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Abstract: Trigeminal autonomic cephalalgias (TACs) are a group of primary headaches including 
cluster headache (CH), paroxysmal hemicrania (PH) and short-lasting unilateral neuralgiform headache 
with conjunctival injection and tearing (SUNCT). Another form, hemicrania continua (HC), is also 
included this group due to its clinical and pathophysiological similarities. CH is the most common of 
these syndromes, the others being infrequent in the general population. The pathophysiology of the 
TACs has been partly elucidated by a number of recent neuroimaging studies, which implicate brain 
regions associated with nociception (pain matrix). In addition, the hypothalamic activation observed in 
the course of TAC attacks and the observed efficacy of hypothalamic neurostimulation in CH patients suggest that the 
hypothalamus is another key structure. Hypothalamic activation may indeed be involved in attack initiation, but it may 
also lead to a condition of central facilitation underlying the recurrence of pain episodes. The TACs share many 
pathophysiological features, but are characterised by differences in attack duration and frequency, and to some extent 
treatment response. Although alternative strategies for the TACs, especially CH, are now emerging (such as 
neurostimulation techniques), this review focuses on the available pharmacological treatments complying with the most 
recent guidelines. We discuss the clinical efficacy and tolerability of the currently used drugs. Due to the low frequency of 
most TACs, few randomised controlled trials have been conducted. The therapies of choice in CH continue to be the 
triptans and oxygen for acute treatment, and verapamil and lithium for prevention, but promising results have recently 
been obtained with novel modes of administration of the triptans and other agents, and several other treatments are 
currently under study. Indomethacin is extremely effective in PH and HC, while antiepileptic drugs (especially 
lamotrigine) appear to be increasingly useful in SUNCT. We highlight the need for appropriate studies investigating 
treatments for these rare, but lifelong and disabling conditions. 
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INTRODUCTION 

 The trigeminal autonomic cephalalgias (TACs) are a 
group of primary headaches characterised by unilateral pain 
associated with ipsilateral cranial autonomic features, such 
as conjunctival injection, lacrimation and nasal symptoms  
[1, 2]. According to the International Classification of 
Headache Disorders, 3rd edition, beta version (ICHD-IIIbeta) 
[3], this group includes cluster headache (CH), paroxysmal 
hemicrania (PH), short-lasting unilateral neuralgiform 
headache with conjunctival injection and tearing (SUNCT), 
short-lasting unilateral neuralgiform headache with cranial 
autonomic features (SUNA). Recently, hemicrania continua 
(HC), another form of primary headache [4] has been grouped 
with the TACs due to its clinical and pathophysiological 
features that are very similar to those of the above-mentioned 
forms. Neuroimaging, neuroendocrine, neurochemical and 
neuropharmacological findings have considerably increased 
understanding of the TACs in recent years. CH is the most 
frequent TAC; the others are uncommon, even in  
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specialist centres [1]. CH has a mean prevalence of 0.1% in 
the general population [5] and it shows a clear male 
predominance [6], with a male/female ratio ranging from 
2.5:1 to 7.1:1 [7, 8]. The lifetime incidence of CH, reported 
in a recent meta-analysis, was 124 per 100,000 and the one-
year incidence was 53 per 100,000 [9]. Both PH and SUNCT 
have a reported prevalence of 0.5 per 1000 [6], although the 
true rate could actually be higher as these forms are 
frequently misdiagnosed as trigeminal neuralgia or CH. 
Paroxysmal hemicrania has been long considered a female 
problem, although a recent study failed to confirm this [10]. 
There is no available information about the prevalence of 
HC and SUNCT/SUNA, but these forms are rare: only 
several hundred cases have been reported in total. CH may 
have a genetic basis, but the mode of transmission appears to 
be variable and the degree of penetrance is unclear [11-13]. 
No specific genes have yet been clearly associated with this 
disorder [14]. There is no evidence of a genetic component 
in PH, SUNCT or HC. 

 The TACs share several common features, but differ in 
attack frequency and duration, as well as in response to 
treatments. All these forms are characterised by predominantly 
severe, sometimes excruciating, pain, which can lead to high 
disability and a poor quality of life [15]. In the TACs, as in 
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other, more common, primary headaches (i.e. migraine and 
tension-type headache), the aim of treatment is twofold: to 
eliminate acute pain using symptomatic drugs, and to 
prevent pain (i.e. reduce the frequency and intensity of 
attacks) using prophylactic drugs. Several neurostimulation 
techniques have been developed for some of these forms, 
especially CH [16]. We discuss these briefly, even though 
they are outside the scope of this paper. In this review, we 
outline the clinical features and pathophysiology of the 
TACs. We then look at the pharmacological strategies, both 
traditional and new, used in these conditions. 

CLINICAL FEATURES OF THE TRIGEMINAL 
AUTONOMIC CEPHALALGIAS 

 CH is characterised by severe or unbearable unilateral 
pain, typically in the retro-orbital and frontotemporal areas, 
associated with ipsilateral symptoms and signs of cranial 
autonomic dysfunction, i.e. conjunctival injection, tearing, 
eyelid oedema, miosis, ptosis, nasal congestion, rhinorrhoea 
and facial sweating. Patients also typically feel restless and 
agitated during CH attacks. The pain in CH is generally 
considered more severe than any other form of primary 
headache pain, as well as one of the most disabling pains a 
human can experience. The attacks last 15 to 180 minutes, 
and show a characteristic circadian periodicity. Patients may 
have up to eight attacks per day. CH is so called because the 
attacks tend to occur in clusters or bouts of varying duration. 
In the subtype known as episodic CH (ECH), bouts, or 
cluster periods, last 7-365 days and are separated by pain-
free remission periods of more than one month; in chronic 
CH (CCH), they recur over a period of more than one year 
without remission periods or with remission periods lasting 
less than one month [3]. Even though most CH attacks are 
spontaneous, some may be triggered by alcohol intake, 
especially during cluster periods. Attacks can also be 
triggered by volatile substances, such as solvents and oil-
based paints, and by nitroglycerin (NTG), acting as nitric 
oxide (NO) donors [17,18]. A higher frequency of attacks 
has been observed during sleep, particularly the first REM 
sleep [19, 20]. CH is diagnosed clinically on the basis of the 
current criteria [3], but its features explain why there is often 
a considerable diagnostic delay; the condition can initially go 
unrecognised or be misdiagnosed as migraine or sinusitis. 

 Paroxysmal hemicrania (PH) is characterised by 
relatively short-lasting attacks (2-30 minutes) of very severe 
unilateral pain in the retro-orbital or frontotemporal regions. 
The pain may also radiate to the neck or ipsilateral shoulder, 
and usually has an abrupt onset and cessation. Most PH 
attacks are spontaneous, although they can be triggered by 
rotating the neck or flexing the head to the headache side, or 
by pressing on the transverse processes of C4-C5, the C2 root, 
or the great occipital nerve (GON). Mild residual pain may 
persist between attacks, and interparoxysmal allodynia and 
hyperalgesia have been observed in patients who had a 
personal or a family history of migraine [10]. Attacks occur 
with a frequency of between 5 per day to more than half of 
the time, but do not show a clear circadian rhythm. The most 
common autonomic symptoms associated with PH attacks 
are tearing and nasal congestion, followed by conjunctival 
injection and rhinorrhoea. The symptoms typically respond 
to indomethacin [21]. About 20% of patients have episodic 

PH (EPH), in which periods (lasting at least a week) of 
recurrent attacks are followed by remission periods (lasting 
at least a month). Most patients (80%) have chronic PH 
(CPH); in this form attacks recur fora year without 
remissions, or with remissions lasting less than a month.  

 As previously mentioned, the TACs and HC share many 
common features [4, 22]. Like migraine and PH, HC is 
predominant in females. HC is characterised by continuous 
head pain with superimposed exacerbations of the pain. 
These exacerbations occur with varying frequency, ranging 
from many times per week to few times per month. The 
continuous pain, located in the temporal or periorbital area, 
is mild or moderate in intensity, with no headache-related 
disability. It is often unilateral, even though cases of side-
switching pain [23] and bilateral pain [24] have been 
reported. Absolute response to indomethacin is a mandatory 
diagnostic feature, required by the current criteria [3]. 
During the exacerbation periods, the pain is moderate or 
severe, lasts hours or days and is associated with migrainous 
or autonomic symptoms (photophobia and phonophobia, nausea 
and vomiting, tearing and nasal congestion, rarely auras) [25, 
26]. Differential diagnosis between PH and HC can be 
problematical, as the interparoxysmal pain that occurs in the 
TACs (mainly PH) can mimic the continuous pain of HC. 

 Finally, SUNCT is characterised by short lasting (1-600 
seconds) attacks of severe lateralised pain that occur with a 
very high frequency (between 1 per day and more than half 
of the time). In SUNCT, on the other hand, attacks, or 
“headache stabs”, can last up to 10 minutes [27] and even up 
to 20 minutes in some patients [28]; the pain can be 
experienced anywhere in the head, and the attacks are often 
triggered by cutaneous stimuli [27]. Tearing and conjunctival 
injection are generally the only associated autonomic 
symptoms; in symptomatically more complex forms (SUNA), 
other parasympathetic signs may occur, such as nasal 
congestion and rhinorrhea, and only one or neither of 
conjuntival injection and tearing. Since the cranial autonomic 
symptoms are known to be due to overexpression of the 
trigeminal autonomic reflex, it is not uncommon for 
autonomic symptoms, such as nasal congestion, rhinorrhoea, 
eyelid oedema and facial flushing to be bilateral during 
attacks. 

