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Chapter 1

EXPLORING THE WAVES
CLINICAL ASPECTS OF CLUSTER HEADACHE

Classification and clinical characteristics

The syndrome we now know as cluster headache was first medically described in
1641 by Nicolaes Tulp (1593-1674)." Over time, the condition was referred to by var-
ious names, including Horton's disease and migrainous neuralgia. In 1926 a distinc-
tion was made from migraine and in 1952 the term “cluster headache” was adopted,
which reflects the characteristic temporal clustering of headache attacks during the
disease course.?

Cluster headache is a primary headache characterized by unilateral, extremely pain-
ful attacks.® The attacks are considered to cause one of the most severe types of
pain in existence.* Cluster headache is a trigeminal autonomic cephalalgia (TAC), a
class of headache disorders characterized by brief, side-locked headache attacks
accompanied by cranial autonomic symptoms.® Diagnosis is made through patient
interview by applying the International Classification of Headache Disorders criteria
(ICHD-3).2 The agonizing attacks are usually located in the temporal or periorbital
area, have a duration of 15 minutes to 3 hours and can occur up to 8 times per day.
Attacks are accompanied by ipsilateral cranial autonomic features such as lacri-
mation, ptosis, miosis, nasal congestion, or/and rhinorrhoea and a sense of rest-
lessness and/or agitation (Figure 1). Because of the intense and frequent attacks,
cluster headache has a major impact on patients’ lives, for example by poor sleep
quality due to nocturnal attacks. It is therefore associated with decreased quality
of life (QoL) affecting all aspects of everyday life.>® Although physical symptoms
resolve during remission, the cyclical nature of cluster headache can lead to lasting
decreased QoL.”® As a result of the disease burden, a high proportion of patients is
unemployed.®1°

Demographics and risk factors

The prevalence of cluster headache in the general population is around 1 in 1000.
The typical age of onset is in young adulthood, most often between 20 and 40
years."3 Aside from the clinical observation that disease activity appears to resolve
spontaneously with age, limited epidemiological data exists on its natural progres-
sion and prolonged remission.

Historically, cluster headache was considered a “male” disease with patients anec-
dotally described as exhibiting a “hypermasculine” physical appearance.™ Currently,
the disorder is increasingly recognized in females, but remains more common in
men than in women with a ratio of 2-4:1 in Western countries.’>"”
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General introduction and outline

Figure 1. Clinical Features of a cluster headache attack.

The cluster headache phenotype is characterized by cranial autonomic symptoms ipsilateral to the head-
ache. lllustrated symptoms: lacrimation, ptosis, miosis, nasal congestion, or/and rhinorrhoea, eyelid oede-
ma and facial sweating.

Smoking prevalence is high in cluster headache, with reported rates ranging from
70 to 90%."® Although smoking is associated with a more severe disease manifesta-
tion, quitting does not immediately result in remission of cluster headache.'® Cluster
headache is associated with unfavorable lifestyle factors, not only due to increased
smoking, but also higher average alcohol intake, elevated BMI, and a greater prev-
alence of lifestyle-related diseases (e.g., hypertension, stroke).’2° Additionally, the
disorder is associated with increased psychiatric comorbidity, such as bipolar dis-
order, anxiety, aggressive behaviour and sleeping problems.” This might be a conse-
qguence of the disease, but an intrinsic susceptibility independent of disease severity
has been suggested.

