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Abstract — Cluster headache is a pain syndrome characterized by severe, unilateral and predominantly orbital pain which
lasts 15 - 180 minutes. It is accompanied by a range of ipsilateral autonomic symptomes, such as lacrimation, rhinorrhoea
and myosis. Cluster headaches can be episodic with periods of remission or chronic. Even though it is a relatively rare
condition, the excruciating pain causes significant disruption of patients’ daily life. The pathophysiology behind cluster
headaches is complex and despite making significant progress, the pathogenetic cascade of events hasn’t been entirely
elucidated yet. However, research into this subject has discovered brain structures, peripheral pathways and neuropep-
tides which have key roles in pathogenesis. The basis of diagnosing cluster headaches is a detailed patient history and the
exclusion of other primary headaches and potential secondary causes. Sex differences in clinical presentation need to be
taken into consideration in order to avoid misdiagnosis. Treatment options are divided into three categories: acute, tran-
sitional and prophylactic treatment. Although there are a lot of treatment modalities available, further research is nec-
essary in order to find new therapeutic targets and more effective prophylaxis, especially for chronic cluster headache.
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stones [4]. The pain is accompanied by ipsilat-
eral autonomic symptoms, such as lacrimation,
myosis, nasal congestion and sweating, as well
as restlessness and agitation [1].

The prevalence of cluster headache is fairly
low and estimates vary from a 0.1 % to 0.3 %
lifetime prevalence, with regional differences
throughout the world [2,5,6]. Cluster head-
aches are more common in men, with the male

Introduction

Cluster headache is a type of trigeminal
autonomic cephalalgia (TAC) which is char-
acterized by attacks of severe, unilateral pain,
predominantly localized in the orbital, supra-
orbital or temporal area [1]. These attacks can
last from 15 minutes up to three hours, and the
severity of the pain causes significant disabil-
ity in patients’ daily functioning [2,3]. In fact,

an attack of cluster headache has often been
described as the worst pain imaginable, more
painful than childbirth, pancreatitis or kidney
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to female ratio ranging from 2.5: 1 to 4.3 : 1
[7,8]. This ratio has decreased over the years,
possibly due to a better application of diag-
nostic criteria, thereby reducing the possibility
of misdiagnosing cluster headaches as other
headache disorders in women [9-11]. Average
age at onset is 20 - 40 years, but the first at-
tack can occur eatlier or later in life [1,9,12,13].
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Men predominantly report their first clus-
ter headache between the ages of 21 and 30,
while women have two peaks of incidence: in
the second decade of life and around the age
of 50 [10,14,15]. Possible risk factors include
smoking, genetics and previous head trauma
[16,17].

In this review, we aim to summarize the
main clinical features of cluster headaches (in-
cluding sex differences in presentation), pos-
sible pathophysiological processes behind the
illness and current treatment options.

Pathophysiology

The pathophysiological processes under-
lying cluster headache are complex and still
not entirely elucidated. The current theories
explaining the cascade of events that triggers
a cluster attack include the involvement of
structures of the central nervous system, such
as the hypothalamus, peripheral structures,
such as the trigeminal nerve and cranial blood
vessels, and neuropeptides [9,17].

Key components and pathways

The trigeminal nerve has a prominent role
in the pathophysiology of cluster headache.
The activation of nociceptive processes of
its first branch, the ophthalmic nerve, results
in ipsilateral pain, but also produces a reflex
parasympathetic response [17,18]. This is a re-
sult of triggering two key nervous pathways:
the trigeminovascular pathway and trigeminal
autonomic reflex [9,17,19]. The centre of the
trigeminovascular pathway is in the trigeminal
ganglion, where the bodies of pseudounipolar
sensory neurons are located [20]. These neu-
rons supply afferent fibres towards cerebral
and meningeal vasculature, while the fibres
leading to the midbrain synapse in the trigemi-
nocervical complex (TCC), comprised of the
caudal part of the spinal trigeminal nucleus
and the dorsal horns of the C1 and C2 spinal
nerves [19,21]. The stimulated afferents from
meningeal blood vessels transfer nociceptive
signals via pseudo unipolar neurons towards

