patients [8].

Carbamazepine was beneficial in 11 of 33 (33%) of SUNCT patients. Among 
these, 8 of the 33 patients had a partial response, and 3 had a complete or almost 
complete response [24]. In a recent open-label series of 36 SUNCT and 5 SUNA 
patients treated with carbamazepine, 40% of SUNCT and 20% of SUNA patients 
reported a favourable response [8]. Two case reports only support the effectiveness 
of oxcarbazepine in the prevention of SUNCT [25, 26].
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OnabotulinumtoxinA infiltrated at four points around the orbit, 10 U at each site, 
was reported to be consistently effective in a SUNCT patient refractory to oral treat-
ments after 2.5 years of follow-up [27].

18.1.10  Transitional Treatments

There can be a lag of several days to a few weeks before the efficacy of preventive 
treatments becomes apparent. Transitional treatments, which produce a rapid sup-
pression of the attacks for a limited period of time, can be used when waiting for the 
beneficial effect of a preventive treatment to become evident.

The administration of intravenous (IV) lidocaine at a rate of 1.3 to 3.3 mg/
kg/h suppressed the headaches in four patients with SUNCT syndrome [28]. 
Subsequently 11 SUNCT and 4 SUNA patients reported a favourable outcome 
during administration of IV lidocaine at the dose of 1.5–3.5  mg/kg/h. Seven 
SUNCT patients were pain free for times varying between the duration of the 
infusion to 6 months. Three SUNCT patients had reduced attack frequency or 
severity, and one was lost to follow- up. All SUNA patients were pain free for 
2 days to 12 weeks [8]. It is advisable to use IV lidocaine as a short-term treat-
ment in patients who present in a so-called SUNCT status [29] and also in order 
to avoid breakthrough attacks while switching from one preventive drug to 
another in patients with high load of attacks. Twenty- four- hour ECG monitoring 
is mandatory during the infusion.

A suboccipital injection of a combination of lidocaine and a steroid was benefi-
cial in five out of eight SUNCT patients [8]. Greater occipital nerve injections may 
render the patient pain free for weeks or months, allowing the introduction and dose 
escalation of preventive medications. Oral or intravenous corticosteroids have been 
reported to be effective in some cases of SUNCT. Partial or complete responses 
have been described. However in most of the initial cases, corticosteroids were used 
in combination with other oral medicines, which may have potentially biased their 
overall effect. Similarly to cluster headache, there can be a recrudescence of pain on 
either lowering the dose or discontinuing the corticosteroids. Intravenous methyl-
prednisolone was reported to suppress SUNCT attacks completely [30, 31]. More 
evidence is needed before recommending oral or intravenous corticosteroids for the 
management of SUN.

18.1.11  Surgical Management

Some patients with the chronic form of SUNCT and SUNA are refractory to the 
available medical treatments. The extent of this problem is unknown. This group 
of patients are left with severe disability. For these patients surgical approaches 
may be justified. The approaches can be subdivided into three main groups: 
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ablative procedures of the trigeminal nerve, microvascular decompression of the 
trigeminal nerve and neurostimulation techniques.

18.1.12  Ablative Procedures of the Trigeminal Nerve

Data on ablative procedures on the trigeminal nerve are limited to isolated cases 
reports, and there is considerable potential for bias due to under-reporting of 
unsuccessful cases or those with adverse outcomes. Additionally, these proce-
dures may have irreversible complications, such as residual hypoesthesia, anaes-
thesia dolorosa and keratitis. Procedures that have been tried in SUNCT syndrome 
include retrogasserian glycerol rhizolysis, percutaneous trigeminal ganglion com-
pression, trigeminal ganglion thermocoagulation and gamma knife surgery. In 
view of the poor quality of data and the destructive nature, these procedures are 
not indicated in SUN.

