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Abstract Migraine and other chronic headache disorders are
common and if inadequately treated, can lead to significant
disability. The effectiveness of medications can be limited by
side effects, drug interactions, and comorbid diseases necessi-
tating alternative methods. Technological developments in the
past 5 years have made it possible to use non-invasive
methods of neuromodulation to treat primary headache disor-
ders. This field includes technologies such as supraorbital
transcutaneous stimulation (STS), transcranial magnetic stim-
ulation (TMS), and non-invasive vagal nerve stimulation
(nVNS). Existing trials show these modalities are safe and
well tolerated and can be combined with standard pharmaco-
therapy. We review the technologies, biological rationales,
and trials involving non-invasive neuromodulation for the
treatment of primary headache disorders.
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Introduction

Migraine is a chronic disease in the USA affecting 18 % of
women and 6 % of men, particularly in early middle age (35–
45 years) leading to significant morbidity and disruption of
productivity [1]. Although treatment options for migraine

have drastically expanded in the past 30 years with the intro-
duction of triptans and better clinical application of preventive
treatment, the effectiveness of pharmacologic therapies can be
limited by adverse events (AEs), drug-drug interactions, sys-
temic comorbidities (e.g., cardiovascular, renal, or liver dis-
ease), pregnancy, or inadequate clinical response. Less than
one fourth of patients with chronic migraine continue to use
oral preventive medication more than 12 months after treat-
ment initiation usually due to AEs or ineffectiveness [2]. Due
to these limitations, a significant portion of migraineurs,
amounting to 2 % of the general population, suffer from
chronic migraine [3] with one in five becoming occupational-
ly disabled [4].

Neuromodulation is a key concept in many brain disorders
including migraine. The pharmacologic neuromodulation of
major neurotransmitter systems such as serotonin, dopamine,
and noradrenaline is widely utilized in the treatment of pain.
Glutaminergic neurotransmission and cortical excitability are
linked to migraine [5] and cortical spreading depression. The
suppression of cortical spreading depressionmay be a common
mechanism of action for migraine preventive treatment [6].

The prevalence and burden of migraine have led to new
research in non-pharmacologically based treatments using
various forms of neuromodulation. Common forms of
neuromodulation in clinical practice include electrical or mag-
netic stimulation, which may target peripheral nerves, the spi-
nal cord, or intracranial sites. Chronic peripheral nerve stimu-
lation, such as the occipital nerve, appears to be effective for
many patients with refractory migraine [7, 8] but only a mi-
nority experiences an excellent response. AEs such as lead
migration, infection, and surgical pain are common. Intracra-
nial stimulation, including deep brain stimulation and motor
cortex stimulation, may be effective for the treatment of pain
[9]. A few studies have explored the use of deep brain stimu-
lation for intractable chronic headache disorders such as
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cluster [10]. Unfortunately, these procedures carry significant
risks including death [11]. Non-invasive neurostimulation
avoids surgical risks and their cost can be more accessible to
patients. These treatments generally allow patients to self ad-
minister treatments, potentially changing the patient locus of
control and improving long-term outcomes [12].

One form of neuromodulation, transcutaneous magnetic
stimulation, has traditionally been used in the treatment of
psychiatric conditions [13] and diagnostically used for func-
tional brain mapping [14]. Vagal nerve stimulation previously
required implanted leads and was used for the treatment of
refractory epilepsy. However, with the adaptation of external
vagal nerve stimulators, its use has expanded to the treatment
of different chronic pain disorders, including migraine. Trans-
cutaneous electrical stimulation is an old technology more
commonly used in other pain disorders that has been adapted
for use in headaches after previous reports showed effective-
ness with high frequency stimulation [15, 16].

In the article, we review the non-invasive neuromodulation
technologies for the treatment of primary headache disorders
and the key clinical investigations into their use for headache.

Supraorbital Transcutaneous Stimulation

The Cefaly™ device (CEFALY-Technology, Belgium) is
available by prescription in the USA and Europe and is the
first device to use transcutaneous stimulation for targeted
treatment of migraine. It was adapted from transcutaneous
electrical nerve stimulation that has been safely and widely
used to supplement medications and physical therapy for other
chronic pain syndromes, such as in failed back syndrome [17].

