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Peripheral Neurostimulation for the Treatment
of Refractory Cluster Headache, Long-Term

Follow-Up: Case Report

Antonios Mammis, MD**, Mark Gudesblatt, MD*, Alon Y. Mogilner, MD, PhD*

Introduction: Cluster headache is a headache syndrome characterized by periodic episodes of intense headache with sponta-
neous remission. There are recent reports utilizing occipital nerve stimulation for the successful management of medically
refractory cases of cluster headache.

Methods: The case of an 18-year-old boy with chronic, refractory, recurrent cluster headaches is presented. He was treated
surgically with combined occipital, supraorbital, and infraorbital nerve stimulation.

Results: Prior to operation, the patient suffered three to four episodes of cluster headache per day, for four years. After implan-
tation of occipital, supraorbital, and infraorbital nerve stimulators, the patient averages at most three to four headaches per month,
at 36-month follow-up.

Conclusion: Peripheral neurostimulation is safe and efficacious in the management of chronic, medically refractory cluster

headache syndrome. The efficacy of treatment was found to be persistent after three years.
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INTRODUCTION

Cluster headache is a syndrome characterized by periodic episodes
of intense unilateral head pain of variable duration and typically
followed by spontaneous remission (1,2). The prevalence of cluster
headache is 0.1%, and men are typically affected more than women
(3). Cluster headaches may occur as episodic clusters or in a chronic
form. The episodic type typically has at least two clusters varying
from one week to one year separated by cluster-free intervals of one
month or longer. The chronic form can have clusters occurring more
than yearly, with no remission (4). Approximately 1% of all chronic
cluster headaches become refractory to standard medical therapy
(5). The pathophysiology of cluster headache is unclear, with some
investigators concluding that this is a centrally mediated process,
while others a peripheral process (6). Studies using functional neu-
roimaging, to investigate the cause of cluster headache, have impli-
cated posterior hypothalamic involvement (7,8).

The traditional management of cluster headache has comprised a
number of medical strategies, for both abortive and prophylactic
treatment. Acute treatment includes oxygen inhalation, subcutane-
ous sumatriptan, oral ergotamine, and the nasal application of
lidocaine. Pharmacologic strategies for the prevention of cluster
headaches include oral doses of verapamil, lithium, methysergide,
pizotifen, topiramate, or melatonin and intranasal capsaicin (9-13).

In cases that are refractory to maximal medical management,
surgical options can be explored. Surgical procedures that have
been done for cluster headache include microvascular decompres-
sion, trigeminal glycerol or radiofrequency rhizotomy, gamma knife
surgery to the trigeminal nerve and/or sphenopalatine ganglion,

sectioning of the nervus intermedius or greater superficial petrosal
nerve, or sphenopalatine ganglion lesioning or blockade (11,14-
16). Ansarinia et al. described a technique of electrical stimulation of
the sphenopalatine ganglion for acute treatment of cluster head-
aches (17). Deep brain stimulation of the posterior hypothalamus
for the treatment of cluster headache also has been reported (18-
20). Recently, various peripheral neurostimulation techniques,
including occipital and supraorbital nerve stimulation, have been
tried for the management of refractory cluster headache (21-24).
We present a case of an 18-year-old boy with refractory cluster
headache syndrome, who, at 36-month follow-up, demonstrated
significant benefit after combined occipital, supraorbital, and
infraorbital nerve stimulation.

Address correspondence to: Alon Y. Mogilner, MD, PhD, 865 Northern Boule-
vard, Suite 201, Great Neck, NY 11021, USA. Email: amogilner@nshs.edu

* Department of Neurosurgery, Cushing Neuroscience Institutes, Hofstra Univer-
sity School of Medicine and North Shore University Hospital, Manhasset, New
York, USA;

* Department of Neurological Surgery, UMDNJ—New Jersey Medical School,
Newark, New Jersey, USA; and

¥ South Shore Neurologic Associates, Bay Shore, New York, USA

For more information on author guidelines, an explanation of our peer review
process, and conflict of interest informed consent policies, please go to http://
www.wiley.com/bw/submit.asp?ref=1094-7159&site=1

www.neuromodulationjournal.com

© 2011 International Neuromodulation Society

Neuromodulation 2011; 14: 432-435



PERIPHERAL NEUROSTIMULATION FOR CLUSTER HEADACHE

CASE DESCRIPTION

The patient is an 18-year-old left handed male with a more than
four-year history of almost daily unremitting cluster headache. He
described episodic left periorbital pain associated with injection
and redness of the eye, tearing, drooping of the eyelid, and rhinor-
rhea. The episodes occurred three to four times a day and lasted for
approximately two hours. There was no additional past medical,
surgical, or family history. His general medical and neurologic exams
were normal on multiple occasions.