18.1.13  Microvascular Decompression of the Trigeminal 
Nerve

Trigeminal microvascular decompression is considered the surgical treatment of 
choice for refractory trigeminal neuralgia with evidence of trigeminal neurovascu-
lar conflict [32]. In view of the clinical overlap between TN, SUNCT and SUNA, 
Williams and Broadley systematically looked for trigeminal neurovascular conflict 
with dedicated trigeminal MRI scans and found a high proportion of ipsilateral 
vascular loops in contact with the trigeminal nerve in SUNCT and SUNA (88%, 
n = 15/17) [5]. Ninety percent of the aberrant vessels were pressing on the symp-
tomatic trigeminal nerve, compared to only 7% abutting on the asymptomatic nerve. 
This supported the notion of microvascular decompression (MVD) being a potential 
treatment for these conditions. To date, ten case reports and a case series of nine 
SUNCT and SUNA patients, who underwent MVD of the trigeminal nerve, have 
been reported [33–39]. After a median follow-up of 14  months (range: 0.5–
32  months), 12 of 19 (63%) of cases were pain free, whereas in the remaining 
patients, the procedure had little or no effect. Two patients suffered from persistent 
complications, such as ataxia and hearing loss, whereas in five cases transient com-
plications were only reported. Although series with longer follow-ups would be 
ideal to assess the long-term efficacy of MVD for chronic medically intractable 
SUNCT/SUNA, at present this approach may be considered a valuable option in 
refractory patients with ipsilateral trigeminal nerve compression due to a vascular 
loop, though possible benefit should be weighed against operation-related risks of 
permanent neurological deficits.
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18.1.14  Peripheral and Central Neurostimulation

18.1.14.1  Occipital Nerve Stimulation

Similarly to cluster headache and hemicrania continua, occipital nerve stimulation 
has been trialled also in SUN. Preliminary positive outcomes were observed in a 
prospective series with a long follow-up of nine medically refractory chronic 
SUN. Eight out of nine patients reported a meaningful headache improvement [40]. 
A large uncontrolled study in 31 SUN patients showed at a mean follow-up of 
44.9  months that 77% of the patients were considered responders, obtaining an 
improvement of at least 50% of the attacks. The surgery had favourable adverse 
rates with no electrode migration or erosion reported [41].

18.1.14.2  Deep Brain Stimulation of the Ventral Tegmental Area

In view of the functional imaging evidence of activation of the posterior hypothala-
mus region being linked to attacks of SUNCT [8] and the broad experience in the 
use of posterior hypothalamic region deep brain stimulation in patients with medi-
cally intractable CCH, three patients with intractable SUNCT have been treated 
with DBS of the posterior hypothalamus, which is now established to be the ventral 
tegmental area. The outcome of the three patients was promising, with a significant 
and sustained decrease in attack frequency, respectively, at 18-month [42], 12-month 
[43] and 15-month follow-up [44]. In a recent uncontrolled, open-label prospective 
observational study, 11 medically refractory SUN patients were treated with ipsilat-
eral ventral tegmental area deep brain stimulation. At the final follow-up of a median 
of 29 months, 82% of the patients were considered responders, obtaining at least a 
50% reduction in headache attacks compared to baseline [45].

The available evidence equally support the efficacy and safety of occipital nerve 
stimulation, trigeminal MVD and ventral tegmental area deep brain stimulation in 
refractory SUN.  In view of the different degree of invasiveness, occipital nerve 
stimulation should be offered as first neuromodulation option, before more invasive 
procedures are considered. Refractory SUN patients should be managed in special-
ist centred with extensive level of expertise in surgical procedures for headache and 
facial pain disorders [46].

18.2  Hypnic Headache

Hypnic headache is a headache disorder which only occurs during sleep and causes 
awakening. It is relatively short lasting, of duration 15 min to 4 h, and does not usu-
ally cause autonomic symptoms or restlessness, although a recent review found up 
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to 15% of patients had some form of cranial autonomic symptoms [47]. Table 18.3 
shows the classification criteria for hypnic headache [1].

The syndrome was originally described in 1988 [48]. Recent reviews have col-
lated the findings of the 250 cases reported in the literature [49, 50]. The headache 
can be unilateral or bilateral; it usually is of a dull quality, but it can be pulsating 
(6%) or sharp, stabbing or burning (68%). Attacks vary in frequency from one to six 
attacks per night. The syndrome can be chronic or episodic with periods of head-
aches followed by periods of remission. The headache causes the patient to wake 
up, and typically patients exhibit some sort of motor behaviour: sitting up in bed, 
drinking, reading or watching TV. This is in contrast to migraine, where patients 
generally have to remain still as movement makes the pain worse, or other TACs 
which cause agitation and restlessness in CH [51], PH [52] and SUN [6]. Moreover, 
cranial autonomic symptoms are rare in hypnic headache, as opposed to that in 
TACs where they form part of the defining criteria.

