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Abstract

Refractory cluster headache is one of the mostsiatrag conditions known to man.
Historically, only destructive procedures were &lae for these desperate patients in which
all drug therapies failed. The surgical intervensiovere aimed at the sensory trigeminal
nerve - including the trigeminal sensory root, @ass ganglion and supra/infraorbital nerves
- or the autonomic pathways involved in clusterdaehe — including the nervus intermedius,
nervus petrosus major and sphenopalatine gandtspecially trigeminal destructive
procedures are associated with potential seriougierm consequences such as anesthesia
dolorosa, as well as corneal anesthesia and ulmerdthe surgical management of refractory
cluster headache is changing drastically with theeat of neuromodulatory techniques, such
as occipital nerve stimulation and hypothalamicpdieiain stimulation. These techniques
were developed based on the physiology of thertrigecervical complex and on evidence
for a hypothalamic generator in cluster headachpedively. The potential therapeutic effect
of each technique should be carefully balancedat&nown potential long-term
consequences, knowing that long-term data on ateeaf recurrence of cluster headache after
a procedure are generally lacking. No conclusigemenendations can be formulated at
present, but we will suggest some guidelines towargplementing surgical interventions for
refractory cluster headache in clinical practices Will briefly touch upon greater occipital

nerve block as a transitional treatment.



Established Knowledge

A. Introduction

There is no universally accepted definition of aefory cluster headache (rCH) at present and
there is no set of criteria in the Internationadg3ification of Headache Disorders second
edition (ICHD-II). There is a great need to devellop concept, as a percentage of chronic
cluster headache (CH) patients and episodic CHmatwith frequent cluster bouts are
refractory to medical treatment indeed, or haveresimdications, intolerance and resistance
to drugs used in CH prevention. It is estimated tinags are ineffective in about 10 to 20 %

of chronic CH patients (May 2005), but we are lagkiormal epidemiological data. For these
patients surgical procedures are available, astadaort when the pharmacological options
have been fully exploited. However, with the recgaunrge of data on occipital nerve
stimulation, one can envision that this minimallyasive technique may be used earlier in the

course of the disorder if further controlled stsdoenfirm the efficacy and safety.

The rationale for available surgical treatmentsdhl is based on the three basic aspects of
CH pathophysiology: strictly unilateral distributithead pain, cranial autonomic features and
chronobiology pointing at the hypothalamus. Surgigroaches, including destructive
procedures and neuromodulatory procedures are stp@than Table 1. Many of these

techniques have been abandoned today.



Table 1

A. Neuromodulatory procedures Occipital nerve staton

B. Destructive procedures

Hypothalamic deep brain stimulation
Vagus nerve stimulation
Supraorbital nerve stimulation
Cervical epidural neurostimulation
Sectioning of the trigeahsensory root
Radiofrequency trigeminal rhizotomy
Alcohol injection in supra- or infraorbital nerves

Alcohol or glycerol injection in/around the Gasseri
ganglion

Balloon compression of the Gasserian ganglion

Gamma knife radiosurgery of the trigeminal nervet ro
entry zone

Microvascular decompression of the trigeminal netve
section or decompression of the nervus intermedius

Sphenopalatine ganglion resection or radiofrequency
treatment

Nervus intermedius section or decompression
Microvascular decompression of the facial nerve
Nervus petrosus major section or neurectomy

Medullary trigeminal tractotomy

Legend table 1: Surgical procedures for refractbugter headache.




There are a few important aspects when considandgevaluating surgical procedures for
rCH:

1. It has been shown that a good proportion of chrohister patients eventually go into
remission spontaneously (Manzoni et al. 1991). &hibustrated by 9 out of 12
cluster patients, that were chronic for at leagé&rs and went into remission while on
a waiting list for hypothalamic deep brain stimidatin the context of a clinical trial
(Schoenen et al. 2005). Changes in drug therapg am@y made in some of them.

2. Attacks may switch sides after an intervention evéme patient has always
experienced strictly unilateral attacks (JarraaleR003; Magis et al. 2007).

3. There are well documented cases of persistenceHbffter complete trigeminal root
section, indicating that CH may be generated piilgnaom within the brain (Matharu
and Goadsby 2002).

4. Long-term follow-up of destructive procedures isgelly limited, but recurrence of
CH in responders may be seen in the short termd®tdander and Wilkins 1990).

5. Most studies on surgical interventions are retrospe and observational. There is
only one randomized placebo-controlled double-btmal in the domain of
neuromodulation (Fontaine et al. 2010).

