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Migraine is a highly prevalent and disabling disease. The drugs prescribed for migraine
prophylaxis can have intolerable side effects or can be ineffective. Neuromodulation
techniques are increasingly used in neurology. Transcutaneous supraorbital nerve stimulation
is effective in episodic migraine prevention, whereas vagus nerve stimulation provides
interesting results in acute migraine therapy. Transcranial stimulation techniques gave
variable, and sometimes contradictory, results. The visual cortex is the target of choice in
migraine: studies in migraine prevention and aura acute treatment are encouraging. These
noninvasive therapies appear safe with a low rate of side effects. Available studies of invasive
occipital nerve stimulation in chronic migraine gave modest results; but invasive occipital
nerve stimulation offers a new hope to highly disabled patients who failed to respond to any
other treatment. In the future, neuromodulation will probably take an increasing place in
migraine treatment, as add-on therapy or alternative to medications, especially because of its
attractive safety profile.

KEYWORDS: direct current stimulation . magnetic stimulation . migraine . neuromodulation . occipital nerve
. peripheral nerve . supraorbital nerve . treatment

Migraine affects about 14.7% of the general
population and is among the most prevalent
disabling diseases according to the Global Bur-
den of Disease Study 2010 [1]. Migraine is a
primary headache disorder, that is, a headache
without any underlying identifiable structural
or psychiatric cause, and is characterized by
recurrent headache attacks (at least five), last-
ing 4–72 h (untreated or unsuccessfully
treated). The pain has at least two of the four
following characteristics: unilateral location,
pulsating quality, moderate or severe intensity
and aggravation by/causing avoidance of rou-
tine physical activity; and is associated with
either digestive signs (nausea and/or vomiting)
or sensoriphobia (photophobia and phonopho-
bia), as defined in the International Classifica-
tion of Headache Disorders (ICHD)-3 beta
classification [2]. According to the absence or
presence of transient focal neurological symp-
toms (visual, sensory, etc.) preceding or some-
times accompanying the headache, migraine
will be classified as ‘without’ or ‘with’ aura
(ICHD-3 1.1 and 1.2 [2]). In opposition with
the episodic form of migraine, when headache

occurs at least 15 days a month for more than
3 months, and 8 of these headache days fulfill
the criteria of migraine mentioned above, then
the patient has chronic migraine (ICHD-3
1.3 [2]). The overuse of acute medications to
treat the pain is the most common cause of
chronic migraine headache (medication over-
use headache, ICHD-3 8.2 [2]), and, main
studies taken together, about the half of
patients with medication overuse headache
reverse to the episodic form when an acute
drug withdrawal is performed [3].

People experiencing frequent attacks of epi-
sodic migraine or chronic migraine are the
most disabled patients and need a prophylactic
treatment, to reduce their attack frequency.
Available preventive drugs are unfortunately
not migraine specific and were actually
designed to treat other diseases. The main cat-
egories are b-blockers, calcium channel block-
ers, antidepressants and antiepileptics. These
medications can have intolerable side effects
and in many patients several attempts with dif-
ferent drugs are often needed to find an effec-
tive therapy, so that the discontinuation rate
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of these preventive medications is high [4]. There is thus a need
for treatments with fewer side effects and similar efficacy or for
migraine-specific prophylaxis.

In the relative absence of new emerging prophylactic drugs,
neuromodulation treatments targeting peripheral nerves or the
brain itself have been developed to treat migraine and offer an
attractive alternative to medications, besides nonpharmacologi-
cal approaches such as behavioral therapy [5]. The International
Neuromodulation Society defines neuromodulation as ‘the
alteration of nerve activity through the delivery of electrical
stimulation or chemical agents to targeted sites of the body’ [6].
The aim of neuromodulation is to restore function or relieve
symptoms by modulating an abnormal neural pathway behav-
ior caused by the disease process [6]. In migraine, neuromodula-
tion approaches range from noninvasive techniques, such as
transcutaneous supraorbital nerve stimulation to surgically
implanted devices like occipital nerve stimulation.

This special report will review the latest literature available
on neuromodulation in migraine (July 2014) and give a critical
view on the strengths and limitations of these techniques.