Hypnic headache usually presents over the age of 50 years although it can pres-
ent in some cases in younger patients and even children. It is commoner in women 
than men (F:M ratio 1.5:1) [53]. Even so, it is a rare headache, and prevalence is 
estimated in tertiary headache centres at 0.07–0.35% [50].

18.2.1  Pathophysiology of Hypnic Headache

The pathophysiology of hypnic headache remains elusive. A relation to obstructive 
sleep apnoea has been refuted [54], and hypnic headache can occur both during 
rapid eye movement (REM) and non-REM sleep, thus not showing a direct relation-
ship to the stage of sleep [55]. It was also thought that melatonin was involved in the 
pathophysiology of hypnic headache and has been tried in treatments, but a recent 
study has found no correlation between melatonin levels and HH [56].

Given the strict sleep-related occurrence of these attacks, the hypothalamus has 
been postulated to have a role in HH with its diurnal periodicity [57]. This was 
borne out in a voxel-based morphometric study of 14 HH patients, whose hypotha-
lamic grey matter volume was significantly reduced compared to healthy controls 
[58]. The role of the hypothalamus is well recognised in the TACs, all of which can 
wake patients from sleep. Migraine can also wake a patient from sleep and has some 
functional imaging evidence of hypothalamic activation in acute attacks [59] and in 

Table 18.3 International 
Headache Classification 
Criteria for hypnic headache

4.9 Hypnic headache
A. Recurrent headache attacks fulfilling criteria B–E
B. Developing only during sleep and causing wakening
C. Occurring on ≥10 days per month for >3 months
D. Lasting ≥15 min and for up to 4 h after waking
E. No cranial autonomic symptoms or restlessness
F. Not better accounted for by another ICHD-3 diagnosis
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the chronic form [60]. It is unclear as to whether the hypothalamus is the main 
driver of the attacks, or just part of the response to pain, or involved in permission 
of the pain pathways reviewed [61]. Silencing of the anti-nociceptive network of 
periaqueductal grey (PAG), locus ceruleus and dorsal raphe nucleus doing REM 
sleep may also explain the preferential pattern [62].

18.2.2  Differential Diagnosis of Hypnic Headache

The differential diagnosis of hypnic headache is that of any headache that can wake 
a patient at night. These include nocturnal migraine, cluster headache, analgesic 
withdrawal syndrome, intracranial space occupying lesions causing symptoms of 
raised intracranial pressure, obstructive sleep apnoea syndrome, nocturnal hypogly-
caemia, and nocturnal arterial hypertension.

Hypnic headache can coexist with migraine and can be associated with nausea in 
some cases. It can also coexist with obstructive sleep apnoea [1].

18.2.3  Diagnostic Workup

The diagnosis of hypnic headache is made on the history, but secondary causes of 
nocturnal headache must be ruled out. Therefore patients are required to have cra-
nial MRI imaging, 24-h blood pressure monitoring and polysomnography or noc-
turnal blood glucose if required.

18.2.4  Medical Treatment

Treatment of hypnic headache, as in cluster headache and migraine, can be either 
abortive or preventive.

Abortive medications include caffeine, in the form of a cup of coffee or caffeine- 
containing analgesics [53], although care must be taken to avoid precipitating an 
analgesic-overuse syndrome, especially if the patient has a personal or family his-
tory of migraine. Triptans can be used in single cases [63]. Caffeine may also be 
used as a prophylactic treatment, with a strong cup of coffee on retiring to bed [63]. 
Patients may be concerned about caffeine disrupting their sleep, but if taken this 
way there has been no sleep disturbance found in HH [49].

As hypnic headache is so rare, the evidence for preventive treatment relies on 
case reports or series. Lithium has been best studied, with effectiveness in about 
two thirds of patients at doses of 150–600 mg daily, adjusted to plasma levels [49, 
53, 63]. However adverse effects such as tremor, renal and thyroid disturbance are 
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common with lithium, especially in the elderly population with significant comor-
bidities and contraindications to lithium treatment. Patients should have a course of 
lithium for 3–4 months, and gradual tapering of the drug thereafter, although some 
patients can relapse after withdrawal of the drug.

