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Abstract

Objective: To develop evidence-based clinical practice guidelines for non-invasive neuromodulation devices in acute and
preventive migraine treatment.

Methods: A systematic review was conducted across six databases from 1946 to April 2025. Randomized controlled
trials evaluating Food and Drug Administration-cleared or Conformité Européenne (CE)-marked non-invasive neuromo-
dulation devices were included. The quality of evidence was assessed using the Grading of Recommendations Assessment,
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Development, and Evaluation (GRADE) methodology, and recommendations were developed through consensus follow-
ing GRADE Evidence-to-Decision frameworks. The working group comprised 15 senior members and six junior mem-
bers.

Results: From 1536 initial records, |5 studies met the inclusion criteria and were finally used to develop evidence-based
recommendations. Evidence quality ranged from very low to moderate. Weak recommendations were issued for SAVI
Dual, Cefaly, Relivion, and Nerivio in the treatment of acute migraine attacks, and for gammaCore Sapphire, Cefaly,
and Nerivio in the preventive migraine treatment. Other cleared devices received no recommendations or have no eli-
gible studies for the GRADE assessment. The primary limitations across studies included imprecision due to small sample
sizes and various methodological concerns. Additionally, expert consensus recommendations were developed for devices
and clinical scenarios not adequately covered by randomized controlled trials, including potential applications in pediatric
populations, vestibular migraine, chronic migraine, menstrual migraine, and medication overuse headache.
Conclusion: Non-invasive neuromodulation devices offer promising alternatives to drug treatment for migraine manage-
ment. These devices are safe and generally well tolerated and devoid of drug interactions. While current evidence quality
varies, ongoing research and technological advancements show encouraging potential. Future studies should adhere to
International Headache Society guidelines for neuromodulation device trials, address proper sham controls and blinding
assessment, and account for patient adherence challenges in device use. Expanded insurance coverage would enhance
cost-effectiveness and device accessibility. These guidelines provide a framework for clinical decision-making while high-

lighting areas requiring further research.
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Introduction

Non-invasive neuromodulation represents an emerging treat-
ment option for headache disorders. The International
Neuromodulation Society defines therapeutic neuromodula-
tion as “the alteration of nerve activity through targeted
delivery of a stimulus, such as electrical stimulation or chem-
ical agents, to specific neurological sites in the body” (1).
Unlike invasive devices that require implantation, non-
invasive neuromodulation can be applied topically via
various modalities, including electrical stimulation, magnetic
field, temperature change, and vibration. Compared to inva-
sive neuromodulation, this non-invasive approach offers
minimal side effects, eliminates surgical risks, provides
greater accessibility to treat migraine early, and allows treat-
ment discontinuation without permanent consequences.
Patients may choose non-invasive neuromodulation for
acute or preventive migraine treatment based on personal
preference or when pharmacological therapies prove inef-
fective, have adverse effects (AEs), or are contraindicated.
These devices can also serve as complementary treatments
alongside pharmacological interventions, potentially enhan-
cing efficacy or reducing acute medication use. While neuro-
modulation devices rarely interact with medications or face
contraindications from underlying medical conditions, chal-
lenges may arise from technical complexity, cosmetic con-
cerns, or financial constraints (2,3).

Currently, six non-invasive neuromodulation devices
have received Food and Drug Administration (FDA)

clearance in the United States. At the same time, eight
have obtained CE (Conformité Européenne) markings in
Europe for treating various headache disorders based on
different modes of action (Table 1). In a consensus state-
ment, the American Headache Society (AHS) suggests
that “non-invasive neuromodulation devices may be used
as monotherapy or adjunctive therapy for acute and pre-
ventive  migraine  treatment.”(17)  Recently, the
International Headache Society (IHS) issued a guideline
for clinical trials on using neuromodulation devices to
treat migraine and cluster headache (18,19). However, the
historical absence of controlled trial guidelines has led to
considerable heterogeneity in trial design and outcomes
reporting, complicating evidence interpretation. While
there are a few systematic reviews on neuromodulation in
migraine treatment (20,21), several new studies have been
published in the past few years that were not captured in
the prior reviews. In this context, summative evidence
that pools data from existing clinical trials is needed to
guide clinical decision-making and to appraise the existing
evidence.

To address these challenges, the THS established a
special working group with two primary objectives: first,
to systematically evaluate and grade existing studies on
the efficacy of FDA-cleared or CE-marked non-invasive
neuromodulation devices; and second, to develop evidence-
based recommendations and expert consensus suggestions
to guide the use of these devices in the treatment of
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Table I. Summary of FDA-cleared and CE-marked non-invasive neuromodulation devices.

