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Abstract
This thesis investigates the hypothesis that dysfunction of the hypothalamo-pituitary 

axis is important in headache in patients with pituitary disorders. The observation that 

patients with small functional pituitaiy tumours may suffer with severe headache 

syndromes, and the dramatic analgesic effect that may be seen with somatostatin 

analogues, are central to the thesis. In the first study, I showed that there was no 

correlation between pituitary volume or cavernous sinus invasion with headache in 

pituitary tumours. In this study, prolactinomas and growth hormone- secreting 

tumours were found to be associated with the highest degree of headache, suggesting 

that biochemical mechanisms may be more important than structural ones in the 

pathophysiology of pituitary tumour-associated headache. In the second study, the 

presence of potentially nociceptive peptides CGRP and substance P within pituitary 

tumours was investigated; there was no association between the presence of these 

peptides and headache. In the third study, the clinical characteristics of pituitary 

tumour-associated headache were investigated. The commonest presentation of 

headache was migraine. The rare primary headache, Short lasting Unilateral 

Neuralgiform headache attacks with Conjunctival injection and Tearing (SUNCT), 

was exclusively associated with acromegaly or prolactinoma. In the fourth study, the 

possibility that cessation of somatostatin infusion could be a useful non-vascular way 

of triggering headache was investigated; the headache induction was not reliable. In 

the final study, the potential use of octreotide in the management of primary headache 

was investigated. Octreotide was unhelpful for migraine, but was efficacious in the 

acute treatment of cluster headache. The findings suggest that functional disturbances 

in the hypothalamo-pituitary axis may have a pathophysiological role in some 

headache types.
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The role of the hypothalamo-pituitary axis in headache

1.1 An introduction to headache
There have been major advances in the scientific understanding of the 

pathophysiology of headache in recent years, both through clinical and animal 

research. One of the primary shifts in emphasis has been to move away from the view 

that headache is a 'vascular disorder' towards the view that it is a central nervous 

disorder (May and Goadsby, 1999). The trigeminal nucleus has been shown to be 

crucially involved in head pain and the classical human experiments performed by 

Wolff (1963) demonstrated that direct stimulation of the cerebral cortex and other 

central structures were not painful, whereas stimulation of areas innervated by the 

trigeminal nerve, such as the dura mater and cerebral blood vessels, produced pain.

Although the primary disturbance in headache syndromes is believed to be in the 

central nervous system, many patients report a vascular component to their symptoms 

(Drummond and Lance, 1983). This is believed to be a result of activation of the 

‘trigeminovascular’ pathway, which describes an anatomical connection between 

trigeminal neurones and the cranial blood vessels. Stimulation of the trigeminal 

ganglion in the cat leads to an increase in vasoactive peptides such as substance P 

(SP) and calcitonin gene related peptide (CGRP; Goadsby et al., 1988) and 

stimulation of more specific pain-producing structures, such as the superior sagittal 

sinus, also results in the release of CGRP but not SP (Zagami et al., 1990). During 

migraine (Goadsby et al., 1990; Gallai et al. 1995), cluster headache (Goadsby et al., 

1990; Fanciullacci et al., 1995) and other primary headache syndromes (Goadsby and 

Edvinsson, 1996), CGRP has been shown to be elevated, which strongly implicates a 

role for this peptide in the pathophysiology of headache. CGRP (Steel et al., 1992; 

Nakamura et al., 1998) and SP (Arita et al., 1994; Liu, 1995) have both been isolated 

in the pituitary gland, as will be discussed later in the introduction.

Headache is a common feature of pituitary tumours and is a major cause of morbidity 

in this group of patients (Suwanwela et al., 1994; Abe et al., 1998). Acromegaly and 

prolactinoma appear to be particularly associated with headache (Abe et al., 1998;
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Ezzat et al., 1994; Couch, 1986). As well as the high prevalence of headache in 

pituitary tumours, rare headache syndromes have been described in association with 

small hormonally active lesions (Massiou et. al, 2002; Ferrari et al., 1988). An 

impressive analgesic effect of somatostatin analogues on pituitary tumour-associated 

headache has been described in the absence of reduction tumour size (Sandler et al., 

1987; Williams et al., 1987; Musolino et al., 1990). The mechanism of this analgesic 

action is unknown, although it has been suggested that the suppression of a 

nociceptive peptide may be involved (Williams et al., 1987).

The title of this thesis is ‘The role of the hypothalamo-pituitary axis in headache’. It is 

hoped that the subject matter within this thesis will facilitate information exchange 

between the endocrinologist interested in pituitary disease, and the neurologist 

interested in headache. This introduction attempts to draw together the current data 

regarding the involvement of the hypothalamo-pituitary axis in primary headache 

syndromes, the clinical presentation and proposed mechanisms of pituitary tumour- 

associated headache, and the perceived role of somatostatin in headache.

The first part of the introduction is a clinical and pathophysiological review of 

headache, with particular emphasis on the involvement of the hypothalamo-pituitary 

axis. This section includes a series of case histories of patients with pituitary tumours 

presenting with headache that exemplify the important issues that were generated 

whilst planning the work. The individual cases are fully described in the Appendix. In 

the second part of the introduction, a general background to the subject of pituitary 

tumours is given, with particular emphasis on headache. This section reviews the 

previous clinical reports of pituitary tumour-associated headache and includes a 

discussion of the potential pathophysiological mechanisms involved. The final part of 

the introduction discusses the topic of somatostatin and headache, following which is 

a summary of the aims of the individual studies in this thesis.

1.2 Case Histories
One of the impetuses for this project was a series of observations made by two 

independent groups (the Endocrine Unit, Charing Cross Hospital, London and the 

Headache Group, Institute of Neurology, London). The cases described in the 

Appendix exemplify the type of presentations that aroused interest in this subject, and
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are summarised here.

Cases 1 and 2 (Appendix) describe two similar patients presenting with very small 

pituitary tumours with severe headache (Levy et al., 2003a). These cases suggest that 

factors other than tumour size may be important in pituitary tumour-associated 

headache. Both had microprolactinomas and presented with rare headache syndromes 

at the same time as the onset of menstrual disturbance and galactorrhoea. Case 1 had a 

diagnosis of short lasting unilateral neuralgiform headache attacks with conjunctival 

injection and tearing (SUNCT; Goadsby and Lipton, 1997; I.H.S code 3.3, Headache 

Classification Committee of The International Headache Society, 2004) and case 2 

had symptoms suggestive of hemicrania continua (Pareja et at., 2001; I.H.S code 4.7, 

Headache Classification Committee of The International Headache Society, 2004), 

the clinical features of which are discussed later in this introduction. The interesting 

aspect of these cases is the manner in which the administration of dopamine agonists 

significantly altered and exacerbated the headache phenotype without causing a 

change in the size of the lesions. The importance of size in pituitary tumour- 

associated headache is studied in Chapter 2.

Case 3 (Appendix) describes a patient with acromegaly who presented with severe 

unilateral headache (Levy et al., 2003b). The striking aspects of this case were the 

dramatic analgesic effect of octreotide and the unresponsiveness of the headache to 

lanreotide, despite adequate growth hormone suppression with both. The fact that 

lanreotide successfully reduced growth hormone but not headache suggests that 

octreotide possesses a specific analgesic property that is ‘uncoupled’ from growth 

hormone. The possibility that pituitary tumours might secrete a nociceptive peptide is 

investigated in Chapter 3.

Case 4 (Appendix) describes a 37 year-old man with a macroprolactinoma presenting 

with SUNCT (Matharu et al., 2003). The headache symptoms were ipsilateral to the 

side of cavernous sinus invasion and these symptoms completely resolved in response 

to dopamine agonist therapy. The clinical features of SUNCT and other rare headache 

syndromes are discussed later, and the range of headache phenotypes seen with 

pituitary tumours is investigated in Chapter 4.
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Case 5 (Appendix) describes octreotide dependency (Levy and Goadsby, 2004), 

which has been previously reported (Popovic et al., 1988; May et al., 1994) although 

this is not widely recognised. The presence of rebound headache and tachyphylaxis in 

this patient indicates that overexposure to somatostatin can cause worsening 

headache. The potential usefulness of this observation for research purposes are 

studied in Chapter 5, and the potential role of octreotide as an abortive analgesic agent 

in primary headache is studied in Chapter 6.

In summary, pituitary tumours appear to give rise to a range of headache syndromes 

that may be caused by factors over and above simple structural mechanisms. The 

observation that headache can be alleviated or excerbated by the administration of 

dopamine agonists or somatostatin analogues suggests that previously unexplained 

neuro-endocrine pathways may be important in the pathophysiology of certain 

headaches.

1.3 The hypothalamo-pituitary axis and headache
In order to understand the significance of pituitary tumour-associated headache, it is 

important to have a clinical and pathophysiological perspective of headache in 

general. An important aspect of headache in clinical practice is the recognition that 

pain is only a small part of the presentation of most headache syndromes (Silberstein 

et al., 2002). Many of the non-painful clinical features associated with primary 

headache suggest that there are alterations in the hypothalamo-pituitary axis before, 

during and after a headache attack (Giffin et al., 2003). The following is a discussion 

of the different headache phenotypes mentioned in this thesis, with particular 

emphasis on the relevance of the hypothalamo-pituitary axis to each phenotype.

1.4 Migraine
Migraine is a common clinical problem, having a one-year prevalence of 

approximately 17 % among women and 10 % among men (Steiner et al., 2003). 

Migraine has many facets other than pain in its clinical presentation, and this is well 

recognised by patients (Silberstein et al., 2002). To establish a diagnosis of migraine, 

as defined by the Headache Classification Committee of the International Headache 

Society (1988), having regard to its recent revision (2004), five attacks are needed, 

each lasting 4-72 hours and having two of the following four pain characteristics:
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unilateral location, throbbing quality, moderate to severe intensity and aggravation 

with movement. In addition, the attacks must have at least one of the following: 

nausea or vomiting or photophobia and phonophobia. Functional imaging studies 

have suggested that the brain stem is activated during a migraine attack (Weiller et al., 

1995; Bahra et al., 2001; Matharu et al., 2004) supporting the view that migraine is a 

central nervous system rather than a peripheral disorder. There are characteristic 

clinical features of migraine that implicate the hypothalamo-pituitary axis in the 

pathophysiology of migraine which are now discussed.

1.4.1 Sex hormones and migraine
Migraine is approximately twice as common in women (Stewart et al., 1994) and 

there is a known association between alterations in the female endocrine axis and 

migraine. Women commonly experience migraine peri-menstrually, which may be 

due to oestrogen withdrawal (Somerville, 1975; Silberstein, 2001). The role of 

fluctuating oestrogen levels in migraine is further evidenced by the observation that 

migraine attacks occur during the 'pill free interval’ in women on the combined oral 

contraceptive pill (MacGregor, 1997) implying that oestrogen withdrawal is important 

in the pathopysiology of migraine. There are also a group of patients who experience 

oestrogen-induced migraine (Silberstein, 2000a) indicating that migraine may be 

exacerbated by both increases and decreases in oestradiol concentration. Migraine 

often improves during the second and third trimester of pregnancy when oestrogen 

and progesterone levels are persistently elevated, often exacerbating soon after 

delivery (Silberstein, 2000b). Migraine commonly worsens at the peri-menopause 

(Neri et al., 1993) further indicating the importance of fluctuations in oestradiol levels 

in relation to migraine. A well-recognised time for women to experience their first 

migraine attack is at menarche (Facchinetti et al., 2000), when there is much change 

in activity of the hypothalamo-pituitary axis (Styne, 1994).

1.4.2 Premonitory symptoms
Premonitory symptoms are probably under-recognised, partly due to their subtle 

nature (Santoro et al., 1990) and implicate hypothalamic disturbances in migraine. 

They should not be confused with aura, which occurs up to 60 minutes before the 

onset of pain, and occurs in 15% of migraineurs (Russell et al., 2002). Premonitory 

symptoms include increased yawning, tiredness, mood disturbances, polyuria,
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polydipsia and altered food cravings (Drummond and Lance, 1984), strongly pointing 

towards hypothalamic disturbance (Kupfermann, 1985; Zurak, 1997). The incidence 

of premonitory symptoms ranges from 7-88% of migraine sufferers (Drummond and 

Lance, 1984; Waelkens, 1985; Rasmussen and Olesen, 1992) and these symptoms are 

highly predictive of attacks in affected patients (Giffin et al., 2003).

1.4.3 Dopamine-prolactin axis
Premonitory symptoms may be due to alterations in dopaminergic pathways 

(Peroutka, 1997). Yawning may be a prominent premonitory symptom (Russell et al., 

1996) and there is in vivo evidence that dopamine (D2 ) receptor activation can lead to 

experimentally-induced yawning (Mogilnicka and Klimek, 1977; Protais et al., 1983; 

Serra et al., 1986; Yamada et al., 1986). D2  agonists may induce both yawning and 

headache in migraineurs (Blin et al., 1991; Del Bene et al., 1994). Migraine is less 

common in patients with Parkinson’s disease than those without, and the frequency of 

migraine in Parkinsonian patients increases with administration of D2 agonists 

(Sabatini et al., 1990). Migraineurs may have increased dopamine sensitivity (Cassidy 

et al., 2003) and abnormalities of D2 receptors (Peroutka et al., 1997; Dichgans et al., 

1998). There is clinical evidence that dopamine antagonists are helpful in the acute 

treatment of a migraine attack beyond their anti-emetic effects (Sharma et al., 2002; 

Silberstein et al., 2003).

Because of the intricate relationship between dopamine and prolactin (dopamine is 

‘prolactin inhibitory factor’ when produced by the hypothalamus), there has been 

interest in the relationship between serum prolactin per se and migraine (Murialdo 

and Pollen, 1987). Peres et al. (2001) showed a reduction in serum prolactin in 

chronic migraine, whilst other groups have shown an elevation in serum prolactin in 

episodic migraine (Murialdo et al., 1986; Nattero et al., 1986). It is unclear whether 

this difference in findings is related to the episodicity of migraine. There is an 

increased prolactin response after pituitary stimulation in episodic migraineurs 

compared to healthy controls (Awaki et al., 1989) and an increased prolactin response 

to dopamine antagonists in the follicular phase of migraineurs (Murialdo et al., 1986). 

Conversely the inhibitory effect of nomifensine, a dopamine reuptake inhibitor, on 

prolactin secretion is dampened in migraineurs compared with controls (Murialdo et 

al., 1986). These findings may demonstrate an increased prolactin reserve in migraine
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and suggest the existence of a dopaminergic supersensitivity of the lactotrophic 

postsynaptic D2 receptors. A further link between dopamine and migraine is the 

observation that bromocriptine may exert an analgesic effect in primary migraine 

(Herzog, 1997) and in pituitary tumour-associated migraine (Hartman et al., 1995; 

Gabrielli et al., 2002).

1.4.4 Migraine genetics

One of the key features of migraine is its strong familial tendency. This was noted as 

far back as the eighteenth century (Tissot, 1790) and numerous subsequent studies 

have confirmed this. Familial studies support the familial aggregation of migraine 

(Merikangas, 1990; Merikangas, 1996) and twin studies also support the role of 

genetic factors (Merikangas, 1996). The observation that there is only an 

approximately 50% concordance in monozygotic twin studies suggests that the 

aetiology of migraine is multifactorial. It is unlikely that there is a single 'migraine 

gene' and abnormalities in the following genes have been linked to migraine: 

dopamine receptors (Peroutka et al., 1997), Notch 3 (Davous, 1998), mitochondrial 

genes (Klopstock et al., 1996), endothelin type A receptor (Tzourio et al., 2001), 

Xq24-28 linked gene (Nyholt et al., 2000) and the insulin receptor gene (McCarthy et 

al., 2001). There has been interest in the CACNA1A gene on chromosome 19pl3 

(Ophoff et al., 1996). This gene encodes the aiA subunit, which forms the calcium- 

selective pore of voltage gated P/Q-type calcium channels. CACNA1A mutations are 

associated with familial hemiplegic migraine, a rare autosomal dominant form of 

migraine with prolonged aura, hemiparesis and, in some families, cerebellar ataxia 

and atrophy. There has also been an association between familial hemiplegic migraine 

and the ATP1A2 gene on chromosome lq23 (De Fusco et al., 2003; Vanmolkot et al., 

2003). This gene encodes the 012 subunit of the sodium-potassium pump, further 

implying that certain forms of migraine may be due to abnormalities in the function of 

ionic channels (so-called ‘channelopathies’).

In summary, there is evidence that patients with migraine have an inherited tendency 

to a condition that includes central neuroendocrine disturbances. This knowledge may 

be important in understanding the reasons why certain patients with functional 

pituitary tumours are particularly prone to headache.
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1.5 Trigeminal Autonomic Cephalgias
One of the observations made in the clinical cases described in the Appendix, 

supported by the literature (Ferrari, 1988; Massiou, 2002; Milos, 1996), is that cranial 

autonomic symptoms may be a feature of pituitary tumour-associated headache. 

Cranial autonomic symptoms are a particularly prominent clinical feature of a group 

of primary headaches known as the trigeminal autonomic cephalgias, of which cluster 

headache is the most commonly described (Goadsby and Lipton, 1997). The cranial 

autonomic symptoms include ipsilateral parasympathetic activation (lacrimation, 

rhinorrhoea, nasal congestion, and eyelid oedema) and sympathetic hypofunction 

(ptosis and miosis). The mechanism of autonomic activation has been well described 

(Goadsby and Lipton, 1997). Stimulation of trigeminal efferent neurones can result in 

increased cranial autonomic outflow (May and Goadsby, 1999; Frese et al., 2003), 

known as the trigeminal-autonomic reflex. The trigeminal-autonomic reflex refers to a 

functional reflex between the trigeminal nucleus caudal is and the parasympathetic 

outflow from the superior salivatory nucleus.

1.5.1 Cluster Headache

The tendency of cyclical/ seasonal expression in episodic cluster headache is strongly 

suggestive of hypothalamic involvement because the suprachiasmatic nucleus of the 

hypothalamus is believed to be the pivotal area of the brain controlling biological 

rhythms (Swaab et al., 1996). Functional imaging techniques, such as functional fMRI 

and Positron Emission Tomography (PET), along with evidence from biochemical 

investigation of patients with cluster headache, have shown that the hypothalamus 

plays a central role in the pathophysiology of this rare headache disorder. Therefore 

cluster headache gives numerous insights into the potential role of the hypothalamo- 

pituitary axis in headache.

1.5.1.1 Clinical features o f cluster headache

A typical cluster attack is characterised by severe unilateral orbital/ supraorbital/ 

temporal pain lasting 15 to 180 minutes if untreated. Headache is usually associated 

with pronounced cranial autonomic features and the frequency of attacks varies from 

1 every other day to 8 per day (Headache Classification Committee of the 

International Headache Society, 2004). Cluster headache may be episodic, occurring
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in periods lasting 7 days to one year separated by pain free periods lasting 14 days. 

Cluster headache may also be chronic, occuring for more than one year without 

remission or remission lasting less than 14 days. In episodic cluster headache, a 

cluster period usually lasts between 2 weeks and 3 months. Unlike migraineurs 

(during a migraine attack patients are generally sedate and prefer to lie in a darkened 

room), patients with cluster headache are often extremely agitated and unable to lie 

down during an attack. Patients with cluster headache describe rocking, applying 

pressure to their head, banging their heads against walls, and other restless activities 

during an attack (Blau, 1993). This behavioural difference from migraine may not be 

just a reflection of the higher pain severity, but may be due to hypothalamic 

activation. It is known that hypothalamic centres are important for autonomic fight/ 

flight responses (Palkovits, 1999) and aggressive behaviour (Panksepp, 1971; Kruk et 

al., 1983; Roeling et al., 1993) and this may explain the extreme agitation observed 

during a cluster attack.

1.5.1.2 Biochemical abnormalities in cluster headache 

Hypothalamo-Pituitary Adrenal Axis
There is evidence that cortisol diurnal variation is lost in cluster headache, and this 

does not appear to be related to whether the attacks are nocturnal or during the day 

(Ferrari et al., 1983; Chazot et al., 1984; Facchinetti et al., 1986).

Twenty-four hour urinary cortisol production is increased in cluster headache during a 

bout compared with controls (Facchinetti et al., 1986; Waldenlind et al., 1987) 

implying activation of the adrenal axis. There is a reduced cortisol response to painful 

stimuli compared to healthy controls (Chazot et al., 1984; Waldenlind et al., 1987) as 

well as a reduced cortisol / ACTH response to CRH both in the cluster period and 

during remission (Leone et al., 1991), and reduced response to insulin-induced 

hypoglycaemia (Leone et al., 1991). The raised resting activity of the hypothalamo- 

adrenal axis in cluster headache suppresses normally in response to low-dose 

dexamethasone (Devoize et al., 1986; Frediani et al., 1988; Leone et al., 1992) 

suggesting that there is no autonomous secretion of cortisol in cluster headache.
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Gonadal Axis

Cluster headache is more common in males, with a male: female ratio of 7:1 in middle 

age (Ekbom et al., 2002) although the ratio may be closer to 2.5:1 (Bahra et al., 2002; 

Torelli et al., 2003). The male predominance of cluster headache and the observation 

that it is very rare in puberty (Manzoni et al., 1991) suggests that the FSH/ LH/ 

testosterone axis may be important in cluster headache.

There is reduced basal LH (Kudrow, 1977; Klimek et al., 1984) and elevated FSH 

levels (Murialdo et al., 1989) in episodic and chronic cluster headache, although 

groups have also reported normal levels (Parati et al., 1980; Murialdo et al., 1989; 

Klimek et al., 1984). The LH response to LHRH has been reported as normal 

(Facchinetti et al., 1988) and reduced (Klimek et al., 1984; Murialdo et al., 1989), 

whilst an increased FSH response in both episodic and chronic cluster headache has 

been observed (Murialdo et al., 1989). A reduction in LH peaks over 24 hours has 

been demonstrated in both chronic and episodic cluster headache (Micieli et al.,

1987), further indicating an abnormality in the central control of LH secretion.

Testosterone levels have been reported as normal (Nelson, 1978) and low (Kudrow, 

1976; Klimek, 1982; Micieli et al., 1987) during the cluster period, the reported low 

levels possibly being secondary to reduced central LH production. There is evidence 

of increased responsiveness to exogenous testosterone in cluster headache sufferers 

compared to controls (Nicolodi et al., 1993) suggesting increased sensitivity to 

testosterone. Refractory cluster headache has been resolved by gonadotropin releasing 

hormone (GnRH) analogues, suggesting that suppression of the hypothalamo- 

pituitary-gonadal axis can restore a patient to the pain-free state (Nicolodi et al., 

1993b).

Growth Hormone Axis

There have been reports of abnormalities in the growth hormone axis in cluster 

headache. An abnormal evening growth hormone peak has been reported in episodic 

cluster headache (Chazot et al., 1984) and Klimek (1985) reported an increased 

growth hormone response to dopamine agonists, with a simultaneous reduction in 

prolactin. Because hypothalamic dopaminergic neurones have been shown to facilitate
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growth hormone release and inhibit prolactin (Anden et al., 1967), these observations 

may point to increased hypothalamic dopaminergic tone in cluster headache (Leone 

and Bussone, 1993).

Thyroid Axis
Although basal thyroid stimulating hormone (TSH) levels are predominantly normal 

in cluster headache (Waldenlind and Gustafsson, 1987; Bussone et al., 1988; Leone et 

al., 1990) there is evidence of reduced TSH responsiveness to thyrotropin releasing 

hormone (TRH) in both episodic (Bussone et al., 1988; Leone et al., 1990) and 

chronic cluster headache (Waldenlind and Gustafsson, 1987) compared with healthy 

controls.

Dopamine-Prolactin Axis
The diurnal rhythm of prolactin has been reported as normal (Ferrari et al., 1979; 

Chazot et al., 1984) with a loss in prolactin release rhythms (Polleri et al., 1982; 

Ferrari et al., 1983). Waldenlind et al. (1987) demonstrated reduced 24-hour prolactin 

production in episodic cluster headache both in remission and during the cluster 

period, which was independent of sleep deprivation. This reduction in prolactin 

secretion may be related to increased dopaminergic tone in cluster headache 

(Waldenlind and Gustafsson, 1987). A blunted prolactin response to dopamine 

antagonists has been demonstrated in episodic cluster headache during a bout, 

(Klimek, 1985) and Bussone et al. (1988) demonstrated no alteration in prolactin 

response to TRH, which may indicate that dopaminergic pathways are specifically 

altered in cluster headache.

In summary, the literature suggests that there are alterations in all five hypothalamo- 

pituitary axes in patients with cluster headache, both in the resting state and during a 

bout, compared with controls as summarised in Table 1. It is conceivable that by 

studying the headache phenotypes characterised by specific perturbations in the 

hypothalamo-pituitary axis in functional pituitary tumours, further light may be shed 

on the precise biochemical mechanisms involved in primary headache. Further 

exciting and more direct evidence of the importance of hypothalamic activation in CH 

arises from functional imaging studies, which is now discussed.
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Tabic 1. Biochemical abnormalities in cluster headache

A ili BaanlTaat Dynamic Tart

HPA • Loss of diumal variation
• T 24 h urinary cortisol

• |  response to stress
• I response to CRH
• 4 response to hypoglycaemia
• N dexamethasone suppression

Gonadal • N, i LH
• |  24 h LH secretion
• N, T FSH
• N, 4 Testosterone

• N, |  LH response to LHRH
• t FSH response to LHRH

GH • t evening peak GH • t response to dopamine agonists

TSH • N • 4 response to TRH

Prolactin • N, |  24 h secretion • 4 response to dopamine agonists
• N response to TRH

HPA = Hypothalamo-pituitary adrenal N = normal

1.5.1.3 Functional Imaging Abnormalities

Activation of the ipsilateral posterior hypothalamic grey matter has been 

demonstrated using PET scans during nitroglycerin-induced cluster headache attacks 

(May et al., 1998a). Evidence that this hypothalamic activation is specific to cluster 

headache and not a secondary marker of pain, is illustrated by the lack of this pattern 

of activation in migraine (Weiller et al., 1995) or experimentally induced ophthalmic 

division pain (May et al., 1998b). Voxel-based morphometric analysis of the 

structural T1-weighted MRI scans of 25 patients with cluster headache (May et al., 

1999a) showed that cluster patients had an increase in hypothalamic volume 

compared to healthy controls, and the inferior posterior hypothalamus was the specific 

area of enlargement. This area closely correlates with the PET appearances and adds 

consistency to the view that this nucleus is involved in cluster headache (Figure 1).
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Leone et al. (2001) reported a patient with intractable cluster headache who 

experienced a dramatic resolution in symptoms after stereotactic stimulation of the 

posterior hypothalamus. Subsequent to this, five patients have responded well to the 

insertion of deep brain hypothalamic stimulators (Franzini et al., 2003).

Figure 1. lpsilateral hypothalamic activation in cluster headache on PET

Taken from May et al. (1998a)

In summary, primary cluster headache appears to involve structural / functional 

disturbances of the hypothalamo-pituitary axis. As will be discussed in section 1.8.3, 

there are reported cases of cluster headache occurring in association with pituitary 

tumours (Milos et al., 1996; Tfelt-Hansen et al., 1982; Greve and Mai, 1988; Porta- 

Etessam et al., 2001), and a key question is whether this is due to functional or 

structural abnormalities within the pituitary gland.
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1.5.2 Short lasting Unilateral Neuralgiform headache attacks with 

Conjunctival injection and Tearing (SUNCT)

The syndrome of short lasting unilateral neuralgiform headache attacks, conjunctival 

injection and tearing (SUNCT) is characterised by short attacks of pain, lasting 

between 5-250 seconds, with a mean duration of 49 seconds (Pareja et al., 1996) 

Patients are generally pain-free in between episodes (Pareja et al., 1996). The 

frequency of attacks varies from one per day to 30 attacks per hour (Pareja and 

Sjaastad, 1997), and episodes predominantly occur during the day unlike cluster 

headache where nocturnal attacks are common. Attacks can be precipitated by 

touching the face or scalp, eating, washing, shaving or talking, making it clinically 

very similar to trigeminal neuralgia (Pareja and Sjaastad, 1997). Functional imaging 

studies have suggested that SUNCT attacks involve the ipsilateral hypothalamus (May 

et al. 1999; Figure 2). SUNCT is clinically similar to trigeminal neuralgia, although 

the presence of a refractory period, the relative absence of cranial autonomic features, 

the shorter lasting attacks and response to carbamazepine are features that favour a 

diagnosis of trigeminal neuralgia rather than SUNCT (Matharu and Goadsby, 2002). 

SUNCT may also be confused with primary stabbing headache (Pareja et al., 1999). 

This refers to sharp jabbing pains, usually in the ophthalmic distribution of the 

trigeminal nerve, that are often associated with a concurrent primary headache 

syndrome. It is thought that primary stabbing headache represents a general reflection 

of abnormal trigeminal activity and does not in itself have a large pathophysiological 

significance. Primary stabbing headache is seen more commonly in women than men, 

and often responds to indomethacin (Pareja et al., 1999). As will be discussed in 

section 1.8.2, SUNCT has been described in assocation with pituitary tumours 

(Massiou et al., 2002; Levy et al., 2003a; Matharu et al., 2003).

Figure 2. Ipsilateral hypothalamic activation in SUNCT on fMRI 

Taken from May et al. (1999)



1.5.3 Paroxysmal Hemicrania

Paroxysmal hemicrania lies between cluster headache and SUNCT in terms of the 

duration and frequency of headache attacks. Paroxysmal hemicrania is characterised 

by excruciating unilateral pain and autonomic features that last 10-30 minutes, the 

length of attack ranging from 2-45 minutes (Antonaci and Sjaastad, 1989). The 

frequency of attacks is typically greater than five per day, the reported range being 1 - 

40 per day (Antonaci and Sjaastad, 1989). The female preponderance and dramatic 

response to indomethacin distinguish paroxysmal hemicrania from cluster headache 

The differences between the short-lasting headaches are summarised in Table 2.

Table 2. Clinical features of short lasting headaches.

After Matharu et al. (2002)

Other

Priaaary Trigeminal Neuralgia
Feature Ctmer Headache Paroxysmal SUNCT Stabbing

Henkmua Headache

Pain
1>l* ooni| boring stabbing wuwng - » •  - *-«— W M |
dVVUAJf v.teven v. severe 9CVCI9 aevere v.scwe

f orbital ORMM orbital any V2/V3>V1
D a n te 13-ttQadas 245 nun 15-120s <30a <18
Frequency l-SAfcy l*4QMay l/day-30/hour any any
A n n o * ♦ + +

'
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1.6 Chronic Daily Headache
Chronic daily headache is not a diagnostic term, but is useful in clinical practice in a 

similar way to the phrase ‘anaemia’, in that it describes a clinical phenomenon 

without having pathophysiological implications (Goadsby and Boes, 2002). Chronic 

daily headache is defined as headache on 15 days or more per month for more than 

three months (Goadsby and Boes, 2002). The first step in classifying chronic daily 

headache is to determine if it is a primary or secondary headache. Secondary 

headache implies an underlying pathology and the causes are numerous, including 

traumatic, inflammatory, infective or neoplastic (Goadsby and Boes, 2002; Table 3).

Table 3. Classification of chronic daily headache.

Adapted from Welch and Goadsby (2002)

Primary Secandnrv

> 4 h par day < 4  h par day

Chronic migraine Chronic cluster headache
Post-traumatic 
Head injury 
Iatrogenic 
Post-infectious 
Neoplastic

Chronic tension-type headache Chronic paroxysmal hemicrania
Inflammatory 
Giant cell arteritis 
Sarcoidosis 
Behcet’s

Hemicrania continua SUNCT CNS infection

New daily persistent 
Headache

Hypnic headache* Substance overuse

* Included for completion. A rare primary headache syndrome that awakes patient from sleep lasting 5 -  60 minutes
with no autonomic features

1.6.1 Primary chronic daily headache
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1.6.1.1 Chronic migraine
Migraine may be viewed as an increased sensitivity to both internal and external 

stimuli during an exacerbation (Goadsby and Boes, 2002). In the past, chronic 

migraine, transformed migraine and chronic daily headache were used 

interchangeably and it has been suggested that the term chronic migraine is now used 

for patients with frequent headache on a migrainous basis (Welch and Goadsby, 

2002). The term ‘transformed migraine’ was previously used to describe the 

observation of episodic migraine ‘transforming’ into a less discrete entity 

characterised by frequent headache with less obvious migrainous characteristics. This 

term does not acknowledge the difference between cause and association (Mathew et 

al., 1982). Welch et al. (2001) reported increased tissue iron levels in the peri

aqueductal gray matter (PAG) in patients with chronic migraine and analgesia 

overuse, suggesting a specific pathophysiological basis to this condition.

1.6.1.2 Chronic Tension-Type Headache

Chronic tension-type headache is characterised by a featureless frequent headache. 

Tenderness of the pericranial muscles is the most commonly reported symptom in 

tension-type headache, possibly mediated by increased sensitivity of mechano- 

sensitive afferent neurones projecting to the dorsal horn of the trigeminal nucleus 

(Jensen and Olesen, 1996). Episodic tension-type headache may progress to chronic 

tension-type headache as a result of persistent and prolonged sensory input (Bendtsen 

and Ashina, 2000). Unlike migraine chronic tension-type headache is not associated 

with supraspinal dysmodulation of trigeminal pain transmission (Lipchik et al., 2000). 

CGRP levels are elevated in tension-type headache with throbbing (Ashina et al., 

2000) and it may more helpful to consider the latter as a form of migraine, particularly 

as there may be a therapeutic response to triptans (Lipton et al., 2000; Welch and 

Goadsby, 2002).

What is the point of this discussion in relation to pituitary tumour-associated headache 

and this thesis? The primary purpose is to recognise that patients with chronic daily 

headache in association with pituitary tumours may have concurrent chronic tension 

type headache or chronic migraine, and in order to parse out the specific role of the 

pituitary gland in patients presenting with headache, it is important to have a balanced 

perspective on the commoner causes of chronic daily headache.
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1.6.1.3 Hemicrania continua
Hemicrania continua is a rare primary headache characterised by unilateral side- 

locked pain, whose severity may wax and wane (Pareja et al., 2001). Hemicrania 

continua was a thought to be a featureless headache, but it is now recognised that 

migrainous features may be associated with this condition (Peres et al., 2002). 

Hemicrania continua has a striking indomethacin-responsiveness in the absence of 

improvement with other non-steroidal anti-inflammatory agents. There is debate as to 

whether hemicrania continua can be safely diagnosed in a non-indomethacin 

responsive patient even if the other features are highly suggestive of hemicrania 

continua (Goadsby and Lipton, 2002). Case 2 in the Appendix (Levy et al., 2003a) 

describes a prolactinoma presenting with hemicrania continua after the administration 

of dopamine agonists, suggesting that the hypothalamo-pituitary axis may play a role 

in this headache phenotype.

In summary, there is a range of headache syndromes that appear to involve the 

hypothalamo-pituitary axis in their pathophysiology. The following part of the 

introduction summarises the headache syndromes that have been observed in 

association with pituitary tumours, and the potential mechanisms involved will be 

discussed.
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1.7 An Introduction to Pituitary Tumours

1.7.1 The Normal Pituitary Gland

The pituitary gland is a small structure, which sits in the pituitary fossa at the base of 

the brain. Embryologically, the pituitary gland is a combination of primitive gut and 

neural tissue (Dorton, 2000). The anterior pituitary gland is derived from an up

growth of gastrointestinal ectodermal tissue (Rathke’s Pouch), which is pinched off to 

form the anterior lobe. The posterior lobe is derived from neural ectoderm, which 

extends from the floor of the primitive forebrain to lie adjacent to the anterior lobe. 

The anterior lobe gives off two ventral processes that surround the upper end of the 

neural stalk forming the ‘pars tuberalis’. The mature pituitary is thus formed, 

consisting of the anterior lobe, which is primarily endocrinologically active glandular 

tissue, and the posterior lobe, which is primarily neural tissue (Figure 3).

Figure 3. Development of the pituitary gland

Taken from Netter (1965)

The pituitary stalk consists of neurones originating from the hypothalamus and the 

vascular hypophysial portal system, and this connection between the hypothalamus 

and pituitary gland comprises the hypothalamo-pituitary axis. The central dogma of 

endocrinology is that the hypothalamus communicates with the posterior pituitary via

Rathke’s pouch (primitive gut tissue)

Downgrowth of primitive neural tissue

Anterior lobe derived from Rathke’s pouch
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neural pathways, and with the anterior pituitary via the secretion o f ‘releasing 

hormones’ into the portal system (Faglia and Ambrosi, 1992). Although the anterior 

pituitary is primarily composed of glandular tissue, there are data to show that each 

glandular cell is innervated by hypothalamic neurones containing substance P and 

CGRP, suggesting that the anterior lobe is under direct neural as well as humoral 

regulation (Ju and Liu, 1989; Ju and Zhang, 1990; Ju et al., 1993; Liu, 1995; Liu and 

Gao, 1998), which may be relevant to pituitary tumour-associated headache.

1.7.3 Anatomical Relations

The adult pituitary gland measures approximately 12mm transversely, 8mm in the 

antero-posterior diameter, and 6mm in its vertical dimension (Figure 4). The roof of 

the pituitary fossa is formed by a circular fold of dura mater (the diaphragma sella). 

The latter is pierced by a small central aperture, through which the pituitary stalk 

passes, and this separates the anterior part of the upper surface of the gland from the 

optic chiasm. Laterally, the pituitary gland is bounded on each side by the cavernous 

sinus and the structures within it. The lateral wall of the cavernous sinus contains the 

ophthalmic and maxillary divisions of the trigeminal nerve (V). The cavernous sinus 

also containes the internal carotid artery, which is surrounded by filaments of 

sympathetic fibres (Netter, 1965). Hence, the cavernous sinus contains numerous 

pain-producing structures that may be important in pituitary-associated headache.
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Figure 4. Anatomical relations of the pituitary gland

Taken from Netter (1965)
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1.8 Pituitary Tumours and Headache: a Clinical Review
The prevalence of headache in pituitary tumours ranges from 33-72% (Comtois et al., 

1991; van Lindert et al., 1991; Suwanwela et al., 1994; Abe et al., 1998). The 

mechanisms of pituitary tumour-associated headache are poorly understood and little 

studied. The literature suggests that headache is particularly problematic in 

functionally active pituitary tumours, with prolactinomas and growth hormone- 

secreting tumours having the highest reported prevalence of headache (Abe et al., 

1998, Couch, 1986; Ezzat et al., 1994).

1.8.1 Migraine

Millan-Guerrero (1999) reports 20 patients with micro-prolactinomas presenting with 

episodic headache of changing laterality, ten having had headache as their sole 

symptom. In all cases, headache disappeared upon receiving appropriate medical or 

surgical treatment for the microadenoma. The headache phenotypes in these cases are 

described as migrainous and the author comments that ‘this “migraine-type” pain is 

probably related to hormonal activity as it is difficult to relate to nerve terminal 

stimulation of the trigeminal nerve or stimulation of pain structures within the 

cavernous sinus...due to the very small dimensions of the tumour’. This sentiment is 

echoed by Gabrielli (2002) who reports the case of migraine without aura in a patient 

with a micro-prolactinoma. Having had eight attacks per month for 6 years, this 

patient’s headache disappeared within 2 months of bromocriptine therapy. The author 

argues, ‘as bromocriptine did not affect the size of the pituitary adenoma, a decrease 

in mass effect or traction on adjacent structures appears unlikely’. Lee (1990) reports 

a 47 year-old female with a five-year history of episodic migraine with aura, each 

episode lasting 2-3 hours and occurring once a month. After removal of the tumour, 

which was a non-functioning adenoma, the episodes of migraine with aura completely 

disappeared.

Shah and Frejj (1999) report a pituitary macroadenoma presenting with bilateral 

throbbing headache associated with photophobia that was dramatically relieved by 

sumatriptan, despite being unresponsive to analgesics including opioids. Pascual 

(2000) suggests that the analgesic effect of sumatriptan in this case could be due to 

‘inhibition of the secretion of algesic peptides by the tumour’ such as calcitonin gene
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related peptide (CGRP).

1.8.2 SUNCT
Massiou et al. (2002) report SUNCT syndrome in two patients with prolactinomas 

presenting with bromocriptine-induced attacks. The second case had a micro

prolactinoma associated with attacks of pain after bromocriptine and lisuride 

administration. This is very similar to Case 1 described in this Appendix (Levy et al., 

2003a). Ferrari et al. (1988) report a microprolactinoma presenting with ‘trigeminal 

neuralgia’ with pronounced autonomic features in response to bromocriptine therapy. 

However, this patient almost certainly had SUNCT syndrome, and the headache 

diagnosis is probably a reflection of the time of writing of the article when SUNCT 

syndrome was not yet described. Ferrari et al. (1988) acknowledge the association 

between the D2 agonist and the headache onset, arguing that chemical or micro- 

vascular changes within the pituitary gland may have been responsible. Case 5 

(Appendix) describes SUNCT in association with a macroprolactinoma (Matharu et 

al., 2003), which resolved soon after the administration of cabergoline, indicating that 

D2 agonists may exacerbate or alleviate pituitary-associated SUNCT.

1.8.3 Cluster Headache

Milos et al. (1996) describe a 37 year-old man presenting with left-sided cluster 

headache that was refractory to medical therapy. Five years after presentation, a 

diagnosis of acromegaly was made, and a left-sided macro-adenoma was confirmed. 

After transphenoidal removal of the tumour, ‘the patient (has) been absolutely free 

from further headache attacks’. Cluster headache has also been reported in the 

presence of prolactinoma (Tfelt-Hansen et al., 1982; Greve and Mai, 1988; Porta- 

Etessam et al., 2001; Menguzzi et al., 2003) and in each case, attacks resolved after 

treatment of the pituitary pathology. Although Greve & Mai describe their case as 

cluster headache, the high frequency of attacks (10 per day) and short duration (15 to 

30 minutes) suggests that paroxysmal hemicrania may have been the diagnosis.

1.8.4 trigeminal Neuralgia’

The classification of headache has evolved in recent years. As has been described in 

Ferrari et al.’s SUNCT case (1988), the term ‘trigeminal neuralgia’ may have been
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incorrectly used for short-lasting stabbing headaches associated with pronounced 

autonomic features. Other authors have similarly reported ‘trigeminal neuralgia’ in 

association with pituitary adenomas (Friedman et al., 1982; Gelabert Gonzalez et al., 

1990; Gazioglu et al., 2000), the symptoms resolving after appropriate management of 

the pituitary pathology. Friedman et al. (1982) argue that their case ‘most likely had 

facial pain because of tumour invasion of the cavernous sinus’, although they do not 

explain the episodic nature of the pain in this patient. On closer analysis of this case, 

attacks lasted 30 minutes to 3 hours and were associated with ipsilateral ‘tearing..and 

increased nasal vasomotor activity’, suggesting that a trigeminal autonomic cephalgia 

may have been present. Trigeminal neuralgia is characterised by very short lasting 

jabs of pain, typically in the maxillary or mandibular divisions of the trigeminal 

nerve, typically precipitated by minor irritation of areas innervated by the trigeminal 

nerve, such as touching the face or scalp, washing, chewing or talking and the 

accuracy of this diagnosis in the above cases should be taken with a degree of caution. 

A summary of the headache phenotypes associated with pituitary tumours is given in 

Table 4.
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Table 4. Headache phenotypes described with pituitary tumours

Aether (dale) TaaeearType R epM M totrataat 
(+)hepre*ed 

(-) exacerbated

Gabrielli et al. (2002) Prolactinoma dopamine agonist (+)
Shah & Freij (1999) NFA sumatriptan (+)

Millan Guerrero (1999) Prolactinoma dopamine agonist (+)

Lee (1990) NFA hypophysectomy (+)

SUNCT

Levy et al. (2003) Prolactinoma dopamine agonist (-)

Matharu et al. (2003) Prolactinoma dopamine agonist (+)

Massiou et al. (2002) Prolactinoma dopamine agonist (- )

CM er Headache

Porta-Etessam (2001) Prolactinoma dopamine agonist (+)

Milos et al. (1996) GH hypophysectomy (+)

Greve & Mai** (1988) Prolactinoma dopamine agonist (+)

Tfelt-Hansen et al. (1982) NFA/ Prolactinomatt hypophysectomy (+)

‘TripaUail»■»---n m p i

Gazioglu et al. (2000) Mixed GH and prolactin secreting hypophysectomy (+)

Ferrari et al. (1998)* Prolactinoma dopamine agonist (-)

Galabert Gonzalez et al. 
(1990)

Craniopharyngioma hypophysectomy (+)

Friedman et al. NFA hypophysectomy and 
radiotherapy (+)

* SUNCT was the probable diagnosis in this case 

** Paroxysmal hemicrania probable diagnosis

1.8.S Octreotide

Musolino et al. (1990) report two cases of acromegalic headache displaying dramatic 

improvement after the administration of octreotide. Case 2 of Musolino’s paper 

presents with a ‘“pinprick” sensation accompanied by lacrimation, redness of the eye, 

and nasal congestion as seen in cluster headache’. In these cases, there was an 

immediate analgesic response to octreotide, although with time, the length of 

analgesia ‘decreased progressively to the point that administration of the drug was 

necessary every 2 hours, with recrudescence of the pain after this interval’. This 

description of octreotide tolerance and dependency is similar to our own Case 5 

(Appendix; Levy and Goadsby, 2004) and other observations (Popovic et al., 1988; 

May et al., 1994). Pascual et al. (1991) report a patient with acromegaly who had 

intractable headache ‘unrelated to tumour size’, which dramatically resolved with

38



octreotide. They suggest that the analgesic action of octreotide ‘could not be related to 

a simultaneous decrease in growth hormone or prolactin...and furthermore, octreotide 

analgesic effects cannot be explained by tumour shrinkage’. They also comment that 

‘by understanding how octreotide relieves pain in these cases, the pathophysiology of 

pituitary adenoma-related headache could be clarified.’ In this excellent paper, they 

provide evidence that the analgesia is not due to the placebo effect, by double-blind 

placebo controlled administration of octreotide, and they also show a lack of 

reversibility with naloxone, suggesting that octreotide-induced analgesia is not via 

opioidergic mechanisms.