The device consists of an electrode with skin adhesive
placed on the forehead covering the sites of the supraorbital
and supratrochlear nerves, both of which are branches of the
ophthalmic nerve or the first branch of the trigeminal nerve.
Biphasic rectangular impulses with an electrical mean of zero,
impulse width of 250 μs, frequency of 60 Hz, and maximum
intensity of 16 mA are generated with device activation. The
relatively high frequency and low intensity is aimed to avoid
crossing the pain threshold while still being able to activate
Aβ afferents and leading to paresthesia in the distribution of
the nerve and preventing the activation of Aδ and C fibers
important in nociception and reducing hyperalgesia [18].

Supraorbital Transcutaneous Stimulation Studies

Piquet et al [19••]: In a double-blind, sham-controlled study
on 30 healthy volunteers, high frequency stimulation (120 Hz)
for 10min with the Cefaly™ device produced a sedative effect
with significantly decreased vigilance and attention compared
to low frequency (2.5 Hz) and sham stimulation (low intensity
stimulation below the threshold of perception). There were no
significant AEs in any groups. The biological rationale for a

sedative effect from STS remains speculative but other re-
search shows possible involvement of monoaminergic brain
stem nuclei [20].

PREMICE Study [21••]: The PREMICE study (PREven-
tion of MIgraine using the STS Cefaly) showed that STS
reduced the number of headache days in patients with episodic
migraines (with and without aura) by the third month of use
via a double-blind, randomized, sham-controlled trial. A total
of 67 patients were enrolled and randomized to either verum
or sham stimulation (machine-produced identical noise but no
stimulation) for 20 min a day for 90 days. Patients were not on
pharmacologic preventives and had an average of four mi-
graine attacks and seven migraine days per month.

Primary outcomes studied were the number of migraine
days per month at the end of 90 days and responder rate
(defined as patients with ≥50 % decrease in migraine days).
There were no significant differences in the number of mi-
graine days compared to sham in the first month of use; how-
ever, a significant difference emerged by the third month of
use with the treatment group having 2.06 less days ofmigraine
and the sham group having 0.32 less days of migraine
(p=0.054). The treatment group had a significant decrease
in the number of days/month requiring acute medication
(11.45 to 7.25 days/month, p=0.0057) with no changes seen
in the sham group (9.24 to 9.28 days/month, p=0.822). The 3-
month responder rate (≥50 % reduction in headache frequen-
cy) in the treatment group was 38 and 12 % in the sham group
(p=0.023). No treatment effects were seen in average head-
ache severity and there were no significant AEs in any group.

Magis et al. [22]: Further safety data was gathered via a
mail-based survey involving 2312 Belgian patients showing
an overall satisfaction rate of 54 % with only minor and re-
versible side effects in 4.3 %. This study did not specifically
exclude patients with chronic migraine, but instead, allowed
any patients using migraine-specific medications (triptans) to
participate in the survey. The authors contacted subjects by
telephone at the end of the rental period to determine satisfac-
tion and AEs. A few patients reported some effectiveness for
the treatment of acute headache using the device.

Transcranial Magnetic Stimulation

Transcranial magnetic stimulation (TMS) has been used since
the 1990s as a non-invasive technology for both diagnostic
and therapeutic purposes in functional brain mapping and
treatment of depression [23].

TMS pulses can be delivered repetitively in rapid succes-
sion (rTMS) or singly (sTMS). Potential applications with
clinical effect using rTMS include depression, schizophrenia,
obsessive-compulsive disorder, and addiction among others
[13, 24]. RTMS in general has a stimulatory effect and has
been associated with the risk of seizure. The use of sTMS has
inhibitory effects and has not been associated with seizure or
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other significant neurological, cardiac, or other systemic AEs
[23, 25, 26].

The magnetic field generated by the TMS device at the
occiput induces a secondary current in the adjacent brain tissue
leading to depolarization both orthodromic and antidromic to
the stimulus. By manipulating the location of the stimulus and
other delivery parameters, TMS can lead to functional activa-
tion or suppression of cortical areas [14, 23, 24]. As a thera-
peutic modality, TMS-induced depolarization is thought to dis-
rupt the wave of spreading cortical depression associated with
migraine and, therefore, prevent migraine propagation [27••].