Finally, several triggers for cluster headache attacks have been described. Substanc-
es may provoke an attack, such as alcohol, nitro-glycerine or histamine.® In addition,
patient commonly report triggers. Most frequently reported is nocturnal sleep, with
one-third of patients also describing daytime-napping as trigger.?" 22

Ebb and flow: the oscillating disease activity in cluster headache

As the name implies, cluster headache is defined by the occurrence of “clusters”.
Its symptoms follow a cyclical pattern of oscillating disease activity during the
disease course. Disease activity oscillates from periods with high disease activity
(symptomatic periods with frequent attacks) to those with minimal disease activi-
ty (remission periods without attacks). Based on these patterns, cluster headache
is classified into two subtypes: episodic and chronic cluster headache. In episodic
cluster headache (ECH, 85% of patients), attacks occur in episodes lasting weeks
or months, with remission intervals of three months to several years, Figure 2A).% In
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chronic cluster headache (CCH, 15% of patients), the most severe subtype, patients
have attacks with less than three consecutive months of remission per year (Figure
2B).%2 These subtypes are dynamic: the chronic form can be either unremitting from
onset (primary CCH, pCCH) or can evolve from the episodic form (secondary CCH,
sCCH) and the chronic form can also become episodic (secondary ECH, SECH).?425

Interestingly, the disease activity does not oscillate randomly; most patients report
a distinct rhythm and predictability in their disease activity. Attacks occur in clusters
of weeks to months with a seasonal rhythm (in ECH), or intensity and frequency of
attacks may increase in certain months of the year (in CCH).?>227 Typically, cluster
headache is reported to follow an annual pattern with a peak in the spring (March-
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Figure 2. Cluster headache occurs in two subtypes: episodic and chronic.

(A) in episodic cluster headache (ECH), cluster headache attacks occur in episodes lasting 7 days to 12
months, with remission intervals of months to years (= 3 months). (B) in chronic cluster headache (CCH),
cluster headache attacks occur with < 3 consecutive months of remission per year. Disease activity oscil-
lates from periods with high disease activity (symptomatic periods with frequent attacks) to those with
minimal disease activity (remission periods (ECH) or periods with less attacks (CCH)). These subtypes
are dynamic: the chronic form can be unremitting from onset (primary CCH, pCCH) or can evolve from the
episodic form (secondary CCH, sCCH) and the chronic form can become episodic (secondary ECH, SECH).
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Influence of the seasonal rhythm on CH probability

Influence of day-night rhythm on CH probability

Probability of CH attack
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Figure 3. Circadian and seasonal rhythms affect the probability of cluster headache (CH)
attacks.
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(A) The day-night rhythm (with daytime shown in yellow and nighttime shown in black) leads to a synchro-
nized 24-hour rhythm in the frequency of cluster headache attacks.

(B) Although the seasonal rhythm (with summer shown in green and winter shown in black) is less pro-
nounced, many studies indicate that the pattern of cluster headache attacks is also synchronized to this
rhythm.

April) and a peak in autumn (September-October, Figure 3B).2%" Within a cluster epi-
sode, attacks typically occur at certain times of the day and/or night. Approximately
75% of cluster headache patients report that their attacks generally follow a 24-hour
cyclical pattern (Figure 3A).32 Most cluster headache attacks occur within 90 min-
utes of falling asleep.® Overall, 75% of attacks occur at night between 21:00 and
10:00, with peak incidence around 02:00.3432 This rhythmicity of attacks may be due
to the effects of the biological clock and/or sleep. Since attacks often occur during
the night waking patients from their sleep, there appears to be a connection between
cluster headache and sleep.35%8

Threshold hypothesis

Based on the phenotype of cluster headache, a threshold-based hypothesis is pro-
posed as a model to explain the oscillating disease activity and fluctuating attack
frequency of cluster headache. In both chronic and episodic cluster headache, dis-
ease activity follows a wave pattern, with periods of increased and decreased ac-
tivity over time. Attack probability is high during peaks and low during dips of these
waves.