Williams et al. (1987) present six patients with pituitary tumour-associated headache, 

five of whom had acromegaly and one a prolactinoma. All patients were withdrawn 

from analgesics and admitted to hospital. Using a visual analogue scale, patients 

scored their headache after double blind administration of octreotide 100 pg or 

placebo. Three of the five acromegalics, and the single prolactinoma case, responded 

dramatically to octreotide but not placebo. The authors comment that ‘though 

headache is traditionally attributed to the space occupying effects of the tumour, other 

factors must contribute as severity of headache correlates poorly with size...(and) 

analgesia with octreotide occurs too rapidly to be explicable by tumour 

shrinkage..and...an interesting possibility is that octreotide may suppress secretion by 

the pituitary tumour of “algesic” peptides which may cause pain’.

Schmidt et al. (1993) report a double-blind placebo controlled analgesic response to 

octreotide 100 pg in two acromegalics. They observed pain relief within 4 - 1 5  

minutes that lasted 2 -  8.5 hours after injection with no evidence of tachyphylaxis.

Webb et al. (1989) report an acromegalic female whose disease ‘remained active and 

induced invalidating headache in spite of previous treatment with surgery and 

radiotherapy’. After the administration of octreotide, ‘headache was improved in a 

matter of minutes, even if normalisation of hormone hypersecretion was not 

demonstrated’. This uncoupling of growth hormone and headache in response to 

octreotide has been described earlier in our own Case 3 (Appendix; Levy et al., 

2003b) suggesting that octreotide has a specific analgesic effect unrelated to growth
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hormone suppression. Webb et al. (1989) acknowledge that octreotide may be a 

‘therapeutic option in patients with headache unresponsive to common analgesics’. A 

discussion of the potential mechanisms of octreotide-induced analgesia occurs in 

section 1.18. A summary of the reports of octreotide-analgesia and octreotide 

dependency is given in Table 5.

Table 5. Octreotide analgesia and dependency in pituitary tumours

AntfmrCdate) Placebo-controlled analgesic respoaae
(+ /-)

Octreotide dependency
<+/-)

Levy et al. (2003)t - -

May et al. (1994) - +
Schmidt et al. (1993) + -

Pascual et al. (1991 )f + -

Musolino et al. (1990) - +
Webb et al. (1989)t - -

Popovic (1988) - +
Williams etal. (1987) + -

t  In these cases, analgesic action of octreotide was not coupled to growth hormone suppression

40



1.9 Structural Explanations for Headache in Pituitary Tumours

1.9.1 Cavernous Sinus Invasion

The cavernous sinus contains pain-producing structures and it is not unreasonable to 

suppose that distortion of these would cause headache. The walls of the cavernous 

consist of dura mater which are densely innervated by trigeminal afferent neurones 

(Levy and Strassman, 2002), and irritation of the latter could cause trigeminal 

irritation. The walls of the venous plexi within the cavernous sinus are homologous to 

the cerebral venous sinuses, and activation of nociceptive pathways with stimulation 

of the superior sagittal sinus is well documented experimentally (Goadsby et al., 

1991). The internal carotid artery is densely innervated with autonomic fibres, and 

encasement of the carotid artery by an invasive pituitary tumour could explain pain 

(Friedman et al., 1982). Stimulation of cranial arterial structures, especially the 

middle meningeal artery, is known to activate the trigeminal system (Hoskin et al.,

1999). The ophthalmic and maxillary branches of the trigeminal nerve lie within the 

cavernous sinus, and direct irritation of these structures would be expected to cause 

activation of the trigeminovascular system.

Non-pituitary para-sellar lesions

Evidence that pituitary tumour-associated headache may simply be due to structural 

irritation of the cavenous sinus comes from reported cases of non-pituitary parasellar 

lesions invading the cavernous sinus.

Tolosa-Hunt syndrome is a rare disorder caused by granulomatous infiltration into the 

cavernous sinus, presenting with severe headache and cranial nerve palsies (Tolosa 

1954; Hunt et al. 1961). Hannerz et al. (1984) reported that conventional imaging 

techniques may not show an abnormality in the cavernous sinus, although venography 

may show occlusion or slowing of venous drainage within the cavernous sinus and 

ophthalmic veins. Tolosa-Hunt can present with severe headache syndromes with 

minimal changes on MRI and has led some groups to believe that the prima facie 
pathology in cluster headache lies within the cavernous sinus. To support this, there is 

evidence of abnormal orbital phlebography in patients with cluster headache (Hannerz

41



et al., 1987), SUNCT syndrome (Hannerz et al., 1992; Kruszewski, 1992) and chronic 

paroxysmal hemicrania (Antonaci, 1994). Magnetic Resonance Angiography (MRA) 

performed during spontaneous attacks of cluster headache has shown marked dilation 

of the ophthalmic artery ipsilateral to the pain (Waldenlind et al., 1993; Ekbom and 

Greitz, 1970). Harbedo et al. (1991) argue that the abnormal orbital phlebography 

seen in cluster headache, the fact that potent vasodilators such as nitrogycerine can 

trigger an attack, and the finding that cluster headache patients have narrow middle 

cranial fossae, and by extrapolation slower drainage of the cavernous sinuses (Afra et 

al., 1998), are evidence that cluster headache is a disease of the cavernous sinus. PET 

studies during induced cluster attacks have shown pooling of tracer bilaterally within 

the cavernous sinus, with increased pooling ipsilateral to the pain (May et al., 1999a) 

which is thought to represent increased flow in the cavernous section of the internal 

carotid arteries.

Those that favour a central rather than peripheral cause for cluster headache argue that 

MRI studies of cluster patients show no pathological changes in the cavernous sinuses 

(Sjaastad and Rinck, 1990). Also, PET studies show activation of the cavernous sinus 

in capsaicin-induced experimental head pain, which is strong evidence that cavernous 

sinus changes are secondary to activation of the trigeminovascular system (May et al., 

1998b).

Other non-pituitary para-sellar lesions involving the cavernous sinus have been 

associated with trigeminal autonomic cephalgias. Greve & Mai (1988) describe a 

cluster patient with a cavernous carotid artery aneurysm. Sjaastad et al. (1988) report 

a patient with cluster headache in a patient with an aneurysm of the cavernous section 

of the anterior communicating carotid artery. Hannerz (1989) reports a parasellar 

meningioma, and Narbone et al. (1991) present a calcified third ventricle lesion of 

unknown pathology, both patients presenting with cluster headache. Vijayan (1992) 

reports a 34 year-old female with chronic paroxysmal hemicrania who had a tumour 

in the sella turcica that invaded the cavernous sinus.

Hence the cavernous sinus plays a prominent part in both primary and secondary 

cluster headache, and many physicians have not looked beyond this structure when 

considering the mechanism of headache in pituitary tumours. However, the only
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systematic study that has looked at the relationship between cavernous sinus invasion 

and headache in pituitary tumour found there to be no association (Abe et al., 1998). 

Moreover, there is no adequate accepted explanation for the severe headache 

syndromes caused by micro-adenomas, nor an explanation for the immediate 

somatostatin-responsiveness of pituitary tumour-associated headache without 

reduction in tumour size. Whilst clinical experience suggests that there is a sub-group 

of patients who have headache as a significant problem with cavernous sinus invasion 

(de Groot & Jameson, 2000) there are patients who do not suffer with headache 

despite extensive invasion into this structure. Hence, there may be some other 

factor(s) involved, such as the properties of the tumour itself.

1.9.2 Miscellaneous Structural Explanations

In addition to cavernous sinus invasion, traction and displacement of the diaphragma 

sella by suprasellar extension of a pituitary tumour is commonly used to explain 

headache (Wirth and Van Buren, 1971; Dalessio, 1978), although Abe et al.’s study 

(1998) showed no relationship between pituitary tumour size and headache. Arafah et 

al. (2000) suggest that intrasellar pressure is important in the aetiology of headache. 

This group looked at 49 patients presenting with pituitary tumours, of which 25 had 

headache. They measured intra-sellar pressure peri-operatively, using a pressure 

transducer, and found that an association between raised intra-sellar pressure and 

headache. They also suggest that the headache observed in micro-adenomas is due to 

pressure within a small volume, rather than volume itself. It is conceivable that, for 

example in dopamine agonist induced headache in prolactinomas (Ferrari et al., 1988; 

Massiou et al., 2002; Levy et al., 2003a), there is some critical change in pressure 

within the lesion that causes headache, rather than a biochemical explanation. Other 

authors explain the episodicity of pituitary tumour-associated headache as being due 

to a ‘ball-valve’ effect that could cause transient structural abnormalities after a 

critical change in volume or pressure that eventually resolves (Lee, 1990).
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1.10 Biochemical Explanations for Headache in Pituitary Tumours
Some groups believe that structural factors alone are not a sufficient explanation for 

pituitary tumour-associated headache, arguing that pituitary tumours may secrete a 

nociceptive peptide (Pascual, 2000; Williams et al., 1986). Several candidate peptides 

exist, which are now discussed.

1.11 Calcitonin Gene Related Peptide
Calcitonin gene related peptide (CGRP) is a 37- amino acid peptide that is widely 

expressed in the central and peripheral nervous system. CGRP acts via G protein- 

coupled receptors (CGRPi and CGRP2 receptors) and is thought to have diverse 

biological activities (van Rossum et al., 1997). CGRP-immunoreactive cells constitute 

40-50% of dorsal root ganglia cells (Gibson et al., 1984a), and are the major site of 

termination of nociceptive neurones and are abundant brain areas believed to be 

important in nociceptive processing such as the hypothalamus, periaqueductal grey, 

nucleus raphe magnus and thalamus (van Rossum et al., 1997).

1.11.1 CGRP and the pituitary

The role of CGRP in the anterior pituitary is unclear, although there are numerous 

CGRP binding sites in the hypothalamus and anterior pituitary gland (Tschopp et al., 

1985; Wimalawansa et al., 1987). CGRP-immunoreactive nerve fibres have been 

demonstrated by electron-microscopy in the anterior pituitary gland and direct neural 

synapses have been shown to be in contact with corticotrophs, somatotrophs and 

lactotrophs (Ju, 1999). The origin of these nerve fibres has not been unequivocally 

determined, although Ju (1997) reports that they may originate from trigeminal or 

hypothalamic sources.

CGRP and growth hormone

CGRP has been shown to have stimulatory and inhibitory effects on growth hormone 

production. Tannenbaum and Goltzman (1985) demonstrated that CGRP suppresses 

growth hormone release when injected intracerebroventricularly. This was confirmed 

by Netti et al (1989), who showed suppression of growth hormone release after 

intracarotid injection of CGRP. Fahim et al. (1990) demonstrated that 

intracerebroventricular injection of CGRP suppressed growth hormone release, whilst
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the injection of highly specific antiserum caused a transient elevation in growth 

hormone. However, Nakamura et al. (1998) found that the addition of CGRP to 

cultured human and rodent somatotrophs caused an increase in growth hormone 

secretion both with non-tumorous and pituitary adenoma cells. These data suggest that 

CGRP acts on growth hormone in an inhibitory manner when applied to central 

nervous structures, whilst acting as a growth hormone secretagogue when added 

locally. Netti et al. (1989) suggest that CGRP exerts its central inhibitory action on 

growth hormone via stimulation of somatostatin release.

CGRP and prolactin

CGRP has both inhibitory and neutral effects on prolactin secretion. Prolactin levels 

are inhibited when CGRP is added to cultured and TRH-stimulated pituitary cells 

(Shah et al., 1988). Netti et al. (1989) found no alteration in prolactin after 

intracerebroventricular injection of CGRP, although Fahim et al. (1990) found 

inhibition of prolactin secretion. The prolactin response to stress is blunted in rodents 

after subcutaneous or intraperitoneal CGRP infusion (Elie et al., 1990).

CGRP and gonadotropins
Gon et al. (1990) demonstrated CGRP immunoreactivity in gonadotrophs in 

developing rat embryos and neonates, particularly increasing post-natally between 

days 5 and 14. Adult rat gonadotrophs were found to have low CGRP 

immunoreactivity, which was increased during lactation and by oestrogen 

administration. Van Leeuwen et al. (1992) studied CGRP levels in 8 women with pre

menstrual syndrome and found no significant fluctuations in CGRP throughout the 

menstrual cycle. Wang et al. (1994) found intravenous CGRP administration to cause 

an inhibition of serum LH and testosterone in rodents.

CGRP and thyrotrophin
Intravenous administration of CGRP with calcitonin reduces the ability of TSH to 

stimulate thyroxine production in mice (Ahren, 1989). Hanna et al. (1995), having 

observed that the administration of calcitonin causes an increase in a-subunit TSH- 

secreting tumours in rats, characterised a high affinity binding site for CGRP in the rat 

a-TSH thyrotroph cell line. The finding of a high affinity binding site for CGRP has
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been demonstrated in mouse thyrotroph cell lines, further implicating a functional role 

for CGRP in thyrotroph activity (Perry et al., 1997).

CGRP and adrenocorticotrophin

Kovacs et al. (1995) reported increased plasma cortisol levels following intracererbal 

CGRP injection, the responses being blocked by pre-treatment with CRH antiserum 

and concluded that CGRP causes pituitary-adrenal activation via CRH (Kovacs et al., 

1995). lino et al. (1998) demonstrated a stimulatory effect of CGRP on ACTH in 

cultured rat pituitary cells. They observed both a direct effect on basal ACTH 

production, and an additive effect with CRH (lino et al., 1998). Dhillo et al. (2003) 

injected CGRP intracerebroventricularly and found this to stimulate hypothalamic 

CRH production.

CGRP and pituitary tumours
CGRP causes increased growth hormone release when added to somatotroph 

adenomas (Nakamura et al., 1998). Wimalawansa et al. (1994) has shown an 

increased expression of CGRP in pituitary adenomas, with preferential expression in 

growth hormone- and prolactin- secreting lesions (personal communication).

A summary of the effects of CGRP on the hypothalamo-pituitary axis is shown in 

Table 6.
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Table 6. Effects of CGRP on the HP axis

HP « l» CGRP aMHtanrttoa Effect KtfefMMC

GH
in vitro T Nakamura et al.,1998

Central injection i Tannenbaum et al., 1985; Netti et al., 1989; 
Fahim et al., 1990

ProfaMttai
in vitro 1 Shah et al., 1988

Central injection Fahim et al., 1990, Netti et al., 1989

s/c and iv infusion 1 Elie et al., 1990

PS&L& iv infusion in male rat 1 Wang et al., 1994

TSH iv infusion with CGRP + 
calcitonin in mouse

i Ahren, 1989

ACTH in vitro T lino et al., 1998

Central injection T Dhillo et al., 2003

1.11.2 CGRP and headache

CGRP-containing sensory nerve fibres innervate cerebral arteries in animals (Uddman 

et al., 1985) and humans (Edvinsson et al., 1994; Edvinsson et al., 1987). 

Pharmacological experiments have shown a pronounced vasodilatory effect of CGRP 

on cerebral arteries (Jansen et al., 1986). CGRP-immunoreactive fibres are present 

within the walls of the cerebral venous sinuses, and ‘free’ within the tissue matrix of 

the dura mater (Keller and Marfurt, 1991). The majority of these fibres derive from 

sensory neurons of the trigeminal ganglion.

A rise in CGRP has been demonstrated in patients undergoing thermocoagulation for 

trigeminal neuralgia (Goadsby et al., 1988). External jugular venous samples have 

shown a significant increase in CGRP during the headache phase of migraine with 

and without aura (Goadsby et al., 1990). CGRP levels returned to normal after 

headache resolution caused by sumatriptan administration (Goadsby and Edvinsson, 

1993). Gallai et al. (1995) demonstrated increased CGRP levels during attacks of 

migraine with and without aura, with a greater increase in patients with aura.
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Goadsby et al. (1994) showed CGRP levels to rise significantly during a cluster 

headache attack, as was observed by Fanciullacci et al. (1995) during nitroglycerin- 

induced cluster attacks. In both studies, spontaneous or sumatriptan-induced 

remission of attacks was associated with normalisation of CGRP levels strongly 

implicating a role for CGRP in cluster headache (Goadsby and Edvinsson, 1994; 

Fanciullacci et al., 1995).

Ashina et al. (2000) demonstrated elevated CGRP levels in chronic tension type 

headache associated with throbbing. CGRP was not demonstrated in patients with 

non-pulsating tension-type headache.

There is currently much interest in CGRP antagonists as potential new treatments for 

migraine and other primary headache disorders. The preliminary evidence that they 

may be efficacious is encouraging (Ramadan, 2001; Moreno et al., 2002; Olesen et 

al., 2004).

1.12 Substance P
Substance P (SP) is an 11-amino acid peptide that may play an important role in 

nociceptive transmission (Harrison and Geppetti, 2001). SP is part of the tachykinin 

family, along with neurokinin A and neurokinin B, which share a similar chemical 

structure (Otsuka and Yoshioka, 1993). SP acts on a G-protein coupled receptor (the 

NKi receptor) and can also act on the receptors specific for neurokinin A and 

neurokinin B, termed NK2 and NK3 receptors, respectively (Regoli et al., 1994). SP is 

widely distributed within the central and peripheral nervous system and is frequently 

co-localised with CGRP in nociceptive areas (Ribeiro-da-Silva and Hokfelt, 2000). It 

is present in high concentrations in the dorsal horn (particularly laminae 1 and II), 

dorsal ganglion and dorsal root of spinal neurones (Ribeiro-da-Silva and Hokfelt,

2000) and is abundant in other areas of the central nervous system important in pain 

modulation such as the hypothalamus, periaqueductal grey, nucleus raphe magnus and 

the thalamus (Ribeiro-da-Silva and Hokfelt, 2000). The co-localisation of CGRP and 

SP may either reflect a necessary interaction between these peptides in nociceptive 

transmission, for example CGRP has been shown to inhibit the breakdown of SP (Le 

Greves et al., 1985), or it may preserve its own unique biological effect (Snijdelaar et 

al., 2000). Capsaicin, the irritant chemical in red-hot chilli peppers, acts on the
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Vanilloid 1 (VR1) receptor (Szallasi and Blumberg, 1999) and has been shown to 

have a direct and selective stimulatory effect on C- and A8- nociceptive fibres via the 

release of SP (Holzer, 1991).

1.12.1 Substance P and the pituitary

SP is present in the hypothalamo-pituitary axis (Jessop et al., 1992) and is found 

within the anterior pituitary gland with its receptors (Larsen et al., 1989).

Substance P and growth hormone
Kato et al. (1976) demonstrated that SP is stimulatory to growth hormone secretion in 

the rat, which was confirmed by Rivier et al. (1977). Central administration of SP 

elevated growth hormone in ovariectomised rats (Vijayan and McCann, 1980) 

although other groups have shown an inhibitory effect (Arisawa et al., 1989a). 

Houben and Denef (1993) demonstrated that that low doses of in vitro SP caused 

inhibition of growth hormone, whilst higher doses cause significant stimulation, 

which may explain the above differences. Systemic infusion of SP in humans causes 

elevation of basal growth hormone, and increases the stimulatory effect of GHRH 

(Coiro et al., 1992). However, Houben and Denef (1993) failed to demonstrate an 

alteration in growth hormone release after in vitro administration of SP antagonists. 

Immunohistochemical studies have shown that the majority of SP positive cells in the 

rat anterior pituitary also contain growth hormone (Brown et al., 1991) and there is 

electron microscopic demonstration that SP-containing fibres are in direct contact 

with somatotrophs in primates (Ju, 1999) supporting a functional interaction between 

SP and growth hormone.

Substance P and prolactin
Intravenous infusion of SP in rats was initially shown to elevate serum prolactin (Kato 

et al., 1976) a finding that has also been shown after the in vitro administration of SP 

to cultured rat pituitary cells (Vijayan and McCann, 1980). Central injection of SP 

into the third ventricle (Vijayan and McCann, 1979; Eckstein et al., 1980) and the 

medial pre-optic area (Picanco-Diniz et al., 1990) resulted in an elevation of serum 

prolactin. Similar to its effect on growth hormone, low doses of SP may have an 

inhibitory effect on prolactin, whilst higher doses may be stimulatory (Arisawa et al., 

1990). Larsen et al. (1992) demonstrated that a SP analogue binds specifically to

49



lactotrophs in vitro (Larsen et al., 1992). Traczyk et al. (1992) demonstrated a 

stimulatory effect of SP on prolactin when injected intracerebroventricularly. The 

withdrawal of dopamine has been shown to prolong SP-induced translocation of 

protein kinase C isozymes and subsequent release of prolactin in rat pituitary 

lactotrophs (Mau, 1997). Duvilanski et al. (2000) demonstrated that a specific NKi 

receptor antagonist reduces the TRH-stimulation of prolactin, suggesting that SP 

plays an important role in TRH-mediated prolactin release.

Substance P and gonadotropins
Intracerebroventricular injection of SP was initially shown to stimulate LH release in 

rats (Vijayan and McCann, 1979) whilst SP antagonists reduced serum LH and FSH 

(Arisawa et al., 1990b). Intravenous infusion of SP does not affect serum LH or FSH 

(Arisawa et al., 1990b) suggesting that SP acts centrally to release LHRH. There is a 

direct synaptic contact between SP fibres and cell bodies containing LHRH in the rat 

hypothalamus (Hoffman, 1985; Tsuruo et al., 1991). Serum levels of SP are known to 

fluctuate with the menstrual cycle in rats (Jakubowska-Naziemblo et al., 1985), and 

levels of SP within the anterior gland increase following ovariectomy (Coslovsky et 

al., 1984) further suggesting a functional link with gonadal hormones. High affinity 

SP receptors have been identified in the human anterior pituitary, and intravenous SP 

infusion stimulates LH release (Coiro et al., 1992). There is evidence in primates that 

endogenous SP potentiates the preovulatory LH and FSH surges during the menstrual 

cycle (Kerdelhue et al., 2000).

Substance P and thyrotrophin
Intracerebroventricular injection of SP causes an elevation in serum TSH in 

oestrogen-primed rats (Arisawa et al., 1989b). Brown et al. (1990) found no increase 

TSH secretion after in vitro administration of SP, although Moura et al. (1999) 

observed a significant increase in pituitary TSH release following treatment of 

incubated hemi-pituitaries with SP. There is an increase in rat pituitary SP following 

thyroidectomy, and a decrease following thyroxine administration (Aronin et al.,

1984; Aronin et al., 1986; Jones et al., 1994). This observation is unaffected by 

transection of the pituitary stalk (Aronin et al., 1988). Intravenous infusion of 

incremental doses of SP did not influence TSH secretion in humans, suggesting that it 

may have no effect on TSH production outside the blood-brain barrier (Coiro et al.,
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1995). SP-immunoreactive varicosities have been observed in close proximity to 

thyrotropes in primates (Ju and Liu, 1989; Liu and Gao, 1998) and there is co-secreted 

with TSH in both rats (Arita et al., 1994) and humans (Roth and Krause, 1990)

Substance P and adrenocorticotrophin
Chowdrey et al. (1990) demonstrated that intracerebroventricular SP injection inhibits 

ACTH release from the rat anterior pituitary. SP-immunoreactive neurones are 

present in the paraventricular nucleus of the hypothalamus, which is the main area for 

CRH production and release. Larsen et al. (1993) demonstrated that 

intracerebroventricular administration of a SP antagonist increases serum ACTH and 

cortisol and CRH mRNA in the paraventricular nucleus, suggesting that SP has a 

tonic inhibitory effect on hypothalamic CRH production. Melzig et al. (1995) 

demonstrated that the addition of substance P to pituitary tumour cells inhibits CRH- 

induced ACTH release, further indicating an inhibitory action of SP. Adrenalectomy 

can reduce pituitary SP content by 50% (Jones et al., 1990) and SP immuno-reactive 

fibres are in direct contact with anterior pituitary cells in the dog, about 60% of 

contacts occurring with corticotrophs (Ju and Zhang, 1990). Desiderio et al. (1993) 

observed human ACTH-secreting pituitary tumours to contain significantly higher 

levels of SP than non ACTH-secreting adenomas. A summary of the effects of SP on 

the hypothalamo-pituitary axis are shown in Table 7.
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Table 7. Effects of substance P on the HP axis

HP axis MMmhs P ataMrtrallM KM* ftsfanM*

GH i.v infusion in rat T Kato, 1976; Rivier, 1977

Central injection 
(high dose)

T Vijayan, 1979;Houben, 1993

Central injection 
(low dose)

i Arisawa, 1989; Houben, 1993

iv infusion in humans T Coiro, 1992

in vitro —* Houben, 1993

iv infusion rats T Kato, 1976

in vitro t Vijayan, 1980

Central injection (high dose) T Traczyk, 1992; Picanco-Diniz, 1990

Central injection (low dose) i Arisawa, 1990

fW L H Central injection t Vijayan, 1979

iv infusion rats -* Arisawa, 1990

TSH Central injection r Arisawa, 1989

in vitro -* Brown, 1990

ACTH Central injection i Chowdrey, 1990; Larsen, 1993

1.12.2 Substance P and headache

As with CGRP, SP-immunoreactive fibres richly innervate the cerebral arteries of 

animals (Uddman et al., 1985) and humans (Edvinsson et al., 1994) and this is 

supported by radioimmunassay (Edvinsson et al., 1987) and pharmacological data 

(Jansen et al., 1986). The pattern of distribution of SP appears to be similar to CGRP 

in its innervation of the venous sinuses and the dura mater (Keller and Marfurt, 1991).

SP increases with CGRP in patients undergoing thermocoagulation for trigeminal 

neuralgia (Goadsby et al., 1988) but does not rise during migraine with and without 

aura (Goadsby et al., 1990; Gallai et al., 1995) or cluster headache attacks (Goadsby 

and Edvinsson, 1994; Fanciullacci et al., 1995). Unlike CGRP, SP levels were not 

found to change in patients with throbbing chronic tension type headache (Ashina et 

al., 2000).

The effect of neurokinin-1 (NKi) receptor antagonists has been investigated on animal 

models of trigeminal nociception and in clinical trials. Polley et al. (1997)
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demonstrated that a potent NKi receptor antagonist (GR205171) resulted in a dose- 

dependent inhibition of plasma protein extravasation in dura mater, in response to 

electrical stimulation of the trigeminal ganglion. Shepheard et al. (1995) demonstrated 

that the non-peptide NKI receptor selective antagonist (CP-99,994) causes peripheral 

blockade of dural extravasation and central inhibition of nociceptive pathways, 

implying potential anti-migraine activity. However, Goadsby et al. (1998) found that 

SP blockade with GR205171 did not alter central trigeminal activity after superior 

sagittal sinus stimulation. Clinical trials investigating the potential use of NKi 

receptor antagonists in acute migraine have been disappointing. Goldstein et al. found 

no useful effect in the acute (1997) or preventive (2001) treatment of migraine. Diener 

et al. (2003) similarly found no effect of RPR100893, a SP-antagonist, in the acute 

treatment of migraine. Other negative studies investigating the intravenous use of NKi 

receptor antagonists in acute migraine include those from Connor et al. (1998) and 

Norman et al. (1998).

1.13 Neuropeptide Y
Neuropeptide Y (NPY) is a 36-amino acid peptide and functions as a neurotransmitter 

and neuromodulator (Adrian et al., 1983). It mediates its actions via six NPY 

receptors (Y1-Y6 ), consisting of seven transmembrane G-protein coupled receptors. 

NPY is highly expressed in the hypothalamus, periaqueductal gray area, thalamus, 

trigeminal ganglion and dorsal horn of the spinal cord (Gibson et al., 1984b) 

suggesting a role in nociception. Both the Y and the Y 1 receptor are upregulated in rat 

spinal cord and dorsal root ganglia in response to pain (Ji et al., 1994). Intrathecal 

administration of NPY facilitates nociceptive neurones at low doses and inhibits them 

at higher doses (Xu et al., 1994). Similarly, intracerebroventricular administration is 

pro-nociceptive at low doses and antinociceptive at higher doses (Mellado et al., 

1993). Other groups have shown only anti-nociceptive effects of NPY (Hua et al., 

1991; Broquaetal., 1996).

1.13.1 Neuropeptide Y and the pituitary

NPY is present in abundance in the hypothalamo-pituitary axis (Ciofi et al., 1990; 

Byrne et al., 1992; Dumont et al., 1992) and an exhaustive discussion of its role is 

outside the scope of this thesis. It is thought to have an important role in energy 

homeostasis and is a potent stimulator of feeding in animals (Gehlert, 1999).
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Neuropeptide Y and growth hormone
McDonald et al. (1985) demonstrated that intracerebroventricular injection of NPY 

inhibits growth hormone secretion in ovariectomised rats, and stimulates it when 

applied to anterior pituitary cells in vitro. Adams et al. (1987) found NPY inhibited 

growth hormone secretion when added to cultured human pituitary somatotropic 

tumours, implying a different action on tumorous somatotrophs compared to non- 

tumorous rat pituitary. In contrast, the intravenous infusion of NPY into humans with 

prolactinomas caused an elevation in serum growth hormone (Watanobe and Tamura,

1996). Watanobe and Tamura (1997) also demonstrated that intravenous NPY given 

to acromegalics had a stimulatory effect in patients with pure somatotroph tumours 

and an inhibitory effect in somato-mammotrophs, thus contradicting the in vitro 

findings. The inhibitory action of centrally-administered NPY on growth hormone 

secretion in rats may be mediated via Yi and Y2 receptors, an effect that is abolished 

after deafferentation of the hypothalamus (Suzuki et al., 1996). Growth hormone 

secretagogues have been shown to inhibit growth hormone at supra-physiological 

doses, an effect that is probably mediated by NPY (Korbonits et al., 1999). Despite 

the inhibitory effect of central administration of NPY in the rat, it appears to have a 

stimulatory effect on growth hormone release in the cow (Thomas et al., 1999) and 

the ewe (Morrison et al., 2003).

Neuropeptide Y and prolactin
Centrally administered NPY may stimulate prolactin release at low doses and inhibit 

its secretion at high doses (Chao et al., 1987). After the central injection of several 

NPY receptor agonists in the lateral ventricle of the rat, Garcia de Yebenes et al. 

(1995) demonstrated that Y2 receptor agonists increased prolactin gene expression in 

the male rat anterior pituitary gland, whilst Y 1 receptor agonists had no effect. The 

administration of NPY to anterior pituitary cells appears to inhibit prolactin secretion, 

possibly by amplifying the action of dopamine (Wang et al., 1996), although an 

earlier group found no in vitro effect of NPY on prolactin secretion in bovine pituitary 

cells (Chao et al., 1987).

Neuropeptide Y and gonadotropins
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Central and intravenous injection in animals (Allen et al., 1985; Sahu et al., 1987) and 

intravenous infusion in humans (Watanobe et al., 1994) causes increased LH, partly 

by increasing the pituitary response to LHRH (Crowley et al., 1985; Bauer-Dantoin et 

al., 1991; Denniston et al., 2003). Intravenous NPY administration causes a greater 

than two-fold elevation in LH secretion (Rodriguez-Sierra et al.,1987) although this 

effect is not in vitro (Chao et al., 1987; Rodriguez-Sierra et al., 1987). Bauer-Dantoin 

et al. (1992) suggest that NPY only exerts its stimulatory effect on LH release in the 

presence of adequate concentrations of oestrogen and progestogen and Sahu et al. 

(1995) demonstrated that NPY mRNA expression increases before the preovulatory 

LH surge. That NPY plays an important role in the preovulatory LH surge is 

evidenced by increased hypothalamic NPY levels in young, but not middle aged rats 

during the LH surge (Sahu and Kalra, 1998).

Neuropeptide Y and thyrotrophin

Thyroidectomy in the rat is associated with elevation in anterior pituitary NPY (Jones 

et al., 1994). Intracerebroventricular injection of NPY suppreses circulating T3 and 

T4 (Fekete et al., 2001) and this inhibitory effect has been shown to involve Yi and 

Y5 receptors. It is believed that the inhibitory effect of NPY on the thyroid axis is 

particularly important during fasting (Fekete et al., 2001).

Neuropeptide Y and adrenocorticotrophin
Intracerebroventricular (Brooks et al., 1994) and intravenous administration (Inoue et 

al., 1989) of NPY stimulates ACTH and cortisol production in a variety of species. 

Synaptic contacts exist between NPY- and ACTH-immunoreactive neurones in the 

hypothalamus (Csiffary et al., 1990) suggesting a functional role for neuropeptide Y 

in this axis. The stimulatory effect of NPY is inhibited by CRH antagonists (Inoue et 

al., 1990), suggesting that its effect on ACTH is partly mediated via CRH. This is 

further supported by the finding that centrally administered NPY increases CRH 

mRNA in the hypothalamus (Suda et al., 1993). In vitro NPY administration to 

pituitary cells has no effect on ACTH release, suggesting its effect on pituitary 

corticotrophs is not direct (Small et al., 1998). The only study investigating the 

intravenous effect of NPY on humans demonstrated an inhibitory effect on nocturnal 

ACTH and cortisol levels (Antonijevic et al., 2000).
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Neuropeptide Y and pituitary tumours
Grouzman et al. (1988) demonstrated NPY-immunoreactivity in 33% of human 

pituitary adenomas, compared with 1 2 % of non-tumorous pituitaries but there was no 

correlation with tumour activity. Knerr et al. (2001) also demonstrated NPY mRNA in 

pituitary adenomas. A summary of the effects of NPY on the hypothalamo-pituitary 

axis is shown in Table 8 .

Table 8. Effects of NPY on the HP axis

HP axis fiflthsd i f  
. adndnfetmtsa

Effect Rcfercacc

m Central injection T 1 McDonald et al., 1985; Thomas et al., 1999; Morrison et al., 2003

iv infusion 
(acromegaly)

T 1 Watanobe et al., 1997

iv infusion 
(prolactinoma)

T Watanobe et al., 19%

in vitro T McDonald et al., 1985

in vitro 
(somatotroph tumour)

i Adams etal., 1987

Prolactin Central injection 
(low dose)

t Chaoet al., 1987

Centra] injection 
(high dose)

i Chaoet al., 1987

in vitro i Chao et al., 1987; Wang et al., 1996

LH Central injection T Allen et al., 1985

iv infusion 
(including humans)

T Rodriguez-Sierra et al., 1987; Bauer-Dantoin et al., 1991; Bauer- 
Dantoin et al., 1992; Watanobe et al., 1994

TSH Central injection 1 Fekete et al., 2001

ACTH Central injection t Brooks et al., 1994; Wahlested et al., 1987

iv infusion t Inoue et al., 1989

iv infusion 
(humans)

i Antonijevic et al., 2000

1.13.2 Neuropeptide Y and headache

NPY plays an important role in the sympathetic innervation of the cerebral 

vasculature (Edvinsson et al., 1983). NPY-immunoreactive varicose nerve fibres have 

been demonstrated in cerebral arteries (Edvinsson et al., 1983), cortical veins
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(Edvinsson et al., 1984) and free within the dura mater (Keller and Marfrirt, 1991). 

Denervation experiments have shown that most of the sympathetic fibres arise from 

the ipsilateral superior cervical ganglion (Uddman et al., 1989). Radioimmunoassay 

studies have also demonstrated the presence of NPY in cerebral arteries, and the 

addition of NPY to cerebral arteries causes vasoconstriction in a dose-dependent 

manner (Uddman et al., 1989).

Goadsby et al. (1990) did not find elevated NPY levels during a migraine attack, 

although Gallai et al. (1994) demonstrated a significant rise in serum NPY during 

migraine with and without aura in juveniles. NPY levels are not elevated during a 

cluster attack (Goadsby and Edvinsson, 1994) or in patients with chronic tension type 

headache (Ashina et al., 1999).

1.14 Vasoactive Intestinal Polypeptide
VIP is a 28-amino acid peptide that acts on G protein-coupled receptors that activate 

adenylate cyclase and phospholipase cascades. Three VIP receptors have been cloned 

that share many biological properties to pituitary adenylate cyclase activating 

polypeptide (PACAP) receptors, and they are named PACAP/ VIP receptors (PVRs; 

Nussdorfer and Malendowicz, 1998). VIP and PVRs are widely distributed within the 

central and peripheral nervous systems and are believed to have a variety of biological 

actions (Dickinson and Fleetwood-Walker, 1999). VIP-immunoreactive fibres have 

been localised in laminae I and II of spinal cord dorsal horn, and mRNA expression 

has been demonstrated in dorsal root ganglion neurones, implicating this peptide in 

nociception (Noguchi et al., 1989). Intrathecal application of VIP at the spinal cord 

level has been shown to facilitate nociceptive reflexes (Xu and Wiesenfeld-Hallin,

1991) and the iontophoretic application of VIP causes a marked excitation of rat 

trigeminal caudalis neurones as well as intact rat (Dickinson et al., 1999) and cat 

(Jeftinija et al., 1982) spinal cord neurones.

1.14.1 VIP and the pituitary

VIP has been isolated in high concentrations in both the hypothalamus and the 

anterior pituitary gland (Lam, 1991). It is a neurotransmitter and neuromodulator 

within the hypothalamo-pituitary axis, and has a paracrine effect within the pituitary 

gland itself (Lam, 1991). VIP-containing neurones are present in the suprachiasmatic

57



nucleus of the hypothalamus as well as the periventricular and paraventricular nuclei 

(Dai et al., 1997), and VIP immunoreactivity has been demonstrated in the anterior 

pituitary of several mammalian species (Fahrenkrug and Schaffalitzky de Muckadell, 

1978; Besson et al., 1979; Koves et al., 1990; Lam et al., 1990; Carrillo and Dluzen,

1993).

VIP and growth hormone
VIP causes a marked increase in growth hormone release when added to growth- 

hormone secreting pituitary tumour cells in vitro (Matsushita et al., 1981; Chihara et 

al., 1982; Fazekas et al., 2000). The stimulatory effect of VIP in acromegaly has also 

been confirmed in vivo (Chihara et al., 1984; Kato et al., 1984).

VIP and prolactin
VIP stimulates prolactin in vitro (Gourdji et al., 1979; Nicosia et al., 1980; Rotsztejn 

et al., 1980; Matsushita et al., 1983) in vivo in humans (Bataille et al., 1981; Falsetti et 

al., 1988; Yiangou et al., 1988) which does not appear to be via dopaminergic 

inhibitory mechanisms (Tater et al., 1983; Haisenleder et al., 1988). Centrally injected 

VIP into the hypothalamus stimulates both prolactin secretion (Akema et al., 1988) 

and mRNA production (Bredow et al., 1994; Di et al., 1997) whilst infusion of anti- 

VIP serum into the portal vein in rats suppresses serotonin-induced prolactin secretion 

(Shimatsu et al., 1984). VIP enhances the secretion of prolactin in pituitary tumours 

both in vitro (Kato et al., 1984; Prysor-Jones et al., 1984) and in vivo (Kato et al., 

1984). Fazekas et al. (2000) demonstrated that addition of VIP to growth hormone- 

secreting pituitary tumours and prolactinomas caused increased prolactin release and 

an increase in the presence of secretory granules within the adenoma cells.

VIP and gonadotropins
In vitro treatment of pituitary tissue with VIP does not affect the release of LH or FSH 

(Enjalbert et al., 1980; Rotsztejn et al., 1980; Sawangjaroen et al., 1997) although 

micro-injection of VIP into the hypothalamus and the third ventricle inhibits LH 

pulses (Akema et al., 1988; Weick et al., 1992). Falsetti et al. (1988) demonstrated 

that the intravenous VIP administration in women does not modify serum LH or FSH, 

although Hammond et al. (1993) showed that it may modulate the responsiveness of
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the gonadotroph to LHRH. It has been suggested that VIP plays a modulatory, rather 

than ‘deterministic’, role in the regulation of LH secretion (Weick and Stobie, 1995).

VIP and thyrotrophin
Central VIP injection may stimulate the hypothalamo-pituitary-thyroid axis in rats 

(Mitsuma et al., 1984) although in vitro treatment of pituitary tissue with VIP 

(Baranowska et al., 1999) and intravenous administration in humans (Falsetti et al., 

1988) does alter serum TSH levels. Thyroidectomy increases anterior pituitary VIP 

(Michalkiewicz et al., 1987; Buhl et al., 1995) suggesting that some hypothalamic 

factor is involved in mediating the effect of hypothyroidism on pituitary VIP 

expression and secretion.

VIP and adrenocorticotrophin

Central VIP injection increases ACTH secretion (Itoh et al., 1982; Itoh and Hirota, 

1983; Alexander and Sander, 1994). In humans, intravenous VIP infusion does not 

alter serum ACTH in healthy volunteers (Ambrosi et al., 1987; Watanobe and 

Tamura, 1994; Chiodera et al., 1996). VIP elevates ACTH in patients with ATCH- 

secreting pituitary tumours (Ambrosi et al., 1987; Watanobe and Tamura, 1994) 

suggesting that neoplastic transformation of pituitary cells may be associated with 

their capacity to express PACAP/ VIP receptors (PVRs). In vitro investigations have 

shown no effect of VIP or peptide histidine-methionine (PHM, a compound derived 

from a VIP precursor molecule with similar biological actions to VIP) on ACTH 

secretion in normal perfused pituitary cells or incubated hemipituitaries of rats and 

mice (Nicholson et al., 1984; Tilders et al., 1984; Vigh and Schally, 1984) although a 

stimulatoiy effect is observed in the presence of CRH (Tilders et al., 1984; Vigh and 

Schally, 1984). Experiments on pituitary adenoma tissue support the finding that VIP 

has a stimulatory effect on ACTH secretion in corticotrope pituitary tumour cells 

compared to the normal pituitary gland (White et al., 1982; Westendorf et al., 1983)

VIP and pituitary tumours
PVRs are differentially expressed in pituitary adenomas, suggesting that abnormal 

regulation of VIP-related pathways are important in the pathogenesis of certain 

pituitary tumours (Oka et al., 1998). Hsu et al. (1989) demonstrated strong VIP
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immuno-reactivity in human pituitary tumours. They found significant quantities of 

VIP in 16 of 17 prolactinomas, 12 of 14 growth hormone-secreting tumours, 4 of 12 

ACTH-secreting tumours and 14 of 18 non-functioning adenomas. Double immuno- 

labelling demonstrated VIP-immunoreactivity in many lactotrophs, thyrotrophs, 

corticotrophs and the occasional gonadotroph (Hsu et al., 1989). A summary of the 

effects of VIP on the hypothalamo-pituitary axis is shown in Table 9.

60



Table 9. Effects of VIP on the HP axis

HP Axis VIP adHMMvofiMi Effect Refcrcocc

GH in vitro 
(acromegaly)

T Matsushita et al., 1981; Chihara et al., 1982; Fazekas 
et al., 2000

iv infusion 
(acromegaly)

T Chihara et al., 1984; Kato et al., 1984

Prolactin in vitro T Gourdji et al., 1979; Nicosia et al., 1980; Rotsztejn et 
al., 1980

in vitro 
(acromegaly, 
prolactinoma)

T Prysor-Jones et al., 1984; Kato et al., 1984

Central injection T Akema et al., 1988; Bredow et al., 1994; Di et al., 
1997

iv infusion 
(healthy volunteers)

T Bataille et al., 1981; Falsetti et al., 1988; Yiangou et 
al., 1988

iv infusion 
(acromegaly, 
prolactinoma)

T Kato e tal., 1984

LH/FSH in vitro Enjalbert et al., 1980; Rotsztejn et al., 1980; 
Sawangjaroen et al., 1997

Central injection 1 Akema e tal., 1988; Weick et al., 1992

iv humans - T Falsetti et al., 1988; Hammond et al., 1993

TSH Central injection T Mitsuma et al., 1984

in vitro — ► Baranowska et al., 1999

iv humans Falsetti et al., 1988

ACTH Central injection T Itoh et al., 1982; Itoh et al., 1983

iv humans 
(healthy volunteers)

Ambrosi et al., 1987; Chiodera et al., 1996; Watanobe 
et al., 1994

iv humans 
(Cushings disease)

T Ambrosi et al., 1987; Watanobe et al., 1994

in vitro — ► Nicholson et al., 1984; Tilders et al, 1984; Vigh et al., 
1984

in vitro 
(with CRH)

T Tilders et al., 1984; Vigh et al., 1984

In vitro 
(Cushings)

T Westendorf et al., 1983; White et al., 1982
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1.14.2 VIP and headache
VIP-immunoreactive nerve fibres are present in the parasympathetic innervation of 

the cerebral arteries, and these fibres may originate from the pterygopalatine, otic and 

internal carotid ganglia (Gibbins et al., 1984; Suzuki et al., 1988; Hara et al., 1989). 

Radioimmuno-assay studies confirm the presence of VIP in human cerebral and 

middle meningeal arteries (Edvinsson et al., 1987) and pharmacological studies show 

VIP to be a potent vasodilator of the latter (Edvinsson et al., 1987). VIP- 

immunoreactive fibres have been demonstrated in cerebral venous sinuses and free 

within the dura mater (Keller and Marfurt, 1991). VIP levels are elevated following 

superior sagittal sinus stimulation (Zagami et al., 1990) as a result of trigeminal- 

autonomic activation. Neither peripheral nor jugular VIP levels are altered during 

migraine with or without aura in humans (Blegvad et al., 1986; Goadsby et al., 1990) 

and Nicolodi et al. (1990) demonstrated reduced salivary VIP levels in migraine. 

Conversely, salivary (Nicolodi and Del Bianco, 1990) and external jugular (Goadsby 

and Edvinsson, 1994) VIP levels are elevated during cluster headache and chronic 

paroxysmal hemicrania attacks (Goadsby and Edvinsson, 1996) with resolution to 

normal levels after the attacks are finished.

Summary

There are several neuropeptides that may play an important role in headache 

pathophysiology (Table 10) that also appear to have paracrine activity within the 

hypothalamo-pituitary axis, and are differentially expressed in pituitary tumours. It is 

conceivable that the secretion of these peptides may be involved in pituitary-tumour 

associated headache.

Table 10. Neuropeptide changes in primary headache

Migraine Cluster Headache Chronic Tension Type Headache

CGRP T T -* / T *

Substance P - - -

Neuropeptide Y -n - -

VIP -n T -

* CGRP increased with throbbing tension-type headache only
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1.15 Somatostatin and Headache

The final part of this introduction is a review of the literature regarding the role of 

somatostatin and headache. Somatostatin was initially isolated as a 14-amino acid 

peptide that reduced the release of growth hormone from the pituitary gland (Brazeau 

et al., 1973). In addition to its neuroendocrine role, somatostatin has subsequently 

been found to have diverse neurophysiological effects (Epelbaum et al., 1994; 

Schindler et al., 1996). This discussion will be limited to its role in nociception, 

primaiy headache and pituitary-associated headache.