Transcranial Magnetic Stimulation Studies

Lipton et al. [27••]: Lipton et al. conducted the first double-
blinded, randomized, sham-controlled study on the use of
sTMS as abortive therapy for migraine preceded by aura.
Two hundred and one subjects with aura preceding migraine
>30% of the attacks and moderate to severe pain >90% of the
attacks were randomized (sham n=99, verum n=102) and
allowed to treat up to three auras within 60 min of onset.
The treatment consisted of two pulses delivered approximate-
ly 30 s apart. Patients were on stable doses of migraine pre-
ventive drugs not allowed to use abortive therapy until 2 h
after the use of the device. The sham machines were physical-
ly identical to the verum machines in addition to producing
similar sounds and light display with use.

The primary outcome was pain freedom at 2 h for the first
treated attack and secondary assessments included the propor-
tion with photophobia, nausea, and phonophobia. Significant-
ly, more patients were pain free at 2 h in the treatment group
(39 %) compared to the sham group (22 % p=0.0179). Those
in the treatment group at 2 h were also significantly less likely
to have associated symptoms such as photophobia and
phonophobia and nausea for those with moderate to severe
pain (this benefit in the reduction of migrainous symptoms
was not seen in those with mild headache severity).

Additionally, those in the treatment group were more likely
to meet secondary outcomes by being pain free at 24 h (29 vs
16 %, p=0.0405) and 48 h (27 vs 13 %, p=0.0327). Interest-
ingly, patients on a baseline preventive medication appeared to
be less likely to be pain free in the treatment group (65 %)
compared to the sham group (97%) though additional post hoc
subgroup analysis [28] suggested this relationship was a spu-
rious statistical result and no additional effects were seen be-
tween TMS and sham in those using preventive medications.

Although the above differences in the sham and verum
groups are quite striking, the study did not reveal differ-
ences in the use of abortive medications or differences in
perceived global assessment of relief. Adequate blinding
was maintained through the study as 71 % of those in the
treatment group and 67 % of those in the sham group
believed they received active treatment.

Bhola et al. [29]: A post-marketing, open-label study con-
ducted via telephone survey of patients with episodic and
chronic migraine (both with and without aura) showed the
device to be well tolerated without serious AEs and with
62 % of users reporting benefit at 12 weeks. The majority of
users (131 of 190) had chronic migraine. The study included
three women who used the device during pregnancy.

Non-Invasive Vagal Nerve Stimulation

Stimulation of the cervical vagal nerve was developed as an
adjunctive treatment for severe refractory epilepsy or depres-
sion. Until recently, nVNS required surgically implanted
leads. Interest in vagal nerve modulation in the treatment of
headache disorders arose out of case reports and observations
that epilepsy patients with comorbid migraines reported strik-
ing reduction in migraines with VNS use [30–33]. An uncon-
trolled experiment showed that left vagal nerve stimulation via
implanted device in patients with epilepsy reduced pain
threshold as tested by mechanical impact to the skin [34].
Further studies via rat models showed that VNS reduced no-
ciceptive behaviors in mice in addition to reducing sign neu-
ronal activation via fos-immunoreactivity with formalin-
induced trigeminal activation [35].

The exact mechanism of pain relief with VNS is not well
understood. VNS inhibition of glutamate release in the trigem-
inal nucleus caudalis has been implicated as a possible mech-
anism of action [36]. Additionally, it is known that the afferent
nucleus of the vagus nerve (solitary tract nucleus) has a com-
plex network of outputs to the brainstem autonomic centers as
well as hypothalamus, thalamic nuclei, and cortical areas in-
volved in pain perception [37], making it possible to modulate
multiple pathways that contribute to pain and pain response.
Despite the multiple potential systemic effects of VNS, the
stimulation settings for the treatment of epilepsy or headache
do not produce serious AEs. In fact, VNS may be useful for
the treatment of a wide variety of medical conditions such as
heart failure [38] and dementia [39].

A portable, battery-powered nVNS was developed in the
past 5 years allowing for the stimulation of the cervical vagus
nerve without the barriers or complications of surgically im-
planted devices.

There are two commercially available nVNS devices with
the gammaCore device (electroCore LLC, Basking Ridge, NJ,
USA) being the only device studied for headache treatment.
The gammaCore device selective stimulates low threshold
myelinated affect A fibers via 90-s pulses.

Non-Invasive Vagal Nerve Stimulation Studies

EVENT [40, 41••, 42]: The Prevention of Chronic Migraine
Study was a double-blind, randomized, sham-controlled trial
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of patients with chronic migraine (with or without aura) who
were not on other migraine prophylactics.

