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The research presented in this thesis was aimed to investigate different parts 
of the cluster headache puzzle. The first aim was to develop and validate web-
based diagnostic questionnaires to reliably recruit a large population of cluster 
headache patients for large scale genetic studies. Secondly, we wanted to 
study comorbid diseases and clinical features. The third aim was to assess the 
effect of occipital nerve stimulation, in medically intractable chronic cluster 
headache. 

Part 1 Cluster headache genetics

The LUCA study- validation of web-based questionnaires

In Chapter 2 we report on the development and validation of a diagnostic 
web-based cluster headache questionnaire for the recruitment of a large 
population for hypothesis free genetic research. We also provided a shorter 
questionnaire with similar sensitivity, specificity and positive predictive value 
with three questions which we named the ‘QATCH’ (Quick Ascertainment 
of Cluster Headache), which indicates that males with headache attacks of 
short duration and long headache-free intervals of months to years are very 
likely to have cluster headache. Our web-based, stepwise programme was 
shown to be a strong and semi-automatic way to be able to collect hundreds 
of cluster headache patients. The LUCA program is still recruiting cluster 
headache patients and up till now 1698 cluster headache patients have been 
recruited of whom 891 DNA samples have been collected. This sample size, 
however, is not enough for a genome wide association (GWA) study in cluster 
headache and therefore international collaboration is needed. GWA studies 
allow simultaneous testing of hundreds to thousands of common (that is with 
a frequency >5% in the general population) DNA markers in several thousand 
cases and controls in a hypothesis-free manner. Such large sample sizes are 
needed to correct for the large number of statistical tests performed.

Recently, a GWA study in 99 Italian patients with cluster headache and a 
control sample of 360 age-matched cigarette smoking healthy individuals 
was performed. In this clearly underpowered study no statistically significant 
association at the genome-wide threshold was found.(1) However, the authors 
describe a suggestive association (p=9.1 x 10 -6) with a common variant of 
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the pituitary adenylate cyclase activating peptide (PACAP) receptor gene 
(ADCYAP1R1) and a missense variant in the membrane metalloendopeptidase 
(MME) gene (P=2.5 x 10-5). The products of both genes have an essential 
function in pain mechanisms. 

Earlier candidate gene studies on the familial hemiplegic migraine type 1 
(FHM1) gene CACNA1A(2, 3), the MTHFR gene 677C>T polymorphism (involved 
in vascular oxidative stress response)(4) and the PER3 clock gene and cluster 
headache(5) all failed. 

We failed to find any association of HCRTR2 SNP rs2653349 (6) unlike two of 
three small association studies and a meta-analyses.(7-10) In our subsequent 
meta-analysis including our LUCA population and the three earlier studies, 
however, we found a significant association of this variant with cluster headache 
susceptibility. This remained after excluding the first study (this study was an 
outlier because of a much larger effect and the only South-European study), 
though with smaller effect size (odds ratio from 0.69 to 0.80). We believe, 
however, that the results of our meta-analysis should be interpreted with 
caution, because of the possible large influence of underpowered studies. 
Low power does not only decrease the chance to detect a true effect, but also 
increases the chance that a significant finding from a small study is not a true 
effect.(11) We, therefore, concluded that there is still no robust evidence for a 
true association between HCRTR2 SNP rs2653349 and cluster headache. 

Part 2 �Cluster headache: comorbidity and clinical 
features

Studying comorbidity may lead to unravel parts of the pathophysiology of 
a disease and may improve treatment strategies. In large genetic studies, 
comorbidity and the existence of a certain phenotype can also play an important 
role, as it reduces genetic heterogeneity. For example, this strategy has been 
used in genetic studies in migraine with and without aura(12, 13), migraine and 
stroke(14) and migraine and coronary artery disease.(15) Cluster headache with 
aura or comorbid depression may have a different genetic profile. Our LUCA 
population of well-defined cluster headache patients (described in Chapter 2) 
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is one of the largest in the world and provides a unique database with validated 
diagnoses of cluster headache and additional information on clinical features 
and comorbidity to investigate clinical features and comorbidity.

