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Abstract Peripheral neurostimulation techniques have

emerged as promising treatments for patients with medi-

cally intractable, highly disabling chronic daily headaches

including chronic migraine (CM) and chronic cluster

headache (CCH) besides other less common headache

syndromes. Encouraging controlled and open label data in

medically intractable CM and trigeminal autonomic cep-

halalgias (TACs) have suggested a meaningful therapeutic

role for occipital nerve stimulation (ONS). In view of the

frequent occurrence of pain in the first branch of trigeminal

nerve, percutaneous supraorbital nerve stimulation alone or

in combination with ONS has been used successfully in

open label series of CM and CCH patients. In view of its

connections with the trigeminovascular system, the stim-

ulation of the sphenopalatine ganglion has been used as a

therapeutic target for the treatment of acute cluster head-

ache attacks, with promising results. Preliminary data in

patients with epilepsy and migraine have suggested a

potential efficacy of vagus nerve stimulation in the treat-

ment of primary headaches. Non-invasive devices targeting

peripheral nerves have been developed and initial experi-

ence is emerging for the acute and preventive treatments of

primary headache disorders. This review analyses the

available evidence on the efficacy and safety of the dif-

ferent peripheral neurostimulation techniques.
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Introduction

Chronic daily headache is a major worldwide health

problem that affects 3–5 % of the population [1] and

results in substantial disability. Advances in the manage-

ment of headache disorders have meant that a high pro-

portion of patients can be effectively treated with medical

treatments. However, a significant minority of these

patients are intractable to conventional medical treatments.

There is, therefore, a clear need for novel approaches for

the management of this patient group. Neurostimulation

therapies that entail peripheral or central nervous system

targets are emerging as very promising approaches. The

most widely used peripheral target is the occipital nerve.

Open label studies in medically intractable trigeminal

autonomic cephalalgias (TACs) have shown good tolera-

bility and significant, long-term benefit of occipital nerve

stimulation (ONS) [2, 3]. Encouraging open label results in

chronic migraine (CM) patients have led to three multi-

center randomized trials [4–6]. The benefits of ONS shown

in these trials were less dramatic than hoped for. However,

the studies had methodological flaws, unmitigated placebo

effects and high rates of surgical complications, which may

have obscured the full beneficial effect of ONS. More

recently the use of different peripheral nervous targets,

such as the sphenopalatine ganglion (SPG), supraorbital

nerves and vagus nerves, has shown promising results. This
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article reviews the available evidence for the use of stim-

ulation of the occipital, supraorbital and vagus nerves as

well as the sphenopalatine ganglion in the management of

headache disorders.

Occipital nerve stimulation

The rationale for the use of ONS in headaches came from

animal studies showing the convergence of cervical,

somatic and dural afferents on second-order nociceptors in

the trigeminocervical complex [7]. In recent years, ONS

has been used in various primary headache syndromes,

including migraine, cluster headache (CH), hemicrania

continua (HC), SUNCT (Short lasting unilateral neuralgi-

form headache attacks with conjunctival injection and

tearing) and SUNA (Short lasting unilateral neuralgiform

headache attacks with autonomic symptoms) [2, 3].

Open-label studies on the use of ONS in medically

intractable CM showed very encouraging outcomes. Forty-

three of 51 patients treated (84 %) reported at least 50 %

improvement [2]. Based on this initial experience, three

randomized controlled trials (RCTs) in the use of ONS for

the prevention of CM were undertaken. The ONSTIM

feasibility trial (ONS for the Treatment of Intractable

chronic Migraine) was a multicentre, randomized, single-

blind, controlled study [5]. The study recruited 66 patients

who met the revised International Classification of Head-

ache Disorders (ICHD-II) criteria for CM [8] and had

responded to occipital nerve blocks. Patients were ran-

domized in a ratio of 2:1:1 to adjustable stimulation, pre-

set stimulation and medical management. The responder

rate was defined as 50 % reduction in headache days/

month or at least a three-point drop (on VRS 0–10) in pain

intensity at 3 months. The responder rate was 39 % in the

adjustable stimulation group compared with 6 % in the pre-

set stimulation group and none in the medical management

group. Lead migration occurred in 12 of 51 patients

(24 %). In the PRISM trial [4], available in abstract form

only, 125 drug-refractory CM patients were treated with

ONS or sham. The study showed a mean decrease of 5.5

migraine days/month in 63 patients who received active

stimulation and a decrease of 3.9 days in 62 patients who

received sham stimulation at 12 weeks. This difference

was not statistically different. In the third RCT by Silber-

stein et al. [6] 157 CM patients were treated with ONS.

