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Abstract

Headaches (cephalgias) are a common reason for patients to seek medical
care. There are groups of patients with recurrent headache and craniofacial
pain presenting with malignant course of their disease that becomes refractory
to pharmacotherapy and other medical management options. Neuromodulation
can be a viable treatment modality for at least some of these patients. We review
the available evidence related to the use of neuromodulation modalities for the Dor:

) . . . . 10.4103/2152-7806.110662
treatment of medically refractory craniofacial pain of different nosology based Quick Response Code:
on the International Classification of Headache Disorders, 2" edition (ICHD-II)
classification. This article also reviews the scientific rationale of neuromodulation
application in management of cephalgias.
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INTRODUCTION

The term “cephalgia” refers to a condition of pain in
the craniofacial region or recurrent headache. Ileadache
may be divided into primary, as endogenously generated
disorder, or secondary, as a consequence of exogenous
factors, such as trauma, tumor, or infection, causing
activation of cranial nociceptors and inducing pain in
the head. Diagnostic criteria of primary and secondary
headaches as well as cranial neuralgias are summarized
in the second edition of the International Headache
Classification.[

First-line  approaches  for  treating  cephalgias
include medications, physical therapy, biofeedback,
psychotherapy, and regional nerve blocks. However,
despite progress in growing variety of pharmacological
medications, some patients with headache disorders are
refractory to medical treatment. For example, 15-20% of
patients with chronic cluster headache (CCH) do not
adequately respond to pharmacologic monotherapy.*!
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About 3-14% of migraine patients will progress to chronic
migraine, with more than half of the days of each month
in pain.! Refractory headaches are a well-recognized
occurrence in clinical practice. Around 3-10% of migraine
and 20% of cluster headache sufferers progress to chronic
state, with significant number of patients eventually
becoming resistant to conventional multimodal and
multidisciplinary therapies. Patients with refractory
headaches fail adequate trials of conventional drugs due
to lack of significant therapeutic effect, intolerable side
effects, or contraindication for use.®!

An accurate estimate of the economic impact of
refractory headache is difficult to ascertain. Almost
40 million Americans suffer from intractable migraine,
CCll, cervicogenic and secondary headache syndromes
including occipital neuralgia (ON)."”) The Global
Burden of Discase Study rates severe migraine at the
highest of the 10 disability classes, along with psychosis
and dementia, adding significant sociocconomic burden
on patients and society, with estimated annual loss of
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157 million workdays at an annual cost of $17 billion.!”10!

Moreover, annual medical treatment costs for migraine in
the United States have been estimated to exceed 1 billion
health care dollars.

Recurrent headache that is refractory to pharmacological
and other conservative measures brings = significant
disability to the patients: It could ruin the patient’s
social, family, and professional life, and may push some
of them to commit suicide. About 5% of patients with
daily cephalgias will experience a significant loss of
quality of life related to narcotic dependence, restriction
in daily activities, failed personal and career objectives
and overwhelming sense of despair and hopelessness. 7"

Variety of conditions with recurrent, refractory craniofacial
pain such as migraine, cluster headache, SUNCT syndrome,
hemicrania continua, trigeminal neuropathic pain (TNP)
require nonpharmacological options. IHistorically, various
neurosurgical destructive procedures were tried with poor
results in pain relief.’”) Examples include radiofrequency
lesions, glycerol injections or balloon compressions of
the Gasserian ganglion, stercotactic radiosurgery, root
sectioning of the trigeminal nerve, trigeminal tractotomy,
lesioning  of the nervus intermedius or the greater
superficial petrosal nerve, blockade or radiofrequency
lesions of the pterygopalatine ganglion, and microvascular
decompression  of the trigeminal nerve combined
with nervus intermedius section.® These destructive
procedures impose an irreversible lesion to the brain or
nerve tissue and could lead to serious complications such
as keratitis and anesthesia dolorosa (AD). In addition,
none of them consistently gave long-term satisfactory
results. The development of nondestructive implantable
interventions known as “neuromodulation” provides viable
alternative for effective control of craniofacial pain in
refractory cephalgias.

NEUROMODULATION CONCEPT

Electrical ~ neuromodulation  refers  to  adjustable
manipulation of central or peripheral pain pathways
with electrical current for the purpose of reversible
modification of the nociceptive system function using
implantable devices. Many targets for treating craniofacial
pain  via neuromodulation have been described,
including trigeminal nerve and ganglion, vagus nerve,
sphenopalatine  ganglion (SPG), peripheral (occipital)
nerves, cervical spinal cord, periaqueductal gray (PAG)
matter, hypothalamus, and motor cortex.

NOCICEPTIVE SYSTEM OF FACE/HEAD PAIN

Application of different neuromodulation modalities
is based on our knowledge of anatomy and function
of the nociceptive system of the head known as the
trigemino-thalamo-cortical ~ system. The pain-producing

innervation of cranium  projects through branches
of the trigeminal and upper cervical nerves to the
trigeminocervical complex within brainstem and upper
cervical spinal cord from where nociceptive pathways
project to the higher centers via anterior trigeminothalamic
tract, which serves as pain, temperature, and crude touch
pathway from the face, head, and neck. It receives input
from trigeminal nerve, sensory portion of the facial nerve,
glossopharyngeal nerve, and vagus nerve. Three pairs of
occipital nerves (i.e., the greater, lesser, and third occipital
nerves) provide sensory innervation of the back of the head
on either side. The central projections of the first order
trigeminal neurons enter the pons and then descend to the
medulla, forming the spinal trigeminal tract, and synapse in
the spinal trigeminal complex. Nociceptive fibers project to
the upper cervical spinal dorsal horns that are contiguous
with the trigeminal nucleus caudalis, where nociceptive
fibers of the trigeminal nerve synapse. Taken together, the
upper cervical dorsal homs of Cl to C3 and trigeminal
nucleus caudalis form the trigeminocervical complex,
which 1s a functional rather than anatomical entity. From
here the nociceptive information is transmitted to higher
centers in the brain. Nociceptive and nonnociceptive
information is transmitted also to brainstem relay sites
such as dorsolateral pontomesencephalic  tegmentum,
rostral  ventromedial medulla, and PAG matter, all
of which form pain-modulatory circuits that relay
antinociceptive inhibitory descending projections back to
the trigemino-cervical complex. Axons of the second order
neurons cross the midline and terminate in the ventral
posterior medial thalamus to mediate conscious sensation
of pain and temperature from the face, head, and neck. The
third order neurons in the thalamus then connect to the
sensory of the postcentral gyrus. The affective/motivational
component of craniofacial pain is mediated by connections
to reticular formation, midbrain, and the midline nuclei
of the thalamus. The third order neurons of the midline
nuclei then synapse to the cingulate and insular cortex.

SCIENTIFIC BASIS FOR
NEUROMODULATION

Experimental studies

Multidisciplinary research has led to clarification and
refinements in our knowledge of pathophysiology of
craniofacial pain in different cephalgias. Laboratory
and neuroimaging studies as well as case reports
on carly neurosurgical management of refractory
cephalgic conditions laid foundations for development
of neuromodulation procedures. Understanding  of
trigemino-cervical complex has been illustrated through
a secries of animal studies. Although an anatomical
overlap of trigeminal and cervical afferents through the
trigemino-cervical complex from the level of the caudal
trigeminal nucleus to at least CZ segment was first
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suggested by Kerr,/®) a direct coupling between meningeal
afferents and cervical afferents in the spinal dorsal horn
has not been described until recently.” In the cat model,
stimulation of superior sagittal sinus produced activation
of the most caudal part of the trigeminal nucleus
caudalis and dorsal homns of the Cl and C2 cervical
segments.® The activation of Fos-like protein
immunoreactivity, a marker of proto-oncogene expression,
by neuronal perturbation was demonstrated in the
trigemino-cervical complex in the same distribution as is
seen with metabolic mapping in cats.l*" These results were
also seen in nonhuman primates.!’ When activated, the
trigemino-cervical complex neurons project to activate
neurons in the ventrolateral PAG matter."™* Stimulation
of the great occipital nerve in cats increases metabolic
activity in the dorsal horn at the cervical spinal level Cl
and C2 and the caudal trigeminal nucleus.™! Nociceptive
inflow to secondary order neurons in the spinal cord and
trigemino-cervical complex is modulated by descending
inhibitory projections from the brainstem structures such
as the PAG, nucleus raphe magnus, and rostroventral
medulla.”#1%! - Stimulation of these regions produces
profound antinociception.*”) Anatomo-physiological studies
in rats have demonstrated a direct connection between
the posterior hypothalamus and the trigeminal nucleus
caudalis thought to be the trigemino-hypothalamic tract.!*
Peripheral information from trigeminally innervated areas
reaches the hypothalamus via this tract. Further studies
point out to the role of the posterior hypothalamus as a
physiologic modulator of trigeminal nucleus caudalis.?'*?!
Vagal nerve nuclei have widespread ascending central
connections to brainstem and diencephalon, including
nucleus of tractus solitarius, nucleus parabrachialis, locus
coeruleus. Through these connections the vagus nerve may
influence cortico-associative and limbic circuits and affect
nociceptive information processing.

Neuroimaging studies

Positron emission tomography (PET) in the cluster
headache, ™! PET studies in paroxysmal hemicranias,™”
and functional magnetic resonance (MRI)
studies in  SUNCT!  have demonstrated posterior
hypothalamic activation. Deep brain stimulation (DBS) of
the posterior hypothalamus has been the first therapeutic
application of functional neuroimaging study data to
plan neuromodulation application. Further PET study of
cluster headache patients implanted with DBS showed that
neuromodulation activated several areas of pain neuromatrix
in addition to implanted hypothalamic area.”” Similar
results have been shown with FDG-PET (fluorodeoxyglucose
positron emission tomography) study of patients with cluster
headache treated with occipital nerve stimulation (ONS).
In all patients, several areas of the pain neuromatrix showed
hypermetabolism: Ipsilateral hypothalamus, midbrain and
ipsilateral lower pons — all of which normalized after ONS. [l
The technique of ONS was first described by Weiner and

imaging
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Reed in patients who suffered from ON.I7Y However, a later
clinical review and PET assessment of this patient cohort
showed that most of them actually had chronic migraine.™!
This study also showed that activity of an area in the dorsal
rostral pons, known to be activated during migraine attack,
was modulated proportionally to the pain level, and that

thalamic activation was seen when the pain improved.