6. Because of the severity of the pain, the placebparse in CH has been considered to
be small. However upon review of the available dida placebo response appeared to
be of the same magnitude as that seen in migréidées (Nilsson Remahl et al. 2003).

7. Because of the unbearable nature of chronic CHehiglarcentages of adverse events
and lower percentages of responders have beenealltmaccept a therapy as
worthwhile (Dodick 2005).

B. Greater occipital nerve blockade

The results of greater occipital nerve (GON) blgadilateral to the pain were first described
in 1985 in CH (Anthony 1985). Some open label ancomtrolled studies (Peres et al. 2002;
Afridi et al. 2006) and a double-blind placebo-aofied trial (Ambrosini et al. 2005) now
support the efficacy of GON block. A mixture of theeal anesthetic lidocaine and a
corticosteroid, such as betamethasone (Ambrosaili @005), triamcinolone (Peres et al.
2002) and methylprednisolone (Afridi et al. 2006)generally injected. The efficacy of the
injection does not seem to be related to the lishecen the solution, but rather to the



corticosteroid (Anthony 1985; Ambrosini et al. 2D0Hence, the term ‘block’ is a bit
confusing as none of the patients reported markegbival numbness in the placebo-
controlled study (Ambrosini et al. 2005). It istmoled out that the (main) effect of the
corticosteroid injection in the suboccipital regisrsystemic, although intramuscular
injections were ineffective in one study (Anthor88Y) and higher doses are generally
needed for systemic administration (Ambrosini eR805). A double blind trial comparing
suboccipital and intramuscular injections of theeamixture is awaited to further verify a
specific effect. At present, GON block is an instireg option as a single suboccipital
injection completely suppressed CH attacks in nttoae 80 % of CH patients in the double-
blind placebo-controlled study, and the effect wesntained for at least 4 weeks in the
majority of them (Ambrosini et al. 2005). As suG0ON blockade is merely a transitional

treatment to bridge time to a long-term treatment.

C. Destructive procedures

Destructive procedures have historically been tilg long-term option. Sectioning of the
sensory trigeminal root should however now be aersid as a very last resort for a desperate
patient indeed, as it is associated with signifieard permanent long-term morbidity,
including anesthesia dolorosa and corneal anestldamirar et al. 2003). Strict
ophthalmological follow-up is necessary to avoidneal ulceration. Furthermore, the long-
term success rate of sensory trigeminal root sedsiéar from guaranteed (Morgenlander and
Wilkins 1990; Matharu and Goadsby 2002) and CHcattanay develop on the contralateral
side (Jarrar et al. 2003). Complete trigeminal sgneoot sectioning seems to be more
effective than partial sectioning (Kirkpatrick ¢t 8993). Other destructive procedures
targeting (part of) the trigeminal nerve includeagasserian glycerol injection (Ekbom et al.
1987; Hassenbusch et al. 1991, Pieper et al. 20@f@ipfrequency trigeminal rhizotomy
(Onofrio and Campbell 1986; Mathew and Hurt 1988hd and Tew 1995), trigeminal
ganglion balloon compression (Constantoyannis.&t(18) and alcohol injections of the
supra- and infraorbital nerves (Dodick 2005). Disaging results have been reported with
medullary trigeminal tractotomy (Sweet 1988). Ptaneous radiofrequency trigeminal
rhizotomy at one point in time was the most fredlygmerformed procedure (Campbell 2000),
and is still performed in many centers today. Hosveit does not figure in a recent evidence-

based clinical practice algorithm for interventibmenagement of CH (van Kleef et al. 2009).



Gamma knife radiosurgery of the trigeminal nervat entry zone has been reported in 5
chronic CH patients with neglible short-term andgderm sequelae (Ford et al. 1998).
Unfortunately later reports did not corroborateitiigal enthusiasm as many failures were
reported as well as sequelae (Donnet et al. 20@&Idlland et al. 2007). In a prospective
open trial of gamma knife treatment for rCH, a l@ate of pain cessation and a significant
number of trigeminal nerve injuries, including deaéntiation pain, were observed at one
year follow-up (Donnet et al. 2005). The authorshef prospective trial judged the
radiosurgery a less attractive procedure becaugedbw rate of pain cessation in

conjunction with significant morbidity.