In patients with chronic cluster headache, disease activity follows a rhythmic sinu-
soidal oscillation consisting of more active and less active periods (Figure 4B). While
patients with episodic cluster headache have a similar sinusoidal pattern, it results
in cluster headache attacks interspersed with periods of remission. A threshold de-
marks the transition between these periods for both episodic and chronic cluster
headache; when this threshold is exceeded, the brain enters a state in which the
attacks can occur (Figure 4A).
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Except for temporal differences in occurrence, clinical and demographic character-
istics of episodic and chronic cluster headache are similar. Episodic and chronic
cluster headache are likely caused by the same pathophysiological processes, but a
more “permissive” brain state leads to chronic cluster headache. Based on this the-
oretical model, such a threshold could be regulated by factors such as the biological
clock and sleep.®>% An important implication for the threshold hypothesis is that
chronic cluster headache can turn into episodic cluster headache (and vice versa) in
a given patient, a notion that is supported by clinical anecdotes.

It is hypothesized that a variety of factors, including external light, sleep, and the
biological clock, function as “shapers of the waves” and can change the brain’s per-
missiveness, thereby altering the threshold for activation of attacks. These key com-
ponents are further discussed below.
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Figure 4. Threshold hypothesis. In both subtypes the disease activity follows a sinusoidal
pattern.

(A):in episodic cluster headache, a fluctuating disease process causes cluster headache attacks only when
the probability exceeds a predetermined threshold (depicted by the horizontal orange line).

(B): In chronic cluster headache, the disease process always exceeds this threshold but still fluctuates
between higher to lower attack probablility. Right: Central to this hypothesis is the notion that this threshold
can be adjusted by various factors, including the circadian clock, sleep state and hormonal changes.
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Shapers of the waves: core elements of cluster headache pathophysiology

The distinctive features of cluster headache described above have prompted further
research to uncover its underlying pathophysiology. Understanding of the phenotype
of cluster headache has improved over the years, but the cycling of both attacks and
episodes remains poorly understood. Pathophysiological understanding is hindered
by the short duration of the attacks and the lack of an suitable animal model repre-
senting cluster headache. Therefore puzzle pieces have to be gathered from neuro-
anatomical pathway studies in animals, human neuro-imaging and clinical studies.
Below, evidence is summarized for the key components that are thought to influence
the oscillating disease activity in cluster headache.

Hypothalamus

The hypothalamus is a key structure in the central nervous system and regulates ho-
meostasis for the neuroendocrine system, sleep, circadian and circannual rhythms
and the autonomic nervous system.*® Since its core function aligns with the systems
affected in cluster headache based on the phenotype, it currently presumed that that
cluster headache originates at the level of the hypothalamus. There is no consensus
on the area within the hypothalamus, but most studies point to the posterior hypo-
thalamus.

Imaging studies have revealed that the ipsilateral inferior posterior hypothalamic
gray area is activated during cluster headache attacks.***2 Other brain areas that are
associated with the processing of pain (including the thalamus, cingulate cortex,
and insular cortex) were activated both during cluster headache attacks as well as
during other types of headache.**“® Structural studies have reported enlargements
of the posterior and anterior hypothalamus and a correlation with a higher volume of
the ipsilateral anterior hypothalamus and the number of attacks.**#¢ The structural
abnormalities in the anterior hypothalamus of patients are particularly interesting,
given that this is the location of the suprachiasmatic nucleus (SCN), which gener-
ates circadian rhythms.** 47 Even if the exact location within the hypothalamus (i.e,
anterior v.s. posterior) remains unclear, the consensus is that the hypothalamus is
an area of great interest in cluster headache. Further evidence supporting a role of
the hypothalamus in cluster headache comes from reports where deep brain stim-
ulation of the posterior hypothalamus improved symptoms in patients with thera-
py-resistant chronic cluster headache.*043 48