the TCC [19]. The projections from the TCC
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lead towards the thalamus and subsequently to
higher cortical structures, such as the frontal
cortex and insulae, which participate in pain
processing [9,19]. As a result, this signal is
perceived as a headache [19]. The TCC also
participates in the parasympathetic portion of
symptoms by acting as the relay point, transfer-
ring the signal coming from trigeminal nerve
endings towards the superior salivatory nucle-
us (SSN) [9,17,19]. The parasympathetic fibres
from the SSN synapse in the sphenopalatine
ganglion (SPG) via the facial nerve, and then
finally end in target organs [9,19]. Thus, the
signal that started as trigeminal irritation elicits
a parasympathetic response and causes symp-
toms such as rhinorrhoea and lactimation, as
well as cerebral vasodilation [9,17,19,22]. Fur-
thermore, the vasodilatory effects of this re-
flex pathway cause further trigeminal irrita-
tion, perpetuating the cycle of painful stimuli
and further increasing parasympathetic activ-
ity via the SPG [22,23]. A double-blind, ran-
domized cross-over study demonstrated that
stimulating the SPG provokes cluster-like at-
tacks, which points to its importance in clus-
ter pathophysiology [24]. SPG stimulation also
causes a rise in sympathetic tonus directly pre-
ceding a cluster attack, while the attack itself is
characterized by parasympathetic overactivity
[25].

The transfer of impulses between different
components of the trigeminovascular path-
way and trigeminal autonomic reflexes are
mediated by numerous neuropeptides, such as
calcitonin gene-related peptide (CGRP), pitu-
itary adenylate cyclase-activating polypeptide
38 (PACAP-38) and vasoactive intestinal poly-
peptide (VIP) [17]. CGRP is one of the most
widely researched and targeted neuropeptides
in the pathogenetic cascade of cluster head-
aches. CGRP levels are elevated in plasma
samples of patients during acute attacks and
decrease once the attack stops [26,27]. How-
ever, CGRP levels in chronic cluster headache
patients are significantly lower than those with
episodic cluster headache [28]. Exogenous
CGRP can cause cluster headache in patients
who are currently in a cluster bout or in chron-
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ic cluster headache patients who have recent-
ly had an attack, but not in those who are in
remission [29]. PACAP-38 is a neuropeptide
found in the trigeminal ganglion, the SPG and
the SSN [9,19]. Similarly to CGRP, PACAP-38
levels are elevated in acute cluster attacks, nor-
malize between bouts and are lower in chronic
cluster headache patients [26,28]. In addition,
intravenous PACAP-38 application has been
shown to increase CGRP release in animal
models [30]. VIP may also play a role in clus-
ter pathogenesis, as demonstrated by a study
where increased levels of this neuropeptide
were found during an acute attack [26].

The cyclic nature of cluster headache
points to the hypothalamus as a possible cul-
prit in the pathogenetic process, mainly due to
its role in circadian rhythmicity [17,19]. Fur-
thermore, the hypothalamus participates in
neuroendocrine balance, autonomic nervous
system regulation and trigeminal nociception,
all of which are affected in cluster headache
[19]. The most recent evidence for hypotha-
lamic involvement comes from neuroimaging
studies, where the ipsilateral posterior hypo-
thalamus was found to be active during acute
attacks [31]. A PET study which investigated
hypothalamic activation in and out of bouts
showed that activation happened only in a clus-
ter period [32]. Another study which used vox-
el-based magnetic resonance imaging (MRI)
demonstrated significantly increased density
and volume of grey matter in the posterior hy-
pothalamus compared to healthy controls [33].
Another key hypothalamic structure is the su-
prachiasmatic nucleus (SCN), which regulates
the circadian rhythm [19,34]. The amount of
light which stimulates the retinohypothalam-
ic tract affects the activation level of neurons
within the SCN, which then determines the
amount of melatonin secreted by the pineal
gland [19,35,36]. Studies have shown that pa-
tients with cluster headache have lower levels
of melatonin when compared to healthy con-
trols [17,37-39]. Additionally, some patients
have disturbances in hormones regulated by
the hypothalamus, such as increased secretion
of cortisol, altered rhythmicity of prolactin se-
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cretion and reduced response to thyrotropin
releasing hormone [9,17,39].