Microvascular decompression of the trigeminal newvite or without microvascular
decompression or sectioning of the nervus interoasedias reported to be effective in chronic
CH in a single series of 28 patients treated batvi®y4 and 1996 and with an average
follow-up of 5.3 years (Lovely et al. 1998). Theéioaale for the combined approach was to
treat both the pain, mediated by the trigeminalesys as well as the autonomic symptoms,
thought to be mediated by the nervus intermediberd was no morbidity from nervus
intermedius sectioning and there were no instaotagyeminal neuropathy. Complications
included infection, cerebrospinal fluid leak arasfoperative headache requiring a lumbar
puncture. Substantial long-term relief was provigedlimost half the patients as 9 patients
had at least 90 % improvement and 5 at least 5&pfavement. These procedures carry the
risk of cerebellopontine angle surgery and reqair@xperienced neurosurgical team.
Furthermore findings of vascular compression weresistent at operation, but could be
detected with advanced MRI techniques nowadaysh&uexperience with this combined
approach is needed (Dodick 2005).

Autonomic pathways have been interrupted speciji¢ab to treat rCH, especially cranial
parasympathetic fibres, originating from the supresalivatory nucleus, and sequentially
traversing the nervus intermedius (which leavedth@stem as part of the facial nerve),
nervus petrosus major and sphenopalatine gangliprovide innervation to the lacrimal
gland. Percutaneous radiofrequency ablation ofpienopalatine ganglion is performed in
many centers, but the evidence base is rather pberparasympathetic sphenopalatine
ganglion is located in the sphenopalatine fosssecto the maxillary nerve and the internal
maxillary artery, and can be targeted via an infgamatic approach or via the lateral nasal

wall (Felisati et al. 2006). In the most recenblmhed series of 15 patients, the mean attack



frequency improved from 17 attacks/week to 8 atgudr week at 18 months follow-up
(Narouze et al. 2009). Two patients developed eE@sCH on the contralateral side but
reported complete relief of their usual unilatexialster headaches. Only 3 patients remained
headache free and off medications for the duraifdollow-up (between 18 and 24 months).
An earlier study reported on complete pain releBiout of 10 chronic cluster patients after
radiofrequency lesioning of the sphenopalatine iamgbut no relief was found in 4 patients
with an average follow-up of 24 months (SandersZzmarmond 1997). Another study with

20 patients reported on good results, which wekes temporarily (Felisati et al. 2006).
Radiofrequency lesioning of the sphenopalatine @mgan result in postoperative epistaxis,
cheek hemorrhage, a lesion of the maxillary nenceleypesthesia of the palate (Sanders and
Zuurmond 1997; Narouze et al. 2009). Total deswwunaf the sphenopalatine ganglion could
result in eye dryness (Meyer et al. 1970), butrtiBofrequency treatment now only aims at a
partial lesion of the ganglion (van Kleef et al02). Pulsed radiofrequency is perhaps safer,
but data on its efficacy in CH are lacking at présin a recent review, radiofrequency
treatment of the sphenopalatine ganglion was putdal as the interventional treatment of
choice for rCH (van Kleef et al. 2009). Small semxist on other procedures directed at the
autonomic pathways, including nervus intermediusige (Rowed 1990), facial nerve
decompression (Solomon and Apfelbaum 1986) andusgretrosus major section (Denecke
1977).

D. Neuromodulatory procedures

There has been considerable progress in neurostioulapproaches, both central and
peripheral, in the treatment of primary headacBerdiers, including chronic CH (Magis and
Schoenen 2008; Bartsch et al. 2009).

Central neuromodulation emerged as a result oftimmal neuroimaging, revealing activation
in the ipsilateral posteroinferior hypothalamusidgrspontaneous and nitroglycerin-induced
CH attacks (May et al. 1998; Sprenger et al. 2004 first case treated with hypothalamic
Deep Brain Stimulation (DBS) was reported in 2004 ichronic CH patient who had
previously undergone ablative trigeminal surgergqhe et al. 2001). Hypothalamic DBS has
since been performed at several institutions alsdokean shown to be effective and relatively
safe in the management of chronic rCH (Bartsch. &@009; Grover et al. 2009; Sillay et al.
2009). Nevertheless clear failures have been repaoo (Pinsker et al. 2008). On review of