Brief overview of neurosurgical experience

In the first century A.D., the physician Scribonius Largus
used the electric fish Torpedo marmorata to reduce head
pain of Claudius, the Roman emperor. The first reports on
surgical management of refractory cephalgic conditions were
focused on the peripheral components of nervous system
and consisted of resection of the greater petrosal nerve,
nervus intermedius, occipital nerves and superior cervical
ganglia (by means of neurectomy and ganglionectomy), SPG
block by anesthetic or radiofrequency lesion, and trigeminal
nerve interventions, including posterior fossa trigeminal
sensory  rhizotomy or percutancous —radiofrequency
trigeminal gangliorhizolysis. 7% 10 H6241225058) Sy ecesstully
treated intractable facial pain was reported with
posteromedial hypothalamotomy confirming involvement
of posterior hypothalamus in pain control in humans.!'*’)
First trial of percutancous neuromodulation of peripheral
branches of cranial nerve V were performed by Drs. Wall
and Sweet on themselves by inserting electrodes into their
own infraorbital foramina.'"”! Even before that, Shelden
used high-frequency stimulation of the mandibular nerve to
treat neuropathic trigeminal pain.!”®! ONS was introduced
in the 1970s but became popular only after Weiner and
Reed’s paper in the late 1990s."! Short-term percutancous
electrical stimulation of SPG during acute episode of
cluster headache can be effective in relieving acute
craniofacial pain.>"* Vagal nerve stimulation (VNS) has
been approved by US Food and Drug Administration as an
adjunctive treatment for drug-refractory depressive disorder
and epilepsy. Migraine is often comorbid with both epilepsy
and depression. Several case reports at have suggested
that VNS may markedly improve both the epilepsy and
migraine;' it has also been shown to be effective in
controlling episodic migraine in depressed patients.!"")

Neuromodulation classification
Current neuromodulation taxonomy of existing range of
procedures includes:
1. Brain stimulation
a. Cortical stimulation
b. Deep brain stimulation
2. Spinal stimulation
a. Dorsal column
b. Nerve root
¢. Dorsal root ganglion
3. Peripheral neurostimulation
a. Peripheral nerve stimulation (PNS)
b. Peripheral nerve field stimulation (PNFS).I”"]
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With recent developments in the field it needs to be
updated to include Gasserian ganglion stimulation
(Trigeminal ganglion stimulation (TGS)), which is
cranial nerve ganglion and SPG stimulation, which
is an example of peripheral nervous system ganglion.
PNS related to craniofacial pain may include cranial
nerve stimulation, including that of trigeminal nerve
branches with supraorbital (SONS), infraorbital (IONS)
and mandibular nerves, and the vagus nerve, and
spinal nerves stimulation-occipital nerves (ONS).
Combination of cranial nerve and ONS has also been

described

Mode of action of different neuromodulation

modalities
Theoretical mechanism  of neuromodulation  for
cephalgias  involves signal modification of intrinsic

electrical impulses within pain neuromatrix by exogenous
application of electrical implantable
system. Due to different neuroanatomical targets
ncuromodulation mechanisms would vary depending on
location of stimulating clectrode.

current  via

PNS in its pure sense refers to a modality where
electrical impulses are delivered to peripheral branches
of trigeminal or occipital nerves via minimally invasive
procedure with electrodes implanted in the epifascial
layer. When stimulation applied, the paresthesias are
felt in the distribution of sensory representation of the
stimulated nerve. In case of PNS of head and neck
stimulation depolarizes trigeminal and occipital nerves
and antegrade impulses travel via the sensory fibers
toward central nervous system (CNS). The beneficial
effect of PNS for cephalgias treatment suggests a
nonspecific pain relief mechanism and appears to involve
the following elements:

* subcutancous electrical conduction

e dermatomal stimulation

* myotomal stimulation

*  sympathetic stimulation

* local blood flow alterations

*  peripheral nerve excitation

e peripheral and central neurochemical mechanisms

e trigemino-cervical complex.

Orthodromic stimulation of nonnociceptive Ab nerve
fibers in accordance to the “gate-control” theory of
Melzack and Wall results in inhibition of interneurons
In trigemino-cervical complex and interrupts or
decreases transmission of pain signals.”” At the level of
trigemino-cervical complex a spatial specificity is lost;
therefore ONS may have an antinociceptive effect in the
trigeminal distribution.

High cervical spinal cord stimulation may be influencing
processing and transmission of nociceptive information
in the trigemino-cervical complex from first to second
level neurons of trigemino-thalamo-cortical ~ system

by modulating excitatory and inhibitory influences at
segmental level.

DBS of hypothalamus modulates direct
hypothalamic-trigeminal  connections. Mechanism  of
hypothalamic stimulation is complex; it is not just the
result of simple inhibition of hypothalamic neurons,
since there is a latency of clinical response of chronic
stimulation and inability of acute stimulation to interrupt
or abort craniofacial pain. There is no physiological or
clinical marker for the right positioning of DBS electrodes
and no specific neuronal firing pattern on microelectrode
recording.

The analgesic effect of PVG (periventricular gray matter)
and/or PAG stimulation is thought to be mediated by
an increase in the release of endogenous opioids, and
this effect can be reversed by administration of the
opioid antagonist naloxone.’” However, an increase
in endogenous opioid release was not confirmed in
all patients with DBS of PVG and/or PAG, implying
existence of opioid-independent mechanism for pain
control.l"””!

Thalamic DBS is based on the Head and Holmes’s theory
that the thalamus is the main organ for integration of
nociceptive information and pain processing.[*! Electrical
stimulation of the ventral posterolateral nucleus
of thalamus modulates (a) the integration of
sensory information transmitted via lemniscal and
extralemnicscal system, (b) the propagation of sensory
information along the corresponding spinal = tracts
which regulates neuronal activities in the dorsal horns,
and (c) activation of long-loop polysynaptic pathways
involving the sensorimotor cortex, basal ganglia and
medial thalamus.'"®) An opioid-independent mechanism
is likely responsible for the analgesia by thalamic DBS.!'7

VNS has the capability to influence parasympathetic
nervous system and has been shown to change blood
flow in several brain structures such as posterior
cingulate gyrus, hippocampus, amygdala, temporal
cortex, thalamus, putamen, postcentral gyrus, insula, and
cerebelum.

Similar finding were observed during PET studies with
motor cortex stimulation (MCS) — blood flow has
been increased in the ipsilateral thalamus, cingulate
gyrus, orbito-frontal cortex, and brainstem. The degree
of analgesia correlates with the increase blood flow in
cingulate and improves the suffering component of
chronic pain.P>*! The mechanism of action of MCS
is now thought to involve excitation of fibers running
parallel to the cortical surface in the precentral gyrus,
and modulation of various neural structures distant from
the site of stimulation, such as the sensory thalamus
or the limbic nervous system. Restoration of defective
intracortical GABAergic inhibition may also be involved
in the therapeutic effect of MCS.11%!
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Cranial parasympathetic autonomic outflow originates
in superior salivary nucleus within the pons, which is
activated by trigemino-cervical complex during pain
attack. It exits the brainstem via pathway to SPG.
Therefore, SPG may be used as peripheral target for
neuromodulation of autonomic activation.

METHODS

The goal of this article is to provide an overview of the
current status of neuromodulation of craniofacial pain.
We conducted literature search for “neuromodulation,
neurostimulation,  craniofacial ~ pain, facial  pain,
headache.” Two reviewers (SYR and KVS) assessed the
abstracts and decided which complete publications
should be evaluated. Most of the literature on this topic
is presented as case series. Some of the information is
incomplete as neuromodulation for craniofacial pain is
frequently a part of bigger studies on pain control.'®*) We
tried to compare efficacy of different neuromodulation
modalities for control of craniofacial pain of different
nosology based on ICDH-II classification.*”) Technical
and surgical aspects of different neuromodulation
techniques are described elsewhere. 76143 157161169

Part one: The primary headaches

Migraine

Chronic migraine (IS ICHD-II code 1.5.1; WHO
ICD-10NA code [G43.3])

Migraine 1s a common disabling primary headache
disorder. Recurrent headaches may manifest in attacks
lasting 4-72 hours. Typical characteristics of the
headache are unilateral location, pulsating quality,
moderate or severe intensity, aggravation by routine

Table 1: Chronic migraine

physical activity and association with nausea and/or
photophobia and phonophobia. Most cases of chronic
migraine start as migraine without aura. Chronicity
may be regarded as a complication of episodic migraine.
Chronic migraine description: migraine headache
occurring on 15 or more days per month for more
than 3 months in the absence of medication overuse.
As chronicity develops, headache tends to lose its
attack-wise (episodic) presentation although it is not
been always the case.

PNS is the main approach of neuromodulation for
intractable  chronic  migraine  treatment.  Globally,
several hundreds of patients with migraine have been
treated with ONS.'2I The exact number of implanted
and treated patients is difficult to estimate since
they have been included in multiple bigger series on
neurostimulation for pain, or authors have been including
patients  with under craniofacial pain.*’)
Efficacy of neuromodulation for headaches treatment is
recorded as percentage of patients with more than 50%
decrease in frequency or severity of headaches or both.
For ONS it has ranged from 39% to 88% in published
case series. 1P N7IBBOBBOI0 Simulation of peripheral
branches of trigeminal nerves alone!® or in combination
with ONS provided >50% pain relief in 83% to 100% of
patients. 2512115 [ead migration and infection are major
complication of procedures [Table 1].

We found three articles on VNS in treatment of
migraines. A total of 10 patients exhibited 25-100%
efficacy of this mode of [15,53,86]
A separate paper described improvement of migraines
in an epilepsy patient treated with VNS.I'0) Side effects

migraine

neuromodulation.

