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DBS : hypothalamus ventro-postérieur

Additional multi-centre trials will clarify the applicability of the
technique in different patient populations with different surgical
teams. Randomised, double-blind, controlled trials are ideal but
challenging to perform in neurosurgery.17 Chronic CH can remit
spontaneously in up to 30% of patients,30 while placebo effects can
lead to improvements in up to 40% of patients.31 One group reports
9 of 12 chronic CH patients going into remission while on a waiting
list for DBS.31 N-of-1 trials with patients as their own controls have
been carried out for stimulation in Parkinson’s disease, chronic pain
and obsessive–compulsive disorder,32–34 and are predicated upon
blinded assessment during randomised periods of minutes to
months where the stimulator is either on or off. Hurdles to such tri-
als include patient concordance and ensuring that the patient re-
mains truly blinded to device status. Furthermore, the often
reported period of months for onset and loss of efficacy with stimu-
lation in CH would require long randomisation periods. The field
awaits the results of such a trial recently commenced with 12 CH
implantations by Lanteri-Minet and co-workers.

3. Indications

A multi-centre consensus group published proposals for pa-
tient selection in DBS for CH in 2004.35 Appropriate candidates

should have chronic unilateral CH,4 for at least two years, with
daily attacks. Their headaches should be refractory to best medi-
cal treatment and there should be no medical, psychological or
ethical contraindications. Further recommendations on what con-
stitutes ‘‘intractable” or ‘‘refractory” headache have refined what
might be considered as failure of an adequate trial of medical
therapy.7

Consensus guidelines are important for invasive procedures with
potentially devastating side effects. However, they should also be
flexible in a new technique where published data are available on
fewer than 50 patients. The decision to intervene should always be
taken on an individual assessment of the risks and benefits to the pa-
tient, based on personal experience and available evidence.36,37 For
example, although current experience and guidelines are limited
to chronic CH, episodic sufferers might benefit from the technique.
In the original study 8 of 17 patients who demonstrated hypotha-
lamic involvement in CH suffered episodic CH.18,37

In DBS for Parkinson’s disease, studies of outcome and patient
selection criteria make use of global rating scales such as the Uni-
fied Parkinson’s Disease Rating Scale (UPDRS).38 Such scores take
into account functional disability and quality of life, which are
notably absent from outcome studies and patient selection criteria
for DBS in CH. Other CH studies have used the Migraine Disability
Assessment Score (MIDAS),39 Short Form-36 (SF-36)40 and the

Fig. 1. Post-operative T1-weighted MRI (upper, axial; lower left, coronal; lower right, sagittal views) showing the deep brain stimulation electrode location in a patient
treated for cluster headache in Oxford, UK.
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Table 1
Peer-reviewed published series of deep brain stimulation for cluster headache

Reference Centre No. of
patients

Mean age at
operation
(years)

Mean duration of
chronic headache
(years)

Mean follow-up and
range (months)

Pain free
%

Substantially
improved %

Substantial response Significant side effects

Schoenen
et al.21

Single centre
Liege, Belgium

6 46.7 4.5 14.5 (12–17) 33.33 50 1 Death: intracerebral
haemorrhage1 Implantation
failure: intra-operative panic

Leone et al.20 Single centre
Milan, Italy

16 43 3.3 48 (26–77) 62 62 None

Starr et al.23

and Starr22
Single centre San
Francisco, USA

8 54.8 (of first
4 reported)

– P12 0 (of first
4 reported)

63 >50% Reduction headache
frequency/intensity

Single intra-operative transient
ischaemic attack

Bartsch et al.24 Multi-centre
Germany

6 40 7 17 (9–24) 0 50 >50% Reduction headache
frequency/intensity
(‘‘almost pain free”)

None

Owen et al.25 and
Brittain et al.26

Single centre
Oxford, UK

3 50.7 1.7 12 (5–24) 100 100 None
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5.3. Magnetoencephalography

We have used magnetoencephalography (MEG) in the study of
DBS for pain,62,63 and are now investigating its application to the
study of DBS in CH. MEG is a non-invasive modality that enables
whole-brain activation changes to be discretely mapped with
potentially similar spatial resolution to fMRI yet superior temporal
resolution, and without the safety concerns associated with MRI
use in patients with DBS. Although DBS has been investigated at
low frequencies, we have recently validated its use at 130 Hz to
180 Hz in a CH patient.64 Preliminary study of the patient demon-
strated activation in the periaqueductal grey region only when the
stimulator was turned off, perhaps implicating concomitant activa-
tion of the two structures in a ‘‘cluster generator” matrix. Further
studies may complement invasive neurophysiology in elucidating
temporal relationships between the deep brain structures from
which causality might be inferred, and a neural model of CH path-
ogenesis and DBS action proposed.

6. Occipital nerve stimulation: A neuromodulatory alternative

Occipital nerve stimulation (ONS) has emerged as a less inva-
sive neuromodulatory alternative to DBS for chronic CH. Recent
case series show modest efficacy with minimal side effects in 19
patients treated to date.65–67 Direct comparison of some results
with DBS is difficult as pre-operative attack frequencies were al-
most weekly rather than daily.65 ONS has not yet achieved as high
proportions of pain-free patients as DBS, and current series suggest
it is more commonly associated with complications requiring sur-
gical revision. However, to date there are no reports of catastrophic
complications with ONS. Thus, several centres now offer the less
invasive treatment first.20,22 For meaningful comparison, more ser-
ies with similar baseline patient characteristics and multi-centre
trials to compare both treatments are desirable.

7. Conclusions

DBS for CH has already had a huge impact on the lives of those
people who are now pain free and able to return to work. Further
study is needed to consolidate treatment efficacy through blinded
trials, as the placebo effect in CH is potentially significant. Ideally
these should be multi-centre since data from a large single centre
case series requires replication elsewhere. Multi-centre trials also
facilitate consensus regarding indications for intervention. Parallel
study of ONS will help to clarify the place of each technique in the
armamentarium of therapies for CH.

Neuroimaging techniques and invasive neurophysiology are
rapidly advancing understanding of the pathophysiology and
mechanisms of CH. Such advances have therapeutic implications,
not only in refining the technique of DBS, but also other neurosur-
gical and pharmacological therapies where new anatomical and
pharmacological targets may be developed. Together these transla-
tional research and clinical studies offer hope to many CH sufferers
previously only able to consider relatively ineffective ablative brain
surgery as a last resort.
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a b s t r a c t

Cluster headache is a severely debilitating disorder that can remain unrelieved by current pharmacother-
apy. Alongside ablative neurosurgical procedures, neuromodulatory treatments of deep brain stimulation
(DBS) and occipital nerve simulation have emerged in the last few years as effective treatments for med-
ically refractory cluster headaches. Pioneers in the field have sought to publish guidelines for neurosur-
gical treatment; however, only small case series with limited long-term follow-up have been published.
Controversy remains over which surgical treatments are best and in which circumstances to intervene.
Here we review current data on neurosurgical interventions for chronic cluster headache focusing upon
DBS and occipital nerve stimulation, and discuss the indications for and putative mechanisms of DBS
including translational insights from functional neuroimaging, diffusion weighted tractography, magne-
toencephalography and invasive neurophysiology.

! 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Cluster headache (CH) is an excruciating primary headache syn-
drome. Originally described in 1926 by Wilfred Harris and Bayard
Horton, it was likened to ‘‘a knife being driven in through a point
between the outer canthus of the eye and the hair line”.1,2 The ex-
treme nature of the pain and recurrent course of the syndrome was
noted then by Horton in the suicidal intent of his patients: ‘‘Their
pain was so severe that several of them had to be constantly
watched for fear of suicide. Most of them were willing to submit
to any operation which might bring relief”.3 Today many cases
are still refractory to the best medical management and for these
patients neurosurgical intervention may be appropriate.

CH is defined by strictly unilateral pain lasting between 15 min-
utes and three hours, occurring at least once every other day and
up to eight times a day.4 The episodes are associated with nausea,
restlessness and ipsilateral cranial autonomic symptoms com-
monly including conjunctival injection, lacrimation, rhinorrhoea,
ptosis and eyelid swelling.5 Prevalance estimates vary between
0.05% and 0.3%.6 About 80% to 90% of patients are affected episod-
ically, with headache periods that last usually two weeks to three
months separated by at least one month of remission, often with

striking seasonality.4,5 The remainder of patients suffer chronic
CH with attacks lasting more than one year and remissions of less
than one month or not at all.

A proportion of patients suffer medically intractable headaches
defined variously by failure to respond to conventional pharmaco-
therapy and disease duration.7 Numerous ablative surgical inter-
ventions have been performed in these patients; a testament to
their desperate position. Such procedures include Gasserian gan-
glion glycerol injection,8 trigeminal ganglion or pterygopalantine
ganglion radiofrequency ablation,9,10 gamma knife radiosurgery,11

and microscopic surgical sectioning of the trigeminal nerve,12

and nervus intermedius.13 Such techniques report variable suc-
cess.12,14,15 Their efficacy is difficult to interpret due to limited
long-term follow-up and uncontrolled studies in a relapsing and
remitting condition.16 Common complications include treatment
failure, anaesthesia dolorosa, corneal damage, contralateral recur-
rence and death.11,12,15 Consequently, non-ablative neuromodula-
tory treatments have been undertaken recently with some success.

2. Safety and efficacy

Deep brain stimulation (DBS) is a well-accepted, safe and effica-
cious alternative to ablative surgery with an estimated 30,000 to
40,000 Parkinson’s disease patients treated worldwide.17 Improve-
ments in our understanding of brain function coupled with
technological advances are expanding its clinical indications.
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and microscopic surgical sectioning of the trigeminal nerve,12
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cess.12,14,15 Their efficacy is difficult to interpret due to limited
long-term follow-up and uncontrolled studies in a relapsing and
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2. Safety and efficacy

Deep brain stimulation (DBS) is a well-accepted, safe and effica-
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40,000 Parkinson’s disease patients treated worldwide.17 Improve-
ments in our understanding of brain function coupled with
technological advances are expanding its clinical indications.
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wore glasses and complained of pain at the site of the
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studies.25 Placement of the occipital nerve stimulator
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project to the upper cervical spinal dorsal horns that are

continuous with the trigeminal nucleus caudalis, where
nociceptive fibers of the trigeminal nerve synapse. Taken
together, the upper cervical dorsal horns of C1 to C3 and
the trigeminal nucleus caudalis form the trigeminocervi-
cal complex (TCC) (FIG. 2). From the TCC, nociceptive
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understand as to how pain from a source in the neck can
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headache, characterized by activation of the trigemino-
vascular system, are often characterized by pain in the
territory of the trigeminal and occipital nerves. The TCC
itself is under the control of pain-modulatory structures,
such as the periaquaeductal grey, the dorsolateral pon-
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Occipital nerve stimulation 
FIG. 2. Schematic drawing illustrating the functional anatomy of
pain-modulatory pathways in the spinal cord and supraspinal
structures. Nociceptive trigeminal fibers and C2 to C3 afferents
synapse and converge in the trigeminal nucleus caudalis (TNC)
and dorsal horns of C2 and C3. The dorsal horns C1 to C3 and
the TNC form a functional continuum, the trigeminocervical
complex (TCC), from which information is relayed to higher cen-
ters of the brain (e.g., the thalamus and cortex). Nociceptive and
non-nociceptive information is relayed in the spinal dorsal horn
where it is subject to segmental modulatory mechanisms either
intrinsic or extrinsic from descending projections. The nocicep-
tive input is transmitted to supraspinal relay sites, and is subject
to inhibitory anti-nociceptive projections by pain-modulatory
circuits in the brainstem. Pain processing on different levels may
be modulated by neurostimulation of occipital nerves. DLPT !
dorsolateral pontomesencephalic tegmentum; PAG ! periaque-
ductal gray; RVM ! rostral ventromedial medulla.
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Treatment of medically intractable cluster headache by 
occipital nerve stimulation: long-term follow-up of eight 
patients
Brian Burns, Laurence Watkins, Peter J Goadsby

Summary
Background Cluster headache is a form of primary headache that features repeated attacks of excruciatingly severe 
headache usually occurring several times a day. Patients with chronic cluster headache have unremitting illness that 
necessitates daily preventive medical treatment for years. When medically intractable, the condition has previously 
been treatable only with cranially invasive or neurally destructive methods.