the open label data in 2009, 36 (71 %) out of Stepts (71 %) were improved with
hypothalamic DBS, including 25 patients (46 %) theatame completely headache free
(Bartsch et al. 2009). A preliminary analysis cates that hypothalamic DBS is associated
with a marked reduction of direct costs of drugstst chronic CH (Leone et al. 2009).The
assessment of efficacy of hypothalamic DBS for nlwr&@H was limited to open studies until
2009. However, in 2010 the first randomized placetotrolled double-blind trial of
unilateral hypothalamic DBS in 11 chronic rCH patge was published (Fontaine et al. 2010).
During a randomized phase of 1 month active anthsdtanulation were compared and no
significant difference was observed between a&ivd sham stimulation. The randomized
phase was followed by a 1 year open phase duringhvévery patient received effective
hypothalamic DBS. At the end of the 1 year opersphé/11 had responded to chronic
stimulation of which 3 were completely pain-fre@eBthough the randomized phase did not
support the efficacy of hypothalamic DBS for chio@iH, the open phase data corroborated
previous open studies. This suggests hypothalafs &cts via slow neuromodulatory
processes (Ambrosini and Schoenen 2010). In oodelbtiain level | evidence for
hypothalamic DBS in chronic CH, additional conteallstudies with a longer randomized
phase are required. Hypothalamic DBS is not degbbtential serious adverse events.
Infection, transient loss of consciousness, mitturisyncopes, transient ischemic attack,
asymptomatic third ventricular hemorrhage, panit&ck and even death due to intracerebral
haemorrhage along the lead tract have been rep@itanzini et al. 2003; Schoenen et al.
2005; Fontaine et al. 2010). Many authors advoitegeise of ONS prior to hypothalamic
DBS when considering a neuromodulation proceduralf®sini 2007; Leone et al. 2008;
Bartsch et al. 2009; Burns et al. 2009). Criteaaenbeen proposed to select chronic CH
patients that are suitable candidates for DBS (keziral. 2004).

Occipital nerve stimulation (ONS) was originallysdebed in the treatment of occipital
neuralgia (Weiner and Reed 1999), but it is a psargimodality of treatment for chronic

rCH based on both retrospective and prospective &aripheral nerve stimulation is a
minimally invasive and reversible procedure. Therale to apply ONS in CH is based on
the concept of a trigeminocervical complex (TCQ)y$tological studies in animals have
pointed at convergence of trigeminal (trigeminatleus caudalis) and upper cervical (dorsal
horns C1-C3) nociceptive information, and thusss lof spatial specificity at the level of the
second order neurons of what is collectively callel TCC (Bartsch and Goadsby 2003). The

concept of a TCC is furthermore supported by huex@erimental evidence (Piovesan et al.



2001; Busch et al. 2006). This functional continuoetween occipital and trigeminal
nociceptive input is important to understand howipital neurostimulation could be effective
in CH, characterized by activation of the trigemvascular system. A stimulator is implanted
under local or general anesthesia at the levdiebtcipitocervical junction, such that
stimulation causes slight paresthesia in the Oistion of the occipital nerves. The technique
is however far from standardized as many techmaahtions have been described
(Paemeleire and Bartsch 2010). In chronic CH reswdive been variable, as at least 50%
improvement was noted in about 1/3 and 2/3 of ptieespectively in the two largest case
series, one prospective on 8 patients and onespeotive on 14 patients (Magis et al. 2007,
Burns et al. 2009). The delay to clinical efficasyariable and in the prospective study, a
delay of 2 months or more between implantationsgdificant clinical improvement was
noted, which suggests that ONS acts via slow neodoiatory processes in chronic CH and
argues against a 1 month trial period that is gfi@n of the procedure and may be required
for reimboursement (Magis et al. 2007). ONS isfa sachnique and so far not a single
neurological deficit has been reported with théntegue. However, there is a consistent need
for frequent reinterventions (including for batteeplacement and lead migration) and some
unpleasant local side effects may arise (includilsgomfort, shock like sensation, neck
stiffness, muscle spasm and lead tip erosion). Swwe opted for immediate bilateral ONS
implantation after reports of contralateral devebent of cluster attacks in patients who
described side locked attacks before implantatunris et al. 2009).

A beneficial effect of high cervical epidural nestimulation has been reported in a single
case of chronic CH (Wolter et al. 2008). A gooduiewith vagus nerve stimulation was
reported in 2 chronic CH patients (Mauskop 200%) ianl additional patient who had
initially improved after hypothalamic DBS (Franzetial. 2009). A beneficial outcome of
supraorbital nerve stimulation has been reportexisimgle patient (Narouze and Kapural
2007). The numbers are too small to allow any agich. Whether these neurostimulation
methods have a place in the management of chr@higoatients remains to be determined
(Magis and Schoenen 2008).