Depression and cluster headache

In Chapter 3 we investigated whether depression is a comorbid condition of 
cluster headache. In 462 participants with cluster headache (394 episodic and 
67 chronic) the odds for lifetime depression were almost three times higher in 
cluster headache patients (43.9%) compared to 179 controls (15.8%) (OR 2.77, 
95% CI 1.70-4.51), in particular in chronic cluster headache. We did not ask for 
suicidal tendency as we felt a subject too delicate and we feared it would affect 
the response rate. 

There is extensive evidence of comorbidity between depression and migraine 
where it increases risk of chronification.(16) Common serotonergic and 
dopaminergic pathways may be involved. Depression is present in 5% to 
85% of patients with pain (depending on study setting) and 65% of patients 
with depression experience one or more pain syndromes.(17) A longitudinal 
study has shown that depressive symptoms predict future episodes of low 
back pain, neck-shoulder pain and musculoskeletal symptoms. In addition, 
the presence of chronic pain affected the effect of treatment and diagnostic 
process of depression.(17) Dysregulation of serotonin and norepinephrine 
might contribute to the comorbidity of depression and pain syndromes 
including migraine and cluster headache. Drug therapies, however, targeting 
the serotonergic system are proven to be very effective in cluster headache, for 
example triptans and ergotamine, but are mostly acute treatments.(18) 

Future studies on depression and cluster headache should focus on the possible 
longitudinal bidirectional relationship to investigate causality between cluster 
headache and depression. 

Allodynia and cluster headache

In Chapter 4 we describe the presence of allodynia in cluster headache 
suggestive for central sensitisation. A total of 218/606 (36%) of cluster 
headache patients had allodynia during attacks. Independent risk factors were 
female gender (OR 2.05, 95% CI 1.28-3.29), low age at onset (OR 0.98, 95% CI 
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0.96- 0.99), lifetime depression (OR 1.63; 95% CI 1.06-2.50), comorbid migraine 
(OR 1.96; 95% CI 1.02-3.79), and recent attacks (OR 1.80; 95% CI 1.13-2.86). We 
found no relation between allodynia and duration of attacks or chronic cluster 
headache. 

Although allodynia is particularly expressed in neuropathic pain, it has also 
been described in nociceptive pain.(19) The classification of the International 
Association for the study of pain (IASP) (http://www.iasp-pain.org) divides 
chronic pain syndromes into neuropathic and nociceptive pain syndromes. 
Neuropathic pain is defined as pain caused by a lesion or disease of the 
somatosensory nervous system. Nociceptive pain is pain that arises from actual 
or threatened damage to non-neural tissue and is due to the activation of 
nociceptors. Nociceptive pain is divided into somatic and visceral nociceptive 
pain. Somatic pain is characterized as well localized, intermittent, or constant 
and described as aching, gnawing, throbbing, or cramping. Visceral pain is 
described as deep, squeezing, or colicky, and is commonly referred to cutaneous 
sites, which may be tender. Where to classify cluster headache within this 
distinction is difficult as the mechanism of pain in cluster headache is complex. 
In cluster headache the anatomical and functional intactness of pain pathways 
and the possible occurrence of sterile neurogenic inflammation points to 
nociceptive trigeminal pain, probably triggered by hypothalamic activation.
(19) Some researchers classify cluster headache as a somatic pain and migraine 
as a visceral pain based on the clinical characteristics of the headache attacks. 
(20) The same researchers also hypothesized that involvement of relatively 
more descending inhibitory interneurons in somatic pain (cluster headache) 
compared to visceral pain (migraine) in the nociceptive dorsal horn neurons 
should lead to allodynia in migraine but not in cluster headache. Our findings, 
however, seems to contradict this hypothesis. 

Allodynia may be treated with tricyclic antidepressants, serotonin-
norepinephrine reuptake inhibitors, gabapentinoids, opioids, cannabinoids, 
lamotrigine, mexiletine, lidocaine gel and botulinum toxin-A.(21) Presence 
of allodynia may predict good or poor therapy response depending on the 
condition and drug used.(21, 22) Therefore, we suggest to investigate whether 
presence of allodynia in cluster headache might predict treatment response. 
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Cluster-tic syndrome