Methods Eight patients with medically intractable chronic cluster headache were implanted in the suboccipital region 
with electrodes for occipital nerve stimulation. Other than the fi rst patient, who was initially stimulated unilaterally 
before being stimulated bilaterally, all patients were stimulated bilaterally during treatment.

Findings At a median follow-up of 20 months (range 6–27 months for bilateral stimulation), six of eight patients 
reported responses that were suffi  ciently meaningful for them to recommend the treatment to similarly aff ected 
patients with chronic cluster headache. Two patients noticed a substantial improvement (90% and 95%) in their 
attacks; three patients noticed a moderate improvement (40%, 60%, and 20–80%) and one reported mild 
improvement (25%). Improvements occurred in both frequency and severity of attacks. These changes took place 
over weeks or months, although attacks returned in days when the device malfunctioned (eg, with battery depletion). 
Adverse events of concern were lead migrations in one patient and battery depletion requiring replacement in four.

Interpretation Occipital nerve stimulation in cluster headache seems to off er a safe, eff ective treatment option that 
could begin a new era of neurostimulation therapy for primary headache syndromes.

Introduction
Cluster headache is a form of primary headache 
characterised by bouts during which patients experience 
many attacks of very severe headache, considered by 
some to be the worst pain experience.1 The chronic form 
of cluster headache is defi ned as having a break of no 
more than a month in every 12 months, unless treatment 
is given.2 The 1-year prevalence of cluster headache is 
about 0·1%;3 about 10% of this group have chronic cluster 
headache.4 Chronic cluster headache is probably 
over-represented in headache clinic populations,5 
although the defi nition itself is probably too restrictive in 
terms of the length of a meaningful gap between bouts 
for an individual. The devastating nature of intractable 
chronic cluster headache has encouraged us to explore 
novel approaches to its management.

Both episodic and chronic cluster headache can be 
successfully treated with a range of oral and parenteral 
medications that can be divided into abortive, transitional, 
and preventive treatment, all of which have been 
extensively reviewed.6–8 Although many patients are 
treated eff ectively, a proportion, particularly with chronic 
cluster headache, present an ongoing challenge. 
Treatment of episodic and chronic cluster headache by 
injection of local anaesthetic and steroid into a greater 
occipital nerve9–12 is generally reported to be useful. 
Adverse events are modest and further studies are 
warranted.13 Because the eff ect of greater occipital nerve 

injection is limited to weeks, this approach is less useful 
in chronic cluster headache, where repeated injections 
are impractical or cease to be eff ective.

A proportion of patients with chronic cluster headache 
are refractory to medical management,4 although the extent 
of this problem is unclear, since guidelines to defi ne such 
patients have only recently evolved.14 That such refractory 
patients exist is clear from reports of surgical interventions 
in cluster headache aimed at the trigeminal nerve or cranial 
parasympathetic outfl ow. Destructive or invasive surgical 
interventions reported include application of glycerol to 
the trigeminal ganglion,15 radiofrequency rhizotomy of the 
trigeminal ganglion,16,17 gamma knife surgery to the 
trigeminal nerve,18 trigeminal tractotomy,19 trigeminal 
sensory nerve root section,20,21 surgical section of the nervus 
intermedius,22 radiofrequency rhizotomy of the nervus 
intermedius,16 combinations of nerve section,23 
decompression of the facial nerve,24 endoscopic spheno-
palatine ganglion blockade with lidocaine and 
corticosteroids,25 and radiofrequency lesions of the 
pterygopalatine ganglion.26 The reported complications 
from such procedures include death, permanent 
neurological impairment, including corneal anaesthesia, 
which can lead to visual loss, anaesthesia dolorosa, jaw 
deviation, and cluster attacks switching sides after a 
unilateral lesion has been made. In addition to these 
complications, a case has also been reported of attacks that 
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persisted on the same side despite trigeminal nerve root 
section.27 A 47% success rate was reported for microvascular 
decompression combined with sectioning of the nervus 
intermedius without producing a neurological defi cit in 
28 patients who underwent 39 procedures.28 Many of these 
procedures bear the risks of a craniotomy or the real 
problem that the attacks may swap sides. With such 
potential side-eff ects for destructive procedures, 
non-destructive ways of pain control would be an important 
advance.

Neurostimulation therapy approaches that entail 
central or peripheral nervous system targets might off er 
a direction for the development of treatments for 
medically intractable headache disorders. The approach 
has been used in other pain indications, including 
neuropathic pain,29 and was pioneered by Weiner and 
Reed30 in head pain. Identifi cation of an area of activation31 
and structural change32 in the region of the posterior 
hypothalamus in cluster headache led to deep brain 
stimulation of that region being trialed successfully.33,34 
This procedure is associated with a small risk of fatal 
haemorrhage.35 Peripheral stimulation of the occipital 
nerve for medically refractory headache has been used in 
several open label trials and series for migraine,36,37 
occipital neuralgia,38–40 and other primary headaches.41 On 
the basis of our experience with greater occipital nerve 
injections,12 our neuroimaging studies of the eff ects of 
occipital nerve stimulation,37 and our concerns about 
morbidity and mortality of deep brain stimulation for 
cluster headache, we began to give occipital nerve 
stimulator implantations to patients with medically 
intractable chronic cluster headache. We report the 
systematic long-term follow-up of these patients.

Methods
Selection of patients
Patients with medically refractory chronic cluster 
headache from the outpatient department at the National 
Hospital, London, UK, were off ered an occipital nerve 
stimulator. Patients seen at this hospital are referred by 

neurologists throughout the UK and represent a wide 
geographical catchment. These patients were off ered the 
choice of a destructive trigeminal nerve procedure or 
deep brain stimulation; all eight individuals opted for 
occipital nerve stimulation. All patients were diagnosed 
with chronic cluster headache and fulfi lled the standard 
criteria,2 with the exception that one patient had long 
attacks (table 1, webappendix).

Some hospitals use a tempory percutaneous wire 
electrode, connected to an external generator, to stimulate 
the occipital nerve for a trial period of several days before 
implantation of a permanent device.30,39 This practice is 
not used at our unit and therefore it was not a selection 
criteria. Additionally, although we were aware of 
each patient’s response to occipital nerve block using 
lidocaine and steroid, this response was not a selection 
criterion.

The patients were given implants on compassionate 
grounds and the study was an audit of outcome, and as 
such under UK guidelines did not require ethics 
committee approval.

Surgical technique
Occipital nerve stimulator electrodes, leads, and battery 
were implanted by use of a technique similar to that 
previously described.30 Implants were bilateral in all 
patients except the fi rst, who initially had a unilateral 
left-sided implant followed 9 months later by the addition 
of a right-sided electrode. In brief, a single-stage procedure 
was used with two parts to allow an intraoperative trial of 
stimulation. The fi rst part was done under local 
anaesthetic and gentle sedation, with care taken to avoid 
anaesthetising the occipital nerves. The patient was placed 
in the lateral position and a sterile fi eld was established. A 
midline posterior cervical incision was made and bilateral 
cylindrical style, quad electrodes (Medtronic, MN, USA) 
were introduced with curved Tuohy needles using an 
image intensifi er to aid position. A dual programme pulse 
generator (Medtronic Synergy, Medtronic) was then used 
to test stimulation and confi rm that paraesthesia was felt 
bilaterally. The second part of the insertion was done 
under a general anaesthetic. The electrodes were looped 
and anchored to the cervical fascia, then tunneled to a 
lateral cervical or sub-clavicular skin crease intermediate 
incision. A left sub-clavicular or abdominal incision was 
made (according to the patient’s preference) to form a 
pocket to implant the pulse generator. Electrodes were 
tunneled to the intermediate incision and a pair of 
extension leads (Medtronic) attached. Silicone sheaths 
were used to protect the lead connections. Topical 
antibiotic cover with gentamicin was introduced around 
the pocket and the incisions were closed.

Patients were provided with remote controls and 
instructed how to use them to communicate with the 
implanted pulse generators. Patients could adjust their 
stimulator settings with the remote control, although the 
pulse generators were programmed to provide continuous 

Age (years) at time 
of implant/sex

Type of chronic 
cluster headache

Years since fi rst cluster 
attack at time of implant

Years since chronic cluster 
onset at time of implant

1 50/M Primary 7 7

2 33/F Primary 5 5

3 32/M Secondary 5 2

4 41/M Secondary 18 7

5 56/M Secondary 12 6

6 38/M Secondary 24 6

7 52/M Primary 12 12

8* 57/M (58) Secondary 52 (52) 5 (6)

Median 
(range)

46 (32–58) .. 12 (5–52) 6 (2–12)

M=male. F=female. *Values for left electrode (bilateral electrodes).

Table 1: Patients’ demographics

See Online for webappendix

Articles

1100 www.thelancet.com   Vol 369   March 31, 2007 

persisted on the same side despite trigeminal nerve root 
section.27 A 47% success rate was reported for microvascular 
decompression combined with sectioning of the nervus 
intermedius without producing a neurological defi cit in 
28 patients who underwent 39 procedures.28 Many of these 
procedures bear the risks of a craniotomy or the real 
problem that the attacks may swap sides. With such 
potential side-eff ects for destructive procedures, 
non-destructive ways of pain control would be an important 
advance.