Neuromodulation mode Author Year Number of patients Efficacy Complications
ONS Popeney et al. 2003 25 88%>50% decrease frequency or 36% had lead migration
severity 12% had infection
Oh et al. 2004 10 100%>50% relief
Schwedt et al. 2007 8 50%>50% decrease of severity 100% had lead migration at
3 years follow-up
Trentman et al. 2009 3 2/3 excellent None reported
Silbersteinetal. 2011 105 53% good or excellent
Saper et al. 2011 29 39% had>50% decrease frequency ~ 24% had lead migration
or decrease severity over 3 points 14% had infection
Royster et al. 201 1 100%>50% relief None reported
ANS Simopoulos 2007 1 >3 point reduction in severity
etal.
ONS+SNS Reed et al. 2010 7 100%>50% decreased severity 14% had lead migration
Royster et al. 2011 2 100%>50% relief None reported
PNS Ellens and Levy 2011 45 83% 66% lead migration or fracture
VNS Hord et al. 2003 4 75%>50% relief
Mauskop 2005 4 25% had>50% decreased frequency
Cecchini et al. 2009 2 100%>50% relief
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reported in initial trials for epilepsy included postsurgical
infection, transient left vocal cord or lower facial muscle
paralysis and mild to moderate dyspnea and voice
alteration at various level of stimulation %31

Cluster headache and other trigeminal autonomic cephalalgias
The trigeminal autonomic cephalalgias (TAC) share the
clinical features of headache and prominent autonomic
features. Experimental and human functional imaging
suggests that these syndromes activate a normal human
trigeminal-parasympathetic reflex with clinical signs of
cranial sympathetic dysfunction being secondary.

Chronic cluster headache (IHS ICHD-II code 3.1.2;
WHO ICD-10NA code [G44.02])

CCH refers to attacks of severe, strictly unilateral
pain, which is orbital, supraorbital, temporal, or in any
combination of these sites, lasting 15-180 minutes and
occurring from once every other day to eight times a
day. The attacks are associated with one or more of
the following (all of which are ipsilateral): conjunctival
injection, lacrimation, nasal congestion, rhinorrhea,
forehead and facial sweating, miosis, ptosis, eyelid edema.
Most patients are restless or agitated during the attack.

CCH attacks occur for more than 1 year without
remission or with remissions lasting less than 1 month.
CCI may start de novo or evolve from the episodic
subtype. Some patients may switch from chronic to
episodic cluster headache.

Several neuromodulation options are available for
patients with CCH including ONS,13:22:23,52.66.69.79.51.99,134149]
trigeminal nerve stimulation,®1%190 cervical SCS (spinal
cord stimulator),'® stimulation of SPG,P71°1 VNS, B8
and hypothalamic DBS. 659101953 51657254 105 1101141151523 140
Efficacy and complication data are shown in Table 2.
Clinical outcome data of more than 60 patients with
ONS in the literature proved it to be useful in 50-90%
of patients with more than 50% improvement in severity
or frequency of cluster attacks. Stimulation of peripheral
trigeminal branches achieved similar results in all five
patients reported. Somewhat similar effect was achieved
with neuromodulation of cervical spinal cord, SPG with
and without ONS, and VNS, however, number of patients
is low and most are published as case reports. As of July
2012, more than 60 total cases of hypothalamic DBS
for cluster headache have been reported. Hypothalamic
DBS is generally ineffective in ameliorating acute attacks
and is therefore used to reduce attack frequency with
continuous stimulation effective in 33-100% of implanted
patients. Like all deep brain electrode implantation
procedures, hypothalamic DBS is associated with a
small risk of intracerebral hemorrhage and is currently
performed in few centers (Italy, USA, Germany, Belgium,
UK, France) by expert neurosurgical teams. Other side
effects of this mode of neuromodulation include panic
attacks and transient diplopia. Diplopia occurs when the

stimulation amplitude is increased too rapidly. A single
report described a patient who underwent treatment
with hypothalamic DBS and subsequent VNS as a rescue
treatment after an episode of trivial head and neck trauma
triggered loss of hypothalamic DBS efficacy.’ Due to
the fact that PNS has equal or better outcome and is
less invasive, this mode of neuromodulation is considered
a first-line surgical treatment and hypothalamic DBS is
viewed as a last resort.

Chronic paroxysmal hemicrania (IHS [CHD-II code
3.2.2; WHO ICD-10NA code [G44.03])

Chronic paroxysmal hemicrania (CPH) presents with
attacks with characteristics of pain and associated
symptoms and signs similar to those of cluster headache,
but they are shorter-lasting, more frequent, occurring
more commonly in females and responding absolutely to
indomethacin. CPII usually occurs for >1 year without
remission or with remissions lasting <1 month.

Neuromodulation for treatment CPH is indicated only
if patient cannot receive indomethacin and is refractory
to other medical therapies.”” Among a total of four
patients reported by two authors [Table 3], three were
treated with ONS with efficacy of 66%™ and one patient
underwent hypothalamic DBS with initial pain relief.[1!

Short-lasting unilateral neuralgiform headache attacks
with conjunctival injection and tearing (SUNCT) (ILIS
ICHD-II Code 3.3; WHO ICD-10NA code [G44.08])
This syndrome is characterized by short-lasting attacks of
unilateral pain that are much briefer than those scen in
any other TAC and very often accompanied by prominent
lacrimation and redness of the ipsilateral eye.

Out of only five patients reported in literature [Table 4],
three underwent PNSHOI and two had hypothalamic
DBS.7+771

Other primary headaches
Hypnic headache (IHS
ICD-10NA code [G44.80])
Hypnic headache is a rare, primary headache disorder
that exclusively occurs regularly during sleep presenting
as attacks of dull headache that always wake up the
patient from sleep.

ICHD-II code 4.5, WHO

One case of a 64-year-old female with 4-year history of
right occipital headache that regularly awakened her
from sleep, successfully treated with ONS has been

reported™ [Table 5].

Hemicrania continua (IHS ICHD-II code 4.7; WHO
ICD-10NA code [G44.80])

Hemicrania continua is usually an unremitting, persistent,
strictly unilateral headache responsive to indomethacin.

A total of nine patients have been reported in the
literature [Table 6]. All of them underwent ONS.[423.134]
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Table 2: Chronic cluster headache

Neuromodulation  Author Year Number of Efficacy (with at least Complications
mode patients 50% improvement)
ONS Schwedt et al. 2006 3 66% None reported
Burns et al. 2007 8 37% 62% had lead migration or power loss
Dodick et al. 2007 14 36%
Magis et al. 2007/2011 14 85% 12% had unbearable paresthesia
Lainez et al. 2008 5 80%
de Quintana-Schmidt et al. 2010 4 50%
Lara et al. 2011 6 66%
Fontaine et al. 2011 13 76%
Mueller et al. 2011 10 90% 10% had infection

10% reoperation for due to scar tissue
formation around connector

Strand et al. 2011 4/3 50% 50% neck pain and/or cramping with
stimulation at high amplitudes
25% revision for a faulty battery

SONS Narouze and Kapural 2007 1 100% None reported
Vaisman et al. 2012 3 100%

SONS+IONS Vaisman et al. 2012 1 100% Skin erosion

ONS-+SONS+IONS  Mammis et al. 2011 1 100%

Cervical SCS Walter et al. 2008 1 100% Intolerable paresthesia with continuous
stimulation and 1 revision required

SPG Ibarra 2007 1 100% Stimulation failure

ONS+SPG Piedimonte et al. 20M 2 100% 50% lead migration

VNS Mauskop 2005 2 100% had significant ~ None reported

MIDAS decrease

hDBS Schoenen et al. 2005 6 50% Fatal hemorrhage; panic attack; oculomotor
disturbances

D’Andrea et al. 2006 3 66%

Leone et al. 2006 16 62% Lead infection; arterial hypotension;
diplopia; weight loss; electrode
replacement; electrode migration;
asymptomatic 3 ventricular hemorrhage

Benabid et al. 2006 1 75%

Rasche et al. 2006 1 100% Diplopia, tachycardia, panic attack

Starret al. 2007/ 8 62% Perioperative TIA, diplopia, ophthalmoplegia,

Sillay et al. 2010 skew deviation, dizziness

Owen et al. 2007/ 3 100%

Brittain et al 2009

Mateos et al. 2007 2 100%

Black et al. 2007 2 100%

Bartsch et al. 2008 6 50%

Lanteri-Minet et al. 2008 8 50%

Piacentino et al. 2008 4 100%

Fontaine et al. 2010 1 55%

Hidding et al. 2011 1 100%

Pascual et al. 2011 5 100%

hDBS+VNS Franzini et al. 2009 1 100%

Table 3: Chronic paroxysmal hemicrania

Neuromodulation Author Year Number of Efficacy (with at least 50% Complications
mode patients improvement)

ONS Goadsby PJ 2007 3 67% None reported
hDBS Walcott et al. 2009 1 Initial relief, follow-up pending None reported
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Part two: The secondary headaches

Headache or facial pain attributed to disorder of cranium, neck, eyes,

ears, nose, sinuses, teeth, mouth, or other facial or cranial structures

Cervicogenic  headache (IHS ICHD-II code 11.2.1;

WHO ICD-10NA code [G44.841])

Diagnostic criteria:

e Pain is referred from a source in the neck and perceived
in one or more regions of the head and/or face

e Clinical, laboratory and/or imaging evidence of a
disorder or lesion within the cervical spine or soft
tissues of the neck known to be, or generally accepted
as, a valid cause of headache

e Lvidence that the pain can be attributed to the neck
disorder or lesion based on at least one of the following:
a. Demonstration of clinical signs that implicate a
source of pain in the neck
b. Abolition of headache following diagnostic
blockade of a cervical structure or its nerve supply
using placebo- or other adequate controls

e Pain resolves within 3 months after successful
treatment of the causative disorder or lesion
Current literature  shows that PNS (namely, ONS)

could be used for successful relief of pain in selected
patients!!ZHLE%176] [Table 7].