Biological clock

The biological clock is thought to play an important role in cluster headache, as
suggested by changes in the hypothalamus, the cyclical pattern of cluster headache
attacks and the efficacy of lithium — a medication known to influence circadian
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rhytms.* The circadian system is controlled by central clock of the SCN, a bilateral
structure located at the base of the anterior hypothalamus.*® Neurons in the SCN
have the autonomous ability to produce circadian rhythms.#” This rhythmicity at the
single-cell level arises via a negative-feedback loop between circadian clock genes
and their protein products.®” These protein products activate currently unidentified
pathways in order to change the cell's membrane potential and electrical frequency
(for review, see %?). In both nocturnal species (e.g., rodents) and diurnal species (e.g.,
humans), electrical activity in the SCN is relatively high during the day and low dur-
ing the night,®2 creating a waveform of electrical activity that is directly correlated
with the species’ temporal pattern of behavioral activity.®® The rhythm of the SCN is
synchronized to the external light-dark cycle (Figure 5).5 Increased activity of the
SCN was observed during cluster headache attacks, which possibly leads to severe
disruptions in circadian rhythms and heightened attack susceptibility.*®

Sleep

The timing of cluster headache attacks, suggests a connection with sleep. Attacks
often occur approximately 90 minutes after sleep onset, when REM sleep typically
begins. This led to the (HPA) hypothesis that REM sleep might be correlated with
cluster headache which was supported by data from an early study.* However, this
hypothesis could not be confirmed as further studies did not reveal a correlation
between cluster headache with any specific sleep stage.®*% % One interesting theory

A B

Electrical activity
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Figure 5. The central pacemaker in mammals.

(A) A coronal mouse brain section stained with Nissl, showing the location of the suprachiasmatic nuclei
(SCN) and optic chiasm (0X).

(B) Schematic diagram depicting the electrical activity of individual SCN cells (shown as blue traces) over
a 24-hour period. The SCN cells oscillate slightly out of phase and give rise to the ensemble population
pattern shown in black. This ensemble signal is transmitted to other areas of the brain, thereby providing
rhythmicity to the central nervous system.
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is that attacks might be correlated with the transition between sleep stages, as the
“switch” mechanism that underlies this transition is also located in the hypothala-
mus.%®

Hormones

The gender-biased nature and age dependency suggest that sex hormones may play
a role in the pathophysiology of cluster headache. Hormones are closely related to
the biological clock, as the SCN imparts its rhythmic activity to the autonomic nerv-
ous system and the hypothalamic-pituitary-adrenal (HPA) axis.®® Moreover, case re-
ports have described pituitary tumors that were believed to cause cluster headache
attacks.®® 5" Hormonal changes have been observed in cluster headache patients
and include changes in growth hormone, prolactin, cortisol, follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), testosterone, and melatonin levels.®? Testos-
terone levels are often lower in patients during a cluster headache period %7 the
resulting compensated hypogonadism may be secondary to disrupted REM sleep
and/or increased cortisol levels during a cluster headache period.”®”" With the ex-
ceptions of FSH and LH, no other changes in sex hormones have been reported in
cluster headache patients.®>¢” Other factors that affect hormonal status such as oral
contraceptives, menstruation, pregnancy, and menopause have only a small influ-
ence on cluster headache attack probability.”?

Genetics

Genetic studies in cluster headache have either focused on heritability at the popu-
lation level or aimed to identify specific genes. Although first-degree relatives have a
5-18 times increased risk at developing cluster headache, no clear hereditary pattern
has been identified.” This suggests that the cause of cluster headache is likely an
interplay between multiple genes and environmental factors. Genome-wide-associ-
ation studies (GWAS) in European and Han Chinese cohorts identified eight loci that
were associated with cluster headache.® Of those, three are shared with migraine,
affirming the assumption that migraine and cluster headache are distinct disorders
that partly overlap in their pathophysiology. Genetic correlations were also found
for pain disorders, neuropsychiatric diagnoses and cigarette smoking.”* Mendelian
randomization recently demonstrated a causal effect of smoking intensity on cluster
headache.” Genetic markers of circadian rhythm genes have been linked to cluster
headache, though findings have been inconsistent.”> However, two of the identified
loci include genes associated with circadian rhythm—MER proto-oncogene, tyrosine
kinase, and four and a half LIM domains 5 (FHL5). These findings further support the
role of the SCN in cluster headache.