 In typical cases, the differential diagnosis of CH is with 
secondary headaches and with other primary headaches, in 
particular migraine without aura, trigeminal neuralgia, and 
other short-lasting autonomic headaches. Secondary headaches, 
e.g. caused by an inflammatory process of the cavernous 
sinus or of the paranasal sinuses, can mimic the signs and 
symptoms of CH and sometimes of other TACs. It is more 
difficult to differentiate between CH and other TACs. A 
shorter duration and higher frequency of attacks in the 
absence of a clear periodicity or clusters would seem to point 
to a diagnosis of PH; however, the possibility of overlap and 
misdiagnosis between these forms remains high. In such 
cases, the most useful feature to consider is the response to 
indomethacin (≥150 mg per os or ≥100 mg i.m.), and its 
administration (INDOtest) can also be utilised as an ex 
juvantibus rule [29]. SUNCT also shares clinical 
characteristics with CH. In this form, however, the pain 
attacks recur very frequently and tearing and conjunctival 
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injection are generally the only associated autonomic 
symptoms; furthermore, there is no circadian rhythmicity. On 
the other hand, however, other parasympathetic signs may be 
present (i.e. suggesting a diagnosis of SUNA) Fig. (1).  

PATHOPHYSIOLOGY OF THE TRIGEMINAL 
AUTONOMIC CEPHALALGIAS 

 The pathophysiological mechanisms underlying the 
TACs are only partly understood. Several hypotheses have 
been advanced, including vasomotor changes (vasodilation), 
inflammation, immune changes, hypothalamic dysfunction 
and autonomic system imbalance. These processes and 

mechanisms may well be interrelated, and different central 
and peripheral neuromodulatory pathways may participate in 
one or more of them.  

 It is generally agreed that the pain in CH is due to 
activation of the trigeminovascular system [30, 31], and that 
this system may be driven simultaneously in the brainstem 
and craniofacial sympathetic nerve fibres, thereby giving rise 
both to pain and to local autonomic phenomena [32]. In 
more detail, retrograde activation of the trigeminal fibres 
triggers release of several vasoactive substances. One of 
these is calcitonin gene-related peptide (CGRP), a 
neuropeptide belonging to a family of peptides (including 

 
Fig. (1). Diagram summarising the pathophysiology of cluster headache (CH) and other trigeminal autonomic cephalalgias (TACs) according 
to the most recent views and insights. The origin of the pain in CH and in the TACs may be peripheral or central. In the first case, the 
headache attack is suggested to originate from activation of the afferent trigeminal fibres induced by irritation of the structures of the face or 
of the cranial vault. In the second case (central origin), the attack is thought to be the consequence of direct activation of the posterior 
hypothalamus (PH), as findings of functional imaging studies have consistently shown. In both circumstances, activation of the superior 
salivatory nucleus – by the PH, or through the trigeminal-autonomic (or trigeminovascular) reflex (indirect activation)– results in an 
increased firing of parasympathetic fibres and thus in ipsilateral autonomic signs (conjunctival injection, tearing, nasal congestion and 
rhinorrhoea). Neurogenic inflammation is also produced by neurotransmitter release at the parasympathetic terminals, and the subsequent 
irritation of the trigeminal sensory nerves potentiates the vascular response via antidromic CGRP release. Symptoms such as miosis and 
ptosis (i.e. incomplete Horner’s syndrome) are suggested to result from parasympathetic-induced vasodilation of the internal carotid artery 
and functional impairment of the oculosympathetic fibres running through the cavernous sinus. Intense pain stimuli are carried through 
projections first to the trigeminal-cervical complex and then to the thalamus, up to the cortical sensory areas involved in pain processing. The 
PH is functionally connected to the ipsilateral trigeminal system and has an inhibitory role (dashed lines). Dysfunction of these projections 
may induce a permissive state not only facilitating attack occurrence, but also influencing the duration of single attacks. Attack duration is 
the main distinguishing feature of the different TACs.  
ACC=anterior cingulate cortex, SSC=somatosensory cortex, PH=posterior hypothalamus, TCC=trigeminal-cervical complex, SSN=superior 
salivatory nucleus, SCG=superior cervical ganglion, PPG=pterygopalatine ganglion. 
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calcitonin, adrenomedullin and amylin) that are widely 
distributed both in the central nervous system (CNS) and in 
nerve fibres originating from the trigeminal ganglion and 
innervating blood vessels. Calcitonin gene-related peptide 
induces intracranial vasodilation and is involved in pain 
transmission [33, 34]. It can produce sterile neurogenic 
inflammation with vasodilation, oedema and protein 
discharge at dural level. Pain signals, evoked by this 
inflammation, are then directed through the trigeminal 
ganglion to the trigeminal-cervical complex (TCC) and 
thence to the thalamus and the cerebral cortex. The fact that 
CGRP blood levels are reduced after oxygen or sumatriptan 
administration, and that this reduction is associated with pain 
remission, constitutes evidence of the crucial role of CGRP in 
the pathophysiology of CH [35, for review]. Calcitonin gene-
related peptide can be considered a marker of activation of 
the trigeminovascular system. Substance P is another 
algogenic peptide that has long been considered to play a key 
role in CH [36], as well as in other primary headaches. The 
ipsilateral ophthalmic artery has been shown to be dilated 
during CH attacks [37], although this is a pattern shared 
bydifferent headache syndromes [38]. In addition, even 
though vasodilation may activate the trigeminovascular 
system [39], cerebral blood flow studies do not support a 
primary role for vasodilation in CH [40, 41]. Capsaicin has 
been shown to induce pain in healthy humans via 
vasodilation of cranial vessels, but this finding may reflect 
activation of the trigeminal-parasympathetic reflex [38]. 

 The cranial autonomic symptoms and signs observed 
during CH attacks may result from functional activation of 
the superior salivatory nucleus (SSN) whose parasympathetic 
outflow, predominantly via the sphenopalatine ganglion, 
causes parasympathetic symptoms ipsilateral to the pain, 
such as tearing, conjunctival injection, nasal congestion and 
rhinorrhoea. These effects are thought to be produced mostly 
by the release of acetylcholine and vasoactive intestinal 
peptide (VIP). Thus, the concurrent increase in CGRP and 
VIP levels observed during CH attacks suggests the presence 
of a trigeminal-parasympathetic reflex: the trigeminal fibres 
may thus interact not only with the TCC, but also with the 
SSN, resulting in parasympathetic activation. On the other 
hand, the partial Horner’s syndrome observed during some 
attacks could indicate a peripheral origin. Vasodilation and 
perivascular oedema of the internal carotid, produced by the 
neurogenic inflammation, may indeed affect the function of 
the perivascular sympathetic plexus, leading to ipsilateral 
miosis and ptosis. However, it remains possible that the 
autonomic imbalance, associated with a hypothalamic 
disturbance, may also have a central origin [39, 42]. In any 
case, it is still not known what initially induces the activation 
of either the trigeminovascular system or the trigeminal-
parasympathetic reflex [36]. 

 Early studies suggested a role for inflammatory 
mechanisms in CH [43-46]. Steroids usually have positive 
effects, albeit only in interrupting the active phase of the 
disease [47]. Recurrent venous vasculitis in the cavernous 
sinus has also been hypothesised [48, 49], although recent 
evidence argues against this [50, 51]. In addition, a SPECT/ 
MRI study [52] failed to show plasma protein extravasation 
into the cavernous sinus of CH patients during an attack. 