Part three: Cranial neuralgias, central and
primary face pain and other headaches

Cranial neuralgias and central causes of facial pain.
Supraorbital neuralgia (IHS ICHD-II code 13.6; WHO
ICD-10NA code [G44.847])

Supraorbital neuralgia (SN) is an uncommon disorder
characterized by pain in the region of the supraorbital
notch and medial aspect of the forchead in the area
supplied by the supraorbital nerve.

Neurostimulation of supraorbital nerve could provide
significant pain relief in cases refractory to medical
treatment.!"3 [Table §].

Occipital neuralgia (IS ICHD-II code 13.8; WHO
ICD-10NA code [G44.847])

ON is a paroxysmal jabbing pain in the distribution
of the greater or lesser occipital nerves, or of the third
occipital nerve, sometimes accompanied by diminished
sensation or dysesthesia in the affected area. It is
commonly associated with tenderness over the nerve
concerned.

ONS is neuromodulation mode of choice in refractory
cases. 011401421 Cervical SCS appears to be effective in less

than 30% of patients!™ [Table 9].

Table 4: Short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing

Neuromodulation Author Year Number of Efficacy (with at least 50% Complications
mode patients improvement)
ONS Goadsby 2007 2 50% None reported
SONS Vaisman et al. 2012 1 100% Skin erosion, superficial infection
hDBS Leone et al. 2005 1 100% had pain freedom
Lyons et al. 2009 1 100% had>50% decrease frequency Erectile dysfunction
Table 5: Hypnic headache
Neuromodulation mode Author Year Number of patients Efficacy (with at least 50% improvement) Complications

ONS Sonetal. 2012 1 100% Electrode migration and revision
Table 6: Hemicrania continua
Neuromodulation Author Year Number of Efficacy (with at least Complications
mode patients 50% improvement)
ONS Schwedt et al. 2006 1 100%

Dodick et al. 2007 2 100%

Burns et al. 2008 6 66%

Table 7: Cervicogenic headache

Neuromodulation Author Year Number of Efficacy (with at least Complications

mode patients  50% improvement)

ONS Rodrigo-Royo et al. 2005 4 100%

ONS+SONS Vadivelu et al. 2011 18 61% 31% device related-complications requiring additional surgeries
Zhou et al. 2011 15 100%

PNS Slavin 2006 3 ?
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Postherpetic neuralgia (IHS ICHD-II code
WHO ICD-10NA code [G44.847])

Herpes zoster affects the trigeminal ganglion in 10-
15% of patients with the disease, and the ophthalmic
division is singled out in about 80% of those patients.
Herpes zoster may also involve the geniculate ganglion,
causing an eruption in the external auditory meatus.
The soft palate or areas of distribution of upper cervical
roots may be involved in some patients. Ophthalmic
herpes may be associated with third, fourth, and/
or sixth cranial nerve palsies while geniculate herpes
may be accompanied by facial palsy and/or acoustic
symptoms.

13.15.2;

Postherpetic neuralgia (PHN) is facial pain persisting or
recurring more than 3 months after the onset of herpes
zoster. PHN is more often a sequel of herpes zoster as
age advances, afflicting 50% of patients contracting zoster
over the age of 60 years. Hypoesthesia or hyperalgesia
and/or allodynia are wusually present in the territory
involved.

PHN is often quite resistant to pharmacological
treatment. Almost all modes of neuromodulation has

Table 8: Supraorbital neuralgia

been tried to alleviate pain in this condition [Table 10],
however, only PNSE#OHSIand - DBSHEA9T moedality
showed some efficacy in single case reports. TGSs, !’
cervical SCS,"**) and MCS!'226192] have been used for this
condition. MCS failed to relieve painful condition in one
report®! but achieved pain control in all three patients
from two other centers.['>1¢?

Central causes of facial pain

Anesthesia dolorosa (IHS ICHD-II code 13.18.1; WHO
ICD-10NA code [G44.847])

AD is often related to surgical trauma of the occipital
nerves or trigeminal ganglion, evoked most frequently
after a rhizotomy or thermocoagulation has been
performed for treatment of classical trigeminal neuralgia.
It presents as a persistent and painful anesthesia or
hypoesthesia in the distribution of the trigeminal nerve
or one of its divisions, or of the occipital nerves.

We found five articles related to this indication, which
used different modes of neuromodulation [Table 11].
However, the number of patients is too small to make
any recommendations. MCS achieved more than 50%
pain relief in all patients,” whereas DBS of thalamus

Neuromodulation Author Year Number of Efficacy (with at least Complications
mode patients 50% improvement)
SONS Asensio-Samper et al. 2008 1 100%
Amin et al. 2008 16 62%
Table 9: Occipital neuralgia
Neuromodulation Author Year Number of Efficacy (with at least Complications
mode patients 50% improvement)
ONS Slavin et al. 2006 14 50% 3 points hardware removed due to loss of
beneficial effect or occurrence of infection
Johnstone et al. 2006 8 63%
Skaribas et al. 2011 1 100% Infection required explantation of the lead
Cervical SCS Tomycz et al. 2011 7 28.6%
Table 10: Post-herpetic neuralgia
Neuromodulation Author Year Number of Efficacy (with at least Complications
mode patients 50% improvement)
SNS Dunteman 2002 2 100
Johnson et al. 2004 4 40%
Stidd et al. 2012 1 100% Lead migration required reimplantation
TGS Taub et al. 1997 4 0%
Cervical SCS Tomycz et al. 2011 2 0%
DBS (VPL and PVG) Green et al. 2003 1 100% None reported
2005 1 100%
Rasche 2006 2 50%
MCS Ebel et al. 1996 1 0%
Brown and Pilitsis 2005 2 100%
Velasco et al. 2008 1 100%
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achieved pain relief in 80% of patientsP® and DBS of
VPM/PVG was effective in half of the patients.'") TGS
was effective in only 60% in an American center!'” and
none in Canadian center.!'””

Central Poststroke Pain (IHS ICHD-II Code 13.18.2;
WHO ICD-10NA code [G44.810])

Unilateral pain and dysesthesia associated with impaired
sensation involving part or the whole side of the face,
not explicable by a lesion of the trigeminal nerve, may
be attributed to a lesion of the trigeminothalamic
pathway, thalamus or thalamocortical projection.
Symptoms may also involve the trunk and/or limbs of
the affected or contralateral side. Facial pain following
a thalamic lesion is part of a hemisyndrome. With
lateral medullary lesions hemifacial pain may occur in
isolation, but it is more often accompanied by crossed
hemi-dysesthesia. The facial pain and dysesthesia are
usually persistent.

Stimulation of Gasserian ganglion (TGS) was used in
six patients and provided more than 50% relief of pain in
five of them.!™ There was no efficacy of cervical SCSI">]
or DBS for PVG.21%1 MCS was also ineffective in two
patients in a study from UK!"! and in one patient from
an American center,” but three of four patients in a
study from Japan!®' and one patient from Mexico!'*
achieved pain reduction more than 50% [Table 12].

Facial pain attributed to multiple sclerosis (IHS ICHD-II
code 13.18.3; WHO ICD-10NA code [G44.847])

This refers to a unilateral or bilateral facial pain, with or
without dysesthesia, attributed to a demyelinating lesion

Table 11: Anesthesia dolorosa

of the central connections of the trigeminal nerve, which
commonly remits and relapses. Pain may be tic-like or
continuous. Trigeminal neuralgia occurring in young
people or affecting one and then the other side should
arouse the suspicion of multiple sclerosis.

Two patients reported with cervical SCS#¥7 five with
DBS," and another two with MCS.P%1%2 In all of
them, neuromodulation achieved more than 50% pain
relief [Table 13]. All patients with hypothalamic DBS
reported a reduction of paroxysmal pain attacks within
the ophthalmic branch after surgery; three of them
had beneficial effect within 24 h from the procedure.
However, three patients complained of recurrent pain in
the II and III branch (but, importantly, not in the first)
and underwent thermorhizotomy. The other two patients
reported relief of pain in all three trigeminal branches
by combining stimulation with analgesics and did not
require further surgical procedures.

Persistent idiopathic facial pain (IHS ICHD-II code 13.18.4;
WHO ICD-10NA code [G44.847])

This condition refers to a persistent facial pain that does
not have the characteristics of the cranial neuralgias
and is not attributed to another disorder. Pain may be
initiated by surgery or injury to the face, teeth, or gums,
but persists without any demonstrable local cause. Pain
at onset is commonly in the nasolabial fold or side of the
chin, and may spread to the upper or lower jaw or a wider
area of the face and neck. In neurosurgical literature,
this condition is frequently referred to as “trigeminal
neuropathic pain”.

Neuromodulation Author Year Number of Efficacy (with at least Complications
mode patients 50% improvement)
DBS (thalamus) Hosobuchi et al. 1993 5 80%
DBS (VPL/VPG) Rasche et al. 2006 6 50%
Green et al. 2005 1 0%
TGS Young et al. 1995 5 60%
Taub et al. 1997 3 0%
MCS Ebel et al. 1996 6 100%
Table 12: Central post-stroke pain
Neuromodulation Author Year Number of Efficacy (with at least Complications
mode patients 50% improvement)
TGS Taub et al. 1997 6 83%
Cervical SCS Tomycz et al. 20M 1 0%
PVG Owen et al. 2006 2 0%
Nandi et al. 2002 1 0%
MCS 2 0%
Brown and Pilitsis 2005 1 0%
Velasco et al. 2008 1 100%
Tanei et al. 2011 4 75%

S145



SNI: Stereotactic 2013,Vol 4, Suppl 3 - A Supplement to Surgical Neurology International

Fifty-four TNP patients were treated with MCS with

981051201641 [y critical

various degree of efficacy.!'**
review of MCS, a good response was achieved in 68%
of the 44 patients with TNPPY European Federation
Societies published guidelines on
neurostimulation therapy for neuropathic pain, which

provides summary of efficacy and safety of MCS in
[18]

of Neurological

facial pain based on a case series of 60 patients.
Satisfactory pain relief of more than 50% was reported
in 43-100% of cases with mean of 66% of patients
relief.

obtaining satisfactory pain Most common
complications were battery failure, seizures, wound
infection, and sepsis.  Overall, 20% of patients

experienced one or more complication induced by
MCS, in general of benign nature, but extradural
hematoma was also reported [Table 14].