It is interesting to note that lithium is also effective in cluster headache. Lithium 
may preferentially affect the hypothalamus, which is important in the circadian pat-
tern of both CH and HH [57].

Indomethacin has been tried in around 20 patients at 25–150 mg daily, with a 
good response in about 50%. Interestingly the responders were mostly those who 
had unilateral headache with subtle cranial autonomic symptoms [63], and this may 
relate to the beneficial effect of indomethacin on paroxysmal hemicrania.

Other medications including topiramate 25–100 mg daily in 12 patients and oxe-
torone 60–180 mg/day in 8 patients showed moderate benefit [53]. Verapamil and 
flunarizine have shown a mild effect [64], and other medications such as amitripty-
line, beta-blockers and pizotifen are generally unhelpful [50, 64]. Melatonin has 
been tried in hypnic headache, but with limited success (only 1 of 4 cases with 
beneficial effect, and 4 of 33 cases in another study) [64].

Table 18.4 shows the similarities and differences between hypnic headache and 
the TACs.

18.3  Primary Stabbing Headache

Primary stabbing headache is characterised by short-lived episodes of stabbing 
pain centred over the first trigeminal division, occurring in single stabs or cluster 
of stabs. The attacks normally last a few seconds up to a minute and can occur on 

Table 18.4 Similarities and differences between hypnic headache and the TACs

Hypnic headache

TACs
Cluster 
headache PH SUN

Nocturnal occurrence Exclusive + + +
Occurrence during wakefulness Never + + +
Unilaterality 39% 100% [51] 100% [52] 98% [6]
Duration 15 min to 4 h 15–180 min 2–30 min 1–600 s
Autonomic symptoms 15% [47] 100% 100% 100%
Agitation – 92% [51] 80% [52] 56–58% [6]
Response to medications:
Lithium
Indomethacin
Topiramate
Melatonin
Caffeine

++
+
±
±
++

++
−
+
±
N/A

−
+++
+
−
N/A

−
−
+
N/A
N/A

NB. Patients with CH, PH and SUN can have attacks which remain strictly unilateral but alternate 
sides between attacks
N/A no data available
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a daily or weekly basis. One of the cornerstone clinical features of primary stab-
bing headache is that the pain episodes tend to change site of occurrence within 
the trigeminal distribution, often occurring bilaterally or unilaterally side-alter-
nating, normally sparing the face. This, along with the lack of accompanied cra-
nial autonomic symptoms and the lack of cutaneous triggers, allows SUN to be 
distinguished from primary stabbing headache [65]. Table 18.5 shows some sim-
ilarities and differences between SUN, TN and primary stabbing headache.

18.4  Cough, Exertional and Sex Headaches

18.4.1  Primary Cough Headache

Primary cough headache is that headache which is precipitated by coughing or any 
other Valsalva (straining) manoeuvre, in the absence of any structural neurological 
disorder. It is usually bilateral and posterior, with quick rise to peak pain occurring 
a few moments after the cough, and lasting usually only a few seconds or minutes, 
although some can persist in a mild to moderate form for up to an hour. The sever-
ity of the headache may be proportional to the frequency of the cough.

It is rare, affecting less than 1% of a headache clinic population, but up to 40% 
of patients in a respiratory clinic reported a cough.

The important differential of primary cough headache is secondary cough head-
ache, which occurs in about 40% of patients who present with cough headache. The 
commonest cause is a posterior fossa lesion, mostly Arnold-Chiari type I malforma-
tions, although other lesions have been reported [1]. These include:

• CSF hypotension
• Carotid or vertebrobasilar disease

Table 18.5 Differentiating features of SUNCT and trigeminal neuralgia

Feature SUNCT
Trigeminal 
neuralgia

Primary stabbing 
headache

Gender preponderance Male Female Female
Site of pain V1 V2/3 Extratrigeminal

Regions in 70% of cases 
[4]

Severity of pain Moderate to 
severe

Very severe Severe

Duration(s) 1–600 <1–120 1–3
Autonomic features Prominent None None
Refractory period Absent Present Not applicable
Response to 
carbamazepine

Partial Complete None

Response to indometacin None None Partial/complete

SUNCT short-lasting neuralgiform headache attacks with conjunctival injection and tearing