Neurostimulation therapy approaches that entail 
central or peripheral nervous system targets might off er 
a direction for the development of treatments for 
medically intractable headache disorders. The approach 
has been used in other pain indications, including 
neuropathic pain,29 and was pioneered by Weiner and 
Reed30 in head pain. Identifi cation of an area of activation31 
and structural change32 in the region of the posterior 
hypothalamus in cluster headache led to deep brain 
stimulation of that region being trialed successfully.33,34 
This procedure is associated with a small risk of fatal 
haemorrhage.35 Peripheral stimulation of the occipital 
nerve for medically refractory headache has been used in 
several open label trials and series for migraine,36,37 
occipital neuralgia,38–40 and other primary headaches.41 On 
the basis of our experience with greater occipital nerve 
injections,12 our neuroimaging studies of the eff ects of 
occipital nerve stimulation,37 and our concerns about 
morbidity and mortality of deep brain stimulation for 
cluster headache, we began to give occipital nerve 
stimulator implantations to patients with medically 
intractable chronic cluster headache. We report the 
systematic long-term follow-up of these patients.

Methods
Selection of patients
Patients with medically refractory chronic cluster 
headache from the outpatient department at the National 
Hospital, London, UK, were off ered an occipital nerve 
stimulator. Patients seen at this hospital are referred by 

neurologists throughout the UK and represent a wide 
geographical catchment. These patients were off ered the 
choice of a destructive trigeminal nerve procedure or 
deep brain stimulation; all eight individuals opted for 
occipital nerve stimulation. All patients were diagnosed 
with chronic cluster headache and fulfi lled the standard 
criteria,2 with the exception that one patient had long 
attacks (table 1, webappendix).

Some hospitals use a tempory percutaneous wire 
electrode, connected to an external generator, to stimulate 
the occipital nerve for a trial period of several days before 
implantation of a permanent device.30,39 This practice is 
not used at our unit and therefore it was not a selection 
criteria. Additionally, although we were aware of 
each patient’s response to occipital nerve block using 
lidocaine and steroid, this response was not a selection 
criterion.

The patients were given implants on compassionate 
grounds and the study was an audit of outcome, and as 
such under UK guidelines did not require ethics 
committee approval.

Surgical technique
Occipital nerve stimulator electrodes, leads, and battery 
were implanted by use of a technique similar to that 
previously described.30 Implants were bilateral in all 
patients except the fi rst, who initially had a unilateral 
left-sided implant followed 9 months later by the addition 
of a right-sided electrode. In brief, a single-stage procedure 
was used with two parts to allow an intraoperative trial of 
stimulation. The fi rst part was done under local 
anaesthetic and gentle sedation, with care taken to avoid 
anaesthetising the occipital nerves. The patient was placed 
in the lateral position and a sterile fi eld was established. A 
midline posterior cervical incision was made and bilateral 
cylindrical style, quad electrodes (Medtronic, MN, USA) 
were introduced with curved Tuohy needles using an 
image intensifi er to aid position. A dual programme pulse 
generator (Medtronic Synergy, Medtronic) was then used 
to test stimulation and confi rm that paraesthesia was felt 
bilaterally. The second part of the insertion was done 
under a general anaesthetic. The electrodes were looped 
and anchored to the cervical fascia, then tunneled to a 
lateral cervical or sub-clavicular skin crease intermediate 
incision. A left sub-clavicular or abdominal incision was 
made (according to the patient’s preference) to form a 
pocket to implant the pulse generator. Electrodes were 
tunneled to the intermediate incision and a pair of 
extension leads (Medtronic) attached. Silicone sheaths 
were used to protect the lead connections. Topical 
antibiotic cover with gentamicin was introduced around 
the pocket and the incisions were closed.

Patients were provided with remote controls and 
instructed how to use them to communicate with the 
implanted pulse generators. Patients could adjust their 
stimulator settings with the remote control, although the 
pulse generators were programmed to provide continuous 

Age (years) at time 
of implant/sex

Type of chronic 
cluster headache

Years since fi rst cluster 
attack at time of implant

Years since chronic cluster 
onset at time of implant

1 50/M Primary 7 7

2 33/F Primary 5 5

3 32/M Secondary 5 2

4 41/M Secondary 18 7

5 56/M Secondary 12 6

6 38/M Secondary 24 6

7 52/M Primary 12 12

8* 57/M (58) Secondary 52 (52) 5 (6)

Median 
(range)

46 (32–58) .. 12 (5–52) 6 (2–12)

M=male. F=female. *Values for left electrode (bilateral electrodes).

Table 1: Patients’ demographics

See Online for webappendix
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free, although in one patient, severity of pain was reduced 
so much that he stopped using triptans.

Of the six patients who improved, two noticed a marked 
improvement of 90% or better in their attacks (table 5). 
Three patients noticed a moderate improvement in their 
attacks of 40% or better, and one patient recorded a mild 
improvement of 25%. The meaning of the term 
improvement diff ered between individuals and typically 
meant a change in frequency or severity rather than 
duration (table 6). Patients who felt that they improved 
did so without a change in the dose or type of preventive 
treatment. After stimulator implantation, one patient 
stopped using triptans completely, three patients reduced 
triptan use, and four patients had no alteration in triptan 
use (table 5).

The benefi t from the stimulator was not immediate 
and was never clearly reported in less than weeks. Indeed, 
the useful eff ect built up over months. By contrast, when 
a technical fault in the implanted device developed for 
one of the patients who reported a 90% benefi t from the 
stimulator, there was an almost immediate worsening in 
their headache pattern (over hours or days); a similar 
rapid decline was also noticed by two other patients when 
the batteries in their devices failed.

The fi rst patient to undergo implantation had a 
unilateral left-sided electrode, because 95% of their 
attacks had been left-sided. After implantation the attacks 
changed; 40% were right-sided or left-sided, whereas 
20% of attacks started on the right and merged into a 
left-sided attack. After the addition of the right-sided 
electrode to complete bilateral stimulation, the attacks 
became 70% left-sided and 30% right-sided with an 
overall 40% improvement compared with attacks before 
any stimulation. On the basis of this event we chose to 
give all subsequent patients bilateral implants.

The paraesthesia produced by stimulating the occipital 
nerves can be maintained and adjusted by altering the 
stimulation amplitude, frequency, or pulse width of the 
device. A wide range of settings were used for each 
patient (table 7.) We do not know the optimum values for 
effi  cacy; so far, the most crucial variable seems to be the 
presence of paraesthesia itself.

Complications are listed in table 8. Eight substantial 
surgical interventions (nine individual events) needed to 
be done in these patients; three were due to electrode 
migration (all three occurred in the same patient), one 
was due to electrode failure, and fi ve were related to 
battery malfunction or depletion (with two battery 
depletions in the same patient). Because of these 
complications, the patients had to be seen at the hospital 
for a diagnostic check by a neurosurgeon followed by a 
booked admission to the operating theatre. One patient 
elected not to have a battery replaced after 23 months of 
bilateral stimulation because they did not want another 
operation at that time and wanted to see how their attacks 
altered without use of the stimulator. Lead replacement 
was done in one patient and battery replacement in four. 

Table 8 also includes one patient who had postoperative 
pain and another whose device needed to be 
reprogrammed when a suspected electrode complication 
developed. In addition to these events, some patients 
reported neck stiff ness or limited neck movements after 
implantation, and one patient had muscle recruitment 
from migrated electrodes.

Paraesthesia in the occipital region occurred in all 
patients and was more evident at times for some patients 
than for others, but since all patients generally considered 
this eff ect to be a reassuring or even a pleasant sensation 
and a marker of stimulator activity rather than an adverse 
eff ect, we have not listed it as a complication in table 8.

Discussion
Our case series provides long-term, albeit open-label 
evidence, that occipital nerve stimulation might have a 
role in the management of medically refractory chronic 
cluster headache. That the patients did not respond to 
medical treatment and had long histories of cluster 
headache, and that attacks returned when technical 
problems occurred, all suggest than the stimulator had 
more than a placebo eff ect. A further strength of the 
fi ndings is the relatively long duration of follow-up, 
which suggests that the eff ect is robust and long-lasting. 
In selected patients whose lives are otherwise completely 
wrecked by a devastating illness, even a modest response 
rate would seem to be worthwhile, particularly in view of 
the very minimal side-eff ect profi le for the procedure.41 
Since the alternative for such patients is either destructive, 
irreversible procedures, with substantial morbidity or 
even mortality, or deep brain stimulation, which also has 
complications, this treatment seems to be an attractive 
next step. The time to onset of eff ect suggests an 
interesting neurobiology in terms of brain plasticity. 
Further studies are warranted, with even longer term 
follow-up, to understand the place of this potentially 
important development in clinical practice.

Neurostimulation therapy for chronic cluster headache 
has thus far focused on deep brain stimulation.34,35 Two 

Range of values set during clinic visits* Pattern of use indicated 
from hours of use

Amplitude (V) Rate/frequency (Hz) Pulse width (µs)

1 0·6–2·4 10–100 210–300 Intermittent

2 0·9–9·8 6–50 210–450 Continuous

3 0·5–5·0 10–130 210–450 Continuous

4 0·6–5·0 30–70 210–450 Continuous

5 1·2–8·5 10–80 210–450 Continuous

6 1·2–4·8 40–80 300–450 Continuous

7 1·5–10·0 6–50 210–450 Intermittent

8 0·1–9·2 3–130 180–420 Continuous

*Indicates the range of settings defi nitely tried by the patients. All patients could potentially use the following ranges 
of values: amplitude 0–10·5 V, rate/frequency 3–130 Hz, pulse width 60–450 µs.

Table 7: Settings used for occipital nerve stimulation 
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cases have been abstracted in which occipital nerve 
stimulation was used in patients with chronic cluster 
headache who had had “every conceivable medication”, 
and this approach was said to be helpful.44 A patient 
implanted with a smaller unilateral device (Bion) reported 
a 70% improvement in frequency and severity of attacks45 
By contrast, no benefi t was noted in another series of six 
patients.46 Unilateral implants were used in this series 
and follow-up was short (3 months); longer-term fi ndings 
(6 months) reported at a meeting47 suggest that four of 
fi ve patients noted an improvement, the timing of which 
is consistent with our results. Deep brain stimulation for 
cluster headache was developed after identifi cation of an 
area of activation31 and structural change32 in the region 
of the posterior hypothalamus. Deep brain stimulation of 
the posterior hypothalamic region has been trialed 
successfully,33,34 but has a small risk of fatal haemorrhage,35 
which has led us to investigate occipital nerve stimulation 
as an initial, perhaps screening, option before deep brain 
stimulation. One might conclude that occipital nerve 
stimulation should be tried fi rst, since its side-eff ect 
profi le is so modest, although response rates seem to be 
better for deep brain stimulation, with two-thirds of 
treated patients reported to be completely pain free.34

Peripheral nerve stimulation has been used in 
neuropathic pain with mixed success.29 Its translation to 
head pain was fi rst focused on cases described as occipital 
neuralgia, because of pain in the distribution in the 
occipital region30 Our experience with such patients is 
that most have another underlying primary headache, 
typically migraine.37 Remarkably, the eff ect of occipital 
nerve stimulation is not restricted to the peripheral 
distribution of the greater occipital nerve, although the 
paraesthesia patients report does. Pain syndromes clearly 
involving extra-occipital territory, such as migraine,37 and 
hemicrania continua (unpublished and45) are also 
eff ectively treated with occipital nerve stimulation. This 

extra-occipital eff ect is also seen with greater occipital 
nerve injection in migraine,12 although response to greater 
occipital nerve blockade was not at all predictive of 
outcome to occipital nerve stimulation. The probable 
explanation for the eff ect is a central modulatory change 
at least involving the trigeminocervical complex of 
neurons where second order neurons have input from 
both trigeminal and cervical aff erents.48–51 Indeed, since 
functional brain imaging has shown that patients with 
chronic migraine with occipital nerve stimulation have 
modulation of thalamic activation rather than the apparent 
migraine areas,37 the eff ect in cluster headache might be 
much more central than the trigeminocervical complex.