 Nitric oxide (NO) has been shown to be also involved in 
the pathophysiology of CH [53], acting as a potent 
vasodilator, but also playing a role in central and peripheral 
modulation of nociception [54], especially in both initiation 
and maintenance of hyperalgesia [55-57]. These processes 
are probably associated with activation of the calcium-
dependent NO synthase (NOS) isoforms [58]. Nitric oxide 
appears to have a modulatory role in the spinal trigeminal 
nucleus, as NOS inhibition is associated with reduced 
activity of neurons with meningeal input in this nucleus [59]. 
Interestingly, CGRP and NOS co-localise in many trigeminal 
ganglion neurons [60]. It has been suggested that NO 
induces release of CGRP [61], although other evidence fails 
to support this suggestion [62]. Systemic NTG activates 
neuronal groups in selected brain areas critical in 
nociception, and particularly in the transmission of cephalic 
pain, such as the nucleus trigeminalis caudalis, and it induces 
specific changes in the content of brain neurotransmitters 
involved in pain processing [63]. Administration of NTG 
triggers spontaneous-like attacks in CH during the active 
phase but not during remission, thus representing an 
experimental model of induced headache [53, 64]. Nitric 
oxide may also act as an inhibitor of cytochrome oxidase, 
increasing the cellular oxygen demand [65]. Neuronal NOS 
(nNOS) is an isoform expressed in most regions of the CNS; 
interestingly, the hypothalamus contains a large number of 
nNOS-containing neurons [66]. In view of the periodicity of 
CH attacks and the finding of several hormonal changes in this 
condition, the activity of the hypothalamic suprachiasmatic 
nucleus has been suggested to be deranged in CH patients 
[67, 68]. The hypothalamus may show abnormal production 
of NO. A basal hyperfunction of the L-arginine-NO pathway 
was suggested to occur in both phases of CH [69], but a later 
study failed to confirm this [70]. A recent study [71] showed 
higher cerebrospinal fluid (CSF) levels of stable products of 
NO oxidation (nitrite and nitrate) in CH patients in the active 
period than inpatients in remission and control subjects. The 
CH patients also had significantly enhanced nitrite and 
nitrate CSF levels in remission compared with the controls. 
These apparent discrepancies regarding the role of NO may 
be explained by methodological differences (studies on 
plasma rather than CSF, and in spontaneous rather than 
NTG-induced attacks). On the other hand, the level of NO 
production has been shown to correlate with disease activity 
in inflammatory disorders [72], and increased nitrinergic 
activity may be an expression of enhanced inflammatory 
activity in CH. In CH, there could be a certain threshold 
before the trigeminovascular system is activated, which 
would explain why attacks occur during the active period and 
not in remission; CH patients may therefore be sensitised to 
CH attacks by a mechanism related to high NO levels [73]. 
High NO levels may also contribute to the generation and 
maintenance of central hyperalgesia [55-57], and activation 
of the trigeminovascular system induced by the release of 
algogenic neuropeptides (substance P, CGRP) may induce 
neurogenic inflammation, sensitising vessels and meninges 
and triggering vasodilation. Interestingly, dexamethasone 
treatment inhibits nNOS activity in the mouse [74]; the 
effectiveness of steroids in humans with CH may therefore 
be due toreduced production of NO, leading to decreased 
inflammation and activation of the trigeminal system. 
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 The hypothesis that CH has a primary central origin was 
supported by early observations that lithium is an effective 
prophylactic drug for both ECH and CCH attacks [75,76]. 
For several reasons, the hypothalamus is indeed at the centre 
of scientific interest in CH and other TACs (Table 1). 
Cluster headache is a biorhythmic disorder, since attacks 
often occur with a strict circadian periodicity and the clusters 
often occur during spring and autumn, suggesting disruption 
of the organism’s internal temporal homeostasis. Substantial 
early neuroendocrine evidence supported a role for the 
hypothalamus in CH [67]. The locus coeruleus and dorsal 
raphe nucleus of the brainstem send noradrenergic and 
serotoninergic fibres to the hypothalamus [77]. Dysfunction 
of these nuclei could alter the monoaminergic regulation of 
the hypothalamus and underlie the development of CH [78, 
79]. A direct connection also exists between the posterior 
hypothalamus and the TCC [77]: injection of orexins A and 
B, and of the gamma aminobutyric (GABA)-A receptor 
antagonist bicuculline into the posterior hypothalamus is 
followed by activation of the TCC [80,81]. In addition, the 
hypothalamus has an important role in pain perception. 
Stimulation of the anterior hypothalamus suppresses 
responses to painful stimuli of wide dynamic range neurons 
in the dorsal horn [82]. Similarly, the pain threshold is 
increased following injection of opioids into the posterior, 
pre-optic and arcuate nuclei of the hypothalamus [83]. 
Recently, an asymmetric facilitation of trigeminal nociceptive 
processing predominantly at brainstem level was detected in 
patients with CH, especially in the active phase [84]. Central 
facilitation of nociception therefore appears to be an 
important part of the pathophysiology of CH. In the 1970s, 
successful treatment of intractable facial pain with 
posteromedial hypothalamotomy indicated that the posterior 
hypothalamus is involved in pain control in humans [85]. 
Electrode stimulation of the posterior hypothalamus was 
later proposed as a treatment for chronic CH in drug-resistant 
patients [86]. This stereotactic technique has proved to be 
effective in controlling headache attacks in most patients, 
providing further convincing evidence that the hypothalamus 
plays a major role in CH mechanisms [87]. In this regard, 

pituitary diseases have been recently reported to present as a 
TAC in several patients [2], but it is unclear whether this may 
be linked to involvement of the hypothalamus and/or to the 
neuroendocrine derangement reported in these forms [67]. 
 Most of the recent data on hypothalamic involvement in 
CH and TACs come from neuroimaging studies. Following 
the initial PET observation of inferior hypothalamic grey 
matter activation ipsilateral to NTG-induced pain in CH 
patients [68], functional neuroimaging techniques have, in 
recent years, allowed significant advances [reviewed in 88]. 
One major finding in the TACs is the presence of posterior 
hypothalamic activation during attacks. Most PET and 
functional MRI (fMRI) studies show hypothalamic hyper- 
activity (ipsilateral to the headache side in CH, contralateral 
in PH, and bilateral in SUNCT) during attacks. This 
activation is absent during pain-free periods in episodic CH, 
and is not specific to the TACs, having also been described 
in other pain conditions, such as migraine [89]. It is also 
unclear whether it reflects true activation of the hypothalamic 
region or, rather, involvement of the ventral tegmental area 
or other structures close to the hypothalamus [90, 88]. 
Nevertheless, hypothalamic activation may mirror a general 
antinociceptive response in healthy humans, and this 
response may be particularly altered in the TACs. In 
addition, the hypothalamic hyperactivation appears to persist 
during occipital nerve stimulation in chronic CH patients, 
regardless of the effectiveness of the procedure [91]. This 
may facilitate, centrally, activation of both the trigeminal 
system and the parasympathetic reflex,inducing pain and 
autonomic symptoms, as previously proposed [92].It is still 
not clear whether the hypothalamus is the real generator of 
CH mechanisms, or instead plays a secondary role (as a 
brain region participating in the pain network). However, 
some of the inconsistent findings in this regard might be 
explained by the use of different methods and timing of 
investigation (i.e. active vs remission phases, during attacks 
vs pain-free condition) [93]. The main features pointing to 
hypothalamic involvement in CH are reported in Table 1. 
Another major finding of neuroimaging studies in theTACs 
is the involvement of brain regions participating in human 

Table 1. Features suggesting a hypothalamic involvement in CH. 

Circadian periodicity	
   Frequent occurrence of pain episodes at fixed times during the day and night, with high intraindividual reproducibility. 

Cluster periodicity	
   Occurrence of clusters in autumn or spring in most patients 

Autonomic features 
ipsilateral to pain	
  

Cranial ipsilateral trigeminal autonomic symptoms associated with pain during the attacks (conjunctival injection, lacrimation, 
nasal congestion, rhinorrhea, ptosis and facial sweating) 

Sleep pattern	
   Occurrence of pain attacks during sleep, particularly in the REM phase, with wake-ups 

Neuroimaging findings	
   Increased gray matter in the inferior posterior hypothalamus on VBM; activation of the ipsilateral posterior hypothalamus on 
fMRI and H215O PET; hypermetabolism of the hypothalamus on FDG-PET; altered functional connectivity using a 

hypothalamic seed ROI on resting-state fMRI; decreased hypothalamic N-acetylaspartate:creatine and choline:creatine  
levels on MRS 

Neuroendocrine 
correlates	
  

Several hormone changes in CH patients, including testosterone, prolactin, melatonin, luteinizing hormone, follicle-stimulating 
hormone, growth hormone, orexins, and hypothalamo-pituitary-adrenal (HPA) axis function 

Response to treatments	
   Effectiveness of drugs influencing hormone and neurotransmitter pathways in the hypothalamus. Effectiveness of deep brain 
stimulation (DBS) of posterior hypothalamus in patients unresponsive to medications. 
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nociceptive processing, such as the anterior cingulate cortex, 
prefrontal cortex, thalamus, periaqueductal grey, basal 
ganglia, insula and cerebellum. These areas (collectively 
known as the pain matrix) have consistently shown increases 
in blood flow during attacks [38, 94, 95] and metabolic 
normalisation after occipital nerve stimulation in CH [96] 
and after indomethacin administration in PH [97]. These 
 data suggest that metabolic changes are associated with 
disturbed nociception in acute and chronic pain conditions 
like the TACs. Several neuroimaging findings also implicate 
the central descending opiatergic pain control system in CH. 
Hypometabolism can be detected in the perigenual anterior 
cingulate cortex in episodic CH patients [98] and this pattern 
is reversed by clinically effective occipital nerve stimulation 
[96]. Furthermore, the opioid receptor availability in the 
rostral anterior cingulate cortex and the hypothalamus, as 
detected with PET, decreases with duration of CH [99]. Non-
invasive neuroimaging techniques are expected to go on 
elucidating the mechanisms underlying the TACs in the near 
future. 

 In an animal model using brainstem stimulation to 
activate the trigeminal autonomic reflex arc and recording of 
neurons of the trigeminocervical complex, it has been 
recently found that brainstem activation may be the driver of 
both sensory and autonomic symptoms in the TACs, and that 
this may partly involve the parasympathetic outflow to the 
cranial vasculature. This pathway may play a critical role in 
the TACs, and represent a target for symptomatic treatments 
[100]. Finally, with particular regard to SUNCT and SUNA, a 
unifying pathophysiological model (2) suggests the occurrence 
of different degrees of interaction between peripheral and 
central mechanisms, as in the case of trigeminal neuralgia. 
Focal demyelination of the trigeminal sensory root and 
posterior hypothalamic dysfunction may contribute to the 
development of disease, the latter mechanism being more 
pronounced in patients with more cranial autonomic symptoms. 