Neuroimaging studies have also shown in-
creased activity and changes in higher cortical
areas. One PET study demonstrated increased
glucose metabolism in the prefrontal and an-
terior cingulate cortices, as well as in the in-
sulae and temporal cortex, during a cluster
bout, while there were no changes during out-
of-bout periods [40]. Furthermore, a voxel-
based study showed a reduction in grey matter
volume in the middle frontal, medial frontal
and left superior gyri during cluster periods, in
comparison with healthy controls [41].

Sex-specific hormonal variations

Physiological shifts of female sex hor-
mones seem to affect cluster headache sever-
ity and frequency in different ways [11,13,14].
In a study by Allena and associates 61 % of
female patients reported that their first attack
of cluster headache occurred around a peri-
od of hormonal fluctuation, i.e. at menarche,
post-partum, menopause or while taking hor-
monal birth control [11]. Only a minority of
women report worsening or improvement in
their headaches during menses or menopause,
while most women experience either a signifi-
cant improvement or no change at all during
pregnancy [13,14]. Cluster headaches in men
are also susceptible to hormonal shifts, exem-
plified by lower levels of serum testosterone
during cluster bouts [42].

Genetic predisposition

There are some indications that genetic
factors may have an important role in patho-
genesis of cluster headaches [9]. In some fami-
lies cluster headaches are more common and
appear in every generation, which might sug-
gest an autosomal dominant inheritance pat-
tern in some cases of cluster headache [6]. In
fact, it is speculated that around 5 % of cluster
headaches are autosomal dominant [1]. Vari-
ous genes have been suggested as the poten-
tial culprits in cluster headache pathogenesis
(CACNA1A, MTHFR, CLOCK, HCRTR2,
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ADH4, NOS1, CRY1 etc.), but the results of
genetic studies were either negative or haven’t
been conclusively replicated [43-45]. A few ge-
nome-wide association studies (GWAS) have
also been conducted in order to link single-nu-
cleotide polymorphisms (SNPs) to susceptibil-
ity to cluster headaches. Some of those studies
have yielded statistically significant results, but
the findings haven’t been confirmed in similar

studies [43,46,47].
Diagnosis

Clinical presentation

Cluster headaches are characterized by se-
vere, even excruciating, unilateral pain [1].
This sharp or pulsating pain can be so severe
that patients often pace around the room or
even hit themselves [14,18]. The localization
is mostly retro-orbital (around 90 %) and/or
temporal (around 70 %), but pain can origi-
nate in or spread to other locations (maxilla,
forehead, cheek, occiput) [13,48]. The pain is
unilateral in almost all cases, though a small
proportion of patients report bilateral head-
aches as well [12,48]. The right side is slightly
(50 - 60 %) more affected than the left, and the
side of the attack tends to remain unchanged
during a bout [12,13,48]. Aside from pain, clin-
ical presentation includes one or more accom-
panying autonomic symptoms, which present
on the same side as the headache: conjunctival
injection and/or lacrimation (most common),
nasal congestion and/or rhinorrhoea, eyelid
oedema, forehead and facial sweating, and
myosis and/or ptosis [1,13,48]. Another fre-
quent symptom is a general feeling of restless-
ness, or even agitation, during an attack [1,19].
Some patients may experience photophobia,
phonophobia, nausea or even aura, which can
potentially lead to a misdiagnosis as migraine
[9,49].

Attacks typically start and cease abruptly,
with a duration from 15 minutes to 3 hours
and a frequency of up to 8 times a day [1,49].
Most patients report a circadian and/or circ-
annual rhythmicity of their attacks [17]. At-

Archives of Psychiatry Research 2023;59:75-86

tacks occur predominantly at fixed times dur-
ing the night and/or soon after falling asleep
[13,17,49]. Spring and autumn are the times of
year when most headache cycles (bouts) occur
[9,13,17,49]. These attack cycles are the funda-
mental characteristic of episodic cluster head-
aches. They can span months or even years and
are separated by a remission period of at least
3 months [1,17]. On the other hand, chronic
cluster headaches have very short or no remis-
sion periods at all, but may retain circannual
rhythmicity [1,49]. Cluster headache attacks
primarily occur unprovoked, but can also be
caused by triggers. The most common triggers
are alcohol (particularly beer and wine), his-
tamine, nitro-glycerine, strong smells, stress,
sleep and changes in temperature [18,48,49].