In other reports of occipital nerve stimulation for 
headache, common complications have included electrode 
migration, infection, cervical pain, allergy to metal, and 
muscle recruitment or spasms of the neck.30, 38–40 In this 
series with a median follow up of 20 months for bilateral 
electrodes we have seen a range of complications, although 
not infection or allergy. Four of eight patients needed a 
new battery, and two patients needed new electrodes. 
Muscle recruitment, pain, and electric shock sensations 
were also noted. Battery depletion is not strictly a 
complication but it does mean that the patient is required 
to have an operation, should they choose to have the 
battery replaced. In previous reported series, battery 
depletion seems to have been less common, possibly 
because of shorter follow-up, lower voltage use, 
intermittent use of the stimulator, or diff erent electrode 
contacts. Several issues need to be explored, such as 
selection of patients and predictors of successful outcome. 
Occipital nerve block did not seem to predict the outcome 
of successful occipital nerve stimulation (see table 3) but 
the numbers here are small and more data are needed. 
Other than selection of patients and predictors of outcome, 
operative technique and equipment improvements are 
important, electrode migration needs to be minimised, 

Months since 
implantation at review

Complications Action taken*

1 23 (1) Excessive pain at scar site in days after operation (1) Oral analgesics plus local anaesthetic and steroid injected to 
wound site plus

2 27 (1) Muscle recruitment and electrode migration; 
(2) battery malfunction and electrode migration; 
(3) electrode migration

(1) New electrodes (6 months); (2) New battery, electrodes and 
leads (11 months); (3) New electrodes (14 months)

3 11 None ..

4 17 (1) Battery power lost (1) Waiting for new battery (16 months)

5 27 (1) Electrode failure (fracture and malfunction); 
(2) battery power lost

(1) New electrodes and leads (9 months); (2) Waiting list for new 
battery (26 months)

6 8 (1) Shock-like sensation due to kinking of wires (1) Reprogrammed electrodes (7 months)

7 11 None ..

8 32 (23)† (1) Battery power lost; (2) battery power lost (1) New battery (18 months after left electrode); (2) Patient elected 
to monitor progress without stimulator on for 6 months 
(32 months after left electrode/23 months after bilateral electrodes)

*Times are months since implantation at which action was taken. †Values for left electrode (bilateral electrodes).

Table 8: Complications
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or stellate ganglion injections of local anaesthetic without 
long-term success. The patients’ responses to sumatriptan 
(6 mg subcutaneous) and inhaled high-fl ow oxygen are 
shown in table 4. Three patients had single-blinded 
placebo-controlled indomethacin tests;43 all were negative. 

Four patients had oral indomethacin at doses from 75 mg 
to 150 mg daily without useful eff ect, whereas one patient 
had never had indomethacin (patient 6); his history was 
most untypical for an indomethacin-sensitive headache.2

Before stimulation, only three of the eight patients 
were taking a preventive (verapamil in all cases). After 
implantation, two of these three patients continued to 
use verapamil and one stopped because of side eff ects. 
None of the fi ve patients who were not taking a preventive 
drug before implantation started taking one afterwards.

The median follow-up for bilateral electrode use was 
20 months (range 8–27; table 5). Six of eight (75%) patients 
noted improvement in their condition and said that they 
would recommend an occipital nerve stimulator to other 
patients with chronic cluster headache in similar 
circumstances. One patient’s headache was about the 
same before and after use of the stimulator, but she said 
that she would still recommend another patient try using 
the stimulator if they were in a similar situation. One 
patient who had used the stimulator only for attacks did 
not fi nd it helpful, and said that he would not recommend 
it to another patient. None of the patients became pain 

Sumatriptan Oxygen 

Responded Response time (min) Responded?

1 No .. No

2 Yes 10 Yes

3 Yes <30 Yes

4 Yes 20 Yes

5 Yes 20 Yes

6 Yes <30 Yes

7 Yes 60 Yes

8 Yes 10 Yes

Summary 88% 20 (10–60)* 88%

*Median (range).

Table 4: Responses to abortive drugs before implantation

Years since 
cluster onset

Months since 
implantation at 
follow-up

Patients’ overall view of 
cluster headache outcome 
since implantation

Patients’ estimate of % change 
in cluster headache since 
implantation

Triptan use 
before vs after 
implantation

Would patient 
recommend use of 
stimulator?

1 7 23 Same .. Same No

2 6 27 Same .. Same Yes

3 6 11 Improved 95% Less (stopped) Yes

4 17 17 Improved 60% Less Yes

5 13 27 Improved 20–80% Same Yes

6 24 8 Improved 90% Less Yes

7 13 11 Improved 25% Same (triptan 
changed)

Yes

8 54 32 (23)* Improved 40% Same Yes

Summary 13 (6–54)† 20 (8–27)†‡ 75% improved 60% (20–95%)† 38% used less 
triptans

88% recommended 
use

*Values for left electrode (bilateral electrodes). †Median (range). ‡Using value for bilateral implantation.

Table 5: Follow-up for main outcomes

Frequency Severity (peak/average)* Duration (min)

Before After Before After Before After

Without abortive After S-6 mg Without abortive After S-6 mg

1 2/day 2–3/day 10/no data Same 240 No data 240 No data

2 1–6/day Same 10/no data Same 120 10 No data Same

3 3/day 3/day 10/8 2/1–2 15–30 <30 <30 Same†

4 2–3/day 4–5/week 8/6–7 7–8/6–7 120 20 n/a 8–15

5 4–5/day 2/week–5/day 10/9 5–10/7–8 180–240 20 n/a Same

6 3–4/day <1/week 10/6–10 10/6–10 30–180 <30 n/a Same

7 6–8/day 4–7/day 10/9 10/8 60–180 90‡ n/a 60‡

8 2–8/day 8/day (6–8/day)§ 10/8 10/6 (6/4)§ 40–120 10 20–30 Same

S-6 mg=subcutaneous sumatriptan 6 mg. n/a=not applicable, always uses abortive. *On verbal rating scale out of 10. †Does not use abortive. ‡Triptan changed from 
rizatriptan wafer to subcutaneous sumatriptan after implantation. §Values for left electrode (bilateral electrodes).

Table 6: Patients’ estimates of cluster frequency, severity, and duration of attacks before and after use of stimulator



Stimulation du nerf grand occipital (ONS): 
Etudes cliniques

314 http://neurology.thelancet.com   Vol 6   April 2007

Articles

Occipital nerve stimulation for drug-resistant chronic cluster 
headache: a prospective pilot study 
Delphine Magis, Marta Allena, Monica Bolla, Victor De Pasqua, Jean-Michel Remacle, Jean Schoenen

Summary
Background Drug-resistant chronic cluster headache (drCCH) is a devastating disorder for which various destructive 
procedures have been tried unsuccessfully. Occipital nerve stimulation (ONS) is a new, safe strategy for intractable 
headaches. We undertook a prospective pilot trial of ONS in drCCH to assess clinical effi  cacy and pain perception. 

Methods Eight patients with drCCH had a suboccipital neurostimulator implanted on the side of the headache and 
were asked to record details of frequency, intensity, and symptomatic treatment for their attacks in a diary before and 
after continuous ONS. To detect changes in cephalic and extracephalic pain processing we measured electrical and 
pressure pain thresholds and the nociceptive blink refl ex. 

Findings Two patients were pain free after a follow-up of 16 and 22 months; one of them still had occasional autonomic 
attacks. Three patients had around a 90% reduction in attack frequency. Two patients, one of whom had had the 
implant for only 3 months, had improvement of around 40%. Mean follow-up was 15·1 months (SD 9·5, range 3–22). 
Intensity of attacks tends to decrease earlier than frequency during ONS and, on average, is improved by 50% in 
remaining attacks. All but one patient were able to substantially reduce their preventive drug treatment. Interruption 
of ONS by switching off  the stimulator or because of an empty battery was followed within days by recurrence and 
increase of attacks in all improved patients. ONS did not signifi cantly modify pain thresholds. The amplitude of the 
nociceptive blink refl ex increased with longer durations of ONS. There were no serious adverse events. 

Interpretation ONS could be an effi  cient treatment for drCCH and could be safer than deep hypothalamic stimulation. 
The delay of 2 months or more between implantation and signifi cant clinical improvement suggests that the procedure 
acts via slow neuromodulatory processes at the level of upper brain stem or diencephalic centres. 

Introduction
Cluster headache is thought to be the most painful 
primary headache disorder. It is part of the so-called 
trigeminal autonomic cephalalgias.1 The episodic form of 
the disorder (International Classifi cation of Headache 
Disorders, second edition [ICHD-II] 3.1.1)2 is characterised 
by attacks of unilateral periorbital pain associated with 
ipsilateral autonomic signs occurring in bouts (clusters) 
of weeks or months, separated by headache-free intervals 
of variable length (months or years). About 10% of 
patients with cluster headache3 either have from onset or 
develop a chronic form of the disorder in which attacks 
persist for more than 1 year without remissions or with 
remissions lasting less than 1 month (ICHD-II 3.1.2).2 
Eff ective acute treatments for cluster headache attacks 
are injectable or intranasal triptans, or oxygen inhalation, 
whereas steroids, verapamil, methysergide, and lithium 
carbonate are the most effi  cient preventive therapies.4 

Although precise fi gures are missing, about 1% of 
patients with chronic cluster headache are expected to 
become refractory to medical treatment and fulfi l proposed 
criteria for intractable headaches.5 Although patients with 
drug-resistant chronic cluster headaches (drCCH) may 
still have some relief with attack treatments, the disorder 
can be substantially disabling and some patients may 
become suicidal. Hence, various surgical procedures that 
target the trigeminal nerve or the cranial parasympathetic 
outfl ow have been tried in such patients. Examples include 

radiofrequency lesions, glycerol injections or balloon 
compressions of the Gasserian ganglion, gamma knife 
surgery or root section of the trigeminal nerve, trigeminal 
tractotomy, lesions of the nervus intermedius or greater 
superfi cial petrosal nerve, blockade or radiofrequency 
lesions of the pterygopalatine ganglion, and microvascular 
decompression of the trigeminal nerve combined with 
nervus intermedius section.4 None of these procedures 
has been satisfactory for the long term and many have 
produced serious complications such as permanent 
neurological defi cits with corneal anaesthesia leading to 
visual loss and anaesthesia dolorosa, or even death. 
Moreover, despite complete sectioning of the trigeminal 
nerve, persistence of cluster headache attacks was reported 
in one patient.6 More recently, hypothalamic neuro-
stimulation with deep-brain electrodes was shown to be 
eff ective in drCCH7 and criteria for the selection of these 
patients for deep-brain stimulation were proposed.8 In our 
series of fi ve patients treated with hypothalamic 
stimulation, one patient unfortunately had a lethal 
treatment-related cerebral haemorrhage,9 which confi rms 
that deep-brain stimulation is not free from risk. 