 In summary, the TACs may share similar patho- 
physiological mechanisms, also because some overlapexists 
between the various forms in the response to treatments. For 
instance, complete response to indomethacin is a diagnostic 
criterion for PH, but clinical experience often shows that this 
drug can also improve CH [101].  

THE MANAGEMENT OF CLUSTER HEADACHE 

 Effective treatment of CH demands the active 
participation of the patient who should be reassured about 
the benign nature of the condition and informed about the 
factors that may precipitate attacks during an active phase, in 
particular alcoholic beverages, which should therefore be 
avoided. Patients should also be informed that drugs for 
preventing or interrupting attacks are available, but also that, 
as yet, there exist no treatments able to prevent active 
periods or modify the natural history of the disease.  

 The therapeutic management of CH is usually divided 
into acute, transitional and prophylactic treatments.  

Treatment of the Acute Phase 

 Since CH pain is immediately severe and develops 
rapidly, it requires a fast-acting drug. Initially, oral 

medications (especially NSAIDs) are usually taken by 
patients, but they are not able to provide rapid and effective 
pain control as the therapeutic agent needs to be promptly 
bioavailable; therefore it should be given parenterally. The 
objectives of a correct and effective symptomatic treatment 
are (1) to treat the attack when it starts; (2) to obtain pain 
relief as soon as possible (possibly within 15 min of 
administration of the drug); (3) to avoid or minimise adverse 
events [8]. Several drugs have been proposed for the acute 
treatment of CH, but very few have proved to be really 
effective. 

Sumatriptan 

Sumatriptanis the first of a relatively new class of drugs (the 
triptans) that act on the serotonin (5-hydroxytriptamine, 5-
HT) receptors 5-HT1B and 5-HT1D [102]. As 5HT1B receptor 
agonists, the triptans have a vasoconstrictor effect on small 
and medium-sized arteries, such as those supplying the 
cerebral cortex, but also other regions including the coronary 
artery bed. In addition, as 5HT1D receptor agonists, the 
triptans inhibit the neuronal release of vasoactive peptides, 
such as CGRP, substance P and neurokinin A [103]. Findings 
in animal models of migraine indicate that the action of 
sumatriptan in aborting pain takes place primarily at a 
proximal site, i.e.the trigeminal afferent; furthermore, early 
administration of sumatriptan can inhibit neurotransmission 
to second order neurons in the TCC, thus preventing 
sensitisation of central neurons [104]. Some of these 
mechanisms are certainly relevant to the effect of sumatriptan 
on pain in CH. Subcutaneous sumatriptan has a Tmax of 12 
min. It shows low plasma protein binding (between 14 and 
21%)and has a half-life of approximately two hours. 
Sumatriptan is metabolised in the liver and gastointestinal 
tract by monoamine oxidase type A. Its major metabolite is 
the inactive indole acetic acid derivative, which accounts for 
approximately 40% of the total dose. Sumatriptan metabolites 
are excreted by both the kidney and the liver. Phar- 
macokinetic differences between the oral, nasal spray and 
rectal formulations (in particular, different distribution phases 
during elimination of the drug) mean that the above 
pharmacokinetic data for subcutaneous sumatriptan cannot 
be generalised to other routes of administration. Sumatriptan 
is considered the drug of first choice in the symptomatic 
treatment of CH on the basis of randomised, placebo-
controlled trials (RCT) at the dose of 6 mg or 12 mg [105, 
106]. The higher dose was no more effective than the lower 
dose in controlling the attacks and, moreover, was associated 
with more adverse effects [106]. Studies investigating the 
long-term efficacy and safety of subcutaneous sumatriptan 
have given positive results, with headache relief obtained in 
96% of attacks [107], no reduction of efficacy with 
continued use, and no increase in adverse effects with higher 
frequencies of use [107, 108].  

 Patients with episodic and chronic CH and attacks lasting 
at least 45 minutes were treated with 20 mg intranasal 
sumatriptan in an RCT [109], with a significantly higher 
headache response for the drug than for placebo (responder 
rates: 57% vs 26%). Another open-label study reported 
lower efficacy of intranasal versus subcutaneous sumatriptan 
[110]. In addition to its open-label design, a major limitation 
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of this study was that outcomes were evaluated at a relatively 
early time point (15 minutes after treatment). 

 A new needle-free method of delivering subcutaneous 
sumatriptan has recently become available in the U.S.A. The 
method, which eliminates both the needle and the associated 
disposal issues, improves drug delivery and showed 
acceptable patient tolerability in clinical trials [111]. A 
multicentre study, conducted to determine its ease of use and 
patient preferences, gave good results in migraine patients 
and possibly CH patients [112]. Although this method 
delivers relatively lower levels of the drug, it allows rapid 
attainment of Cmax, which is a significant advantage over 
the other routes (oral, subcutaneous, and intranasal).  

 In summary, subcutaneous sumatriptan is effective in the 
acute treatment of CH giving either partial relief of pain or 
complete headache remission within 15 minutes of injection. 
The most common adverse events, mild to moderate in 90% 
of cases [113], are local reactions at the injection site, 
dizziness, paraesthesia, cold or warm sensations and 
irritation of the nostril in the case of the intranasal 
formulation [113]. Sumatriptan is contraindicated in patients 
with coronary artery disease or cerebrovascular disease, thus 
a clinical evaluation of the risk of vascular diseases is 
mandatory in all patients before prescribing the drug. Serious 
cardiovascular events are mostly seen in patients with pre-
existing major risk factors or established cardiac or 
cerebrovascular disease. A recent systematic review of 
observational studies did not report strong cardiovascular 
safety issues for triptans [114]. Chest-related symptoms 
commonly occurring in patients receiving sumatriptan could 
be due to multiple other causes or to mechanisms unrelated 
to 5HT1B activity in the coronary arteries. Furthermore, the 
early warnings about the potential for the development of 
serotonin syndrome when selective serotonin reuptake 
inhibitors (SSRIs)/selective norepinephrine reuptake inhibitors 
(SNRIs) are co-prescribed with triptans [115], have been not 
later supported by clinical evidence [116]. This has probably 
represented a case of overstated drug risk unduly influencing 
the utilization of a beneficial treatment. 

Zolmitriptan 

 Oral zolmitriptan, evaluated as an acute treatment for CH 
in a RCT [117], was found to be superior to placebo in the 
episodic form (ECH), but not in the chronic form (CCH). 
The most commonly reported adverse effects were 
paraesthesia, heaviness, asthenia, nausea, dizziness and chest 
tightness. The efficacy of zolmitriptan nasal spray for the 
acute treatment of CH was also observed in two controlled 
studies [118,119]. The drug was well tolerated. The most 
commonly reported adverse effects were an unpleasant taste 
(22%), nasal cavity discomfort (12%) and somnolence (8%). 
A meta-analysis of two studies and a Cochrane analysis  
of six randomised studies, controlled versus placebo, 
demonstrated that sumatriptan and zolmitriptan are superior 
to placebo and show efficacy comparable to that of sumatriptan 
nasal spray [120, 113]. Like sumatriptan, zolmitriptan is 
contraindicated in patients with known vascular disease risks 
or established vascular disease and in these cases other acute 
treatments should be preferred. 

Oxygen 

 Oxygen by inhalation is recognised as one of the two 
most effective abortive treatments for CH after injectable 
sumatriptan. Oxygen therapy for acute CH was first 
proposed in the 1950s [121], and became one of the acute 
treatments of choice in the early 1980s [122]. The efficacy of 
100% oxygen inhalation at a maximum of 7 litres per minute 
(L/min) for 15 minutes observed in early studies was later 
confirmed in a controlled crossover study versus room air 
[123]. A large placebo-controlled crossover trial of 109 
patients [124] compared the efficacy of 100% oxygen given 
via a non-rebreathing face mask at 12 L/min for 15 minutes 
with that of air inhalation in the treatment of four separate 
CH attacks. The two treatments differed significantly: pain 
freedom or substantial pain relief were obtained by 78% of 
the oxygen-treated versus 20% of the air-treated patients. If 
the patient fails to respond, the usual recommended flow 
may be increased to 14-15 L/min [125]. Hyperbaric oxygen 
has also been studied as an acute treatment for CH. In a 
placebo-controlled study [126], it not only interrupted 
attacks, but even ended the cluster period in three outof six 
patients. A gender difference in response to oxygen has been 
reported in clinical practice: 59% in female CH patients and 
up to 87% in male CH patients [127]. Moreover, data from 
the United States Cluster Headache Survey [128] revealed 
that a positive smoking history does not significantly alter 
the efficacy of inhaled oxygen and that most CH patients 
obtain complete head pain relief within 20 minutes of 
starting oxygen inhalation. 