Sex differences

Bearing in mind the complexity of the
pathophysiology of cluster headache, it is not
surprising that there are sex differences in
clinical presentation. Pain intensity is generally
identical, but women seem to have a higher
daily attack frequency than men [14]. It is not
clear whether the duration of an untreated at-
tack is longer in women or men [11,15]. Pain
location also differs between sexes, with wom-
en having a more diffuse pain distribution to-
wards the jaw, zygomatic area and ear [11,14].
Several studies have pointed to differences in
associated symptoms—men are generally more
likely to have cranial autonomic symptoms,
while migraine-like features appear more fre-
quently in women, but this distinction hasn’t
been consistently proven [14]. Several stud-
ies report that lacrimation and facial sweating
are more frequent in men, while ptosis, nasal
congestion and nausea are more frequently
found in women [10,11,14,15]. However, the
frequency of individual symptoms differs be-
tween studies and is inconsistent. Aura symp-
toms may be present in both sexes, with a
significant difference in type: visual auras are
more common in men, while women are mote
likely to have language and brainstem auras
[14].
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Alcohol is a trigger in both sexes, more fre-
quently so in men [14,15]. A history of ciga-
rette smoking is more prevalent in men, but
one survey demonstrated a similar level of
exposure to second-hand smoke during child-
hood in both sexes, possibly pointing to the
role of eatly exposure to cigarette smoke in
cluster pathogenesis [14,15]. As for family his-
tory, some studies report that women are more
likely to have an affected family member [14],
while others have shown no conclusive differ-
ence between sexes [11]. However, there is a
consistently more prevalent family history of
migraine in women than men [11,13,14].

Diagnostic algorithm

According to the 3™ edition of the Inter-
national Classification of Headache Disorders
(ICHD-3) of the International Headache So-
ciety (IHS), if a patient has had at least 5 at-
tacks that fit the diagnostic criteria listed in
Table 1, they can be diagnosed with cluster
headache. Furthermore, determining whether

Table 1.
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a patient is suffering from episodic or chronic
cluster headache is based on the existence and
length of remission [1]. The diagnostic criteria
all rely on subjective patient reports, which is
why thorough history taking is the key to diag-
nosis. Additionally, secondary causes of head-
aches, such as those related to cerebrovascu-
lar disease, intracranial tumours and trauma,
must be excluded before a definitive diagnosis
is made [9]. The European Headache Federa-
tion (EHF) recommends the following inves-
tigative studies: brain MRI, ultrasound of the
carotid and vertebral arteries and/or magnetic
resonance angiography (MRA), pituitary func-
tion studies, and in some cases polysomnog-

raphy [50].

Differential diagnosis

The majority of differential diagnoses are
other primary headaches. Due to the similar-
ity in presentation, cluster headaches might be
misdiagnosed as other types of TACs. How-
ever, that can be avoided by inquiring about

ICHD-3 diagnostic criteria for cluster headache

Cluster headache

* At least five attacks fulfilling the following criteria:

e Sevete to very severe unilateral orbital, supraorbital and/or temporal pain that lasts 15 - 180 minutes when

left untreated
* One or both of the following:

— atleast one of the following, ipsilateral to the headache: conjunctival injection and/or lactimation, nasal

— congestion and/or thinorrhoea, eyelid oedema, forehead and facial sweating, myosis and/or ptosis

e A sense of restlessness or agitation

* Occurring with a frequency between once every other day and eight times per day
* Cannot be better accounted for by another ICHD-3 diagnosis.