Device Indications and treatment protocol  Age of
name for migraine use Mode of stimulation Potential mechanism of action
SAVI Dual*®  Acute 4 sequential pulsesat  >12y/lo  Single pulse transcranial Interruption of cortical spreading
the onset of an attack magnetic stimulation depression and modulation of
Preventive 4 pulses each morning thalamocortical pathways (4,5).
and evening
Location Occipital region
Cefaly*? Acute 60 min, ACUTE >18 ylo Supraorbital trigeminal nerve  Peripheral “gate control”
program at the onset stimulation mechanisms and central effects
Preventive® 20 min, PREVENT altering anterior cingulate cortex
program once daily and thalamus (6,7).
Location Forehead
gammaCore Acute 2 unilateral 2 min >12 ylo Transcutaneous vagus nerve Inhibition of the pain networks,
Sapphire™® stimulation at the stimulation in the neck suppression of the nociception in
onset the trigeminal cervical complex,
Preventive 2 unilateral 2 min and anti-inflammatory effects (8,9).
stimulations twice
daily
Location Side of the neck
HeadaTerm®  Acute - >18ylo Predicate device to Cefaly PREVENT
Preventive® Accumulate a total of
60 min per day
Location Forehead
Nerivio™® Acute 45 min as soon as >8 ylo Transcutaneous electrical Pain-inhibit-pain phenomenon where
migraine symptoms stimulation of the arm skin remote stimulation activates the
starts descending pain inhibitory pathway
Preventive 45 min every other day (10,11).
Location Upper arm
Relivion™® Acute 20-60 minattheonset >18y/o  External concurrent occipital ~ Modulate trigeminal cervical
of a headache and trigeminal complex and pain signalling (12).
Preventive - neurostimulation
Location Forehead and occiput
tVNS® Acute Not specified >3 ylo Transauricular vagus nerve Modulation of brainstem nuclei and
Preventive 4 hr per day stimulation functional connectivity (13—15).
Location Cymba conchae
Ozilia Acute - >18 ylo  Intranasal kinetic oscillation Modulating parasympathetic outflow
Preventive® 10 min each nostril stimulation and upregulate intrinsic functional
once per week® activity in the limbic system (16).
Location Each nostrils

*FDA cleared. °CE marked. “Episodic migraine only. “Chronic migraine only. *Regimen not available on website but extracted from Hoffmann et al. (22).

migraine in adults, adolescents, and, where applicable, chil-
dren. This comprehensive assessment aims to provide clear,
actionable guidance for clinical decision-making among
physicians and prescribers. Still, it is not intended to
serve as the sole framework for insurance coverage
determinations.

Methods
The study was registered on  PROSPERO
(CRD42023407883) and can be found on the

PROSPERO website. The IHS special working group com-
prised 15 senior members and six junior members.
Members were selected in agreement with the IHS Board

based on their expertise in the field and their consideration
of geographic representativeness.

Formulation of clinical questions

Two clinical questions were formulated for each device
using the PICO (Population, Intervention, Comparison,
and Outcomes) framework (Table 2) and the format
endorsed in the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
Handbook (gdt.gradepro.org):

— Is [device] superior to sham for the treatment of acute
migraine attacks?
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Table 2. Inclusion criteria for study eligibility by PICO format.

Element Criteria

Populations
Intervention

Relivion, SAVI Dual, Ozilia
Comparison  Sham device

Outcomes®

Migraine, as defined by the International Classification of Headache Disorders (any edition)
FDA-cleared or CE-marked non-invasive neuromodulation devices: gammaCore, tVNS, Cefaly, HeadaTerm, Nerivio,

Acute: 2hr pain freedom, 2hr pain relief, 2hr pain intensity difference, 24hr sustained pain freedom

Preventive:" change in MMD, change in MHD, 50% responder rate, change in AMD, change in MIDAS/HIT-6

Study type  RCT

FDA: Food and Drug Administration. CE: Conformité Européenne. MMD: monthly migraine days. MHD: monthly headache days. AMD: monthly acute
medication use days. MIDAS: migraine disability assessment. HIT-6: headache impact test. RCT: randomized controlled trial.

?Based on their importance for decision-making regarding the optimal management strategy. °It required baseline and three months of post-treatment
assessment. If three months’ data were not available, two months’ data were assessed.

— Is [device] superior to sham for preventive migraine
treatment?