Suboccipital injections of steroids or local anaesthetics 
are thought to be useful in the management of patients 
with cluster headache.10,11 We have shown their effi  cacy in 
a placebo-controlled trial.12 Along the same line, 
peripheral stimulation of the greater occipital nerve 
(ONS) has been tried with some success in intractable 
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Summary
Background Drug-resistant chronic cluster headache (drCCH) is a devastating disorder for which various destructive 
procedures have been tried unsuccessfully. Occipital nerve stimulation (ONS) is a new, safe strategy for intractable 
headaches. We undertook a prospective pilot trial of ONS in drCCH to assess clinical effi  cacy and pain perception. 

Methods Eight patients with drCCH had a suboccipital neurostimulator implanted on the side of the headache and 
were asked to record details of frequency, intensity, and symptomatic treatment for their attacks in a diary before and 
after continuous ONS. To detect changes in cephalic and extracephalic pain processing we measured electrical and 
pressure pain thresholds and the nociceptive blink refl ex. 

Findings Two patients were pain free after a follow-up of 16 and 22 months; one of them still had occasional autonomic 
attacks. Three patients had around a 90% reduction in attack frequency. Two patients, one of whom had had the 
implant for only 3 months, had improvement of around 40%. Mean follow-up was 15·1 months (SD 9·5, range 3–22). 
Intensity of attacks tends to decrease earlier than frequency during ONS and, on average, is improved by 50% in 
remaining attacks. All but one patient were able to substantially reduce their preventive drug treatment. Interruption 
of ONS by switching off  the stimulator or because of an empty battery was followed within days by recurrence and 
increase of attacks in all improved patients. ONS did not signifi cantly modify pain thresholds. The amplitude of the 
nociceptive blink refl ex increased with longer durations of ONS. There were no serious adverse events. 

Interpretation ONS could be an effi  cient treatment for drCCH and could be safer than deep hypothalamic stimulation. 
The delay of 2 months or more between implantation and signifi cant clinical improvement suggests that the procedure 
acts via slow neuromodulatory processes at the level of upper brain stem or diencephalic centres. 

Introduction
Cluster headache is thought to be the most painful 
primary headache disorder. It is part of the so-called 
trigeminal autonomic cephalalgias.1 The episodic form of 
the disorder (International Classifi cation of Headache 
Disorders, second edition [ICHD-II] 3.1.1)2 is characterised 
by attacks of unilateral periorbital pain associated with 
ipsilateral autonomic signs occurring in bouts (clusters) 
of weeks or months, separated by headache-free intervals 
of variable length (months or years). About 10% of 
patients with cluster headache3 either have from onset or 
develop a chronic form of the disorder in which attacks 
persist for more than 1 year without remissions or with 
remissions lasting less than 1 month (ICHD-II 3.1.2).2 
Eff ective acute treatments for cluster headache attacks 
are injectable or intranasal triptans, or oxygen inhalation, 
whereas steroids, verapamil, methysergide, and lithium 
carbonate are the most effi  cient preventive therapies.4 

Although precise fi gures are missing, about 1% of 
patients with chronic cluster headache are expected to 
become refractory to medical treatment and fulfi l proposed 
criteria for intractable headaches.5 Although patients with 
drug-resistant chronic cluster headaches (drCCH) may 
still have some relief with attack treatments, the disorder 
can be substantially disabling and some patients may 
become suicidal. Hence, various surgical procedures that 
target the trigeminal nerve or the cranial parasympathetic 
outfl ow have been tried in such patients. Examples include 

radiofrequency lesions, glycerol injections or balloon 
compressions of the Gasserian ganglion, gamma knife 
surgery or root section of the trigeminal nerve, trigeminal 
tractotomy, lesions of the nervus intermedius or greater 
superfi cial petrosal nerve, blockade or radiofrequency 
lesions of the pterygopalatine ganglion, and microvascular 
decompression of the trigeminal nerve combined with 
nervus intermedius section.4 None of these procedures 
has been satisfactory for the long term and many have 
produced serious complications such as permanent 
neurological defi cits with corneal anaesthesia leading to 
visual loss and anaesthesia dolorosa, or even death. 
Moreover, despite complete sectioning of the trigeminal 
nerve, persistence of cluster headache attacks was reported 
in one patient.6 More recently, hypothalamic neuro-
stimulation with deep-brain electrodes was shown to be 
eff ective in drCCH7 and criteria for the selection of these 
patients for deep-brain stimulation were proposed.8 In our 
series of fi ve patients treated with hypothalamic 
stimulation, one patient unfortunately had a lethal 
treatment-related cerebral haemorrhage,9 which confi rms 
that deep-brain stimulation is not free from risk. 

Suboccipital injections of steroids or local anaesthetics 
are thought to be useful in the management of patients 
with cluster headache.10,11 We have shown their effi  cacy in 
a placebo-controlled trial.12 Along the same line, 
peripheral stimulation of the greater occipital nerve 
(ONS) has been tried with some success in intractable 
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change in monthly attack frequency before and after ONS 
as well as electrophysiological and algometric data for 
statistical signifi cance (p<0·05) using Wilcoxon’s signed 
rank test for paired variables and the Statistica 7.1 software 
(StatSoft France, 2005). The analysis of electrophysical 
and algometric data was undertaken on measurements 
obtained in six patients for whom there were no missing 
values at any time. 

Role of the funding source
The sponsor of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication. 

Results
In all implanted patients the disease started as episodic 
cluster headache before developing to the chronic form. 
Mean disease duration was 13·6 years (SD 3·4) and mean 
duration of the chronic phase was 5·1 years (SD 1·7).  
Three patients had left-sided and fi ve had right-sided 
attacks (table 1). Mean duration of follow-up is presently 
15·1 months (SD 9·5, range 3–22). Weekly frequency of 
cluster headache attacks before ONS was on average 13·4 
(SD 11·9); after ONS it was 2·8 (SD 3·5), a reduction of 
79·9%. If patient 8, who only had the implanted device 
for 3 months, is omitted from the analysis, the reduction 
in attack frequency after ONS is 93·2%. 

Attack rate per person-month was 57·4 at baseline 
(459 attacks for a total person-time of 8 months). It 
dropped to 28·8 after ONS (2942 attacks for a total 
person-time of 102 months) producing an attack rate 

ratio of 0·5. On average the ONS to baseline attack ratio 
per month was 0·65 (SD 0·37, 95% CI 0·40–0·90); it was 
0·45 (0·23, 0·28–0·62) when patient 1 in whom the 
neurostimulation was interrupted was excluded from the 
analysis. Over the total ONS period, mean monthly attack 
frequency was 29 (27·9, 95% CI 9·7–48), ie, an average 
reduction of monthly attacks compared with baseline of 
–28·4 (23·2, 95% CI –12·4 to –44·4; p=0·03). 

Mean attack intensity before ONS was 2·62 (0·49); 
mean intensity of remaining attacks during ONS was 1·47 
(0·85), ie, reduced by 44%. All patients used subcutaneous 
sumatriptan or oxygen inhalation, or both, for symptomatic 
attack treatment. A decrease in attack intensity occurred 
early after the start of the neurostimulation, in general 
before a clear reduction in attack frequency; it reached its 
maximum at 2 months of ONS (fi gure).

The fi rst patient decided to switch off  his stimulator 
4 months after implantation because the treatment was 
ineff ective and caused unbearable paraesthesias. When 
his data were treated as last values carried forward, mean 
attack frequency and intensity up to 22 months of ONS 
for the whole patient group decreased; we decided 
therefore to include only the values obtained during the 
4 months of ONS in the fi nal analysis. 

Patient 2 had no improvement up to month 9 after 
which her attack frequency dropped by 57% for 5 months. 
Frequency returned to baseline values at month 16 when 
she became depressed because of family problems and 
developed daily analgesic consumption. At month 18, her 
attack frequency dropped again to 2·5 per day until her 
battery ran fl at (fi gure).  

Patient 3, after improving from four severe attacks per 
day to two mild attacks per month after 6 months of ONS, 
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Figure : Change of mean daily attack frequency in individual patients and in the total group of eight patients after various durations of ONS
Filled symbols represent the fi rst series of patients with a follow-up of 18·5–22 months. Open symbols represent the second series of three patients with a follow-up 
of 2–4 months. Pink dashed line represents average change in mean intensity per attack.
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headaches, including chronic cluster headache and 
migraine.13–15 The rationale for ONS is multifaceted. 
Peripheral neurostimulation is a non-destructive way for 
pain control and can be eff ective in other pain disorders 
such as neuropathic pain.16 Convergence of cervical, 
somatic trigeminal, and dural trigeminovascular aff erents 
on second order nociceptors in the brain stem is well 
documented.17 Up to now, two patients with drCCH have 
been abstracted for whom ONS was helpful.18 The same 
group reported on one patient with pain relief but who 
had persistent autonomic attacks after ONS.19

In light of our previous experience with both suboccipital 
steroid injections and deep hypothalamic stimulation, we 
decided to undertake a pilot study of ONS in patients with 
drCCH and to gather information about its mode of 
action by assessing pain thresholds and the nociception-
specifi c blink refl ex. We report here on eight patients after 
a maximum follow-up of 22 months.  

Methods
Patients
We recruited eight patients with drCCH (seven men and 
one woman, mean age 45·3 years SD 9·7 years). Inclusion 
criteria were: chronic cluster headache for at least 2 years; 
four or more attacks per week by history; side-locked 
attacks from the beginning of the disease; no associated 
disabling organic or psychiatric disorder; and resistance 
to drug treatment. Resistance to drug treatment was 
defi ned as the lack of persistent improvement or 
intolerance after appropriate regimens of all of the 
following preventive oral drugs as single and as double or 
triple combinations: methylprednisolone (≥64 mg/day for 
≥4 weeks), verapamil (≥720 mg/day for ≥12 weeks), 
lithium carbonate (up to a serum concentration 
0·8–1 mmol/L for ≥16 weeks), indometacin (150 mg/day 
for 2 weeks), methysergide (4–6 mg/day for ≥4 weeks), 
and valproic acid and topiramate (both in six patients, one 
or the other in two patients, respectively at ≥1000 mg/day 
and ≥150 mg/day for ≥8 weeks), and at least one of 
melatonin (≥9 mg nocte), ergotamine tartrate (1–2 mg 
nocte), clomipramine (50–100 mg/day), gabapentin (800–
1200 mg/day), or amitriptyline (75–100 mg/day). All 
patients had also received on the pain side one or several 
suboccipital injections of a mixture of 2 mL of long-acting 
and rapid-acting betamethasone combined with 0·5 mL 
lidocaine 2%12 without long-lasting benefi t, and two of 
them had also received pterygopalatine ganglion blocks. 
The various treatments were applied by neurologists 
during at least 2 years before enrolment and during the 
waiting time before the procedure attempts to optimise 
the preventive treatment were made in all patients—eg, 
by increasing the dose of drugs like verapamil, adding 
another drug, or doing another suboccipital infi ltration. 