1.15.1 Non-Clinical Data

Somatostatin is translated as a pre-propeptide, of which two predominant biologically 

active metabolites have been found, somatostatin-14 and the amino-terminally 

extended form, somatostatin-28. A family of five somatostatin receptor genes have 

been cloned, termed sst 1-5 , and based on pharmacological properties and sequence 

analysis, the receptors have been divided into two groups (Table 11). The 

somatostatin receptor- 1 group consists of sst2 , sst3 and ssts, and the somatostatin 

receptor-2 group consists of ssti and sst* (Hoyer et al., 1995). In mice and rats, the sst2 

receptor is found as two splice variants, sst2 (a> and sst2 (b), which differ in length and 

composition of their respective carboxy-terminal (Hoyer et al., 1995). The 

somatostatin receptors are G-protein coupled seven-transmembrane receptors, which 

interact with a wide range of downstream signalling targets that includes cAMP 

(Selmer et al., 2000).

Table 11. Classification of sst receptors

Grovp 1 Groap2
sst2 ssti

sst3 sst4

sst5

Somatostatin is located within sensory ganglia (Smith et al., 1993) as well as in the 

trigeminal ganglion and the trigeminal nucleus caudalis (Alvarez and Priestley, 1990; 

Lazarov and Chouchkov, 1990; Del Fiacco and Quartu, 1994; Yin, 1995). 

Somatostatin is also localised within the substantia gelatinosa of the dorsal horn of the 

spinal trigeminal nucleus (Johansson et al., 1984; Kiyama and Emson, 1990; Mengod 

et al., 1992) strongly suggesting that this peptide has a role in trigeminal nociception.
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It is believed that the sst2(a) receptor is particularly important in somatostatin- 

associated analgesia. Humphrey’s group in Cambridge has done much of the work on 

the immuno-localisation of somatostatin receptors, demonstrating sst2a receptors in the 

periaqueductal gray and dorsal horn neurones (Schindler et al., 1997; Schindler et al., 

1998).

The precise mechanism of the analgesic action of somatostatin has not been 

elucidated, but there is animal evidence that its actions are probably central. The 

peptide nature of somatostatin renders it vulnerable to breakdown by endogenous 

peptidases, and its short half-life of several minutes (Harris, 1994) has led to the 

development of longer acting analogues, such as octreotide. Intrathecal and 

subcutaneous injection of somatostatin and octreotide respectively, have been shown 

to inhibit the firing of dorsal horn neurones (Chapman and Dickenson, 1992) and 

direct micro-injection of somatostatin into the periaqueductal gray of the cat has been 

shown to produce inhibition of heat-induced electrophysiological recordings in the 

spinal cord (Helmchen et al., 1995). Micro-injection of somatostatin into the caudate 

putamen has also been shown to be anti-nociceptive (Tashev et al., 2001). Song et al. 

(2 0 0 2 ) showed that sst2 (a) receptors are preferentially involved in thermo-nociception 

but not mechano-nociception and Su et al. (2001) demonstrated that octreotide has no 

peripheral modulatory action in visceral nociception, suggesting that its site of action 

is central rather than peripheral. Heyles et al. (2001) demonstated that somatostatin 

analogues inhibit mustard oil-evoked neurogenic plasma extravasation and inhibition 

of the release of substance P and CGRP in response to electrical stimulation which 

suggests an anti-inflammatory role for somatostatin. Earlier studies have also 

supported an anti-inflammatory role for somatostatin. For example, Matsubara et al.

(1992) demonstrated that octreotide is able to block plasma protein leakage within 

dura mater.

Octreotide has been shown to inhibit substance P release from sensory nerve endings 

and to inhibit substance P-induced vasodilation (Gazelius et al., 1981). This has led 

certain groups to believe that the analgesic action of somatostatin analogues, 

particularly in relation to headache, is via direct vascular mechanisms rather than a 

central action. Sicuteri et al. (1984) showed that when the dorsal hand vein is locally 

injected with native somatostatin, it spasms visibly. This study showed that
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tachyphylaxis develops following 2-4 injections of somatostatin, and this is reversed 

by the local injection of naloxone. That somatostatin may have a direct effect on 

blood vessels is evidenced by the finding of its receptors on human vasculature, ssti 

having a significantly higher level of expression than sst2 and ssU (Curtis et al., 2000).

Octreotide is known to have poor penetration of the blood-brain barrier (Kitazawa et 

al., 1998; Schmidt et al., 1998) due to its non-lipophylic properties, which has been 

used by some as circumstantial evidence of a peripheral action of octreotide in 

headache (Kemper et al., 2000). Kemper et al. (2000) looked at capsaicin-induced c- 

Fos expression in an animal model of trigeminal nociception. This group showed that 

the intracistemal administration of octreotide does not alter capsaicin-induced c-Fos 

expression and they suggest that this argues against a central role for somatostatin 

receptors in the processing of trigeminovascular signals. Conversely, Berieter (1997) 

demonstrated that the intracerebroventricular administration of octreotide reduced c- 

Fos expression in the trigeminal subnucleus in response to corneal stimulation in the 

rat. Furthermore, Berieter (1997) demonstrated that the co-administration of sub- 

therapeutic doses of morphine potentiated this analgesic effect, suggesting that 

somatostatin and opiates may have interacting or overlapping properties. Somatostatin 

analogues have been previously shown to have affinity for opiate receptors (Rezek et 

al., 1978; Maurer et al., 1982; Pelton et al., 1985; Pelton et al., 1985) and there is 

evidence to suggest that somatostatin and opiate receptors may heterodimerise 

(Pfeiffer et al., 2002). Samsam et al. (2002) electrically stimulated the trigeminal 

ganglia of rats and studied the subsequent immuno-reactivity for methionine 

enkephalin, neurotensin and somatostatin. They observed a decrease in 

immunoreactivity for all three peptides ipsilateral to the side of stimulation, and they 

suggest that this may be evidence for their potential role as antinociceptive agents 

during trigeminal activation.

At the cellular electrophysiological level, somatostatin has been shown to have both 

excitatory as well as inhibitory actions on neurones (Dodd and Kelly, 1978; Pittman 

and Siggins, 1981; Mueller et al., 1986). Somatostatin appears to have a reciprocal 

relationship with glutamate (Hathway et al., 2001). Glutamate is believed to play an 

important role in the transmission of trigemino-vascular nociceptive information 

(Storer and Goadsby, 1999) and the inhibitory action of somatostatin on trigeminal
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neuronal activity may be partly explained by its modulation of glutamate-mediated 

nociceptive signals (Gardette et al., 1995; Lanneau et al., 1998; Peineau et al., 2003). 

There is also evidence of an interaction between somatostatin and y-aminobutyric acid 

(GABA). The GABAa receptor appears to be involved in pain transmission within the 

trigeminal system (Storer et al., 2001) and somatostatin has been shown to have a 

functional interaction with the GABAa receptor (Vincens et al., 1998) making it 

possible that the analgesic effect of somatostatin involves enhancement in the activity 

of this receptor.

1.15.2 Clinical Data

Somatostatin and Peripheral Pain
There is evidence in the clinical literature that somatostatin and its analogues may be 

potent analgesic agents in the management of a variety of conditions characterised by 

acute and chronic pain. Chrubasik et al. (1984) first reported in the Lancet a series of 

eight patients with terminal metastatic cancer pain who received both intrathecal and 

epidural infusions of native somatostatin. In this open label study, somatostatin was 

found to be an effective analgesic agent when administered in the epidural space, and 

the effect was not reversed with naloxone which suggests a non-opioidergic 

mechanism of action. The same group found continuous epidural infusions of 

somatostatin to be effective in providing complete post-operative pain relief in eight 

patients who had undergone abdominal surgery. In two of these patients, epidural 

somatostatin also provided adequate intraoperative analgesia (Chrubasik et al., 1985). 

In a larger placebo controlled study of 40 patients undergoing abdominal surgery, 

epidural somatostatin was found to be significantly better than placebo for pain relief 

and the need for additional analgesia was higher in the placebo group (Taura et al., 

1994). Fioravanti et al. (1995) injected somatostatin intra-articularly in 41 patients 

with rheumatoid arthritis in an open label study, and found a significant reduction in 

pain and markers of inflammation.

Octreotide, a somatostatin analogue that acts predominantly on sst2 and ssts (Patel and 

Srikant, 1994) has been shown to be as equally useful intrathecally as native 

somatostatin in the management of severe cancer pain (Penn et al., 1992). Octreotide 

is also known to be effective in the treatment of musculoskeletal symptoms associated 

with carcinoid syndrome (Smith et al., 1990), the latter tumours being known to
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secrete CGRP (Takami et al., 1990), substance P (Emson et al., 1984), neuropeptide Y 

(Waeber et al., 1995) and VIP (Virgolini et al., 1994).

Somatostatin and Primary Headache
There have been few clinical trials studying the usefulness of somatostatin and its 

analogues in the management of primary headache syndromes, although the 

preliminary evidence suggests that they may be effective agents for both cluster 

headache and migraine. Sicuteri et al. (1984) published one of two currently available 

studies concerning the effect of somatostatin in cluster headache. This group 

investigated eight males with cluster headache and hospitalised them during their 

cluster bout. All patients were withdrawn from preventative treatment 4 days prior to 

the study. Patients received 3 double-blind treatments of somatostatin, ergotamine and 

placebo during a cluster attack. Pain intensity was assessed by a visual analogue scale 

every 10 minutes, and the ‘area of pain’ was studied for each treatment. The study 

found somatostatin to reduce the pain area by 32%, whilst ergotamine reduced this by 

45%. The differences between somatostatin and ergotamine were not significant, and 

both were significantly more effective than placebo. In the discussion section of the 

paper, Sicuteri et al. (1984) acknowledge the difficulty in studying a large number of 

patients with cluster headache and concede that ‘strictly controlled clinical studies 

(are) still required’. The second randomised study was a non-placebo controlled 

double blind study comparing the efficacy of somatostatin with ergotamine in cluster 

headache (Geppetti et al., 1985). Five patients were treated for three attacks by each 

drug. Subcutaneous somatostatin and ergotamine were equally beneficial as regards 

effects on maximal pain intensity and pain area, but somatostatin was less effective in 

reducing the duration of pain. This limited evidence of the beneficial effect of 

somatostatin in cluster headache needs to be explored further in properly controlled 

and adequately powered studies.

The only available study concerning the effect of somatostatin receptor activation on 

migraine was conducted by Kapicioglu et al. (1997). In this double-blind parallel 

study, octreotide (lOOpg) was given subcutaneously to 17 patients with migraine with 

and without aura, and placebo was given to 12 matched patients. At 2, 4 and 6  hours, 

headache relief, defined as reduction in severity from grade 3 or 2 (severe or
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moderate) to 1 or 0  (mild or none), was found to be significantly better in patients 

taking octreotide than placebo. By 6  hours, headache relief was experienced in 77% 

of octreotide-treated patients, and 25% of the placebo-treated group. The authors’ 

rationale for the study was that octreotide ‘causes a marked reduction in the 

concentration of substance P and VIP...(which) may be involved in the pathogenesis 

of migraine attacks’. They conclude that octreotide ‘is very effective and well 

tolerated for the treatment of a migraine attack, but additional studies will be 

necessary to verify these conclusions’.

Since that study, no other groups have followed up this potentially interesting 

observation.

Somatostatin and pituitary tumour-associated headache 

Although the reports on the use of somatostatin analogues directly aimed at the 

treatment of primary headaches are not numerous, there are an increasing number of 

clinical studies describing the effectiveness of these agents in the treatment of the 

headache associated with acromegaly.

The two somatostatin analogues most commonly used in the treatment of acromegaly 

are octreotide and lanreotide. Large-scale placebo-controlled trials have shown that 

short-acting octreotide can reduce headache in approximately 75-80% of patients with 

acromegaly (Ezzat et al., 1992; Newman et al., 1995; Newman et al., 1998) and the 

use of monthly slow-release octreotide has been shown to give a reduction in 

symptoms after the sixth injection (Lancranjan and Atkinson, 1999). The prospective 

trials of lanreotide therapy have also shown a significant reduction in headache in 

addition to the other symptoms of acromegaly, including fatigue, perspiration, joint 

pains and parasthesia (Cannavo et al., 2000; Cannavo et al., 2001) although a sub

group of patients is recognised who prefer to be transferred to octreotide therapy 

because only the latter agent significantly ameliorates headache (Cannavo et al., 

2000). Our own Case 3 (Appendix; Levy et al., 2003b) is a good example of such a 

patient, and suggests that there is a different mechanism for the analgesic effect of 

octreotide from its growth hormone lowering action.

Octreotide and lanreotide predominantly bind to sst2 and ssts (Patel and Srikant, 1994). 

Functional pituitary tumours have been shown to express ssti, sst2 , sst3 and ssts (Schaer
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et al., 1997; Shimon and Melmed, 1997) Using tumour cell cultures, it has been 

shown that both sst2 and ssts are involved in the regulation of growth hormone release 

from growth hormone-secreting pituitary tumours, whereas ssts appears to be 

exclusively involved in the regulation of prolactin secretion from prolactinoma cells 

(Shimon et al., 1997). Octreotide has significantly better binding to sst3 than 

lanreotide (Patel and Srikant, 1994) and it is possible that the subgroup of patients 

who respond only to octreotide in terms of headache, but both octreotide and 

lanreotide in terms of growth hormone, do so because their tumours express sst3 , 

coupled to suppression of the pain pathway, and ssts receptors, coupled to the control 

of GH release (Levy et al., 2003b). This hypothesis requires further study.

Although somatostatin analogues are predominantly used in clinical practice for their 

ability to lower growth hormone in acromegaly, there is evidence that they also have 

an analgesic effect in non-growth hormone secreting pituitary tumours, including 

prolactinomas (Williams et al., 1986), non-functioning adenomas (Turpin et al., 1991) 

and TSH-secreting tumours (Yoenem et al., 1999). It is possible that the analgesic 

action of octreotide in these cases is similarly related to the somatostatin receptor 

status of the tumour.

An alternative explanation for the differential analgesic effect of octreotide and 

lanreotide in headache is related to central anti-nociceptive mechanisms rather than 

direct effects on the pituitary gland. As discussed previously, the periaqueductal gray, 

hypothalamus and trigeminal nucleus are known to possess sst2a receptors (Schindler 

et al., 1997) and represent potential targets for the analgesic action of somatostatin 

analogues. However, octreotide and lanreotide both exhibit limited permeability to the 

blood-brain barrier (Gillespie et al., 1998; Fricker et al., 2002) and differences in 

action seem more likely to be related to pharmacodynamics than pharmacokinetics. 

This situation is analogous to the triptans, which also have the combination of 

apparent poor central nervous system accessibility (De Vries et al., 1999) and 

undoubted efficacy in primary headache (Ferrari et al., 2002). It has been suggested 

that there may be an altered vascular permeability during activation of the 

trigeminovascular system when compared to the resting state to account for the 

paradox between poor permeability of the blood brain barrier and apparent efficacy
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during headache (Harper et al., 1977; Alvarez-Cermeno et al., 1986; Kaube et al.,

1993).

Finally, it is of interest that pegvisomant, a new agent that has been developed for the 

treatment for acromegaly, appears to be less helpful for headache than somatostatin 

analogues. Unlike somatostatin analogues, pegvisomant is a peripheral growth 

hormone-receptor blocker and does not act centrally on the hypothalamo-pituitary 

axis. This agent is very effective in reducing all the typical symptoms of acromegaly 

apart from headache (van der Lely et al., 2001) which supports a central and specific 

analgesic action of somatostatin analogues, separate from the ability to improve other 

symptoms related to growth hormone excess.

Somatostatin and Headache Induction
Although the majority of the literature regarding somatostatin as regards pain 

concerns its anti-nociceptive properties, there is evidence that repeated and prolonged 

exposure to somatostatin may be pro-nociceptive. There have been two reports of 

rebound headache and dependency to octreotide (Popovic et al., 1988; May et al.,

1994) suggesting that there is an up-regulation of trigeminal nociceptive pathways 

after excessive exposure and subsequent withdrawal of this agent. Octreotide 

dependency is also described in our own Case 5 (Appendix; Levy and Goadsby 2004). 

Octreotide has been shown to trigger cluster headache attacks in certain patients 

(Otsuka et al., 1998) in stark contrast to other reports of the abortive effects of 

somatostatin in this condition (Sicuteri et al., 1984; Geppetti et al., 1985). The 

administration of native somatostatin to healthy individuals causes suppression of 

growth hormone, which rebounds when it is discontinued, and endocrinologists have 

observed that patients commonly experience headache after somatostatin withdrawal 

during metabolic studies (Lightman, unpublished observations). Despite this 

observation, there have been no previous studies directly observing the effects of 

somatostatin infusion and withdrawal on headache, and to correlate this with 

neuroendocrine changes. One of the problems of studying primary headache 

syndromes such as migraine and cluster headache in clinical research, is the episodic 

nature of these conditions, and to have a reliable way of triggering headache in these 

conditions is very attractive. Nitroglycerin (Thomsen et al., 1994) and histamine 

(Krabbe and Olesen, 1980) have both been used to induce migraine and cluster
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headache attacks. Patients with migraine develop symptoms usually several hours 

after exposure to nitroglycerin (Iversen, 2 0 0 1 ), whilst cluster patients (during a cluster 

period) may have an attack within minutes (Ekbom, 1968). A problem with these 

existing models is that the most reliable and best studied model, that of nitroglycerin- 

triggering, is complicated by vasodilatation (Thomsen et al., 1994) and dissecting the 

non-vascular mechanisms in these headache types is a considerable challenge. It 

would thus be desirable to have a non-vasoactive method for triggering migraine or 

cluster headache, or both. Somatostatin may therefore represent a compound that may 

be of use in the further study and potential triggering of primary headache.

In summary, this introduction has outlined the currently available evidence to support 

the view that hypothalamo-pituitary axis and somatostin are relevant to the study of 

headache. The clinical features and classification of the headache phenotypes 

encountered in this thesis have been discussed. The range of headache syndromes 

previously described in association with pituitary tumours have been presented, and 

the proposed mechanisms of headache in pituitary tumours have been reviewed, with 

particular emphasis on certain vasoactive neuropeptides that appear to play a role both 

in the pituitary gland and headache pathpophysiology. Finally, the relevance of 

somatostatin to primary and pituitary-associated headache has been discussed.

71



1.16 Thesis Aims
The aims of the thesis are as follows:

(i.) To determine the importance of structural factors in pituitary tumour-

associated headache (Chapter 2)

(ii.) To determine the importance of certain neuropeptides in pituitary tumour-

associated headache (Chapter 3)

(iii.) To describe the headache phenotypes and treatment characteristics in a cohort 

of patients with pituitary tumour-associated headache (Chapter 4)

(iv.) To test the hypothesis that somatostatin withdrawal may be used as a means of 

triggering headache (Chapter 5)

(v.) To investigate the usefulness of octreotide in migraine and cluster headache 

(Chapter 6 )
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. Pituitary tumours and headache: structural factors



2.1. Study 1: the relationship between pituitary tumour volume, 
cavernous sinus invasion and headache
Levy MJ, JSger HR, Powell M, Matharu MS, Meeran K, Goadsby PJ

Abstract ref: Cephalalgia 2002; 22: 592

Paper ref: Archives of Neurolology 2004; 61(5): 721-5

2.1.1 Abstract

Background: Pituitary tumours are commonly associated with disabling headache.

The accepted mechanisms for headache are dural stretch and cavernous sinus 

invasion.

Methods: Sixty-three patients presenting with pituitary tumours were studied 

prospectively. Headache scores, pituitary tumour volume and extent of cavernous 

sinus invasion were obtained for each patient.

Results: The prevalence of headache was 70%. There was no positive correlation 

between headache score and pituitary volume (r =-0.32, P = 0.01). There was no 

association between cavernous sinus invasion and headache. There was a strong 

association between pituitary tumour-associated headache and a family history of 

headache (x2 =8.36, P = 0.004).

Conclusion: Pituitary tumour-associated headache cannot be just a structural problem. 

Other factors, such as the presence of a family history of headache and the endocrine 

activity of the tumour, may be equally important in this phenomenon.
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2.1.2 Introduction

As discussed in Section 1.9, it has long been considered that headache is related to 

tumour size and dural stretch (Forsyth and Posner, 1993; Suwanwela et al., 1994). 

The explanation for dural stretch as a cause of headache is that the expansion of a 

pituitary tumour within the sella turcica may stimulate afferent fibres innervating the 

dura mater. Involvement of the cavernous sinus has also been invoked to explain 

headache (de Groot & Jameson, 2000) since the sinus contains the ophthalmic branch 

of the trigeminal nerve and the internal carotid artery, both of which are important 

structures in head pain and cranial autonomic function respectively.

The numerous reports of a variety of headache phenotypes associated with pituitary 

tumours, which include severe and intractable migraine (Lee, 1990), cluster headache 

(Milos et al., 1996; Porta-Etessam et al., 2001), ‘trigeminal neuralgia’ (Gazioglu, 

2000; Gelabert Gonzalez, 1990) and SUNCT (Ferrari et al., 1988; Massiou et al., 

2002), have been described in detail in the general introduction. In such cases, 

conventional preventive and abortive headache management can often prove to be 

ineffective, yet medical treatment of the pituitary disease can completely resolve the 

symptoms. The reported cases of micro-prolactinomas presenting with severe 

headache that resolve immediately with the administration of dopamine agonists 

(Hartman et al., 1995; Gabrielli et al., 2002) and the impressive analgesic effects of 

somatostatin analogues in acromegaly (Musolino et al., 1990; Pascual et al., 1991) 

suggest that biochemical mechanisms may be involved in pituitary tumour-associated 

headache. Also, the reports of significant headache exacerbations associated with the 

administration of dopamine-agonists in prolactinomas, in the absence of a change in 

physical properties of the tumour (Massiou, 2002; Levy 2003), suggest that non

mechanical factors may be involved in the pathophysiology of pituitary tumour- 

associated headache.

The aim of the study was to systematically look at the relative importance of size and 

cavernous sinus invasion in pituitary-associated headache to directly test both 

hypotheses for the cause of headache.
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2.1.3 Subjects and methods

Sixty-three consecutive patients (16 male, 47 female; mean age 44 ± 14 years) 

presenting with pituitary disease from February 2000 to August 2002 were 

prospectively included in the study. All patients were seen at the same unit (QS) for 

treatment of newly diagnosed pituitary disease, which included both surgical and 

medical management options. The study was approved by the Joint Ethical 

Committee of the National Hospital for Neurology and Neurosurgery and the Institute 

of Neurology (Study Reference 01/ N022). The following criteria were assessed at 

presentation:

Headache
Before commencement of treatment, all patients were interviewed by a trained 

headache fellow (the candidate). The clinical data collected included the presence or 

absence of headache, the frequency and severity of symptoms. A retrospective 

headache score was calculated using the following:

Headache frequency (days/wk) x Headache Duration (hrs/day) x Headache Severity 

(0-10)

In order to validate this measurement, 22 of the recruited patients were asked to 

complete prospective headache diaries, in which an hourly headache score was 

documented for a period of two weeks. These diaries were sent to a separate headache 

specialist (collaborator Dr MS Matharu) who blindly calculated a mean headache 

score for each patient. The diary score and the retrospective score were then 

compared. The presence of a family history of headache was also documented.

Assessment o f Pituitary Volume and Cavernous Sinus Invasion 

The structural factors measured in this study were pituitary tumour size and cavernous 

sinus invasion. In the only previous study investigating headache in pituitary tumours 

(Abe et al., 1998) pituitary size was estimated using maximum tumour diameter, and 

objective classification criteria were not described in the assessment of cavernous 

sinus invasion. I sought to improve on this by determining pituitary volume rather 

than diameter, and by using objective rather than subjective criteria for cavernous 

sinus invasion.
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The pre-treatment MRI scans were performed on a number of different MRI scanners, 

all at 1.5T. All examinations included coronal and sagittal T1-weighted spin echo 

sequences with a maximum slice thickness of 3mm, before and after intravenous 

administration of a gadolinium-based contrast medium. All MRI scans were assessed 

by a consultant neuro-radiologist (Dr HR JSger, Institute of Neurology, London UK) 

as well as myself. For the assessment of tumour volume it was assumed that pituitary 

tumours have an ellipsoid shape, in response to a previous study which reported this 

to be an accurate assessment of pituitary size (Lundin and Pedersen, 1992).

Pituitary Volume
Using Cavalieri’s principle, pituitary tumour volume was calculated after performing 

measurements of tumour diameter in three orthogonal planes (Lundin and Pederson,

1992) using the following equation:

Volume = 4 / 3  7t . a/ 2  . b / 2  . ° / 2

If the tumour was large and multi-lobed, the tumour volume was assumed to consist 

of separated ellipses, and the sum of each lobe volume was calculated (Figure 5).

Cavernous Sinus Invasion
Three different parameters were used for the assessment of presence and degree of 

cavernous sinus involvement, based on previous radiological data (Cottier et al., 

2000):

1. Encasement of the internal carotid artery, distinguishing four grades:

a. no encasement,

b. < 25% encasement

c. > 50 - 75% encasement

d. >15 - 100% encasement

2. Crossing of the three lines connecting the cross sections through the distal 

internal carotid arteries (inter-carotid lines): medial, median and lateral inter

carotid lines.

3. Extension of the tumour into the venous compartments of the cavernous sinus.

Based on a modification of the classification system described by Cottier et al. (2000) 

tumour extension was divided into the superior, lateral and inferior venous
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compartments (Figure 6 ). Because invasion of the medial compartment has not proven 

to be a significant radiological sign of cavernous sinus invasion (Cottier et al., 2000) 

this compartment was not included in our classification system. If a normal pituitary 

gland was observed between the adenoma and the intracavemous internal carotid 

artery, the cavernous sinus was considered to be free of invasion (Scotti et al., 1988; 

Knosp et al., 1993). The inferolateral venous and carotid sulcus compartments 

described by Cottier et al. (2002) were grouped together as the inferior compartment 

for simplicity (Figure 6 ). Using previously published data comparing MRI 

classification with surgical findings (Knosp et al., 1993; Cottier et al., 2000) the 

following criteria were used to diagnose cavernous sinus invasion (Figure 7):

1. Tumour crosses lateral inter-carotid line

2. Tumour encases >75% internal carotid artery

3. Tumour extends into inferior compartment

Examples of superior, inferior, lateral and absent cavernous sinus invasion are shown 

in Figure 8 .
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Figure 5. Calculation of pituitary volume

Volume = 4/j *.V2. V / 2

Multi-lobed tumours are assumed to be the sum of separate ellipses

Figure 6. Simplification of cavernous sinus invasion into superior, inferior and lateral 

compartments
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1 = medial,

2 = superior

3 = lateral

4 = inferolateral,

5 = carotid sulcus
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Figure 7. Criteria for cavernous sinus invasion

PIT

Tum our crosses LL

PIT

>75% encasement of ICA

Intercarotid lines: MdL = medial, MdnL = median, LL = lateral 

ICA = internal carotid artery

Cavernous compartments: 1 = inferior, 2 = superior, 3 = lateral 

Comp = Compartment

L

Tumour invades inferior comp

Figure 8. Examples of cavernous sinus invasion

Inferior (top left), superior (top right), lateral (bottom left) and no invasion (bottom right)
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Study design

All of the MRI images were reviewed by consensus whilst blinded to the headache 

status of the patient. All images were reviewed prospectively before patients 

underwent their operation. The presence or absence of cavernous sinus invasion, as 

defined by the above criteria, were treated as binary variables. Pituitary volume was 

correlated with a quantitative retrospective headache score.

Statistics
Non-parametric correlations were used (Spearman’s) because headache scores were 

not normally distributed. tests were used to look for associations between 

cavernous sinus invasion and the presence or absence of headache. Statistical 

significance was assessed at the P < 0.05 level. Statistical analyses were computed on 

commercial software: SPSS version 9.0.

2.1.4 Results

Headache
The prevalence of headache was 70% (44/63) and the raw data are shown in Table 12. 

The clinic headache scores closely matched the scores obtained from the prospective 

headache diaries (Figure 9; r = 0.93, P < 0.005) thus validating the semi-quantitative 

assessment of headache. The headache scores within each tumour sub-type are shown 

in Table 13. There was a significant association between pituitary tumour- associated 

headache and the presence of a family history of headache (%2= 8.36, P = 0.004, 

Table 14).

Pituitary volume

There was no positive correlation between pituitary volume and headache (r = -0.32, 

P = 0.01; Figure 6).

Cavernous Sinus Invasion
There was no association between headache and any compartment of cavernous sinus 

invasion (Table 14).
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Table 12. Headache score, tumour volume and cavernous sinus invasion

Patient
eode

Tumour .■
*yp*

Tumour Volume
(■a*)

C.S luvacion
Y/N Score Lateral Inferior Superior

1 NFA 1 240 5.1 l l l
2 Cushings 1 32 0.4 0 0 0
3 NFA 1 384 1.3 0 0 0
4 Cranio 1 344 17.8 0 0 0
5 Cranio 1 672 15 1 0 0 0
6 NFA 0 0 3.1 0 0 0
7 Prl 1 1536 0.2 0 0 0
8 NFA 1 224 1.2 1 1 1
9 Prl 1 240 0.9 0 1 0
10 Prl 1 390 2.1 0 0 0
11 Cushings 1 64 0.1 0 0 0
12 NFA 0 0 0.6 0 0 0
13 Aero 0 0 0.5 0 0 0
14 Prl l 2021 0.2 0 0 0
15 NFA l 24 6.6 0 1 1
16 Aero 0 0 1.2 0 0 0
17 Aero 0 0 10.2 1 0 1
18 Cranio 1 880 2.4 0 0 0
19 Prl 1 75 4.2 1 1 1
20 NFA 0 0 13.2 0 0 0
21 Prl 1 1728 0.3 0 0 0
22 Prl 1 720 6.5 1 1 1
23 Prl 1 20 3.2 0 0 0
24 Aero 1 194 7.0 0 1 0
25 Cushings 0 0 1.0 0 0 0
26 NFA 0 0 14.9 1 0 1
27 NFA 1 520 3.3 1 1 1
28 Prl 1 305 0.07 0 0 0
29 NFA 0 0 3.1 0 0 0
30 NFA 0 0 10.3 0 0 0
31 Prl 1 384 0.1 0 0 0
32 Aero 0 0 0.65 0 0 0
33 NFA 0 0 10.7 1 1 1
34 Aero 0 0 3.9 0 0 0
35 TSH 1 1800 1.7 1 0 1
36 NFA 1 80 1.0 0 0 0
37 TSH 0 0.5 0 0 0
38 Prl 1 166 0.4 0 0 0
39 Aero 1 2160 0.9 0 1 0
40 Aero 1 3320 2.6 0 0 0
41 NFA 1 400 1.2 0 0 0
42 Cushings 1 240 0.1 0 0 0
43 Cushings 1 360 0.2 0 0 0
44 NFA 1 90 3.2 1 1 1
45 Prl 1 192 2.7 0 0 0
46 Prl 1 848 0.1 0 0 0
47 Prl 1 1476 0.1 0 0 0
48 Prl 1 656 0.1 0 0 0
49 NFA 0 5.1 0 1 0
50 Prl 1 2 9.4 1 I 1
51 Aero 1 180 4.6 0 0 0
52 Prl 1 1440 0.1 0 0 0
53 NFA 1 1104 8.7 1 0 1
54 Aero 1 360 0.1 0 0 0
55 Aero 0 0.23 0 0 0
56 NFA 1 264 9.0 0 0 0
57 Aero 1 2880 0.1 1 1 0
58 Prl 1 60 1.5 0 0 0
59 Cranio 1 216 0.7 0 0 0
60 Cranio 0 0 3.6 0 0 0
61 Aero 0 0 0.3 1 0 1
62 TSH 0 0 7.7 0 0 0
63 NFA 1 160 6.5 0 0 0

NFA non-functioning adenoma, Prl prolactinoma Aero acromegaly, Cranio craniopharyngioma TSH TSHoma
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Table 13. Headache scores for each tumour sub-type

Tumour sub-type u Mean score
Growth hormone secreting tumour 12 758

Prolactinoma 17 659

TSHoma 3 600

Craniopharyngioma 5 362

Non functioning adenoma 20 194

ACTH secreting tumour 6 200

Table 14. Association between cavernous sinus invasion, family headache history and headache

Cavernous Sinus Invasion X* test Significance
Superior 0.17 NS

Inferior 0.17 NS

Lateral 1.08 NS

Family History 8.36 P = 0.004*

NS P  > 0.05
* statistically significant association
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Figure 9. Validation of retrospective headache score

Clinic Headache Score vs Prospective Headache Diary Score
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Figure 10. Relationship between pituitary volume and headache 
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2.1.5 Discussion

The close correlation between the retrospective clinic headache scores and the 

prospective headache diaries validates the semi-quantitative assessment of headache 

in these patients. The clinic headache score is a modification of a well-recognised 

assessment of headache morbidity (Stewart et al., 2000) and the high scores confirms 

the clinical impression that patients with pituitary tumours have a significant 

headache problem.

No positive correlation between headache and tumour volume was found, which 

would have been expected if the stretching of adjacent dural structures, such as the 

wall of the cavernous sinus or diaphragma sellae were an important mechanism of 

pituitary-associated headache. Headache also did not correlate with cavernous sinus 

invasion or carotid encasement. There was in particular no association between 

headache and invasion of the lateral compartment of the cavernous sinus (%2 = 1.08), 

which contains the ophthalmic and maxillary divisions of the trigeminal nerve. The 

lack of association between cavernous sinus invasion and headache is in agreement 

with a previous study (Abe et al., 1998). Headache was also unrelated to the degree of 

carotid encasement, a potential indicator of tumour interference with the sympathetic 

plexus surrounding the internal carotid.

The 70% prevalence of headache in patients with pituitary tumours is significantly 

higher than the prevalence of headache in the general population (Rasmussen and 

Olesen, 1992; Lipton et al., 2002) confirming that there is a pro-nociceptive quality 

attached to pituitary tumours. Mean headache scores were high in the acromegaly and 

prolactinoma group, although larger numbers are required for a true comparison 

between tumour sub-types.

The significant association between a family headache history and pituitary- 

associated headache suggests that genetic factors are important in predicting whether 

a patient with a pituitary tumour will develop headache as part of the presentation. As 

discussed in Section 1.4, it is known that first-degree relatives of migraine sufferers 

are also predisposed to migraine (Gervil et al., 2001). The presence of a pituitary
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tumour may simply be the trigger in a patient who is already pre-disposed to 

headache.

Clearly functional imaging and animal studies suggest that the hypothalamo-pituitary 

axis plays an important role in the pathophysiology of primary headache syndromes 

such as migraine and the TACs, particularly cluster headache. As outlined in Section 

1.4, in migraine there is evidence of hypothalamic dysfunction (Peres et al., 2001) and 

the presence of polyphagia, polyuria and polydipsia as part of the premonitory phase 

of migraine further implicates the hypothalamus (Gififin et al., 2003). The striking 

relationship between the menstrual cycle and migraine in women suggests that 

changes in the hypothalamo-pituitary axis can profoundly alter the expression of 

migraine (Silberstein, 2000a). That functional alterations in the hypothalamus may be 

relevant to headache has also been reviewed earlier in reference to cluster headache 

(May et al., 1998a; Goadsby and May, 1999) and SUNCT (May et al., 1999b) where 

there is evidence of hypothalamic activation during a bout (Section 1.5). The 

elucidation of the trigemino-hypothalamic tract (Malick et al., 2000) provides 

anatomical evidence for a direct neuronal interaction between the hypothalamo- 

pituitary axis and the trigeminal nucleus.

Although there was no significant association between cavernous sinus invasion and 

headache for the whole group, headache was ipsilateral to the side of cavernous sinus 

invasion in four cases. This appears to be in keeping with the clinical observation that 

there may be sub-set of patients with pituitary disease who have headache ipsilateral 

to the side of cavernous invasion (de Groot & Jameson, 2000). If this clinical 

impression is correct, it is unclear why cavernous sinus invasion should only cause 

headache in a select proportion of patients, and may suggest that headache associated 

with cavernous sinus invasion requires other factors in addition in order to give rise to 

headache.

This was an improvement on the previous study (Abe et al., 1998) because tumour 

volume rather than tumour diameter was measured, cavernous sinus invasion was 

classified by previously validated criteria, and a quantitative estimate of headache was 

calculated and correlated with tumour size. However, although there was a close 

statistical correlation between the prospective diary scores and the retrospective
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headache scores, the quantification of headache is likely to have produced the most 

inaccuracies, as the latter necessarily has a subjective component on behalf of the 

patient. A further possible confounding variable in this study arises from the 

potentially incorrect assumption that all patients experienced headache directly as a 

result of pituitary disease. Although all patients reported headache onset coincident 

with other classical pituitary tumour symptoms, it is possible that there were 

undetected aetiological causes for headache in certain cases. A larger series is 

required to allow for these potential confounders.

In summary, I found no association between pituitary size and headache, nor was 

there an association between cavernous sinus invasion and headache. This study may 

be important in dispelling the currently accepted view that headache in pituitary 

tumours is primarily a structural problem. Further studies are required to determine 

the pathophysiology of pituitary tumour-associated headache, such as the importance 

of biochemical properties of the tumour, which is now investigated.
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Pituitary tumours and headache! biochemical factors



3.1 Study 2: the association between calcitonin gene related peptide, 
substance P and headache in pituitary tumours

Levy MJ, Classey J, Maneesi S, Powell M, Meeran K, Goadsby PJ 

Abstract ref: Cephalalgia 2003; 23: 687

3.1.1 Abstract

Objectives: To determine if the differential expression of Calcitonin Gene Related 

Peptide (CGRP) or substance P (SP) in a range of pituitary tumours was related to the 

presence or absence of headache.

Methods: Using recognised immunohistochemical techniques, twenty-six consecutive 

pituitary adenoma specimens were examined for the presence of CGRP and SP. One 

normal post mortem pituitary specimen was included for comparison. A separate 

observer divided the patients into two groups: headache and non-headache. The 

association between the presence of CGRP, SP and headache was observed.

Results: CGRP was observed in seven specimens (27%) and SP in six tumour 

specimens (23%), with cytoplasmic staining being the predominant morphological 

picture. CGRP and SP were co-expressed in the same tumour specimen in five cases. 

There was no significant association between the presence of CGRP and headache {%

0.86; P = 0.35). CGRP and SP were not observed in the control specimen. There was 

no correlation between tumour subtype and the presence of CGRP or SP. 

Conclusions: The mechanism of pituitary tumour-associated headache remains 

undetermined. The significance of the presence of CGRP and SP in pituitary tumours 

is unknown but does not appear to be related to headache or endocrine activity of the 

tumour.
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3.1.2 Introduction
Study 1 demonstrated that the physical properties of pituitary tumours are not 

associated with headache in the majority of patients. Given the involvement of 

neuropeptides in primary headache (Edvinsson and Goadsby, 1995), and the 

observation that headache appears to be particularly prevalent in acromegaly (Ezzat et 

al., 1994; Couch, 1986) and prolactinoma (Abe et al., 1998), a biochemical 

explanation for headache is possible. The previous suggestion by several groups that 

pituitary tumour-associated headache may be due to the production of a pro

nociceptive peptide (Williams et al., 1986; Pascual, 2000) has been partly driven by 

the observation that somatostatin analogues can have an immediate and dramatic 

analgesic effect on the headache associated with acromegaly (Pascual et al., 1991; 

Newman et al., 1998) and prolactinoma (Williams et al., 1987). Moreover, the 

uncoupling of the growth hormone from headache in acromegaly (Webb et al., 1989; 

Levy et al., 2003b) suggests that biochemical factors other than growth hormone may 

be involved in the headache associated with certain pituitary tumours.

As has been discussed in the general introduction, advances in the understanding of 

primary headache pathophysiology have pointed towards certain peptides as being 

important in the transmission of cranial nociceptive information (Goadsby and 

Edvinsson, 1993). Calcitonin gene-related peptide (CGRP), which rises during 

migraine (Goadsby et al., 1990; Gallai et al., 1995) and cluster headache (Goadsby 

and Edvinsson, 1994; Fanciullacci et al., 2000), could theoretically give rise to 

headache in pituitary tumours by acting on CGRP-containing sensory fibres present 

within the cavernous sinuses (Keller and Marfurt, 1991) and cerebral arteries 

(Uddman et al., 1985). Although substance P (SP) levels do not rise during migraine 

(Goadsby et al., 1990; Gallai et al., 1995) or cluster headache (Goadsby and 

Edvinsson, 1994; Fanciullacci et al., 2000), SP-immunoreactive fibres richly 

innervate the dura mater in the cavernous sinus (Keller and Marfurt, 1991) and are 

present in the dorsal horn of the trigeminal nucleus (Ribeiro-da-Silva and Hokfelt, 

2000) suggesting it may have a role in headache. Sumatriptan, an agent that is useful 

in migraine and cluster headache (Ferrari et al., 2001), is also effective in the 

headache associated with pituitary tumours, possibly by the inhibition of vasoactive 

peptides, such as CGRP and SP, which may be theoretically produced by the tumour
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(Pascual, 2000). The review in Section 1.10 has presented the evidence that CGRP 

(Steel et al., 1992) and SP (Jessop et al., 1992) have paracrine roles within the 

hypothalamo-pituitary axis, and have been isolated in tumorous and non-tumorous 

human pituitary tissue (Roth and Krause, 1990; Wimalawansa, 1994). In the current 

study, I examined the expression of CGRP and SP within pituitary tumours, 

hypothesising that it may predict headache.

3.13 Subjects and Methods

Patient demographics

Twenty-six consecutive patients with pituitary tumours presenting to the single 

dedicated pituitary neuro-surgical unit, in which this thesis was based (QS), were 

included in the study (18 female, 9 male; mean age 51.9 ± 2.9). The diagnoses of the 

patients entering the study included acromegaly (n = 7), Cushing’s disease (n = 4), 

prolactinoma (n = 2 ) and non-functioning adenoma (n = 13).

Radiological characteristics
All patients had pre-operative MRI scans that showed evidence of pituitary lesions. 

Macro-adenomas were present in 20 cases, the remainder having micro-adenomas (n 

= 6 ). Cavernous sinus invasion was present in 6  tumours.

Study protocol
All patients were interviewed pre-operatively and the presence or absence of 

headache was documented. A headache history was obtained and a phenotypic 

description was given according to International Headache Society (I.H.S) diagnostic 

criteria (2004). Pituitary tissue was obtained at surgery and immediately fixed in 4% 
paraformaldehyde and stored at 4 ° C. Local ethical committee approval of the 

protocol was obtained, and tissue was anonymised for immunohistochemical study. 

One post mortem pituitary specimen was available as control tissue (kindly provided 

by Professor F. Scarivelli, Institute of Neurology).

Immunohistochemistry 

Tissue collection and preparation

91



Pituitary tissue was obtained at operation from consecutive patients undergoing 

transphenoidal surgery. Tumour specimens were kindly provided by the lead pituitary 

surgeon in the hospital (Mr M Powell) and the tissue was given an anonymous code. 

Perioperatively, the specimens were immediately transferred into 4% 

paraformaldehyde fixative and refrigerated for 24 hours at 4°C. The tissue was 

subsequently transferred to Vi paraformaldehyde/ V4 30% sucrose for 48 hours and 

then stored in 30% sucrose alone at 4°C prior to immunostaining.

Immunostaining method

1. Xylene Removal of Paraffin and rehydration

After collection and storage, the pituitary tissue was paraffin-embedded, and sections 

were cut and slide-mounted ( 6  pm). Paraffin was removed from the sections by the 

addition of xylene followed by rehydration. The selected slides, containing 2 sections 

of pituitary tissue, were placed in plastic racks with handles through a series of 2  x 

xylene, and subsequently treated with successively lower-graded alcohols ( 2  x 1 0 0 , 2  

x 95%, 1 x 80% and 1 x 50%). Slides were then placed in tap water and rinsed to 

remove the alcohol. This was followed by immersion in distilled water and then 3 x 5  

minute rinses in 0.01 M phosphate-buffered saline (PBS).

2. Removal of Endogenous Peroxidases

Following paraffin removal and rehydration, endogenous peroxidases were removed 

by oxidation. Slides were incubated in 0.6% hydrogen peroxide for 30 minutes and 

washed in PBS for 3 x 5 minutes.

3. Antigen Retrieval

Heat treated antigen retrieval was performed to remove paraffin bonds and increase 

the sensitivity of the immunoreaction (Cattoretti et al., 1993). Slides were placed in 

covered containers filled with citrate buffer (pH =7.4) and heated in the microwave 

for 10 minutes at full power, in two 5 min bouts. Further buffer was added after the 

first heating bout, in order to avoid dehydration of the sections. Sections were then 

cooled safely through heat exchange, by running cold water into the containers 

without exposing the slides to the air.
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4. Formation of water-resistant barrier

The slide-bound sections were re-washed for 3 x 5  minutes in PBS and placed into an 

incubation-box, whose absorbent base had been soaked with distilled water. Both 

sections on each slide were circled with a peroxidase-anti-peroxidase pen to prevent 

the reagents from spreading over the slide and to avoid unnecessary wastage of 

reagents.

5. Addition of blocking agent

Sections were incubated with a blocking-agent in order to increase the specificity of 

the immunoreaction (Polak and Van Noorden, 1987). Blocking agent involves the use 

of phosphate buffered serum derived from a species different from that in which the 

primary antibody was raised, to avoid non-specific binding to the primary antibody. In 

both the CGRP and SP reactions, phosphate-buffered goat serum, derived from 

diluting normal goat serum in phosphate buffered saline, was used as the blocking 

agent as both primary antibodies were raised in rabbit. Blocking agent was made up at 

a dilution of 1:20 (1 ml of reconstituted frozen serum was added to 19 ml of 

phosphate buffered saline) and added to each section (1 ml). A box containing the 

slides was covered with its lid and left at room temperature for 1‘ hour.

6 . Removal of blocking agent

Blocking agent was tipped off into a waste-col lection beaker for separate disposal, as 

well as any excess of the sodium azide-containing normal serum.