Episodic cluster headache

* Attacks fulfilling criteria for cluster headache and occurring in bouts

* At least two bouts lasting from 7 days to one year when untreated, separated by remission periods of = 3

months

Chronic cluster headache

* Attacks fulfilling criteria for cluster headache

* Occurring without a remission period or with remissions lasting < 3 months, for at least one year

ICHD-3 — International Classification of Headache Disorders, third edition [1]

Cluster Headache
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the frequency and length of the attacks, as well
as testing if the pain responds to indometha-
cin [9]. Trigeminal neuralgia can be a poten-
tial differential diagnosis, but it can also occur
concurrently with cluster headache, which is a
clinical entity known as cluster-tic syndrome
[1,18]. Moreover, cluster headaches are often
mistaken for migraines, particularly in patients
who report auras, photophobia and/or pho-
nophobia [9,18]. Women are more frequently
misdiagnosed and are more likely to have a
diagnostic delay than men [10,14]. Secondary
causes must also be excluded using appropri-
ate imaging and investigative methods, as stat-
ed in section Diagnostic algorithm [50,51].

Treatment

Acute treatment

Subcutaneous sumatriptan is considered to
be the one of the most effective drugs in the
treatment of acute cluster attacks, with a lev-
el A recommendation in both the American
Headache Society (AHS) and the FEuropean
Federation of Neurological Societies (EFNS)
guidelines [19,52,53]. A randomized, double-
blind, placebo-controlled study of sumatriptan
6 mg from 1991 demonstrated a decrease in
severity in 74 % of participants’ attacks within
15 minutes of treatment, compared to only 26
% in those receiving placebo [54]. The recom-
mended dose of subcutaneous sumatriptan
is 6 mg up to twice daily at any point during
an attack [9,19]. Although a dose-comparison
study by Ekbom and associates showed that
a dose increase to 12 mg provided 80 % of
patients pain relief after 15 minutes, there was
no significant difference in pain mitigation in
comparison to sumatriptan 6 mg, which is why
a higher one-time dose isn’t recommended
[55]. Sumatriptan is mostly well-tolerated, with
the most frequent adverse effects being injec-
tion site reactions (erythema, swelling, tingling
and burning), neurological manifestations
(dizziness, tiredness, paraesthesia, numbness),
chest pain and nausea/vomiting [54,55]. Due
to its vasoactive effect, sumatriptan is contra-
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indicated in patients with cardiovascular and
cerebrovascular illnesses [9]. Sumatriptan can
also be administered intranasally at a dose of
20 mg [52,53]. A double-blind, placebo-con-
trolled study showed significant efficacy of in-
tranasal sumatriptan over placebo (57 % vs 26
%) after 30 minutes, while the most common
adverse effect was bitter taste [56]. Zolmitrip-
tan is also effective as an acute therapeutic and
is administered orally or intranasally [51-53]. A
study by Cittadini and associates analysed the
pain relief of patients who were given intra-
nasal zolmitriptan, and they were able to dem-
onstrate significant efficacy of zolmitriptan
over placebo at 5 and 10 mg [57]. The recom-
mended dose for intranasal application is 20
mg, while 5 and 10 mg are given both orally
and intranasally [52,53]. The side-effect profile
is similar to that of sumatriptan [47,53].

High-frequency oxygen has been used as
an abortive treatment for cluster headaches
for decades and has the highest level of rec-
ommendation [52,53]. Inhalations of oxygen
at 100 % should be delivered at a rate of 12
1/min for 15 minutes [9]. A 2009 randomized
placebo-controlled study demonstrated signif-
icant efficacy of 100 % oxygen 12 1/min deliv-
ered via a non-rebreather mask in comparison
with air (78 % vs 20 %) after 15 minutes of
treatment, with no significant adverse effects
related to treatment [58]. When comparing
flow rates, Dirkx and associates reported no
significant difference in effect between a lower
rate of 71/min and the standard flow rate, and
noted that 12 1/min should consequently be
used in all patients [59]. The preferred method
of oxygen delivery should be non-rebreather
masks or demand valve oxygen (DVO) masks
where possible [9,60].