In recent years with progress of PNS techniques for
other indications several authors successfully applied
it for treatment of TNP with almost 100% response
rate.[2(),6“,122,141,148,172\ [Table 15] .

Table 13: Multiple sclerosis

DBS and VNS fail to achieve > 50% pain reduction
when used for TNPIPIBI Only two out eight patients
with DBS and none with VNS were able to achieve
pain reduction of more than 50%. However, cervical
SCS was effective in 80% of patients with TNP and in

70% of patients with trigeminal deafferentation pain!'>!
[Table 16].

More than 400 patients who underwent TGS for
treatment of TNP with different degree of efficacy are
reported in literature [Table 17].1707893949%97 4755151 Iy
the biggest series from Germany, average efficacy of this
procedure was 52%.%

CONCLUSION

There is an increasing interest of medical community
in various neuromodulation modalities for treatment
of severe intractable cephalgias. Encouraging new data
about efficacy and safety of surgical neuromodulation
procedures provides a new hope for desperate patients.
Neuromodulation appears to be the most advanced

Neuromodulation Author Year Number of Efficacy (with at least Complications
mode patients 50% improvement)
Cervical SCS Barolat et al. 2008 1 100%

Eldridge et a/ 2003 1 100%
hDBS Gordella et al. 2009 5 100%
MCS Tanei et al. 2010 1 100%

Isagulyan and Shabalov 2011 1 100%
Table 14: Persistent idiopathic facial pain — MCS
Type of neuropathic pain  Neuromodulation  Author Year Number of Efficacy (with at least  Complications
(Burchiel classification) mode patients 50% improvement)
TNP (neuropathic) MCS Meyerson et al. 1993 2 50%
TDP 5 100%
(deafferentation) Herregodts 1995 5 ?

Rainov et al. 1997 2 100% 1 Seizure in 1 patient

? Nguyen et al. 2009 33 75%
? Brown and Pilitsis 2005 7 57%
TNP Jan Vesper et al. 2011 1 100%
Table 15: Persistent idiopathic facial pain — PNS
Type of neuropathic pain Neuromodulation mode Author Year Number of Efficacy (with at least Complications

(Burchiel classification) patients 50% improvement)
TNP PNS (SONS or IONS) Johnson and Burchiel 2004 6 100%
PNS (SONS, or IONS, or ONS, or  Slavin et al. 2006 3 ?
SONS + ONS, or IONS + ONS) 13 ?
PNS Deogaonkar 2011 15 100%
Reverberi and Dario 2011 4 100%
? Yakovlev et al. 201 1 100%
TNP SNS + INS Stidd et al. 2012 2 100%
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Table 16: Persistent idiopathic facial pain — DBS/VNS/SCS

Type of neuropathic pain Neuromodulation Author Year Number of Efficacy (with at least Complications
(Burchiel classifcation) mode patients 50% improvement)
TNP DBS (VPL/PVG) Green et al. 2005 5 40%
? Pereira et al. 2007 3 0%
TNP VNS Cecchini et al. 2009 2 0%
Cervical SNS Tomysz et al. 2011 5 80%
TDP 10 70%
Table 17: Persistent idiopathic facial pain — TGS
Type of neuropathic pain  Neuromodulation  Author Year Number of Efficacy (with at least Complications
(Burchiel classification) mode patients 50% improvement)
TDP GGS Meyerson and Hakansson 1980 5 100%
Meglio 1984 5 100%
Steude 1984 10 30%
Meyerson and Hakansson 1986 14 79%
Broggi et al. 1987 8 38%
Lazorthes et al. 1987 21 14%
Young 1995 16 56%
Taub et al. 1997 19 23%
Machado et al. 2007 10 30%
Mehrkens and Steude 2007 321 52%
minimally invasive surgical treatment for patients hypothalamus. Cephalalgia 2009;29:1165-73.
with pharmacologica]ly resistant  craniofacial pain. 1. Broggi G, Servello D, Franzini A, Giorgi C. Electrical stimulation of the

However, there is a need of collaborative etfort among
neuromodulation community to support clinical trials
and improve data reporting.

REFERENCES

Amin S, Buvanendran A, Park KS, Kroin ]S, Moric M. Peripheral nerve
stimulator for the treatment of supraorbital neuralgia:A retrospective case
series. Cephalalgia 2008;28:355-9.

Ansarinia M, Rezai A, Tepper §J, Steiner CP, Stump J, Stanton-Hicks M, et al.
Electrical stimulation of sphenopalatine ganglion for acute treatment of cluster
headache. Headache 2010;50:1 164-74.

Asensio-Samper JM,VillanuevaVL, Pérez AV, Lépez MD, MonsalveV, Moliner S,
et al. Peripheral neurostimulation in supraorbital neuralgia refractory to
conventional therapy. Pain Pract 2008;8:120-4.

Barolat G, Knobler RL, Lublin FD.Trigeminal neuralgia in a patient with multiple
sclerosis treated with high cervical spinal cord stimulation.Appl Neurophysiol
1988;51:333-7.

Bartsch T, Goadsby PJ. Increased responses in trigemino-cervical
nociceptive neurons to cervical input after stimulation of dura matter. Brain
2002;125:1496-509.

Bartsch T, Pinsker MO, Rasche D, Kinfe T, Hertel F, Diener HC, et al.
Hypothalamic deep brain stimulation for cluster headache: Experience from
a new multicase series. Cephalalgia 2008;28:285-95.

Behbehani MM. Functional characteristics of the midbrain periaqueductal
gray. Prog Neurobiol 1995;46:575-605.

Benabid AL, Chabardes S, Seigneuret E, Torres N. Intraventricular stimulation
for targets close to the midline: Periaqueductal Gray, posterior hypothalamus,
subcommissural structures [abstract]. Acta Neurochir (Wein) 2006;148:LI.
Black D, Bartleson ]D, Torgrimson SM, Davis DH. Two cases of chronic
cluster headache treated successfully with hypothalamic deep brain
stimulation [abstract]. Neurology 2007;68 (Suppl 1):A307.

Brittain JS, Green AL, Jenkinson N, Ray NJ, Holland P, Stein JF, et al. Local field
potentials reveal a distinctive neural signature of cluster headache in the

20.

21.

22.

23.

Gasserian ganglion for facial pain: Preliminary results. Acta Neurochir
Suppl 1987;39:144-6.

Brown JA, Pilitsis JG. Motor cortex stimulation for central and neuropathic
facial pain:A prospective study of 10 patients and observation of enhanced
sensory and motor function during stimulation. Neurosurgery 2005;56:290-7.
Burns B, Watkins L, Goadsby P). Treatment of medically intractable cluster
headache by occipital nerve stimulation: Long-term follow-up of eight patients.
Lancet 2007;369:1099-106.

Burns B,Watkins L, Goadsby PJ.Treatment of hemicrania continua by occipital
nerve stimulation with a Bion device: Long-term follow-up of a crossover
study. Lancet Neurol 2008;7:1001-12.

Cecchini AP, Mea E, Tullo V, Curone M, Franzini A, Broggi G, et al. Vagus
nerve stimulation in drug-resistant daily chronic migraine with depression:
preliminary data. Neurol Sci 2009;30(Suppl 1):S101-4.

Cohen AS, Matharu MS, Kalisch R, Friston K, Goadsby PJ. Functional MRI
in SUNCT shows differential hypothalamic activation with increasing pain.
Cephalalgia 2004;24:1098-9.

Cordella R,FranziniA, La Mantia L, Marras C, ErbettaA, Broggi G. Hypothalamic
stimulation for trigeminal neuralgia in multiple sclerosis patients: Efficacy on
the paroxysmal ophthalmic pain. Mult Scler 2009;15:1322-8.

Cruccu G,Aziz TZ, Garcia-Larrea L, Hansson P, Jensen TS, Lefaucheur JP, et al.
EFNS guidelines on neurostimulation therapy for neuropathic pain. Eur |
Neurol 2007;14:952-70.

D’Andrea G, Nordera GP, Piacentino M. Effectiveness of hypothalamic
stimulation in two patients affected by intractable chronic cluster headache.
Neurology 2006;66 (Suppl. 2):A140.

Deogaonkar M. Peripheral nerve/field stimulation for post-intervention
trigeminal neuropathic pain. Neuromodulation 201 I;14:555.

de Lecea L, Kilduff TS, Peyron C, Gao X, Foye PE, Danielson PE, et al. The
hypocretins: Hypothalamic-specific peptides with neuroexcitatory activity.
Proc Natl Acad Sci USA 1998;95:322-7.

de Quintana-Schmidt C, Casajuana-Garreta E,Molet-Teixidé J, Garcia-Bach M,
Roig C, Clavel-Laria P, et al. Stimulation of the occipital nerve in the treatment
of drug-resistant cluster headache. Rev Neurol 2010;1:19-26.

Dodick DW, Trentman TL, Zimmerman RS, Hentz ]. Trigeminal autonomic
cephalalgias: Current and future treatment. Headache 2007;47:981-6.

S147



SNI: Stereotactic 2013,Vol 4, Suppl 3 - A Supplement to Surgical Neurology International

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Dunteman E. Peripheral nerve stimulation for unremitting ophthalmic
postherpetic neuralgia. Neuromodulation 2002;5:32-7.

Duse G. Subcutaneous nerve field stimulation in headache: Four year of
experience. Neuromodulation 201 |;14:386.

Ebel H, Rust D, TronnierV, Boker D, Kunze S. Chronic precentral stimulation
in the trigeminal neuropathic pain.Acta Neurochir (Wein) 1996;138:1300-6.
Eldridge PR, Sinha AK, Javadpour M, Littlechild P Varma TR. Microvascular
decompression for trigeminal neuralgia in patients with multiple sclerosis.
Stereotact Funct Neurosurg 2003;81:57-64.

Ellens D), Levy RM. Peripheral neuromodulation for migraine headache.Prog
Neurol Surg 201 1;24:109-17.