Patients were recruited in two waves and gave written 
informed consent. Approval of the ethics committee of 
the faculty of medicine at Liège University was initially 
obtained for fi ve patients. As results were encouraging 

after the follow-up analysis at 16 months, we requested 
ethics committee approval for a protocol amendment 
allowing us to recruit supplementary patients. Three 
patients were thus recruited in a second wave 18 months 
after the fi rst patients received their implant.

Procedures
The surgical part was divided in two steps separated by a 
3 day hospital stay on the neurosurgery ward. In the fi rst 
step, a paddle-style stimulating lead with four distal 
electrodes, labelled 0–3 towards the tip (Medtronic 3587A 
Resume II, Medtronic, Minneapolis, USA), was implanted 
subcutaneously on the side of the cluster headache via a 
retromastoid C1–2–3 approach, according to the method 
described by Oh and co-workers13 and under general 
anaesthesia. The lead localisation was determined by 
classic anatomical landmarks, but could not be tested 
preoperatively for the production of paraesthesias. After 
surgery, the implanted lead was connected to an external 
stimulator, which was switched on as soon as a typical 
cluster headache attack occurred. The stimulation 
parameters were chosen to obtain paraesthesias in the 
innervation territory of the greater occipital nerve. About 
3 days later, an internal stimulator (Medtronic 7425 Itrel 
3, Medtronic, Minneapolis, USA) was implanted 
subcutaneously under brief general anaesthesia in the 
prepectoral region of the chest. When the battery was 
empty, it was replaced by a longer lasting Medtronic 
Synergy stimulator. 

During follow-up, because of lack of eff ect or 
paraesthesias, the stimulation parameters were adapted  
by two investigators (DM and JS) with a programming 
matrix: electrode plot combination, stimulation voltage, 
frequency, and pulse width were successively modifi ed if 
needed. In the last three treated patients, the stimulation 
programme that was the most eff ective in the fi rst series 
of fi ve patients was chosen. Each patient was allowed to 
switch the stimulator on or off  and to modify the 
stimulation voltage via a remote control system. 

The patients had to fi ll in dedicated cluster headache 
paper diaries for at least 1 month before and without time 
limit after the implantation, recording attack occurrence, 
intensity (rated from 1–the mildest to 4–the worst pain), 
presence of ipsilateral autonomic signs (tearing, 
conjunctival injection, rhinorrhoea, ptosis), and 
acute treatment (subcutaneous sumatriptan 6 mg 
recommended as fi rst choice or oxygen inhalation or 
analgesics). The patients were examined regularly in our 
headache clinic at short time intervals (2–3 week) during 
the fi rst 3 months and at longer intervals (2–4 months) 
thereafter. At each visit the cluster headache diaries were 
collected and the stimulation parameters checked and, if 
necessary, modifi ed. Extra visits or phone calls were 
scheduled on request, which is a general policy for all our 
patients with cluster headache. 

Because the precise mechanisms by which ONS 
decreases pain are not known, we also did 
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stimulation voltage via a remote control system. 
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intensity (rated from 1–the mildest to 4–the worst pain), 
presence of ipsilateral autonomic signs (tearing, 
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acute treatment (subcutaneous sumatriptan 6 mg 
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the fi rst 3 months and at longer intervals (2–4 months) 
thereafter. At each visit the cluster headache diaries were 
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Stimulation du nerf grand occipital (ONS): 
Comment ? Technique chirurgicaleminimally invasive and reversible procedure, and is in-

creasingly used in the treatment of certain forms of
chronic neuropathic pain, where it is certainly preferred
over nerve ablation procedures. Many targets for treating
headache disorders and facial pain with neurostimulation
have been described, including motor cortex, hypothal-
amus, thalamus, peri-aquaeductal grey, trigeminal tract,
trigeminal nerve or ganglion, supra- and infra-orbital
nerves, vagus nerve, and cervical spinal cord, but in
recent years the main focus has been on stimulation of
the occipital nerves in several headache disorders, in-
cluding migraine and cluster headaches.

OCCIPITAL NERVE
STIMULATION: HISTORY

Occipital nerve stimulation (ONS) was pioneered by
Weiner and Reed,7 at the Departments of Neurosurgery
and Anesthesiology, Presbyterian Hospital of Dallas, for
the treatment of “C2-mediated headache” after they de-
scribed a case series of 13 patients with intractable oc-
cipital neuralgia in 1999.8 However, the first use of ONS
for headache was reported in 1977, including 6 patients,
but no specific diagnoses were provided.9 Also in 1985,
ONS treatment for a patient with occipital neuropathy
was described in a case series of patients with painful
neuropathies treated with peripheral nerve stimulation.10

Initially, cuff electrodes twined around the nerve were
used, but Weiner and Reed7 used subcutaneous cylindri-
cal electrodes implanted at the occipitocervical junction.
Beneficial effects of ONS were reported in more cases
and case series, but the headache diagnosis sometimes
remained as vague as: “Head pain that involved the C2
distribution with or without pain in other regions of the
head” or “C2-mediated occipital headaches.”8,11 Patients
with primary headaches often report pain that involves
not only the front of the head, innervated by the first
(ophthalmic) division of the trigeminal nerve, but also
the back of the head, mainly innervated by the greater
occipital nerve that is a branch of the C2 spinal root.
Eight patients of Weiner and Reed’s7 series were further
evaluated as part of a positron emission tomographic
study.12 All eight patients were reclassified as chronic
migraine patients according to the ICHD-II. In the past
few years, the application of ONS has been widened to
include a large number of primary and secondary head-
ache disorders, such as migraine, chronic cluster head-
ache, new daily persistent headache, hemicrania continua,
chronic post-traumatic headache, chronic headache attributed
to whiplash injury, cervicogenic headache, and occipital
neuropathy.13–19 Identification of specific headache di-
agnoses that respond to ONS remains a challenge.13 Re-
cently, ONS has been evaluated in clinical trials in mi-
graine and chronic cluster headaches. The Occipital
Nerve Stimulation for the Treatment of Intractable Mi-

graine (ONSTIM) trial in migraine has only been pub-
lished in abstract form.18 There are two published trials
in chronic cluster headache, one prospective and one
retrospective, but these trials are uncontrolled, as they
offer no comparison to sham.15,17

ONS: Technique
ONS is a minimal invasive procedure, with a stimula-

tor implanted unilaterally or bilaterally at the level of the
occipitocervical junction, such that stimulation causes
slight paresthesia in the distribution of the occipital
nerves after adjusting stimulation parameters, such as
pulse width, frequency, and amplitude (FIG.1). Even
though these are the basic characteristics of ONS, many
technical variations exist, and there is a need for stan-
dardization.20

Medial approach or lateral approach. The origi-
nal technique described by Weiner and Reed7 used a
lateral incision close to the mastoid process and a lead
was advanced in the subcutaneous tissue toward the mid-
line at the C1 level under fluoroscopy control. Later on,
a medial approach was described with a midline inci-
sion.21 There are many arguments in favor of the medial
approach. First, there is more subcutaneous fat at the
midline, which allows surgeons to make a subcutaneous
pocket large enough for adequate fixation of the lead, and
leaving a loop to minimize lead dislocations. Second,
this approach is favored especially with patients who

FIG. 1. Bilateral occipital nerve stimulators in place. (Courtesy
of Dr. Jean-Pierre Van Buyten, Multidisciplinary Pain Centre, AZ
Nikolaas, Sint-Niklaas, Belgium).
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Inc.) placed for their bilateral symptoms via a mid-
line C1-2-3 subcutaneous approach with an “on
the table trial” and immediate battery internalization
(see Procedure B, below, and Figs. 3,4,6,7). The
clinical characteristics of these two patient groups
are given in Tables 1 and 2.

 

Procedure and Follow-up

 

Occipital Neuralgia

 

A two-stage operation for the placement of a
single Resume II electrode and Itrel III generator
was performed (Figs 1 and 2). In the first stage,

the patient was placed in the prone position
under light intravenous sedation. A 2-cm incision
was marked 2 cm medial to the posterior margin
of the mastoid process and 2 cm inferior to the

Figure 2. ITREL 3 Generator. (Courtesy of Medtronic, Inc.)

Figure 3. Quadripolar Resume TL electrode. (Courtesy of
Medtronic, Inc.)

Figure 4. Synergy Generator Placement of Retro mastoid
C1-2-3 (PNS) Stimulator.

Figure 5. A 2 cm vertical incision was made 2 cm medial to
the mastoid body, just inferior to the superior nuchal line. The
electrode is then passed through a subcutaneous tunnel
extending to the midline above the trapezius fascia.
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In this article we will discuss the treatment of Occipital
Neuralgia (ON) and Transformed Migraine (TM) using
a paddle style surgical stimulator lead. A paddle style
electrode may have advantages to the cylindrical style
in reducing migrations from cervical tension or anchor

dislodgement. It should be considered in refractory
“neuropathic” cervicocranial syndromes such as ON
and TM before moving on to more aggressive surgical
interventions. 
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INTRODUCTION

 

Transformed Migraine (TM) and Occipital Neural-
gia (ON) are distinct, clinically diverse, cervicoc-
ranial syndromes involving the posterior occiput
(1–5). Both often manifest with life-altering, dis-
abling pain refractory to conventional therapy
(6–9). As such, cylindrical peripheral nerve stimula-
tors (PNS) have recently been implanted percuta-

neously in both conditions over the distal C1-2-3
spinal nerves (10–14). Results include better than
75% reduction in pain and 88% reduction in
disability when paresthesia is maintained within
these dermatomes (10–12,14). When paresthesia
is not maintained (such as when spasm or anchor
dislodgement leads to cylindrical electrode migra-
tion), recurrent pain and disability mandate surgical
revision (11,12). This technical report describes
the placement of a subcutaneous, C1-2-3, periph-
eral paddle style electrode to minimize this occur-
rence. The objective of this article is to describe
the use of a paddle style electrode(s) (Resume
II/Resume TL, Medtronic Inc., Minneapolis, MN)
for the treatment of chronic ON and TM.
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Figure 6. A 1.5 cm midline incision over C1 at the skull base for placement of dual midline C1-2-3 paddle style electrodes.
Dissection is medial to lateral for right and left electrode placement. Electrodes are then tunneled with a “straw” to a 0.5 cm
trapezius level incision and then to the IPG site on the respective hip. (Courtesy of Krista McAlee)

Figure 7. Bilateral midline placement of C1-2-3 Resume TL electrodes for (TM) placed subcutaneously over the skull base at C1.
Electrodes are tunneled with a “straw” to a small trapezius level incision and then to the IPG site on the respective hip (see Fig. 6).