 It is still not known exactly how inhaled oxygen 
interrupts a CH attack. Early studies suggested arterial 
vasoconstriction as the underlying mechanism of action, 
since the CH patients benefiting the most were those 
showing the greatest reduction in cerebral blood flow after 
oxygen inhalation [129]. Hyperoxia was later shown to 
inhibit plasma protein extravasation elicited by electrical 
stimulation of the rat trigeminal ganglion [130]. Another 
experimental study suggested that oxygen might act by 
reducing firing of the cranial autonomic pathway, in 
particular of the SSN [131], in other words by reducing the 
parasympathetic outflow; this would explain why inhaled 
oxygen is effective in migraine with severe autonomic 
features. On the other hand, the poor efficacy of oxygen in 
other TACs does not support this hypothesis. It is thus likely 
that different mechanisms are involved in the therapeutic 
action of oxygen, i.e. reduction of the parasympathetic 
outflow and control of the neurogenic inflammation caused 
by activation of the trigeminovascular reflex.  

 Oxygen can be used in patients with high vascular risk in 
whom acute treatment with the triptans is contraindicated. 
Caution should, however, be exercised in patients with 
chronic obstructive pulmonary disease, because of the risk of 
respiratory depression. 

Ergotamine and Dihydroergotamine 

 Ergot derivatives were among the first drugs made 
available for the treatment of CH, with beneficial effects 
reported in 70% patients in a controlled study [122]. 
Dihydroergotamine (DHE) is available in various 
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formulations: intravenous, intramuscular, subcutaneous and 
intranasal. Although the efficacy of injectable DHE has 
never been tested in controlled studies, clinical observations 
suggest that DHE could be effective in acute CH treatment 
and give better responses when administered intravenously 
as opposed to intramuscularly or subcutaneously. That said, 
a controlled study [132] evaluating the efficacy of intranasal 
DHE 1 mg for acute CH treatment in 25 patients reported a 
moderately positive response: pain intensity was decreased 
but attack duration was not.  

 The effect of the ergots (like that of the triptans) is based 
primarily on their interaction with the 5-HT receptors. At 
least seven classes and 14 subtypes of 5-HT receptors are 
presently known, each of which exerts different biological 
effects. In general, in the CNS, the 5-HT1 receptors are 
inhibitory whereas the 5-HT2-7 receptors are excitatory [133]. 
E and DHE interact with adrenergic and dopaminergic 
receptors, as well as with 5-HT1A, 5-HT1B, 5-HT1D, 5-HT1F, 
5-HT2A, 5-HT2C, 5-HT3, and 5-HT4 [133, 134]. In migraine, 
the clinical effects of these drugs reflect agonism primarily 
at the 5-HT1B/D receptors, and to a lesser extent at 5-HT1F 
receptors. The action at 5-HT1B receptors results in 
constriction of extracerebral blood vessels in the meninges, 
which are innervated by algogenic nerve fibres, whereas the 
action at5-HT1D receptors appears to produce presynaptic 
inhibition of trigeminal peptide release, affecting TCC 
nociceptive transduction and inhibiting nausea and vomiting 
via interaction in the brainstem (nucleus tractus solitarius) 
[135]. The final phenomena (vasoconstriction, reduced 
neurogenic inflammation, reduced central nociceptive signal 
transmission, reduced autonomic associated symptoms) 
explain the effects in migraine, but some of these 
mechanisms may well underlie the effects of ergots in CH. 

 The use of ergots, particularly E, is limited by potential 
serious adverse effects related to their α-adrenergic-induced 
vasoconstrictive action. These adverse effects are more 
severe than those of triptans, since the 5-HT1B receptors are 
preferentially expressed in intracranial extracerebral arteries 
compared with the periphery, where 5-HT2A receptors 
predominate. Ergots should never be used in patients with 
coronary, cerebral or peripheral vascular disease [133].  

Local Anaesthetics 

 Early uncontrolled studies evaluating the therapeutic 
efficacy of topical lidocaine suggested that it could have a 
role in the acute treatment of CH. Use of a 4% lidocaine 
solution, applied locally to the sphenopalatine fossa in 
patients with NTG-induced CH attacks [136], or self-applied 
intranasally in the nostril ipsilateral to the pain [137], proved 
to be effective in variable percentages of patients. Better 
results were found in a placebo-controlled study, in which 
10% lidocaine was applied bilaterally to the sphenopalatine 
fossa under anterior rhinoscopy in CH patients with NTG-
induced attacks [138]. In patients with ECH or CCH, the 
application of a solution of cocaine 10% in both nostrils was 
shown to interrupt CH attacks both in an open study [139] 
and subsequently in a controlled study versus placebo [138]. 
No significant adverse events were recorded with the 
exception of a mild state of arousal in a patient who had 
abused the drug. Cocaine exerts sympathomimetic effects by 

modulating reuptake of noradrenaline in nerve endings, 
whereas lidocaine appears to exert its effects via conduction-
blocking properties. Furthermore, these findings, suggesting 
that the sphenopalatine ganglion is involved in pain 
mechanisms, indicate that these anaesthetic agents might 
have a role in the symptomatic treatment of CH. In the case 
of cocaine, the risk of addiction, especially in a disabling 
condition like CH, should be obviously borne in mind, and 
its administration should be restricted to selected cases. 

Somatostatin and its Analogues 

 Two RCTs have been conducted on the effect of 
somatostatin or one of its analogues, octreotide, in the 
treatment of acute CH attacks. In the first study intravenous 
somatostatin (25 µg in 50 ml saline) was more effective than 
placebo in inducing significant pain reduction in 20 minutes 
[140]. In the second, 100 µg octreotide (a somatostatin 
analogue with a longer half-life) was administered 
subcutaneously and produced a significant response in 30 
minutes [141]. The mechanism of action of these peptides is 
unknown, but somatostatin has been shown to inhibit the 
release of numerous vasoactive peptides, including CGRP 
[142]. In addition, neurons containing somatostatin are found 
in the regions of the CNS involved in nociception, including 
the TCC, the periaqueductal grey, and the hypothalamus, 
which are also involved in CH pathophysiology [141]. Since 
they do not have vasoconstrictive effects, somatostatin  
and octreotide can also be used for the acute treatment  
of CH in patients with high vascular risk as a valid  
(albeit not equally effective) alternative to subcutaneous 
sumatriptan. The most common side effects of these agents 
are hyperglycaemia, nausea, abdominal pain, diarrhea and 
meteorism. 

 In conclusion, for the acute treatment of CH attacks, the 
first-line interventions supported by the highest level of 
evidence (A) are subcutaneous sumatriptan 6 mg, intranasal 
sumatriptan 20 mg, intranasal zolmitriptan 5 or 10 mg, and 
100% oxygen, while subcutaneous octreotide and intranasal 
lidocaine 4-10% are supported by a lower level of evidence 
(B) [8, 143]. These treatments and levels of evidence are 
summarised in Table 2. However, the choice of treatment 
must also be made taking into account the variability in 
individual response. In this regard, in a prospective study in 
CH patients, older age emerged as a predictor for decreased 
response to the triptans, whereas nausea, vomiting and 
restlessness predicted a poor response to oxygen [144]. 
Other important variables are the presence of clinical 
comorbidities andthe patient’s preferred route of self-
administration of a given treatment. 

Preventive Treatment 

 Preventive treatment is a fundamental part of the 
management of active CH. Different drugs and approaches 
for acute CH treatment, like the triptans and oxygen, have 
been found to be safe and well tolerated even when used 
frequently or in prolonged treatments. Thus, in ECH, a 
symptomatic treatment alone may be suitable for active 
phases of short duration (mini-clusters). However, there is no 
evidence that symptomatic agents can influence the natural 
onset and evolution of typical cluster periods. For this 
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reason, prophylactic treatments are necessary, administered 
with the aim of achieving: 1) rapid disappearance of attacks 
and resolution of active periods; 2) reduced frequency, 
intensity and duration of attacks [4, 8]. On the other hand, 
while the real effectiveness of a given treatment can be 
ascertained in chronic CH, it is more difficult to evaluate in 
the episodic form, since active periods can always subside 
spontaneously.  

 CH prophylaxis should be governed by a few general 
rules [8, 145]: 1) preventive treatment should start early in 
the active phase, and continue for at least two weeks after the 
disappearance of attacks; 2) the treatment should be reduced 
gradually and ultimately suspended, and if the attacks 
reappear, dosages must be increased back to therapeutic 
levels; 3) treatment should be re-started at the onset of a 
subsequent active period; 4) in the choice of the treatment, 
several factors should be taken into account, such as the 
patient’s age and lifestyle (e.g. alcohol intake should be 
avoided during a cluster period), the expected duration of the 
cluster period, the type of CH (episodic or chronic),the 
response to previous treatments, any reported side effects, 
any contraindications to recommended drugs, any comorbid 
diseases; 7) polytherapy, tested in only a few trials, is 
indicated only in patients resistant to monotherapy or 
patients who do not tolerate the recommended drugs at the 
optimal dosages. 

 The prophylaxis of CH may be divided into a transitional 
and a long-term prophylaxis. 