Non-invasive vagus nerve stimulation
(nVNS) is a newer type of non-drug acute
treatment for cluster headaches. The non-
invasive nature of the treatment presents an
advantage over more aggressive methods of
nerve stimulation. The device produces a 5
kHz wave burst which lasts about 1 millisec-
ond and repeats every 40 milliseconds [19,61].
The ACT1 study investigated the efficacy

Mahovi¢, Bracic¢



of nVNS in acute attacks in both episodic
and chronic cluster headache. Their findings
showed a significant difference in efficacy be-
tween nVNS and sham stimulation (26.7 % vs
15.1 %), with the episodic cluster group show-
ing a better acute and sustained response to
treatment [61]. In the ACT2 study, there were
no significant differences in efficacy between
nVNS and sham in the total study population.
However, when analysing the episodic cluster
group separately, n'VNS was significantly more
effective (48 % vs 6 %), which indicates that
chronic cluster headache patients are more
resistant to this treatment modality [62]. Ac-
cording to the findings of the PREVA study,
nVNS could have a place in the treatment of
chronic cluster headache as an add-on treat-
ment option, as the addition of nVNS was
more effective in attack frequency reduction
than standard-of-care alone [63,64]. Possible
adverse effects are mostly mild or moderate,
the most frequent being burning or tingling at
the application site, lip or facial drooping and
twitching, dizziness, headache and neck pain
[61,64].

There are several other acute treatments
available, but the evidence for their efficacy
is either inconsistent or lacking, Subcutane-
ous octreotide was shown to be more effec-
tive than placebo in a 2004 randomized trial
[65], but the recommendations for its use atre
still inconsistent (EFNS level B vs AHS lev-
el €) [52,53]. Somatostatin receptor agonists
may also have treatment potential due to the
role of endogenous somatostatin in nocicep-
tion [19]. Ergot alkaloids, predominantly er-
gotamine, are an antiquated method of clus-
ter headache treatment and there is a lack of
randomized studies that would confirm their
effectiveness in acute treatment [9].

Transitional (“bridging”) treatment

Corticosteroids have been used in the treat-
ment of cluster headaches since the 1950s,
with varying success [19], which is reflected in
different recommendation levels (EFNS level
A vs AHS level U) [52,53]. The most com-
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monly used compounds are prednisone and
methylprednisolone. The possible mechanism
of action behind steroid therapy is the disrup-
tion of trigeminal and hypothalamic activation
routes via its effect on CGRP and melatonin
levels [66]. There is a lack of randomized con-
trol trials to prove efficacy, but case series and
observational studies report significant pain
relief and decrease in headache frequency
[67,68]. However, the doses used to treat clus-
ter headache are too high to use as chronic
treatment, considering the various side-effects
of long-term use, which is why steroids should
be applied only as a bridging therapy for 2-3
weeks [9,19].

Steroids can also be used locally as a block-
ing agent, mostly together with lidocaine, in
another type of transitional therapy - great-
er occipital nerve (GON) injection [19,51].
The effect of this treatment lasts around 4
weeks and can be repeated several times after
a 3-month pause [19]. A double-blind, place-
bo-controlled study showed that a significant
portion of the participants (85 %) responded
well to the treatment, while the effect was sus-
tained for at least 4 weeks [69]. A prospective
study by Lambru and associates confirmed the
efficacy and response consistency after multi-
ple GON injections, albeit with a shorter me-
dian response duration (21 days) [70]. A ret-
rospective, comparative study of oral steroids
and GON demonstrated that both therapies
are effective, with oral steroids having a slight
advantage [71]. The possible adverse effects
of GON block are tenderness at injection site,
dizziness and neck stiffness [70].

Prophylactic treatment

The first-line prophylactic treatment for
cluster headaches is verapamil, a calcium
channel blocker which has a level A recom-
mendation [52]. The usual starting dose is 80
mg three times a day, while the maintenance
dose can go up to 320 mg three times per day
[19]. There haven’t been many randomized
trials for this indication, but those that were
conducted showed that verapamil causes a sig-
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nificant reduction in the number of attacks
[72]. In one such study, Leone and associates
reported a significant reduction in both attack
frequency and use of analgesics in compari-
son to placebo [73]. The most frequent side-
effects of verapamil are constipation, leg oe-
dema and headache. Caution is necessary in
patients with cardiovascular disorders, particu-
larly those with arrhythmias [9].