7. Addition of Primaiy Antibody

Because I was interested in the level of CGRP and SP peptide secretion, the presence 

of peptide rather than receptor was examined. Primary antibody was made-up at the 

appropriate dilution in phosphate buffered serum. Several dilutions were attempted 

for each antibody until the optimum dilution was found to compromise between 

background and specific staining. Anti-rat CGRP polyclonal antibody raised in rabbit 

(Amersham Biosciences, UK) was diluted to an optimal dilution of 1:1000. 

Antihuman SP polyclonal antibody raised in rabbit (Biogenesis Ltd, UK) was diluted 

to an optimal dilution of 1:400. Primary antibody (200 pi) was added to each slide
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and the incubation box covered with its lid and incubated overnight in the refrigerator 

at 4°C.

8 . Addition of Secondary Antibody

Biotinylated secondary antibody was made up to a dilution of 1:30, i.e 10 pi of 

secondary antibody in 2 ml of phosphate buffered serum and added to the slide. The 

sections were left to incubate for 1 hour in a covered box at room temperature.

9. Addition of Tertiary Antibody

Secondary antibody was washed off with 3 x 5  minute rinses with phosphate buffered 

saline. The avidin-biotin complex (ABC) as the tertiary antibody was used (Boenish, 

1989). In this method, ABC is added to the secondary antibody, where open avidin 

sites bind to the biotin component of the secondary antibody. Because a large number 

of biotin molecules can be attached to a single antibody, this method amplifies the 

signal of the antigen-primary antibody-secondary antibody complex, allowing for 

increased sensitivity of the immunostain (Polak and Van Noorden, 1987). The ABC 

reagent was constituted 30 minutes prior to addition to the section, in which 2 drops 

of solution A were added to 2 drops of solution B from the Standard Elite Vector 

ABC kit, in 5 ml phosphate buffered saline. The ABC reagent was added each slide 

(2 0 0 pl), and the sections covered with a lid and left to incubate at room temperature 

for 1 hour. After the reaction, the ABC solution was washed off with 3 x 5  minute 

rinses of phosphate buffered saline.

10. Diaminobenzidine Reaction

The diaminobenzidine (DAB) reaction causes colour change and allows the antigen- 

antibody complex to be visualised. In this reaction, hydrogen peroxide is used as the 

substrate and DAB as the chromogen (Polak and Van Noorden, 1987).The oxidised 

DAB polymerises and forms an insoluble dark brown precipitate at the site of the 

reaction. In certain situations, the brown colouration may not be sufficiently 

visualised, in which case nickel (Ni2+) may be added to the incubation medium to 

produce a black product (Polak and Van Noorden, 1987).
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Ni2+-enhanced or non- Ni2+-enhanced half-strength DAB solution was made up 

immediately prior to adding to the sections, using a standard Vector DAB kit. This 

consisted of 5 ml of distilled H2 O + 2 drops of buffer stock solution (mix) + 2 drops of 

DAB stock solution (mix) + 1 drop of H2 O2  (mix) + 1 drop of Ni2+ solution (mix). For 

the SP reaction, chromagen nickel-enhanced half-strength DAB solution was used, 

and for CGRP, the DAB reaction was not nickel-enhanced. The reaction was timed 

after the addition of DAB solution (200 pi) to each slide until an appropriate level of 

differentiation was seen, as black / grey reaction product in Ni2+-enhanced chromagen 

and brown in non- Ni2+-enhanced chromagen. The reaction was aborted by placing 

the sections in deionised H2O. On average, sections were reacted with DAB for 

between 5-10 minutes. A schematic diagram of the avidin-biotin complex binding to 

the primary and secondary antibody complex is shown in Figure 11.

11. Rehydration and Cover Slipping of Sections 

The sections were dehydrated by placing them through increasing 

concentrations of alcohol (50%, 80%, 2 x 95%, 2 x 100%) and then 2 x xylene (the 

reverse of step 1). The sections were finally cover slipped using DPX mountant and 

left to dry before inspection.

Control sections were prepared using the same method as above with the omission of 

primary antibody. All control sections showed no background staining. The 

specificity of CGRP and SP anti-bodies was confirmed using human spinal cord 

dorsal hom as a positive control (Figure 12).
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Figure 11. Schematic diagram of avidin-biotin complex

Antibody specificity

In accordance with Burry (2000), antibody specificity was confirmed by replacing the 

primary antibody with normal goat serum, and using positive control tissue. Human 

post-mortem spinal cord, which is known to contain CGRP and SP, was used as the 

positive control, and was reacted with primary antibody. No background staining was 

observed in any specimens in the absence o f primary antibody, and specificity for 

CGRP and SP was confirmed by the observation o f axonal and dendritic staining in 

human spinal cord (Figure 12).

Identification o f CGRP /  SP positive cells

Analysis of the tissue was performed by two independent observers who were blinded 

to headache status (the candidate and Dr S Maneesri) to exclude inter-observer 

variation. The presence or absence o f immuno-positivity was documented for each 

specimen and a comment made about the morphology and distribution of the staining. 

After the data was locked, the association between the presence of peptide and the 

presence of headache was studied.

Statistics



Figure 11. Schematic diagram of avidin-biotin complex
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Antibody specificity

In accordance with Burry (2000), antibody specificity was confirmed by replacing the 

primary antibody with normal goat serum, and using positive control tissue. Human 

post-mortem spinal cord, which is known to contain CGRP and SP, was used as the 

positive control, and was reacted with primary antibody. No background staining was 

observed in any specimens in the absence of primary antibody, and specificity for 

CGRP and SP was confirmed by the observation of axonal and dendritic staining in 

human spinal cord (Figure 12).

Identification o f  CGRP /  SP positive cells

Analysis of the tissue was performed by two independent observers who were blinded 

to headache status (the candidate and Dr S Maneesri) to exclude inter-observer 

variation. The presence or absence of immuno-positivity was documented for each 

specimen and a comment made about the morphology and distribution of the staining. 

After the data was locked, the association between the presence of peptide and the 

presence of headache was studied.

Statistics



The presence of headache and CGRP/ SP immunopositivity were recorded and treated 

as binary, x2 tests were used to look for an association between the presence of 

candidate peptide and headache (SPSS Version 10 Chicago IL). Statistical 

significance was set to the P < 0.05 value. Assuming a greater than chance association 

of headache and either CGRP or SP, and a headache frequency of 50% based on 

previous work (Abe et al., 1998) we sought a 30% or greater association. It was 

calculated that 2 0  tumours were needed for an 80% power of detecting a difference at 

the 5% level. I stopped the study at 26 tumours.
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Figure 12. Specificity of CGRP and substance P antibody in dorsal horn of human spinal cord

Figure 12a. CGRP immuno-staining in dorsal column of human spinal cord

Figure 12b. SP immuno-staining in dorsal column of human spinal cord
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3.1.4 Results

Immunohistochemistry
Cushings disease: ACTH immuno-staining was confirmed in all 4 specimens. 3 

tumours elicited immuno-staining exclusively for ACTH, whilst one also contained 

scattered somatotrophs and lactotrophs. CGRP and SP immuno-staining cells were 

identified in one ACTH-positive specimen.

Acromegaly: GH immuno-staining was confirmed in all 7 specimens, of which 5 were 

exclusively somatotroph tumours, and 2 were somato-mammotrophs. CGRP and SP 

immuno-staining cells were identified in 2 somatotroph tumours.

Prolactinomas: Both specimens displayed dense immuno-staining for lactotrophs. 

CGRP and SP immuno-staining cells were identified in one specimen. 

Non-functioning adenomas: Of the 13 patients with non-hormone secreting tumours,

11 did not stain for any hormones and 2 were found to contain thyrotrophs. SP 

immuno-reactive cells were identified in both thyrotroph-containing tumours, whilst 

CGRP was identified in one of these. In the remaining tumours that did not stain for 

any hormones, CGRP immuno-reactivity was identified in 2 specimens.

CGRP-containing cells were characterised morphologically by predominantly 

cytoplasmic staining (Figure 13), and the SP-containing cells appeared as a 

combination of nuclear and cytoplasmic staining (Figure 14). In both cases, the 

immuno-positive cells were distributed evenly throughout the tumour tissue.

Headache
For the whole group, headache was present in 11 patients (42%). Headache 

prevalence was highest in prolactinoma (100%) and acromegaly (43%) but was seen 

in all tumour types (Table 1). The commonest headache phenotype was migraine (n= 

10). One patient presented with an I.H.S diagnosis of Short lasting headache 

Unilateral Neuralgiform headache attacks Conjunctival congestion and Tearing 

(SUNCT). There was no association between the presence of cavernous sinus 

invasion and headache.
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Relationship between CGRP, SP and headache

There was no significant association between the presence of CGRP and headache (x2 

= 0.86 P = 0.35), nor was there an association between the presence of SP and 

headache (x2 = 0.19; P = 0.67).
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Table 15. Tumour, headache and immuno-staining characteristics

IM M U N O S E X T U M O U R
S IZ E

IN V A S IO N H E A D A C H E P H E N O T Y P E C G R P SP

ACTH F MACRO - - - + +
GH F MICRO - - - - -

NFA F MACRO + + MIGRAINE - -
NFA F MACRO + + MIGRAINE - -
NFA M MACRO - - - - -
TSH F MACRO - + MIGRAINE + +
NFA M MACRO - - - - -

GH/PRL M MICRO - - - - -
NFA F MACRO - - - - -
GH M MICRO - + MIGRAINE + +
PRL F MACRO - + MIGRAINE - -
NFA F MACRO - - - + -
NFA F MACRO - - - - -
NFA F MACRO - - - - -
NFA M MACRO + - - - -
PRL M MACRO - + MIGRAINE + +
GH F MICRO + - - + +

NFA F MACRO - + MIGRAINE + -
ACTH F MACRO - + MIGRAINE - -

GH/PRL F MACRO + + MIGRAINE - -
ACTH M MICRO - - - - -

GH F MACRO - + MIGRAINE - -
ACTH F MICRO - - - - -
TSH F MACRO + - - - +
NFA M MACRO - + SUNCT - -
GH F MACRO - - - - -

NFA= non functioning adenoma, GH = growth hormone secreting tumour, PRL = prolactinoma, GH/ 
PRL = mixed growth hormone/ prolactin secreting (somatomammotroph), TSH = thyrotroph 
containing, SUNCT = Short lasting Unilateral Neuralgiform attacks with Conjunctival congestion and 
Tearing.

Table 16. Headache and immunopositivty within each tumour sub-type

Tumour sub-type Total no. Headache +ve CGRP +ve SP+ve

ACTH 4 1 1 1

GH 5 2 2 2

GH/PRL 2 1 0 0

PRL 2 2 1 1

TSH 2 1 1 2

NFA 11 4 2 0

Total 26 11 7 6

NFA= non functioning adenoma, GH = growth hormone secreting tumour, PRL = prolactinoma, GH/ PRL = mixed growth 

hormone/ prolactin secreting (somatomammotroph
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Figure 13. CGRP immuno-staining appearances

Figure 13a Non-functioning adenoma (x20)
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Figure 13b. Non-functioning adenoma (x40)
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Figure 14. Substance P immuno-staining appearances
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Figure 14a. Non-functioning adenoma (x20)
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3.1.5 Discussion

The results of this study do not demonstrate a relationship between the presence of 

CGRP or SP with headache. Although the tumour numbers in this study were 

relatively small, the study was powered for an association that would be robust, so the 

findings show that headache can be present without any demonstration of CGRP or 

SP and vice versa. I did not find any association between CGRP or SP with tumour 

activity, although the presence of SP in association with thyrotrophs has been reported 

by other groups (Roth et al., 1994; Arita et al., 1994). The co-localisation of CGRP 

and SP in 5 out of 9 immuno-positive tumours is in keeping with previous 

observations that CGRP and SP have a tendency to co-localise (Ribeiro-da-Silva et 

al., 2000), although this has not been previously described in relation to the anterior 

pituitary gland.

The aim of the study was to determine whether the presence of CGRP and SP could 

predict pituitary tumour-associated headache. The result was negative and this must 

raise study design issues. An underlying assumption of this, and similar studies that 

seek associations with headache, is that the headache is a direct result of the pituitary 

tumour. It is possible other variables impinged on that likelihood to manifest 

headache. For example, a genetic predisposition to primary headache and the presence 

of environmental trigger factors was not documented, which may have been important 

in individual cases (Goadsby et al., 2002). Migraine is more commonly seen in 

women (Goadsby et al., 2002), and the fact that the ratio of women to men in the 

study group was greater than 2:1 may have biased the results. Also, I did not take into 

consideration the possibility that endocrine deficiency could have been a confounding 

variable, although no patients exhibited typical features of cortisol deficiency 

headache.

Headache was simplistically treated as a binary variable (present or absent), whereas a 

clinical sub-categorisation of headache phenotypes may have been more meaningful. 

This would require a much larger study to attempt to associate CGRP or SP with a 

particular type of headache. Although headache classification was not the primary 

focus of the study, being fully investigated in Chapter 4 of this thesis, migraine was
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the commonest headache phenotype observed in this study. The other case presenting 

with headache had a diagnosis of SUNCT. If pituitary tumour-associated headache is 

a heterogenous rather than a homogenous clinical entity, much higher numbers would 

be required to comment on the relative prevalence of each phenotype within particular 

tumour sub-groups.

The presence of peptide rather than receptor status within the tumour tissue was 

studied because the hypothesis generated was that pituitary tumour-associated 

headache is caused by active peptide secretion. Although the importance of 

immunoblotting as an antibody purity determinant is acknowledged, antibody 

specificity was demonstrated by the use of a both a negative and positive control 

(Burry, 2000). However, molecular techniques such as in situ hybridisation may have 

provided more sensitivity to this study. It is possible that the immunohistochemical 

method used was insufficiently sensitive to demonstrate small quantities of CGRP and 

SP that may have been present in some of the apparently negative tumour specimens. 

Further studies looking at mRNA rather than presence of peptide may be necessary if 

the nociceptive peptide hypothesis is to be definitively refuted.

Finally, if pituitary tumour-associated headache is indeed due to the production of a 

locally active nociceptive peptide, it is possible that CGRP and SP are the wrong 

candidate peptides. As mentioned in the general introduction, other neuropeptides that 

have been implicated in headache pathophysiology, and also play a role in paracrine 

activity of the hypothalamo-pituitary axis, including neuropeptide Y and vasoactive 

intestinal polypeptide (Jansen et al., 1994; Grouzmann et al., 1998; Hsu et al., 1989). 

Further studies are required to see if there is an association between these alternative 

peptides and headache in pituitary tumours.

In conclusion, although headache appears to be a significant cause of morbidity in 

patients presenting with pituitary tumours (Abe et al., 1998), particularly acromegaly 

and prolactinoma (Abe et al., 1998; Ezzat et al., 1994; Couch, 1986) there have been 

few studies regarding the mechanisms of headache. It has been discussed that severe 

headache may occur in patients with small functionally active tumours and Study 1 

showed no relationship between tumour size and invasion with headache (Abe et al., 

1998; Levy et al., 2004a). This has led to the hypothesis that headache may be caused
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by the secretion of nociceptive peptides. This study suggests that CGRP and SP do 

not represent such peptides, although larger studies using molecular techniques may 

be required to confirm or refute these findings.
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Pituitary tumours and headache: clinical characteristics



4.1 Study 3: phenotypic characteristics of pituitary tumour related 
headache

Levy MJ, Matharu MS, Powell MP, Meeran K, Goadsby PJ 

Abstract ref: Cephalalgia 2003; 23: 261

4.1.1 Abstract

Background: Pituitary tumours may be associated with a variety of headache 

syndromes, although there are few prospective studies regarding the range of 

phenotypes observed.

Methods: Eighty-four patients with pituitary tumour related headache underwent a 

detailed interview regarding the clinical characteristics, associated features and 

response to treatment. The information was entered prospectively onto an electronic 

data base.

Results: The commonest phenotypic presentations were chronic (46%) and episodic 

(30%) migraine. Other headache syndromes included SUNCT (5%), cluster headache 

(4%), hemicrania continua (1%) and primary stabbing headache (27%). It was not 

possible to classify the headache according to International Headache Society 

diagnostic criteria in 6 cases (7%). Cavernous sinus invasion was present in the 

minority of presentations (21%), but was present in two of three patients with cluster 

headache. SUNCT-like headache was only seen in patients with acromegaly (n=2) 

and prolactinoma (n=2). Hypophysectomy improved headache in 49% and 

exacerbated headache in 15% of cases. Somatostatin analogues improved acromegaly- 

associated headache in 64% of cases, although rebound headache was described in 

three patients. Dopamine agonists improved headache in 25% and exacerbated 

headache in 21 % of cases. In certain cases, severe exacerbations in headache were 

observed with dopamine agonists.

Conclusion: Headache appears to be a significant problem in pituitary disease and is 

associated with a range of phenotypes. The presenting phenotype is likely to be 

governed by a combination of factors including tumour activity, relationship to the 

cavernous sinus and patient predisposition to headache. A proposed modification of 

the current classification of pituitary-associated headache is given.
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4.1.2 Introduction

The clinical presentation of pituitary adenomas is dependent upon both structural and 

functional properties of the tumour (De Groot and Jameson, 2000). As discussed in 

Chapters 2 and 3, it is unclear whether headache, a common symptom of pituitary 

disease (Abe et al., 1998), is a structural or functional consequence of pituitary 

tumours. The presentation and mechanisms of headache in pituitary disease have not 

been widely investigated. Abe et al. (1998) described the headache characteristics in 

19 patients with pituitary tumours, reporting generalised and predominantly bilateral 

frontal headache. However, with the advent of a systematic classification of headache 

(1988) and its subsequent revision (2004), the opportunity exists to carefully 

phenotype the headache seen with pituitary tumours. This effort allows the prospect 

of providing clinical information with which to manage such patients and may 

provide some insights into the primary headaches that are seen in pituitary disease. 

The aim of this study was to describe prospectively the phenotypic characteristics of 

pituitary tumour related headache in a large series of patients.

4.13 Subjects and Methods

Eighty-four consecutive patients presenting with pituitary tumour related headache 

were studied between February 2001 and August 2003. An interview was conducted 

by a physician trained in headache (the candidate), during which a questionnaire was 

completed that required detailed documentation of headache characteristics and 

response to treatment. The information was entered prospectively onto an electronic 

data-base (Microsoft Access 2003).

Headache
Headache characteristics collected were laterality, site, severity, quality of pain, attack 

duration, frequency, and associated symptoms as well as triggers. I recorded response 

of the headache to surgery, radiotherapy and medical treatment. In each case, an 

attempt was made to classify the headache in line with the International Headache 

Society Diagnostic Criteria (1988), taking account ultimately of the revised second 

edition (2004).
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Tumour

Tumour size and the presence or absence of cavernous sinus invasion was also 

documented. Tumour size was classified according to maximum tumour diameter into 

the categories of micro-adenoma (< 1cm) and macro-adenoma (> 1cm). Cavernous 

sinus invasion was diagnosed on the basis on radiological appearance and treated as 

present or absent, and the laterality of cavernous sinus invasion was documented 

using standard radiological criteria (Cottier et al., 2000).

Disability
Headache-related disability was assessed using a MIDAS questionnaire (Stewart et 

al., 2000).

4.1.4 Results

Patient Demographics
Of the 84 subjects interviewed, 60 were female (71%) and 24 male (29%). The mean 

age was 44 ± 1.4 years (Table 17). The commonest tumour associated with headache 

was prolactinoma {n = 31; 37%), followed by acromegaly (n = 28; 33%), non

functioning adenoma (n = 20; 24%), Cushings disease (n = 4; 5%) and TSHoma (n = 

1; 1%). Full details are shown in Table 17.

Tumour characteristics
For the whole group, 55 tumours were macro-adenomas (65%) and 29 were micro

adenomas (35%). Eighteen tumours (21%) were associated with cavernous sinus 

invasion. Macro-adenomas were commoner in the non-functioning adenoma (100%) 

and acromegaly groups (68%), whilst micro-adenomas were commoner in the 

Cushings (100%) and prolactinoma (52%) groups (Table 18).
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Table 17. Patient demographics and tumour characteristics

Characteristic Patients n (%)

Sex (n, %)

Female 60 (71)

Male 24 (29)

Age (mean ± SD) 44 ± 1.4

Tumour type (n, %)

Prolactinoma 31 (37)

Acromegaly 28 (33)

Non-functioning adenoma 20 (24)

Cushings disease 4 (5)

TSHoma 1 (1)

Tumour characteristics

Macro-adenoma 55 (65)

Micro-adenoma 29 (35)

Cavernous sinus invasion 18 (21)
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Table 18. Tumour characteristics for each sub-type

Macro-adenoma
(*)

Micro-adenoma
(*>

Cavenoas sin s invasion 
(if)

Acroncfily 
(* -28)

19 9 7

Prolactinoma 
(* -31 ) -

15 16 6

NFA
(#1-20)

20 0 4

Cashings
(* -4 )

0 4 0

TSHoma
(it-1)

1 0 1

Total
(* -*41

55 29 18
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Headache Characteristics

Laterality

Sixty patients (71%) had unilateral headache, which was side-locked in 53 (88%), 

while it was side variable in seven (12%; Table 19). Seventeen patients (20%) 

reported both bilateral and unilateral headache, whilst seven (12%) described 

exclusively bilateral symptoms. Of the 18 patients with cavernous sinus invasion, ten 

subjects (56%) experienced headache ipsilateral to the side of invasion.

Site

The commonest location of headache was the orbital / retro-orbital (79%) and frontal 

(64%) region. Twenty-nine percent of patients had headache involving non-trigeminal 

territory and in 71% the trigeminal territory was exclusively involved. The full 

distribution of headache location is shown in Table 19.

Severity

Ten patients (12%) graded their headache as moderate, 55 (65%) severe, 17 (20%) 

very severe, and 2 (2%) graded the pain excruciating. No patients graded their 

headache mild (Table 20).

Quality

The range of pain quality is shown in Table 20. The commonest quality of pain was 

described as throbbing (63%).

Duration and frequency

The median duration of headache exacerbation was seven hours (range 15 seconds -  

96 hours; Table 21). The median attack frequency was 20 per month (range 1 -  30). 

Using the definition of Chronic Daily Headache as greater than 15 headache days per 

month (Welch and Goadsby, 2002) the frequency of chronic daily headache was 53%. 

Twenty-five patients (30%) used paracetamol (acetaminophen) - or codeine- 

containing agents on greater than 10 occasions per month, and were defined as having 

medication overuse.

Associated Symptoms
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The frequency and distribution of associated symptoms are shown in Table 21. The 

commonest associated symptoms were photophobia (71%) and nausea (58%). During 

an exacerbation, 64 patients (76%) preferred to lie still during an attack, 12 (14%) felt 

restless and preferred to move around, whilst 8 (10%) had no preference (Table 21).

Forty-two patients (50%) reported one or more cranial autonomic features in 

association with headache exacerbations (Table 21), the commonest of which were 

lacrimation (35%) and conjunctival injection (26%).
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Table 19. Headache laterality and site

Characteristic Patients n (%)

Laterality; n (%)

Strictly unilateral 60 (71)

Side-locked 53 (63)

Side-variable 7 (8)

Bilateral and unilateral 17 (20)

Strictly bilateral 7 (8)

Site; n (%)

Orbital / retro-orbital 66 (79)

Frontal 54 (64)

Temple 30 (36)

Parietal 19 (23)

Vertex 26 (31)

Occiput 24 (29)

Nasal 4 (5)

Cheek 4 (5)

Teeth 4 (5)

Jaw 3 (4)

Ear 3 (4)

Neck 4 (5)
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Table 20. Headache severity and quality

Characteristic Patients n (%)

Severity; n (%)

Mild 0 (0)

Moderate 10 (12)

Severe 55 (65)

Very Severe 17 (20)

Excruciating 2 (2)

Quality; n (%)

Throbbing 53 (63)

Sharp 29 (35)

Dull 21 (25)

Pressure 19 (23)

Stabbing 15 (18)

Tightening 13 (15)

Boring 6 (7)

Burning 3 (4)

Aching 3 (4)
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Table 21. Headache duration, frequency and associated features

C haracteristic Patients n (%)

Median Duration (range) 7 (15 sec -  96 hrs)

Median attack frequency per month (range) 20 (1 -3 0 )

Chronic daily headache; n (%) 45 (53)

Analgesia overuse; n (%) 25 (30)

Associated symptoms

Nausea 49 (58)

Vomiting 18 (21)

Photophobia 60 (71)

Osmophobia 20 (24)

Restlessness 12 (14)

Aggravation with movement 64 (76)

Cranial autonomic symptoms; n (%)

Ptosis 16 (19)

Eyelid oedema 10 (12)

Conjunctival injection 22 (26)

Lacrimation 29 (35)

Nasal blockage 10 (12)

Rhinorrhoea 6 (7)

Facial sweating 6 (7)

Facial flushing 2 (2)
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Triggers

The frequency and distribution of headache triggers are shown in Table 22.

Family history
Forty-one patients (49%) reported a family history of a headache disorder (Table 22).
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Table 22. Headache triggers and family history

Characteristic Patients n (%)

Triggers; n <%)

Stress 54 (64)

Exertion 22 (26)

Hunger 34 (40)

Alcohol 22 (26)

Bright lights 15 (18)

Family history of headache disorder; n (%) 41 (49)
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International Headache Society (I.H.S) Classification (Headache Classification 
Committee o f The International Headache Society, 2004)

There were broadly two groups of patient diagnoses: those with phenotypes that 

mapped well onto accepted primary IHS diagnoses (n = 73) and those that did not («

= 1 1 ).

O f the former group, the commonest diagnosis was chronic migraine (n = 39), 

followed by episodic migraine (« = 25). Other headache diagnoses included Short- 

lasting Unilateral Neuralgiform headache attacks with Conjunctival injection and 

Tearing (SUNCT; n = 4), cluster headache (n = 3), hemicrania continua (n = 1) and 

isolated primary stabbing headache (w = 1). Twenty-two patients (26%) had primary 

stabbing headache as a second headache diagnosis (Table 23). The IHS headache 

diagnoses within each tumour sub-type are shown in Table 24. SUNCT syndrome was 

only seen in patients with prolactin- and growth hormone- secreting tumours, and 

primary stabbing headache was also more common in these two groups (87%).

Of those that did not map well onto an accepted primary IHS headache diagnosis, 

three patients were compatible with the current criteria for headache attributed to 

pituitary disease (IHS 7.4.4; Table 25). Of the remaining eight patients, two patients 

experienced featureless headache, which did not fit with tension-type headache or IHS

7.4.4 because the severity interfered with daily activities and the timing of headache 

was associated with the onset of pituitary disease but the treatment of the tumour did 

not absolutely resolve the headache (Criteria D; see Table 27). In 6 patients, it was not 

possible to classify the headache phenotype in accordance with the IHS criteria (Table 

25). These patients had a mixture of migrainous

(throbbing/nausea/photophobia/phonophobia) or cranial autonomic symptoms. These 

patients stood out in our groups experience with the particular mixture of symptoms 

and may represent a unique headache type seen in association with pituitary tumours.
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Table 23. Headache characteristics

C haracteristic Patients n (%)

IHS Classification

Chronic migraine 39 (46)

Episodic migraine 25 (30)

SUNCT 4 (5)

Cluster headache 3 (4)

Hemicrania continua 1 (1)

Primary stabbing headachet 23 (27)

Other t t 11 (13)

t  Lone diagnosis in one patient

t t  Not definable by IHS criteria (2004), see Table 24

SUNCT Short-lasting Unilateral Neuralgiform headache, Conjunctival injection

and Tearing
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Table 24. International Headache Society (I.H.S) Classification (2004) diagnoses for each tumour
subtype

CM EM SUNCT CH HC PSH Otkert

Acromegaly
(it -  28)

15 6 2 0 0 8 3

ProiactiBOMa
(*-31)

11 13 2 1 1 12 4

NFA
(* -2 » )

12 4 0 2 0 3 3

Cashlags
(* -4 )

1 3 0 0 0 0 1

TSHoma
(n -1 )

1 0 0 0 0 0 0

Total
( * - « >

40 26 4 3 1 23 11

CM Chronic migraine

EM Episodic migraine

SUNCT See Table 7

CH Cluster headache

HC Hemicrania continua

PSH Primary Stabbing Headache

NFA Non-functioning adenoma

t  Not definable by IHS criteria
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Table 25 Patients with potentially secondary headache phenotypes (Headache Classification Committee of The International Headache Society, 2004)

Case Age/
Sex

Effect
of

surgery

Tumour Characteristics Headache Characteristics

Histology Size
Cavernous

sinus
invasion

Site Quality Severity Mvt Nausea Photo Phono Cranial
autonomic

Featureless Headache phenotypes

GS 74/M Better NFA Macro - Orbital/retro-
orbital

Continuous
Dull

Moderate - - • •

GW 84/F Better NFA Macro - Retro-
orbital/vertex

Continuous
Pressure

Moderate - • - • “

PC 65/M Medical 
Rx only 
better

Prolactin Macro Right Strict right Orbital/ 
parietal/ vertex 

Tight/sharp 
2 hr stabbing 
exacerbations

Severe

NE 31/F Worse Prolactin Macro Frontal Episodic 
3 hours 

Dull

Moderate

MN 37/F Worse Aero Macro Left Strict left 
retro-orbital

Continuous 
dull ache

Severe - " - “

Headaches with mixed migraine/trigeminal autonomic cephalalgia phenotypes

LD 29/F Better Aero Macro Left Strict left 
retro- 

orbital/frontal

Continuous 
pressure plus 

stabs

Severe + + + Lacrimation

IT 50/M Better Aero Macro Uni/Bilateral
Temporal/

vertex

Ache/boring/
dull

Very
severe

+ + + Lacrimation

SB 38/M Better Prolactin Macro Left Strict left Continuous Severe R - + - Lacrimation
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Orbital/retro-
orbital

boring/dull
30-60

exacerbations

ptosis

PT 52/F Better NFA Macro Bilateral
frontal

Continuous 
dull/throbbing 

60 min 
exacerbations 
± visual aura

Severe R Lacrimation

CW 51/F Better Cushings Micro Bilateral
generalised

Episodic 
(4-48 hrs) 
pressure

Severe +

BP 73/M Worse Prolactin Macro Left Strict Left 
Orbital/maxilla 

/jaw

Continuous 
Sharp 

Plus stabs

Very
severe

+ + Nasal block 
ptosis
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Treatment characteristics 
Surgery

Fifty-five patients (65%) underwent hypophysectomy, of which 50 had 

transphenoidal, and 5 trans-cranial approaches. Twenty-seven patients (49%) reported 

an improvement in headache following surgery, 20 (36%) experienced no change in 

symptoms, and 8 (15%) reported worsening of headache (Table 26).

Radiotherapy

Sixteen patients underwent radiotherapy, of which one experienced an improvement 

in headache, the remainder reporting no change in symptoms (Table 26). The median 

time to follow up from radiotherapy was 5 years (range 2 - 1 3  years).

Somatostatin analogues 

Octreotide

Twelve patients received octreotide lOOpg, of which seven reported a reduction in 

headache frequency and severity (Table 26). Of those that experienced improvement 

in headache, four experienced improved migraine, two reported an improvement in 

featureless headache, and one reported a reduction in the frequency and severity of 

SUNCT-like attacks. After several months of octreotide administration, three patients 

experienced rebound headache. One patient developed a dependency syndrome, 

requiring twelve injections per day. Four patients received both octreotide and 

lanreotide during treatment, three of who reported a preferential response to octreotide 

in terms of headache.

Octreotide LAR

Six patients received octreotide LAR 20mg per month, of which four reported a 

reduction in headache frequency and severity (Table 26). Two patients reported 

headache recurrence one week prior to the following injection. No patient on 

octreotide LAR developed tachyphylaxis or a dependency syndrome.

Lanreotide
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Four patients received lanreotide 30mg every two weeks. One patient experienced 

reduction in headache frequency and severity on lanreotide, the remaining three 

reporting no change in symptoms (Table 26). The single patient who experienced 

improvement in headache on lanreotide did not experience benefit from octreotide.

Dopamine agonists 

Cagergoline

Cabergoline (dose range 0.25 -  4mg per week) was prescribed in 23 patients. Nine 

patients reported a reduction in headache severity and frequency on cabergoline, 11 

experienced no change, and 3 reported an exacerbation in symptoms (Table 26). Of 

the 3 patients who reported an exacerbation in symptoms, one experienced a change 

from episodic to chronic migraine, one underwent a change from episodic migraine to 

persistent unilateral indomethacin-responsive headache, classified as hemicrania 

continua, and one experienced a severe and reproducible exacerbation of SUNCT-like 

syndrome that lasted for 12 hours.

Bromocriptine

Twenty-two patients received bromocriptine (dose range 2.5 -  22.5 mg per day). Of 

these, three patients experienced a reduction in headache frequency and severity, 13 

reported no change, and six reported headache exacerbation (Table 26). Of the six 

patients that reported headache exacerbation, five experienced worsening migraine, 

and one experienced severe exacerbation of SUNCT lasting 12 hours.

Quinagolide

Two patients received quinagolide therapy. One experienced worsening migraine 

whilst the other reported an exacerbation in SUNCT identical to the cabergoline and 

bromocriptine responses described above (Table 26).
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Table 26 Response of headache to treatment of pituitary disease

Improvement Exacerbation No change

Snrgeiy
Transphenoidal 23 8 19

Transcranial 4 0 1

Radiotherapy 1 0 15

Somatostatin analoene
Sandostatin 7 0 5

Octreotide LAR 4 0 2
Lanreotide 1 0 3

Dopamine agonist
Cabergoline 9 3 11

Bromocriptine 3 6 13
Quinagolide 0 2 0
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Q uality o f  life

MIDAS questionnaires were completed in 69 patients. The highest MIDAS scores 

were seen in the acromegaly and prolactinoma groups (Figure 15). The mean MIDAS 

score for the whole group was 27 ± 24 days. Forty-eight percent of patients with 

pituitary tumour associated headache had severe levels of disability (Figure 16)

128



MI
DA

S 
da

ys

Figure IS Distribution of MIDAS scores amongst tumour types with the mean ± SD shown for each tumour and for the group as a whole (total)

Tumour type

129



Nu
m

be
r 

of 
pa

tie
nt

s 
(%

)

Figure 16 Distribution of MIDAS scores by conventional grading cut-offs in patients with pituitary tumour and headache. The distribution is right-shifted in 
comparison to primary headache.
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4.1.5 Discussion

Headache is a common and disabling aspect of pituitary disease. The cohort most 

often reported migraine, but cluster headache, Short-lasting Unilateral Neuralgiform 

headache attacks with Conjunctival injection and Tearing (SUNCT) and hemicrania 

continua was also observed. Some patients had unclassifiable headaches, which may 

be new forms of secondary headache specific to pituitary tumours that have not 

hitherto been recognised. No particular tumour type produced a specific headache 

syndrome. The observation that 48% of patients had MIDAS scores within the severe 

range suggests that disability due to pituitaiy headache is considerable (Lipton et al., 

2001). Pituitary tumour-related headache is an important, common issue that requires 

careful history to facilitate correct diagnosis and thus specific management of those 

afflicted.

The improvement in headache following surgery in 49% of cases implies a causal link 

between the tumour and presence of headache, although it is difficult to control for 

the confounding variables of the anaesthetic, or indeed natural history. Furthermore, 

the abolition of headache in 64% of acromegalics who were prescribed somatostatin 

analogues suggests a link between tumour activity and headache. Octreotide appeared 

to be more beneficial than lanreotide for headache, although one patient responded 

preferentially to lanreotide. As discussed in Section 1.15.2, it is possible that the 

somatostatin receptor status of the tumour is important in predicting headache 

response. Some patients in the cohort who had migraine headache reported a useful 

therapeutic effect with octreotide, and an interesting question is whether this drug is 

useful in non-pituitary tumour headache, which is investigated in Chapter 6. 

Octreotide dependency has been previously reported (Popovic et al., 1988, May et al., 

1994) and this was observed in the cohort as a potential complication in the 

management of pituitary-related headache.

Dopamine agonists both alleviated and exacerbated headache, which has previously 

been observed (Ferrari et al., 1988, Massiou et al., 2002) and decribed in the 

Appendix (Cases 1, 2 and 4). This paradoxical observation may be related to a 

complex interplay of the physical effects on the tumour and the central actions of 

dopamine agonists. The reduction of tumour size in large prolactinomas may improve
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headache via structural changes, although the data from Study 1 and others (Abe et 

al., 1998) suggests that tumour size does not correlate with headache. Alternatively, or 

in addition, the effects of dopamine agonists on the trigeminovascular system may 

have deleterious effects on headache. Dopamine agonists share properties with ergot 

alkaloids (Trabucchi et al., 1978), and ergot alkaloids are known to alter the activity 

of the trigeminovascular system (Hoskin et al., 1996). As discussed in Sections 1.4 

and 1.5, it has also been suggested that the dopamine-prolactin axis plays an 

important role in some forms of primary headache, notably migraine (Peroutka et al., 

1997; Peres et al., 2001) and cluster headache (Goadsby, 2002). This may, in part, 

explain the unpredictable headache responses observed with dopamine agonists. The 

exacerbation of headache was dramatic in certain cases, an observation that has been 

described in Appendix Cases 1 and 2, and previously observed in association with 

SUNCT (Ferrari et al., 1988, Massiou et al., 2002).

In addition to tumour-related factors, the type of headache in pituitary disease is likely 

to be a result of patient-dependent factors. The finding that 49% of the study group 

had a family history of headache suggests that they were more predisposed to the 

primary headaches than the general population (Steiner et al, 2003). As discussed in 

Section 1.4, migraine is known to have a familial aggregation (Ferrari, 1998) and the 

development of pituitary tumour-associated migraine, accounting for 75% of 

presentations in this study, may have been a result of genetic predisposition to 

migraine in affected patients rather than specific tumour-related factors. As 

migraineurs have an increased sensitivity to any external changes in the internal or 

external milieu compared to controls (Goadsby et al., 2002) it may be that the 

development of the pituitary tumour simply lowered the threshold for attacks in 

predisposed migraineurs. The presence of a higher proportion of migraine in 

prolactinomas and growth hormone-secreting tumours suggests that functional 

activity may be an important trigger.

Cluster headache and SUNCT are relatively rare headache syndromes and the 

observation of three cases of cluster headache and four cases of SUNCT in this 

relatively small cohort of 84 patients suggests that these phenotypes may be over

represented in pituitary disease. While it is possible that this is in part referral bias 

with regard to the unit’s headache interest where 1 conducted the thesis (QS), this was
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minimised by studying consecutive referrals to the neurosurgery unit, which is 

unlikely to have this headache-related bias. Cavernous sinus invasion was present in 

two of the three cluster cases which may suggest that invasion of local structures is 

relevant to this headache syndrome. Although Study 1 showed that the cavernous 

sinus invasion is not predictive of headache in pituitary tumours, per se (Abe et al., 

1998; Levy et al., 2004a), the sinus does contain pain-producing structures, such as 

the internal carotid artery and trigeminal nerve and ganglion, invasion of which might 

be expected to cause pain. As discussed in Section 1.8.3, there have been several 

reports of pituitary-associated cluster headache presenting with ipsilateral cavernous 

sinus tumour invasion (Tfelt-Hansen et al., 1982; Greve a& Mai, 1988; Milos et al., 

1996; Porta-Etessam et al., 2001). The cavernous sinus has been previously 

implicated in the pathophysiology of cluster headache (Moskowitz, 1988; Harbedo, 

1994), although functional imaging data suggests that ipsilateral hypothalamic 

activation may be more important (May et al., 1998a, May et al., 2000; Sprenger et 

al., 2004). Of the four SUNCT cases, two were prolactinomas and two were growth 

hormone-secreting tumours, suggesting that tumour activity may be important in 

pituitary-related SUNCT, although our sample size is small. The dramatic 

exacerbation of SUNCT with dopamine agonists observed in certain cases further 

suggests that perturbations in the dopamine-prolactin axis may be important in this 

headache syndrome. As described in Section 1.5.2, ipsilateral hypothalamic activation 

has been demonstrated in primary SUNCT (May et al, 1999) and it is conceivable that 

specific neuroendocrine pathways involving the dopamine-prolactin and growth 

hormone axis are capable of activating SUNCT pathophysiology.

The aim of this study was to document the clinical spectrum of pituitary tumour- 

associated headache. No attempt was made to determine the prevalence of headache 

in pituitary disease, which would have required recruitment of larger numbers of 

patients from both the surgical and non-surgical setting in a prospective and 

consecutive fashion. Because the study was based in a neurosurgical centre, the 

patient population is likely to have contained relatively larger numbers of 

macroadenomas compared to a non-surgical centre. This may have given a biased 

impression of the frequency and quality of headache found in our study, and further 

work is required to determine the validity of the findings in the generality of patients 

with pituitary tumours. 1 observed a significant number of patients who experienced
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residual headache after treatment of their pituitary tumour and found these patients to 

present a difficult management problem. Although treatment response was not 

formally part of the study design, a large number of this cohort was managed in a 

dedicated clinic. I observed that phenotype-driven medical management markedly 

improved the patients’ disability. There are previous reports that pituitary tumour- 

associated with headache may respond to serotonin-5-HTie/iD receptor agonists, 

triptans (Shah & Frei, 1999; Pascual 2000). I found that both acute and preventive 

phenotype-driven treatment was helpful for many patients. Patients with residual 

ipsilateral cavernous sinus invasion were particularly refractory to medical therapy. 

Prospective blinded placebo-controlled studies are required to determine the optimum 

management of the pituitary tumour-associated headache, although in their absence 

placebo-controlled studies from the underlying primary headache types manifest by 

these patients seem a very useful guide to their management.

Lastly, based on the relatively large, prospective study with tissue verification of the 

diagnosis, it may be possible to make some new suggestions as to the classification of 

headache in patients with pituitary disease (Table 27). Currently the International 

Headache Society classifies pituitary and hypothalamic headaches together (Headache 

Classification Committee of The International Headache Society, 2004). However, 

because pituitary adenomas are clinically distinct from hypothalamic syndromes, it 

seems reasonable to split these into separate entities. Despite the negative correlation 

between cavernous sinus invasion and headache found in Study 1, the implications of 

local involvement of the cavernous sinus from both a local treatment and headache 

presentation, suggest that it is sensible to specify the presence or absence of cavernous 

sinus invasion for research and characterisation (Table 27). It is suggested that 

requirement C (Table 27) is insufficient to deal with non-functioning adenomas, 

which made up nearly one quarter of the cohort, as it fails to demonstrate that the 

majority of these tumours present with a non-endocrine manifestation of the tumour, 

such as visual impairment. For requirement D (Table 27) the requirement of complete 

resolution of headache after surgical or endocrine management is not uniformly 

useful, as many patients were observed to have improvement in headache rather than 

complete resolution post-treatment. Therefore it seems appropriate that amelioration 

of headache after tumour treatment, rather than resolution more completely captures 

the outcome, thus it is suggested that section D is altered. With publication of this
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study, it is hoped that other centres will consider these proposals and test them prior to 

the next edition of the headache classification.
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Table 27 Proposals for modifications to the I.H.S criteria 

Current classification
7.4.4 Headache attributed to hypothalamic or pituitary hyper- or hyposecretion 
Diagnostic criteria:

A. Bilateral, frontotemporal and/or retro-orbital headache fulfilling criteria C and D
B. At least one of the following:

1. prolactin, growth hormone (GH) and adrenocorticotropic hormone 
(ACTH) hypersecretion associated with microadenomas <10 mm in 
diameter

2. disorder of temperature regulation, abnormal emotional state, altered 
thirst and appetite and change in level of consciousness associated with 
hypothalamic tumour

C. Headache develops during endocrine abnormality
D. Headache resolves within 3 months after surgical resection or specific and 

effective medical therapy

New proposal
7.4.4 Headache attributed to hypothalamic dysfunction 
Diagnostic criteria:
A. Bilateral, ftontotemporal and/or retro-orbital headache fulfilling criteria C and D.
B. Disorder of temperature regulation, abnormal emotional state, altered thirst and 

appetite and change in level of consciousness associated with hypothalamic 
tumour

C. Headache develops when hypothalamic pathology is manifest
D. Headache resolves within 3 months after specific and effective medical therapy

7.4.5 Headache attributed to pituitary disease 
Diagnostic criteria:
A. Bilateral or unilateral frontotemporal and/or retro-orbital headache fulfilling 

criteria C and D
B. Either a functioning or non-functioning pituitary tumour is identified by 

biochemical testing or appropriate brain imaging
a. with cavernous sinus involvement
b. without cavernous sinus involvement

C. Headache develops in close temporal proximity to endocrine abnormality or with 
structural symptoms attributable to pituitary disease, such as visual loss

D. Headache resolves, or there is marked improvement, within 3 months after 
surgical resection, or specific and effective medical therapy
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In summary, I have described the headache characteristics observed in 84 patients 

with pituitary tumour-associated headache. Functioning tumours presented with the 

most headache-related disability, and the dopamine-prolactin and growth hormone 

axes were exclusively associated with SUNCT. The majority of cases of pituitary- 

associated headache presented with migraine, although a wide spectrum of headache 

presentations was observed. The current classification system is useful but 

suggestions for revision have been suggested based on the data. From a clinical 

perspective, pituitary-associated headache appears to be a management problem both 

pre-and post-treatment of the pituitary tumour and warrants further study to optimise 

outcome.
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Somatostatin withdrawal and headache



5.1. Study 4: Somatostatin infusion withdrawal: a study of patients with 
migraine, cluster headache and healthy volunteers
Levy MJ, Matharu MS, Lightman SL, Goadsby PJ 

Paper ref: Pain 2003; 102 (32): 237-242

5.1.2 Abstract

Background'. Migraine and cluster headache are the most common disabling primary 

headache syndromes and are typically episodic. A reliable method of triggering such 

headache attacks facilitates the study and treatment of these disorders. There is 

sufficient clinical and laboratory evidence to suggest that somatostatin withdrawal 

may be a useful way of triggering headache.

Methods: 15 subjects were studied; 8 migraineurs, 4 cluster headache sufferers and 3 

healthy controls. Each subject had a standard somatostatin infusion, 250pg/h for 3.5 

hrs. Subjects were followed for 24 hours post-infusion to observe headache response 

following cessation of infusion.

Results'. Growth hormone was suppressed in each subject demonstrating a biologically 

active infusion of somatostatin. None of the non-headache sufferers had pain. Seven 

of eight migraine sufferers had no immediate headache and no delayed headache. One 

migraineur experienced short lasting headache with no migrainous features. Three of 

four patients with cluster headache had no significant pain with the infusion, while 

one had pain after one hour.