Electrode+générateur En 
un seul temps 

Effet retardé (mois)



Stimulation du nerf grand occipital (ONS): 
Electrodes

 

106

 

!

 

OH

 

 

 

ET  AL

 

.

Figure 6. A 1.5 cm midline incision over C1 at the skull base for placement of dual midline C1-2-3 paddle style electrodes.
Dissection is medial to lateral for right and left electrode placement. Electrodes are then tunneled with a “straw” to a 0.5 cm
trapezius level incision and then to the IPG site on the respective hip. (Courtesy of Krista McAlee)

Figure 7. Bilateral midline placement of C1-2-3 Resume TL electrodes for (TM) placed subcutaneously over the skull base at C1.
Electrodes are tunneled with a “straw” to a small trapezius level incision and then to the IPG site on the respective hip (see Fig. 6).

-Celles de la stimulation médullaires

-Marquage CE pour la stimulation nerveuse périphérique (PNS)

-Contrat de Bon Usage
Dossier Pharmacie+++
Littérature +++



Stimulation du nerf grand occipital (ONS): 
Paramètres de stimulation efficace

Articles

316 http://neurology.thelancet.com   Vol 6   April 2007

electrophysiological and algometric measures on attack 
and healthy sides before and 1 week and 1 month after 
implantation with the stimulator switched on and off . We 
measured electrical perception and pain thresholds in 
increasing and decreasing steps of 0·2 mA intensity over 
the supraorbital nerve in the forehead with a custom-built, 
high-density current concentric electrode,20 and over the 
sural nerve at the ankle with a standard surface electrode 
(Grass S88 stimulator, Grass Medical, MA, USA). 

After the supraorbital stimulation, which is thought to 
chiefl y activate trigeminal Aδ aff erents, we recorded the 
nociception-specifi c blink refl ex (nsBR) with surface 
electrodes placed over both orbicularis oculi muscles using 
a CED device (Cambridge Electronic Design, Cambridge, 
UK). The stimulus intensity for the nsBR recording was set 
at 1·5 times the individual pain threshold. Five rectifi ed 
electromyographic responses, separated by 15–17 s intervals, 
were averaged offl  ine and the area under the curve was 
measured (Signal software version 3.05, CED). Habituation 
of the nsBR was determined on fi ve successive blocks of 

fi ve responses (interblock interval 2 min) as the percentage 
change of the area under the curve between blocks 5 and 1. 
Because of the ONS stimulus artifacts, nsBR recordings 
were done only with the stimulator switched off . 

Pressure pain thresholds were determined with a 
Somedic algometer over the anterior temple, anterior 
forearm (10 cm proximal to the wrist), and inner part of 
the calcaneal (achilles) tendon just above its insertion on 
the calcaneum. Six measures separated by 20 s intervals 
were averaged for each location.  

Statistical analysis
Weekly and daily attack frequencies were calculated from 
the patients’ diaries and mean intensity per attack was 
computed. Attack rates per person-month were calculated 
by counting the total number of attacks in all patients 
and dividing them by the summed total time in months 
each participant was in the study. The attack rate ratio 
was obtained by dividing the attack rate per person-
month after ONS by the rate before ONS. We analysed 

Patients Age 
(years), 
sex

Disease 
duration 
(years)

Chronic 
phase 
duration 
(years)

Side Follow-up 
after 
implantation 
(months)

MAF 
before 
ONS

MAF 
after 
ONS

MIA 
before 
ONS

MIA 
after 
ONS

Preventive therapy 
before and  after ONS 
(daily doses)

Effi  cient 
stimulation 
parameters*

R/A when 
stimulator 
off 

Adverse eff ects  and clinical 
peculiarities

1 45, M 19 9 R 22·0 2·03 3·5 2·22 0·94 Verapamil (before and 
after: 600 mg)

NA NA Lack of effi  cacy after 4 months, 
paraesthesias felt unbearable, 
stimulator turned off 

2 49, F 13 3 R 22·0 32·9 2·5 1·64 1  Verapamil (before: 
480 mg; after: 120 mg 
Melatonin (before : 6 
mg; after: 3 mg)

B+2–7·5 V 
50 Hz 
300 µs

YES Empty battery replacement at 
20 months  

3 46, M 16 7 L 22·0 26·88 0 2·55 0 Verapamil (before: 720 
mg; after: 600 mg) 
Lithium carbonate 
(before : 2000 mg; 
after: 800 mg) 

0+1–2 
+10·0 V 
90 Hz 
450 µs

YES Persistent autonomic attacks 
after 1 month; transient side-
shift of attacks at 7 months; 
empty battery replacement at 
11 months; one battery switch-
off  by interference

4 32, M 4 4 R 22·0 8·12 0·47 2·6 3 Verapamil (before: 
240 mg; after : 720 mg) 
Lithium carbonate 
(before : 800 mg; after: 
0)

0+1–2+5·8 V 
50 Hz 
360 µs

YES Empty battery replacement at 
10 months, mild thoracic 
discomfort with safety belt 

5 52, M 12·5 4 L 18·5 1·12 0 2·8 0 Verapamil (before : 360 
mg; after: 0)

B+1–2·4 V 
40 Hz 
270 µs

YES Transient side shift at 6 months; 
slight electrode migration at 
12 months; no surgery needed–
no loss of eff ect

6 60, M 16 5 R 4·0 7 0·21 4 2 Methysergide  (before: 
2 mg; after: 0) Lithium 
(before: 800mg; after: 
0) Verapamil (after: 
240 mg)

B+2– 6·0 V 
100 Hz 
360 µs

YES Supportable chest tingling, 
empty battery replacement at 
4 months

7 31, M 15 6 R 4·0 1·12 0·21 3 2 Verapamil  (before: 720 
mg; after: 720 mg) 
Lithium carbonate  
(before: 1000 mg; 
after: 200 mg)

B+3– 8·3 V 
90 Hz 
360 µs

YES None 

8 47, M 12 3 L 3·0 28 17 2·11 1·5 Verapamil  (before: 
840 mg; after 480 mg) 

B+2– 6·0 V 
50 Hz 270 µs

NA Lead displacement after fall 

MAF=mean attack frequency per week. MIA=mean intensity per attack. R/A=recurrence/aggravation. M=male. F=female. L=left. R=right. NA=not applicable. *Electrode plot combination, 
voltage, frequency, and pulse width. 

Table 1: Synopsis of clinical data
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Occipital nerve stimulation for drug-resistant chronic cluster 
headache: a prospective pilot study 
Delphine Magis, Marta Allena, Monica Bolla, Victor De Pasqua, Jean-Michel Remacle, Jean Schoenen

Summary
Background Drug-resistant chronic cluster headache (drCCH) is a devastating disorder for which various destructive 
procedures have been tried unsuccessfully. Occipital nerve stimulation (ONS) is a new, safe strategy for intractable 
headaches. We undertook a prospective pilot trial of ONS in drCCH to assess clinical effi  cacy and pain perception. 

Methods Eight patients with drCCH had a suboccipital neurostimulator implanted on the side of the headache and 
were asked to record details of frequency, intensity, and symptomatic treatment for their attacks in a diary before and 
after continuous ONS. To detect changes in cephalic and extracephalic pain processing we measured electrical and 
pressure pain thresholds and the nociceptive blink refl ex. 

Findings Two patients were pain free after a follow-up of 16 and 22 months; one of them still had occasional autonomic 
attacks. Three patients had around a 90% reduction in attack frequency. Two patients, one of whom had had the 
implant for only 3 months, had improvement of around 40%. Mean follow-up was 15·1 months (SD 9·5, range 3–22). 
Intensity of attacks tends to decrease earlier than frequency during ONS and, on average, is improved by 50% in 
remaining attacks. All but one patient were able to substantially reduce their preventive drug treatment. Interruption 
of ONS by switching off  the stimulator or because of an empty battery was followed within days by recurrence and 
increase of attacks in all improved patients. ONS did not signifi cantly modify pain thresholds. The amplitude of the 
nociceptive blink refl ex increased with longer durations of ONS. There were no serious adverse events. 

Interpretation ONS could be an effi  cient treatment for drCCH and could be safer than deep hypothalamic stimulation. 
The delay of 2 months or more between implantation and signifi cant clinical improvement suggests that the procedure 
acts via slow neuromodulatory processes at the level of upper brain stem or diencephalic centres. 

Introduction
Cluster headache is thought to be the most painful 
primary headache disorder. It is part of the so-called 
trigeminal autonomic cephalalgias.1 The episodic form of 
the disorder (International Classifi cation of Headache 
Disorders, second edition [ICHD-II] 3.1.1)2 is characterised 
by attacks of unilateral periorbital pain associated with 
ipsilateral autonomic signs occurring in bouts (clusters) 
of weeks or months, separated by headache-free intervals 
of variable length (months or years). About 10% of 
patients with cluster headache3 either have from onset or 
develop a chronic form of the disorder in which attacks 
persist for more than 1 year without remissions or with 
remissions lasting less than 1 month (ICHD-II 3.1.2).2 
Eff ective acute treatments for cluster headache attacks 
are injectable or intranasal triptans, or oxygen inhalation, 
whereas steroids, verapamil, methysergide, and lithium 
carbonate are the most effi  cient preventive therapies.4 

Although precise fi gures are missing, about 1% of 
patients with chronic cluster headache are expected to 
become refractory to medical treatment and fulfi l proposed 
criteria for intractable headaches.5 Although patients with 
drug-resistant chronic cluster headaches (drCCH) may 
still have some relief with attack treatments, the disorder 
can be substantially disabling and some patients may 
become suicidal. Hence, various surgical procedures that 
target the trigeminal nerve or the cranial parasympathetic 
outfl ow have been tried in such patients. Examples include 

radiofrequency lesions, glycerol injections or balloon 
compressions of the Gasserian ganglion, gamma knife 
surgery or root section of the trigeminal nerve, trigeminal 
tractotomy, lesions of the nervus intermedius or greater 
superfi cial petrosal nerve, blockade or radiofrequency 
lesions of the pterygopalatine ganglion, and microvascular 
decompression of the trigeminal nerve combined with 
nervus intermedius section.4 None of these procedures 
has been satisfactory for the long term and many have 
produced serious complications such as permanent 
neurological defi cits with corneal anaesthesia leading to 
visual loss and anaesthesia dolorosa, or even death. 
Moreover, despite complete sectioning of the trigeminal 
nerve, persistence of cluster headache attacks was reported 
in one patient.6 More recently, hypothalamic neuro-
stimulation with deep-brain electrodes was shown to be 
eff ective in drCCH7 and criteria for the selection of these 
patients for deep-brain stimulation were proposed.8 In our 
series of fi ve patients treated with hypothalamic 
stimulation, one patient unfortunately had a lethal 
treatment-related cerebral haemorrhage,9 which confi rms 
that deep-brain stimulation is not free from risk. 