18 The Short-Lasting Headaches Including Hypnic Headache



250

• Cranial fossa or posterior fossa tumours
• Midbrain cyst
• Basilar impression
• Platybasia
• Subdural haematoma
• Cerebral aneurysms
• Reversible cerebral vasoconstriction syndrome

Therefore diagnostic imaging is mandatory for patients with cough headache, 
especially as the treatment, such as indomethacin 50–200  mg daily, may be 
effective in reducing the symptoms of both primary and secondary cough head-
ache and is therefore not a distinguishing feature between the two. However a 
recent study in 16 patients with cough headache suggested that those patients 
with headache induced by a positive modified Valsalva manoeuvre were more 
likely to have posterior fossa pathologies on MRI scan [66]. It is suggested that 
secondary cough headache is due to a transient increase in CSF pressure in the 
presence of obstruction of normal CSF dynamics. Primary cough headache 
appears to be caused by a different mechanism, possibly through congestion of 
the orbital venous plexus in the presence of jugular venous incompetence and a 
reduced threshold for trigeminal sensory activation [66].

Diagnostic imaging is even more important in children with cough headache, as 
subtentorial tumours account for over half of all space occupying lesions in the 
paediatric population.

18.4.2  Primary Exercise Headache

Primary exercise headache is brought on by sustained physical exertion, as opposed 
to a short-lasting Valsalva-type manoeuvre (primary cough headache). It can occur 
at high altitude or high temperatures. It is usually distinguishable by the trigger of 
sustained physical exertion, and the headache is longer-lasting, up to 48 h in dura-
tion, and often has a pulsating quality [1]. However some exercise headaches may 
be shorter in duration (less than 5 min) and have a less pulsating quality, especially 
in the adolescent population [67].

Primary exercise headache should also not be confused with exercise-induced 
migraine, where the underlying pathophysiology is migraine. Exercise headache 
can coexist with migraine in 46% of [68].

18.4.3  Laughter-Induced Headache

Laughter-induced headache, as the title suggests, is headache induced by laugh-
ter. The headache reaches a peak quickly after the laughter and then subsides 
over a few minutes. In a recent study, one patient with laughter-induced headache 
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had cerebellar tonsillar herniation through the foramen magnum, and another 
patient did not [69]. It is thought that the same mechanism of transiently increas-
ing intracerebral pressure causes symptoms in cough headache, exercise head-
ache, and laughter- induced headache. Interestingly some patients could only 
induce a headache with mirthful rather than mirthless laughter, and it is possible 
that the areas of the brain associated in the expression of mirth may also play a 
role in laughter-induced headache [69].

18.4.4  Primary Headache Associated with Sexual Activity

This is described as a headache precipitated by sexual activity, either with grad-
ual onset and increasing in intensity with increasing sexual excitement or with 
abrupt explosive intensity at or just before orgasm [1]. Although unilateral in 2/3 
of cases and sometimes short lasting (a minute), it is generally not accompanised 
by autonomic activity, and can last up to 24-72 hours with severe intensity. These 
features plus the direct association with sexual activity makes differentiating 
from TACs relatively straightforward.

Importantly, primary headache associated with sexual activity is not associated 
with loss of consciousness, vomiting or other symptoms, whereas symptomatic 
sexual headache due to a subarachnoid haemorrhage, arterial dissection and revers-
ible cerebral vasoconstriction (RCVS) may all be. At the first presentation of 
 headache associated with sexual activity, cranial imaging including MRI and/or 
MRA is mandatory to exclude these secondary causes.

18.4.5  Primary Thunderclap Headache

This is a headache of high intensity and abrupt onset, reaching its peak before 
1 min and lasting at least 5 min [1]. However the evidence that this is a primary 
headache syndrome is poor, and it is usually symptomatic of a vascular intracra-
nial disorder, such as subarachnoid haemorrhage, venous sinus thrombosis, 
unruptured vascular malformation (such as aneurysm), arterial dissection, RCVS, 
pituitary apoplexy, meningitis, colloid cyst of third ventricle, CSF hypotension 
and acute sinusitis.