Conclusion: The results suggest that somatostatin infusion is not a reliable way to 

produce headache in experimental settings in either migraine or cluster headache. The 

data do not exclude a role for somatostatinergic mechanisms in primary headache.
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5.1.3 Introduction

This chapter utilises the observations that somatostatinergic mechanisms may be 

important in headache. It has been observed in the previous chaper that overuse of 

octreotide in patients with pituitary tumours may give rise to increased headache. An 

interesting question is whether over-exposure to somatostatin may trigger headache in 

patients with primary headache. Migraine and cluster headache are the most common 

disabling primary headache syndromes. In their typical form a key feature of both 

disorders is episodicity (Headache Classification Committee of The International 

Headache Society, 1988). This feature makes the study of these conditions 

particularly challenging. A reliable method of triggering either condition would be, at 

least, extremely useful and may provide insight into the disorder in terms of 

development of new acute attack or preventative treatment strategies.

Nitroglycerin (Thomsen et al., 1994) and histamine (Krabbe et al., 1980; Lassen et al., 

1995) have both been used to induce migraine and cluster headache attacks (Ekbom et 

al., 1968). Patients with migraine develop symptoms usually several hours after 

exposure to nitroglycerin (Iversen, 2001) whilst cluster patients (during a cluster 

period) may have an attack within minutes (Ekbom et al., 1968). A problem with 

these existing models is that the most reliable and best studied model, that of 

nitroglycerin-triggering, is directly associated with vasodilatation (Thomsen et al.,

1994) and thus dissecting the non-vascular mechanisms in these headache types is a 

considerable challenge. It would thus be desirable to have a non-vasoactive method 

for triggering migraine or cluster headache, or both.

The evidence that somatostatin plays an important role in pain modulation has been 

reviewed in the introduction to the thesis. It has been observed that somatostatin, after 

repeated or prolonged exposure, may be pro-nociceptive (Popovic et al., 1988) while 

repeated exposure to somatostatin analogues may lead to a dependency syndrome, 

which is characterised by headache induction and rebound headache (May et al., 

1994). Similarly, cluster headache has been reported to be induced by a somatostatin 

analogue (Otsuka et al., 1998). The administration of native somatostatin to healthy 

individuals causes suppression of growth hormone, which rebounds when it is 

discontinued. Endocrinologists have observed that patients may experience headache
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after somatostatin withdrawal during metabolic studies (S Lightman, unpublished 

observations). I aimed to study systematically the effect of somatostatin withdrawal 

after prolonged intravenous exposure in patients with migraine, cluster headache and 

healthy controls. Headache scores were recorded before, during and after somatostatin 

infusion, in order to determine any correlation between headache and serum growth 

hormone, in an attempt to characterise a new model for triggering primary 

neurovascular headache.

5.1.4 Subjects and Methods

Patients

Fifteen subjects were studied (8 migraine, 4 cluster headache and 3 healthy controls). 

Headache diagnoses were based on International Headache Society Diagnostic 

Criteria (Headache Classification Committee of The International Headache Society, 

2004). Patients with cluster headache were recruited from the headache clinic (QS). 

Migraineurs and healthy controls were recruited both from the headache clinic and via 

local advertisements The episodic cluster headache patients included in the study 

were in the middle of their bout. All had attacks in the weeks following the trial 

confirming that they were still in the bout at the time of the infusion. None of the 

patients were on preventative medication. Exclusion criteria included diabetes 

mellitus and ischaemic heart disease. The study was approved by the local ethics 

committee (Study Ref: 01 / N062).

Study Design
Patients arrived fasted and an intravenous cannula was inserted in the antecubital vein 

of each forearm. Native somatostatin (Stilamin ®, Serono) was infused at a rate of 

250pg/h for 3 Vz hours, according to previously published protocols (Villaume et al.,

1986). Subjects remained awake and supine throughout the procedure. Serum glucose 

was monitored at 10-minute intervals for the first 30 minutes of the study. No 

hypoglycaemic episodes were recorded and no adverse effects were observed during 

or after somatostatin infusion. A headache visual analogue (VAS) score was taken at 

15-minute intervals throughout the study. Serum growth hormone (GH) was assayed 

at 0, 60, 120 and 180 minutes. After somatostatin infusion withdrawal, the VAS score 

was taken at 5 minute intervals and serum GH taken at 5, 15 and 30 minutes post-
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infusion. Subjects subsequently kept a headache diary for 24 hours and were followed 

up to see if headache occurred after discharge from hospital.

Statistical considerations

The study was designed as a pilot one to consider the utility of somatostatin infusion 

withdrawal in triggering migraine or cluster headache. As such the study was powered 

based on the most reliable method of triggering migraine and cluster headache, which 

is by administration of a nitric oxide donor. The nitroglycerin migraine model 

produces migraine attacks in 90% of patients (Iversen, 2001) while histamine 

infusion, which also acts as an NO donor, produces headache in 100% of patients 

(Lassen et al., 1995). It was considered that any new model would need to trigger 

attacks in at least 80% of patients to be worth further characterisation. It was thus 

calculated that for 8 patients the study would have an 80% power to detect a 

difference from the NO trigger if just one were to have migraine with a P < 0.05, 

using a chi-square test. For cluster headache, nitroglycerine has long been known to 

be a very reliable trigger (Ekbom, 1968). It has been shown to trigger 85% of patients 

in their bout to have headache (Matharu and Goadsby, unpublished data). It was 

considered that any new model system that consecutively failed in four patients was 

unlikely to be helpful.

5.1.5 Results

Each subject completed the acute phase of the study and was followed up for at least 

24 hours to determine if any delayed headache had been triggered. The patient 

demographics and headache responses are outlined in Table 28. Demonstrating that a 

biologically active infusion of somatostatin had been employed, growth hormone was 

appropriately suppressed in all subject groups (Table 29, Figures 17 -  20). There was 

no difference in growth hormone response in all three groups (Figure 20).

Control Group
The control group, volunteers without headache (n = 3) did not develop any 

significant headache symptoms before or after the somatostatin infusion (Figure 21).

Migraine Group
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In the migraine group, 7 of 8 patients had neither an acute headache nor did they 

experience any form of delayed headache. One patient in the migraine group 

developed a mild/ moderate unilateral headache during the infusion that remained 

mild for three hours after the infusion was withdrawn and subsequently subsided 

(Figure 22). This headache had no migrainous features.

Cluster Headache Group

Of the cluster headache patients, 3 of 4 patients had no immediate nor any delayed 

attacks after the somatostatin infusion. One patient in the cluster group developed an 

attack during the first hour of the infusion (Figure 23). This was aborted with 100% 

oxygen within ten minutes and did not return. One patient had an attack at 2am, 17 

hours after the infusion that was in keeping with his typical attack periodicity.

There was no correlation between headache score and growth hormone for all three 

groups (Pearson correlation 0.91; p=0.357: Figure 24)
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Table 28. Patient demographics and headache response to somatostatin infusion

t a A * Hendnche Score (O-10) with somatostatin lafjrtw
Omin 60min 120min 180m in +5min +15min +30min

Migraine with 
aura

M 40 0 2 1 0 0 0 0

F 29 0 0 0 0 0 0 0

Migraine without 
aura

M 24 0 1 0 0 1 0 0

F 41 0 0 0 1 0 0 0
F 37 0 0 0 0 0 0 0
F 37 0 0 1 0 0 0 0
M 44 2 4 5 5 5 5 5
F 39 0 1 0 0 1 0 0

Chronic cluster
M 53 0 7 0 0 0 0 0

Episodic cluster
M 47 2 3 3 4 4 0 0

M 36 0 0 0 0 0 0 0
M 33 0 0 0 0 0 0 0

Controls
M 32 0 0 0 0 0 0 0

M 33 0 0 0 0 0 0 1
M 54 0 0 0 0 0 0 0

•Clinical phenotype according to International Headache Society (1988)
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Table 29. GH response to somatostatin infusion

DtagpMMls* Growth HonuuNM response to iNMtoatdfai (mU/L)
0 min 60 min 120 min 180min +5min +15min +30min

Migraine with aura 8.3 0.5 0.1 0.1 0.1 0.1 0.1
0.2 0.1 0.2 0.2 0.2 0.3 0.3

Migraine without aura
0.6 0.1 0.1 0.1 0.3 0.3 0.3

11.9 0.6 0.4 0.3 0.3 4.0 5.4
0.6 0.1 0.1 0.1 0.1 0.2 0.2
21.6 1.0 0.4 0.3 0.4 1.4 9.6
2.1 2.1 1.0 0.1 0.1 0.2 0.2
22.9 1.1 0.5 0.3 0.3 1.0 1.2

Chronic cluster
0.8 0.4 0.2 0.1 0.1 0.1 0.1

Episodic cluster
0.2 0.9 0.2 0.1 0.1 0.2 0.2

0.2 0.1 0.1 0.1 0.1 0.6 1.2
11.9 0.4 0.1 0.1 0.1 0.2 0.2

Controls
3.1 0.1 0.1 0.1 0.1 0.1 0.1

0.6 0.6 0.3 0.2 0.2 0.8 0.9
0.2 0.1 0.1 0.1 0.1 0.2 0.2

"Clinical phenotype according to International Headache Society (1988)
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Figure 17. Effect of somatostatin on GH. Control Group
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Figure 18. Effect of somatostatin on GH. Migraine Group.

Individual growth hormone response: Migraine

20

10

60 180

Som atoslabn  infusion

♦5  +15 +30

T im e  (m in s )

25

20

Mean growth hormone response: Migraine

60 120 180

Som M ostatn  infusion

  +5 +15 +30

n 1 Time (mins)

Symbols indicate 
individual 
subjects (n = 8)

Mean GH ± SEM
shown



GH
 

(m
U/

L)
 

GH
 

(m
U/

L)
Figure 19. Effect of somatostatin on GH. Cluster Group.
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Figure 20. Effect of somatostatin on GH. Group Data.
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Figure 21. Effect of somoatostatin on headache. Control Group.
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Figure 22. Effect of somatostatin on headache. Migraine Group.
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Figure 23. Effect of somatostatin on headache. Cluster Group.
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Figure 24. Relationship between headache and GH
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5.1.6 Discussion

This study demonstrated no significant headache triggering, either immediate or 

delayed, in patients with migraine or cluster headache, and no headache in control 

subjects. Significant growth hormone suppression confirmed biologically active 

somatostatin was infused and an appropriate physiological response obtained. 

Although one patient in the migraine group and one patient in the cluster headache 

group had acute pain this response rate is markedly less than that seen with 

nitroglycerine triggering (Iversen, 2001) and is therefore not considered to be a 

sufficiently robust response in comparison with nitroglycerin or histamine. Whether 

that small response represents chance or a biological effect, it is of no value in terms 

of studying either migraine or cluster headache. The data suggest that somatostatin is 

not a useful substance in trying to establish a non-vascular migraine-triggering model, 

although the results do not exclude a role for somatostatin in primary headache.

Somatostatin has a peripheral endocrine effect of lowering first glucagon, and then 

insulin, as well as its central effect on GH suppression. It is possible that previous 

observations of headache induction after somatostatin infusion were related to 

hypoglycemia and peripheral insulin levels rather than a mechanism related to GH 

secretion. Hypoglycaemia is a recognised trigger for migraine in clinical practice 

(Lance and Goadsby, 1998) and there has been interest in the relationship between 

insulin and migraine (Pearce, 1971). Recent evidence points to a genetically 

determined predisposition to hypoglycemia as a trigger factor for migraine with the 

identification of single-nucleotide polymorphism alleles in the insulin receptor in 

some patients with migraine (McCarthy et al., 2001). None of the patients in this 

study developed hypoglycaemia during the somatostatin infusions.

The observation of octreotide dependent headache suggests that up-regulation of 

somatostatin receptors is in some way pro-nociceptive (May et al., 1994) and the 

reciprocal relationship between somatostatin and growth hormone may suggest that 

GH, or some other signalling molecule related to its secretion, is important in the 

relationship between somatostatin and pain. Case 3 in the Appendix (Levy et al., 

2003b) describes a patient whose headache responded only to octreotide, despite GH 

reduction with both octretide and lanreotide, and indicates that the relationship
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between somatostatin and pain is not exclusively related to GH. The absence of a 

correlation between headache score and GH in this study further suggests that 

somatostatin and GH are not coupled in terms of analgesia.

This study demonstrates that somatostatin infusion-withdrawal alone is not a 

sufficiently robust stimulus to produce headache. Although I studied a relatively small 

number of patients the induction rate, particularly in migraine, could not be large 

enough to be experimentally useful. The role of somatostatin in headache remains to 

be elucidated, but the anatomical distribution of its receptors strongly supports a role 

for this peptide in headache. The following chapter investigates the possibility that the 

acute use of somatostain analogues may be effective in aborting primary headache.
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6.Octreotide and primary headache



6.1. Study 5a: Octreotide is not effective in the acute treatment of 
migraine attacks
Levy MJ, Matharu MS, Bhola R, Meeran K, Goadsby PJ 

Paper ref: Cephalalgia 2004; 24

6.1.1 Abstract

Objective: To determine whether subcutaneous octreotide is an effective treatment for 

acute migraine.

Methods: Patients with migraine with and without aura as determined by the 

International Headache Society were recruited to a double-blind placebo-controlled 

crossover study. Patients were instructed to treat two attacks of at least moderate pain 

severity, with at least a seven-day interval, using 100 pg octreotide or matching 

placebo. The primary endpoint was the headache response defined as: severe or 

moderate pain becomes mild or nil, at 2 hours. The primaiy endpoint was analysed 

using a Multilevel Analysis approach. Secondary end-points included associated 

symptoms and a four-point functional disability score. The study was powered to 

detect a 30% difference at an a  of 0.05 and a p of 0.8.

Results'. A total of 51 patients were recruited, of whom 42 provided efficacy data on 

attacks treated with octreotide and 41 with placebo. Modelling the treatment outcome 

as binomial where response was determined by treatment, using the patient as the 

level 2 variable, and considering a possible period effect, and sex and migraine type 

as other variables of interest, the effect of subcutaneous octreotide was not 

significantly superior to placebo. The two hour headache response rates were 20% for 

placebo and 14% for octreotide, whilst the two hour pain free rates were 7% and 2%, 

respectively.

Conclusions: Subcutaneous octreotide 100 pg is not effective in the acute treatment of 

migraine when compared to placebo.
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6.1.2 Introduction

The data in Chapter 4 support the generally accepted view that octreotide has 

analgesic properties in pituitary tumours. This Chapter investigates the possibility that 

octreotide may be helpful in primary headache. The aim of Study 5a was to test the 

hypothesis that octreotide might be effective in the acute treatment of migraine. 

Although a large number of different triptans, serotonin 5-HTiB/iD-agonists, have 

become available since the discovery of sumatriptan (Ferrari et al., 2001) there is still 

a need for new classes of abortive agents for migraine. Triptans are contra-indicated 

in patients with vascular disease, and a group of patients experience universally 

unacceptable side effects on these agents (Nappi et al., 2003) necessitating the 

development of novel drugs for migraine. Moreover, many patients overuse 5- 

HTiB/iD-agonists (Silberstein and Liu, 2003) particularly those with long-lasting 

attacks and headache recurrence, and it is desirable to have more than one 

pharmacological approach to prevent overuse of a single class of drug.

The involvement of neuropeptides in migraine has been reviewed in Sections 1.11- 

1.14. The apparent efficacy of CGRP receptor antagonists as abortive agents for 

migraine (Moreno et al., 2002; Olesen et al., 2004) suggests that the inhibition of 

nociceptive peptides may be a useful therapeutic approach for migraine. Although 

substance-P receptor antagonists have proved ineffective in trials of both acute 

(Goldstein et al., 1997; Diener, 2003; Shepheard et al., 1995; Connor et al., 1998; 

Norman et al., 1998) and preventive (Golstein et al., 2001) migraine management, 

inhibitory effects have been observed on animal models of trigeminal nociception 

(O'Shaughnessy and Connor, 1994; Polley et al., 1997). As discussed in Section 1.15, 

somatostatin is known to have inhibitory effects on a range of neuropeptides, 

including substance P (Ferrar et al., 1990), CGRP (Helyes et al., 2001) and VIP 

(Fassler et al., 1990), and it has been proposed that somatostatin may be a potential 

pharmacological target for the acute treatment of migraine (Selmer et al., 2000). 

Because native somatostatin is an unstable compound, being broken down by 

endogenous peptidases within a few minutes (Harris, 1994), octreotide, which has a 

half-life of approximately 1.5 hours (Harris, 1994), is an attractive compound to study 

in patients with migraine. In a placebo controlled trial of 29 patients, Kapiciolgu et al. 

(1997) demonstrated that subcutaneous administration of 100 pg octreotide gave
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headache relief in 77%, compared to 25% of a parallel placebo-treated group. Despite 

these findings, no other group has investigated the potential use of somatostatin 

analogues in migraine. Sicuteri et al. (1984) and Geppetti et al. (1985) found 

intravenous infusion of somatostatin to be as effective as ergotamine in the acute 

treatment of cluster headache, although this again has not been systematically further 

studied and the trial was not sufficiently powered.

As has been reviewed in Section 1.15.2 and Study 4, the analgesic effect of octreotide 

in acromegaly is well recognised but there are few data regarding its role in primary 

headache. The onset of octreotide analgesia in acromegaly is more rapid than the 30 

minutes required for growth hormone suppression (Chanson et al., 1993), which 

suggests that octreotide may have a direct anti-nociceptive property. The distribution 

of sst2a within the central nervous system strongly suggests that this particular 

somatostatin receptor has a role in cranial nociception, being highly expressed in the 

trigeminal nucleus caudalis and periaqueductal gray (Schindler et al., 1998). 

Octreotide has particular affinity for the sst2a receptor, which may explain its apparent 

anti-nociceptive action (Schindler et al., 1998).

I sought to verify Kapigioglu et al.’s finding that octreotide is an effective agent for 

the acute treatment of migraine by studying a larger group of patients in a double

blind placebo controlled cross-over study. I used the more broadly accepted end point 

of the 2-hour response rate since patients desire quick relief of symptoms (Davies et 

al., 2000).

6.1.3 Subjects and Methods

Men or women between 18 and 65 years of age were recruited for the study, the 

majority of patients responding to trial advertisements published in patient 

information newsletters (The Migraine Trust and Migraine Action Association). All 

patients interested in the study underwent an initial telephone interview, followed by a 

detailed face-to-face clinical interview, in order to confirm the diagnosis of migraine 

with or without aura as defined by the International Headache Society (Headache 

Classification Committee of the International Headache Society, 1988).
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Exclusion criteria included pregnancy and lactation; analgesia or triptan overuse; 

frequent tension-type headaches (> 10 days/ month); inability to distinguish between 

tension-type or migraine headache; diabetes mellitus; or a coexisting condition that 

might expose the patients to a disproportionately increased risk of a significant 

adverse event: ischaemic heart disease, peripheral vascular disease, cerebrovascular 

disease, uncontrolled hypertension (blood pressure > 160/95), epilepsy, use of 

cimetidine, dopamine agonists, cyclosporine or oral hypoglycaemic agents, renal or 

hepatic impairment. The study was performed in accordance with the ethical 

principles of the Declaration of Helsinki, and was given local ethical committee 

approval (Ref 00/N117), as well as Medicines Control Agency (MCA) approval for 

the administration of octreotide as part of a clinical trial.

Design
The design was a randomised, double-blind, placebo-controlled, single-centre two- 

attack crossover study, involving patients with acute migraine headache of moderate 

to severe intensity. Octreotide was kindly donated for the purposes of the trial by 

Novartis. Octreotide and placebo were packaged into identical pre-filled vials at The 

Royal Free Hospital pharmacy. All drugs were kept refrigerated in the National 

Hospital for Neurology and Neurosurgery (NHNN) pharmacy department for the 

duration of the trial. Normal saline was used as placebo and the dose of octreotide was

100 pg.

At the first visit, patient eligibility for the study was confirmed and a physical 

examination was performed. Patients who met the inclusion criteria and were willing 

to participate in the study signed consent agreements authorized by the local ethics 

committee (NHNN).

Study medication and placebo were provided in two identical pre-filled vials, each 

containing lmL of fluid. The vials were labelled Treatment 1 and Treatment 2 for 

self-administration during a first and second headache attack respectively, each attack 

being separated by a minimum of 7 days. The order of active treatment and placebo 

was randomised by NHNN pharmacy, and each participant was assigned a 

randomisation number. The code was held by the pharmacy until study completion
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and database locking. All patients were counselled how to draw up the treatment with 

a lmL syringe and taught how to give a self-administered subcutaneous injection. 

Participants were given the opportunity to practice the injection in supervised 

conditions during this visit in order to build up confidence. A help line was provided 

to patients to ring if they experienced trouble during the trial.

Efficacy Assessments

Patients were asked to complete forms during both treatments at home and to report to 

the investigator (the candidate) within 48 hours of completing both treatments. 

Headache severity was measured on a 4-point scale (0 = no pain; 1 = mild pain; 2 = 

moderate pain; 3 = severe pain) at 0 minutes, 30 minutes, 1 hour, 2 hours, 4 hours and 

24 hours after study intake. The primary end points for clinical efficacy were the 

relief of headache, from grade 3 or 2 to grade 1 or 0, within 2 hours after injection for 

consistency with recent development programmes in acute migraine (Pilgrim, 1991). 

Additional efficacy measures included headache free rate, functional disability (4 - 

point scale) and the presence or absence of nausea, vomiting, photo- or phonophobia, 

all of which were monitored for 24 hours. Rescue medication was permitted 2 hours 

after the intake of study medication if the headache still required treatment. Ergots 

and triptans were accepted as rescue medication. Adverse effects were documented on 

the forms provided after both injections.

Statistical Analysis
The primary efficacy analysis was based on the number of patients who obtained 

relief from grade 3 or 2 to grade 1 or 0 within 2 hours of treatment. Assuming a 

treatment difference between placebo and active of 30% based on subcutaneous 

sumatriptan and placebo response rates (Pilgrim, 1991) it was calculated that 42 

patients were needed for the trial to have an 80% power to detect a difference at an 

a  of 0.05 (Sample Power SPSS Inc.).

The outcome data were to be treated as binary: headache response or none at 2 hours. 

Because the trial was a cross-over study, attacks 1 and 2 were not truly independent 

because the patients remained the same, a multivariate analysis approach was
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employed using the software that has been developed by the Multi-level Project, 

MlwiN (available at www.ioe.ac.uk/multilevel: Van Vliet et al., 2003).

6.1.4 Results

A total of 51 patients were recruited, 2 men and 49 women, with a mean age of 48 ± 

12 years (mean ± SD). Patient demographics are shown in Table 30.

Disposition o f patients

Of the 51 patients recruited, 8 withdrew before completion of the study; one was 

unable to co-ordinate self-injection during a migraine attack, and seven were lost to 

follow up; whether they treated or did not treat attacks is not clear. I have treated them 

as if they did not treat any attacks. One patient was excluded from the first arm of the 

trial, and two from the second arm because of protocol violation (Figure 25).

Clinical features o f study cohort
Of the 43 patients that successfully completed the study, the frequency of attacks 

included 4 - 1 0  per month (35%), 1 - 3 per month (60%) and < 1 per month 

(5%). The mean duration of attack was 53 ± 4.3 hours. Of the group, 33 (77%) had 

migraine without aura and 10 (23%) had migraine with aura. Thirty-eight (88%) had 

previously used 5-HTiB/iD-agonists for treatment of acute attacks, of which 28 (74%) 

experienced meaningful response within 2 hours.

Overall Efficacy
The primary endpoint of the study was the combined, attack 1 and 2, headache 

response rate to octreotide at 2 hours compared to placebo. The Wald test was not 

significant for the overall regression, suggesting that there was no difference between 

octreotide and placebo even accounting for treatment order, sex, or migraine type.

Efficacy Results
In total, 42 attacks were treated with octreotide and 41 attacks with placebo. In the 

octreotide-treated attacks, 6 patients reported headache relief at 2 hours (14%), 

compared to 8 (20%) in the placebo group.
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One patient was rendered pain-free at 2 hours with octreotide (2. 4 %), whilst 3 

patients were rendered pain-free with placebo (7. 3 %).

The 2 hour- and pain-free response rates are shown in Table 31. Mean pain scores at 

each time interval are shown in Table 32.

Associated symptoms and functional score

To evaluate the associated symptoms, only patients who had the symptoms during an 

attack were included in the analysis. Octreotide performed less well than placebo for 

nausea, photophobia, phonophobia and aggravation with movement (Figure 26). 

There was no difference in functional disability scores between either group at any of 

the time points post-treatment (Table 32).

Escape Medication
The frequency of the use of escape medication was no different in the octreotide- 

treated attacks compared to those treated with placebo: 35 (83%) vs 33 (80%) as 

shown in Table 33.

Tolerability
No serious adverse events were reported in either the octreotide- or placebo-treated 

attacks. Four patients experienced diarrhoea with octreotide, and one patient 

experienced increased sweating, and another excessive nausea with octreotide, in 

comparison with their normal attacks. With placebo, one patient reported diarrhoea, 

one patient experienced light-headedness, and two patients reported excessive 

tiredness after injection.
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Table 30. Demographic data and migraine characteristics

Characteristic Patients
n = 43 (%)

Age, years (mean ± SD) 48 ± 12

Gender n (%)

Male 2(5)

Female 41 (95)

Type of migraine n (%)

MWOAt 33 (77)

MWAft 10(23)

Frequency of attack per month n (%)

Daily 0

4-10 15(35)

1-3 26 (60)

<1 2(5)

Mean duration of attack ± SD (hours) 53 ± 4.3

Previous 5-HTIB/|D-agonist use 38 (88)

Meaningful response to 5-HTie/iD-agonists 28(74)

t  MWOA : migraine withont aura
ft MWA : migraine with aura
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Figure 25. Disposition of patients in study
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Table 31. Two hour- and pain free- response rates

Groups Not inproved at 2 
boors (%)

Haadacbo Response of 
2 hoorst (%)

Pate-fr«tat2
bounft(%)

Total no. 
trestmrntu

Placebo 33 (81) 8(20) 3(7) 41 (49)

Octreotide 36 (86) 6(14) 1(2) 42 (51)

Total 69 (83) 14(17) 4(5) 83 (100)

t  Headache response: relief of headache from moderate / severe/ excruciating pain to nil or mild pain

t t  Pain free: relief of headache from moderate / severe/ excriciating pain to no pain

Table 32. Mean pain and functional disability scores (0-3)

Group 0 urinates 120 minutes 240nrinutes 24 boors

Pain Score
Placebo 2.3 ± 0.5 2.2 ± 1.0 2.0 ± 1.0 1.3 ± 1.2

Octreotide 2.3 ± 0.6 2.2 ± 0.8 2.0 ± 1.0 1.2 ± 1.1

Functional Score
Placebo 1.6 ± 1.0 1.9± 1.1 1.7 ± 1.2 1.0± 1.1

Octreotide 1.5 ±0.9 1.9 ± 1.0 1.7 ± 1.0 1.4 ± 1.2
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Table 33. Escape medication use

Octreotide
n (%)

Placebo
n (%)

Escape medication used 35 (83) 33 (80)

Escape medication not used 7(17) 8(20)

Total 42(100) 41 (100)

Figure 26: Percentage of patients reporting persistent associated symptoms at 2 hours

octreotide

nausea photophobia phonophobia aggravation with
movement

Secondary end point at 2 hours



6.1.5 Discussion

Contrary to previous reports, the results of this study do not show a difference 

between 1 OOpg octreotide and placebo in the acute treatment of migraine. I did not 

find octreotide to be superior to placebo for relief of headache, associated symptoms 

or functional disability scores.

It is not clear why these findings are so different to the previous study (Kapicioglu et 

al., 1997). The placebo response rate of 20% is not different from the 25% placebo in 

the previous study (Kapicioglu et al., 1997) suggesting that there was little difference 

in the patient population group in terms of migraine characteristics. However, the 

relatively low placebo response rates in both studies suggest that there may have been 

a selection bias towards a group of patients with difficult migraine (Jhee et al., 1998). 

This seems likely given that patients who volunteered were willing to have an 

injection for their migraine attacks. The mean attack duration in the study group was 

2.2 days, which is longer than that seen in population studies (Koseoglu et al., 2003). 

Despite this, 74% of patients reported a useful response with 5-HTib/iD-agonists, 

suggesting that this study did not recruit a particularly pharmacologically refractory 

group of patients.

In the previous study (Kapicioglu et al., 1997) the primary efficacy end-point was 

response rate at 6-hours (76%), compared to the end-point of response rate at 2 hours 

in this study (14%). Although response rates at 2 hours were not provided by 

Kapiclioglu et al., a statistically significant difference in pain scores at 2 hours (1.5 v 

2.2; p < 0.01) was reported, suggesting an analgesic action at this earlier time point. 

Conversely, there was no difference between octreotide and placebo at 6 hours (Table 

33), suggesting that the superior response rates observed in the earlier study were not 

related to the difference in time-to-headache relief used in the two studies. It is 

generally considered that if an acute treatment for migraine is to be useful in clinical 

practice, it should have an effect within 2 hours (Geraud et al., 2000). For an 

injectable treatment this is considered slow, so my primary end point could be 

considered generous.
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The study by Kapigioglu et al. (1997) did not have a cross-over design, so it is 

possible that the excellent response rate they found in the treatment group was due to 

a difference in migraine characteristics from the placebo-treated group. My study had 

a cross-over design to avoid this possible confounder. The previous study (Kapicioglu 

et al., 1997) did not give outcome data for the secondary end-points of associated 

symptoms or functional ability scores, although my findings were negative. The 

gastro-intestinal side effects observed in five patients in response to 100 pg octreotide 

in our study is in keeping with the reported experience of side effects on this dose 

(Plockinger et al., 1990). The same dose of octreotide was used as in the previous 

study (Kapicioglu et al., 1997) suggesting that the difference in observed response is 

not dose-related.

Although the findings were negative, the somatostatin receptor remains a theoretically 

attractive pharmacological approach to primary headache management. As discussed 

in Section 1.15.1, there are in vivo animal data to suggest that the central 

administration of somatostatin and its analogues results in anti-nociception, both in 

peripheral (Helmchen et al., 1995) and trigeminal (Bereiter, 1997) pain models. In 

conjunction with the localisation of somatostatin receptors (particularly sst2 ) in the 

trigeminal nucleus caudalis and periaqueductal gray (Schindler et al., 1996) these 

findings suggest that drugs acting on the somatostatin receptor remain realistic 

therapeutic options. It is possible that octreotide needs to cross the blood-brain barrier 

to have an effect in primary headache, whilst it may not need to do this to be analgesic 

in pituitary tumour-associated headache. If this is the case, octreotide may simply be 

the wrong compound due to its non-lipophilicity and apparent poor ability to cross the 

blood-brain barrier (Kitazawa et al., 1998; Schmidt et al., 1998). It is necessary to 

develop a somatostatin analogue with good brain access to test the somatostatin 

theory completely. Novel somatostatin analogues with differing receptor affinities are 

currently being developed for the treatment of functional pituitary adenomas (Shimon 

et al., 1997). Some of these compounds are particularly avid for the sst2 receptor, 

making them potential targets for analgesic agents (Saveanu et al., 2002). The central 

nervous system permeability of these new agents has not yet been determined, 

although they present attractive compounds to study for future clinical and non- 

clinical trials as regards primary headache and requires further study.
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6.2. Study 5b: subcutaneous octreotide is effective in the treatment of 
acute cluster headache
Matharu MS, Levy MJ, Meeran K, Goadsby PJ.

Abstract ref: Cephalalgia (2003) 23: 687. 6.4 

Paper ref: Annals of Neurology 2004 (in press)

6.2.1 Abstract

Objective: To determine whether subcutaneous octreotide is an effective treatment for 

acute cluster headache.

Methods: Patients with episodic and chronic cluster headache, as defined by the 

International Headache Society, were recruited to a double-blind placebo-controlled 

crossover study. Patients were instructed to treat two attacks of at least moderate pain 

severity, with at least a 24 hour break, using subcutaneous octreotide lOOpg or 

matching placebo. The primary endpoint was the headache response defined as: very 

severe, severe or moderate pain becomes mild or nil, at 30 min. The primary endpoint 

was analysed using a Multilevel Analysis approach.

Results: A total of 57 patients were recruited of whom 46 provided efficacy data on 

attacks treated with octreotide and 45 with placebo. The headache response rate with 

subcutaneous octreotide was 52 % while that with placebo was 36 %. Modelling the 

treatment outcome as a binomial where response was determined by treatment, using 

the patient as the level 2 variable, and considering period effect, sex and cluster 

headache type as other variables of interest, the effect of subcutaneous octreotide 

1 OOpg was significantly superior to placebo (P < 0.05).

Conclusions: Subcutaneous octreotide 100 pg is effective in the acute treatment of 

cluster headache when compared to placebo.
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6.2.2 Introduction

The previous study (5a) found octreotide to be ineffective in the acute treatment of 

migraine. The current study investigates the possibility that octreotide may be helpful 

for the acute treatment of cluster headache (CH). As described in Section 1.5.1, CH is 

the most severe form of primary neurovascular headache. It is characterized by 

excruciating pain lasting 15 to 180 minutes (Headache Classifacation Committee of 

The International Headache Society, 2004). Controlled evidence exists to treat acute 

attacks of CH with oxygen inhalation (Fogan, 1985), intranasal (van Vliet et al., 2003) 

and injectable (Ekbom, 1991) sumatriptan, high dose oral zolmitriptan (Bahra et al., 

2000) and intranasal dihydroergotamine (Andersson & Jesperson, 1986). An 

unequivocally non-vasoconstrictor treatment for acute CH is not available. Ergots and 

triptans are contraindicated in patients with vascular disease and therefore caution 

must be exercised in patients with CH since the disorder predominates in middle-aged 

men, who often have risk factors for cardiovascular disease, particularly smoking 

(Manzoni et al., 1983). There is, therefore, a compelling need to develop new 

pharmacological approaches to CH, particularly if possible approaches without 

vascular effects, in order to effectively and safely manage these patients. Moreover, 

the question of whether a non-vasoconstrictor approach might be effective would 

offer a fundamental insight into the more generic issue of whether CH is a vascular of 

central nervous system disorder.

As described in Sections 1.11 and 1.14, an acute cluster attack is associated with the 

release of calcitonin gene related peptide (CGRP) and vasoactive intestinal 

polypeptide (VIP), while triptans, serotonin 5-HT-ib/idagonists, attenuate the levels 

of these neuropeptides during successfully treated attacks, thereby implying that the 

inhibition of these neuropeptides is an important mechanism for aborting a cluster 

attack (Goadsby & Edvinsson, 1994; Fanciullacci et al., 1995). Therefore, octretotide 

is an attractive compound to investigate, for the same reasons as described in the 

previous migraine study.

Only two previous studies have been performed which have looked at the potential 

benefits of octretoide in CH. In the first study, intravenous somatostatin (25 pg/min 

for 20 minutes) was compared to treatment with ergotamine (250 pg intramuscularly),
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or placebo in a double-blind trial comprising 72 attacks in 8 patients (Sicuteri et al.,

1984). Infusion of somatostatin reduced the maximal pain intensity and the duration 

of pain significantly compared to placebo, and to a degree comparable to 

intramuscular ergotamine. In another randomized, double-blind study subcutaneous 

somatostatin was compared with ergotamine (Geppetti et al., 1985). Five patients 

were treated for three attacks by each of the drugs. Subcutaneous somatostatin and 

ergotamine were equally beneficial as regards effects on maximal pain intensity and 

the pain area, but somatostatin was less effective in reducing the duration of pain. 

This limited evidence of the beneficial effect of somatostatin needs to be explored 

further in properly controlled and adequately powered studies.

The aim of the current study was determine whether octreotide is an effective abortive 

agent for the acute treatment of CH.

6.2.3 Subjects and Methods

Patients
Men or women between 18 and 65 years of age with an established diagnosis of CH, 

according to the International Headache Society (Headache Classification Committee 

of the International Headache Society, 2004), were recruited for this single centre 

study. Patients were required to have CH attacks of at least 45 minutes duration when 

untreated. The ethical considerations and exclusion criteria are the same as for the 

migraine study (Study 5a).

Design

This was a randomised, double-blind, two-attack, crossover study of 100 pg 

subcutaneous octreotide and matching placebo. The packaging and storage of 

octreotide and placebo, and patient education regarding self-injection was identical to 

the migraine study. Patients were asked to treat two attacks at least 24 hours apart 

with either octreotide or matching placebo in a randomised order. They were 

instructed to grade attacks on an ordinal categorical (five-point) scale of none, mild, 

moderate, severe or very severe (Pilgrim, 1991). Subsequent assessments were at 5, 

10, 15, 20, 30 and 60 minutes. Escape medication was allowed at 30 minutes post-
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dose, usually injectable or intranasal sumatriptan, oxygen or analgesic, but not an 

ergotamine derivative.

Efficacy Assessments

The primary outcome measure was headache severity at 30 minutes, a reduction in 

headache from moderate, severe, or very severe to nil or mild. Secondary outcome 

measures included the percentage of patients headache-free at 30 minutes, rate of 

relief of associated symptoms, time to initial relief and rate of meaningful relief. 

Associated symptoms, such as vomiting, nausea, photophobia, phonophobia, 

lacrimation, nasal congestion, and other autonomic features, were recorded 

immediately before treatment and at 30 minutes. Initial relief was defined as the time 

that a patient recorded any headache relief. Patients were asked if they considered the 

response at 30 minutes meaningful.

Statistical Analysis
Using the results of a crossover study of subcutaneous sumatriptan versus placebo, 

and assuming a treatment difference between placebo and active of 30%, it was 

calculated (using Sample Power) that 42 patients were needed for the study to have an 

80% power to detect a difference at an a  of 5%. The outcome data were treated as 

binary: headache response or none at 30 minutes. As for study 5a, the effect of active 

treatment and attack order was examined, as well as other variables of interest, such 

as sex, site, and CH type. Considering that attacks 1 and 2 are not strictly independent 

because the patients remain the same, a multilevel multivariate analysis was employed 

using the software that has been developed by the Multilevel Project, MlwiN 

(available at www.ioe.ac.uk/mulitlevel: Van Vliet et al., 2003).

173

http://www.ioe.ac.uk/mulitlevel


6.2.4 Results

A total of 57 patients were recruited, 45 men and 12 women, with a mean age of 40 ± 

10 years (mean ± SD).

Disposition o f patients
O f the 57 patients recruited, six came to the end of the bout before completing the 

study; one of these treated the first attack. Two patients withdrew before treating any 

attacks, and two were lost to follow up; whether they treated or did not treat attacks 

was not clear, and they have been treated as if they did not treat any attacks. Two 

attacks of mild severity were treated, and prior to the treatment of two attacks the 

syringe malfunctioned hence the patients were unable to treat the attacks; these four 

attacks were excluded from the analysis. Use of escape medication before 30 minutes 

after treatment was reported in five attacks, which were scored as outcome failures 

(Figure 27).

Clinical features o f study cohort
The mean duration of CH history was 14 ± 9 years (mean ± SD). Forty-one patients 

had episodic CH, fifteen had chronic CH, and one was unclassifiable because it was 

the first bout. The average bout length of the patients with episodic CH was 9 ± 5 

weeks (mean ± SD). The average attack duration at recruitment was reported by 

patients to be 107 ± 75 minutes (mean ± SD). Thirty-seven patients had previously 

used sumatriptan injection, of whom 36 were responsive; 25 had used intranasal 

sumatriptan, of whom 16 were responsive; 38 had used oral sumatriptan, of whom 12 

were responsive. In terms of previous use of oxygen, 15 had used high dose and high 

flow oxygen, of whom 9 were responsive; 9 used low dose or low flow rate oxygen, 

of whom 4 were responsive.

Overall efficacy
The primary endpoint of the study was the combined, attack 1 and 2, headache 

response rate at 30 minutes compared to placebo. The Wald test was significant for 

the overall regression (x2= 14.1, P = 0.007) with only the treatment term being
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significantly different from zero. There was no significant effect of treatment order, 

cluster headache type and gender.

Efficacy Results

In total, 46 attacks were treated with octreotide and 45 with placebo. In the octreotide- 

treated attacks, 24 patients reported headache relief at 30 minutes (52 %) compared to 

16 (36 %) patients who treated an attack with placebo (Table 35). Fifteen patients 

were pain-free at 30 minutes (33 %) when treated with octreotide, compared to 6 (13 

%) when the attack was treated with placebo (x2 = 9.8, P = 0.04; Figure 28).

Associated symptoms
To evaluate the associated symptoms, only patients who had the symptom 

immediately before treatment were included in the analysis. Conjunctival injection, 

lacrimation, nasal congestion, rhinorrhoea, ptosis, eyelid oedema and photophobia 

were the most frequently mentioned. In the attacks treated with octreotide, more 

patients experienced relief from associated symptoms at 30 minutes (Figure 29).

Time to Initial Relief
The mean time to initial relief in the octreotide-treated group was 18.3 ± 8.9 minutes, 

compared to 18.1 ± 7.0 minutes in the placebo-treated group.

Meaningful relief
Patients were asked if they thought the CH attack was adequately treated at 30 

minutes. Seventeen (37 %) patients who treated an attack with octreotide reported 

meaningful relief, compared to 13 (29 %) patients who had treated an attack with 

placebo.

Escape Medication
The frequency of use of escape medication was lower in octretide-treated attacks 

compared to those treated with placebo; 20 (44%) vs 25 (56%).
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Tolerability
No serious adverse effects were reported with either the octreotide- or placebo-treated 

attacks. Eight patients treated with octreotide (17 %) reported minor gastrointestinal 

disturbance, including nausea, abdominal bloating and diarrhoea, compared with 4 

patients (9 %) treated with placebo. The adverse events are shown in Table 36. All 

resolved spontaneously and were generally short-lived and mild in nature.
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Table 34. Demographic data and cluster headache characteristics

Characteristic Patients n = 57 (%)

Age, years (mean ± SD) 40 ± 10

Gender, n (%)
Male 45 (79)

Female 12 (21)

Type ofCH, n (%)

Episodic 41 (72)

Chronic 15 (26)

Unclassifiable 1 (2)

Mean attack duration ± SD (minutes) 107 ±75

4 5 -6 0 21 (37)

6 1 -9 0 14 (25)

91 -  180 16 (28)

> 180 6 (11)

Mean bout duration ± SD (weeks) 9 ±5

Length o f history ± SD (years) 14 ±9
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Figure 27. Disposition of patients in study

cross-over

Placebo
n=22

End of bout 
n=0

Octreotide
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Octreotide
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Placebo
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Octreotide
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End of bout 
n=l

Octreotide
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Placebo
n=24

Placebo
n=25

Octreotide
n=26

Placebo
n=26

Excluded protocol violator 
n=l

Excluded protocol violator 
n=0

Total included 
n=57

Total treated first attack 
n=48

Excluded n=9 
(Withdrew 2; End of bout 5; Lost to follow-up 2)
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Table 35. Efficacy of octreotide and placebo

Groaps Not improved at 36 
minntes (%)

Headache Retpomet *t 
36 minntes (%)

Pata-fireett at 36 
minutes (%)

Total no. 
treatments

Placebo 29 (64) 16(36) 6(13) 45 (49)

Octreotide 22 (48) 24 (52) 15(33) 46 (51)

Total 51 (56) 40 (44) 21 (23) 91 (100)

t  Headache response: relief of headache from moderate / severe/ excruciating pain to nil or mild pain

t t  Pain free: relief of headache from moderate / severe/ excriciating pain to no pain

179



Figure 28. Efficacy of octreotide versus placebo in cluster headache

70 1 

60 -

Headache Response Pain Free

Efficacy: headache response (a reduction of headache intensity from very severe, 
severe or moderate to mild or no pain) and pain-free rates (no pain) at 30 minutes 
after treatment with octreotide (■) versus placebo (■). ** P  <  0.01; * P  < 0.05.
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Table 36. Advese events amongst patients treated with octreotide and placebo

Adverse Event Octreotide Placebo

Diarrhea, Abdominal bloating or Nausea 8 4

Dull background headache 3 1

Lethargy 2 1

Injection-site reaction 2 1

Dizziness 1 0

Loss of libido 1 0

Facial Flushing 1 0
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Figure 29. Percentage improvement in associated symptoms at 30 minutes

100 -

80 -

c« 60 -
B.a

Conjunctival Lacrimation Ptosis Eyelid Nasal Rhinorrhoea Photophobia
injection oedema blockage

■ Octreotide

■ Placebo

* Only patients with symptoms at baseline were included. Because of multiple- 

comparison issues, no statistical analysis was performed.
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6.2.5 Discussion

This is the first placebo-controlled trial investigating the potential use of octreotide in 

the treatment of acute cluster headache attacks. It demonstrates that octreotide is 

effective and well tolerated in cluster headache attacks that normally last longer than 

45 minutes. Headache response within 30 minutes was reported in 52% of the attacks 

that were treated with octreotide, compared to 36% of the attacks treated with 

placebo. Octreotide was also superior to placebo regarding pain-free rates, treatment 

of associated symptoms and meaningful relief. This study establishes a clear 

principle: that vasoconstrictor action is not necessaiy to abort acute cluster headache.

Octreotide was not compared with sumatriptan in this study, but given the results of 

studies of sumatriptan 6 mg by injection (Ekbom, 1991; Ekbom, 1993) and 20 mg by 

nasal spray (van Vliet et al., 2003), octreotide seems inferior to both of these 

formulations of sumatriptan in terms of the population response rate and time to initial 

relief. However, octreotide is not contra-indicated in ischemic heart disease, 

suggesting that it may have a role as an alternative therapeutic strategy to oxygen in 

patients who cannot take 5-HTib/ id receptor agonists. It is important to recall that the 

effect in responders is no less than the effect of injectable sumatriptan, since the 

response endpoint is identical, but that the study suggests the population of responders 

is smaller.