Acting on peripheral nerves to prevent migraine
Peripheral nerve stimulation (PNS), that is, electrical stimula-
tion of a peripheral nerve, is a well-known way to treat pain
within this nerve territory. In the 1st century AD, the roman
physician Scribonius Largus already wrote that applying an
electric fish on the painful skull area during a head pain was
able to relieve patients [7]. The analgesic effects of PNS, in gen-
eral, have been attributed to several mechanisms: activation of
afferent Ab fibers, gate control in the spinal cord and descend-
ing supraspinal control from the rostroventromedial medulla or
the periaqueductal gray [8,9]. PNS is widely used in chronic
pain syndromes, such as neuropathic pain or the complex
regional pain syndrome [10]. Along the same line, PNS was per-
formed to treat headaches, first occipital neuralgia [11], and
more recently migraine (and other primary headaches such as
cluster headache).
PNS can be applied noninvasively through the skin or inva-

sively with devices surgically implanted into the body. The
choice will be mainly conditioned by the patient profile (head-
ache history and aspirations) and by the device availability. It
appears sound to start with noninvasive PNS devices, even in
the most disabled patients like those with drug-refractory
chronic migraine, despite lack of studies in that subpopulation.
This therapeutic approach was recently introduced in headache
societies’ guidelines [5,12].

Noninvasive PNS

The analgesic effects of transcutaneous electrical nerve stimula-
tion have been known for a long time. The benefits of transcu-
taneous electrical nerve stimulation in headache management
had been suggested previously [13], but properly designed trials
were lacking [14].

Till date, two noninvasive PNS techniques have been studied
in migraine prophylaxis: transcutaneous supraorbital nerve
stimulation (tSNS, FIGURE 1) and transcutaneous vagus nerve
stimulation (tVNS, FIGURE 2). The efficacy of tSNS is demon-
strated in two studies (one randomized controlled trial
[RCT]) [15,16], whereas only one case report in abstract form is
available for tVNS in migraine prophylaxis [17].

The effectiveness of a portable tSNS device in the prevention
of episodic migraine was recently evaluated in a randomized,
double-blind, sham-controlled trial [15]. Sixty-seven migraineurs
with at least two attacks per month underwent a preventive
treatment with effective or sham tSNS. After 3 months of daily
20-min sessions, the mean number of migraine days decreased
significantly in the tSNS (6.94 vs 4.88; p < 0.05), but not in
the sham group (6.54 vs 6.22 p = ns). The 50% responder rate
was significantly greater in the tSNS (38.1%) than in the sham
group (12.1%, p < 0.05). Migraine attack frequency and acute
drug intake were also significantly reduced in the verum but not
in the sham group. The safety of this tSNS device and the over-
all patient satisfaction were recently assessed in a larger popula-
tion of 2313 ‘allcoming’ migraineurs who rented the
neurostimulator in countries where it is directly available on the
internet without any medical prescription [16]. After a testing

Figure 1. Transcutaneous supraorbital nerve stimulator
Cefaly� by Cefaly Technology�.

Figure 2. Transcutaneous vagus nerve stimulator
Gammacore� by Electrocore�.
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period of 58.2 days on average, a majority (53.7%) of patients
was satisfied and kept the tSNS device as migraine treatment.
Among the unsatisfied patients, a device analysis showed a poor
compliance, as on average these patients used tSNS less than
50% of the recommended time, and 4.46% did not even switch
it on. Ninety-nine subjects out of the 2313 (4.3%) reported one
or more adverse event(s). Although none of them was serious,
about half of these subjects (i.e., 2%) stopped tSNS preventive
therapy because of this adverse effect. Besides very rare skin
allergies under the forehead electrode (0.09%), the most fre-
quent adverse event was intolerance to forehead paresthesias that
were perceived as painful burning sensations. This is of impor-
tance because paresthesias are ‘typical’ sensations linked to elec-
trical stimulations of a peripheral nerve and explain the
difficulty in blinding PNS studies. Moreover, a small proportion
of the general population does not tolerate the sensations
induced by cutaneous electrical stimuli even at low intensities.
This intolerance may be more pronounced in migraine sufferers
because of the cutaneous allodynia that may persist in some of
them between attacks [18]. The mode of action of tSNS in
migraine prevention is currently unknown, but is likely to
involve slow neuromodulatory processes because its positive
effects significantly differed from placebo after 2 months of daily
therapy and became maximal after 3 months [15]. Because tSNS
has not been studied in the prevention of other types of cephalic
pain syndromes, its migraine-specific action cannot be affirmed,
and a nonspecific analgesic effect cannot be ruled out (see below
invasive occipital nerve stimulation [iONS]).