In Chapter 5 we investigated the co-occurrence and features of trigeminal 
neuralgia in cluster headache suggestive of the so called cluster-tic syndrome. 
In total 11/244 (4.5%) of the cluster headache patients had attacks fulfilling 
ICHD-II criteria for trigeminal neuralgia. Most patients had symptoms in the 
first branch of the trigeminal nerve and none in the third branch. Trigger factors 
were reported by a minority of patients, and most patients reported that the 
short attacks were timely related to the cluster headache attacks. In all cases 
trigeminal neuralgia was ipsilateral to the side of the cluster headache attacks. 
Although the non-cluster headache attacks in these patients fulfilled the ICHD-
II criteria of trigeminal neuralgia, we do not believe in a shared underlying 
mechanism of cluster headache and trigeminal neuralgia. The ICHD-III criteria 
mention cluster-tic in a note; ‘some patients have been described to have both 
cluster headache and trigeminal neuralgia’, with the additive ‘sometimes referred 
to as cluster-tic syndrome’. Either such patients have two separate diseases or 
might have cluster headache with ultra-brief attacks. We, therefore deem it 
more preferable to make two separate headache diagnoses and describe the 
atypical features and treat accordingly. Since our study was published, two 
new case-reports of possible cluster-tic syndrome have been published.(23, 
24) In the first case attacks of SUNCT/trigeminal neuralgia and to some extent 
also cluster headache improved after microvascular venous decompression 
of the trigeminal nerve.(23) In the second case there was co-occurrence of 
trigeminal neuralgia with trigger points within the mandibular branch.(24) 
Attacks of cluster headache, but not of trigeminal neuralgia, responded well 
to non-invasive vagus nerve stimulation (VNS).(24) VNS is a promising new 
treatment for episodic but not chronic cluster headache.(25, 26) Whether VNS 
is also effective in trigeminal neuralgia, is unknown. 

Cluster headache and aura

In Chapter 6 we show that 22/244 (9.0%) cluster headache patients had 
(primarily visual) aura-symptoms preceding cluster headache attacks, which is 
lower than in other studies(27-29). The majority (72.7%) of these patients did 
not report comorbid migraine headache attacks. 

In migraine, auras are thought to be caused by cortical spreading depolarisation 
possibly secondary to cortical hyperexcitability. Our findings suggest that both 
phenomena might also play a role in cluster headache with aura. 
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Cluster headache and epilepsy

In Chapter 7 we show that epilepsy is more prevalent among cluster headache 
(2.0% (95% CI: 1.1, 3.4)) compared to the general population (0.76% (95% 
CI: 0.617, 0.938)).(30) Our results seem valid as we found the same increased 
prevalence of epilepsy in our migraine cohort as described in the literature of 
0.7-2.3%.(31)

This finding supports the notion that cortical hyperexcitability might also be 
present as suggested by the increased prevalence of aura (Chapter 6) and 
cortical hyperexcitability after transcranial magnetic stimulation in episodic 
cluster headache.(32) 
 

Part 3 The ICON study

In Chapter 8 we describe the protocol for the ICON study which assesses the 
effect of occipital nerve stimulation in medically intractable chronic cluster 
headache patients. The ICON study is a prospective, randomised, double blind, 
sham controlled parallel group study. As participants might be unblinded by 
experiencing paraesthesia in an active versus inactive group, the ICON study 
compares a presumably therapeutically high (100%) versus a presumably low 
(30%) amplitude occipital nerve stimulation. To further mask the difference 
between high and low stimulation, the stimulation percentages were increased 
in a step-wise fashion over a period of 4 months. Primary outcome is the 
mean difference in the number of attacks over the last 4 weeks of the blinded 
study period of 6 months. After this blinded study period there will be an 
open extension phase of 6 months. Various secondary outcome measures are 
assessed as well including economic evaluation. To detect a 35% therapeutic 
gain versus placebo, 120 patients need to complete the 6 month placebo 
controlled double blind phase with 90% power and alpha of 0.05. Assuming a 
dropout rate of 20% we intended to randomise in total 144 patients. The first 
patient was included in October 2009 and was randomised in January 2010. 
At present, the trial is completed with 131 patients randomised,  as the actual 
dropout rate was much lower than anticipated. Results are expected in the 
summer of 2019. 
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An incidental finding of our ICON study was that occipital nerve stimulation 
seems to be a safe and effective treatment during pregnancy.(33)