Trigeminovascular system
Historically cluster headache was thought to be a vascular disease, where the dila-
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tation of vessels caused the intense pain accompanied by autonomic features. This
was substantiated by the notion that vasodilators (nitroglycerin, histamine) can trig-
ger attacks and vasoconstrictors (ergotamine, triptans) abort attacks. Currently, it is
thought that the ipsilateral cranial autonomic features during attacks are caused by
activation of the autonomic nervous system through hyperactivation of the trigem-
inal-autonomic reflex.”® Activation of this reflex results in vasodilation of the inter-
nal carotid arteries through the release of vasodilator peptides such as calciton-
in gene-related peptide (CGRP), pituitary adenylate cyclase-activating polypeptide
(PACAP) 38, substance P and neurokinin A.>7” During a cluster headache attack,
the levels of plasma CGRP and vasoactive intestinal peptide (VIP) increase. Dilation
of the ipsilateral internal carotid artery and the resulting increased blood flow have
been observed using magnetic resonance angiography (MRA) and positron emission
tomography (PET), supporting activation of the trigeminal-autonomic reflex. 4043 7880
Interestingly, attacks can also be triggered by injecting capsaicin into the forehead,
which is known to activate the trigeminal-autonomic reflex.3* Additionally, infusions
of CGRP, PACAP-38, and VIP have been shown to provoke attacks with a phenotype
similar to that of a “natural” cluster headache attack.*% 88

Neuroanatomy of Cluster headache Attacks

Meanwhile, although the pathophysiology of cluster headache is not fully understood,
three neuroanatomical structures are proposed to combine the elements mentioned
above and explain the clinical phenotype of cluster headache: the trigeminal vascu-
lar pathway, the trigeminal-autonomic system and the hypothalamus (Figure 6).5%7°
The following section outlines the role of each system to provide a neuroanatomical
framework for understanding the proposed origin of cluster headache attacks.

Hypothalamus - the attack generator

Cluster headache attacks are assumed to be generated from deep within the brain
and not peripheral. While the trigeminal system can be triggered to cause an in-
dividual headache attack, this occurs only during “permissive states” (i.e., cluster
episodes). Additionally, the trigeminal system cannot explain the other character-
istic features (male predisposition, circadian and circannual rhythmicity, nocturnal
occurrence). Therefore, the hypothalamus is suggested to be the “attack generator”,
where hypothalamic activity coincides with cluster headache attacks and episodes.
The hypothalamus is part of the diencephalon and located beneath the thalamus.5®
The hypothalamus regulates pain and autonomic symptoms through a two-way an-
atomical pathway to the trigeminovascular system and the trigeminal—-autonomic
reflex, via the trigeminocervical complex (TCC)."® 85 The TCC consists of the dorsal
horn of the cervical spinal C1, C2 and the trigeminal nucleus caudalis (TNC).®
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The trigeminal system — driving pain and autonomic features

It is proposed that interplay between the trigeminal vascular pathway (resulting in
pain) and the trigeminal-autonomic reflex (resulting in autonomic symptoms) are
connected and together cause and escalate the stereotypical phenotype of cluster
headache attacks.

The trigeminal-autonomic reflex is composed of neurons in the TCC that trigger the
parasympathetic pathways via the supra salivatory nucleus (SSN) and the spheno-
palatine ganglion (SPG), leading to vasodilation and the manifestation of cranial au-
tonomic symptoms.’® Activation of the trigeminal-autonomic reflex elicits the secre-
tion of neuropeptides (e.g. CGRP, PACAP-38 etc.)

Cortex

Vagal nerve

Figure 6. Neuroanatomical pathways of cluster headache pathophysiology.