Responders were defined as patients with a reduction of the

mean daily pain intensity from baseline of 50 % or greater.

The study failed to achieve the primary endpoint, with the

proportion of responders in the active group (17.1 %) not

differing significantly compared to the control group

(13.5 %). However, the number of headache days was

significantly reduced in the ONS group compared to the

sham group (-27.2 % vs. -14.9 %). The migraine-related

disability also decreased with active ONS.

These studies tried to explore the safety and efficacy of

ONS in CM using rigorous study designs but have some

methodological flaws. The follow-up of 12 weeks may not

be a sufficient timeframe to assess the outcome of a sur-

gical procedure in primary headaches. From the open label

experience with ONS, some patients report meaningful

improvement a few months after the implant [2]; hence a

longer follow up period may be more appropriate. As part

of the inclusion criteria of some of these studies, only

patients with pain centred in the C2–C3 territory were

included. This subpopulation of patients may not be rep-

resentative of the CM population that report pain in the

trigeminal territories as well as in the cervical ones in the

majority of cases. Additionally, these studies included

patients who have failed to respond to at least two classes

of preventive treatments. One of them was the class of

beta-blockers [6]. There is no evidence for efficacy of beta-

blockers in CM. This raises the possibility that the sub-

group of CM patients selected and treated in these trials

may not have been medically intractable, as defined by

international consensus [9]. Finally, the study by Silber-

stein et al. [6] cannot be considered double-blind, since the

patients underwent a trial phase during which ONS-

induced paraesthesia were induced before being random-

ized thereby potentially unblinding the study population.

Future studies should focus on selection criteria that

include the highly disabled patients seen in tertiary care

headache centres. The surgical treatment should be offered

only to patients with CM that cannot otherwise be managed

with medical treatments, thus defined medically intractable

[9]. On this note, due to the demonstrated efficacy of On-

abotulinum toxin A in the prophylaxis of CM [10], On-

abotulinum toxin A should be included within the list of

medication that CM patients must fail to respond to in

order to be suitable for surgery. Patients with concurrent

medication overuse headache need to be studied separately.

In addition, the blinding process should be addressed more

carefully; long-term follow-up should be reported to pro-

vide more stable estimates of outcome measures.

ONS seems to be slightly more effective in the treatment of

chronic medically intractable TACs than CM. To date, open

label data in 91 medically intractable CCH patients treated

with ONS have shown a favourable outcome in 67 % of cases

[2]. However, no RCTs have been performed yet. A novel

study design in headache neuromodulation has been sug-

gested for a double blind RCT in the prevention of medically

intractable CCH [11]. Blinding in peripheral neuromodulation

studies is difficult because stimulation is felt by the patient as

paraesthesia in the occipital region; therefore, it is not possible

to perform a blinded study in which active stimulation is

compared to no (sham) stimulation. Using the same principle
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of a vagal nerve stimulation study in epilepsy [12], the authors

proposed a way to perform a blind study in neuromodulation

by comparing high- and low-amplitude stimulation and

establishing a dose–response curve in a blinded way. The

study would compare patients treated with ONS at high

stimulation intensity (100 %), which corresponds to the sub-

pain threshold with patients treated at low stimulation inten-

sity (30 % of the range between perception and sub-pain

thresholds). Although innovative in trying to reduce blinding

issues, it should be noted that this kind of design will ulti-

mately be unable to answer the paramount question of whether

ONS is more effective than placebo. The results of the study

will only help clarify whether high-intensity stimulation is

superior to low-intensity stimulation. Notably, studies using

spinal cord stimulation (SCS) for the treatment of angina and

neuropathic pain showed that even sub-threshold stimulation

can lead to some degree of pain relief [13, 14].