The efficacy of invasive vagus nerve stimulation (iVNS) in
migraine prevention had been suggested by several case reports
of patients who were initially treated for epilepsy (summarized
in [18]). In a retrospective study lead by Lenaerts, 8 of
10 patients with migraine had at least a 50% reduction in
headache frequency 6 months after iVNS implantation com-
pared with the 3-month baseline period [19]. The other surveys
included a very small number of patients but reported overall a
decrease of migraine frequency in about 50% of patients
treated with iVNS [18]. Hence, new devices thought to stimu-
late the vagus nerve transcutaneously (tVNS) in its cervical por-
tion or its inner terminal branch in the external acoustic canal
have recently been developed and are under evaluation in sev-
eral types of diseases. Their efficacy as preventive treatment of
primary headaches, among them migraine, is being studied as
well. Preliminary open results on a mixed headache population
showed that these tVNS devices could help some migraine
patients [17], but well-designed studies in the selected migraine
population are needed. Conversely, an open trial using tVNS
in migraine acute treatment has just been published (see
below, [20]). The mode of action of VNS is obscure. It is
believed to modulate several cortical and subcortical structures,
among them areas involved in nociception.

Finally, portable devices able to stimulate the great transcuta-
neous occipital nerve stimulation (tONS, FIGURE 3) are available
on the market in several European countries, but for now their
efficacy in migraine prevention has never been studied.

Invasive PNS

Invasive PNS has been mainly performed in the most disabled
patients with migraine, that is, patients having chronic
migraine, because most techniques imply several surgical proce-
dures (electrodes, batteries, etc.). Even if other invasive PNS
techniques should be evaluated in migraine prevention, to date,
clinical trials are only available for invasive (subcutaneous) great
iONS, used alone (FIGURE 4) or in combination with invasive
supraorbital nerve stimulation (iSNS).

The initial rationale for using iONS in migraine comes not
only from findings in animals showing the convergence of cer-
vical, somatic and dural (trigeminovascular) afferents on
second-order nociceptors in the trigeminocervical complex
[21,22] but also to some extent from the efficacy of great occipi-
tal nerve steroid injections in the prevention of various primary
headaches [23,24]. However, it appears that the value of prior
great occipital nerve injection to predict iONS effectiveness is
unknown [25].

Besides small and/or heterogeneous open studies, three
short-term (3 months each) randomized controlled trials have
been published about migraine prevention [26–28], among them
one in abstract form only [26]. Preliminary findings of the
ONSTIM study ([27], 66 patients) demonstrated a reduction of
at least 50% in headache frequency or a fall of 3 points on the
intensity scale in 39% of chronic migraineurs treated with
active iONS during 12 weeks, whereas no improvement was
seen in sham or ‘noneffectively’ stimulated groups. In the
sham-controlled PRISM study [26], iONS did not produce any
significant reduction of headache days in the 125 patients with
drug-resistant migraine who completed the 12-week assessment
period. However, this cohort was heterogeneous because
patients experienced migraine with or without aura, chronic
migraine, and/or medication overuse headache. The latter could
explain a less favorable outcome. Finally, Silberstein et al. [28]

performed the last large study involving 157 patients with
chronic migraine and randomly assigned to active iONS or to
sham stimulation, again during a 3-month period. No differ-
ence was found between the two groups as far as the primary
outcome (that is, the 50% responders in mean daily visual ana-
log scale scores) was concerned. However, there was a signifi-
cant difference in the percentage of patients who achieved a

Figure 3. Transcutaneous occipital nerve stimulator by
Cefaly Technology�.
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30% reduction in visual analog scale scores (p < 0.05). The
decrease in the number of headache days was higher in the
active group when compared with that in the control group
(p < 0.01), as well as the decrease of migraine-related disability
score (p < 0.01). The long-term follow-up of these patients was
presented in the last International Headache Congress in Bos-
ton (June 2013), but has not been extensively published
yet [29]. After the 3-month randomized phase, the patients
entered an open-label phase of 40 weeks. Headache days were

significantly reduced by 6.7 days for the intention-to-treat and
7.7 days for the intractable chronic migraine (p < 0.01) popu-
lations, as well as disability scores. Patients’ self-assessed relief
and satisfaction improved.

The most frequent complications after iONS are electrode
migration (0–100% according to the studies [18]) and battery
depletion because of high stimulation intensities, both requir-
ing another surgical intervention [18]. Despite the increasing use
of rechargeable batteries, a new surgery can probably not be
avoided in the middle or long term [18]. Another complication
is the early or late iONS device infection that sometimes
implies to replace all the (costly) material. The risk of infection
increases with the number of local surgeries, for example, to
replace the empty batteries (personal observation). Finally, a
well-conducted detoxification has to be performed in patients
experiencing chronic migraine with medication overuse before
considering iONS because drug overuse seems to be associated
with a less favorable outcome under iONS [30].