The trigeminovascular pathway (shown in orange) consists of the neurons from the trigeminal ganglion
that have synapses centrally in the trigeminocervical complex and peripherally in the dura mater, cere-
bral vessels and upper facial (periorbital) structures. Activation of this pathway is perceived as peripheral
pain. The trigeminal-autonomic reflex (shown in dark purple) is composed of neurons origination from the
trigeminal cervical complex that extend to the superior salivatory nucleus and the sphenopalatine gangli-
on. These subsequently activate the parasympathetic fibers responsible for cranial autonomic symptoms,
such as tearing. The hypothalamus (assumed attack generator, depicted as lightning bolt) is connected to
the trigeminocervical complex (shown in light purple) and the thalamus. GON: greater occipital nerve, NTS:
nucleus tractus solitarius, SCN: suprachiasmatic nucleus, SSN: superior salivatory nucleus, TCC: trigemi-
nocervical complex, TG: trigeminal ganglion
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Activation of the trigemino-vascular pathway results in the release of neuropeptides
(e.g. CGRP, PACAP 38) from trigeminal nerve endings, which is perceived as pain in
humans.”® 82 This is likely to be the final step for the pain as experienced in cluster
headache; resulting in stereotypical unilateral peri-orbital pain in the first branch of
the trigeminal nerve.®® The involvement of this pathway is proposed to be a final
common pain pathway for pain transmission in headache as it is also activated in
migraine.

BREAKING THE WAVES —
GON MODULATION IN CLUSTER HEADACHE

Current treatment is based on empirical data. Although episodic and chronic cluster
headache respond to the same therapies, chronic cluster headache is more difficult
to treat.?® Medication trials are difficult in cluster headache due to the natural fluc-
tuating disease activity and high placebo efficacy (14-43%).8” The following section
provides an overview of current treatment options, with a focus on greater occip-
ital nerve (GON) modulation. These therapies have shown the ability to “break the
waves” of disease activity, providing (temporarily) relief for patients and enabling
clinicians to help patients navigate their “waves”.

Overview of current treatment options

Treatment of cluster headache entails acute, prophylactic and transitional (tempo-
rary) treatment. Acute medication focuses on rapid suppression of individual at-
tacks, - usually with sumatriptan (3/6 mg subcutaneous or 20 mg nasal) or pure ox-
ygen inhalation (100% 12L/min).8&8° Sumatriptan is a selective 5-hydroxytryptamine
(5HT1B/1D) receptor agonist. Subcutaneous use is generally preferred due the its
rapid abortive efficacy in comparison to the nasal formulation. A subcutaneous dose
results in pain relief within 15 minutes in 75% of patients.” However, the nasal formu-
lation may be considered for patients experiencing longer-lasting attacks. High-flow
oxygen is usually administered via a nonrebreather mask for 15 minutes as soon as
possible after attack onset resulting in complete pain relief in 54-78% of patients.®
Nevertheless, even when quickly managed, the high frequency, unpredictability, and
pain-intensity of attacks cause profound disruptions in patients’ lives. Therefore, the
corner stone of cluster headache management is formed by preventative and transi-
tional medication that aim to reduce the number of attacks.?”%*

Current guidelines included various options for preventative and transitional ther-

apies, based upon different evidence-levels.”” First-line preventative treatment is
formed by verapamil, lithium and topiramate. Other oral medication that can be
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considered are: sodium valproate, gabapentin, melatonin, pizotifen and frovatriptan.
Verapamil is the first choice preventative medication for both episodic and chronic
cluster headache.”” While it can be used long-term, verapamil is often ceased due
to side effects or reduced efficacy over time."”” Topiramate has not been tested in
placebo-controlled trials, but was effective in open label and case studies when tol-
erated.”” When tolerated, lithium can be an effective preventative, but its side-effects
often outweigh the benefits and it cannot be combined with verapamil or topiramate,
due to increased toxicity risk.

The physician and patient collaborate to find the optimal balance between treatment
efficacy, side effects, and quality of life. While the main goal is attack freedom, this
is often impossible, especially in chronic cluster headache. In 10-20% prophylactics
are not effective. Those patients have refractory chronic cluster headache.®® These
patients are more likely to experiment with alternative treatments, including illicit
drugs.®® In the Netherlands patients with MICCH also qualify for reimbursed invasive
therapies, such as occipital nerve stimulation (ONS).