ONS has also been shown to be effective in hemicrania

continua (HC) [15, 16]. Lambru et al. [3] recently reported

the outcome of nine medically intractable SUNCT (n = 6)

and SUNA (n = 3) patients treated with bilateral ONS. Data

on frequency, intensity and duration of attacks were obtained

from headache diaries at baseline and after implantation,

along with data on disability, anxiety and depression and

quality of life scales administered pre and post implantation.

At a median follow-up of 38 months (range 24–55 months),

all but one patient showed substantial improvements: four

patients became pain free, two almost pain free and two had a

remarkable reduction in attack frequency and severity. The

implant was well tolerated overall with only one patient

developing lead migration and one patient developing ero-

sion of the electrode.

Sphenopalatine ganglion stimulation

The sphenopalatine ganglion is an extracranial parasym-

pathetic ganglion located in the pterygopalatine fossa. Post-

ganglionic parasympathetic fibres from the SPG innervate

facial structures such as the salivary and lacrimal glands,

the nasopharyngeal mucosa and the cerebral and meningeal

blood vessels [17]. It has been suggested that the trigemi-

no-autonomic reflex plays an important role in the patho-

physiology of primary headaches [18]. The SPG is an

important structure of this anatomo-functional reflex,

responsible for the ipsilateral cranial autonomic features

typical of TACs and, to a lesser degree, of other primary

headaches such as migraine.

Based on this assumption, the SPG has been targeted

over the years to treat CH by various lesional techniques

(anaesthetic blocks, radiosurgery and gamma knife, alcohol

injections, pulsed radiofrequency ablations). The success

rates seem promising (varying from 46 to 85 %), but the

benefits have been transient [19]. Because of this transient

effect and the irreversible complications of the lesioning

interventions, a non-destructive approach using acute per-

cutaneous SPG stimulator with a removable electrode was

examined in five patients with CH. SPG stimulation

resulted in complete resolution of the CH attack in 11/18

attacks (61 %), partial resolution ([50 % VAS reduction)

in 3/18 attacks and minimal to no relief in 4/18 attacks.

Stimulation also resolved the associated autonomic fea-

tures of CH [20]. Spontaneous or induced migraine attacks

were treated with a percutaneous removable SPG stimu-

lator in 11 migraine patients. Two patients had complete

abolition of their induced headaches within 3 min of SPG

stimulation, three had reduction in pain, five had no

response and one was not stimulated [21].

Based on these preliminary findings, a new implant-

able microstimulator was developed and a multicenter

randomised double-blind and sham-controlled trial has

been conducted to examine the efficacy of acute SPG

stimulation in refractory CCH [22]. This device is

powered and controlled transcutaneously by electromag-

netic waves. In this study, 32 CCH patients experiencing

a minimum of four attacks per week were included. The

design of the study consisted of a 4-week baseline per-

iod, followed by a post-implant stabilization and therapy

titration period. The experimental period lasted until 30

CH attacks were treated or, if attack frequency was not

high enough, for a maximum of 8 weeks. During this

period, patients were instructed to use the stimulator to

treat each attack for 15 min. The pain score was recor-

ded using an electronic headache diary prior to each use

and after the start of stimulation. Three stimulation doses

were randomly applied when treatment was initiated by

the patient for a CH attack: full stimulation, sub-per-

ception stimulation and sham stimulation. The primary

endpoint of pain relief after 15 min of stimulation was

achieved in 67.1 % of full stimulation-treated attacks

compared to 7.4 % of sham stimulation treated attacks.

Remarkably, 43 % of patients experienced an attack

frequency reduction of C50 % from baseline. Given the

slight tingling sensation that accompanies stimulation of

the SPG, a placebo effect cannot be excluded. In view of

the apparent preventive effect of SPG stimulation, a

multicentre trial currently underway aims to explore the

efficacy of SPG stimulation in the preventive treatment

of CM (NCT01540799).

Vagus nerve stimulation

Vagus nerve stimulation (VNS) is a well-established

treatment for intractable epilepsy and depression. The

mechanism of action still needs to be fully elucidated. In
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animal studies, it has been demonstrated that electrical,

chemical and physiologic activation of vagal afferents

produces analgesic effects. A study using left VNS in

animal models showed a significant decreased of fos-

immunoreactivity in trigeminal nucleus caudalis neurons

[23]. Initial positive data on the efficacy of VNS in

migraine was gathered from retrospective analysis of

patients implanted for the treatment of epilepsy [24, 25]. In

another study, two of four patients with refractory CM and

depression improved significantly with VNS [26]. Simi-

larly, a positive effect of VNS was reported in two CCH

patients who also suffered from severe depression [27].