The mechanism of action of iONS in chronic migraine is
likely to be nondisease specific. Besides the probable modula-
tion of the functional connexions described above in animal
models [21,22], iONS seems to exert a nonspecific effect on
supraspinal pain control systems. Two PET scan studies per-
formed before and after successful treatment of two distinct
primary headaches with iONS (i.e., chronic migraine [31] and
chronic cluster headache [32]) demonstrated metabolic changes
in the formerly called ‘pain matrix’ but not in central nervous
system areas thought to play a pivotal role in the pathophysiol-
ogy of these primary diseases.

Reed and colleagues reported the outcome of patients treated
with a combination of iONS and iSNS [33,34]. In a recent com-
munication [34], they retrospectively studied 44 patients with
chronic migraine treated with iONS–iSNS (mean follow-up,
13 months). The frequency of severe headaches decreased by
81% and half of the patients had nearly complete disappear-
ance of headaches. The complete results have not been pub-
lished yet. The authors highlighted the therapeutic advantage
of combined iONS–iSNS over iONS alone [33].

The few results available with iVNS have been cited above
(see tVNS).

The sphenopalatine ganglion (SPG) is not a peripheral
‘nerve’ per se but an extracranial autonomic structure lying in
the pterygopalatine fossa, which has connections with the trige-
minovascular system [35]. The SPG was thus previously targeted
by various lesional procedures to alleviate pain in several refrac-
tory primary headaches subtypes [18], but these techniques were
not without risks, and one of the main complications was the
occurrence of permanent neuropathic pain. A new device able
to stimulate the SPG was recently developed, using a small
microstimulator implanted surgically in the pterygopalatine
fossa and activated through the cheek by a remote controller
invasive sphenopalatine ganglion stimulation (iSPGS). A RCT
using this iSPGS device was performed in another primary
headache than migraine, that is, refractory chronic cluster head-
ache [36], and even if the main objective of the study was to

A B

C D

E F

Figure 4. Different techniques of invasive occipital nerve
stimulation.
Courtesy of Dr D. Fontaine, Dept. of Neurosurgery, CHU of Nice,
France.
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treat the attacks, 36% of the patients (i.e., 10 out of 28) had a
significant reduction of headache frequency, leaving room for a
preventive therapy by iSPGS in this indication. RCT of refrac-
tory chronic migraine prevention with iSPGS are of interest
because some of these patients may have side-locked attacks
with autonomic symptoms, such as lacrimation, nasal conges-
tion and conjunctival injection, all parasympathetic manifesta-
tions [35]. A recent review concluded that iSPGS could be
effective in migraine via two mechanisms of action, first by
interrupting the postganglionic parasympathetic outflow and
inhibiting the pain and cephalic autonomic symptoms, and sec-
ond by modulating the sensory processing in the trigeminal
nucleus caudalis [35].

Modulating the brain activity to prevent migraine
Two main approaches are currently being evaluated with inter-
est in migraine prevention: repetitive transcranial magnetic
stimulation (rTMS) and transcranial direct current stimulation
(tDCS). Both are noninvasive and relatively safe ways to modu-
late the excitability of the underlying cerebral cortex. Invasive
brain neurostimulation has never been performed in migraine
up to now because the choice of the brain area to stimulate
remains elusive in this multifaceted disease and because this
technique is not without risks (a lethal hemorrhage has been
described in cluster headache [37]).

Repetitive transcranial magnetic stimulation

Transcranial magnetic stimulation (TMS) has been used in clini-
cal neurophysiology for several decades. It modulates the excit-
ability of the underlying cerebral cortex in the way of a
depolarization or hyperpolarization, using a rapidly changing
magnetic field delivered by a coil applied at the scalp surface.
TMS can be delivered as one single pulse (sTMS) or by trains of
repeated stimulations (rTMS). rTMS induces longer lasting
changes within the underlying cortex, overall low-stimulation fre-
quencies (i.e., 1 Hz) are thought to have an inhibitory effect [38],
whereas high frequencies (‡10 Hz) are considered as excit-
atory [39]. It was previously demonstrated that rTMS was able to
modify the excitability of the visual cortex in healthy volunteers
and patients with migraine durably and balance the electrophysi-
ological abnormalities usually found in migraineurs within that
brain area [40,41]. Its clinical application to migraine prevention
was thus worthwhile, but few studies are available, probably
because of the lack of accessibility of the stimulation device that
is not transportable, very expensive and not user-friendly. There-
fore, patients have to come to the clinic to receive their treatment
with rTMS, which is hardly feasible in the middle or long term.