As in other headache disorders, antiepi-
leptic medication is used in cluster headache
prophylaxis. Topiramate has shown promising
results and currently has a level B recommen-
dation [52]. However, the efficacy results are
not consistent and are based largely on open-
label studies with a small sample size [74-706].
Other proscribed antiepileptic medications in-
clude valproate and gabapentin [9].

The discovery of the role of the hypothal-
amus in pathophysiologic processes behind
cluster headache has opened the door for mel-
atonin as a preventive therapeutic. The cur-
rent evidence for the use of melatonin is not
particularly solid (level C) [52,53]. One dou-
ble-blind study demonstrated a significant re-
duction in headache frequency versus placebo
[77], whereas another, newer study, showed no
difference in endpoints at all [78]. The safety
profile is favourable, with very few mild ad-
verse effects [19].

As we have stated previously, CGRP is
another key component in the pathophysiol-
ogy of cluster headaches, which is why CGRP
monoclonal antibodies (mAbs) can be used as
a prophylactic option. A placebo-controlled
trial from 2019 established the basis for the
use of galcanezumab 300 mg in episodic clus-
ter headache by demonstrating a significant re-
duction in weekly attack frequency in compari-
son to placebo (a difference of 3.5 attacks/
week). The adverse effects were mild to mod-
erate, mostly injection-site pain and nasophar-
yngitis [79]. These results were supported by
the results of a post-hoc analysis of a Phase
3 randomized study, which showed both a sig-
nificant reduction in attack frequency and in
acute medication use [80]. However, the same
efficacy endpoints haven’t been reproduced
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in the population of chronic cluster headache
patients [81]. A newer CGRP mAb, freman-
ezumab, hasn’t been proven to be effective in
the therapy of cluster headache [51].

Lithium and methysergide are two prophy-
lactic options that have been used for decades,
but have few well-designed studies to back
up their efficacy [19,52,53]. Ultimately, even
though lithium or methysergide might be ef-
fective in some patients, both have a signifi-
cantly worse safety profile than equally effec-
tive treatment [82-84].

Sphenopalatine ganglion (SPG) stimulation
is an invasive method of preventive treatment
which uses a pulse generator as a stimulator.
The micro stimulator itself requires implanta-
tion and is attached to a zygomatic arch, while
the remote control unit is external [19]. A dou-
ble-blind sham-controlled study demonstrated
significant efficacy in pain relief 15 minutes
after starting treatment when compared to
sham stimulation (62.46 % vs 38.87 %). The
most common adverse effects were numbness,
swelling, headache, paraesthesia and trismus,
while all the serious adverse events were re-
lated to the implantation procedure itself [85].
In terms of long-term efficacy, a follow-up
study of the Pathway CH-1 study showed that
SPG stimulation provided periods of com-
plete remission in 30 % of participants and a
significant improvement in disability measure-
ments and preventive medication use [86]. In
fact, the results of some long-term studies
point to SPG stimulation as an effective pre-
ventive treatment in chronic cluster headache,
but more data is still necessary for definitive
conclusions [87].

Deep brain stimulation (DBS), predomi-
nantly of hypothalamic and some midbrain
structures, has been used as a last resort treat-
ment in drug-resistant chronic cluster head-
aches [19]. Even though the results of some
smaller-scale studies suggest DBS could be ef-
fective in this difficult-to treat population [88],
the results haven’t been consistent [89]. Fur-
thermore, the invasiveness of the procedure
brings forth the possibility of serious adverse
events, such as infections, loss of conscious-
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ness and even fatal cerebral haemorrhage,
which is why this treatment modality is avoid-
ed if there are other options [19,89,90].

Conclusion

Despite being the most common TAC,
cluster headache is still a fairly uncommon ill-
ness. However, the severity of the pain and
the significant disability it produces warrants
a continuing investigation into possible new
treatment targets and therapeutic modalities.
The diagnostic delay is still significant, espe-
cially in women. There have been some en-
couraging developments with the introduction
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