Transitional Prophylaxis 
 The preventive treatments often have a delayed onset of 
action; furthermore, in order to avoid adverse effects they 
(may) need to be titrated gradually until the effective dose is 
reached. For these reasons, a patient may lack prophylactic 
coverage for days or weeks. The aim of transitional 
prophylaxis is to interrupt pain attacks rapidly and to 
maintain pain relief until the prophylactic drug has become 
effective.  
Corticosteroids 
 Oral prednisone was evaluated in an uncontrolled study 
as a transitional treatment in patients with ECH and CCH, at 
doses ranging from 10 mg/day to 80 mg/day. A loading dose 
of prednisone was given for 3-10 days and then tapered over 
10-30 days [146]. A significant reduction (72% of patients) 
or complete remission (58%) of attacks within 3-10 days was 
observed. These results suggested that doses of 40 mg or 
higher were needed to control the attacks. High doses of 
intravenous corticosteroids (methylprednisolone 30 mg/kg 
over 3 hours) interrupted the attacks in most patients for at 
least two days, after which they returned [147]. Some 
patients instead showed a complete cluster remission. 
Methylprednisolone i.v. (250 mg in 100 ml saline) followed 
by prednisone per os (10 mg/day) was found to induce a 
further benefit in patients already treated with optimal doses 
of verapamil [148]. The precise mechanisms underlying  
the steroid effect in CH are unknown. However, as 
previously mentioned, inflammatory and/or altered immune 

Table 2. Levels of recommendation for symptomatic (a) and preventive (b) treatment of cluster headache (CH) [8,145]. 

Drug 	
   Dosage	
   Level of 
Recommendation	
  

Comments 

(a) Symptomatic treatments 

Sumatriptan  

Sumatriptan  

Zolmitriptan  

Oxygen inhalation 

Octreotide 

Lidocaine	
  

 

6 mg s.c  

20 mg nasal spray  

5–10 mg nasal spray 

7-10 l/min for 15 min 

100 µg s.c. 

1 ml (4-10%) nasal spray	
  

 

A 

A 

A 

A 

B 

B	
  

 

Slower onset of action than sumatriptan s.c. 

Comparable in efficacy to sumatriptan nasal spray 

Flow rates up to 15 l/min have been effective 

Can be used in patients with cardiovascular diseases 

Drug 	
   Dosage (per day)	
   Level of 
Recommendation	
  

Comments 

(b) Preventive treatments for cluster headache	
   	
   	
    

Verapamil 

Lithium carbonate 

Valproic acid 

Topiramate 

Baclofen 

Melatonin	
  

200-900 mg per os 

600-900 mg per os 

500-2000 mg per os 

50-200 mg per os 

15-30 mg per os 

10 mg per os	
  

A 

B 

C 

B 

C 

C	
  

Less effective than lithium in chronic CH 

Elective efficacy in chronic CH 

Level A rating requires at least 1 convincing class I study or at least 2 consistent, convincing class II studies. 
Level B rating requires at least 1 convincing class II study or overwhelming class III evidence. 
Level C rating requires at least 2 convincing class III studies. 
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mechanisms have long been hypothesised in CH [43-
46,48,49]. In addition, enhanced inflammatory activity in the 
trigeminovascular system and increased NO production may 
occur in CH [73], and steroids have been also found to 
reduce NO production via inhibition of nNOS activity in 
animal models [74]. Greater occipital nerve block using 
corticosteroids (triamcinolone, betamethasone) combined 
with local anesthetics (lidocaine), or corticosteroid alone 
(cortivazol, methylprednisolone), has been shown to be 
effective in CH patients, although the precise mechanisms of 
corticosteroid effects are largely unknown. Long-acting 
preparations and relatively high doses would appear to be 
more appropriate according to controlled trials [149]. 
Dihydroergotamine and Ergotamine Tartrate 

 In addition to its use as a symptomatic treatment, the use 
of DHE as a transitional therapy has also been investigated. 
In open-label studies, repetitive i.v. DHE (0.5 mg 3 times per 
day) and i.v. DHE (0.5 + 1 mg) and DHE nasal spray (1 mg) 
or s.c. DHE (0.5-1 mg) were found to be effective in most of 
ECH and CCH patients [150, 151]. Adverse effects were 
mild and only a few patients had to discontinue the drug.In 
other clinical studies, ergotamine tartrate was evaluated as a 
transitional therapy. It was administered at a total daily dose 
of 3-4 mg for 2-3 weeks and proved moderately effective 
[152, 153]. 

Long-term Prophylaxis 

 Long-term pharmacological prophylaxis of CH includes 
several treatments capable of modifying the natural 
behaviour of CH. These drugs, whose action targets the 
cluster periods, reduce the frequency and the severity of CH 
attacks; they are thought to interfere with the mechanisms 
underlying the disease. Many patients (those with a 
particularly high annual rate of attacks) often find their 
quality of life significantly improved by long-term 
prophylaxis. In addition to the need (already mentioned) for 
a concurrent transitional therapy, it is sometimes necessary 
to combine different drugs in order to obtain good control of 
both the attacks and the clusters. 

Verapamil 

 Verapamil is the most widely used drug in maintenance 
prophylaxis of CH patients [8]. This calcium antagonist 
interferes with slow calcium channels (voltage-gated 
channels). Administered for two weeks at a dose of 360 mg 
per day it was shown, in a placebo-controlled study, to be 
aneffective and safe treatment for reducing headache 
frequency in ECH patients [154]. Some patients even 
became completely pain free, while half of them experienced 
a substantial benefit as early as the first week of treatment. In 
addition, verapamil was shown to be effective in a 
considerable number of CCH patients in two open studies 
[155,156] and, compared with lithium carbonate, to be faster 
acting and associated with fewer side effects (response 
rate:50% vs 37%) [157]. The dosages used in these studies 
(up to 960-1200 mg) were higher than those used for the 
episodic form. 

 The extensive use of verapamil in maintenance 
prophylaxis is also due its wide therapeutic window and high 

safety profile. In addition, verapamil used in combination 
with other drugs rarely results in notable adverse interactions. 
The most frequent adverse effects – hypotension, constipation, 
peripheral oedema and bradycardia – are all due to its anti-
arrhythmic, vasodilating and negative inotropic effects. For 
this reason, patients with low blood pressure, a low heart rate 
or a branch block should be carefully evaluated before 
beginning treatment with verapamil. In such cases it is 
advisable to obtain a baseline ECG before initiating 
verapamil therapy and to repeat it regularly both during the 
drug titration up to the effective dose and during the home 
treatment.  

 With regard to its mechanism of action, some 
observations indicate that verapamil has minimal effects on 
vascular structures. In CH, it induces changes in cerebral 
blood flow that are smaller than those induced by other 
calcium antagonists. This suggests that the effectiveness of 
verapamil in CH is not due to effects on the vascular bed, but 
rather to other effects [158]. In this respect, verapamil 
modulates the activity of central neurons via interactions 
with muscarinic, serotoninergic and dopaminergic receptors 
[159, 160], and inhibits presynaptic adrenergic receptors, 
thereby increasing noradrenaline release. Of note, this latter 
effect is particularly important at the hypothalamic level. 
Furthermore, verapamil has been found to inhibit dopamine 
release via antagonism at the D2 receptors [161]. Another 
important effect involves the opioid system, which 
participates in the modulation of pain pathways, via changes 
in the analgesic effect of morphine and restoration of the 
pain control system [162]. Probably due to this effect, 
verapamil appears to be faster acting than lithium both in CH 
prophylaxis and in the treatment of depression.  