Up to now, three brain areas have been targeted in the stud-
ies of migraine prevention using rTMS: the left dorsolateral
prefrontal cortex, the motor cortex and the visual cortex.

Brighina and colleagues [42] used excitatory rTMS (20 Hz)
over LDLPFC, a brain area that is known to exert a pain-
reducing top-down control, based on the assumption that the
latter would be hypoactive in chronic migraine such as in other
chronic pain conditions. Eleven chronic migraineurs received

12 sessions of high-frequency rTMS or sham (placebo) stimula-
tion. At the end of the treatment, attack frequency, headache
index and use of acute medications were reduced, and this
effect lasted up to 2 months [42]. There was no significant
improvement in the five patients receiving the sham stimula-
tion. These positive results were not confirmed by a very recent
trial, where 18 patients with chronic migraine were also treated
with high-frequency (10 Hz) rTMS over the LDLPFC, which
turned out to be less effective than sham stimulation [43].
Hence, larger studies are necessary before concluding that
LDLPFC stimulation is effective in preventing chronic
migraine, and other brain areas could be more interesting to
target in migraine prevention. The motor cortex is a well-
known area of neuromodulation in the treatment of refractory
neuropathic pain. In migraine prophylaxis, the stimulation of
the motor cortex with excitatory rTMS was superior to sham
stimulation according to a recently study published by
Misra et al. in 100 patients [44]. Even if the number of patients
enrolled in the latter study is impressive, it has many shortcom-
ings because sham stimulation induced a (very) significant
improvement as well, although lower than rTMS itself, and
also because all migraine phenotypes were included and
received the same stimulation paradigm (episodic migraine,
chronic migraine with and without analgesic overuse). Working
under the hypothesis that in episodic migraine, the brain is
hyperexcitable between attacks, Teepker et al. applied inhibitory
rTMS (1 Hz) over the vertex in migraine prevention, postulat-
ing that this treatment could return this hyperexcitability to
normal [45]. This trial was also negative because the number of
migraine attacks and days did not differ significantly between
inhibitory rTMS and sham stimulation. The negativity of this
study could be attributed to an incorrect rationale, because in
episodic migraine, most electrophysiological trials demonstrate
that the cortical preactivation level and the habituation of sen-
sory cortices to repeated stimulations are reduced [46]. This is
not the case in chronic migraine, where the studies suggest
heightened cortical preactivation levels [46], such as in a ‘never
ending attack’ [47]. It is thus likely that the therapeutic effect of
rTMS in migraine will not be linear and will depend on the
baseline activation level of the underlying cortex and in conse-
quence the stimulation parameters will have to vary according
to the migraine subtype. This hypothesis was recently tested in
16 chronic migraineurs who received inhibitory quadripulse
(QP) rTMS over the visual cortex during a 4-week pilot trial
in migraine prevention (two rTMS sessions/week as add-on
therapy) [48]. Briefly, QP rTMS is a short stimulation paradigm
that allows long-lasting cortical after-effects in a way of facilita-
tion or inhibition [49]. A majority of patients improved signifi-
cantly after inhibitory QP rTMS therapy, which could be
attributed to a normalization of their heightened cortical preac-
tivation level because of the inhibitory treatment. Monthly
migraine days decreased on average from 22 before to 13 after
QP rTMS (�41%, p < 0.05), and severe attacks were reduced
by 25% (p < 0.05). The 50% responder rate was 38%, whereas
the half of patients reversed from the chronic to the episodic
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form of migraine. Acute medication intake was significantly
decreased (�55.5%, p < 0.05). The clinical improvement
remained stable for at least 1 month after the end of QP rTMS,
with an average of 10.9 migraine days/month (�50.5% com-
pared to baseline, p < 0.05) (86). There were no adverse events
and, interestingly, medication overuse did not modify the
response to QP rTMS therapy. A sham-controlled trial is now
necessary to confirm these results and exclude a placebo effect.