E. State of the art

GON blockade with (a mixture of lidocaine and) amsteroid is an interesting transitional

treatment as it may suppress CH attacks for a feekw/in the majority of CH patients.



As the effectiveness of many surgical interventjansluding radiofrequency treatment of the
sphenopalatine ganglion, ONS and hypothalamic B§, stems from uncontrolled studies,
no conclusive evidence is available yet. Recommamuashould not be solely based on
therapeutic effect. The potential effect of a tegha should be closely balanced against the
burden and risk of the procedure. The surgical mament of rCH is changing rapidly with

the development of neuromodulation techniques.

In 2006, the European Federation of Neurologic@i€&es (EFNS) has published guidelines
on the treatment of CH, including general recomnaéinds on surgical procedures (May et al.
2006). The EFNS warns for the lack of reliable khegn data on the outcome of surgical
procedures, especially as some procedures maysbeiated with serious complications. The
EFNS proposes that surgical procedures are natateti in most CH patients, but that
patients with intractable chronic CH should be mefé to centres with expertise in both
destructive and neuromodulatory procedures to fezanf all reasonable alternatives before a

definitive procedure is conducted.

Radiofrequency treatment of the sphenopalatinelgangppears to be reasonably safe with
open label evidence supporting its use, and hanhtlgdoeen suggested as a first line
treatment (van Kleef et al. 2009), although sonees have almost abandoned destructive
procedures in favor of neuromodulation technigiatharu and Goadsby 2008).

ONS has not achieved as high proportion of paia-fratients as DBS, but several centres
now first offer the less invasive treatment of theso (Grover et al. 2009).The level of
evidence supporting ONS is equal to that of radupiency treatment of the sphenopalatine
ganglion according to a recent review (van Kleedle2009). ONS is a safe technique but
revisions are often necessary. The potential of Gh&ild be further explored in experienced
centers, preferably in the context of clinical lsiddypothalamic DBS should be left to
experienced centers. A controlled trial of hypodéinailc DBS with a longer blinded phase is
needed to further support its usefulness.

Given the severity of CH, which may drive patietitsuicidal ideations (Rothrock 2006),
more aggressive and destructive procedures maptied for. Patients should however be
fully informed about the potential long-term congences.

Finally, local reimboursement issues and availekllgertise may dictate the surgical

treatment strategy in rCH, rather than the sciengporting the available techniques.



Current Research

At present the therapeutic potential, the mechasishaction as well as the optimal technique

of neurostimulation procedures is being furtherlesqal.
1. Occipital nerve stimulation

Most often electrodes typically used for spinalccstimulation are employed for occipital
nerve stimulation. Bilateral electrodes can berteskthrough a single midline incision, and
connected to an implantable impulse generatorarstibclavicular, abdominal or gluteal area.
Reinterventions are frequent and may be due tofteature, lead migration (which may
occur in up to 100 % of patients at three yeaofellp, depending on the technique) and
need for battery replacement (Schwedt et al. 2B@mtsch et al. 2009). A recent development
is the Bion device. It is a rechargeable mini-nstinoulator with a cylindrical shape, a length
of 27 mm and 3 mm in diameter. It can easily belamigd adjacent to the greater occipital
nerve. If bilateral ONS is required, a device mhesimplanted both on the left and on the
right side (Trentman et al. 2009). Optimal stimlatparameters for ONS, such as pulse
width, amplitude and frequency, are determinedriay and error, but systematic study has

begun with the Bion device (Trentman et al. 2009).

2. Hypothalamic DBS

The hypothalamic target for DBS in chronic CH whssen on the basis of neuroimaging
studies revealing structural and functional abnditrea in the posterior part of the
hypothalamus (Bartsch et al. 2009). The targetrteddoy the Milan group in commissural
coordinates is 2 mm lateral to the midline, 5 mfarior to the axial plane containing anterior
and posterior commissures, and 3 mm posteriorgartidlcommissural point (Franzini et al.
2003). It has been argued that this target is post® the hypothalamus or rather in the
border zone between posterior hypothalamus, anfeeidventricular gray matter and inferior
thalamus (Sillay et al. 2009). Using probabiligtectography, the functional connectivity of
this target has been explored with highly consitstennections with the reticular nucleus and
cerebellum (Owen et al. 2007),PD-positron emission tomography data argue agaimst a
unspecific anti-nociceptive effect or pure inhibitiof hypothalamic activity, and rather

suggest modulation of the pain matrix (May 2008).
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