Lithium Carbonate 

 The use of lithium in CH was first prompted by the early 
observation of its effectiveness in another classical cyclic 
condition, i.e. bipolar disorder (BD) [75]. Some similarities 
between CH and periodic affective illness (relating, for 
example, to the light/dark cycle, sleep-wake cycles and 
effects of common treatments) have been reported [163]. The 
effects of lithium in BD are supported by evidence 
accumulated over more than 60 years; consequently, lithium 
is the first-line treatment in the majority of BD treatment 
guidelines and remains the ‘gold standard’ for both research 
studies and clinical practice [164]. In CH patients, lithium 
appears to be particularly useful in the chronic form, as an 
early study showed a significant improvement in nearly all 
the patients treated [165]. Usually, this improvement is seen 
within a week of starting the treatment and continues 
throughout administration of the drug, although mild 
headache attacks can occur during treatment. The efficacy of 
lithium carbonate was confirmed in other studies in a high 
proportion of ECH and CCH patients [166]. In a further 
study, lithium carbonate (300 mg, 3 times daily) led to 
reductions in both headache index and analgesic consumption, 
similar to those obtained with verapamil; however, lithium 
carbonate needs a longer time to reach its complete 
pharmacological effect and hasa narrow therapeutic window 
[158]. Treatment with lithium is currently rated as level of 
evidence B in the EFNS guidelines [8].  
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 The mechanism of action of lithium in CH (as in BD) 
remains largely unknown. The observation that lithium does 
not prevent alcohol-induced CH attacks suggested that this 
drug acts on the central mechanisms responsible for 
spontaneous attacks, but has minimal or no effects on 
peripheral disease mechanisms [167]. Robust evidence 
implicates a number of neurotransmitters in this action on 
the central mechanisms. Lithium has been shown to 
influence the excitatory neurotransmitter glutamate, whose 
concentrations appear to be increased in mania and 
decreased in depression [164]. In animal models, lithium 
administration increases the availability of glutamate in the 
post-synaptic neuron, an effect mediated by N-methyl D-
aspartate receptor stimulation [168] and by inhibition of its 
uptake via glutamate transporters [169]. Interestingly, 
chronic lithium administration eventually restores glutamate 
uptake to ‘normal’ levels, a change that is again in keeping 
with its longer-term mood-stabilising properties [169]. 
Dopamine (DA) is another neurotransmitter found to be 
increased in patients with mania and therefore a potential 
target for the action of lithium [170], via modulation of the 
synthesis and/or release of DA in the presynaptic terminal 
[171, 172] and via inhibition of G-protein functioning and 
adenlyl cyclase and cyclic adenosine monophosphate 
pathways [173]. Lithium also increases the concentrations of 
GABA, thereby counteracting mania [170]. However, while 
these findings may, in part, explain the antidepressant and 
mood-stabilising properties of lithium, the effects of this 
drug in CH remain unclear. Lithium has recently been shown 
to exert a neuroprotective effecton glycogen synthase kinase-3, 
a system directly involved in modulating synaptic plasticity 
and cell structure and resilience; lithium may prevent cell 
death caused by excessive excitatory neurotransmission, 
such as during a manic episode [170, 174]. Another likely 
theory regarding the action of lithium is the ‘inositol 
depletion hypothesis’ [174]. Inositol is responsible for 
maintaining phospholipid concentrations of cell membranes 
and the efficiency of cellular signalling. In both in vivo and 
in vitro studies, lithium has been shown to interfere with this 
system, acting in regions of the brain where inositol is in 
excess [175]. Again, these effects of lithium appear to be 
relevant to the mechanisms of depression, but it is not known 
to what extent they may impinge on CH pathophysiology. 
With regard to the involvement of the hypothalamus in CH, 
it is interesting that lithium has been found to accumulate in 
this brain region, particularly in the area concerned with the 
regulation of body temperature [176]. There is also evidence 
that lithium modulates serotonin pathways in several brain 
regions, facilitating tryptophan uptake [177] and inhibiting 
the spontaneous release of serotonin in many areas, 
including the hypothalamus [178]. In addition, lithium 
interferes with the encephalin system, and with the structure 
of sleep and sleep/wake rhythms [179].  

 In clinical practice, serum lithium levels must be 
carefully monitored both during the drug titration phase and 
during the home treatment. Since lithium has a low safety 
profile, electrolyte levels and kidney and thyroid function 
should be checked periodically. Similarly, extreme vigilance 
is mandatory during the co-administration of lithium with 
other drugs, such as diuretics and non-steroidal anti-
inflammatory drugs. The most frequent adverse events of 

lithium include tremor, gastrointestinal disturbances, dizziness 
and polyuria. 

Other Treatments 

 Many other drugs have been evaluated for use in long-
term prophylaxis of CH. Since evidence of their efficacy in 
this setting is not completely satisfactory, they should only 
be considered for CH in patients in whom the first-line 
therapies, verapamil and lithium, are not well tolerated or 
even contraindicated.  

Antiepileptic Drugs 

 AEDs have been shown to be effective drugs for the 
prevention of migraine. Although the available data are 
limited, more recent evidence suggests that they could also 
play a role in the prevention of CH. This is important, given 
the limited availability of some CH medications and the risk 
of long-term toxicity associated with others. Gradual titration 
is recommended to achieve optimal tolerability of AEDs, 
although some evidence shows that faster titration can be 
well tolerated in patients with CH. 

 Topiramate has been shown, in two open studies, to have 
some therapeutic efficacy at different dosages (50 and 125 
mg/day and 25-200 mg/day, respectively), leading to 
remission within about three weeks and reduced duration of 
the cluster period [180, 181]. However, on the basis of current 
evidence (level B), topiramate can only be considered as a 
second-line therapy [8, 182]. Major adverse effects are 
weight loss and the risk of recurrent stones in patients with a 
positive history of nephrolithiasis or cholelithiasis; other 
common complaints include cognitive dysfunction, paresthesia, 
alteration in taste, fatigue and dizziness. 

 Valproic acid, in an open study, was found to be 
effective at doses of 500 to 2000 mg daily [183]. A later 
RCT did not confirm these results [184], although this may 
have been due to an unusually high response rate in the 
placebo group (62%). The current guidelines rate valproic 
acid as a third-line therapy in CH (level of evidence: C) [8]. 
During treatment with valproic acid it is very important to 
monitor not only blood levels of the drug, but also liver 
function given the potential risk of hepatic failure. Common 
adverse effects include weight gain, fatigue, tremor, hair loss 
and nausea. Monitoring with complete blood counts is also 
useful during valproic acid therapy. 

 Gabapentin was tested at doses of 800-3600 mg/day in 
three different open trials, following a report of its successful 
administrationin a single CH case [185]. The drug 
interrupted the cluster period in at least 50% of patients, and 
significantly reduced the frequency of the attacks and 
intensity of the pain in many others [186-188]. The more 
common adverse effects of gabapentin include somnolence 
and fatigue, dizziness, weight gain, peripheral oedema and 
ataxia; however, the drug is usually well tolerated. 

Serotonin Antagonists 

 Methysergide (8-16 mg/day) was consistently found to be 
effective in a high proportion of CH patients in early open 
trial studies [189, 190]. However, its prolonged use can 
produce pulmonary and retroperitoneal fibrosis [191]. 
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Moreover, its negative interactions with the triptans (the 
main symptomatic drugs in CH) make it difficult to manage 
in clinical practice. Side effects are frequent (up to 45%of 
patients) and include nausea, dizziness, abdominal pain, 
restlessness, somnolence and cramps. 

 In a controlled study, another serotonin antagonist, 
pizotifen, administered at a dose of 1-4 mg/day, was shown 
to significantly reduce attack frequency in 36% of patients 
and to interrupt the cluster period in 21% [192]. 

 Histamine sulphate (i.v.), used in intractable CH patients, 
reduced the frequency of attacks by up to 100% in a third of 
the cases and by up to 50% in another third; it proved in 
effective in the remaining third [193].  

 Melatonin, investigated in a RCT at a daily dose of 10 
mg vs placebo for two weeks in 20 ECH patients, induced a 
significant and relatively rapid reduction of the headache 
frequency [194]. However, these results were not confirmed 
in a later study investigating the use of melatonin as an 
adjunctive treatment in ECH [195]. 

 Clonidine, given as a 5-7.5 mg transdermal patch, was 
studied in two open studies in ECH and CCH patients and 
found to impact positively on attack frequency, attack 
duration and pain intensity [196]. However, a later study in 
ECH patients did not confirm these results [197]. Tiredness 
and decreased blood pressure levels were the most frequent 
adverse events noted in these studies.  

 Baclofen (10 mg 3 times daily, orally), in an open study, 
induced remission in most CH patients without significant 
side effects [198]. 

 Capsaicin is a derivative of homovanillic acid found in 
hot peppers. Capsaicin is a known neuropeptide depletor that 
has been shown to cause the release of substance P and other 
neuropeptides from primary sensory neurons. It eventually 
causes desensitisation by depleting the nerve terminals of 
substance P and CGRP [199]. Repeated intranasal capsaicin 
application was initially found to be effective on the 
frequency of ECH and CCH attacks when administered 
bilaterally at a dose of 300 µg per nostril [200]. Capsaicin 
was subsequently shown to be effective when administered 
in the nostril ipsilateral to the pain but not in the contralateral 
nostril [201]. CCH patients were headache free for a 
maximum of 40 days, but then attacks invariably recurred.  

 Botulinum toxin type A, injected at a dose of 50 UI 
ipsilateral to the pain as add-on therapy in a limited number 
of ECH and CCH patients, showed inconsistent results in an 
open study [202]. At variance with migraine, further data are 
thus required to support the efficacy of this therapeutic 
approach in CH. 

Triptans 

 Interest in the use of the triptans as a preventive 
treatment for CH is increasing, and the topic was recently 
addressed in a dedicated review [203]. Observations of the 
triptans playing an extremely helpful role in the acute 
treatment of CH prompted the suggestion that they might 
also have a role in the long-term prophylaxis of CH. 
Surprisingly, in a controlled study, sumatriptan, the most 

effective acute CH drug, provided no benefit in CCH 
patients when administered orally at a dose of 100 mg [204]. 
In open studies, noratriptan and eletriptan were instead 
shown to be helpful and well tolerated as additional therapies 
in both long-term and transitional prophylaxis [205,206]. In 
addition, frovatriptan, the triptan with the longest half-life 
(26 hours), was shown to be effective and safe at a dose of 5 
mg/day in CH patients transitioning in to longer-term 
preventive therapy [207]. However, a recent RCT failed to 
replicate these results in short-term prophylaxis in ECH 
[208]. There is no evidence in the literature supporting the 
use of zolmitriptan, rizatriptan or almotriptan as prophylactic 
agents for CH. It has also been pointed out that it is 
particularly difficult to conduct clinical trials with valid 
designs when investigating drugs (triptans or others) in the 
prophylaxis of CH according to the present guidelines [208]. 
In conclusion, in the absence of controlled studies, the 
triptans may be used in the preventive management of CH as 
a second-line, short-term, bridging monotherapy or as an 
add-on treatment only in complicated cases [203]. 