Corticosteroids can be applied as transitional treatment, using it as additive or bridg-
ing therapy, e.g. during “peak” disease activity or while titrating other preventative
medication to an effective dosage.”” Corticosteroids can be administered orally, or
as a nerve block through infiltration around the greater occipital nerve (GON). High
dose oral corticosteroids (starting at 60-100 mg and gradually tapered) are used as
a “last resort” temporary option, often resulting in short-lasting remission during the
weeks with a higher dosage before attacks usually recur below a daily dosage of 30
mg.

Modulation of the greater occipital nerve (GON)

Modulation of the greater occipital nerve (GON) can effectively alleviate cluster
headache. Two main approaches are used to target the GON: subcutaneous infiltra-
tion (GON infiltration) and occipital nerve stimulation (ONS). The following section
provides a more detailed exploration of their mechanisms, clinical application, and
supporting evidence.

GON infiltration

Local injection of steroids around the GON exists as interventional treatment for
chronic local neuropathic pain since the 1960’s. Since the 1980’s its first promising
results were reported as treatment for cluster headache.®”- *® The Greater Occipital
Nerve (GON) is a sensory nerve that originates from the C2 dorsal ramus and pro-
vides sensation to the posterior scalp, extending from the occipital region to the ver-
tex of the head (Figure 7). It passes between the semispinalis capitis and trapezius
muscles before emerging just inferior to the superior nuchal line, where it becomes
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more superficial. Infiltration of the GON is done by injecting corticosteroids on 1/3
of the line between the occipital protuberance and the mastoid process (Figure 8).
Which corticosteroid is used depends on the hospital, but most commonly 80 mg of
methylprednisolone is injected optionally with lidocaine.

The mechanism of action of GON infiltration in cluster headache remains enigmatic.
People with cluster headache often experience tenderness in the neck in the region
of the occipital nerve before the pain transgresses toward the peri-orbital region (V1
branch of the trigeminal nerve).*® % This phenomenon could be explained by “re-
ferred pain” originating from the conjunction of afferent nerve endings of the trigem-
inal nerve and greater occipital nerve in the trigeminal cervical complex.’"'% There-
fore, it is hypothesized that GON infiltration affects trigeminal transmission within
the trigeminal cervical complex, resulting in changes in cluster headache symptoms.

An injection of steroids — with or without a local anaesthetic — around the great-
er occipital nerve (GON) can reduce the number of attacks or even lead to attack
freedom.’%+"2 However, as highlighted in recent meta-analyses,'® ''* this was
demonstrated only in open-label studies and two small trials,®""" in a mixed study
population of episodic and chronic cluster headache.% 198109111 Moreover, many pa-
tients were using different forms and doses of prophylactic co-medications and/or
received the GON-injection at a non-standardised time-point, sometimes weeks after
the onset of a cluster episode.'%%10.112 Degpite its good tolerability and rapid efficacy,
GON infiltration was, until recently, not included in standard treatment protocols and
was primarily used in specialized headache clinics. In recent years, however, its use
has increased, supported by growing evidence of safety and efficacy. This has led
to the inclusion of GON infiltration (with a corticosteroid and sometimes a local an-
esthetic) in the European Academy of Neurology treatment guidelines.'”110.112.115,116

Occipital nerve stimulation

A more invasive approach to modulate the GON is occipital nerve stimulation (ONS),
in which the GON is modulated via electrical impulses through implanted electrodes
(Figure 7). A randomized-, double-blind study demonstrated a significant reduction
in attack frequency and severity, and a long-term follow-up of these participants
showed sustained efficacy up till years.""” 3" Based on these findings, since 2020,
Dutch patients with refractory chronic cluster headache have been eligible for reim-
bursement of ONS.
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Figure 7. Neuroanatomical pathways that are used for neuromodulation.