Fields HL, Heinricher MM. Anatomy and physiology of a nociceptive
modulatory system. Philos Trans R Soc Lond B Biol Sci 1985;308:361-74.
Fields HL, Heinricher MM, Mason P. Neurotransmitters in nociceptive
modulatory circuits.Ann Rev Neurosci 1991;14:219-45.

Fontaine D, Hamani C, Lozano A. Efficacy and safety of motor cortex
stimulation for chronic neuropathic pain: critical review of the literature.
) Neurosurg 2009;110:251-6.

Fontaine D, Christophe Sol |, Raoul S, Fabre N, Geraud G, Magne C, et al.
Treatment of refractory chronic cluster headache by chronic occipital nerve
stimulation. Cephalalgia 201 1;31:1101-5.

Fontaine D, Lazorthes Y, Mertens P, Blond S, Géraud G, Fabre N, et al.
Safety and efficacy of deep brain stimulation in refractory cluster headache:
A randomized placebo-controlled double-blind trial followed by a |-year
open extension. Brain 2010;133:1214-23.

Franzini A, Messina G, Leone M, Cecchini AP, Broggi G, Bussone G.
Feasibility of simultaneous vagal nerve and deep brain stimulation in
chronic cluster headache: Case report and considerations. Neurol Sci
2009;30(Suppl 1):S137-9.

Garcia-Larrea L, Peyron R, Mertens P, Grégoire MC, Lavenne F, Bonnefoi F,
et al. Positron emission tomography during motor cortex stimulation for
pain control. Stereotact Funct Neurosurg 1997;68:141-8.

Garcia-Larrea L, Peyron R, Mertens P, Gregoire MC, Lavenne F, Le Bars D,
et al. Electrical stimulation of motor cortex for pain control: A combined
PET-scan and electrophysiological study. Pain 1999;83:259-73.

Gardner W/, Stowell A, Dutlinger R. Resection of the greater superficial
petrous nerve in the treatment of unilateral headache. | Neurosurg
1947;4:105-14.

George MS, Sackeim HA, Rush AJ, Marangell LB, Nahas Z, Husain MM, et al.
Vagus nerve stimulation: A new tool for brain research and therapy. Biol
Psychiatry 2000;47:297-5.

Goadsby P).Primary neurovascular headache.In:McMahon SB, Kolzenburg M,
editors.Wall and Melzack’s textbook of pain. 5" ed. London: Elsevier; 2005.
p.851-74.

Goadsby PJ. Neurostimulation in primary headache syndromes. Expert Rev
Neurother 2007;7:1785-9.

Goadsby PJ, Hoskin KL. The distribution of trigeminovascular afferents in
nonhuman primate brain Macaca nemestrina: A c-fos immunocytochemical
study. ] Anat 1997;190:367-75.

Goadsby PJ, Hoskin KL, Knight YE. Stimulation of the greater occipital nerve
increases metabolic activity in the trigeminal nucleus caudalis and cervical
dorsal horn of the cat. Pain 1997;73:23-8.

Goadsby PJ, Schoenen |, Ferrari MD, Silberstein SD, Dodick D. Towards
a definition of intractable headache for use in clinical practice and trials.
Cephalalgia 2006;26:1 168-70.

Goadsby P, Silberstein SD, Dodick DWV, editors. Chronic Daily Headache for
Clinicians. Hamilton, ON: BC Decker; 2005.

Goadsby PJ, Zagami AS. Stimulation of the superior sagittal sinus increases
metabolic activity and blood flow in certain regions of the brainstem and
upper cervical spinal cord of the cat. Brain 1991;114:1001-11.

Green AL, Nandi D,Armstrong G, Carter H,Aziz T. Post-herpetic trigeminal
neuralgia treated with deep brain stimulation.] Clin Neurosci 2003;10:512-4.
Green AL, Owen SL, Davies P, Moir L, Aziz TZ. Deep brain stimulation for
neuropathic cephalalgia. Cephalalgia 2006;26:561-7.

Head H, Holmes G. Sensory disturbances from cerebral lesions. Brain
1911;34:102-254.

Headache Classification Committee of the international headache society.The
International Classification of Headache disorders. Cephalalgia 2004;24:1-195.
Herregodts P, Stadnik T, De Ridder F, D’Haens J. Cortical stimulation for
central neuropathic pain: 3-D surface MRI for easy determination of the

S148

5l

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

motor cortex.Acta Neurochir Suppl 1995;64:132-5.

Hidding U, May A. Mere surgery will not cure cluster headache--implications
for neurostimulation. Cephalalgia 201 1;31:112-5.

Holland P, Goadsby P).The hypothalamic orexinergic system: pain and primary
headaches. Headache 2007;47:951-62.

Hord ED, Evans MS, Mueed S, Adamolekun B, Naritoku DK.The effect of
vagus nerve stimulation on migraines. | Pain 2003;4:530-4.

Hoskin KL, Bulmer DC, Lasalandra M, Jonkman A, Goadsby P). Fos expression
in the midbrain periaqueductal grey after trigeminovascular stimulation. ] Anat
2001;198:29-35.

Hosobuchi Y, Adams JE, Linchitz R. Pain relief by electrical stimulation of
the central gray matter in humans and its reversal by naloxone. Science
1977;197:183-6.

HosobuchiY,Adams JE, Rutkin B. Chronic thalamic stimulation for the control
of facial anesthesia dolorosa. Arch Neurol 1973;29:158-61.

Ibarra E.Neuromodulacion del ganglio esfenopalatino para aliviar los sintomas de
la cefalea en racimos.Reporte de un caso.Rev Iberoamericana Dolor 2006;1:10-7.
Isagulyan E, ShabalovV. Motor cortex stimulation in the treatment of central
neuropathic pain. Neuromodulation 201 |;14:381.

Jarrar RG, Black DF, Dodick DW, Davis DH. Outcome of trigeminal
nerve section in the treatment of chronic cluster headache. Neurology
2003;60:1360-2.

Johnson MD, Burchiel KJ. Peripheral stimulation for treatment of trigeminal
postherpetic neuralgia and trigeminal posttraumatic neuropathic pain:A pilot
study. Neurosurgery 2004;55:135-42.

Johnstone CS, Sundaraj R. Occipital nerve stimulation for the treatment of
occipital neuralgia — eight case studies. Neuromodulation 2006;9:41-7.

Katsarava Z,Schneeweiss S, Kurth T, Kroener U, Fritsche G, Eikermann A, et al.
Incidence and predictor for chronicity of headache in patients with episodic
migraine. Neurology 2004;62:788-90.

Kaube H, Hoskin KL, Goadsby P).Activation of the trigeminovascular system
by mechanical distention of the superior sagittal sinus in the cat. Cephalalgia
1992;12:133-6.

Kaube H, Keay KA, Hoskin KL, Bandler R, Goadsby PJ. Expression of c-Fos-like
immunoreactivity in the caudal medulla and upper cervical cord following
stimulation of the superior sagittal sinus in the cat. Brain Res 1993;629:95-102.
Kerr FW, Olafson RA. Trigeminal and cervical volleys. Arch Neurol
1961;5:69-76.

Lainez MJA, Piera A, Salvador A, Roldan P, Gonzalez-Darder . Efficacy and
safety of occipital nerve stimulation for treatment of chronic cluster headache.
Headache 2008;48 (Suppl 1):SI5.

Lambert GA, Goadsby P}, Zagami AS, Duckworth JW. Comparative effect of
stimulation of the trigeminal ganglion and the superior sagittal sinus on cerebral
blood flow and evoked potentials in the cat. Brain Res 1988;453:143-9.
Lanteri-Minet M, Fontaine D, Fabre N, Geraud G, Blond S, Lucas C, et al.
Refractory chronic cluster headache treated by deep brain stimulation:
A French multicentric randomized placebo-controlled double-blind trial.
Cephalalgia 2009;29:150.

Lara ML, Solis JP, Navarro O, Tarrero AP, Heredero |, Diez-Tejedor E.
Occipital nerve stimulation in cluster headache: results of our six-patient
series. Neuromodulation 201 I;14:388.

LazorthesY,Armengaud JP, Da Motta M. Chronic stimulation of the Gasserian
ganglion for treatment of atypical facial neuralgia. Pacing Clin Electrophysiol
1987;10:257-65.

Leonardi M, Steiner T, Scher AT, Lipton RB.The global burden of migraine:
measuring disability in the headache disorders with WHO’s classification of
functioning, disability and health (ICF).] Headache Pain 2005;6:429-40.
Leone M, Franzini A, Broggi G, Bussone G. Hypothalamic stimulation for
intractable cluster headache: Long-term experience. Neurology 2006;67:150-2.
Leone M, Franzini A, Proietti Cecchini A, Mea E, Broggi G, Bussone G. Deep
brain stimulation in trigeminal autonomic cephalgias. Neurotherapeutics
2010;7:220-8.

Leone M, FranziniA,D’Andrea G, Broggi G, Casucci G, Bussone G. Deep brain
stimulation to relieve drug-resistant SUNCT.Ann Neurol 2005;57:924-7.
Levy RM. Differentiating the leaves from the branches in the tree
of neuromodulation: The state of peripheral nerve field stimulation.
Neuromodulation 201 1;14:201-5.

Levy R,DeerTR,Henderson J. Intracranial neurostimulation for pain control:
A review. Pain Physician 2010;13:157-65.

Lyons MK, Dodick DW, EvidenteVG. Responsiveness of short-lasting unilateral



78.

79.

80.

8l.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9l.

92.

93.

94.

95.
96.

97.

98.

99.

100.

101.

102.

103.

SNI: Stereotactic 2013,Vol 4, Suppl 3 - A Supplement to Surgical Neurology International

neuralgiform headache with conjunctival injection and tearing to hypothalamic
deep brain stimulation. ] Neurosurg 2009;110:279-81.

Machado A, Ogrin M, Rosenow M, Henderson JM.A 12-month prospective
study of Gasserian ganglion stimulation for trigeminal neuropathic pain.
Stereotact Funct Neurosurg 2007;85:216-24.