Future perspectives 

Genetic research in cluster headache is still in its infancy. Epigenetics(34) 
involves several mechanisms (i.e. histone modifications, DNA methylation 
and non-coding RNAs) that regulate gene expression without changing the 
genetic code. Although there is a clear genetic component in cluster headache, 
environmental factors are likely to play a role as well. For example, epigenetics 
could be one of the mechanisms through which aging and environmental 
factors like smoking may exert their (long-lasting) effect on gene regulation in 
cluster headache.(35) 

Another example is gene expression profiling, which can be studied in 
relatively small numbers of patients, clearly a benefit in a rare disease such as 
cluster headache. Gene expression profiling provides identification of genes 
and pathways resulting from genetic and epigenetic factors. A recent small 
study in 39 cluster headache patients and 20 controls showed only modest 
gene expression differences.(36) Additional tests suggested involvement 
of brain-related molecules (e.g. GABA and ion channels) and inflammation-
related molecules. Using the same method the hypocretin gene sets were also 
tested because of previous findings of a relation between the HCRTR2 gene and 
cluster headache. No association was, however, found which is in accordance 
with our study results.(6) In the future, larger samples (n=100-120) are required 
to identify the full range of cluster headache related pathways and genes. 

Finally, exome sequencing (sequencing all coding variants of an individual) 
might provide useful information assuming that a limited number of rare 
variants with high individual effect size underlie susceptibility to cluster 
headache. Results of exome sequencing in familial cluster headache cases 
are more likely to uncover parts of the pathophysiological mechanism, than 
studying the genetic profile of sporadic cases. 
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We believe that hypothesis-driven and underpowered studies are likely to 
provide invalid results and will not unravel the genetic pathophysiology of 
cluster headache.(6) So, other non-hypothesis driven strategies in large study 
cohorts (> 1000 patients) and replication cohorts are needed. With recruiting 
and validating our LUCA program we made the first step, but as international 
collaboration is needed to recruit sufficiently large cohorts, at this moment the 
first international collaboration for GWA studies in cluster headache is being 
established. In migraine, unfortunately until now GWA studies did not live up to 
the expectation of being able to predict individual risk to disease. It is likely that 
GWA studies in cluster headache will possibly also only identify gene variants 
with low relative risk and explain only a small proportion of disease heritability. 
Thousands of patients are needed to have enough power to detect associated 
SNP’s which is challenging in a relatively rare disease as cluster headache.(12, 
13) Moreover, interpretation of the associated SNP is often difficult, as GWA 
study hits are often located outside coding regions, which makes it hard to 
assess which genes are involved in the disease. 

Calcitonin Gene-related peptide (CGRP) is increased in the external jugular vein 
blood in cluster headache during attacks and a normalization of CGRP occurred 
after spontaneous resolution or treatment with sumatriptan or O2.(37) This 
suggests a role of CGRP in the pathophysiology of cluster headache. CGRP is a 
potent vasodilator and has a prominent role in the transmission of pain.(38) In 
the trigeminal ganglion there is high expression of CGRP receptors. In migraine, 
phase II studies with small molecule CGRP receptor antagonists or monoclonal 
antibodies against CGRP or its receptor have shown promising results.(39-43) 
Trials in cluster headache on galcanezumab and fremanezumab are underway. 

Promising neuromodulation therapies other than ONS are sphenopalatine 
ganglion (SPG) and VNS. In SPG stimulation an implantable microstimulator 
is fixed to the maxilla, with electrodes placed in the pterygopalatine fossa 
proximate to the SPG. The device offers acute efficacy for attacks.(44) There 
was also some prophylactic effect, but this needs to be confirmed in larger 
dedicated studies.(45) 
One of the disadvantages of the prescribed invasive neuromodulation studies 
is the relatively high number of hardware failure and complications (lead 
migrations in 30% and infection in 3-5%) and the need for surgery. This led to 
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the development of a non-invasive technique: non-invasive VNS. In the past, 
invasive VNS has been used for the treatment of epilepsy and medication 
resistant depression and also showed promising results in cluster headache.(46) 
More recently, a new device for non-invasive VNS was developed. A randomised, 
not blinded trial showed a significant weekly attack frequency reduction using 
daily prophylactic non-invasive VNS as an adjunctive to standard of care as 
compared to standard of care alone (p=0.02).(47) Subsequently a randomised, 
double blind sham controlled study showed that non-invasive VNS was 
effective in episodic but not in chronic cluster headache.(25, 48) The device 
was safe and well tolerated. 
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