Over the course of four years, he had been treated with
sumatriptan injections, frovatriptan, almotriptan, eletriptan, dival-
proex, verapamil, propranolol, naproxen, amitriptyline, and topira-
mate with minimal improvement in his condition. He also had
used supplemental high flow oxygen, with some temporal reduc-
tion of headaches. The addition of methylergonovine and pred-
nisone helped him achieve his first four-week headache-free
period, but he developed severe leg cramping. The decision was
then made to discuss a trial of peripheral neurostimulation with
the patient. Prior to the procedure, both occipital nerve as well as
trigeminal branch (supra- and infraorbital) stimulation were dis-
cussed. Given the more extensively published data utilizing occipi-
tal nerve stimulation to treat cluster headache, the decision was
made to perform an occipital nerve stimulator trial, with the pos-
sibility left open that trigeminal branch stimulation could be
attempted at a later date.

A percutaneous left occipital stimulator trial was performed using
standard surgical technique. The patient was positioned supine,
with the head turned towards the right. After infiltration with local
anesthetic, a curved spinal needle was advanced subcutaneously
from the left retromastoid region towards the radiographic projec-
tion of the tip of the odontoid process at the level of the C1 arch.
An eight-pole spinal cord stimulating electrode (Model 3778,
Medtronic, Inc., Minneapolis, MN, USA) was advanced through the
needle, under fluoroscopic guidance. After removing the stylette
and needle under fluoroscopic guidance, the lead was sutured to
the skin with a plastic anchor and 2-0 silk ties. The patient was then
taken to the recovery room, where his outpatient trial of stimulation
began.

The patient reported a significant reduction in the frequency and
severity of his headaches during the five-day trial period, and pro-
ceeded to permanent implantation under general anesthesia. The
patient returned with the occipital lead still in place. At the start of
the case, a fluoroscopic image was taken of the lead location, and
the lead was then removed prior to prepping and draping. A new
lead was then placed in the identical location, and a linear incision
was made over the needle entry point in the retromastoid region,
where the lead was anchored to the fascia with a plastic anchor
(Titan, Medtronic, Inc.) and multiple 2-0 silk ties. A subcutaneous
pocket was then fashioned in the infraclavicular region, and the
electrode was tunneled down and connected to an implantable
pulse generator (Restore Ultra Model 37712, Medtronic, Inc.). The
patient was discharged home that same day.

Upon postsurgical follow-up at eight weeks’ time, the patient
reported less than 50% reduction in his headaches, with persistent
orbital pain. Given the lack of pain relief, the decision was made to
add trigeminal branch stimulating electrodes to the system. He was
then taken back to the operating room for placement of left
supraorbital and infraorbital stimulating electrodes, under general
anesthesia. Using techniques similar to those described above, two
quadripolar stimulating electrodes (Pisces Quad Model 3487A-45,
Medtronic, Inc.) were introduced with curved spinal needles from a
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Figure 1. Intraoperative anterior-posterior skull radiograph, demonstrating
the positions of the supraorbital (A), infraorbital (B), and occipital (C) neuro-
stimulation leads.

temporal incision towards the supraorbital and infraorbital regions.
Placement was confirmed fluoroscopically (Fig. 1). The leads were
tunneled to a point 2 cm above and 3 cm posterior to the pinna,
where a curvilinear incision was made down to the temporalis
fascia, where the leads were anchored and connected via a bifur-
cated extension (Model 3708260, Medtronic, Inc.) to the pulse gen-
erator in the previously unused second channel.

At four-month follow-up, the patient was headache-free and his
pre-stimulator medication schedule and doses were significantly
reduced. At 16-month follow-up, the patient remained headache-
free and was relying only on amitriptyline monotherapy, which rep-
resented his first prolonged headache-free period in years. At
22-month follow-up, he reported only a single headache associated
with the ingestion of monosodium glutamate. At 36-month follow-
up, the patient reported at most three to four headaches per month,
which were brief, isolated, and responsive to triptan therapy. The
cluster headaches were no longer daily, persistent, or frequently
recurring, at last visit. The patient reported dramatic improvement
in his perception of quality of life.

At 36-month follow-up, the patient’s programming parameters
remained almost identical to those he had been using since the
implantation of the supraorbital and infraorbital leads. The four-
pole supraorbital stimulator’s 1—, 3+ contacts were actively in use,
with an amplitude of 0.8 V, pulse width of 90 usec, and with a rate of
60 Hz. The four-pole infraorbital stimulator's 5+, 7— contacts were
actively in use, with an amplitude of 1.65 V, pulse width of 90 usec
and with a rate of 60 Hz. Finally, the eight-pole occipital stimulator’s
10+, 11—, 124, 13—, 14—, 15— contacts were actively in use, with an
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amplitude of 3.15V, pulse width of 800 usec, and with a rate of
60 Hz.

DISCUSSION

Available literature on the use of peripheral neurostimulation for
headache includes occipital nerve stimulation, supraorbital nerve
stimulation, and infraorbital nerve stimulation. Occipital nerve
stimulation is by far the most commonly performed of the three
(21,22,25,26).