Magis D, Allena M, Bolla M, De PasquaV, Remacle JM, Schoenen J. Occipital
nerve stimulation for drug-resistant chronic cluster headache:A prospective
pilot study. Lancet Neurol 2007;6:314-21.

Magis D, Bruno MA, Fumal A, Gérardy PY, Hustinx R, Laureys S, et al. Central
modulation in cluster headache patients treated with occipital nerve
stimulation:An FDG-PET study. BMC Neurology 201 1;11:25.

Magis D, Gerardy PY, Remacle JM, Schoenen ]. Sustained effectiveness of
occipital nerve stimulation in drug-resistant chronic cluster headache.
Headache 201 1;51:1191-201.

Malick A, Strassman AM, Burstein R. Trigeminohypothalamic and
reticulohypothalamic tract neurons in the upper cervical cord and caudal
medulla of the rat. ] Neurophysiol 2000;84:2078-112.

Mammis A, Gudesblatt M, Mogilner AY. Peripheral neurostimulation for the
treatment of refractory cluster headache, long-term follow-up: case report.
Neuromodulation 2001;14:432-5.

Mateos V, Seijo F, Lozano B, Alvarez-Vega M, Fernandez Gonzalez F. Deep
brain stimulation in refractory chronic cluster headaches: First national cases.
Neurologia 2007;22:96.

Matharu MS, Bartsch T,Ward N, Frackowiak RS,Weiner R, Goadsby P). Central
neuromodulation in chronic migraine patients with suboccipital stimulators:
A PET study. Brain 2004;127:220-30.

Matharu MS, Boes CJ, Goadsby P). Management of trigeminal autonomic
cephalgias and hemicrania continua. Drugs 2003;63:1637-77.

Matharu MS, Cohen AS, Frackowiak RS, Goadsby PJ. Posterior hypothalamic
activation in paroxysmal hemicrania. Ann Neurol 2006;59:535-45.

Mauskop A.Vagus nerve stimulation relieves chronic refractory migraine and
cluster headaches. Cephalalgia 2005;25:82-6.

May A, BahraA, Buchel C, Frackowiak RS, Goadsby PJ.Hypothalamic activation
in cluster headache attacks. Lancet 1998;352:275-8.

May A, BahraA, Buchel C, Frackowiak RS, Goadsby PJ. PET and MRA findings in
cluster headache and MRA in experimental pain. Neurology 2000;55:1328-35.
May A, BahraA, Buchel C,Turner R, Goadsby PJ. Functional MRl in spontaneous
attacks of SUNCT: Short-lasting neuralgiform headache with conjunctival
injection and tearing. Ann Neurol 1999;46:791-3.

May A, Leone M, Boecker H, Sprenger T, Juergens T, Bussone G, et al.
Hypothalamic deep brain stimulation in positron emission tomography.
) Neurosci 2006;26:3589-93.

Meglio M. Percutaneous implantable chronic electrode for radiofrequency
stimulation of the Gasserian ganglion.A new perspective in the management
of trigeminal pain.Acta Neurochir Suppl 1984;33:521-5.
Mehrkens JH, Steude U. Chronic electrostimulation of the trigeminal ganglion
in trigeminal neuropathy: Current state and future prospects.Acta Neurochir
Suppl 2007;97:91-7.

Melzack RA,Wall PD. Pain mechanisms:A new theory.Science 1965;150:971-9.
Meyerson BA, Hakanson S.Alleviation of atypical trigeminal pain by stimulation
of the Gasserian ganglion via an implantable electrode. Acta Neurochir
Suppl 1980;30:303-9.

Meyerson BA, Hakanson S. Suppression of pain in trigeminal neuropathy by
electric stimulation of the Gasserian ganglion. Neurosurgery 1986;18:59-66.
Meyerson BA, Lindblom U, Linderoth B, Lind G, Herregodts P. Motor cortex
stimulation as treatment of trigeminal neuropathic pain. Acta Neurochir
Suppl 1993;58:150-3.

Mueller OM, Gaul C, Katsarava Z, Diener HC, Sure U, Gasser T. Occipital
nerve stimulation for the treatment of chronic cluster headache-lessons
learned from 18 months experience. Cent Eur Neurosurg 201 1;72:84-9.
Multon S, Schoenen J. Pain control by vagus nerve stimulation: from animal
to man... and back.Acta Neurol Belg 2005;105:62-7.

Munakata ], Hazard E, Serrano D, Klingman D, Rupnow MF, Tierce |, et al.
Economic burden of transformed migraine: Results from the American
Migraine Prevalence and Prevention (AMPP) Study. Headache 2009;49:498-508.
Nandi D, Smith H, Owen §, Joint C, Stein ], Aziz T. Peri-ventricular grey
stimulation versus motor cortex stimulation for post stroke neuropathic
pain. ] Clin Neurosci 2002;9:557-61.

Narouze SN, Kapural L. Supraorbital nerve electric stimulation for the
treatment of intractable chronic cluster headache:A case report. Headache

104.

105.

106.

107.

108.

109.

110.

2.

113.

114.

I15.

116.

17.

118.

9.

120.

121.

122.

123.

124.

125.

126.

127.

2007;47:1100-2.

Narouze S, Kapural L, Casanova ], Mekhail N. Sphenopalatine ganglion
radiofrequency ablation for the management of chronic cluster headache.
Headache 2009;49:57-7.

Nguyen JP, Lefaucheur JP, Raoul S, Roualdes V, Pereon Y, Keravel Y. Motor
cortex stimulation for the treatment of neuropathic pain. In: Krames E,
Peckham PH, Rezai AR, editors. Neuromodulation.Vol. |. London: Elsevier;
2009. p. 515-26.

Nguyen JP, Nizard ], Keravel Y, Lefaucheur JP. Invasive brain stimulation for
the treatment of neuropathic pain. Nat Rev Neurol 201 1;7:699-709.

Oh MY, Ortega J, Bellotte |B,Whiting DM,Al6 K. Peripheral nerve stimulation
for the treatment of occipital neuralgia and transformed migraine using
a Cl-2-3 subcutaneous paddle style electrode: A technical report.
Neuromodulation 2004;7:103-12.

Owen SL, Green AL, Davies P, Stein JFAzizTZ, Behrens T, et al. Connectivity of
an effective hypothalamic surgical target for cluster headache.] Clin Neurosci
2007;14:955-60.

Owen SL, GreenAL, Stein JEAzizTZ. Deep brain stimulation for the alleviation
of post-stroke neuropathic pain. Pain 2006;120:202-6.

Pascual ], Seijo F, Saiz A, Lozano B, Santamarta E, Alvarez-Vega M, et al.
Neuromodulation of the posterolateral hypothalamus for the treatment
of chronic refractory cluster headache: Experience in five patients with a
modified anatomical target. Cephalalgia 201 1;31:1634-41.

Pereira EA, Green AL, Bradley KM, Soper N, Moir L, Stein JF, et al. Regional
cerebral perfusion differences between periventricular grey, thalamic and
dual target deep brain stimulation for chronic neuropathic pain. Stereotact
Funct Neurosurg 2007;85:175-83.

Perini F, De Boni A. Peripheral neuromodulation in chronic migraine. Neurol
Sci 2012;33(Suppl 1):529-31.

Peyron R, Garcia-Larrea L, Deiber MP, Cinotti L, Convers P, Sindou M, et al.
Electrical stimulation of precentral cortical area in the treatment of central
pain: Electrophysiological and PET study. Pain 1995;62:275-86.

Piacentino M, Gazzola L, Zambon G, Volpin L. Deep brain stimulation
in cluster headache. In 59* Annual Meeting of German Society of
Neurosurgery (DGNC); 3" Joint Meeting with the Italian Neurosurgical
Society (SINch);Wurzburg, Germany. Dusseldorf: German Medical Sciences
GMS Publishing House; 2008. Doc. p. 094.

Piedimonte F, Graff P, Piedimonte L, Andreani JC, Perez A, Bashkansky D.
Synergic stimulation of the greater occipital nerve and sphenopalatine
ganglion for the control of cluster headaches. Neuromodulation 201 1;14:385.
Pieper DR, Dickerson J, Hassenbusch S). Percutaneous retrogasserian glycerol
rhizolysis for treatment of chronic cluster headache: long-term results.
Neurosurgery 2000;46:363-70.

Popeney C,Alo K. Peripheral neurostimulation for the treatment of chronic,
disabling transformed migraine. Headache 2003;43:369-75.

Rasche D, Foethke D, Gliemroth J, Tronnier VM. Deep brain stimulation in
the posterior hypothalamus for chronic cluster headache. Case report and
review of the literature. Schmerz 2006;20:439-44.

Rasche D, Rinaldi PC,Young RF, Tronnier VM. Deep brain stimulation for the
treatment of various chronic pain syndromes. Neurosurg Focus 2006;2 | :E8.
Rainov NG, Fels C, Heidecke V, Burkert W. Epidural electrical stimulation of
the motor cortex in patients with facial neuralgia. Clin Neuro Neurosurg
1997,99:205-9.

Reed KL, Black SB, Banta CJ, Will K. Combined occipital and supraorbital
neurostimulation for the treatment of chronic migraine headache: initial
experience. Cephalalgia 2010;30:260-71.

Reverberi C,Dario A.The treatment of trigeminal neuralgia and atypical facial
pain with peripheral nerve field stimulation (PNfS): A clinical case report.
Neuromodulation 201 I;14:552.

Rodrigo-Royo MD, Azcona M, Quero |, Lorente MC, Acin P, Azcona |.
Peripheral neurostimulation in the management of cervicogenic headache:
Four case reports. Neuromodulation 2005;8:241-8.

Rowed DW. Chronic cluster headache managed by nervus intermedius
section. Headache 1990;30:401-6.

Royster El, Crumbley K. Initial experience with implanted peripheral
nerve stimulation for the treatment of refractory cephalgia. Ochsner ]
2011;11:147-50.

Sadler RM, Purdy RA, Rahy S.Vagal nerve stimulation aborts migraine in
patient with intractable epilepsy. Cephalalgia 2002;22:482-4.