Suboccipital injections of steroids or local anaesthetics 
are thought to be useful in the management of patients 
with cluster headache.10,11 We have shown their effi  cacy in 
a placebo-controlled trial.12 Along the same line, 
peripheral stimulation of the greater occipital nerve 
(ONS) has been tried with some success in intractable 
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Treatment of medically intractable cluster headache by 
occipital nerve stimulation: long-term follow-up of eight 
patients
Brian Burns, Laurence Watkins, Peter J Goadsby

Summary
Background Cluster headache is a form of primary headache that features repeated attacks of excruciatingly severe 
headache usually occurring several times a day. Patients with chronic cluster headache have unremitting illness that 
necessitates daily preventive medical treatment for years. When medically intractable, the condition has previously 
been treatable only with cranially invasive or neurally destructive methods.

Methods Eight patients with medically intractable chronic cluster headache were implanted in the suboccipital region 
with electrodes for occipital nerve stimulation. Other than the fi rst patient, who was initially stimulated unilaterally 
before being stimulated bilaterally, all patients were stimulated bilaterally during treatment.

Findings At a median follow-up of 20 months (range 6–27 months for bilateral stimulation), six of eight patients 
reported responses that were suffi  ciently meaningful for them to recommend the treatment to similarly aff ected 
patients with chronic cluster headache. Two patients noticed a substantial improvement (90% and 95%) in their 
attacks; three patients noticed a moderate improvement (40%, 60%, and 20–80%) and one reported mild 
improvement (25%). Improvements occurred in both frequency and severity of attacks. These changes took place 
over weeks or months, although attacks returned in days when the device malfunctioned (eg, with battery depletion). 
Adverse events of concern were lead migrations in one patient and battery depletion requiring replacement in four.

Interpretation Occipital nerve stimulation in cluster headache seems to off er a safe, eff ective treatment option that 
could begin a new era of neurostimulation therapy for primary headache syndromes.

Introduction
Cluster headache is a form of primary headache 
characterised by bouts during which patients experience 
many attacks of very severe headache, considered by 
some to be the worst pain experience.1 The chronic form 
of cluster headache is defi ned as having a break of no 
more than a month in every 12 months, unless treatment 
is given.2 The 1-year prevalence of cluster headache is 
about 0·1%;3 about 10% of this group have chronic cluster 
headache.4 Chronic cluster headache is probably 
over-represented in headache clinic populations,5 
although the defi nition itself is probably too restrictive in 
terms of the length of a meaningful gap between bouts 
for an individual. The devastating nature of intractable 
chronic cluster headache has encouraged us to explore 
novel approaches to its management.

Both episodic and chronic cluster headache can be 
successfully treated with a range of oral and parenteral 
medications that can be divided into abortive, transitional, 
and preventive treatment, all of which have been 
extensively reviewed.6–8 Although many patients are 
treated eff ectively, a proportion, particularly with chronic 
cluster headache, present an ongoing challenge. 
Treatment of episodic and chronic cluster headache by 
injection of local anaesthetic and steroid into a greater 
occipital nerve9–12 is generally reported to be useful. 
Adverse events are modest and further studies are 
warranted.13 Because the eff ect of greater occipital nerve 

injection is limited to weeks, this approach is less useful 
in chronic cluster headache, where repeated injections 
are impractical or cease to be eff ective.

A proportion of patients with chronic cluster headache 
are refractory to medical management,4 although the extent 
of this problem is unclear, since guidelines to defi ne such 
patients have only recently evolved.14 That such refractory 
patients exist is clear from reports of surgical interventions 
in cluster headache aimed at the trigeminal nerve or cranial 
parasympathetic outfl ow. Destructive or invasive surgical 
interventions reported include application of glycerol to 
the trigeminal ganglion,15 radiofrequency rhizotomy of the 
trigeminal ganglion,16,17 gamma knife surgery to the 
trigeminal nerve,18 trigeminal tractotomy,19 trigeminal 
sensory nerve root section,20,21 surgical section of the nervus 
intermedius,22 radiofrequency rhizotomy of the nervus 
intermedius,16 combinations of nerve section,23 
decompression of the facial nerve,24 endoscopic spheno-
palatine ganglion blockade with lidocaine and 
corticosteroids,25 and radiofrequency lesions of the 
pterygopalatine ganglion.26 The reported complications 
from such procedures include death, permanent 
neurological impairment, including corneal anaesthesia, 
which can lead to visual loss, anaesthesia dolorosa, jaw 
deviation, and cluster attacks switching sides after a 
unilateral lesion has been made. In addition to these 
complications, a case has also been reported of attacks that 
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free, although in one patient, severity of pain was reduced 
so much that he stopped using triptans.

Of the six patients who improved, two noticed a marked 
improvement of 90% or better in their attacks (table 5). 
Three patients noticed a moderate improvement in their 
attacks of 40% or better, and one patient recorded a mild 
improvement of 25%. The meaning of the term 
improvement diff ered between individuals and typically 
meant a change in frequency or severity rather than 
duration (table 6). Patients who felt that they improved 
did so without a change in the dose or type of preventive 
treatment. After stimulator implantation, one patient 
stopped using triptans completely, three patients reduced 
triptan use, and four patients had no alteration in triptan 
use (table 5).

The benefi t from the stimulator was not immediate 
and was never clearly reported in less than weeks. Indeed, 
the useful eff ect built up over months. By contrast, when 
a technical fault in the implanted device developed for 
one of the patients who reported a 90% benefi t from the 
stimulator, there was an almost immediate worsening in 
their headache pattern (over hours or days); a similar 
rapid decline was also noticed by two other patients when 
the batteries in their devices failed.

The fi rst patient to undergo implantation had a 
unilateral left-sided electrode, because 95% of their 
attacks had been left-sided. After implantation the attacks 
changed; 40% were right-sided or left-sided, whereas 
20% of attacks started on the right and merged into a 
left-sided attack. After the addition of the right-sided 
electrode to complete bilateral stimulation, the attacks 
became 70% left-sided and 30% right-sided with an 
overall 40% improvement compared with attacks before 
any stimulation. On the basis of this event we chose to 
give all subsequent patients bilateral implants.

The paraesthesia produced by stimulating the occipital 
nerves can be maintained and adjusted by altering the 
stimulation amplitude, frequency, or pulse width of the 
device. A wide range of settings were used for each 
patient (table 7.) We do not know the optimum values for 
effi  cacy; so far, the most crucial variable seems to be the 
presence of paraesthesia itself.

Complications are listed in table 8. Eight substantial 
surgical interventions (nine individual events) needed to 
be done in these patients; three were due to electrode 
migration (all three occurred in the same patient), one 
was due to electrode failure, and fi ve were related to 
battery malfunction or depletion (with two battery 
depletions in the same patient). Because of these 
complications, the patients had to be seen at the hospital 
for a diagnostic check by a neurosurgeon followed by a 
booked admission to the operating theatre. One patient 
elected not to have a battery replaced after 23 months of 
bilateral stimulation because they did not want another 
operation at that time and wanted to see how their attacks 
altered without use of the stimulator. Lead replacement 
was done in one patient and battery replacement in four. 

Table 8 also includes one patient who had postoperative 
pain and another whose device needed to be 
reprogrammed when a suspected electrode complication 
developed. In addition to these events, some patients 
reported neck stiff ness or limited neck movements after 
implantation, and one patient had muscle recruitment 
from migrated electrodes.

Paraesthesia in the occipital region occurred in all 
patients and was more evident at times for some patients 
than for others, but since all patients generally considered 
this eff ect to be a reassuring or even a pleasant sensation 
and a marker of stimulator activity rather than an adverse 
eff ect, we have not listed it as a complication in table 8.

Discussion
Our case series provides long-term, albeit open-label 
evidence, that occipital nerve stimulation might have a 
role in the management of medically refractory chronic 
cluster headache. That the patients did not respond to 
medical treatment and had long histories of cluster 
headache, and that attacks returned when technical 
problems occurred, all suggest than the stimulator had 
more than a placebo eff ect. A further strength of the 
fi ndings is the relatively long duration of follow-up, 
which suggests that the eff ect is robust and long-lasting. 
In selected patients whose lives are otherwise completely 
wrecked by a devastating illness, even a modest response 
rate would seem to be worthwhile, particularly in view of 
the very minimal side-eff ect profi le for the procedure.41 
Since the alternative for such patients is either destructive, 
irreversible procedures, with substantial morbidity or 
even mortality, or deep brain stimulation, which also has 
complications, this treatment seems to be an attractive 
next step. The time to onset of eff ect suggests an 
interesting neurobiology in terms of brain plasticity. 
Further studies are warranted, with even longer term 
follow-up, to understand the place of this potentially 
important development in clinical practice.

Neurostimulation therapy for chronic cluster headache 
has thus far focused on deep brain stimulation.34,35 Two 

Range of values set during clinic visits* Pattern of use indicated 
from hours of use

Amplitude (V) Rate/frequency (Hz) Pulse width (µs)

1 0·6–2·4 10–100 210–300 Intermittent

2 0·9–9·8 6–50 210–450 Continuous

3 0·5–5·0 10–130 210–450 Continuous

4 0·6–5·0 30–70 210–450 Continuous

5 1·2–8·5 10–80 210–450 Continuous

6 1·2–4·8 40–80 300–450 Continuous

7 1·5–10·0 6–50 210–450 Intermittent

8 0·1–9·2 3–130 180–420 Continuous

*Indicates the range of settings defi nitely tried by the patients. All patients could potentially use the following ranges 
of values: amplitude 0–10·5 V, rate/frequency 3–130 Hz, pulse width 60–450 µs.

Table 7: Settings used for occipital nerve stimulation 

Fréquence 50-100 Hz
Largeur d’onde 300 microsec
Voltage 1-10 V (patient)

Obtain paraesthesias in the innervation territory of the greater occipital nerve.



Expérience de l’hôpital Foch 
en collaboration avec Hôp. Lariboisière Dr Roos

- AVF chronique ph-résistante 
- 7 patients (100% hommes) 
- âge moyen 43 ans 
- implantation de 2 électrodes percutanées 

(St Jude medical) 
- Complications chirurgicales: douleurs 

locales, pas d’infection, pas d’explantation 
- recul de 1 mois à 2,5 ans 
- 1 à 1 mois de recul (réglages en cours) 
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Recherche clinique

- Observatoire national NGO 
(stimulation nerf grand occipital) 

- Etude des mécanismes avec l’imagerie 
cérébrale, protocole MET-ONS (TEP 
scan réalisé avant l’intervention, 1 
semaine post-op, 3 mois post-op). 4 
centres.  

- Promotion CHU de Nice (D Fontaine & 
M Lanteri-Minet) 



Conclusions

Qui ?  
AVF chronique et pharmacorésistante 

Quoi ?  
Stimulation grand nerf occipital d’Arnold 

Comment ?  
Evaluation, sélection, implantation, réglage, 
éducation thérapeutique 

Mécanisme ? 
Recherche clinique et imagerie cérébrale 