If accompanied by cranial autonomic symptoms due to the trigemino-auto-
nomic reflex, then it is conceivable that it may be mistaken acutely for a 
TAC. However any thunderclap headache presenting de novo must be investi-
gated fully for an underlying cause. If it were a primary TAC then there would be 
multiple stereotyped attacks of unilateral headache with cranial autonomic 
symptoms, and will be diagnosed as such.
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18.4.6  Cold-Stimulus Headache

This is a short-lasting headache which is brought on by exposure of the head to very 
low environmental temperature, either external or by ingesting or inhaling a cold 
stimulus such as ice cream. It is usually bilateral and midfrontal or frontotemporal, 
although some patients can have unilateral, temporal, frontal or retro-orbital pain, 
which is usually distinguished from a TAC by the direct association with cold stim-
ulus and lack of autonomic symptoms. Of course some SUNCT and SUNA attacks 
can be triggered by cold wind to the face, but SUN also occurs spontaneously. In a 
series of 52 patients with SUN/SUNA, only 1 had attacks which were entirely trig-
gered [6].

18.5  Summary

This chapter has dealt with the short-lasting headaches, including SUN (short- 
lasting unilateral neuralgiform headache attacks) with cranial autonomic symptoms, 
which can be either a primary headache syndrome or symptomatic of an underlying 
structural disorder. The differential diagnosis, clinical characteristics and treatment 
options are discussed. Other short-lasting headaches are explored, including hypnic 
headache, primary stabbing headache and their features, and clinical characteristics 
are compared. Finally the other headaches are described, including cough, exer-
tional and sex headaches, along with cold stimulus headache and primary thunder-
clap headache, which should be investigated appropriately in order to rule out an 
intracranial (usually vascular) cause.
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Chapter 19
Future Therapies for Trigeminal 
Autonomic Cephalalgias: Cluster 
Headache and Related Conditions

Peter J. Goadsby and Lars Edvinsson

The trigeminal autonomic cephalalgias (TACs) are a group of primary headache 
disorders linked by usually prominent cranial autonomic features [1] that when 
present are typically lateralized to the side of the pain [2]. The TACs are grouped 
under section 3 of the current International Classification of Headache 
Disorders-3 [3]. They consist of cluster headache [4], paroxysmal hemicrania 
[5], short-lasting unilateral neuralgiform headache attacks with conjunctival 
injection and tearing (SUNCT)/cranial autonomic feature (SUNA) [6] and 
hemicrania continua [7]. These are devastating problems with patients describ-
ing the pain of cluster headache as the worst they have ever experienced [8].

The current treatments for cluster headache are less than ideal, be it use lim-
its and vascular issues with triptans [9] or efficacy and tolerability issues with 
medicines such as verapamil, lithium and topiramate [2]. Few, least of all 
patients, would argue that new therapies are not required. We review here treat-
ments on the horizon, either just arrived or close by, which provide real opti-
mism that we can manage patients with these disorders much better in the near 
future. We will address the developments by condition since the treatments for 
the disorders are one of the more important distinguishing features.
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19.1  Cluster Headache

Broadly the treatment of cluster headache (CH) can be considered as either acute, 
i.e. treating the immediate attack, or preventive, the later short-term bridging or 
medium- to long-term prevention.

19.1.1  Acute Attack Treatment

All patients with CH require an acute therapy, or at least a discussion of options. 
Current widely used treatments include triptans; serotonin 5HT1B/1D receptor ago-
nists; sumatriptan 6  mg  s/c, sumatriptan 20  mg IN or zolmitriptan 5  mg IN; or 
inhaled oxygen 100% 12–15 L/min [2]. When considering new approaches, one 
way to do this is by considering the limitations of the current therapies and how new 
approaches may help.

19.1.1.1  Can We Make Oxygen Delivery More Efficient?

The currently accepted approach to oxygen therapy in acute cluster headache is 
described as high flow, 12–15 L/min, and was established evidentially by a random-
ized placebo-controlled double-blind multi-attack crossover study as effective [10]. 
One approach that is being explored to improve the performance of oxygen is 
“ultra-high flow” delivered by a demand valve where inspiratory effort alone limits 
flow rate. There have been some reported advantages, including patient preference 
[11], although this method would be well served by a rigorous study.