Initial experience using non-invasive VNS has been

presented at the European Headache and Migraine Trust

International Congress (London, 2012). The transcutaneous

VNS device (tVNS Gammacore�) was used in 18 patients:

12 migraine, two CCH patients and two HC patients. The

stimulation was applied 3 times/day for 90 s each time.

Ten patients out of 13 with data available stopped tVNS

due to lack of efficacy and/or side effects [28]. In another

pilot study, seven episodic and seven chronic CH patients

were treated with tVNS. An improvement after 13 weeks

of trial was reported by 13 patients [29]. Two patients with

HC initially treated with ONS, who subsequently had to

have the stimulator explanted, were treated successfully

with tVNS [30]. Currently, some RCTs are ongoing to

validate this therapeutic approach in the acute and pre-

ventive treatments of chronic headaches (NCT01667250,

NCT01701245, NCT01792817).

Supraorbital nerve stimulation

Percutaneous supraorbital nerve stimulation (SON) pro-

duced almost complete resolution of symptoms in a patient

with refractory CCH. The continuous stimulation led to a

dramatic reduction in the frequency of attacks. Moreover,

the patient was able to abort a CH attack by switching the

stimulator programme [31]. In a retrospective study of five

patients with refractory TACs (four patients had CH and

one SUNCT), an implantable supraorbital and supratroch-

lear neuromodulation system led to a substantial reduction

in pain intensity. Adverse events included skin erosion and

wire infection [32].

Percutaneous SON has also been used in combination

with ONS. The rationale of this combination was to try to

cover the painful area as best as possible, according to the

proposed mode of action of PNS [33]. Reed et al. [34] used

combined ONS and SON in seven CM patients. All

patients derived significant benefit and preferred the com-

bined stimulation as opposed to the ONS stimulation alone.

Recently, the efficacy of a novel transcutaneous supraor-

bital electrostimulation device (Cefaly, STX-Med, Liège,

Belgium) in the prophylaxis of migraine was studied in a

double-blind, randomized, sham-controlled trial [35].

Sixty-seven migraine patients with at least two attacks/

month were recruited. Verum or sham stimulation was

applied daily for 20 min during the three-month trial. The

primary outcome measures were achieved. Patients treated

with the verum stimulation obtained a significant reduction

in the mean migraine days and the responder rate (50 %

reduction of monthly migraine days between run-in and

third month of treatment) was significantly higher in the

verum compared to the sham group.

Conclusions

PNS techniques have emerged as potential meaningful

management options in primary headache disorders. A

growing armamentarium of different devices is becoming

available; however, their clinical use is limited by the lack

of proper controlled data [36]. Since peripheral nerve

stimulation is always perceived by patients, a proper sham

group is practically impossible. For this reason, PNS

should be considered only in patients with primary chronic

headache disorders, in whom the therapies recommended

by the international guidelines have failed to produce sig-

nificant benefit. Candidates for PNS should be carefully

evaluated in tertiary care headache centres, preferably with

a multidisciplinary set up. More effective and less invasive

procedures should be offered first [37].

Based on published evidence, the use of ONS and SPG are

advisable for the preventive and abortive treatment, respec-

tively, of medically intractable CCH [2, 22]. However,

properly controlled double blind trials are needed to ulti-

mately confirm the open label evidence, especially for ONS.

The use of ONS in CM seems acceptable albeit that the

treatment effect is relatively modest in the trials. Future trials

in CM should only include patients that fulfill the definition of

medically intractable chronic headache [9]. Additionally,

since Onabotulinum toxin A is the only medication approved

for the prophylaxis of CM in adults [10], future neurostimu-

lation study designs for CM should consider patients that have

failed or not responded adequately to Onabotulinum toxin A.

Furthermore, since medication overuse headache is relatively

common in CM the role of neurostimulation therapies in this

subgroup of patients needs to be studied.
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