Octreotide was well-tolerated with no reports of serious side effects. The main side 

effect observed was gastrointestinal upset in eight patients treated with octreotide 

compared to four patients treated with placebo. All side effects resolved 

spontaneously and were generally short-lived and mild in nature. The side effects 

reported in this study were in keeping with the reported experience of side effects 

with this drug (Newman et al., 1995). The good tolerability data makes octreotide an 

attractive agent in a condition in which repeated doses will be required over a 

relatively short. Long-term octreotide therapy is commonly used in patients with 

acromegaly, and although there is a theoretical risk of gall stone development, this 

rarely poses a significant clinical problem compared to the burden of the disease itself 

(Lancranjan & Atkinson, 1999). Hence, the prolonged use of octreotide in CH, with
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its concomitant devastating morbidity from the excruciating pain, appears to be 

reasonable on clinical grounds.

As in the migraine study, the crossover approach was used. This design is particularly 

attractive in the study of CH because attacks are relatively stereotyped, and the attacks 

occur in rapid succession (van Vliet et al., 2003). Because treatment of two separate 

attacks in the same patient means that the attacks are not strictly independent, a 

multilevel multivariate statistical approach was used. The analysis showed no 

influence of the order in which the treatment was given. Moreover, the use of the 

multilevel multivariate approach permits consideration of all the relevant data in a 

single analysis. This analysis has been used in a randomized controlled trial of 

sumatriptan nasal spray in cluster headache (Van Vliet et al., 2003).

There are some limitations of this study that require consideration. First, patients were 

warned about about potential gastrointestinal side effects from octreotide when 

consenting patients for the study, in line with the requirements of the local ethics 

committee. This may have introduced an element of unblinding to the study in the 

patients who experienced these symptoms, which may have biased the results. This 

did not manifest as a significant ordering effect in the analysis. Secondly, this was a 

single dose study, and long-term studies would need to be performed to determine the 

long-term use of this medication, since cluster headache is a chronic condition. 

Thirdly, the study population consisted of 72% episodic cluster patients and 26% 

chronic patients. Although no difference in response was observed between the two, 

the study was not designed to dissect out the more common episodic from chronic 

cluster headache. A separate study of chronic cluster headache may reveal less robust 

results, which would, on the other hand, predict a better outcome in episodic cluster 

headache should a larger study in that sub-group be done. Lastly, this is a single 

centre study, although the unit in which this study was performed (QS) acts as a 

referral centre for the entire UK National Health Service, so the patient mix is taken 

from right across the UK.

As has been discussed in Section 1.5.1, functional imaging with positron emission 

tomography (PET; May et al., 1998a), structural imaging with voxel-based
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morphometry (May et al.,1999) and exciting results with deep brain stimulation 

(Leone et al., 2001) have identified the posterior hypothalamic gray matter as the key 

area for the basic defect in CH. Given that the hypothalamus is the chief source of 

somatostatin within the central nervous system (Swaab et al., 1993), the alteration in 

hypothalamic activity in CH may result in the disinhibition of descending 

somatostatinergic pathways to the trigeminal nucleus caudalis, either directly or via 

the periaqueductal gray. There is evidence that the periaqueductal gray and trigeminal 

nucleus caudalis are under tonic inhibition from the hypothalamus (Lumb, 2002). The 

disinhibition of descending input caused by hypothalamic dysfunction could 

theoretically result in uncontrolled trigeminovascular activation, as seen during a 

cluster headache attack. This hypothetical state of reduced somatostatinergic 

inhibitory activity may explain the observation of reduced somatostatin levels during 

CH (Caleri et al., 1987), as well as the therapeutic effect of administering exogenous 

somatostatin (Sicuteri et al., 1984; Geppetti et al., 1985) and octreotide, as found in 

this study.

Finally, these results are interesting in the context of the negative migraine study. The 

striking difference between migraine and cluster headache in the pattern of brain 

activation on functional imaging, where cluster headache patients activate the 

posterior hypothalamus (May et al., 1998a; Sprenger et al., 2004), and both episodic 

(Weiller et al., 1995; Bahra et al., 2001) and chronic (Matharu et al., 2003) migraine 

the brainstem without hypothalamic activation, is in keeping with greater prominence 

of a somatostatinergic mechanisms in cluster headache. If this were so, this study 

would be the first substantial evidence and pharmacologically based difference in the 

acute treatment of these disorders, which are so strikingly clinically different.

As discussed in Section 1.15.1, somatostatin has been found to differentially modify 

the release of a variety of neurotransmitters in several regions of the brain. Serotonin 

release from rat hypothalamic, cortical and hippocampal slices is enhanced by 

somatostatin (Tanaka & Tsujimoto, 1981), as is noradrenaline release from the cortex 

Tsujimoto & Tanaka, 1981), whilst noradrenaline release is inhibited in the rat 

hypothalamus (Gothert, 1980) and chick sympathetic ganglia (Boehm & Huck, 1996), 

and the release of y-amino butyric acid in the rat striatum is inhibited (Meyer et al.,
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1989). Further studies will be required to understand the mechanism of action of 

somatostatin and its analogues in CH.

In conclusion, this is the first adequately powered placebo-controlled study to 

demonstrate the effectiveness of a somatostatin analogue in the treatment of acute 

cluster headache attacks. In clinical practice, octreotide may have a particular utility 

in patients who are unresponsive to or intolerant of 5HTib/id agonists and oxygen, and 

as an alternative to oxygen in patients with cardiovascular disease. Furthermore, this 

study demonstrates that somatostatin analogues which have no vasoconstrictor effect 

offer a novel therapeutic approach to the treatment of acute cluster headaches that 

may offer insights into understanding more fundamental aspects of this disabling form 

of primaiy headache.
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7. General Discussion



7.1 G eneral D iscussion

This thesis has investigated the role of the hypothalamo-pituitary axis in headache. 

The content of this thesis essentially consisted of two components. The first 

component investigated the structural, biochemical and clinical aspects of pituitary 

tumour-associated headache. The second component investigated the role of 

somatostatinergic pathways in primary headache.

The negative findings of Study 1 cast doubt on the accepted view that pituitary 

tumour-associated headache is a purely structural problem and suggest that other 

factors must be involved in its pathophysiology. This is an important observation 

because headache is widely regarded amongst many physicians to be a direct result of 

either dural stretch or irritation of pain-producing structures with in the cavernous 

sinus. Although the relevance of intrasellar pressure was not addressed in this thesis, 

the question of whether pituitary tumour-associated headache has a biochemical 

component is further emphasised.

Study 2 attempted to isolate potentially nociceptive peptides within pituitary tumours. 

Although both CGRP and substance P were isolated within a variety of tumour sub- 

types, there was no robust association with headache. Other candidate peptides 

presented in the general introduction include neuropeptide Y (NPY) and vasoactive 

intestinal polypeptide (VIP), and the possibility remains that these, or other peptides, 

may be involved in pituitary tumour-associated headache. However, although not 

presented in this thesis, preliminary data from our group also suggests that there is 

also no robust relationship between NPY (Classey et al., 2003) or VIP (Nathoo, 

unpublished data) with headache. This either raises the question of the validity of the 

nociceptive peptide hypothesis, or suggests that the relationship between pituitary 

tumours and headache is more complex than the production of a single nociceptive 

peptide.

Throughout this thesis, growth hormone- and prolactin- secreting tumours were 

particularly associated with headache. In Study 1, these tumour types were associated 

with the highest headache scores, and in Study 3, they were associated with the
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highest disability from headache. Although the precise mechanisms of nociception in 

these tumour types remain elusive, it strongly suggests that biochemical factors are 

important in the headache associated with these tumour types. This argument is re

inforced by the observation in Study 3 that rare headache types such as SUNCT were 

exclusively associated with acromegaly and prolactinomas, and the finding that 

dopamine agonists and somatostatin analogues were able to alter the headache 

characteristics in these tumour types.

Pituitary tumour-associated headache is not a single phenotype but is a heterogenous 

clinical spectrum of presentation, which appears to be governed both by tumour- and 

patient- specific factors. Migraine was the commonest headache presentation, 

occurring in approximately 80% of cases. That migraine is the commonest headache 

type in pituitary tumours has since been confirmed by the findings of other groups 

interested in this topic (Afra & Cziijak, 2003). It is unclear whether the occurrence of 

migraine in the presence of a pituitary tumour is due to expression of migraine in 

predisposed individuals, or whether the tumour caused the migraine de novo in certain 

cases. The finding of trigeminal autonomic cephalgias in a relatively small cohort of 

patients in Study 3 further highlights the possibility that hypothalamo-pituitary 

disturbance is important in these headache syndromes. It was observed that patients 

with pituitary tumours may continue to suffer with debilitating headache after surgery, 

and that phenotype-driven medical therapy is helpful in many cases. It was observed 

that patients with ipsilateral cavernous sinus invasion were particularly refractory 

medical therapy, and there appears to be a sub-set of patients with unclassifiable 

headache that may be specific to pituitary disease. The observations of Study 3 have 

led to a proposed modification of the current classification of pituitary tumour- 

associated headache.

The theoretical reasons why somatostatin might play an important role in headache 

have been discussed in this thesis. The interesting difference in response between 

cluster headache patients and migraineurs to octreotide may raise important lessons 

regarding the pathophysiology of these two disorders. There appeared to be a real 

effect of octreotide on cluster headache, and further studies are required to determine 

whether this pharmacological approach may be useful in clinical practice. As regards 

octreotide and pituitary tumour-associated headache, Study 3 confirmed the
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impression that octreotide is often analgesic in pituitary tumours. This study also 

highlighted the less well recognised fact that octreotide overuse can lead to worsening 

headache in many situations, which provides a cautionary tale in the use of this agent 

for headache. In the case of somatostatin overexposure and headache triggering, it 

does not appear that this will be a useful tool for experimental headache induction.

7.2 Conclusion and further direction

The scientific study of headache is in its relative infancy compared to other areas of 

medical research, and it is an exciting time to be involved in the field. There is much 

to be learned regarding the role of the hypothalamo-pituitary axis in headache, and the 

findings in this thesis have contributed to this area. In recent years, there has been a 

large expansion in the number of publications regarding functional imaging and 

headache, in vivo models of trigeminal nociception, and clinical studies regarding the 

presentation and management of headache. The in vivo models allow for a great 

opportunity to further study the neuroendocrine mechanisms involved in headache. 

For example the effect of micro-injectionimg certain peptides into the hypothalamus 

on trigeminal activity may represent an exciting opportunity to further understand 

specific neuroendocrine pathways in headache. Although not presented in this thesis, 

our group has studied the effect of micro-injecting various compounds into the 

posterior hypothalamic nucleus, and have found these to have profound effects on 

trigeminal nerve firing. For example, we have shown that somatostatin antagonists 

inhibit trigeminal activity (Bartsch, unpublished data) and have also shown that 

injection of orexin A inhibits, whilst orexkn B significantly facilitates trigeminal 

activity (Bartsch et al., 2004). This opens up a relatively new area of research 

opportunities for both neurologists and neuroendocrinologists interested in headache.

In conclusion, the subject of headache has traditionally been within the realms of the 

neurologist and neuroscientist. The finding that disruption of the hypothalamo- 

pituitary axis can lead to interesting headache syndromes suggests that 

endocrinologists may contribute significantly to this rapidly expanding field of 

medicine.
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8. Appendix

8.1 Case 1

Micro-prolactinoma and SUNCT-like headache
Levy MJ, Matharu MS, Goadsby PJ

Paper ref: European Journal of Neurology 2003;10:1-5

A 36-year-old female, with no headache history, presented in 1987 with secondary 

amenorrhoea, galactorrhoea and headache. The headache was described as a left-sided 

sharp ‘knife-like’ pain during acute exacerbations. An exacerbation would typically 

last between 10 seconds and 4 minutes and would occur up to 20 times a day. 

Precipitants for exacerbations included bending, walking and moving about. In 

between these exacerbations, she had a continuous dull left-sided pain. During an 

exacerbation, she experienced prominent ipsilateral cranial autonomic symptoms of 

lacrimation, nasal stuffiness and ptosis. She felt irritable during the pain and would 

prefer to move around rather than lie still. There was no associated nausea, 

photophobia, phonophobia, osmophobia or nausea. Aggravating factors included 

alcohol (within two hours), tiredness, stress and hunger. During a severe attack, the 

patient would experience polyuria, polydipsia and low mood. On several occasions 

the pain woke her up at night. Sumatriptan was ineffective for the attacks.

Her serum prolactin was 700 mU/1 (27-525 mU/1) and an MRI scan showed a 10mm 

microadenoma (Figure 30). A diagnosis of a microprolactinoma was made, and she 

was prescribed bromocriptine 2.5mg. Within 30 minutes of taking the first dose of 

bromocriptine, she experienced the worst headache she had ever had, leading her to a 

remark that she felt suicidal due to the severity. The pain was an excruciating left- 

sided sharp pain with prominent conjunctival injection, lacrimation and ipsilateral 

ptosis. Simple analgesics, including acetaminophen- (paracetamol) and codeine- 

containing compounds, did not alleviate the symptoms and the pain lasted for 12 

hours. She described the attack as identical to her typical headaches, but without 

remission. Because of her reluctance to try further dopamine agonists, and persistent
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amenorrhoea, headaches and hyperprolactinaemia, transphenoidal removal of the 

prolactinoma was performed. Post-operatively, she was free from headache. Her 

serum prolactin normalised and she became pregnant within her menstrual first cycle. 

She did not experience headache during her pregnancy and her periods returned to 

normal post-partum.

In 1994 her headaches returned. These were a constant left-sided ‘knife-like’ pain as 

before with exacerbations. The exacerbations were the same as before but were more 

frequent, occurring up to 30 times per day. Several months later, her periods became 

irregular and she developed galactorrhoea. Her serum prolactin was 1436 mU/1 and a 

repeat MRI showed recurrence of the prolactinoma.

To avoid further surgery, she was given an in-patient trial of cabergoline 250 pg. She 

again developed an excruciating left-sided headache with cranial autonomic features, 

within an hour of taking the cabergoline, and lasting 12 hours until being aborted with 

indomethacin 200mg. Two weeks later she was prescribed quinagolide 250pg. Within 

30 minutes she experienced an identical left-sided headache that was of the same 

intensity and duration as that induced by cabergoline. Previous unsuccessful headache 

preventative medications include atenolol, pizotifen, and dothiepin. On indomethacin 

75mg three times daily for 1 month she had very modest benefit at best. She is 

currently taking 4800mg gabapentin, which has led to an only very moderate 

improvement in her symptoms and is being considered for re-exploration of the 

pituitary fossa.
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Figure 30. Left micro-prolactinoma
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8.2 Case 2

Micro-prolactinoma and indomethacin-sensitive headache
Levy MJ, Mat ham MS, Goadsby PJ

Paper ref: European Journal of Neurology 2003;10:1-5

A 40-year-old woman presented in 1997 with severe right-sided headaches. She had 

experienced headaches during her menarche and has a sister with migraine. She had 

not experienced headache for over 20 years. The presenting headache was associated 

with nausea, vomiting, photophobia and phonophobia. Movement would exacerbate 

the headache. A typical attack would last 3-4 days, and occurred every 2 weeks. 

During an attack, she experienced ipsilateral conjunctival injection and lacrimation. 

Triggers included bright lights and sleep disturbance. Two months after the onset of 

symptoms, she developed secondary amenorrhoea and the frequency of headache 

increased. Serum prolactin was 2300 mU/L and an MRI scan showed a 9mm 

microadenoma (Figure 31). She was prescribed bromocriptine 2.5mg.

Within 1 hour of taking bromocriptine, she developed a severe right-sided headache 

similar to her previous headaches but worse. She continued to take the bromocriptine 

for 7 Vz months, and after each dose, she experienced headache. On several occasions, 

she developed bilateral scotomata 30 minutes prior to the onset of pain. Since starting 

the bromocriptine, she developed a second headache. This was a sharp, stabbing 

occipital pain that took her breath away. It would last no more than a few seconds and 

occurred several times a week. Her mood became low and the bromocriptine was 

discontinued.

She was prescribed cabergoline 250pg, because of the problems with bromocriptine. 

Initially, her headache severity was reduced. On day 14 after the first dose, she 

developed a sudden onset of right-sided severe headache associated with left 

hemiplegia. The hemiplegia resolved after 7 days and the cabergoline was stopped, 

although the headache has persisted at a variable level. Exacerbations have been 

associated with left hemiplegia that resolves leaving each time a background 

headache. Preventative treatments, including tricylics and flunarizine have been 

unhelpful. A trial of indomethacin produced a dramatic improvement in symptoms
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with abolition of headache within one hour and persistence of the response on 50mg 

three times daily.

Figure 31. Right micro-prolactinoma
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8.3 Case 3

Acromegaly-associated headache responsive to octreotide but not lanreotide
Levy MJ, Goadsby PJ, Meeran K

Paper ref: Headache 2003; 43(7): 794-798

A 29 year old lady presented in 1989 with a one year history of headaches and 

secondary amenorrhoea. Her headaches were characterised by a severe continuous 

sharp, left retro-orbital pain. In addition to the constant pain, there were excruciating 

exacerbations associated with a throbbing sensation, nausea, photophobia, 

phonophobia and aggravation with movement. The headaches were unresponsive to 

all conventional analgesics.

On examination she had typical features of acromegaly, including broad hands and 

feet and mild coarsening of her facial features. Her serum IGF-1 was elevated to 

150nmol/l (NR 13-64) and a subsequent oral glucose tolerance test (OGTT) 

confirmed active acromegaly (serum growth hormone nadir > 50mU/l). Her prolactin 

was 180mU/ 1 (NR < 360), total T4 107nmol/ 1 (NR 71-148), TSH l.lOmU/ 1 (NR 

0.3-4.7), LH 11.8U/1 (NR 2-10 mid-cycle), FSH 9.3U/1 (NR 9-12 mid-cycle). A CT 

scan showed a pituitary lesion with invasion of the left cavernous sinus.

Despite trans-sphenoidal resection and subsequent radiotherapy, her GH remained 

elevated and her headache persisted (growth nadir 29mU/l during OGTT)

She was given octreotide at a dose of 50pg tds. For the first time since presentation, 

she noticed an instant improvement in her headache. The analgesia from octreotide 

was completely reproducible, and she was pain-free on a maintenance dose of lOOpg 

tds. She would experience only mild headache one hour before each octreotide dose. 

An OGTT on octreotide showed a mean growth hormone level of 3.7mU/l, indicating 

a good response to medical therapy.

In 1998, she was converted to 30mg lanreotide LA fortnightly. Although her GH 

secretion was better controlled (mean value 2.5mU/l), her headaches returned.
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Subsequent conversion to monthly octreotide LAR led to an immediate improvement 

in headache symptoms. One week before each injection was due, her headache 

symptoms would return, and she required additional doses of short-acting octreotide 

(lOOmcg) until the next dose of octreotide LAR. Conversion to three-weekly 

injections of octreotide LAR has led to both excellent growth hormone and headache 

control. There has been no evidence of tachyphylaxis to the octreotide in terms of 

headache response for 4 years and her mean GH is now 1.0 mU/1.

197



8.4 Case 4

Macro-prolactinoma and SUNCT-like headache 
Matharu MS, Levy MJ, Merry RT, Goadsby PJ

Paper ref: Journal of Neurology, Neurosurgery and Psychiatry 2003; 74 (11): 1590-2

A 37-year-old, right-handed, married, man presented with an 11-year history of 

headaches in December 1998. There were no precipitants at onset. Initially he had 1-2 

headaches per month but there was a gradual increase in the frequency over time. In 

the early to mid 1990s he had bouts of daily attacks alternating with remission 

periods; he had 2-3 remissions annually with each remission lasting 2-4 weeks. In the 

late 1990s he had no remissions at all. A typical attack was strictly unilateral on the 

right. It started as a dull ache in the neck or the occiput and then radiated to the 

parietal region, vertex, forehead and the temple before becoming centred on the retro- 

orbital region. The pain was very severe or excruciating and had a squeezing or 

pressing quality. The usual duration of the pain was 20-30 seconds though the range 

was 10-60 seconds. The pain came on rapidly, was maintained at a plateau phase and 

then resolved rapidly. He denied any super-imposed spikes or variations in the 

severity of the pain. He had 1-6 attacks daily at presentation. The attacks were 

associated with prominent ipsilateral conjunctival injection and lacrimation, and 

bilateral facial flushing. He denied all other cranial autonomic features, nausea, 

vomiting, photophobia, phonophobia or osmophobia. He felt restless during the pain 

and would often pace up and down. He denied any aura symptoms. Occasionally he 

had a dull interictal pain that lasted 10-60 minutes. The headaches could be triggered 

consistently by exercise, particularly cycling, and inconsistently by stressful 

situations. He denied having any other triggers for the headaches. He was unsure 

whether there was a refractory period after an attack; the shortest interval between 2 

spontaneous attacks was about 3 minutes. He could abbreviate the attack by coughing. 

There was no past history of headaches.

The patient had previously tried ibuprofen, aspirin, distalgesic and indomethacin 

50mgs three times daily for the headaches without any benefit. At presentation, he 

was not taking any drugs. In the past medical history he had a tonsillectomy in
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childhood. His sister was diagnosed as having cancer of the thyroid gland at the age of 

21 years. There is no family history of headaches. He is a non-smoker and drinks 25- 

30 units of alcohol per week.

General and a detailed neurological examination was entirely normal. A magnetic 

resonance imaging (MRI) scan of the brain revealed a pituitary adenoma on the right 

extending towards the right cavernous sinus, causing displacement of the right 

internal carotid artery; the pituitary adenoma also extended into the chiasmatic cistern 

but did not impinge on the optic chiasm (Figure 32). Formal visual field testing was 

normal. Blood tests showed that the serum prolactin level was markedly elevated at 

10,000 mU/L (normal range, 0 to 635) and testosterone was at the lower end of the 

normal range (10.1 nmol/L; normal range 9 to 33) with no elevation of luteinizing 

hormone (LH) or follicle stimulating hormone (FSH), while free thyroxine, thyroid 

stimulating hormone (TSH), basal cortisol, adrenocorticotropic hormone (ACTH), 

oestrogen and growth hormone levels were normal. A diagnosis of 

macroprolactinoma was made.

At that point the patient was re-interviewed to elicit features of pituitary disease. He 

reported that, in retrospect, there may have been a slight reduction in libido over the 

previous few years, although sexual function had otherwise been normal. He had 

always had scanty beard growth, but otherwise secondary sexual development and 

characteristics were normal. There was no galactorrhoea and vision was normal.

The patient was started on bromocriptine 2.5mg bd with which the prolactin level 

normalised within 3 months. The bromocriptine dose was thereafter reduced to lmg 

bd. The headaches started improving shortly after starting bromocriptine and resolved 

completely within 3 months. A repeat MRI scan of the brain in February 2000 showed 

that the pituitary adenoma had virtually disappeared. The patient continued taking 

bromocriptine for 18 months but began to develop nausea and nasal blockage; 

bromocriptine was therefore substituted with cabergoline 1.5mg per week. He has 

been on cabergoline over the last 18 months on which the prolactin level remains 

normal and there are no side-effects. He denies having had any further headaches and 

his libido and energy levels have significantly improved.
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Figure 32. Prolactinoma invading right cavernous sinus



8.5 Case 5

Acromegaly and octreotide rebound headache
Levy MJ and Goadsby PJ

Abstract ref: Endocrine abstracts 2004; 7: PI 10

A 35 year-old lady presented with secondary amenorrhoea, coarsening of features, 

growth of hands and feet and persistent unilateral headache. The headache was a 

featureless continuous left-sided frontal pain. There were occasional exacerbations in 

the headache, but generally the pain was graded as 6 out of 10 on a visual analogue 

scale. A clinical diagnosis of acromegaly was suspected, and an oral glucose tolerance 

test (OGTT) confirmed this (growth hormone levels 21.6, 21.5, 27.0, 25.0 and 24.7 

mU/1 at 0, 30, 60 90 and 120 minutes respectively. An MRI scan confirmed a pituitary 

macro-adenoma, and the patient underwent a transphenoidal hypophysectomy. Post- 

operatively, the patient still complained of headache, and a repeat OGTT showed 

reduction in GH but lack of cure (growth hormone levels 10.2, 7.2, 8.1, 9.6, 9.3 mU/1 

at 0, 30, 60 90 and 120 minutes respectively). The patient went on to have external 

radiotherapy, after which growth hormone levels remained > 5mU/l and the headache 

persisted. Because of the disabling nature of the headaches, transcranial surgery was 

performed to remove any residual tumour. Post-operatively, there remained no 

improvement in headache.

An octreotide infusion (lOOpg/hour) was given to assess medical response of growth 

hormone. During this infusion, the patient noticed a dramatic improvement in her 

headache for the first time for many years. Although the octreotide improved her 

headache symptoms, there was no reduction in growth hormone during the infusion. 

Because of the impressive analgesic response to octreotide, the patient was keen to be 

started on this agent. With each octreotide injection, the patient experienced an 

immediate analgesic effect with rebound headache one hour before the next injection. 

After several months, the patient found that she needed to increase the frequency of 

octreotide injections as the time interval between headache had become increasingly 

short. The maximum frequency of octreotide injections was twelve administrations 

per day. Conversion to monthly injections of octreotide LAR led to recurrence of her 

persistent headache and she experienced no analgesic effect on this agent.
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An MRI of the pituitary fossa revealed residual pituitary tissue ipsilateral to the 

symptoms of headache (Figure 33). Two courses of gamma-knife radiotherapy were 

targeted at this residual tumour. Subsequent OGTT revealed cure of her acromegaly 

(mean growth hormone < 0.5 mU/1) but her headache persisted. She was admitted to 

the ward for investigation of her headache and withdrawal from octreotide. Numerous 

abortive agents have been administered in attempt to improve her headache including 

sumatriptan 6mg s/c, high flow oxygen, intranasal and intravenous lignocaine, 

intravenous dihydroergotamine and ketamine, and greater occipital nerve injection. 

Since this time, numerous preventative agents have also been administered, including 

amitriptyline 75mg, carbamazepine 400mg, gabapentin 5400mg and topiramate 

400mg, all without effect.

The patient was readmitted for investigation and a placebo controlled trial of 

octreotide confirmed that this agent continues to give immediate analgesia. To this 

date, octreotide is the only agent that has provided any pain relief in this patient. She 

is currently on the waiting list for an occipital nerve stimulator insertion.

Figure 33. Residual GH-secreting tumour in right cavenous sinus

2 0 2



References
Abe T, Matsumoto K, Kuwazawa J, Toyoda I, Sasaki K (1998) Headache associated 

with pituitary adenomas. Headache 38:782-786.

Adams EF, Venetikou MS, Woods CA, Lacoumenta S, Burrin JM (1987) 

Neuropeptide Y directly inhibits growth hormone secretion by human pituitary 

somatotropic tumours. Acta Endocrinol (Copenh) 115:149-154.

Adrian TE, Allen JM, Bloom SR, Ghatei MA, Rossor MN, Roberts GW, Crow TJ, 

Tatemoto K, Polak JM (1983) Neuropeptide Y distribution in human brain. Nature 

306:584-586.

Afra J, Cecchini AP, Schoenen J (1998) Craniometric measures in cluster headache 

patients. Cephalalgia 18:143-145.

Afra J & Czirjak S. Headache characteristics in patients with pituitary tumours 

(2003). Cephalalgia 23: 671. Abstract P4L21

Ahren B (1989) Effects of calcitonin, katacalcin, and calcitonin gene-related peptide 

on basal and TSH-stimulated thyroid hormone secretion in the mouse. Acta Physiol 

Scand 135:133-137.

Akema T, Hashimoto R, Kimura F (1988) Preoptic injection of VIP, but not of 

secretin or PHI, inhibits LH and stimulates prolactin secretion in the ovariectomized 

rat. Brain Res 441:367-370.

Alexander LD, Sander LD (1994) Vasoactive intestinal peptide stimulates ACTH and 

corticosterone release after injection into the PVN. Regul Pept 51:221-227.

Allen LG, Kalra PS, Crowley WR, Kalra SP (1985) Comparison of the effects of 

neuropeptide Y and adrenergic transmitters on LH release and food intake in male 

rats. LifeSci 37:617-623.

Alvarez FJ, Priestley JV (1990) Anatomy of somatostatin-immunoreactive fibres and 

cell bodies in the rat trigeminal subnucleus caudalis. Neuroscience 38:343-357. 

Alvarez-Cermeno J, Gobemado JM, Aimeno A (1986) Transient blood-brain barrier 

(BBB) damage in migraine. Headache 26:437.

Ambrosi B, Bochicchio D, Sartorio A, Morabito F, Faglia G (1987) Vasoactive 

intestinal polypeptide enhances ACTH levels in some patients with 

adrenocorticotropin-secreting pituitary adenomas. Acta Endocrinol (Copenh) 

116:216-220.

Anden NE, Rubenson A, Fuxe K, Hokfelt T (1967) Evidence for dopamine receptor 

stimulation by apomorphine. J Pharm Pharmacol 19:627-629.

203



Andersson PG, Jespersen LT (1986) Dihydroergotamine nasal spray in the treatment 

of attacks of cluster headache. A double-blind trial versus placebo. Cephalalgia 6:51- 

54.

Antonaci F (1994) Chronic paroxysmal hemicrania and hemicrania continua: orbital 

phlebography and MRI studies. Headache 34:32-34.

Antonaci F, Sjaastad O (1989) Chronic paroxysmal hemicrania (CPH): a review of 

the clinical manifestations. Headache 29:648-656.

Antonijevic IA, Murck H, Boh 1 halter S, Frieboes RM, Holsboer F, Steiger A (2000) 

Neuropeptide Y promotes sleep and inhibits ACTH and cortisol release in young men. 

Neuropharmacology 39:1474-1481.

Arafah BM, Prunty D, Ybarra J, Hlavin ML, Selman WR (2000) The dominant role of 

increased intrasellar pressure in the pathogenesis of hypopituitarism, 

hyperprolactinemia, and headaches in patients with pituitary adenomas. J Clin 

Endocrinol Metab 85:1789-1793.

Arisawa M, Snyder GD, De Palatis L, Ho RH, Xu RK, Pan G, McCann SM (1989a) 

Role of substance P in suppressing growth hormone release in the rat. Proc Natl Acad 

Sci U S A 86:7290-7294.

Arisawa M, Snyder GD, McCann SM (1989b) Effect of substance P on thyrotropin 

secretion from the pituitary gland in the rat. Peptides 10:763-766.

Arisawa M, Snyder GD, Yu WH, De Palatis LR, Ho RH, McCann SM (1990a) 

Physiologically significant inhibitory hypothalamic action of substance P on prolactin 

release in the male rat. Neuroendocrinology 52:22-27.

Arisawa M, De Palatis L, Ho R, Snyder GD, Yu WH, Pan G, McCann SM (1990b) 

Stimulatory role of substance P on gonadotropin release in ovariectomized rats. 

Neuroendocrinology 51:523-529.

Arita J, Kojima Y, Yamamoto I, Mazawa S, Kimura F (1994) Somatotropes and 

thyrotropes in the rat anterior pituitary gland cosecrete substance P: analysis by the 

sandwich cell immunoblot assay. Neuroendocrinology 60:567-574.

Aronin N, Coslovsky R, Leeman SE (1986) Substance P and neurotensin: their roles 

in the regulation of anterior pituitary function. Annu Rev Physiol 48:537-549.

Aronin N, Coslovsky R, Chase K (1988) Hypothyroidism increases substance P 

concentrations in the heterotopic anterior pituitary. Endocrinology 122:2911-2914.

204



Aronin N, Morency K, Leeman SE, Braverman LE, Coslovsky R (1984) Regulation 

by thyroid hormone of the concentration of substance P in the rat anterior pituitary. 

Endocrinology 114:2138-2142.

Ashina M, Bendtsen L, Jensen R, Ekman R, Olesen J (1999) Plasma levels of 

substance P, neuropeptide Y and vasoactive intestinal polypeptide in patients with 

chronic tension-type headache. Pain 83:541-547.

Ashina M, Bendtsen L, Jensen R, Schifter S, Jansen-Olesen 1, Olesen J (2000) Plasma 

levels of calcitonin gene-related peptide in chronic tension-type headache. Neurology 

55:1335-1340.

Awaki E, Takeshima T, Takahashi K (1989) A neuroendocrinological study in female 

migraineurs: prolactin and thyroid stimulating hormone responses. Cephalalgia 9:187- 

193.

Bahra A, May A, Goadsby PJ (2002) Cluster headache: a prospective clinical study 

with diagnostic implications. Neurology 58:354-361.

Bahra A, Matharu MS, Buchel C, Frackowiak RS, Goadsby PJ (2001) Brainstem 

activation specific to migraine headache. Lancet 357:1016-1017.

Bahra A, Gawel MJ, Hardebo J-E et al.(2000) Oral zolmitriptan is effective in the 

acute treatment of cluster headache. Neurology;54:1832-1839 

Baranowska B, Chmielowska M, Radzikowska M, Borowiec M, Roguski K, 

Wasilewska-Dziubinska E (1999) Effects of neuropeptide Y (NPY), galanin and 

vasoactive intestinal peptide (VIP) on pituitary hormone release and on ovarian 

steroidogenesis. Neuroendocrinol Lett 20:385-389.

Bartsch T, Levy MJ, Knight YE, Goadsby PJ (2004). Differential modulation of 

nociceptive input to Orexin A and B receptor activation in the posterior 

hypothalamus. Pain 109: 367-378

Bataille D, Talbot JN, Milhaud G, Mutt V, Rosselin G (1981) Effect of vasoactive 

intestinal peptide (VIP) on prolactin secretion in man. C R Seances Acad Sci III 

292:511-513.

Bauer-Dantoin AC, McDonald JK, Levine JE (1991) Neuropeptide Y potentiates 

luteinizing hormone (LH)-releasing hormone-stimulated LH surges in pentobarbital- 

blocked proestrous rats. Endocrinology 129:402-408.

Bauer-Dantoin AC, McDonald JK, Levine JE (1992) Neuropeptide Y potentiates 

luteinizing hormone (LH)-releasing hormone-induced LH secretion only under 

conditions leading to preovulatory LH surges. Endocrinology 131:2946-2952.

205



Bendtsen L, Ashina M (2000) Sensitisation of myofacial pain pathways in tension- 

type headache, 2 Edition. Philadelphia: Lippincott, Williams & Wilkins.

Bereiter DA (1997) Morphine and somatostatin analogue reduce c-fos expression in 

trigeminal subnucleus caudalis produced by corneal stimulation in the rat. 

Neuroscience 77:863-874.

Besson J, Rotsztejn W, Laburthe M, Epelbaum J, Beaudet A, Kordon C, Rosselin G 

(1979) Vasoactive intestinal peptide (VIP): brain distribution, subcellular localization 

and effect of deafferentation of the hypothalamus in male rats. Brain Res 165:79-85. 

Blau JN (1993) Behaviour during a cluster headache. Lancet 342:723-725.

Blegvad N, Jensen K, Fahrenkrug J, Schaffalizky de Muckadell O, Olesen J (1986) 

Plasma VIP and substance P during migraine attack. Cephalalgia 5:252-253.

Blin O, Azulay JP, Masson G, Aubrespy G, Serratrice G (1991) Apomorphine- 

induced yawning in migraine patients: enhanced responsiveness. Clin 

Neuropharmacol 14:91-95.

Boenish T (1989) Staining methods. In: Handbook of immunochemical staining 

methods, 1 Edition (Naish S, ed), pp 16-17. California, USA: DAKO Corporation. 

Boehm S, Huck S (1996)A somatostatin receptor inhibits noradrenaline release from 

chick sympathetic neurons through pertussis toxin-sensitive mechanisms: comparison 

with the action of alpha 2-adrenoceptors. Neuroscience;73:595-604 

Brazeau P, Vale W, Burgus R, Ling N, Butcher M, Rivier J, Guillemin R (1973) 

Hypothalamic polypeptide that inhibits the secretion of immunoreactive pituitary 

growth hormone. Science 179:77-79.

Bredow S, Kacsoh B, Obal F, Jr., Fang J, Krueger JM (1994) Increase of prolactin 

mRNA in the rat hypothalamus after intracerebroventricular injection of VIP or 

PACAP. Brain Res 660:301-308.

Brooks AN, Howe DC, Porter DW, Naylor AM (1994) Neuropeptide-Y stimulates 

pituitary-adrenal activity in fetal and adult sheep. J Neuroendocrinol 6:161-166. 

Broqua P, Wettstein JG, Rocher MN, Gauthier-Martin B, Riviere PJ, Junien JL, Dahl 

SG (1996) Antinociceptive effects of neuropeptide Y and related peptides in mice. 

Brain Res 724:25-32.

Brown ER, Harlan RE, Krause JE (1990) Gonadal steroid regulation of substance P 

(SP) and SP-encoding messenger ribonucleic acids in the rat anterior pituitary and 

hypothalamus. Endocrinology 126:330-340.

206



Brown ER, Roth KA, Krause JE (1991) Sexually dimorphic distribution of substance 

P in specific anterior pituitary cell populations. Proc Natl Acad Sci U S A 88:1222- 

1226.

Buhl T, Georg B, Nilsson C, Mikkelsen JD, WulffBS, Fahrenkrug J (1995) Effect of 

thyroid hormones on vasoactive intestinal polypeptide gene expression in the rat 

cerebral cortex and anterior pituitary. Regul Pept 55:237-251.

Burry RW (2000) Specificity controls for immunocytochemical methods. Journal of 

Histochemistry and Cytochemistiy 48:163-165.

Bussone G, Frediani F, Leone M, Grazzi L, Lamperti E, Boiardi A (1988) TRH test in 

cluster headache. Headache 28:462-464.

Byrne JM, Jones PM, Hill SF, Bennet WM, Ghatei MA, Bloom SR (1992) Expression 

of messenger ribonucleic acids encoding neuropeptide-Y, substance-P, and vasoactive 

intestinal polypeptide in human pituitary. J Clin Endocrinol Metab 75:983-987.

Caleri D, Marabini S, Panconesi A, Pietrini U (1987) A pharmacological approach to 

the analgesizing mechanism of somatostatin in cluster headache. Ric Clin Lab 17:155- 

162.

Cannavo S, Squadrito S, Curto L, Almoto B, Trimarchi F (2001) Effectiveness of 

slow-release lanreotide in previously operated and untreated patients with GH- 

secreting pituitary macroadenoma. Horm Metab Res 33:618-624.

Cannavo S, Squadrito S, Curto L, Almoto B, Vieni A, Trimarchi F (2000) Results of a 

two-year treatment with slow release lanreotide in acromegaly. Horm Metab Res 

32:224-229.

Carrillo AJ, Dluzen DE (1993) Ablation of the hypothalamic arcuate-median 

eminence region reduces the concentration of vasoactive intestinal peptide in the 

anterior pituitary gland of male rats. Brain Res 613:281-284.

Cassidy EM, Tomkins E, Shari fi N, Dinan T, Hardiman O, O’Keane V (2003) 

Differing central amine receptor sensitivity in different migraine subtypes? A 

neuroendocrine study using buspirone. Pain 101:283-290.

Cattoretti G, Pileri S, Parravicini C, Becker MH, Poggi S, Bifulco C, Key G, DAmato 

L, Sabattini E, Feudale E, et al. (1993) Antigen unmasking on formal in-fixed, 

paraffin-embedded tissue sections. J Pathol 171:83-98.

Chanson P, Timsit J, Harris AG (1993) Clinical pharmacokinetics of octreotide. 

Therapeutic applications in patients with pituitary tumours. Clin Pharmacokinet 

25:375-391.

207



Chao CC, Scribner KA, Dixon JE, Malven PV (1987) Failure of neuropeptide Y to 

modulate the release of LH and prolactin by cultured bovine pituitary cells. Domest 

Anim Endocrinol 4:309-314.

Chapman V, Dickenson AH (1992) The effects of sandostatin and somatostatin on 

nociceptive transmission in the dorsal horn of the rat spinal cord. Neuropeptides 

23:147-152.

Chazot G, Claustrat B, Brun J, Jordan D, Sassolas G, Schott B (1984) A 

chronobiological study of melatonin, cortisol growth hormone and prolactin secretion 

in cluster headache. Cephalalgia 4:213-220.

Chihara K, Iwasaki J, Minamitani N, Kaji H, Matsukura S, Tamaki N, Matsumoto S, 

Fujita T (1982) Effect of vasoactive intestinal polypeptide on growth hormone 

secretion in perifused acromegalic pituitary adenoma tissues. J Clin Endocrinol Metab 

54:773-779.

Chihara K, Kaji H, Minamitani N, Kodama H, Kita T, Goto B, Chiba T, Coy DH, 

Fujita T (1984) Stimulation of growth hormone by vasoactive intestinal polypeptide 

in acromegaly. J Clin Endocrinol Metab 58:81-86.

Chiodera P, Volpi R, Capretti L, Caffarri G, Magotti MG, Coiro V (1996) Effects of 

intravenously infused pituitary adenylate cyclase-activating polypeptide on 

adenohypophyseal Hormone secretion in normal men. Neuroendocrinology 64:242- 

246.

Chowdrey HS, Jessop DS, Lightman SL (1990) Substance P stimulates arginine 

vasopressin and inhibits adrenocorticotropin release in vivo in the rat. 

Neuroendocrinology 52:90-93.

Chrubasik J, Meynadier J, Scherpereel P, Wunsch E (1985) The effect of epidural 

somatostatin on postoperative pain. Anesth Analg 64:1085-1088.

Chrubasik J, Meynadier J, Blond S, Scherpereel P, Ackerman E, Weinstock M, 

Bonath K, Cramer H, Wunsch E (1984) Somatostatin, a potent analgesic. Lancet 

2:1208-1209.
Ciofi P, Tramu G, Bloch B (1990) Comparative immunohistochemical study of the 

distribution of neuropeptide Y, growth hormone-releasing factor and the 

carboxyterminus of precursor protein GHRF in the human hypothalamic infundibular 

area. Neuroendocrinology 51:429-436.

208



Classey JD, Levy MJ, Powell M, Grouzman E, Meeran K, Goadsby PJ (2003)

Comparative expression of NPY and Orexin B in the anterior pituitary tumours of

patients suffering from headache. Cephalalgia 23: 687. P4M12

Coiro V, Volpi R, Capretti L, Speroni G, Bocchi R, Caffarri G, Colla R, Rossi G,

Chiodera P (1992) Intravenously infused substance P enhances basal and growth

hormone (GH) releasing hormone-stimulated GH secretion in normal men. Peptides

13:843-846.

Coiro V, Volpi R, Capretti L, Gramellini D, Cigarini C, Papadia C, Caiazza A, 

Caffarri G, Caffarra P, Chiodera P (1995) Effect of substance P on basal and 

thyrotropin-releasing hormone-stimulated thyrotropin release in humans. Metabolism 

44:474-477.

Comtois R, Beauregard H, Somma M, Serri O, Aris-Jilwan N, Hardy J (1991) The 

clinical and endocrine outcome to trans-sphenoidal microsurgery of nonsecreting 

pituitary adenomas. Cancer 68:860-866.

Connor H, Bertin L, Gillies S, Beattie D, Ward P (1998) Clinical evaluation of a 

novel, potent, CNS penetrating NK1 receptor antagonist in the acute treatment of 

migraine. Cephalalgia 18: 392

Coslovsky R, Evans RW, Leeman SE, Braverman LE, Aronin N (1984) The effects of 

gonadal steroids on the content of substance P in the rat anterior pituitary. 

Endocrinology 115:2285-2289.

Cottier JP, Destrieux C, Brunereau L, Bertrand P, Moreau L, Jan M, Herbreteau D 

(2000) Cavernous sinus invasion by pituitary adenoma: MR imaging. Radiology 

215:463-469.

Couch J (1986) Toxic and metabolic headache. In: Headache (Handbook of Clinical 

Neurology), pp 417-430. Amsterdam: Elsevier.

Crowley WR, Tessel RE, O'Donohue TL, Adler BA, Kalra SP (1985) Effects of 

ovarian hormones on the concentrations of immunoreactive neuropeptide Y in 

discrete brain regions of the female rat: correlation with serum luteinizing hormone 

(LH) and median eminence LH-releasing hormone. Endocrinology 117:1151-1155. 

Csiffary A, Gores TJ, Palkovits M (1990) Neuropeptide Y innervation of ACTH- 

immunoreactive neurons in the arcuate nucleus of rats: a correlated light and electron 

microscopic double immunolabeling study. Brain Res 506:215-222.

209



Curtis SB, Hewitt J, Yakubovitz S, Anzarut A, Hsiang YN, Buchan AM (2000) 

Somatostatin receptor subtype expression and function in human vascular tissue. Am 

J Physiol Heart Circ Physiol 278:H1815-1822.

Dai J, Swaab DF, Buijs RM (1997) Distribution of vasopressin and vasoactive 

intestinal polypeptide (VIP) fibers in the human hypothalamus with special emphasis 

on suprachiasmatic nucleus efferent projections. J Comp Neurol 383:397-414. 

Dalessio DJ (1978) Mechanisms of headache. Med Clin North Am 62:429-442. 

Davies GM, Santanello N, Lipton R (2000) Determinants of patient satisfaction with 

migraine therapy. Cephalalgia 20:554-560.

Davous P (1998) CADASIL: a review with proposed diagnostic criteria. Eur J Neurol 

5:219-233.

De Fusco M, Marconi R, Silvestri L, Atorino L, Rampoldi L, Morgante L, Ballabio A, 

Aridon P, Casari G (2003) Haploinsufficiency of ATP1A2 encoding the Na+/K+ 

pump alpha2 subunit associated with familial hemiplegic migraine type 2. Nat Genet 

33:192-196.

De Groot, Jameson L (2000) Endocrinology, 4th Edition. London: Saunders.

De Vries P, Villalon CM, Saxena PR (1999) Pharmacological aspects of experimental 

headache models in relation to acute antimigraine therapy. Eur J Pharmacol 375:61- 

74.

Del Bene E, Poggioni M, De Tommasi F (1994) Video assessment of yawning 

induced by sublingual apomorphine in migraine. Headache 34:536-538.

Del Fiacco M, Quartu M (1994) Somatostatin, galanin and peptide histidine 

isoleucine in the newborn and adult human trigeminal ganglion and spinal nucleus: 

immunohistochemistry, neuronal morphometry and colocalization with substance P. J 

Chem Neuroanat 7:171 -184.

Denniston DJ, Thomas MG, Kane KK, Roybal CN, Canales L, Hallford DM, 

Remmenga MD, Hawkins DE (2003) Effect of neuropeptide Y on GnRH-induced LH 

release from bovine anterior pituitary cell cultures derived from heifers in a follicular, 

luteal or ovariectomized state. Anim Reprod Sci 78:25-31.