19.1.1.2  How Do We Treat More Than Two Attacks a Day?

A common problem in practice is patients who have more than two attacks a day. If 
they have three and respond to zolmitriptan NS, this seems a reasonable solution 
[12]. However, if they do not, or have more attacks, there can be a problem. Oxygen 
can be used for any number of attacks although it does not always work and is cer-
tainly a cumbersome approach in many ways. Smaller doses per attack of sumatrip-
tan s/c may be used [13]; this area deserves further consideration. One important 
new addition to acute cluster headache therapy is non-invasive vagal nerve stimula-
tion (nVNS), using the gammaCore device. This delivers a proprietary electrical 
signal consisting of five 5000-Hz pulses repeated at a rate of 25 Hz. A typical dose 
is a 120 s of stimulation. There are now two randomized sham-controlled studies 
that demonstrate superiority at 15 min on the pain-free outcome [14, 15]. The device 
is well tolerated and there is no limit on daily dosing. Indeed repeated dosing may 
have some preventive effect [16]. Interestingly, the positive effect on acute attacks 
was only seen in episodic cluster headache not chronic cluster headache [17].
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19.1.1.3  My Patient with Cluster Headache Has Significant 
Cardiovascular Disease; with What Do I Treat Acute Attacks?

In a clinical cohort of middle-aged, often cigarette smoking males, this is not an 
uncommon problem. Triptans may be relatively or absolutely contraindicated in 
such patients because of increased cardiovascular risk [9]. While oxygen is an obvi-
ous way forward, again it does not work for everyone and has important logistic 
limitations. Again for episodic cluster headache, acute attacks may be treated with 
non-invasive vagal nerve stimulation (nVNS) for which there is clear randomized 
controlled trial evidence [17]. Based on a study that demonstrated octreotide 
100 mcg s/c to be more effective than placebo at 30 min [18], pasireotide [19] is 
currently being explored for the acute treatment of cluster headache (NCT02619617). 
Pasireotide has a different receptor binding pattern being high affinity for the soma-
tostatin receptor (SSTR)-5 and less so for 1, 2 and 3, whereas octreotide binds 
mainly to SSTR-2 [20]. SSTR activation has no known or observed vascular effects 
so that, if effective, it would be a welcome addition to our options for treating acute 
cluster headache.

19.1.2  Preventive Treatments for Cluster Headache

Most patients will benefit from at least short-term preventive approaches in cluster 
headache, and some certainly require long-term prevention. For short-term preven-
tion, typical choices are greater occipital nerve region injection (GONi) with local 
anaesthetic and a corticosteroid [21, 22] or oral corticosteroids [23]. The former is 
not universally effective, and the latter has the issue of potential osteonecrotic con-
sequences [24]. Patients with chronic cluster headache need preventives in the lon-
ger term. Current approaches with verapamil, lithium, topiramate or melatonin have 
their many limitations [4].

19.1.2.1  What Can I Use for Short-Term Prevention in Cluster 
Headache?

In patients who have failed previous GONi or may be unsuitable, there were few 
realistic choices. Some have advocated short-term nocturnal ergotamine [25] or a 
more modern version, frovatriptan [26]. These have limitations, including either 
the issue of concomitant cardiovascular disease or the relative contraindication of 
concomitant triptans. It has been shown that either spontaneous [27] or 
nitroglycerin- triggered [28] acute cluster headache attacks are associated with 
elevated levels of calcitonin gene-related peptide (CGRP). Monoclonal antibodies 
to CGRP have been tested now extensively in migraine and are effective attack 
preventives [29]. Galcanezumab, a CGRP monoclonal antibody [30], was tested in 
a randomized placebo-controlled double-blind study in episodic and chronic 
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cluster headache. It was administered s/c monthly for two doses; at the primary 
endpoint of weeks 1–3, 75% of galcanezumab patients had a ≥50% reduction in 
attacks compared to baseline [31]. The treatment was well tolerated with no new 
adverse events than injection site pain, as reported in controlled trials in migraine 
[30, 32–35]. Interestingly, there was no significant effect in chronic cluster head-
ache [31]. Similarly, a press release reports that fremanezumab, a CGRP monoclo-
nal antibody effective in migraine prevention [36, 37], in a study in chronic cluster 
headache (NCT02964338) has been stopped for futility; the episodic cluster head-
ache study (NCT02945046) continues.