Transcranial direct current stimulation

tDCS is a simple technique, which was already being used to
treat neurological disorders in the 19th century but had a high
rate of side effects (especially burns of the underlying soft tis-
sues). Nowadays, it has become a secure brain neuromodula-
tion technique if safety guidelines are respected and is
increasingly used in various neurological disorders ranging from
chronic pain to comas. tDCS uses weak currents to modify the
resting membrane potential of brain cells, leading to focal mod-
ulation of cortical excitability. Similar to rTMS, two opposite
effects can be obtained with tDCS: cathodal stimulation inhib-
its neuronal firing, whereas anodal stimulation increases it. In
healthy volunteers, tDCS is able to modulate not only resting
EEG and event-related potentials [50] but also functional con-
nectivity of corticostriatal and thalamocortical circuits [51]. This
is of particular interest in migraine because it is thought to be
associated with thalamocortical dysrhythmia [52].

Few small tDCS studies are available in migraine (motor and
visual cortices), but this number should increase in the future
because tDCS devices are far less expensive than rTMS, can be
transported and used by the patient after some explanations. Side
effects of tDCS are all mild and reversible, and mainly consist of
a transient tingling sensation at the site of stimulation.

DaSilva et al. performed a sham-controlled trial in 13 patients,
using anodal (i.e., excitatory) tDCS applied over the primary
motor cortex for chronic migraine prevention [53]. They noticed
a delayed positive effect on pain intensity and duration
(120 days after stimulation) in patients treated with tDCS and
not with sham stimulation, which was attributed to slow modu-
lation of cortical and subcortical pain-related structures.
A computational modeling analysis showed that significant elec-
tric fields were generated, not only in targeted cortical regions
but also in the insula, cingulate cortex, thalamus and brainstem
regions [53]. The therapeutic effect of inhibitory (cathodal) tDCS
over the primary visual cortex in episodic migraine prevention
was studied in a 6-week RCT involving 26 patients (three ses-
sions/week) [54]. An inhibitory stimulation paradigm was chosen
based on the hypothesis that the cortex would be hyperexcitable
between attacks. Migraine days, duration and intensity decreased
significantly after tDCS, but this change did not differ from
sham stimulation, except for intensity. In a proof-of-concept
study based on electrophysiological abnormalities cited above
(see rTMS, [46]), that is, using the opposite rationale,
Vigano et al. [55] evaluated the preventive effect of an 8-week
excitatory (anodal) tDCS therapy over the visual cortex in 10 epi-
sodic migraineurs (two sessions/week). Migraine attack

frequency, migraine days, attack duration and acute medication
intake significantly decreased during the treatment period com-
pared with pretreatment baseline and this benefit persisted on
average 4.8 weeks after the end of tDCS. Moreover, an electro-
physiological assessment found that a single session of anodal
tDCS over the visual cortex was able to increase habituation to
repetitive visual stimuli in healthy volunteers and in episodic
migraineurs, who on average lack habituation interictally. That
anodal tDCS has a significant preventive effect on migraine sug-
gests that the lower preactivation level of the visual cortex found
in episodic migraine patients can be corrected by an activating
neurostimulation [55]. Along the same line, following electro-
physiological findings, inhibitory (cathodal) tDCS of the visual
cortex was then applied in 20 chronic migraineurs, using a porta-
ble device that allowed a daily 20-min tDCS session during
8 weeks. The anode of the device was placed over the LDLPFC
to activate antinociceptive top-down mechanisms. Total head-
ache days decreased significantly within the second month of
tDCS therapy. Severe migraine attacks were reduced by 43.7%
(p = 0.05) and cumulative total headache hours by 30.2%
(p = 0.02). The 50% responder rate for migraine days was
33.3%. A total of 72.2% of patients were very or moderately sat-
isfied with the therapy. Medication overuse did not modify the
treatment outcome.

Larger sham-controlled tDCS trials targeting the visual cor-
tex (where the electrophysiological abnormalities seem more
consistent), and using these neuromodulation paradigms (i.e.,
anodal tDCS in episodic and cathodal tDCS in chronic
migraine), delivered by portable devices should be of highest
interest in the future.

Is there a place for neuromodulation in migraine acute
treatment?
The only available study using PNS per se to treat the attacks
of migraine is an open trial using tVNS with a portable
device [20]. In this very recent study involving 27 patients, the
pain-free rate at 2 h was 22% for all treated attacks with a
moderate or severe headache at baseline. Mild adverse events
were reported by 13 patients (48%), the more common were
neck twitching, raspy voice and redness at the site of tVNS.
Again, a sham-controlled trial is necessary and the improve-
ment rates are rather low, but this trial highlights that tVNS
could help some patients with migraine.