Desiderio DM, Kusmierz JJ, Zhu X, Dass C, Hilton D, Robertson JT, Sacks HS 

(1993) Mass spectrometric analysis of opioid and tachykinin neuropeptides in non

secreting and ACTH-secreting human pituitaiy adenomas. Biol Mass Spectrom 22:89- 

97.

210



Devoize JL, Rigal F, Eschalier A, Toumilhac M (1986) Dexamethasone suppression 

test in cluster headache. Headache 26:126-127.

Dhillo WS, Small CJ, Jethwa PH, Russell SH, Gardiner JV, Bewick GA, Seth A, 

Murphy KG, Ghatei MA, Bloom SR (2003) Paraventricular nucleus administration of 

calcitonin gene-related Peptide inhibits food intake and stimulates the hypothalamo- 

pituitary-adrenal axis. Endocrinology 144:1420-1425.

Di AK, Shan HM, Huang MY, Xu RK (1997) The effects of gastrin-releasing peptide 

(GRP) and vasoactive intestinal polypeptide (VIP) on the prolactin (PRL) gene 

transcription of pitutitary PRL releasing tumor of rat. Sheng Li Xue Bao 49:79-87. 

Dichgans M, Forderreuther S, Deiterich M, Pfaffenrath V, Gasser T (1998) The D2 

receptor Ncol allele: absence of allelic association with migraine with aura. 

Neurology 51:928.

Dickinson T, Mitchell R, Robberecht P, Fleetwood-Walker SM (1999) The role of 

VIP/PACAP receptor subtypes in spinal somatosensory processing in rats with an 

experimental peripheral mononeuropathy. Neuropharmacology 38:167-180.

Diener HC (2003) RPR 100893, a substance-P antagonist, is not effective in the 

treatment of migraine attacks. Cephalalgia 23:183-185.

Dodd J, Kelly S (1978) Is somatostatin an excitatory transmitter in the hippocampus? 

Nature 273:674-675.

Dorton AM (2000) The pituitary gland: embryology, physiology, and 

pathophysiology. Neonatal Netw 19:9-17.

Drummond PD, Lance JW (1983) Extracranial vascular changes and the source of 

pain in migraine headache. Ann Neurol 13:32-37.

Drummond PD, Lance JW (1984) Neurovascular disturbances in headache patients. 

Clin Exp Neurol 20:93-99.

Dumont Y, Martel JC, Fournier A, St-Pierre S, Quirion R (1992) Neuropeptide Y and 

neuropeptide Y receptor subtypes in brain and peripheral tissues. Prog Neurobiol 

38:125-167.

Duvilanski BH, Pisera D, Seilicovich A, del Carmen Diaz M, Lasaga M, Isovich E, 

Velardez MO (2000) Interaction between substance P and TRH in the control of 

prolactin release. J Endocrinol 166:373-380.

Eckstein N, Wehrenberg WB, Louis K, Carmel PW, Zimmermann EA, Frantz AG, 

Ferin M (1980) Effects of substance P on anterior pituitary secretion in the female 

rhesus monkey. Neuroendocrinology 31:338-342.

211



Edvinsson L, Goadsby PJ (1994) Neuropeptides in migraine and cluster headache. 

Cephalalgia 14:320-327.

Edvinsson L, Jansen I, Cunha e Sa M, Gulbenkian S (1994) Demonstration of 

neuropeptide containing nerves and vasomotor responses to perivascular peptides in 

human cerebral arteries. Cephalalgia 14:88-96.

Edvinsson L, Goadsby PJ (1995) Neuropeptides in the cerebral circulation: relevance 

to headache. Cephalalgia 15:272-276.

Edvinsson L, Emson P, McCulloch J, Tatemoto K, Uddman R (1983) Neuropeptide 

Y: cerebrovascular innervation and vasomotor effects in the cat. Neurosci Lett 43:79- 

84.

Edvinsson L, Emson P, McCulloch J, Tatemoto K, Uddman R (1984) Neuropeptide 

Y: immunocytochemical localization to and effect upon feline pial arteries and veins 

in vitro and in situ. Acta Physiol Scand 122:155-163.

Edvinsson L, Ekman R, Jansen I, Ottosson A, Uddman R (1987) Peptide-containing 

nerve fibers in human cerebral arteries: immunocytochemistry, radioimmunoassay, 

and in vitro pharmacology. Ann Neurol 21:431-437.

Ekbom K (1968) Nitrolglycerin as a provocative agent in cluster headache. Arch 

Neurol 19:487-493.

Ekbom K, Greitz T (1970) Carotid angiography in cluster headache. Acta Radiol 

Diagn (Stockh) 10:177-186.

Ekbom K, Svensson DA, Traff H, Waldenlind E (2002) Age at onset and sex ratio in 

cluster headache: observations over three decades. Cephalalgia 22:94-100.

Ekbom K, The Sumatriptan Cluster Headache Study Group (1991) Treatment of acute 

cluster headache with sumatriptan. New England Journal of Medicine;325:322- 

326
Ekbom K, Monstad I, Prusinski A, Cole JA, Pilgrim AJ, Noronha D (1993) 

Subcutaneous sumatriptan in the acute treatment of cluster headache: a dose 

comparison study. The Sumatriptan Cluster Headache Study Group. Acta Neurol 

Scand 88:63-69.

Elie C, Moukhtar MS, Milhaud G, Cressent M (1990) Hypoprolactinemic effect of 

calcitonin gene-related peptide in the rat. Neuropeptides 16:109-113.

Emson PC, Gilbert RF, Martensson H, Nobin A (1984) Elevated concentrations of 

substance P and 5-HT in plasma in patients with carcinoid tumors. Cancer 54:715- 

718.

212



Enjalbert A, Arancibia S, Ruberg M, Priam M, Bluet-Pajot MT, Rotsztejn WH, 

Kordon C (1980) Stimulation of in vitro prolactin release by vasoactive intestinal 

peptide. Neuroendocrinology 31:200-204.

Epelbaum J, Doumaud P, Fodor M, Viollet C (1994) The neurobiology of 

somatostatin. Crit Rev Neurobiol 8:25-44.

Ezzat S, Snyder PJ, Young WF, Boyajy LD, Newman C, Klibanski A, Molitch ME, 

Boyd AE, Sheeler L, Cook DM, et al. (1992) Octreotide treatment of acromegaly. A 

randomized, multicenter study. Ann Intern Med 117:711-718.

Ezzat S, Forster MJ, Berchtold P, Redelmeier DA, Boerlin V, Harris AG (1994) 

Acromegaly. Clinical and biochemical features in 500 patients. Medicine (Baltimore) 

73:233-40

Facchinetti F, Sgarbi L, Piccinini F (2000) Hypothalamic resetting at puberty and the 

sexual dimorphism of migraine. Funct Neurol 15 Suppl 3:137-142.

Facchinetti F, Nappi G, Cicoli C, Micieli G, Ruspa M, Bono G, Genazzani AR (1986) 

Reduced testosterone levels in cluster headache: a stress-related phenomenon? 

Cephalalgia 6:29-34.

Facchinetti F, Martignoni E, Gallai V, Micieli G, Petraglia F, Nappi G, Genazzani AR

(1988) Neuroendocrine evaluation of central opiate activity in primary headache 

disorders. Pain 34:29-33.

Faglia G, Ambrosi B (1992) Hypothalamic and pituitary tumours: general principles. 

In: Clinical endocrinology (Grossman A, ed), pp 113-122. Oxford: Blackwell.

Fahim A, Rettori V, McCann SM (1990) The role of calcitonin gene-related peptide 

in the control of growth hormone and prolactin release. Neuroendocrinology 51:688- 

693.

Fahrenkrug J, Schaffalitzky de Muckadell OB (1978) Distribution of vasoactive 

intestinal polypeptide (VIP) in the porcine central nervous system. J Neurochem 

31:1445-1451.

Falsetti L, Zanagnolo V, Gastaldi A, Memo M, Missale C, Spano PF (1988) 

Vasoactive intestinal polypeptide (VIP) selectively stimulates prolactin release in 

healthy women. Gynecol Endocrinol 2:11-18.

Fanciullacci M, Alessandri M, Del Rosso A (2000) Dopamine involvement in the 

migraine attack. Funct Neurol 15 Suppl 3:171-181.

213



Fanciullacci M, Alessandri M, Figini M, Geppetti P, Michelacci S (1995) Increase in 

plasma calcitonin gene-related peptide from the extracerebral circulation during 

nitroglycerin-induced cluster headache attack. Pain 60:119-123.

Fassler JE, O'Dorisio TM, Mekhjian HS, Gaginella TS (1990) Octreotide inhibits 

increases in short-circuit current induced in rat colon by VIP, substance P, serotonin 

and aminophylline. Regul Pept 29:189-197.

Fazekas I, Bacsy E, Varga I, Slowik F, Balint K, Pasztor E, Czirjak S, Glaz E (2000) 

Effect of vasoactive intestinal polypeptide (VIP) on growth hormone (GH) and 

prolactin (PRL) release and cell morphology in human pituitary adenoma cell 

cultures. Folia Histochem Cytobiol 38:119-127.

Fekete C, Kelly J, Mihaly E, Sarkar S, Rand WM, Legradi G, Emerson CH, Lechan 

RM (2001) Neuropeptide Y has a central inhibitory action on the hypothalamic- 

pituitary-thyroid axis. Endocrinology 142:2606-2613.

Ferrar JA, Cuthbert AW, Cox HM (1990) The antisecretory effects of somatostatin 

and analogues in rat descending colon mucosa. Eur J Pharmacol 184:295-303.

Ferrari E, Nappi G, Vailati A, Martignoni E, Bossolo PA, Polleri A (1979) Circadian 

periodicity of plasma prolactin in some neurological diseases. Int J Chronobiol 6:231- 

242.

Ferrari E, Canepari C, Bossolo PA, Vailati A, Martignoni E, Micieli G, Nappi G 

(1983) Changes of biological rhythms in primary headache syndromes. Cephalalgia 3 

Suppl 1:58-68.

Ferrari MD, Haan J, van Seters AP (1988) Bromocriptine-induced trigeminal 

neuralgia attacks in a patient with a pituitary tumor. Neurology 38:1482-1484.

Ferrari MD, Roon KI, Lipton RB, Goadsby PJ (2001) Oral triptans (serotonin 

5HT(1B/1D) agonists) in acute migraine treatment: a meta-analysis of 53 trials. 

Lancet 358:1668-1675.

Ferrari MD, Goadsby PJ, Roon KI, Lipton RB (2002) Triptans (serotonin, 5- 

HT1 B/l D agonists) in migraine: detailed results and methods of a meta-analysis of 53 

trials. Cephalalgia 22:633-658.

Ferrari MD (1998) Migraine. The Lancet; 351:1043-1051.

Fioravanti A, Govoni M, La Montagna G, Perpignano G, Tirri G, Trotta F, Bogliolo 

A, Ciocci A, Mauceri MT, Marcolongo R (1995) Somatostatin 14 and joint 

inflammation: evidence for intraarticular efficacy of prolonged administration in 

rheumatoid arthritis. Drugs Exp Clin Res 21:97-103.

214



Fogan L (1985) Treatment of cluster headache. A double-blind comparison of oxygen 

v air inhalation. Arch Neurol 42:362-363.

Forsyth PA, Posner JB (1993) Headaches in patients with brain tumors: a study of 111 

patients. Neurology 43:1678-1683.

Franzini A, Ferroli P, Leone M, Broggi G (2003) Stimulation of the posterior 

hypothalamus for treatment of chronic intractable cluster headaches: first reported 

series. Neurosurgery 52 (5): 1095-9.

Frediani F, Lamperti E, Leone M, Boiardi A, Grazzi L, Bussone G (1988) Cluster 

headache patients' responses to dexamethasone suppression test. Headache 28:130- 

132.

Frese A, Evers S, May A (2003) Autonomic activation in experimental trigeminal 

pain. Cephalalgia 23:67-68.

Fricker G, Nobmann S, Miller DS (2002) Permeability of porcine blood brain barrier 

to somatostatin analogues. Br J Pharmacol 135:1308-1314.

Friedman AH, Wilkins RH, Kenan PD, Olanow CW, Dubois PJ (1982) Pituitary 

adenoma presenting as facial pain: report of two cases and review of the literature. 

Neurosurgery 10:742-745.

Gabrielli M, Gasbarrini A, Fiore G, Santarelli L, Padalino C, De Martini D, 

Giacovazzo M, Pola P (2002) Resolution of migraine with aura after successful 

treatment of a pituitary microadenoma. Cephalalgia 22:149-150.

Gallai V, Sarchielli P, Trequattrini A, Paciaroni M, Usai F, Palumbo R (1994) 

Neuropeptide Y in juvenile migraine and tension-type headache. Headache 34:35-40. 

Gallai V, Sarchielli P, Floridi A, Franceschini M, Codini M, Glioti G, Trequattrini A, 

Palumbo R (1995) Vasoactive peptide levels in the plasma of young migraine patients 

with and without aura assessed both interictally and ictally. Cephalalgia 15:384-390. 

Garcia de Yebenes E, Li S, Fournier A, St-Pierre S, Pelletier G (1995) Involvement of 

the Y2 receptor subtype in the regulation of prolactin gene expression by 

neuropeptide Y in the male rat. Neurosci Lett 190:77-80.

Gardette R, Faivre-Bauman A, Loudes C, Kordon C, Epelbaum J (1995) Modulation 

by somatostatin of glutamate sensitivity during development of mouse hypothalamic 

neurons in vitro. Brain Res Dev Brain Res 86:123-133.

Gazelius B, Brodin E, Olgart L, Panopoulos P (1981) Evidence that substance P is a 

mediator of antidromic vasodilatation using somatostatin as a release inhibitor. Acta 

Physiol Scand 113:155-159.

215



Gazioglu N, Tanriover N, Tuzgen S (2000) Pituitary tumour presenting with 

trigeminal neuralgia as an isolated symptom. Br J Neurosurg 14:579.

Gehlert DR (1999) Role of hypothalamic neuropeptide Y in feeding and obesity. 

Neuropeptides 33:329-338.

Gelabert Gonzalez M, Bo liar Zabala A, Garcia Allut A (1990) Trigeminal neuralgia 

as the first manifestation of craniopharyngioma. An Med Interna 7:545.

Geppetti P, Brocchi A, Caleri D (1985) Somatostatin for cluster headache attack. In: 

Updating in Headache (Pfaffenrath V, Lundberg P, Sjaasted O, eds). Berlin- 

Heidelberg-New York-Tokyo: Spring-Verlag.

Geraud G, Olesen J, Pfaffenrath V, Tfelt-Hansen P, Zupping R, Diener HC, Sweet R

(2000) Comparison of the efficacy of zolmitriptan and sumatriptan: issues in migraine 

trial design. Cephalalgia 20:30-38.

Gervil M, Ulrich V, Kaprio J, Russell MB (2001) Is the genetic liability in 

multifactorial disorders higher in concordant than discordant monozygotic twin pairs? 

A population-based family twin study of migraine without aura. Eur J Neurol 8:231- 

235.

Gibbins IL, Brayden JE, Bevan JA (1984) Perivascular nerves with immunoreactivity 

to vasoactive intestinal polypeptide in cephalic arteries of the cat: distribution, 

possible origins and functional implications. Neuroscience 13:1327-1346.

Gibson SJ, Polak JM, Bloom SR, Sabate IM, Mulderry PM, Ghatei MA, McGregor 

GP, Morrison JF, Kelly JS, Evans RM, et al. (1984a) Calcitonin gene-related peptide 

immunoreactivity in the spinal cord of man and of eight other species. J Neurosci 

4:3101-3111.

Gibson SJ, Polak JM, Allen JM, Adrian TE, Kelly JS, Bloom SR (1984b) The 

distribution and origin of a novel brain peptide, neuropeptide Y, in the spinal cord of 

several mammals. J Comp Neurol 227:78-91.

Giffin NJ, Ruggiero L, Lipton RB, Silberstein SD, Tvedskov JF, Olesen J, Altman J, 

Goadsby PJ, Macrae A (2003) Premonitory symptoms in migraine: An electronic 

diary study. Neurology 60:935-940.

Gillespie TJ, Erenberg A, Kim S, Dong J, Taylor JE, Hau V, Davis TP (1998) Novel 

somatostatin analogs for the treatment of acromegaly and cancer exhibit improved in 

vivo stability and distribution. J Pharmacol Exp Ther 285:95-104.

216



Goadsby PJ, Edvinsson L (1993) The trigeminovascular system and migraine: studies 

characterizing cerebrovascular and neuropeptide changes seen in humans and cats. 

Ann Neurol 33:48-56.

Goadsby PJ, Edvinsson L (1994) Human in vivo evidence for trigeminovascular 

activation in cluster headache. Neuropeptide changes and effects of acute attacks 
therapies. Brain 117:427-434.

Goadsby PJ, Edvinsson L (1996) Neuropeptide changes in a case of chronic 

paroxysmal hemicrania—evidence for trigemino-parasympathetic activation. 

Cephalalgia 16:448-450.

Goadsby PJ, Lipton RB (1997) A review of paroxysmal hemicranias, SUNCT 

syndrome and other short-lasting headaches with autonomic feature, including new 

cases. Brain 120 ( Pt 1): 193-209.

Goadsby PJ, May A (1999) PET demonstration of hypothalamic activation in cluster 

headache. Neurology 52:1522.

Goadsby PJ, Lipton RB (2002) The hemicrania continua diagnosis. Cephalalgia 

22:563-564; author reply 564-565.

Goadsby PJ, Boes C (2002) Chronic daily headache. J Neurol Neurosurg Psychiatry 

72 Suppl 2:ii2-ii5.

Goadsby PJ, Edvinsson L, Ekman R (1988) Release of vasoactive peptides in the 

extracerebral circulation of humans and the cat during activation of the 

trigeminovascular system. Ann Neurol 23:193-196.

Goadsby PJ, Edvinsson L, Ekman R (1990) Vasoactive peptide release in the 

extracerebral circulation of humans during migraine headache. Ann Neurol 28:183- 

187.

Goadsby PJ, Zagami AS, Lambert GA (1991) Neural processing of craniovascular 

pain: a synthesis of the central structures involved in migraine. Headache 31:365-371. 

Goadsby PJ, Hoskin KL, Knight YE (1998) Substance P blockade with the potent and 

centrally acting antagonist GR205171 does not effect central trigeminal activity with 

superior sagittal sinus stimulation. Neuroscience 86:337-343.

Goadsby PJ, Lipton RB, Ferrari MD (2002) Migraine-current understanding and 

treatment. N Engl J Med 346:257-270.
Goadsby PJ (2002) Pathophysiology of cluster headache: a trigeminal autonomic 

cephalgia. Lancet Neurology;! :37-43.

217



Goldstein DJ, Wang O, Saper JR, Stoltz R, Silberstein SD, Mathew NT (1997) 

Ineffectiveness of neurokin in-1 antagonist in acute migraine: a crossover study. 

Cephalalgia 17:785-790.

Goldstein DJ, Offen WW, Klein EG, Phebus LA, Hipskind P, Johnson KW, Ryan RE, 

Jr. (2001) Lanepitant, an NK-1 antagonist, in migraine prevention. Cephalalgia 

21:102-106.

Gon G, Giaid A, Steel JH, O'Halloran DJ, Van Noorden S, Ghatei MA, Jones PM, 

Amara SG, Ishikawa H, Bloom SR, et al. (1990) Localization of immunoreactivity for 

calcitonin gene-related peptide in the rat anterior pituitary during ontogeny and 

gonadal steroid manipulations and detection of its messenger ribonucleic acid. 

Endocrinology 127:2618-2629.

Gothert M (1980) Serotonin-receptor-mediated modulation of Ca2+-dependent 5- 

ydroxytryptamine release from neurones of the rat brain cortex. Nauyn- 

Schmedeberg's Archives of Pharmacology;314:223-230

Gourdji D, Bataille D, Vauclin N, Grouselle D, Rosselin G, Tixier-Vidal A (1979) 

Vasoactive intestinal peptide (VIP) stimulates prolactin (PRL) release and cAMP 

production in a rat pituitary cell line (GH3/B6). Additive effects of VIP and TRH on 

PRL release. FEBS Lett 104:165-168.

Greve E, Mai J (1988) Cluster headache-like headaches: a symptomatic feature? A 

report of three patients with intracranial pathologic findings. Cephalalgia 8:79-82. 

Grouzmann E, Deruaz JP, Gomez F, Waeber G (1998) Immunolocalization of 

neuropeptide Y in human pituitary tumours. Regul Pept 75-76:89-92.

Haisenleder DJ, Moy JA, Gala RR, Lawson DM (1988) The effect of dopamine 

antagonists and/or VIP on TRH- or VIP-induced prolactin release in estrogen- and 

progesterone-treated ovariectomized rats. Proc Soc Exp Biol Med 187:341-349. 

Hammond PJ, Talbot K, Chapman R, Ghatei MA, Bloom SR (1993) Vasoactive 

intestinal peptide, but not pituitary adenylate cyclase-activating peptide, modulates 

the responsiveness of the gonadotroph to LHRH in man. J Endocrinol 137:529-532. 

Hanna FW, Smith DM, Johnston CF, Akinsanya KO, Jackson ML, Morgan DG, 

Bhogal R, Buchanan KD, Bloom SR (1995) Expression of a novel receptor for the 

calcitonin peptide family and a salmon calcitonin-like peptide in the alpha-thyrotropin 

thyrotroph cell line. Endocrinology 136:2377-2382.

Hannerz J (1989) A case of parasellar meningioma mimicking cluster headache. 

Cephalalgia 9:265-269.

218



Hannerz J, Ericson K, Bergstrand G (1984) Orbital phlebography in patients with 

Tolosa-Hunfs syndrome in comparison with normal subjects. Acta Radiol Diagn 

(Stockh) 25:457-463.

Hannerz J, Ericson K, Bergstrand G (1987) Orbital phlebography in patients with 

cluster headache. Cephalalgia 7:207-211.

Hannerz J, Greitz D, Hansson P, Ericson K (1992) SUNCT may be another 

manifestation of orbital venous vasculitis. Headache 32:384-389.

Hara H, Jansen I, Ekman R, Hamel E, MacKenzie ET, Uddman R, Edvinsson L

(1989) Acetylcholine and vasoactive intestinal peptide in cerebral blood vessels: 

effect of extirpation of the sphenopalatine ganglion. J Cereb Blood Flow Metab 

9:204-211.

Hardebo JE (1991) On pain mechanisms in cluster headache. Headache 31:91-106. 

Hardebo JE (1994) How cluster headache is explained as an intracavemous 

inflammatory process lesioning sympathetic fibres. Headache. 34:125-131.

Harper AM, MacKenzie ET, McCulloch J, Pickard JD (1977) Migraine and the 

blood-brain barrier. Lancet 1:1034-1036.

Harris AG (1994) Somatostatin and somatostatin analogues: pharmacokinetics and 

pharmacodynamic effects. Gut 35:Sl-4.

Harrison S, Geppetti P (2001) Substance p. Int J Biochem Cell Biol 33:555-576. 

Hartman N, Voron SC, Hershman JM (1995) Resolution of migraine following 

bromocriptine treatment of a prolactinoma (pituitary microadenoma). Headache 

35:430-431.

Hathway GJ, Humphrey PP, Kendrick KM (2001) Somatostatin release by glutamate 

in vivo is primarily regulated by AMPA receptors. Br J Pharmacol 134:1155-1158. 

Headache Classification Committee of The International Headache Society (1988). 

Classification and diagnostic criteria for headache disorders, cranial neuralgias and 

facial pain. Cephalalgia 8(Suppl 7): 1-96

Headache Classification Committee of The International Headache Society (2004). 

The International Classification of Headache Disorders (second edition). Cephalalgia 

24(Suppl 1): 1-160

Helmchen C, Fu QG, Sandkuhler J (1995) Inhibition of spinal nociceptive neurons by 

microinjections of somatostatin into the nucleus raphe magnus and the midbrain 

periaqueductal gray of the anesthetized cat. Neurosci Lett 187:137-141.

219



Helyes Z, Pinter E, Nemeth J, Keri G, Than M, Oroszi G, Horvath A, Szolcsanyi J

(2001) Anti-inflammatory effect of synthetic somatostatin analogues in the rat. Br J 

Pharmacol 134:1571-1579.

Herzog AG (1997) Continuous bromocriptine therapy in menstrual migraine. 

Neurology 48:101-102.

Hoffman GE (1985) Organization of LHRH cells: differential apposition of 

neurotensin, substance P and catecholamine axons. Peptides 6:439-461.

Holzer P (1991) Capsaicin: cellular targets, mechanisms of action, and selectivity for 

thin sensory neurons. Pharmacol Rev 43:143-201.

Hoskin KL, Zagami AS, Goadsby PJ (1999) Stimulation of the middle meningeal 

artery leads to Fos expression in the trigeminocervical nucleus: a comparative study 

of monkey and cat. J Anat; 194:579-88.

Hoskin KL, Kaube H, Goadsby PJ (1996) Central activation of the trigeminovascular 

pathway in the cat is inhibited by dihydroergotamine. A c-Fos and 

electrophysiological study. Brain 119:249-56.

Houben H, Denef C (1993) Unexpected effects of peptide and nonpeptide substance P 

receptor antagonists on basal prolactin and growth hormone release in vitro. Peptides 

14:109-115.

Hoyer D, Bell GI, Berelowitz M, Epelbaum J, Feniuk W, Humphrey PP, O'Carroll 

AM, Patel YC, Schonbrunn A, Taylor JE, et al. (1995) Classification and 

nomenclature of somatostatin receptors. Trends Pharmacol Sci 16:86-88.

Hsu DW, Riskind PN, Hedley-Whyte ET (1989) Vasoactive intestinal peptide in the 

human pituitary gland and adenomas. An immunocytochemical study. Am J Pathol 

135:329-338.

Hua XY, Boublik JH, Spicer MA, Rivier JE, Brown MR, Yaksh TL (1991) The 

antinociceptive effects of spinally administered neuropeptide Y in the rat: systematic 

studies on structure-activity relationship. J Pharmacol Exp Ther 258:243-248.

Hunt WE, Meagher JN, Le Fever HE (1961). Painful ophthalmoplegia. Its relation to 

indolent inflammation of the cavernous sinus. Neurology (11): 56-62. 

lino K, Oki Y, Tominaga T, Iwabuchi M, Ozawa M, Watanabe F, Yoshimi T (1998) 

Stimulatory effect of calcitonin gene-related peptide on adrenocorticotropin release 

from rat anterior pituitary cells. J Neuroendocrinol 10:325-329.

220



Inoue T, Inui A, Okita M, Sakatani N, Oya M, Morioka H, Mizuno N, Oimomi M, 

Baba S (1989) Effect of neuropeptide Y on the hypothalamic-pituitary-adrenal axis in 

the dog. Life Sci 44:1043-1051.

Inoue T, Inui A, Okita M, Sakatani N, Oya M, Morioka H, Mizuno N, Oimomi M, 

Baba S (1990) [The effect of neuropeptide Y on the hypothalamic-pituitary-adrenal 

axis in the dog]. Nippon Naibunpi Gakkai Zasshi 66:607-618.

Itoh S, Hirota R (1983) Inhibitory effect of cholecystokinin octapeptide on vasoactive 

intestinal peptide-induced stimulation of adrenocortical secretion. Jpn J Physiol 

33:301-304.

Itoh S, Hirota R, Katsuura G (1982) Effect of cholecystokinin octapeptide and 

vasoactive intestinal polypeptide on adrenocortical secretion in the rat. Jpn J Physiol 

32:553-560.

Iversen H (2001) Human migraine models. Cephalalgia 21:781-785. 

Jakubowska-Naziemblo B, Antonowicz U, Cannon D, Powell D, Rohde W (1985) 

Immunoreactive substance P and LH-RH content in median eminence and pituitary 

gland during proestrus, oestrus, lactation and after anterior hypothalamic 

deafferentation. Exp Clin Endocrinol 85:155-166.

Jansen I, Uddman R, Hocherman M, Ekman R, Jensen K, Olesen J, Stiemholm P, 

Edvinsson L (1986) Localization and effects of neuropeptide Y, vasoactive intestinal 

polypeptide, substance P, and calcitonin gene-related peptide in human temporal 

arteries. Ann Neurol 20:496-501.

Jansen I, Goadsby PJ, Uddman R, Edvinsson L (1994) Vasoactive intestinal peptide 

(VIP) like peptides in the cerebral circulation. J. Auto. Nerv. Syst:49:S97-S103. 

Jeftinija S, Murase K, Nedeljkov V, Randic M (1982) Vasoactive intestinal 

polypeptide excites mammalian dorsal horn neurons both in vivo and in vitro. Brain 

Res 243:158-164.

Jensen R, Olesen J (1996) Initiating mechanisms of experimentally induced tension- 

type headache. Cephalalgia 16:175-182; discussion 138-179.

Jessop DS, Chowdrey HS, Larsen PJ, Lightman SL (1992) Substance P: 

multifunctional peptide in the hypothalamo-pituitary system? J Endocrinol 132:331- 

337.
Jhee SS, Salazar DE, Ford NF, Fulmor IE, Sramek JJ, Cutler NR (1998) Monitoring 

of acute migraine attacks: placebo response and safety data. Headache 38:35-38.

221



Ji RR, Zhang X, Wiesenfeld-Hallin Z, Hokfelt T (1994) Expression of neuropeptide Y 

and neuropeptide Y (Yl) receptor mRNA in rat spinal cord and dorsal root ganglia 

following peripheral tissue inflammation. J Neurosci 14:6423-6434.

Johansson O, Hokfelt T, Elde RP (1984) Immunohistochemical distribution of 

somatostatin-like immunoreactivity in the central nervous system of the adult rat. 
Neuroscience 13:265-339.

Jones PM, Ghatei MA, Wallis SC, Bloom SR (1994) Differential response of 

neuropeptide Y, substance P and vasoactive intestinal polypeptide in the rat anterior 

pituitary gland to alterations in thyroid hormone status. J Endocrinol 143:393-397. 

Jones PM, O'Halloran DJ, Ghatei MA, Domin J, Bloom SR (1990) The influence of 

adrenal hormone status on neuroendocrine peptides in the rat anterior pituitary gland. 

J Endocrinol 127:437-444.

Ju G (1999) Evidence for direct neural regulation of the mammalian anterior pituitary. 

Clin Exp Pharmacol Physiol 26:757-759.

Ju G, Liu S (1989) The relationship of substance P-immunoreactive nerve fibers to 

thyrotropes and corticotropes in the pars distalis of the anterior pituitaiy in the 

monkey. Neuroscience 32:441-450.

Ju G, Zhang X (1990) An electron microscopic study on substance P-like 

immunoreactive nerve fibers in the pars distalis of the adenohypophysis in the dog. 

Neuroscience 38:503-513.

Ju G, Liu SJ, Ma D (1993) Calcitonin gene-related peptide- and substance P-like- 

immunoreactive innervation of the anterior pituitary in the rat. Neuroscience 54:981- 

989.

Kapicioglu S, Gokce E, Kapicioglu Z, Ovali E (1997) Treatment of migraine attacks 

with a long-acting somatostatin analogue (octreotide, SMS 201-995). Cephalalgia 

17:27-30.

Kato Y, Shimatsu A, Matsushita N, Ohta H, Imura H (1984) Role of vasoactive 

intestinal polypeptide (VIP) in regulating the pituitary function in man. Peptides 

5:389-394.

Kato Y, Chihara K, Ohgo S, Iwasaki Y, Abe H, Imur H (1976) Growth hormone and 

prolactin release by substance P in rats. Life Sci 19:441-446.

Kaube H, Hoskin KL, Goadsby PJ (1993) Inhibition by sumatriptan of central 

trigeminal neurones only after blood-brain barrier disruption. Br J Pharmacol 

109:788-792.

222



Keller JT, Marfurt CF (1991) Peptidergic and serotoninergic innervation of the rat 

dura mater. J Comp Neurol 309:515-534.

Kemper RH, Jeuring M, Meijler WJ, Korf J, Ter Horst GJ (2000) Intracistemal 

octreotide does not ameliorate orthodromic trigeminovascular nociception. 

Cephalalgia 20:114-121.

Kerdelhue B, Williams RF, Lenoir V, Fardin V, Kolm P, Hodgen GD, Jones GS, 

Scholler R, Jones HW, Jr. (2000) Variations in plasma levels of substance P and 

effects of a specific substance P antagonist of the NK(1) receptor on preovulatory LH 

and FSH surges and progesterone secretion in the cycling cynomolgus monkey. 

Neuroendocrinology 71:228-236.

Kitazawa T, Terasaki T, Suzuki H, Kakee A, Sugiyama Y (1998) Efflux of 

taurocholic acid across the blood-brain barrier: interaction with cyclic peptides. J 

Pharmacol Exp Ther 286:890-895.

Kiyama H, Emson PC (1990) Distribution of somatostatin mRNA in the rat nervous 

system as visualized by a novel non-radioactive in situ hybridization histochemistry 

procedure. Neuroscience 38:223-244.

Klimek A (1982) Plasma testosterone levels in patients with cluster headache. 

Headache 22:162-164.

Klimek A (1985) Growth hormone and prolactin levels in the course of 

metoclopramide test in headache patients. Endokrynol Pol 36:19-27.

Klimek A, Durko A, Gluszcz-Zielinska A (1984) Hormonal status in cluster 

headache. In: Clifford Rose Fed Progress in migraine research, pp 215-231. London: 

Pitman.

Klopstock T, May A, Seibel P, Papagiannuli E, Diener HC, Reichmann H (1996) 

Mitochondrial DNA in migraine with aura. Neurology 46:1735-1738.

Knerr I, Schuster S, Nomikos P, Buchfelder M, Dotsch J, Schoof E, Fahlbusch R, 

Rascher W (2001) Gene expression of adrenomedullin, leptin, their receptors and 

neuropeptide Y in hormone-secreting and non-functioning pituitary adenomas, 

meningiomas and malignant intracranial tumours in humans. Neuropathol Appl 

Neurobiol 27:215-222.

Knosp E, Steiner E, Kitz K, Matula C (1993) Pituitary adenomas with invasion of the 

cavernous sinus space: a magnetic resonance imaging classification compared with 

surgical findings. Neurosurgery 33:610-617; discussion 617-618.

223



Korbonits M, Little JA, Forsling ML, Tringali G, Costa A, Navarra P, Trainer PJ, 

Grossman AB (1999) The effect of growth hormone secretagogues and neuropeptide 

Y on hypothalamic hormone release from acute rat hypothalamic explants. J 

Neuroendocrinol 11:521-528.

Koseoglu E, Nacar M, Talaslioglu A, Cetinkaya F (2003) Epidemiological and 

clinical characteristics of migraine and tension type headache in 1146 females in 

Kayseri, Turkey. Cephalalgia 23:381-388.

Kovacs A, Biro E, Szeleczky I, Telegdy G (1995) Role of endogenous CRF in the 

mediation of neuroendocrine and behavioral responses to calcitonin gene-related 

peptide in rats. Neuroendocrinology 62:418-424.

Koves K, Gottschall PE, Gores T, Scammell JG, Arimura A (1990) Presence of 

immunoreactive vasoactive intestinal polypeptide in anterior pituitary of normal male 

and long term estrogen-treated female rats: a light microscopic immunohistochemical 

study. Endocrinology 126:1756-1763.

Krabbe AA, Olesen J (1980) Headache provocation by continuous intravenous 

infusion of histamine. Clinical results and receptor mechanisms. Pain 8:253-259. 

Kruk MR, Van der Poel AM, Meelis W, Hermans J, Mostert PG, Mos J, Lohman AH

(1983) Discriminant analysis of the localization of aggression-inducing electrode 

placements in the hypothalamus of male rats. Brain Res 260:61-79.

Kruszewski P (1992) Shortlasting, unilateral, neuralgiform headache attacks with 

conjunctival injection and tearing (SUNCT syndrome): V. Orbital phlebography. 

Cephalalgia 12:387-389.

Kudrow L (1976) Plasma testosterone levels in cluster headache preliminary results. 

Headache 16:28-31.

Kudrow L (1977) Plasma testosterone and LH levels in cluster headache. Headache 

17:91-92.

Kupfermann I (1985) Hypothalamus and limbic system II: motivation. In: Principles 

of Neural Science (Kandel ER, Schwatrz JH, eds), pp 626-635. Amsterdam: Elsevier. 

Lake AE, 3rd, Saper JR (2002) Chronic headache: New advances in treatment 

strategies. Neurology 59:S8-13.

Lam KS (1991) Vasoactive intestinal peptide in the hypothalamus and pituitary. 

Neuroendocrinology 53 Suppl 1:45-51.

224



Lam KS, Srivastava G, Lechan RM, Lee T, Reichlin S (1990) Estrogen regulates the 

gene expression of vasoactive intestinal peptide in the anterior pituitary. 

Neuroendocrinology 52:417-421.

Lance J, Goadsby P (1998) Mechanism and Managment of Headache, pp 1-7. Oxford: 
Butterworth Heinemann.

Lancranjan I, Atkinson AB (1999) Results of a European multicentre study with 

Sandostatin LAR in acromegalic patients. Sandostatin LAR Group. Pituitary 1:105- 

114.

Lanneau C, Viollet C, Faivre-Bauman A, Loudes C, Kordon C, Epelbaum J, Gardette 

R (1998) Somatostatin receptor subtypes sstl and sst2 elicit opposite effects on the 

response to glutamate of mouse hypothalamic neurones: an electrophysiological and 

single cell RT-PCR study. Eur J Neurosci 10:204-212.

Larsen PJ, Mikkelsen JD, Saermark T (1989) Binding of a iodinated substance P 

analog to a NK-1 receptor on isolated cell membranes from rat anterior pituitary. 

Endocrinology 124:2548-2557.

Larsen PJ, Saermark T, Mau SE (1992) Binding of an iodinated substance P analogue 

to cultured anterior pituitary prolactin- and luteinizing hormone-containing cells. J 

Histochem Cytochem 40:487-493.

Larsen PJ, Jessop D, Patel H, Lightman SL, Chowdrey HS (1993) Substance P 

inhibits the release of anterior pituitary adrenocorticotrophin via a central mechanism 

involving corticotrophin-releasing factor-containing neurons in the hypothalamic 

paraventricular nucleus. J Neuroendocrinol 5:99-105.

Lassen LH, Thomsen LL, Olesen J (1995) Histamine induces migraine via the HI- 

receptor. Support for the NO hypothesis of migraine. Neuroreport 6:1475-1479. 

Lazarov N, Chouchkov C (1990) Localization of somatostatin-like immunoreactive 

fibres in the trigeminal principal sensory nucleus of the cat. Acta Histochem 89:91-97. 

Le Greves P, Nyberg F, Terenius L, Hokfelt T (1985) Calcitonin gene-related peptide 

is a potent inhibitor of substance P degradation. Eur J Pharmacol 115:309-311.

Lee AH (1990) Pituitary adenoma causing classical migraine. Br J Neurosurg 4:347- 

348.
Leone M, Bussone G (1993) A review of hormonal findings in cluster headache. 

Evidence for hypothalamic involvement. Cephalalgia 13:309-317.

225



Leone M, Franzini A, Bussone G (2001) Stereotactic stimulation of posterior 

hypothalamic gray matter in a patient with intractable cluster headache. N Engl J Med 

345:1428-1429.

Leone M, Patruno G, Vescovi A, Bussone G (1990) Neuroendocrine dysfunction in 

cluster headache. Cephalalgia 10:235-239.

Leone M, Zappacosta BM, Valentini S, Colangelo AM, Bussone G (1991) The insulin 

tolerance test and the ovine corticotrophin-releasing hormone test in episodic cluster 

headache. Cephalalgia 11:269-274.

Leone M, Frediani F, D'Amico D, Patruno G, Valentini S, Parati EA, Bussone G

(1992) Dexamethasone suppression test, melatonin and TRH-test in cluster headache. 

Ital J Neurol Sci 13:227-232.

Levy D, Strassman AM (2002) Mechanical response properties of A and C primary 

afferent neurons innervating the rat intracranial dura. J Neurophysiol 88:3021-3031. 

Levy MJ, Matharu MS, Goadsby PJ (2003a) Prolactinomas, dopamine agonists and 

headache: two case reports. Eur J Neurol 10:169-173.

Levy MJ, Barakat M, Bejon P, Goadsby P, Meeran K (2003b) Acromegaly: a unique 

human headache model? Headache 43 (7): 794-798.

Levy, MJ, Classey J, Maneesri S, Powell M, Meeran K, Goadsby PJ (2003c). 

Differential expression of CGRP and substance P in pituitary adenomas: in search of a 

nociceptive peptide. Cephalalgia 23: 687. Abstract P4M13.

Levy MJ, Matharu MS, Powell M, Meeran K, Goadsby PJ (2003d). Phenotypic 

presentation of the headache associated with pitutiary tumours. Cephalalgia 23: 621. 

Abstract P2D6.

Levy MJ, Matharu MS, Bhola R, Lightman S, Goadsby PJ (2003e) Somatostatin 

infusion withdrawal: a study of patients with migraine, cluster headache and healthy 

volunteers. Pain 102:235-241.

Levy MJ, Matharu MS, Jager HR, Powell M, Goadsby PJ (2004a) Pituitary volume 

and headache; size is not important. Archives of Neurology 61(5):721-5 

Levy MJ & Goadsby PJ (2004b) Octreotide dependency: a cautionary tale. Society for 

Endocrinology Endocrine Abstracts 7; PI 10

Lipchik GL, Holroyd KA, O'Donnell FJ, Cordingley GE, Waller S, Labus J, Davis 

MK, French DJ (2000) Exteroceptive suppression periods and pericranial muscle 

tenderness in chronic tension-type headache: effects of psychopathology, chronicity 

and disability. Cephalalgia 20:638-646.

226



Lipton RB, Stewart WF, Cady R, Hall C, O'Quinn S, Kuhn T, Guttem D (2000) 2000 

Wolfe Award. Sumatriptan for the range of headaches in migraine sufferers: results of 

the Spectrum Study. Headache 40 (10): 783-91.

Lipton RB, Stewart WF, Sawyer J, Edmeads JG (2001) Clinical utility of an 

instrument assessing migraine disability: the migraine disability assessment (MIDAS) 
questionnaire. Headache 41:854-861.

Lipton RB, Scher AI, Kolodner K, Liberman J, Steiner TJ, Stewart WF (2002) 

Migraine in the United States: epidemiology and patterns of health care use. 

Neurology 58(6):885-94.

Liu S (1995) Electron microscopic observation of substance P-like immunoreactive 

nerve fibres and innervation in the anterior pituitary of macaques. Eur J Neurosci 

7:1664-1673.

Liu S, Gao J (1998) The relationship of galanin immunoreactive nerve fibers to 

glandular cells in the anterior pituitary in the monkey. Brain Res 781:112-118.

Lumb BM (2002) Inescapable and escapable pain is represented in distinct 

hypothalamic-midbrain circuits: specific roles for Adelta- and C-nociceptors. Exp 

Physiol 87:281-286.

Lundin P, Pedersen F (1992) Volume of pituitary macroadenomas: assessment by 

MRI. J Comput Assist Tomogr 16:519-528.

MacGregor EA (1997) Menstruation, sex hormones, and migraine. Neurol Clin 

15:125-141.

Malick A, Strassman RM, Burstein R (2000) Trigeminohypothalamic and 

reticulohypothalamic tract neurons in the upper cervical spinal cord and caudal 

medulla of the rat. J Neurophysiol 84:2078-2112.

Manzoni GC, Micieli G, Granella F, Tassorelli C, Zanferrari C, Cavallini A (1991) 

Cluster headache—course over ten years in 189 patients Cephalalgia 11:169-174. 

Manzoni GC, Terzano MG, Bono G et al. (1983) Cluster headache - clinical findings 

in 180 patients. Cephalalgia;3:21-30

Massiou H, Launay JM, Levy C, El Amrani M, Emperauger B, Bousser MG (2002) 

SUNCT syndrome in two patients with prolactinomas and bromocriptine-induced 

attacks. Neurology 58:1698-1699.

Matharu MS, Levy M, Merry R, Goadsby P (2003) SUNCT syndrome secondary to 

prolactinoma. J Neurol Neurosurg Psychiatry 74 (11): 1590-2.

227



Matharu MS, Bartsch T, Ward N, Frackowiak RS, Weiner R, Goadsby P (2004) 

Central modulation in chronic migraine with implanted suboccipital stimulators. Brain 
127:220-30.

Matharu MS, Goadsby PJ (2002) Trigeminal autonomic cephalgias. J Neurol 

Neurosurg Psychiatry 72 Suppl 2:iil9-ii26.

Mathew NT, Stubits E, Nigam MP (1982) Transformation of episodic migraine into 

daily headache: analysis of factors. Headache 22:66-68.

Matsubara T, Moskowitz MA, Huang Z (1992) UK-14,304, R(-)-alpha-methyl- 

histamine and SMS 201-995 block plasma protein leakage within dura mater by 

prejunctional mechanisms. Eur J Pharmacol 224:145-150.

Matsushita N, Kato Y, Katakami H, Shimatsu A, Yanaihara N, Imura H (1981) 

Stimulation of growth hormone release by vasoactive intestinal polypeptide from 

human pituitary adenomas in vitro. J Clin Endocrinol Metab 53:1297-1300. 

Matsushita N, Kato Y, Shimatsu A, Katakami H, Yanaihara N, Imura H (1983) 

Effects of VIP, TRH, GABA and dopamine on prolactin release from superfused rat 

anterior pituitary cells. Life Sci 32:1263-1269.

Mau SE (1997) Effects of withdrawal of dopamine on translocation of protein kinase 

C isozymes and prolactin secretion in rat lactotroph-enriched pituitary cells. 

Modulation of substance P-mediated responses. J Mol Endocrinol 18:181-191. 

Maurer R, Gaehwiler BH, Buescher HH, Hill RC, Roemer D (1982) Opiate 

antagonistic properties of an octapeptide somatostatin analog. Proc Natl Acad Sci U S 

A 79:4815-4817.

May A, Lederbogen S, Diener HC (1994) Octreotide dependency and headache: a 

case report. Cephalalgia 14:303-304.