Vagal nerve stimulations were carried out three times a day
6–8 h apart between each session. Each session consisted of
two 90-s stimulations delivered to the right vagus nerve at 5–
10-min intervals. After 2 months, patients in the treatment
group (n=26) had a nearly 2-day reduction in the number of
headache days per 28 days whereas the sham group (n=23)
did not show any change in headache days (p=0.1249). A
minority (11.5 %) of treated patients reported >50% reduction
in headache days whereas 0 % reported such an improvement
in the sham group. Additionally, the treatment group also re-
ported improvement in quality of life as assessed by the SF-
12.

After 2 months of blinded treatment, the study was con-
verted to an open-label extension (OLE) phase and carried out
for an additional 6 months. There was significant drop out of
the patients during this phase with 45.8 % of patients complet-
ing the OLE phase. There appeared to be an additive effect
with sustained treatment as those who had 8 months of true
nVNS showed a 42.1 % (8.8 day) reduction in the number of
headache days per 28 days compared to 23.6 % (5.5 day)
reduction in the number of headache days in those with
6 months of true nVNS treatment.

The rates of AEs were similar in the sham and verum
groups during the randomized phase and were non-serious;
bradycardia and vocal cord paralysis were not seen. During
the open-label phase, one patient developed appendicitis
(deemed not to be device related), and one developed wors-
ening headaches.

PREVA [43••, 44]: The Prevention and Acute Treatment of
Chronic Cluster Headache was an open-label study with pa-
tients randomized to either standard of care (n=49) or stan-
dard of care plus nVNS (n=48), after 4 weeks of comparative
study; the study was extended for 4 weeks an open-label with
all patients receiving standard of care plus nVNS. Treatment
with nVNS consisted of three 90-s stimulations performed
twice daily with additional stimulations performed as neces-
sary based on the level of pain or other symptoms.

After 2 weeks of comparative treatment, patients receiving
nVNS experienced a subsequent 43 % reduction in the num-
ber of cluster attacks per week compared to 12 % reduction in
the standard of care alone group (p=0.0025). Those receiving
nVNS also required less rescue medications of sumatriptan
and oxygen (>50 % reduction in use). AEs were generally
mild to moderate in severity with the use of nVNS (e.g., neck
pain and dizziness). During the open-label extension, the im-
provements seen during the comparative phase were main-
tained and the rates of AEs remained similar.

ACT1 [45]: The Efficacy and Safety Outcomes of Non-
invasive Vagus Nerve Stimulation for the Acute Treatment
(ACT1) of the Cluster Headache Study was a double-blind,
randomized trial comparing nVNS to sham as a rescue

treatment for cluster attacks in both chronic and episodic clus-
ter patients (n=49 and 101, respectively). Treatment consisted
of three 120-s stimulations to the right cervical vagus nerve at
the onset of pain or premonitory symptoms carried out over
1 month. The primary outcome of responder rate (defined as 0
to 1 level of pain on a 4-point scale with 0 as no pain and 4 as
very severe pain) showed a trend of improvement, particularly
for those with episodic cluster (34.2 % nVNS responder rate
vs 17 % sham), though was not statistically significant
(p=0.07). The secondary outcome of sustained response (0
to 1 pain at both 15 and 60 min) was significant for those with
episodic cluster (34.2 % nVNS vs 10.6% sham, p=0.008) but
not for those with chronic cluster (13.6 % nVNS vs 15.4 %
sham, p=1.0). There were no serious device-related AEs in
either group.

Nesbitt [46] published a single-arm, open-label study of
cluster headache patients (11 chronic, 8 episodic) who used
the gammaCore device over the course of 1 year. The device
was used preventatively (two to three sessions of stimulation
twice a day) and abortively (additional three consecutive ses-
sions) on the cervical vagus nerve ipsilateral to the headache.
The study showed a reduction in attack frequency from 4.5 to
2.6 every 24 h and reduced need for rescue medications.

Grazzi [47] published a single-arm, open-label study of
patients (n=30) with 5–9 migraine days per month (with
and without aura) using gammaCore as rescue treatment.
Treatment consisted of one 90-s pulse delivered to the right
vagus nerve. Of 112 treated migraine attacks, 39.2 % (44)
were aborted completely within 30 min. Most of the other
attacks (44.6 %, n=50) did not improve and were treated with
rescue medication at 2 h. The remaining 16.2 % (18) attacks
had unclear benefit from treatment but were not treated with
subsequent rescue medication.