A small proof-of-concept study used percutaneous iSPGS in
patients with ‘intractable’ migraine pain [56]. With this invasive
technique where a removable electrode is inserted through the
skin to stimulate the SPG via an infrazygomatic transcoronoid
approach directly, the migraine pain could be suppressed (2) or
decreased (3) in 5 of the 10 stimulated patients.

Regarding the place of brain stimulation in migraine attack
treatment, a RCT was performed in 164 migraineurs with aura
using a portable TMS device delivering two single magnetic
pulses at 30-second interval over the visual cortex, within the
first hour of aura onset [57]. Pain-free response rates at 2 h were
39% for TMS and 22% for the sham device (p < 0.05).
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Although significant, the overall therapeutic gain was 17%
only. Sustained pain-free rates at 24 and 48 h were in favor of
TMS. The eligible population of this study had between two
and eight migraine with aura episodes per month; therefore, it
is not clearly stated whether some patients met the criteria for
chronic migraine [2].

Finally, the effect of tDCS on migraine pain was evaluated
in a sham-controlled trial involving 62 patients suffering from
chronic migraine. Because this trial is only available in abstract
form, few data are described, and the polarity (anode/cathode)
is unknown. Surprisingly, both tDCS and sham stimulation led
to a 54.2% reduction in headache intensity, suggesting a non-
specific placebo effect [58].

Expert commentary
Neuromodulation is taking an increasing place in the migraine
therapeutic armamentarium, besides effective nonpharmacologi-
cal approaches such as cognitive–behavioral therapy [5], and
even if large placebo-controlled studies are often lacking, it
offers a new hope to some highly disabled patients.

Peripheral neurostimulation does not appear migraine spe-
cific and is effective in other pain conditions. Because of its
potential effects on central pain-modulating systems, PNS
could be compared with an ‘electrical analog’ of some oral
analgesic drugs, except that PNS involves slow neuromodula-
tory processes and usually takes time to be effective. Most avail-
able migraine studies using neuromodulation are thus dedicated
to prevention. Interestingly, like in some analgesic therapies,
especially with opioids, patients can slowly develop a tolerance
to the neurostimulation, which will need either the modifica-
tion of the stimulation parameters or a transient interruption
of the treatment (see [59], and personal observation).

The neuromodulation of specific brain areas with rTMS or
tDCS is based on the activation of a specific pain-control
descending systems (like the left prefrontal cortex or the motor
cortex stimulation) or has a rationale based on migraine patho-
physiological studies and could thus be more disease specific,
like the visual cortex stimulation.

On the basis of our clinical experience, we found that neuro-
modulation can be proposed to several types of patients in
need of a preventive migraine treatment:

. Patients who did not improve with the main preventive
drugs are considered as drug-refractory.

. Patients who do not want to take any migraine preventive
drug for personal reasons, mainly the fear of harmful or irre-
versible side effects (weight gain, cognitive disturbances, etc.).

. Patients who have absolute or relative contraindications to
the use of migraine preventive drugs, or having significant
side effects with many of them.

. Finally, patients who are partly improved by their migraine
preventive medication, to avoid an additional preventive drug
(add-on therapy).

As far as the choice of the technique is concerned, non-inva-
sive PNS, especially tSNS, may be proposed to a larger

population of less disabled patients with migraine as single or
add-on preventive migraine therapy, given that adverse events
are rare, mild and fully reversible. Even if evidence is lacking,
noninvasive PNS devices should be tried first in drug-refractory
patients, before going to invasive techniques, as advised by sev-
eral recent guidelines [5,12]. Controlled studies with tONS and
tVNS devices are eagerly awaited. The first portable tDCS
devices are mainly prototypes, which are only available in
headache-specialized centers. Their results on episodic and
chronic migraine prevention are promising. According to the
outcome of controlled studies, these devices could be accessible
to the general migraine population in the future. tSNS Cefaly�

device has received the CE mark and the US FDA approval
and can thus be rented and purchased in many European and
American countries (sale price around 300e), whereas for the
moment tVNS Gammacore� device can be purchased in
Europe only (CE mark, price unknown).

The data on invasive neuromodulation reviewed above high-
light that iONS could offer a valuable alternative or add-on
therapy for patients with chronic migraine, but only after the
failure of several preventive medications and of noninvasive
nonpharmacological treatments. Before choosing surgery and
besides the cost of the device (more than 10,000e), patients
must be well informed and aware that their improvement may
be moderate or absent, and that invasive PNS procedures are
certainly not without risks (infection, battery depletion and
electrode migration).