 Civamide, a cis-isomer of capsaicin, is a transient 
receptor potential vanilloid receptor modulator, which 
selectively depresses activity in type-C nociceptive fibres 
and causes release and subsequent depletion of neuropeptides 
via a mechanism of desensitisation to further release), 
including substance P and CGRP [209]. Intranasal civamide, 
compared with placebo [210], resulted in a >50% decrease  
in the frequency of CH attacks. Moreover, most of the 
reported adverse effects, such as nasal burning, lacrimation, 
pharyngitis and rhinorrhoea, were mostly linked to the local 
application of the drug. This promising treatment is under 
active investigation. 

 Kudzu. Kudzu is a vine indigenous to Asian countries, 
traditionally used in Chinese medicine with different 
indications. It contains high levels of phytoestrogens, mostly 
isoflavones. Kudzu has been reported to reduce intensity, 
frequency and duration of CH attacks [211]. The underlying 
mechanisms of action are still unknown, but kudzu has been 
shown to modulate oestrogen receptors centrally [212]. 
Kudzu also appears to reduce alcohol intake [213], which is 
a known trigger of CH attacks. 

 The main preventive agents used in CH with their levels 
of evidence are summarised in Table 2. These drugs have 
widely different molecular targets, and this reflects the 
multifactorial nature of CH. 

Neurostimulation Techniques 

 In recent years, neurostimulation techniques have 
emerged as promising treatments for intractable CCH  
and look set to play an increasingly important role in the 
clinical management of CH. Several strategies are being 
investigated, including deep brain stimulation (DBS) of the 
hypothalamus, occipital nerve stimulation (ONS) and 
sphenopalatine ganglion (SPG) stimulation [214]. DBS has 
been investigated in open [86, 214] and sham-controlled [215] 
studies and it showed beneficial effects, but also significant 
surgical risks. ONS induced an at least 50% reduction in 
attack frequency in 67% of CCH patients [216]. However, 
all the ONS studies were small, uncontrolled studies; in 
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addition, a high frequency of adverse effects was reported 
[217, 218]. More recently, acute stimulation of the SPG was 
shown to be effective in several patients [219]; in another 
study, on-demand SPG stimulation produced either acute 
pain relief or significant effects on attack prevention in CCH 
sufferers, and showed an acceptable safety profile compared 
with other surgical procedures [220]. However, to date there 
are no certain predictors of the effect of neurostimulation 
techniques, and this issue requires further investigation. 

TREATMENT OF THE OTHER TACs  

 In the other TACs, i.e. PH, HC and SUNCT, the extreme 
brevity of the attacks renders any acute attack treatment 
almost vain; furthermore, in clinical trials, any effects 
attributed to a given drug may actually be spontaneous 
effects. Therefore, the aim of treatment in these cases is to 
break the recurring pattern of attacks. Because of the low 
prevalence of these forms and the limited number of patients 
tested, it is only recently that attempts have been made to 
define levels of recommendation for the drugs used in the 
preventive treatment of these TACs [145].  

Paroxysmal Hemicrania and Hemicrania Continua 

 Few studies have addressed the treatment of PH and HC, 
and those that have done generally had open and non-
controlled designs. No reliable information is therefore 
available about the required doses, treatment duration, 
andpatient follow-up. By definition, PH is responsive to 
indomethacin and this peculiar feature is a mandatory 
diagnostic criterion [3]. Accordingly, the diagnosis should be 
reconsidered in patients not responding to indomethacin at 
effective dosages (200-225 mg) [8, 221, 222]. An excellent 
and prompt response to indomethacin is also a main feature 
of HC. Functional imaging studies have provided some clues 
as to the mechanism underlying this response, revealing (in 
both syndromes) activation not only in the posterior 
hypothalamus, but also in the ventral midbrain [95]. The 
ventral midbrain may therefore represent a potential target of 
indomethacin. The suggested initial dose of indomethacin in 
PH and HC is 25 mg three times per day for three days, but 
this dosage can be increased with an additional dose of 25 
mg every three days. Most patients respond completely 
within 24-48 hours to a dose of 150 mg a day. Lack of 
response to therapeutic doses of indomethacin should rule 
out the diagnosis, or suggest a symptomatic form of PH and 
HC, i.e. due to underlying causes [221]. Since the most 
common side effects of indomethacin are peptic ulcers and 
other gastrointestinal disorders, patients usually require co-
administration of proton pump inhibitors or H2 receptor 
antagonists. In patients with episodic PH or with remitting 
forms of HC, treatment with indomethacin at effective doses 
should be prolonged beyond the typical attack period and 
then gradually tapered. CPH and non-remitting HC often 
need a long-lasting treatment, although prolonged remissions 
after discontinuing the drug have been reported.  

 Cyclooxygenase-2 selective inhibitors (rofecoxib, 
celecoxib) have repeatedly been reported to be effective in 
PH [223-227]. However, the increased risk of myocardial 
infarctions and strokes associated with their prolonged use 
urges caution. A combination of piroxicam and β-

cyclodestrine alleviated the clinical symptoms in both CPH 
and HC patients [228]. Similarly, melatonin, possibly 
affecting central nociceptive transmission via potentiation of 
endogenous opioid pathways, was reported to reduce the 
intensity of pain in HC patients [229]. Verapamil was 
observed in one study to be an effective alternative to 
indomethacin [230] and good results were also obtained with 
topiramate in CPH [231]. Finally, in one study, blockade of 
the GON with local injection of steroids and lidocaine 
provided prolonged benefit in PH patients [232].  

SUNCT 

 As in the other TACs, observational studies in SUNCT 
are rare, and the current evidence is mainly based on 
anecdotal observations and case reports. However, in single 
cases and small groups of patients some effects have been 
observed using verapamil [233], and i.v. or oral steroids 
[234, 235]. Intravenous lidocaine was found to provide 
notable relief of pain and autonomic symptoms [236].  
Most data concern preventive treatments with AEDs. 
Carbamazepine, at doses of 200-2000 mg/day [237-243] and 
topiramate at doses of 50-200 mg/day [244-246] reportedly 
improve the clinical symptoms to various extents. 
Gabapentin, administered either alone at doses of 800-2700 
mg/day [247-249] orat a dose of 400 mg in combination with 
oxcarbazepine 600 mg/day [250], appears to be useful as a 
long-term treatment, giving a 60% response rate in SUNA 
(versus 45% in SUNCT). These findings suggest that it 
shows better and less selective effectiveness in the forms 
with more autonomic symptoms. However, lamotrigine, due 
to its efficacy coupled with its notable safety and tolerability, 
has been the focus of most clinical reports [235]. Used at 
doses of 100-400 mg/day this drug has consistently proved 
effective in relieving pain in SUNCT [251-257], also as a 
long-term treatment [258]. On the basis of the above 
evidence, therapeutic guidelines for SUNCT and SUNA 
have been proposed [259]. Lamotrigine must be titrated up to 
the effective dose very slowly to avoid severe adverse 
effects, mostly involving the skin (such as Stevens-Johnson 
syndrome). The levels of evidence for treatments used in PH 
and SUNCT, according to the recently published Italian 
guidelines [145]. The reported beneficial effect of antiepileptic 
drugs in SUNCT and SUNA may reflect similarities in the 
pathophysiological mechanisms between these disorders and 
trigeminal neuralgia. 

CONCLUSIONS 

 Although alternative approaches (such as neuro- 
stimulation techniques) are emerging for the TACs, 
especially for CH, most of the currently available therapeutic 
strategies in these syndromes are pharmacological. The 
clinical efficacy and tolerability of the most widely used 
drugs are supported by a limited number of RCTs, open 
studies in small case series, and single-case reports. Albeit 
with these limitations, the elective approaches in CH 
continue to be the triptans and oxygen for acute treatment, 
steroids for transitional prophylaxis, and verapamil and 
lithium for prevention. Promising results have recently been 
obtained with novel modes of administration of the triptans 
(needle-free methods) and with other agents, and some 
possible future treatments (e.g. civamide) are currently under 
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study. Indomethacin is extremely effective in PH and HC, 
while AEDs (especially lamotrigine) appear to be 
increasingly useful in SUNCT. Neuroimaging studies are 
expected to go on providing insights into TAC patho- 
physiology, ultimately allowing the discovery ofnovel 
therapeutic approaches. Any treatment should be investigated 
according to dedicated guidelines for clinical trials, and 
longitudinal assessment of the natural course of the disorder 
should be performed. Future RCTs dealing with the TACs 
should evaluate the efficacy of CGRP inhibitors or CGRP 
receptor antagonists, a relatively new class of migraine 
abortive drugs. With regard to CH forms that do not respond 
to treatments, definition of refractoriness and inclusion of 
refractory chronic CH in the current headache classification 
may result in a better management of this disease [260]. 
Finally, further investigation of sleep and circadian physiology 
inpatients suffering with TACs may provide additional 
pathophysiological information, useful for developing  
new treatments for these rare, but lifelong and disabling 
conditions. 
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