19.1.2.2  What Can I Do for Patients with Medically Refractory Chronic 
Cluster Headache?

There may be no more suffering a patient than those with medically refractory 
chronic cluster headache [38, 39]. When medicines have failed, clinicians have typi-
cally turned to invasive approaches. Radiofrequency lesions [40] or Gamma Knife 
[41] of the trigeminal ganglion has been used, either important side effects, such as 
anaesthesia dolorosa, or an outcome no better than natural history, respectively. The 
sphenopalatine ganglion has been ablated [42, 43] with modest outcomes. The tri-
geminal nerve root has been sectioned [44] with complications including death. 
These procedures have been sensibly abandoned. Deep brain stimulation of the 
region of the brain at the posterior most portion of the hypothalamus, which is active 
in cluster headache [45], have been reported as being useful [46, 47], although brain 
surgery has serious, albeit rare, morbidity [48]. Notably a randomized controlled 
trial was negative [49]. The advent of a less specific, yet safer approach, occipital 
nerve stimulation [50, 51], made it in turn the preferred option, although lead migra-
tion, infection [52] and longer-term battery replacement issues and reduced efficacy 
have been issues.

The sphenopalatine ganglion, which sits in the pterygopalatine fossa draped 
across the maxillary branch of the trigeminal nerve [53], is a logical target for 
the treatment of cluster headache. An important component of the pathophysiol-
ogy of acute cluster headache attacks is activation of the trigeminal autonomic 
reflex [54], which accounts for the cranial autonomic features, such as lacrima-
tion, conjunctival injection, nasal congestion, aural fullness and periorbital 
oedema. The outflow pathway for these symptoms traverses the facial, VIIth, 
cranial nerve and synapses in the sphenopalatine ganglion (SPG) [55]. Based on 
this anatomy and clinical experience that the SPG may be a therapeutic target 
[43, 56, 57], an SPG microstimulator has been developed. In a study, CH-1, 
comparing SPG stimulation to a sham with no stimulation and a sub-perception 
stimulus in a randomized crossover design in 32 subjects with chronic cluster 
headache, 67% of attacks have pain relief at 15 min compared to 7% for each of 
sham and sub-perception treatments [58]. Interestingly they also reported that 
36% had a ≥50% reduction in attack frequency [58]. Most recently the CH-2 
study compared SPG stimulation to a sham stimulation that produced a cutane-
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ous TENS-like effect to preserve blinding in subjects with chronic cluster head-
ache. SPG stimulation was more effective than sham at achieving pain relief at 
15 min (odds ratio 2.62) and reduced weekly attack frequency by 50% in sub-
jects on active treatment and 28% on sham stimulation [59]. There were no seri-
ous adverse events, save surgical events that all resolved. Long-term open-label 
experience demonstrates that most patients, attack responders or frequency 
responders, maintain benefit out to at least 24 months [60].

19.2  Indomethacin-Sensitive TACS: Paroxysmal Hemicrania 
and Hemicrania Continua

Of the TACs, paroxysmal hemicrania (PH) and hemicrania continua (HC) can 
be very rewarding to treat or remarkably frustrating. Patients respond to indo-
methacin, by definition. When indomethacin cannot be tolerated, one can use 
medicines such as topiramate or melatonin, although none are spectacular as 
indomethacin is.

19.2.1  What Can I Treat Indomethacin-Sensitive Headache 
Patients with when They Do Not Tolerate 
Indomethacin?

When patients with PH or HC cannot tolerate indomethacin, their quality of life 
reverses quickly to that prior to diagnosis and treatment. We have seen of nine 
patients with HC who could not tolerate indomethacin, seven reported a positive 
effect on pain with non-invasive vagal nerve stimulation (nVNS) [61]. Similarly, 
of six patients with PH, four reported significant benefit for nVNS [61]. It is a 
well- tolerated approach and offers much to patients with very limited treatment 
options.

19.3  Comments

The diversity in modes of treating TACs and their relatively low success rate 
point towards the need of rethinking the pathophysiology. The drugs and proce-
dures listed above are by and large focusing on targets outside the CNS. The 
modulation of the cranial nerves suggests some common pathways. With that in 
mind future neuroanatomy and function studies will provide avenues for basic 
research that can help this group of subjects with severe and long-lasting pain 
syndromes.
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