Overall, the results of neuromodulation in the management
of the migraine attack appear modest compared with the out-
come of patients treated with migraine-specific drugs such as
triptans (see [60] for a complete meta-analysis), but like in pre-
vention, neuromodulation could be proposed as alternative to
drugs in patients who have contraindication(s) or intolerance to
usual acute therapies or as add-on treatment in patients who
only get minor relief after taking these drugs. The portable
SpringTMS� device used to treat migraine with aura in the
RCT cited above [57] is currently available for rent in the USA
and the UK (£150/month).

Five-year view
With the conception of portable, easy-going neuromodulation
devices that could be borrowed or bought for an ‘acceptable’
price, the industry will contribute to the dissemination of tech-
niques that were previously offered to a small number of
patients consulting headache-specialized clinical research cen-
ters. Portable neurostimulation devices such as tSNS, tVNS,
tONS are already available in some European countries and in
the USA, but RCT remain to be performed to assess tVNS
and tONS effectiveness in migraine prevention. These devices
will perhaps join the antimigraine armamentarium and will be
used as nonpharmacological alternative or be part of the multi-
modal management of the disease, together with preventive
drugs and behavioral therapy. Noninvasive neuromodulation
will be performed before considering the patient as refractory
and is now mentioned in the latest guidelines [5,12]. If
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transcutaneous ONS turns out to demonstrate some usefulness,
it could be required before going to invasive ONS.

Noninvasive peripheral neurostimulation is now widely stud-
ied in various fields of neurology but will probably show limi-
tations in the future. In migraine, interesting targets were
mainly the trigeminal, occipital and vagus nerves, for which
portable neurostimulation devices are now available. If tONS
and tVNS efficacies are confirmed as well, a collaboration
between the neurologists and the industry will be necessary to
optimize the existing devices (shape, parameters and perfor-
mance) and evaluate the advantage of one technique over the
other, or to combine them.

The therapeutic possibilities offered by brain neuromodulation
with tDCS and TMS appear larger, but the heterogeneity of the
migraine phenotype and the cycling character of the disease are a
real challenge in the design of migraine therapeutic studies using
these techniques. The stimulation of deeper brain areas might be
difficult or impossible because of their distance from the skin
(e.g., the thalamus or the cingulate gyrus) or would require stim-
ulation intensities that are not compatible with the safety guide-
lines or even with the device itself. Without any physiological
trials combining tDCS and rTMS with functional imaging and/
or electrophysiology, it remains unclear what type of modulation
occurs and in the absence of a functional biomarker (phosphenes,
limb movement, etc.), whether the brain target gets really

stimulated. Hence, it has been shown that an excitatory stimula-
tion could become inhibitory in the long term, and that transcra-
nial stimulation effects could differ between individuals [61] or
vary according to the underlying synaptic activity [62]. Even if
prototypes of portable tDCS devices were used in some recent
studies, the need to combine this technique with a functional
marker might decrease its accessibility, whereas rTMS use will
still remain limited to small amounts of patients due to the cost
and the size of the latest devices.
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Key issues

. In a significant proportion of individuals, available drugs used for migraine prevention have often disabling side effects or are

not effective.

. Neuromodulation devices offer a new therapeutic alternative, besides other nonpharmacological approaches such as behavioral therapy,

and are being increasingly studied in migraine prevention, and to some extent in migraine acute therapy.

. These devices can be proposed to several categories of patients with migraine: those who are drug-refractory, who do not want to take

any drug or who have contraindications or side effects with usual drugs.

. Noninvasive neurostimulation treatments are generally well tolerated and have few side effects (4.3% for transcutaneous supraorbital

nerve stimulation), and with the availability of portable user-friendly devices, will be soon part of the migraine therapeutic

armamentarium.

. Randomized controlled trials are lacking for most devices and should be performed in the future.

. Transcutaneous supraorbital nerve stimulation has shown its effectiveness in episodic migraine prevention, whereas invasive occipital

nerve stimulation can help some patients having chronic migraine.

. Invasive neurostimulation should only be considered in patients with refractory chronic migraine, after failure of noninvasive therapies

and in the absence of medication overuse.

. The neuromodulation of peculiar brain areas with rTMS or tDCS could be more disease specific and offer the largest therapeutic

possibilities, but these techniques have technical issues that will be a challenge for future studies.
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