Sanders M, Zurmond WW. Efficacy of sphenopalatine ganglion blockage in

S149



SNI: Stereotactic 2013,Vol 4, Suppl 3 - A Supplement to Surgical Neurology International

128.

129.

130.

131.
132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

I51.

66 patients suffering from cluster headache: A 12 to 70 month follow-up
evaluation. | Neurosurg 1979;87:876-80.

Sandkuhler J, Fu QC, Zimmermann M. Spinal pathway mediating tonic or
stimulation-produced descending inhibition from the periaqueductal gray or
nucleus raphe magnus are separate in the cat.] Neurophysiol 1987;58:327-41.
Sano K, Sekino H, Hashimoto I, Amano K, Sugiyama H. Posteromedial
hypothalamotomy in the treatment of intractable pain. Confin Neurol
1975;37:285-90.

Saper JR, Dodick DWY, Silberstein SD, McCarville S, Sun M, Goadsby PJ;
ONSTIM Investigators. Occipital nerve stimulation for the treatment of
intractable chronic migraine headache: ONSTIM feasibility study. Cephalalgia
2011;31:271-85.

Schachter SC, Saper CB.Vagus nerve stimulation. Epilepsia 1998;39:677-86.
Schoenen ], Di Clemente L, Vandenheede M, Fumal A, De Pasqua V,
Mouchamps M, et al. Hypothalamic stimulation in chronic cluster headache:
A pilot study of efficacy and mode of action. Brain 2005;128:940-7.
SchwedtT), Dodick DW,Hentz J, Trentman TL, Zimmerman RS. Occipital nerve
stimulation for chronic headache-long term safety and efficacy. Cephalalgia
2007;27:153-7.

Schwedt TJ, Dodick DW, Trentman TL, Zimmermann RS. Occipital nerve
stimulation for chronic cluster headache and hemicrania continua: Pain relief
and persistence of autonomic features. Cephalalgia 2006;26:1025-7.
Shelden CH. Depolarization in the treatment of trigeminal neuralgia.
Evaluation of compression and electrical methods; clinical concept of
neurophysiological mechanism. In: Knighton RS, Dumke PR, editors. Pain.
Boston: Little, Brown; 1966. p. 373-86.

Silberstein SD, Dodick DWV, Saper ], Huh B, Slavin KV, Sharan A, et al. Safety
and efficacy of peripheral nerve stimulation of the occipital nerves for the
management of chronic migraine: results from a randomized, multicenter,
double-blinded, controlled study. Cephalalgia 2012;32:1165-79.

Silberstein SD, Lipton RB, Goadsby PJ. Headache in Clinical Practice. 2™ ed.
London: Martin Dunitz; 2002.

Sillay KA, Sani S, Starr PA. Deep brain stimulation for medically intractable
cluster headache. Neurobiol Dis 2010;38:361-8.

SimopoulosT,Bajwa Z,Lantz G, Lee S, Burstein R.Implanted auriculotemporal
nerve stimulator for the treatment of refractory chronic migraine. Headache
2010;50:1064-9.

Skaribas |, Calvillo O, Delikanaki-Skaribas E.Occipital peripheral nerve stimulation
in the management of chronic intractable occipital neuralgia in the patient with
neurofibromatosis type |:A case report.] Med Case Rep 201 1;5:174.

Slavin KV, Colpan ME, Munawar N, Wess C, Nersesyan H. Trigeminal and
occipital peripheral nerve stimulation for craniofacial pain:A single-institution
experience and review of the literature. Neurosurg Focus 2006;2 1 :E5.
Slavin KV, Nersesyan H,Wess C. Peripheral neurostimulation for treatment
of intractable occipital neuralgia. Neurosurgery 2006;58:112-9.

Slavin KV, Vannemreddy PS. Repositioning of supraorbital electrode
using retrograde needle insertion: A technical note. Neuromodulation
2011;14:160-4.

Son BC,Yang SH, Hong JT, Lee SW. Occipital nerve stimulation for medically
refractory hypnic headache. Neuromodulation 2012;15:381-6.

Sprenger T, Boecker H,Tolle TR, Bussone G, Leone M. Specific hypothalamic
activation during a spontaneous cluster headache attack. Neurology
2004;62:516-7.

Starr PA, Barbaro NM, Raskin NH, Ostrem JL. Chronic stimulation of the
posterior hypothalamic region for cluster headache: Technique and |-year
results in four patients. ] Neurosurg 2007;106:999-1005.

Steude U.Percutaneous electro stimulation of the trigeminal nerve in patients
with atypical trigeminal neuralgia. Neurochirurgia (Stuttg) 1978;21:66-9.
Stidd DA, Wuollet AL, Bowden K, Price T, Patwardhan A, Barker S, et al.
Peripheral nerve stimulation for trigeminal neuropathic pain. Pain Physician
2012;15:27-33.

Strand NH,Trentman TL,Vargas BB, Dodick DWV. Occipital nerve stimulation
with the Bion microstimulator for the treatment of medically refractory
chronic cluster headache. Pain Physician 201 |;14:435-40.

Taha JM, Tew JM Jr. Long-term results of radiofrequency rhizotomy in the
treatment of cluster headache. Headache 1995;35:193-6.

Tanei T, Kajita Y, Noda H, Takebayashi S, Nakatsubo D, Maesawa S, et al.
Efficacy of motor cortex stimulation for intractable central neuropathic pain:
Comparison of stimulation parameters between post-stroke pain and other

S150

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

central pain. Neurol Med Chir (Tokyo) 2011;51:8-14.

Tanei T, Kajita Y, Wakabayashi T. Motor cortex stimulation for intractable
neuropathic facial pain related to multiple sclerosis. Neurol Med Chir (Tokyo)
2010;50:604-7.

Taub E, Munz M, Tasker RR. Chronic electrical stimulation of the Gasserian
ganglion for the relief of pain in a series of 34 patients. ] Neurosurg
1997,86:197-202.

Tepper S, Rezai A, Narouze S, Steiner C, Mohajer P, Ansarinia M. Acute
treatment of intractable migraine with sphenopalatine ganglion electrical
stimulation. Headache 2009;49:983-9.

Tomycz ND, Deibert CP, Moossy J). Cervicomedullary junction spinal cord
stimulation for head and facial pain. Headache 201 1;51:418-25.
TrentmanTL,Rosenfeld DM Vargas BB, SchwedtTJ, Zimmerman RS, Dodick DWV.
Greater occipital nerve stimulation via the Bion microstimulator:Implantation
technique and stimulation parameters clinical trial: NCT00205894. Pain
Physician 2009;12:621-8.

TrentmanTL, Zimmerman RS, Dodick DW. Occipital nerve stimulation:Technical
and surgical aspects of implantation. Prog Neurol Surg 201 1;24:96-108.
Trownbridge WYV, French ]D, Bayless AE. Greater superficial petrosal
neurectomy for orbitofacial pain: Preliminary report. Neurology
1953;3:707-13.

Vadivelu S, Bolognese P, Milhorat TH, Mogilner AY. Occipital neuromodulation
for refractory headache in the Chiari malformation population. Prog Neurol
Surg 201 1;24:118-25.

Vaisman ], Markley H, Ordia |, Deer T.The treatment of medically intractable
trigeminal autonomic cephalalgia with supraorbital/supratrochleal stimulation:
A retrospective case series. Neuromodulation 2012;15:374-80.

Van Buyten JP, Linderoth B. Invasive neuromodulation in facial and headache
syndromes. Eur | Pain (Suppl) 201 1;5:409-21.

Velasco FArguelles C, Carrillo-Ruiz ]D. Efficacy of motor cortex stimulation
in the treatment of neuropathic pain: A randomized double-blind trial.
) Neurosurg 2008;108:698-706.

Verrills P,Vivian D, Mitchel B, Barnard A. Peripheral nerve field stimulation
for chronic pain: 100 cases and review of the literature. Pain Med
2011;12:1395-405.

Vesper JV,Wille C, Schu S. Chronic motor cortex stimulation and predictive
value of rTMS. Neuromodulation 201 1;14:380.

Vilela Filho O. Thalamic ventrobasal stimulation for pain relief. Probable
mechanisms, pathways and neurotransmitters. Arq Neuropsiquiatr
1994;52:578-84.

Walcott BP, Bamber NI, Anderson DE. Successful treatment of chronic
paroxysmal hemicrania with posterior hypothalamic stimulation: Technical
case report. Neurosurgery 2009;65:E997.

Wall PD, Sweet WH. Temporary abolition of pain in man. Science
1967;155:108-9.

Walter T, Kaube H, Mohadjer M. High cervical epidural neurostimulation
for cluster headache: Case report and review of the literature. Cephalalgia
2008;28:1091-4.

Weiner RL.Subcutaneous occipital region stimulation for intractable headache
syndromes. Prog Neurol Surg 201 1;24:77-85.

Weiner RL,Alo KM. Occipital neurostimulation for treatment of intractable
headache syndromes. Neuromodulation 2009;2:409-16.

Weiner R, Reed K. Peripheral neurostimulation for control of intractable
occipital neuralgia. Neuromodulation 1999;2:217-21.

Yakovlev A, Karasev SA, Resch BE, Yakovleva V, Strutsenko A. Treatment of
atypical facial pain using peripheral nerve stimulation. Neuromodulation
2011;14:553.

Young RF. Electrical stimulation of the trigeminal nerve root for the treatment
of chronic facial pain.) Neurosurg 1995;83:72-8.

Young RF, Bach FW,Van Norman AS, Yaksh TL. Release of b-endorphin and
methionine-enkephalin into cerebrospinal fluid during deep brain stimulation
for chronic pain. Effect of stimulation locus and site of sampling.] Neurosurg
1993;79:816-25.

Young RF, ChambiVI. Pain relief by electrical stimulation of the periaqueductal
and periventricular gray matter. Evidence for a non-opioid mechanism.
) Neurosurg 1987;66:364-71.

Zhou L,Abad M,Ashkenazi A. Occipital and supraorbital nerve stimulation for
refractory cervicogenic headache — A comparison study. Neuromodulation
2011;14:387.