A syringe depicts neuromodulation via injection and a lightning bolt depicts nerves that can be stimulated
with electronic stimulation. GON: greater occipital nerve, NTS: nucleus tractus solitarius, SCN: suprachias-
matic nucleus, SSN: superior salivatory nucleus, TCC: trigeminocervical complex, TG: trigeminal ganglion

on
uberantia

occipitalis externa

Figure 8. Injection location of GON infiltration.

Infiltration of the GON is done by injecting corticosteroids on 1/3 of the line between the occipital protuber-
ance and the mastoid process.
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AIMS AND OUTLINE OF THIS THESIS

In this thesis various studies on clinical aspects and treatment of cluster headache
are discussed. The overarching aim of these studies was to improve the ability of pa-
tients, physicians and researchers to navigate the waves of cluster headache. Man-
aging cluster headache is challenging due it’s fluctuating “waves” of disease activity.
This results in turbulent storms of cluster headache interspersed with calmer inter-
vals of remission. These waves create constant challenges for patients, physicians
and researchers. First of all, patients struggle to maintain daily functioning while
facing unpredictable and highly disruptive and painful attacks. Physicians strive to
support them, by tailoring treatment strategies to a fluctuating and difficult-to-treat
disease process. Finally, researchers seek to uncover insights that may advance the
understanding of cluster headache, but face the difficulty of capturing and interpret-
ing findings against the backdrop of an elusive dynamic natural disease course.

To guide the reader, the different aspects of navigating the waves of cluster head-
ache, are divided into two themes: exploring the waves and breaking the waves.

Part | of this thesis aims to explore the waves to gain better understanding of clus-
ter headache. Exploration is done by examining the patterns of the waves and their
“shapers”: phenotypical features, thought to act as key components of the cluster
headache pathophysiology. In this part various clinical aspects of cluster headache
are discussed, such as the natural course, patient characteristics and the quality of
life (Chapter 2-6) .

Part Il of this thesis aims to evaluate breaking the waves. Here, ‘breaking the waves’
serves as a metaphor for therapeutic interventions aimed at reducing the inten-
sity and frequency of cluster headache attacks. It discusses different aspects of
GON modulation, with a focus on GON infiltration as treatment in cluster headache
(Chapters 7-8).

Part | — Exploring the waves - Clinical aspects of cluster headache

To capture the natural patterns of the waves, Chapter 2 explores the natural course
of cluster headache, with a focus on prolonged remission. Chapter 3 then zooms
in on one of the shapers: illicit drugs, reporting the prevalence and effect in cluster
headache. Building on this, Chapter 4 examines a potential explanation for increased
substance use by examining whether individuals with cluster headache display more
risk seeking behaviour than those without. Chapter 5 focusses on another shap-
er, hormones, by comparing (sex) hormone levels between males with and without
cluster headache. Finally, the exploration of the waves concludes by investigating
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their impact on patients: Chapter 6 and 7 discuss the validation and implementation
of the Cluster Headache Quality of Life (CHQ) to gain a better understanding of QoL
in Cluster headache.

Part Il - Breaking the waves — GON modulation in Cluster headache

Chapter 8 reports the intriguing observation that GON infiltration can trigger a side-
shift of attacks in some patients, offering a hypothesis for the potential underlying
mechanism of GON infiltration and side-shifts. Building on this, Chapter 9 investi-
gates the mechanism of action of GON infiltration by examining changes in the blink
reflex, providing insight into how this treatment may modulate the neural circuits
that drive the waves of cluster headache.

Cluster headache
Cluster-threshold

Remission

Figure 9. Thematic visualisation of the waves of cluster headache.

Visualusation of the fluctuating disease ativity of cluster headache, as suggested by the threshold hypothe-
sis: Disease activity above threshold manifests as cluster headache and below as remission.
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