Goadsby [48] published a single-arm, open-label study of
patients (n=30) with episodic migraine (with and without
aura) using gammaCore as rescue treatment (two 90-s stimu-
lations at 15-min intervals performed on the right cervical
vagus nerve). The 2-hour pain-free rate was 21 % for the first
treated attack and was well tolerated with no serious AEs.

Rainero [49] published an open-label study of 15 patients
with chronic migraine and comorbid medication overuse
headache. Patients were treated with a 5-day detoxification
regiment and followed for 6 months using nVNS as acute
treatment. Of the 362 attacks that were treated, 2-h pain-free
rate was 33.4 % with overall mild side effects.

Discussion

Recent advances in neuromodulation technology havemade it
possible to use portable and non-invasive devices for treat-
ment of headache disorders. These advances are particularly
exciting as they can be safely combined with existing
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pharmacotherapy and can be offered to patients with pharma-
cologic contraindications due to comorbid diseases or
pregnancy.

The three non-invasive devices studied for use in headache
disorders include the Cefaly (supraorbital transcutaneous
stimulation), SpringTMS (transcranial magnetic stimulation),
and gammaCore (external vagal nerve stimulator). For each
device, there exists one to two double-blind, sham-controlled
RCTs all with favorable outcomes and no severe or dangerous
AEs. Table 1 provides an overview of the key studies.

The Cefaly device has been studied as a preventive in ep-
isodic migraine via a double-blind, sham-controlled RCT

showing reduced headache days and less abortive medication
in the treatment group after 3 months of use [21••]. As with all
device-related studies, adequate blinding can be difficult to
achieve; in this study, the sham treatment consisted of a device
that produced identical noise but no sham stimulation. As the
verum stimulation is known to have prominent sensory ef-
fects, patients’ spontaneous reports of their sensory percep-
tions may lead to unblinding of the investigator, if not the
patient as well. Cefaly has not been studied in a clinical trial
for chronic migraine.

There are no large studies of neuromodulation devices in
pregnancy. Cefaly is marketed by the manufacturer as safe for

Table 1 Overview of studies in non-invasive neuromodulation for headache disorders

Publication Study indication Device use details Study design Overview of results

Supraorbital transcutaneous nerve stimulation

EM with and
without aura

PREMICE
[21••]

Preventive 20 min/day × 90 days RCT, sham-controlled, double
blind, n= 67

Reduced number of headache
days though did not reduce
headache severity

EM and CM Magis [22] Safety,
satisfaction
survey

Variable Post marketing survey of
Belgian migraine patients
using Cefaly, n = 2312

Minor/reversible side effects in
4.2 %, no severe side effects,
well tolerated

Healthy volunteers Piquet [19••] Safety,
tolerability
test

10 min Double-blind, sham-
controlled, n = 30

Device use: 20-min session

No serious side effects

Transcranial magnetic stimulation

EM with aura Lipton
[27••]

Abortive Two pulses 30 s apart
within 60 min of aura
onset

RCT, sham-controlled,
double-blind, n= 201

Treatment group more likely to be
pain free at 2 h but no
differences seen in abortive
medication use

EM and CM Bhola [29] Safety,
satisfaction
survey

Two pulses 30 s apart at
onset of headache,
repeated as needed up
to 1–2 h

Post marketing survey of UK
migraine patients using
sTMS n= 331

No severe side effects, well
tolerated

External vagal nerve stimulation

CM EVENT
[41••, 42]

Preventive R VN, 90 -s stim × 2 at
15 min apart; three
times a day

RCT, sham-controlled,
double-blind with subse-
quent OLE, n= 59

Reduced number of migraine
days, improved quality of life,
more benefits seen after more
months of use

Chronic cluster PREVA
[43••, 44]

Preventive and
abortive

R VN Preventive: 90s
stim× 3 at 15 min apart
BID Abortive: 90-s
stim× 3 repeated PRN

RCT, open label with
subsequent OLE, n= 97

Reduced number of headache
days after 2 weeks

Cluster (chronic
and episodic)

ACT1 [45] Abortive R VN
120-s stim× 3

RTC, sham-controlled, double
blind with subsequent OLE,
n= 150

Significant pain reduction for
episodic cluster at 1 h but not
for chronic cluster