May A, Bahra A, Buchel C, Frackowiak RS, Goadsby PJ (1998a) Hypothalamic 

activation in cluster headache attacks. Lancet 352:275-278.

May A, Kaube H, Buchel C, Eichten C, Rijntjes M, Juptner M, Weiller C, Diener HC 

(1998b) Experimental cranial pain elicited by capsaicin: a PET study. Pain 74:61-66. 

May A, Ashbumer J, Buchel C, McGonigle DJ, Friston KJ, Frackowiak RS, Goadsby 

PJ (1999a) Correlation between structural and functional changes in brain in an 

idiopathic headache syndrome. Nat Med 5:836-838.

May A, Bahra A, Buchel C, Turner R, Goadsby PJ (1999b) Functional magnetic 

resonance imaging in spontaneous attacks of SUNCT: short-lasting neuralgiform 

headache with conjunctival injection and tearing. Ann Neurol 46:791-794.

228



McCarthy LC, Hosford DA, Riley JH, Bird Ml, White NJ, Hewett DR, Peroutka SJ, 

Griffiths LR, Boyd PR, Lea RA, Bhatti SM, Hosking LK, Hood CM, Jones KW, 

Handley AR, Rallan R, Lewis KF, Yeo AJ, Williams PM, Priest RC, Khan P, 

Donnelly C, Lumsden SM, O'Sullivan J, See CG, Smart DH, Shaw-Hawkins S, Patel 

J, Langrish TC, Feniuk W, Knowles RG, Thomas M, Libri V, Montgomery DS, 

Manasco PK, Xu CF, Dykes C, Humphrey PP, Roses AD, Purvis IJ (2001) Single

nucleotide polymorphism alleles in the insulin receptor gene are associated with 

typical migraine. Genomics 78:135-149.

McDonald JK, Lumpkin MD, Samson WK, McCann SM (1985) Neuropeptide Y 

affects secretion of luteinizing hormone and growth hormone in ovariectomized rats. 

Proc Natl Acad Sci U S A 82:561-564.

Mellado ML, Gibert-Rahola J, Lagares R, Chover A (1993) Dual actions of central 

NPY on nociception in mice. In: Neuropeptide Y: Meetings Proceedings, Cambridge, 

UK.

Melzig MF, Papsdorf G, Putscher I, Winkler A, Siems WE (1998) Inhibition of 

corticotropin releasing factor (CRF)-induced adrenocorticotropin (ACTH) secretion in 

pituitary corticotropic cells by substance P. Pharmazie 53:569-572.

Mengod G, Rigo M, Savasta M, Probst A, Palacios JM (1992) Regional distribution 

of neuropeptide somatostatin gene expression in the human brain. Synapse 12:62-74. 

Merikangas KR (1990) Genetic epidemiology of migraine and other headaches. In: A 

spectrum of ideas (Sandler M, Collins GM, eds), pp 40-47. Oxford: Oxford University 

Press.

Merikangas KR (1996) Genetics of migraine and other headache. Curr Opin Neurol 

9:202-205.

Meyer DK, Conzelmann U, Schultheiss K (1989) Effects of somatostatin-14 on the in 

vitro release of [3HJGABA from slices of rat caudatoputamen. Neuroscience;28:61- 

68

Michalkiewicz M, Suzuki M, Kato M (1987) Evidence for a synergistic effect of 

somatostatin on vasoactive intestinal polypeptide-induced prolactin release in the rat: 

comparison with its effect on thyrotropin (TSH)-releasing hormone-stimulated TSH 

release. Endocrinology 121:371-377.

Micieli G, Facchinetti F, Martignoni E, Manzoni GC, Cleva M, Nappi G (1987) 

Disordered pulsatile LH release in cluster headache. Cephalalgia 7 Suppl 6:79-81.

229



Millan-Guerrero RO, Isais-Cardenas MA (1999) Headache associated with pituitary 

adenomas. Headache 39:522-523.

Milos P, Havelius U, Hindfelt B (1996) Clusterlike headache in a patient with a 

pituitary adenoma. With a review of the literature. Headache 36:184-188.

Minguzzi E, Cevoli S, Pierangeli G, Cortelli P, Montagna P, Canali C (2003). Cluster 

headache associated with pituitary prolactinoma. Cephalalgia 23: 669.Abstract 

P4L12.

Mitsuma T, Nogimori T, Chaya M (1984) Effects of vasoactive intestinal polypeptide 

on hypothalamic-pituitary-thyroid axis in rats. Endocrinol Exp 18:93-100.

Mogilnicka E, Klimek V (1977) Drugs affecting dopamine neurons and yawning 

behavior. Pharmacol Biochem Behav 7:303-305.

Moreno MJ, Abounader R, Hebert E, Doods H, Hamel E (2002) Efficacy of the non

peptide CGRP receptor antagonist BIBN4096BS in blocking CGRP-induced dilations 

in human and bovine cerebral arteries: potential implications in acute migraine 

treatment. Neuropharmacology 42:568-576.

Morrison CD, Daniel JA, Hampton JH, Buff PR, McShane TM, Thomas MG, Keisler 

DH (2003) Luteinizing hormone and growth hormone secretion in ewes infused 

intracerebroventricularly with neuropeptide Y. Domest Anim Endocrinol 24:69-80. 

Moskowitz MA (1988) Cluster Headache - evidence for a pathophysiologic focus in 

the superior pericarotid cavernous sinus plexus. Headache;28:584-586.

Moura EG, Santos CV, Santos RM, Pazos-Moura CC (1999) Interaction between 

substance P and gastrin-releasing peptide on thyrotropin secretion by rat pituitary in 

vitro. Braz J Med Biol Res 32:1155-1160.

Mueller AL, Kunkel DD, Schwartzkroin PA (1986) Electrophysiological actions of 

somatostatin (SRIF) in hippocampus: an in vitro study. Cell Mol Neurobiol 6:363- 

379.

Murialdo G, Polleri A (1987) Prolactin and migraine. Headache 27:278-279.

Murialdo G, Martignoni E, De Maria A, Bonura ML, Sances G, Bono G, Polleri A 

(1986) Changes in the dopaminergic control of prolactin secretion and in ovarian 

steroids in migraine. Cephalalgia 6:43-49.

Murialdo G, Fanciullacci M, Nicolodi M, Filippi U, De Palma D, Sicuteri F, Polleri A 

(1989) Cluster headache in the male: sex steroid pattern and gonadotropic response to 

luteinizing hormone releasing hormone. Cephalalgia 9:91-98.

230



Musolino NR, Marino Junior R, Bronstein MD (1990) Headache in acromegaly: 

dramatic improvement with the somatostatin analogue SMS 201-995. Clin J Pain 

6:243-245.

Nakamura Y, Shimatsu A, Murabe H, Mizuta H, Ihara C, Nakao K (1998) Calcitonin 

gene-related peptide (CGRP) as a GH secretagogue in rat and human pituitary tumoral 

cells. Endocr J 45 Suppl:S89-91.

Nappi G, Sandrini G, Sances G (2003) Tolerability of the triptans: clinical 

implications. Drug Saf 26:93-107.

Narbone MC, D'Amico D, Di Maria F, Arena MG, Longo M (1991) Cluster-like 

headache and a median intracranial calcified lesion: case report. Headache 31:684- 

685.

Nattero G, Como M, Savi L, Isaia GC, Priolo C, Mussetta M (1986) Prolactin and 

migraine: effect of L-dopa on plasma prolactin levels in migraineurs and normals. 

Headache 26:9-12.

Nelson RF (1978) Testosterone levels in cluster and non-cluster migrainous headache 

patients. Headache 18:265-267.

Neri I, Granella F, Nappi R, Manzoni GC, Facchinetti F, Genazzani AR (1993) 

Characteristics of headache at menopause: a clinico-epidemiologic study. Maturitas 

17:31-37.

Netter F (1965) Endocrine system and selected metabolic diseases. In: The CIBA 

Collection of medical illustrations (Foresham P, ed), pp 6-7. New York.

Netti C, Guidobono F, Sibilia V, Pagani F, Braga PC, Pecile A (1989) Evidence of a 

central inhibition of growth hormone secretion by calcitonin gene-related peptide. 

Neuroendocrinology 49:242-247.

Newman CB, Melmed S, Snyder PJ, Young WF, Boyajy LD, Levy R, Stewart WN, 

Klibanski A, Molitch ME, Gagel RF (1995) Safety and efficacy of long-term 

octreotide therapy of acromegaly: results of a multicenter trial in 103 patients-a 

clinical research center study. J Clin Endocrinol Metab 80:2768-2775.

Newman CB, Melmed S, George A, Torigian D, Duhaney M, Snyder P, Young W, 

Klibanski A, Molitch ME, Gagel R, Sheeler L, Cook D, Malarkey W, Jackson I, 

Vance ML, Barkan A, Frohman L, Kleinberg DL (1998) Octreotide as primary 

therapy for acromegaly. J Clin Endocrinol Metab 83:3034-3040.

231



Nicholson SA, Adrian TE, Gillham B, Jones MT, Bloom SR (1984) Effect of 

hypothalamic neuropeptides on corticotrophin release from quarters of rat anterior 

pituitary gland in vitro. J Endocrinol 100:219-226.

Nicolodi M, Del Bianco E (1990) Sensory neuropeptides (substance P, calcitonin 

gene-related peptide) and vasoactive intestinal polypeptide in human saliva: their 

pattern in migraine and cluster headache. Cephalalgia 10:39-50.

Nicolodi M, Sicuteri F, Poggioni M (1993a) Hypothalamic modulation of nociception 

and reproduction in cluster headache. II. Testosterone-induced increase of sexual 

activity in males with cluster headache. Cephalalgia 13:258-260.

Nicolodi M, Sicuteri F, Poggioni M (1993b) Hypothalamic modulation of nociception 

and reproduction in cluster headache. I. Therapeutic trials of leuprolide. Cephalalgia 

13:253-257.

Nicosia S, Spada A, Borghi C, Cortelazzi L, Giannattasio G (1980) Effects of 

vasoactive intestinal polypeptide (VIP) in human prolactin (PRL) secreting pituitary 

adenomas. Stimulation of PRL release and activation of adenylate cyclase. FEBS Lett 

112:159-162.

Noguchi K, Senba E, Morita Y, Sato M, Tohyama M (1989) Prepro-VIP and 

preprotachykinin mRNAs in the rat dorsal root ganglion cells following peripheral 

axotomy. Brain Res Mol Brain Res 6:327-330.

Norman B, Panebianco D, Block G (1998) A placebo-controlled, in-clinic study to 

explore the preliminary safety and efficacy of intravenous L-758, 298 (a prodrug of 

the NK.1 receptor antagonist L-754, 030) in the acute treatment of migraine. 

Cephalalgia 18: 407.

Nussdorfer GG, Malendowicz LK. (1998) Role of VIP, PACAP, and related peptides 

in the regulation of the hypothalamo-pituitary-adrenal axis. Peptides 19:1443-1467. 

Nyholt DR, Curtain RP, Griffiths LR (2000) Familial typical migraine: significant 

linkage and localization of a gene to Xq24-28. Hum Genet 107:18-23.

Oka H, Jin L, Reubi JC, Qian X, Scheithauer BW, Fujii K, Kameya T, Lloyd RV 

(1998) Pituitary adenylate-cyclase-activating polypeptide (PACAP) binding sites and 

PACAP/vasoactive intestinal polypeptide receptor expression in human pituitary 

adenomas. Am J Pathol 153:1787-1796.

Olesen J, Diener HC, Husstedt IW, Goadsby PJ, Hall D, Meier U, Pollentier S, Lesko 

LM (2004) BIBN 4096 BS Clinical Proof of Concept Study Group. N Engl J Med 350 

(11): 1104-10.

232



Ophoff RA, Terwindt GM, Vergouwe MN, van Eijk R, Oefher PJ, Hoffman SM, 

Lamerdin JE, Mohrenweiser HW, Bulman DE, Ferrari M, Haan J, Lindhout D, van 

Ommen GJ, Hofker MH, Ferrari MD, Frants RR (1996) Familial hemiplegic migraine 

and episodic ataxia type-2 are caused by mutations in the Ca2+ channel gene 

CACNL1A4. Cell 87:543-552.

O’Shaughnessy CT, Connor HE (1994) Investigation of the role of tachykinin NK1, 

NK2 receptors and CGRP receptors in neurogenic plasma protein extravasation in 

dura mater. Eur J Pharmacol 263:193-198

Otsuka F, Kageyama J, Ogura T, Makino H (1998) Cluster headache dependent upon 

octreotide injection. Headache 38:629.

Otsuka M, Yoshioka K (1993) Neurotransmitter functions of mammalian tachykinins. 

Physiol Rev 73:229-308.

Palkovits M (1999) Interconnections between the neuroendocrine hypothalamus and 

the central autonomic system. Geoffrey Harris Memorial Lecture, Kitakyushu, Japan, 

October 1998. Front Neuroendocrinol 20:270-295.

Panksepp J (1971) Aggression elicited by electrical stimulation of the hypothalamus 

in albino rats. Physiol Behav 6:321-329.

Parati EA, Zanardi P, Cocchi D, Caraceni T, Muller EE (1980) Neuroendocrine 

effects of quipazine in man in health state or with neurological disorders. J Neural 

Transm 47:273-297.

Pareja JA, Shen JM, Kruszewski P, Caballero V, Pamo M, Sjaastad O (1996) SUNCT 

syndrome: duration, frequency, and temporal distribution of attacks. Headache 

36:161-165.

Pareja JA, Sjaastad O (1997) SUNCT syndrome. A clinical review. Headache 37:195- 

202.

Pareja JA, Kruszewski P, Caminero AB (1999) SUNCT syndrome versus idiopathic 

stabbing headache (jabs and jolts syndrome). Cephalalgia 19 Suppl 25:46-48.

Pareja JA, Antonaci F, Vincent M (2001) The hemicrania continua diagnosis. 

Cephalalgia 21:940-946.

Pascual J (2000) Headache relief after sumatriptan in a patient with pituitary 

macroadenoma. Headache 40:399-400.

Pascual J, Freijanes J, Berciano J, Pesquera C (1991) Analgesic effect of octreotide in 

headache associated with acromegaly is not mediated by opioid mechanisms. Case 

report. Pain 47:341-344.

233



Patel YC, Srikant CB (1994) Subtype selectivity of peptide analogs for all five cloned 

human somatostatin receptors (hsstr 1-5). Endocrinology 135:2814-2817.

Pearce, J., Insulin induced hypoglycaemia in migraine, J. Neurol. Neurosurg. 

Psychiatry, 34 (1971) 154-156.

Peineau S, Potier B, Petit F, Doumaud P, Epelbaum J, Gardette R (2003) AMPA-sst2 

somatostatin receptor interaction in rat hypothalamus requires activation of NMD A 

and/or metabotropic glutamate receptors and depends on intracellular calcium. J 

Physiol 546:101-117.

Pelton JT, Gulya K, Hruby VJ, Duckies SP, Yamamura HI (1985) Conformationally 

restricted analogs of somatostatin with high mu-opiate receptor specificity. Proc Natl 

Acad Sci U S A 82:236-239.

Pelton JT, Gulya K, Hruby VJ, Duckies S, Yamamura HI (1985) Somatostatin 

analogs with affinity for opiate receptors in rat brain binding assay. Peptides 6 Suppl 

1:159-163.

Penn RD, Paice JA, Kroin JS (1992) Octreotide: a potent new non-opiate analgesic 

for intrathecal infusion. Pain 49:13-19.

Peres MF, Siow HC, Rozen TD (2002) Hemicrania continua with aura. Cephalalgia 

22:246-248.

Peres MF, del Rio MS, Seabra ML, Tufik S, Abucham J, Cipolla-Neto J, Silberstein 

SD, Zukerman E (2001) Hypothalamic involvement in chronic migraine. J Neurol 

Neurosurg Psychiatry 71:747-751.

Peroutka SJ (1997) Dopamine and migraine. Neurology 49:650-656.

Peroutka SJ, Wilhoit T, Jones K (1997) Clinical susceptibility to migraine with aura is 

modified by dopamine D2 receptor (DRD2) Ncol alleles. Neurology 49:201-206. 

Perry KJ, Quiza M, Myers DE, Morfis M, Christopoulos G, Sexton PM (1997) 

Characterization of amylin and calcitonin receptor binding in the mouse alpha- 

thyroid-stimulating hormone thyrotroph cell line. Endocrinology 138:3486-3496. 

Petersenn S (2002) Growth hormone secretagogues and ghrelin: an update on 

physiology and clinical relevance. Horm Res 58 Suppl 3:56-61.

Pfeiffer M, Koch T, Schroder H, Laugsch M, Hollt V, Schulz S (2002) 

Heterodimerization of somatostatin and opioid receptors cross-modulates 

phosphorylation, internalization, and desensitization. J Biol Chem 277:19762-19772.

234



Picanco-Diniz DL, Valenca MM, Franci CR, Antunes-Rodrigues J (1990) Role of 

substance P in the medial preoptic area in the regulation of gonadotropin and prolactin 

secretion in normal or orchidectomized rats. Neuroendocrinology 51:675-682.

Pilgrim AJ (1991) Methodology of clinical trials of sumatriptan in migraine and 

cluster headache. Eur Neurol 31:295-299.

Pittman QJ, Siggins GR (1981) Somatostatin hyperpolarizes hippocampal pyramidal 

cells in vitro. Brain Res 221:402-408.

Plockinger U, Dienemann D, Quabbe HJ (1990) Gastrointestinal side-effects of 

octreotide during long-term treatment of acromegaly. J Clin Endocrinol Metab 

71:1658-1662.

Polak J, Van Noorden S (1987) Introduction to Immunocytochemistry, 2 Edition. 

Oxford: Bios Scientific Publishers Limited.

Polleri A, Nappi G, Murialdo G, Bono G, Martignoni E, Savoldi F (1982) Changes in 

the 24-hour prolactin pattern in cluster headache. Cephalalgia 2:1-7.

Polley JS, Gaskin PJ, Perren MJ, Connor HE, Ward P, Beattie DT (1997) The activity 

of GR205171, a potent non-peptide tachykinin NK1 receptor antagonist, in the 

trigeminovascular system. Regul Pept 68:23-29.

Popovic V, Paunovic VR, Micic D, Nesovic M, Kendereski A, Djordjevic P, 

Manojlovic D, Micic J (1988) The analgesic effect and development of dependency to 

somatostatin analogue (octreotide) in headache associated with acromegaly. Horm 

Metab Res 20:250-251.

Porta-Etessam J, Ramos-Carrasco A, Berbel-Garcia A, Martinez-Salio A, Benito- 

Leon J (2001) Clusterlike headache as first manifestation of a prolactinoma. Headache 

41:723-725.

Protais P, Dubuc I, Costentin J (1983) Pharmacological characteristics of dopamine 

receptors involved in the dual effect of dopamine agonists on yawning behaviour in 

rats. Eur J Pharmacol 94:271-280.

Prysor-Jones RA, Silverlight JJ, Jenkins JS, Stevens AN, Rodrigues JL, Griffiths JR 

(1984) VIP enhances TRH-stimulated prolactin secretion of pituitary tumours. Studies 

with 31PNMR. FEBS Lett 177:71-75.

Ramadan NM (2001) Acute treatments: future developments. Curr Med Res Opin 17 

Suppl l:s81-86.
Rasmussen BK, Olesen J (1992) Migraine with aura and migraine without aura: an 

epidemiological study. Cephalalgia 12:221-228; discussion 186.

235



Regoli D, Boudon A, Fauchere JL (1994) Receptors and antagonists for substance P 

and related peptides. Pharmacol Rev 46:551-599.

Rezek M, Havlicek V, Leybin L, LaBella FS, Friesen H (1978) Opiate-like naloxone- 

reversible actions of somatostatin given intracerebrally. Can J Physiol Pharmacol 

56:227-231.

Ribeiro-da-Silva A, Hokfelt T (2000) Neuroanatomical localisation of Substance P in 

the CNS and sensory neurons. Neuropeptides 34:256-271.

Rivier C, Brown M, Vale W (1977) Effect of neurotensin, substance P and morphine 

sulfate on the secretion of prolactin and growth hormone in the rat. Endocrinology 

100:751-754.

Rodriguez-Sierra JF, Jacobowitz DM, Blake CA (1987) Effects of neuropeptide Y on 

LH, FSH and TSH release in male rats. Peptides 8:539-542.

Roeling TA, Kruk MR, Schuurmans R, Veening JG (1993) Behavioural responses of 

bicucculline methiodide injections into the ventral hypothalamus of freely moving, 

socially interacting rats. Brain Res 615:121-127.

Roth KA, Krause JE (1990) Substance-P is present in a subset of thyrotrophs in the 

human pituitary. J Clin Endocrinol Metab 71:1089-1095.

Rotsztejn WH, Benoist L, Besson J, Beraud G, Bluet-Pajot MT, Kordon C, Rosselin 

G, Duval J (1980) Effect of vasoactive intestinal peptide (VIP) on the release of 

adenohypophyseal hormones from purified cells obtained by unit gravity 

sedimentation. Inhibition by dexamethasone of vip-induced prolactin release. 

Neuroendocrinology 31:282-286.

Russell MB, Rasmussen BK, Fenger K, Olesen J (1996) Migraine without aura and 

migraine with aura are distinct clinical entities: a study of four hundred and eighty- 

four male and female migraineurs from the general population. Cephalalgia 16:239- 

245.
Russell MB, Ulrich V, Gervil M, Olesen J (2002) Migraine without aura and migraine 

with aura are distinct disorders. A population-based twin survey. Headache 42:332- 

336.
Sabatini U, Rascol O, Rascol A, Montastruc JL (1990) Migraine attacks induced by 

subcutaneous apomorphine in two migrainous parkinsonian patients. Clin 

Neuropharmacol 13:264-267.

236



Sahu A, Kalra SP (1998) Absence of increased neuropeptide Y neuronal activity 

before and during the luteinizing hormone (LH) surge may underlie the attenuated 

preovulatory LH surge in middle-aged rats. Endocrinology 139:696-702.

Sahu A, Crowley WR, Kalra SP (1995) Evidence that hypothalamic neuropeptide Y 

gene expression increases before the onset of the preovulatory LH surge. J 

Neuroendocrinol 7:291-296.

Sahu A, Crowley WR, Tatemoto K, Balasubramaniam A, Kalra SP (1987) Effects of 

neuropeptide Y, NPY analog (norleucine4-NPY), galanin and neuropeptide K on LH 

release in ovariectomized (ovx) and ovx estrogen, progesterone-treated rats. Peptides 

8:921-926.

Samsam M, Covenas R, Yajeya J, Ahangari R, Narvaez JA, Montes-Gonzalo MC, 

Gonzalez-Baron S (2002) [Implication of the neuropeptides methionine enkephalin, 

neurotensin and somatostatin of the caudal trigeminal nucleus in the experimental 

migraine]. Rev Neurol 34:724-729.

Sandler LM, Burrin JM, Williams G, Joplin GF, Carr DH, Bloom SR (1987) Effective 

long-term treatment of acromegaly with a long-acting somatostatin analogue (SMS 

201-995). Clin Endocrinol (Oxf) 26:85-95.

Santoro G, Bemasconi F, Sessa F, Venco A (1990) Premonitory symptoms in 

migraine without aura: a clinical investigation. Funct Neurol 5:339-344.

Saveanu A, Lavaque E, Gunz G, Barlier A, Kim S, Taylor JE, Culler MD, Enjalbert 

A, Jaquet P (2002) Demonstration of enhanced potency of a chimeric somatostatin- 

dopamine molecule, BIM-23A387, in suppressing growth hormone and prolactin 

secretion from human pituitary somatotroph adenoma cells. J Clin Endocrinol Metab 

87:5545-5552.

Sawangjaroen K, Anderson ST, Curlewis JD (1997) Effects of pituitary adenylate 

cyclase-activating polypeptide (PACAP) and vasoactive intestinal polypeptide (VIP) 

on hormone secretion from sheep pituitary cells in vitro. J Neuroendocrinol 9:279- 

286.
Schaer JC, Waser B, Mengod G, Reubi JC (1997) Somatostatin receptor subtypes 

sstl, sst2, sst3 and sst5 expression in human pituitary, gastroentero-pancreatic and 

mammary tumors: comparison of mRNA analysis with receptor autoradiography. Int J 

Cancer 70:530-537.

Schindler M, Humphrey PP, Emson PC (1996) Somatostatin receptors in the central 

nervous system. Prog Neurobiol 50:9-47.

237



Schindler M, Sellers LA, Humphrey PP, Emson PC (1997) Immunohistochemical 

localization of the somatostatin SST2(A) receptor in the rat brain and spinal cord. 

Neuroscience 76:225-240.

Schindler M, Holloway S, Hathway G, Woolf CJ, Humphrey PP, Emson PC (1998) 

Identification of somatostatin sst2(a) receptor expressing neurones in central regions 

involved in nociception. Brain Res 798:25-35.

Schmidt K, Althoff PH, Harris AG, Prestele H, Schumm-Draeger PM, Usadel KH 

(1993) Analgesic effect of the somatostatin analogue octreotide in two acromegalic 

patients: a double-blind study with long-term follow-up. Pain 53:223-227.

Schmidt M, Scheidhauer K, Luyken C, Voth E, Hildebrandt G, Klug N, Schicha H 

(1998) Somatostatin receptor imaging in intracranial tumours. Eur J Nucl Med 

25:675-686.

Scotti G, Yu CY, Dillon WP, Norman D, Colombo N, Newton TH, De Groot J, 

Wilson CB (1988) MR imaging of cavernous sinus involvement by pituitary 

adenomas. AJR Am J Roentgenol 151:799-806.

Selmer I, Schindler M, Allen JP, Humphrey PP, Emson PC (2000) Advances in 

understanding neuronal somatostatin receptors. Regul Pept 90:1-18.

Serra G, Collu M, Gessa GL (1986) Dopamine receptors mediating yawning: are they 

autoreceptors? Eur J Pharmacol 120:187-192.

Shah AK, Freij W (1999) Dramatic headache relief after sumatriptan in a patient with 

a pituitary macroadenoma. Headache 39:443-445.

Shah GV, Epand RM, Orlowski RC (1988) Calcitonin inhibition of prolactin secretion 

in isolated rat pituitary cells. J Endocrinol 116:279-286.

Sharma S, Prasad A, Nehru R, Anand KS, Rishi RK, Chaturvedi S, Bapna JS, Sharma 

DR (2002) Efficacy and tolerability of prochlorperazine buccal tablets in treatment of 

acute migraine. Headache 42:896-902.

Shepheard SL, Williamson DJ, Williams J, Hill RG, Hargreaves RJ (1995) 

Comparison of the effects of sumatriptan and the NK1 antagonist CP-99,994 on 

plasma extravasation in Dura mater and c-fos mRNA expression in trigeminal nucleus 

caudalis of rats. Neuropharmacology 34(3):255-61.

Shimatsu A, Kato Y, Ohta H, Tojo K, Kabayama Y, Inoue T, Yanaihara N, Imura H

(1984) Involvement of hypothalamic vasoactive intestinal polypeptide (VIP) in 

prolactin secretion induced by serotonin in rats. Proc Soc Exp Biol Med 175:414-416.

238



Shimon I, Melmed S (1997) Structure and function of somatostatin receptors in 

growth hormone control. J Endocrinol 155 Suppl l:S3-6; discussion S7-8.

Shimon I, Yan X, Taylor JE, Weiss MH, Culler MD, Melmed S (1997) Somatostatin 

receptor (SSTR) subtype-selective analogues differentially suppress in vitro growth 

hormone and prolactin in human pituitary adenomas. Novel potential therapy for 

functional pituitary tumors. J Clin Invest 100:2386-2392.

Sicuteri F, Geppetti P, Marabini S, Lembeck F (1984a) Pain relief by somatostatin in 

attacks of cluster headache. Pain 18:359-365.

Sicuteri F, Panconesi A, Del Bianco PL, Franchi G, Anselmi B (1984b) Venospastic 

activity of somatostatin in vivo in man: naloxone reversible tachyphylaxis. Int J Clin 

Pharmacol Res 4:253-257.

Silberstein S, Lipton R, Goadsby P (2002) Headache in Clinical Practice. Isis Medical 

Media, London.

Silberstein SD (2000a) Sex hormones and headache. Rev Neurol (Paris) 156 Suppl 

4:4S30-41.

Silberstein SD (2000b) Migraine and Pregnancy. J Sogc 22:700-707.

Silberstein SD (2001) Headache and female hormones: what you need to know. Curr 

Opin Neurol 14:323-333.

Silberstein SD, Liu D (2003) Drug overuse and rebound headache. Headache 43:427. 

Silberstein SD, Young WB, Mendizabal JE, Rothrock JF, Alam AS (2003) Acute 

migraine treatment with droperidol: A randomized, double-blind, placebo-controlled 

trial. Neurology 60:315-321.

Sjaastad O, Rinck P (1990) Cluster headache: MRI studies of the cavernous sinus and 

the base of the brain. Headache 30:350-351.

Sjaastad O, Saunte C, Fredriksen TA, de Souza Carvalho D, Fragoso YD, Dale LG, 

Horven I (1988) Cluster headache-like headache, Hageman trait deficiency, 

retrobulbar neuritis, and giant aneurysm. Autonomic function studies. Cephalalgia 

8 :111- 120.

Small CJ, Todd JF, Ghatei M, Smith DM, Bloom SR (1998) Neuropeptide Y (NPY) 

actions on the corticotroph cell of the anterior pituitary gland are not mediated by a 

direct effect. Regul Pept 75-76:301-307.

Smith GD, Seckl JR, Harmar AJ (1993) Distribution of neuropeptides in dorsal root 

ganglia of the rat; substance P, somatostatin and calcitonin gene-related peptide. 

Neurosci Lett 153:5-8.

239



Smith S, Anthony L, Roberts LJ, Oates JA, Pincus T (1990) Resolution of 

musculoskeletal symptoms in the carcinoid syndrome after treatment with the 

somatostatin analog octreotide. Ann Intern Med 112:66-68.

Snijdelaar DG, Dirksen R, Slappendel R, Crul BJ (2000) Substance P. Eur J Pain 

4:121-135.

Somerville BW (1975) Estrogen-withdrawal migraine. I. Duration of exposure 

required and attempted prophylaxis by premenstrual estrogen administration. 

Neurology 25:239-244.

Song P, Hu JY, Zhao ZQ (2002) Spinal somatostatin SSTR2A receptors are 

preferentially up-regulated and involved in thermonociception but not 

mechanonociception. Exp Neurol 178:280-287.

Sprenger T, Boecker H, Tolle TR, Bussone G, May A, Leone M (2004) Specific 

hypothalamic activation during a spontaneous cluster headache attack. Neurology 

62:516-517.

Steel JH, Gon G, Giaid A, O'Halloran DJ, Emson MA, Van Noorden S, Ghatei MA, 

Jones PM, Amara SG, Ishikawa H, et al. (1992) Localization of calcitonin gene- 

related peptide in the rat and human pituitary gland using immunocytochemistry and 

in situ hybridization. CGRP expression during ontogeny and after endocrine 

manipulations. Ann N Y Acad Sci 657:135-154.

Steiner TJ, Scher AI, Stewart WF, Kolodner K, Liberman J, Lipton RB (2003). The 

prevalence and disability burden of adult migraine in England and their relationships 

to age, gender and ethnicity. Cephalalgia 23 (7): 519-27.

Stewart WF, Shechter A, Rasmussen BK (1994) Migraine prevalence. A review of 

population-based studies. Neurology 44:S 17-23.

Stewart WF, Lipton RB, Kolodner KB, Sawyer J, Lee C, Liberman JN (2000) 

Validity of the Migraine Disability Assessment (MIDAS) score in comparison to a 

diary-based measure in a population sample of migraine sufferers. Pain 88:41-52. 

Storer RJ, Goadsby PJ (1999) Trigeminovascular nociceptive transmission involves 

N-methyl-D-aspartate and non-N-methyl-D-aspartate glutamate receptors. 

Neuroscience 90:1371-1376.

Storer RJ, Akerman S, Goadsby PJ (2001) GAB A receptors modulate 

trigeminovascular nociceptive neurotransmission in the trigeminocervical complex. 

Br J Pharmacol 134:896-904.

Styne DM (1994) Physiology of puberty. Horm Res 41 Suppl 2:3-6.

240



Su X, Burton MB, Gebhart GF (2001) Effects of octreotide on responses to colorectal 

distension in the rat. Gut 48:676-682.

Suda T, Tozawa F, Iwai I, Sato Y, Sumitomo T, Nakano Y, Yamada M, Demura H

(1993) Neuropeptide Y increases the corticotropin-releasing factor messenger 

ribonucleic acid level in the rat hypothalamus. Brain Res Mol Brain Res 18:311-315. 

Suwanwela N, Phanthumchinda K, Kaoropthum S (1994) Headache in brain tumor: a 

cross-sectional study. Headache 34:435-438.

Suzuki N, Hardebo JE, Owman C (1988) Origins and pathways of cerebrovascular 

vasoactive intestinal polypeptide-positive nerves in rat. J Cereb Blood Flow Metab 

8:697-712.

Suzuki N, Okada K, Minami S, Wakabayashi I (1996) Inhibitory effect of 

neuropeptide Y on growth hormone secretion in rats is mediated by both Yl - and Y2- 

receptor subtypes and abolished after anterolateral deafferentation of the medial basal 

hypothalamus. Regul Pept 65:145-151.

Swaab DF, Van Someren EJ, Zhou JN, Hofman MA (1996) Biological rhythms in the 

human life cycle and their relationship to functional changes in the suprachiasmatic 

nucleus. Prog Brain Res 111:349-368.

Swaab DF, Hofman MA, Lucassen PJ et al.(1993) Functional neuroanatomy and 

neuropathology of the hypothalamus. Anatomy and Embryology; 187:317-330 

Szallasi A, Blumberg PM (1999) Vanilloid (Capsaicin) receptors and mechanisms. 

Pharmacol Rev 51:159-212.

Takami H, Shikata J, Kakudo K, Ito K (1990) Calcitonin gene-related peptide in 

patients with endocrine tumors. J Surg Oncol 43:28-32.

Takano K, Ajima M, Teramoto A, Hata K, Yamashita N (1995) Mechanisms of action 

of somatostatin on human TSH-secreting adenoma cells. Am J Physiol 268:E558-564. 

Tannenbaum GS, Goltzman D (1985) Calcitonin gene-related peptide mimics 

Tanaka S, Tsujimoto A (1981) Somatostatin facilitates the serotonin release from rat 

cerebral cortex hippocampus and hypothalamus slices. Brain Research; 208:219- 

222

calcitonin actions in brain on growth hormone release and feeding. Endocrinology 

116:2685-2687.

Tashev R, Belcheva S, Milenov K, Belcheva I (2001) Antinociceptive effect of 

somatostatin microinjected into caudate putamen. Peptides 22:1079-1083.

241



Tater D, Charpentier G, Besson G, Rosselin G, Bercovici JP (1983) [VIP removes the 

inhibition of prolactin secretion induced by dopamine in patients with prolactinoma]. 

C R Seances Acad Sci III 297:331-334.

Taura P, Planella V, Balust J, Beltran J, Anglada T, Carrero E, Burgues S (1994) 

Epidural somatostatin as an analgesic in upper abdominal surgery: a double-blind 

study. Pain 59:135-140.

Tfelt-Hansen P, Paulson OB, Krabbe AA (1982) Invasive adenoma of the pituitary 

gland and chronic migrainous neuralgia. A rare coincidence or a causal relationship? 

Cephalalgia 2:25-28.

The Sumatriptan Cluster Headache Study Group (1991) Treatment of acute cluster 

headache with sumatriptan. N Engl J Med 325:322-326.

Thomas MG, Gazal OS, Williams GL, Stanko RL, Keisler DH (1999) Injection of 

neuropeptide Y into the third cerebroventricle differentially influences pituitary 

secretion of luteinizing hormone and growth hormone in ovariectomized cows. 

Domest Anim Endocrinol 16:159-169.

Thomsen L, Kruuse C, Iversen H, Olesen J (1994) A nitric oxide donor 

(nitroglycerine) triggers genuine migraine attacks. Eur J Neurol 1:73-80.

Tilders F, Tatemoto K, Berkenbosch F (1984) The intestinal peptide PHI-27 

potentiates the action of corticotropin-releasing factor on ACTH release from rat 

pituitary fragments in vitro. Endocrinology 115:1633-1635.

Tissot S (1790) Nervous traits and diseases. In: The works of M. Tissot, pp 92-93. 

Lausanne.

Tolosa E (1954) Periarteritic lesions of the carotid siphon with the clinical features of 

a carotid infraclinoid aneurysm. J Neurol Neurosurg Psychiatry (17): 300-302.

Torelli P, Beghi E, Manzoni (2003) Cluster headache prevalence in the Italian general 

population. Cephalalgia 23: 598; P1B17

Trabucchi M, Hofmann M, Montefusco O, Spano PF (1978) Ergot alkaloids and 

cyclic nucleotides in the CNS. Pharmacology 16 Suppl 1:150-155.

Traczyk WZ, Pau KY, Kaynard AH, Spies HG (1992) Modulatory role of substance P 

on gonadotropin and prolactin secretion in the rabbit. J Physiol Pharmacol 43:279- 

297.

Tschopp FA, Henke H, Petermann JB, Tobler PH, Janzer R, Hokfelt T, Lundberg JM, 

Cuello C, Fischer JA (1985) Calcitonin gene-related peptide and its binding sites in

242



van Rossum D, Hanisch UK, Quirion R (1997) Neuroanatomical localization, 

pharmacological characterization and functions of CGRP, related peptides and their 

receptors. Neurosci Biobehav Rev 21:649-678.

Van Vliet JA, Bahra A, Martin V, Ramadan N, Aurora SK, Mathew NT, Ferrari MD, 

Goadsby PJ (2003) Intranasal sumatriptan in cluster headache: Randomized placebo- 

controlled double-blind study. Neurology 60:630-633.

Vigh S, Schally AV (1984) Interaction between hypothalamic peptides in a 

superfused pituitary cell system. Peptides 5 Suppl 1:241-247.

Vijayan E, McCann SM (1979) In vivo and in vitro effects of substance P and 

neurotensin on gonadotropin and prolactin release. Endocrinology 105:64-68.

Vijayan E, McCann SM (1980) Effects of substance P and neurotensin on growth 

hormone and thyrotropin release in vivo and in vitro. Life Sci 26:321-327.

Vijayan N (1992) Symptomatic chronic paroxysmal hemicrania. Cephalalgia 12:111- 

113.

Villaume C, Beck B, Kolopp M, Toussain P, Debry G (1986) Effect of a 12-hour 

subcutaneous infusion of somatostatin-14 on blood glucose, insulin and glucagon 

levels in healthy subjects and insulin dependent diabetics. Biomed Pharmacother 

40:61-64.

Vincens M, Mauvais-Jarvis F, Behar S (1998) A novel recognition site for 

somatostatin-14 on the GABA(A) receptor complex. Eur J Pharmacol 344:Rl-2. 

Virgolini I, Raderer M, Kurtaran A, Angelberger P, Banyai S, Yang Q, Li S, Banyai 

M, Pidlich J, Niederle B, et al. (1994) Vasoactive intestinal peptide-receptor imaging 

for the localization of intestinal adenocarcinomas and endocrine tumors. N Engl J 

Med 331:1116-1121.

Waeber G, Hurlimann J, Nicod P, Grouzmann E (1995) Immunolocalization of 

neuropeptide Y in human pancreatic endocrine tumors. Peptides 16:921-926. 

Waelkens J (1985) Warning symptoms in migraine: characteristics and therapeutic 

implications. Cephalalgia 5:223-228.

Waldenlind E, Gustafsson SA (1987) Prolactin in cluster headache: diurnal secretion, 

response to thyrotropin-releasing hormone, and relation to sex steroids and 

gonadotropins. Cephalalgia 7:43-54.

Waldenlind E, Ekbom K, Torhall J (1993) MR-angiography during spontaneous 

attacks of cluster headache: a case report. Headache 33:291-295.

244



Waldenlind E, Gustafsson SA, Ekbom K, Wetterberg L (1987) Circadian secretion of 

cortisol and melatonin in cluster headache during active cluster periods and remission. 

J Neurol Neurosurg Psychiatry 50:207-213.

Wang J, Ciofi P, Crowley WR (1996) Neuropeptide Y suppresses prolactin secretion 

from rat anterior pituitary cells: evidence for interactions with dopamine through 

inhibitory coupling to calcium entry. Endocrinology 137:587-594.

Wang PS, Tsai SC, Hwang GS, Wang SW, Lu CC, Chen JJ, Liu SR, Lee KY, Chien 

EJ, Chien CH, et al. (1994) Calcitonin inhibits testosterone and luteinizing hormone 

secretion through a mechanism involving an increase in cAMP production in rats. J 

Bone Miner Res 9:1583-1590.

Watanobe H, Tamura T (1994) Stimulation by peptide histidine methionine (PHM) of 

adrenocorticotropin secretion in patients with Cushing's disease: a comparison with 

the effect of vasoactive intestinal peptide (VIP) and a study on the effect of combined 

administration of corticotropin-releasing hormone with PHM or VIP. J Clin 

Endocrinol Metab 78:1372-1377.

Watanobe H, Tamura T (1996) Stimulation by neuropeptide Y of growth hormone 

secretion in prolactinoma in vivo. Neuropeptides 30:429-432.

Watanobe H, Tamura T (1997) Stimulatory and inhibitory effects of neuropeptide Y 

on growth hormone secretion in acromegaly in vivo. Neuropeptides 31:29-34. 

Watanobe H, Nigawara T, Anzai J, Sakihara S, Kageyama K, Nasushita R, Sasaki S, 

Habu S, Takebe K (1994) Neuropeptide Y potentiates the luteinizing hormone (LH) 

response to LH-releasing hormone in men. Biochem Biophys Res Commun 

200:1111-1117.

Webb SM, Cabezas R, Montanes R, de Leiva A (1989) Analgesic effect of a 

somatostatin analog, SMS 201-995, on headache associated with tumor of the 

hypophysis. Med Clin (Bare) 93:501-502.

Weick RF, Stobie KM (1995) Role of VIP in the regulation of LH secretion in the 

female rat. Neurosci Biobehav Rev 19:251-259.

Weick RF, Stobie KM, Noh KA (1992) Effect of [4Cl-D-Phe6,Leul7]VIP on the 

inhibition of pulsatile LH release by VIP and related peptides in the ovariectomized 

rat. Neuroendocrinology 56:646-652.

Weiller C, May A, Limmroth V, Juptner M, Kaube H, Schayck RV, Coenen HH, 

Diener HC (1995) Brain stem activation in spontaneous human migraine attacks. Nat 

Med 1:658-660.

245



Welch KM, Goadsby PJ (2002) Chronic daily headache: nosology and 

pathophysiology. Curr Opin Neurol 15:287-295.

Welch KM, Nagesh V, Aurora SK, Gelman N (2001) Periaqueductal gray matter 

dysfunction in migraine: cause or the burden of illness? Headache 41:629-637. 

Westendorf JM, Phillips MA, Schonbrunn A (1983) Vasoactive intestinal peptide 

stimulates hormone release from corticotropic cells in culture. Endocrinology 

112:550-557.

White MC, Adams EF, Loizou M, Mashiter K (1982) Vasoactive intestinal peptide 

stimulates adrenocorticotropin release from human corticotropinoma cells in culture: 

interaction with arginine vasopressin and hydrocortisone. J Clin Endocrinol Metab 

55:967-972.

Williams G, Ball J, Bloom S, Joplin GF (1986) Improvement in headache associated 

with prolactinoma during treatment with a somatostatin analogue: an "N of 1" study. 

N Engl J Med 315:1166-1167.

Williams G, Ball JA, Lawson RA, Joplin GF, Bloom SR, Maskill MR (1987) 

Analgesic effect of somatostatin analogue (octreotide) in headache associated with 

pituitary tumours. Br Med J (Clin Res Ed) 295:247-248.

Wimalawansa S (1994) Expression of CGRP in pituitary and pituitary adenoma. In: 

76th Annual Meeting of the Endocrine Society. Anaheim, CA. Abstract 1495 

Wimalawansa SJ, Emson PC, MacIntyre I (1987) Regional distribution of calcitonin 

gene-related peptide and its specific binding sites in rats with particular reference to 

the nervous system. Neuroendocrinology 46:131-136.

Wirth FP, Jr., Van Buren JM (1971) Referral of pain from dural stimulation in man. J 

Neurosurg 34:630-642.

Wolff HG (1963) Headache and other head pain. New York: Oxford University Press. 

Xu XJ, Wiesenfeld-Hallin Z (1991) An analogue of growth hormone releasing factor 

(GRF), (Ac-Tryl, D-Phe2)-GRF-(l-29), specifically antagonizes the facilitation of the 

flexor reflex induced by intrathecal vasoactive intestinal peptide in rat spinal cord. 

Neuropeptides 18:129-135.

Xu XJ, Hao JX, Hokfelt T, Wiesenfeld-Hallin Z (1994) The effects of intrathecal 

neuropeptide Y on the spinal nociceptive flexor reflex in rats with intact sciatic nerves 

and after peripheral axotomy. Neuroscience 63:817-826.

246



Yamada K, Tanaka M, Shibata K, Furukawa T (1986) Involvement of septal and 

striatal dopamine D-2 receptors in yawning behavior in rats. Psychopharmacology 

(Berl) 90:9-13.

Yiangou Y, Gill JS, Chrysanthou BJ, Burrin J, Bloom SR (1988) Infusion of prepro- 

VIP derived peptides in man: effect on secretion of prolactin. Neuroendocrinology 

48:615-618.

Yin KJ (1995) Distribution of somatostatin mRNA containing neurons in the primary 

pain relaying nuclei of the rat. Anat Rec 241:579-584.

Yoenem A, Cakyr B, Azal O, Corakcy A, Kutlu M, Oezata M (1999) Effect of 

octreotide acetate on thyrotropin-secreting adenoma: report of two cases and review 

of the literature. Endocr Regul 33:169-174.

Zagami AS, Goadsby PJ, Edvinsson L (1990) Stimulation of the superior sagittal 

sinus in the cat causes release of vasoactive peptides. Neuropeptides 16:69-75.

Zurak N (1997) Role of the suprachiasmatic nucleus in the pathogenesis of migraine 

attacks. Cephalalgia 17:723-728.

247