There are a few reported studies of peripheral neurostimulation
for medically intractable cluster headache. Goadsby reported eight
patients who underwent implantation of occipital nerve stimula-
tors, with a median follow-up period of 20 months. He described
two patients with substantial improvement, three with moderate,
and one with mild improvement (16). In a subsequent report, the
same investigators described 14 patients who were treated with
bilateral occipital nerve stimulation were followed for a median
period of 17.5 months. Three patients described marked improve-
ment, three described moderate, and four had mild improvementin
headaches (27).

Magis reported on eight patients with intractable cluster head-
ache, who were treated with unilateral occipital nerve stimulation.
At a mean follow-up of 15.1 months, two patients were headache-
free, three reported a 90% frequency reduction, and two had a 40%
reduction (28). De Quintana-Schmidt described four patients who
had occipital nerve stimulators placed for medically intractable
cluster headache. At six-month follow-up, there was a 56% reduc-
tion in headache frequency, 48.8% reduction in intensity, and 63.8%
reduction in duration. Furthermore, three out of the four patients
had a significant reduction in their medications and all patients
reported improvement in their quality of life (29).

While there have been reports of using combined occipital and
supraorbital neurostimulation for migraine headache, there is a
paucity of literature on cluster headache (30). Narouze reported on
a case of supraorbital nerve stimulation alone being used success-
fully for chronic cluster headache (31). There are no reports or
studies of infraorbital stimulation for cluster headache.

This report represents the first description of combined occipital
nerve, supraorbital nerve, and infraorbital nerve stimulation for the
treatment of intractable cluster headache. It is important to note
that our patient required and continues to utilize all three contacts
to achieve >50% pain relief. It should be noted that Magis and
colleagues reported a delay in efficacy of at least two months
between occipital lead implant and pain relief in their series (28).
In our patient, the trigeminal branch stimulators were implanted
ten weeks following the occipital lead due to persistent head-
aches. It is possible that pain relief would have been obtained with
only the occipital lead had we waited longer prior to trigeminal
branch stimulator placement. However, without a rigorous
washout process of activating each lead independently and
re-assessing the patient, we cannot state this with absolute cer-
tainty. At this point in time, given his dramatic clinical improve-
ment on the current settings, we do not consider it ethical to
attempt such an assessment.

This is the only report documenting a significant role of infraor-
bital stimulation, in conjunction with occipital and supraorbital, for
cluster headache. One could speculate that the use of combination
peripheral neurostimulation, in cases of medically refractory cluster
headache, may promote greater levels of pain relief. The clinical
observation follow-up of 36 months also is among the longest

described in the literature for any means of peripheral neurostimu-
lation for cluster headache.

CONCLUSION

Peripheral neurostimulation can be used for the management of
chronic, medically refractory cluster headache syndrome. In this
case report, our patient was able to significantly reduce his head-
ache frequency and intensity. Furthermore, he was able to reduce
his medication regimen. The dramatic efficacy of treatment was
found to be persistent at 36-month follow-up.
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COMMENTS

Chronic cluster headache can be one of the most disabling primary
headache disorders. New treatment modalities are needed for refrac-
tory cases. Peripheral nerve stimulation may provide relief when medi-
cations, injections and other therapies fail. The authors present an
interesting case of multiple peripheral nerve stimulation (occipital,
supraorbital and infraorbital) that provided long term benefit. This case
supports the contention that further studies of peripheral nerve stimu-
lation for headache disorders are indicated.

Terrence L. Trentman, MD
Scottsdale, AZ USA

XK

Cluster headache (CH) is a rare but extremely disabling medical con-
dition. Due to frequent ineffectiveness of medical treatment, multiple
surgical approaches have been proposed including both destruction
(such as radiosurgical ablation of sphenopalatine ganglion (SPG)) and
neuromodulation, including hypothalamic deep brain stimulation
(DBS). The less invasive alternatives of occipital or, more recently,
supraorbital peripheral nerve stimulation (PNS) have also been
described.

The novel concept of Dr. Mogilner and his colleagues involve com-
bination of previously described approach with addition of infraorbital
nerve stimulation component. This is quite intuitive PNS application
considering periorbital location of painful attacks and therefore its
success is not surprising.

Following the concept of CH being a trigeminal autonomic dysfunc-
tion, the final question however, will remain until some kind of ran-
domized study is performed: is there any benefit in stimulating area
where the pain is located (as described in this case report) vs. more
central location from where pain may be originating (assuming that CH
is a malfunction of SPG), vs. the brain area where the pain is processed
(i.e., hypothalamus)?

A point worth emphasizing in this particular case report is that best
clinical results are obtained when individualized patient-based
approach is combined with the spirit of innovation.

Konstantin V. Slavin, MD, FAANS
Chicago, IL USA

KKK

Interesting case report in a field of increasing interest involving head-
ache, peripheral-cranial nerves and central neuromodulation. Unfortu-
nately, the figure is not explicative of the surgical technique and may
have the result of misleading readers with respect to leads connections
and location. | might suggest an "artist drawing" of the definitive
implant or a schematic drawing of the connections.

Angelo Franzini, MD
Milan, Italy

Comments not included in the Early View version of this paper.
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