Cluster (chronic
and episodic)

Nesbitt [46] Preventive and
abortive

Ipsilateral VN Preventive:
90-s stim× 2–3 at
15 min apart BID
Abortive: 90-s stim× 3

Single-arm open-label n= 19 Reduced cluster frequency and
rescue medication use

EM (with and
without aura)

Grazzi [47] Abortive R VN, 90-s stim× 1 Single-arm open-label n= 30 39.2 % pain-free rate at 30 min

EM (with and
without aura)

Goadsby
[48]

Abortive R VN, 90-s stim× 2 at
15 min apart

Single-arm open-label n = 30 21 % pain-free rate at 2 h

CM with MOH Rainero [49] Abortive Not specified Single-arm open-label n= 15 33.4 % pain-free rate at 2 h

RTC randomized controlled trial, OLE open-label extension, VN vagus nerve, MOH medication overuse headache, BID twice a day, EM episodic
migraine, CM chronic migraine
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use in pregnancy based on existing experience with the safety
of transcutaneous electrical nerve stimulation for back pain in
pregnancy [50]. Cefaly is also compatible with implanted
pacemakers and most other medical devices. The SpringTMS
post market survey included three women who used the de-
vice during pregnancy without reported complications. VNS
may also be safe for use in pregnancy, and a few case reports
describe its use with good outcomes [51]. SpringTMS is con-
traindicated in the presence of metallic implants or leads in the
head and neck area and is likely safe for most cardiac devices
(though specifics may require discussion with a cardiac device
manufacturer). GammaCore is not recommended for use in
the presence of a pacemaker or other electronic-implanted
device although implanted VNS has been safely used in those
with implanted cardiac defibrillators [38].

The SpringTMS device has been investigated by Lipton et
al. [27••] as an abortive in episodic migraine via a double-
blind, sham-controlled RCTwhich showed significantly better
2 and 24-h pain-free rates. Adequate blinding appeared to
have been maintained as similar percentages of those in the
verum (71 %) and sham groups (67 %) believed they received
active treatment.

The gammaCore nVNS device has been investigated via
double-blind, sham-controlled RCT for both cluster (ACT1
[45], used as rescue treatment) and migraine (EVENT [40,
41••, 42], used as preventive). As an abortive treatment for
cluster headache, ACT1 showed nVNS is more effective for
episodic cluster than chronic cluster patients. The PREVA
[43••, 44] study did show significant improvements with
nVNS therapy for chronic cluster patients though was not a
blinded or sham-controlled trial. Additional open-label studies
[46–49] were conducted with various cluster and migraine
patients all with favorable results. It is of interest to note that
although stimulation at the right cervical vagus nerve is the
standard used in the EVENT, PREVA, and ACT1 trials (re-
gardless of the side of the pain), this protocol was adjusted by
Nesbitt [46] to be stimulation at the vagus nerve ipsilateral to
the side of cluster headache. There have not been studies com-
paring standard right-sided approach versus ipsilateral ap-
proach for patients with cluster. Implanted VNS stimulation
of the vagus nerve has been associated with events such as
bradycardia which was not seen in the nVNS trials. There
were no serious or dangerous device-related AEs for any of
the devices, and larger post marketing surveys showed good
safety and tolerability [22, 29].

Although non-invasive neuromodulation is a promising
new method to treat patients with chronic headache disorders,
there are significant cost and accessibility limitations due to
the lack of insurance coverage for the devices and a relative
dearth of physicians with experience in using these devices.
The Cefaly device is available for purchase for approximately
$400 with a prescription though long-term use can incur sig-
nificant costs due to the cost of the specialized leads ($25 for

three). SpringTMS can be rented for $2700 with a 1-year
prescription. The gammaCore device is not yet available for
use outside of clinical studies and there are currently no price
guidelines.

Conclusion

Based on the existing RCTs and cohort studies, non-invasive
neuromodulation is a safe and potentially effective treatment
for multiple headache disorders, including migraine and clus-
ter (both chronic and episodic). At this time, studies have been
limited to migraine and cluster but may be expanded to in-
clude other trigeminal autonomic cephalgias and post-
traumatic headache. Cost and accessibility may be improved
with increased practitioner knowledge and more widespread
device use and distribution.
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