Eligibility criteria

The eligibility criteria are detailed in Table 2. For the evidence
assessment, we included only randomized controlled trials
(RCTs) and published data from clinicaltrials.gov. While
non-RCTs (e.g., open-label, post hoc studies) and RCTs
with abstract-only publications were excluded from the
primary analysis; these were considered during the expert sug-
gestions process. Selected outcomes (based on the IHS con-
trolled trial guidelines) that are important to patients for
decision-making were included. The treatment duration and
evaluation endpoint were selected based on the IHS controlled
trial guideline (18).

We excluded studies that were: published in languages
other than English, focused on populations with other
primary or secondary headache disorders, evaluated behav-
ioral interventions, limited to diagnostic procedures, dose
titration, review articles, or non-peer-reviewed publications.

Literature review

A librarian performed a literature search in consultation
with authors with content expertise (HY, SLO, LS).
Published data were retrieved from six sources (OVID
MEDLINE, OVID EMBASE, EBSCOHost CINAHL,
Wiley Cochrane trials, clinicaltrials.gov, WHO ICTRP)
from 1946 to April 1, 2025. The search protocol was veri-
fied using the Peer Review of Electronic Search Strategies
(PRESS) peer review method (23).

The screening process was conducted in two distinct
phases using the PICO Portal (www.picoportal.org). In
the first phase, abstracts were screened to identify poten-
tially eligible studies. In the second phase, full texts under-
went manual review to confirm eligibility. Both phases of
screening were completed independently by two reviewers.
Six team members (ASP, DM, HY, J-TY, LS, MAA)

worked in pairs to cross-validate the screening process,
with any disagreements resolved through consensus discus-
sions with senior team members (SLO, HY).

Data extraction

Data extraction was performed independently by two
reviewers (DM, HY), with discrepancies resolved through
consensus. Using standardized extraction tables, we col-
lected comprehensive study details, including author infor-
mation (first author’s name and year of publication),
complete citation, study characteristics (design, setting,
and time period), migraine-specific information (number
of participants, diagnostic criteria), methodological details
(masking/blinding strategies), study parameters (sample
size, treatment/sham type, duration of observations and
treatments), population analysis type (intention-to-treat
[ITT], modified ITT [mITT], per protocol [PP]), outcomes
(primary endpoint or predetermined parameters as shown
in Table 2), and safety data (e.g., AEs). All data were
extracted as reported, with no imputation of missing
values. See supplementary data for more details.

Quality of evidence

The GRADE methodology evaluates evidence quality
through structured evidence tables, with initial ratings
based on study design, modified by downgrading factors
(study limitations, inconsistency, indirectness, imprecision,
publication bias) and upgrading factors (large effect size,
dose-response gradient, confounding). Using GradePro
GDT (https:/www.gradepro.org/), we assessed the cer-
tainty of the prespecified outcomes and summarized the
findings. Effect sizes were calculated as odds ratio (OR)
or mean difference (MD). The risk of bias was assessed
using the ROB2 (Cochrane’s Risk of Bias) assessment
tool for RCTs. Six members (ASP, DM, FC, J-TY, LS,
MAA) cross-checked each assessment result, and disagree-
ments were resolved by consensus with senior members
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(HY, SLO). Certainty was downgraded for risk of bias
based on ROB2 assessments (Cochrane’s Risk of Bias)
(24), inconsistency based on heterogeneity, and imprecision
using two approaches: confidence intervals relative to min-
imally important differences and optimal information size
requirements (25). Two reviewers independently evaluated
GRADE tables, with six team members cross-checking the
risk of bias assessments. All disagreements were resolved
through consensus with senior members. The final evidence
quality was rated as high, moderate, low, or very low for
each critical outcome per the GRADE criteria.

GRADE assessment on imprecision

The precision assessment followed the GRADE guideline
34 (25). For dichotomous outcomes, certainty was down-
graded to one level if the OR 95% confidence interval
(OR 95% CI) crossed the minimally important difference
(MID) of 1.2 (determined by group consensus) and two
levels if the OR 95% CI upper/lower ratio exceeded 2.5.
For continuous outcomes, the certainty assessment used
two approaches. Under the confidence interval approach,
certainty was downgraded one level if the 95% CI
crossed the MID (set at 2 for 0-10 pain rating scale
changes and 1.5 for monthly migraine day (MMD)
or monthly headache day (MHD) changes, as determined
by group consensus). Under the optimal information size
(OIS) approach, assuming a group difference of 1, SD of
4, alpha of 0.05, and power of 0.8, the minimum sample
size was set at 500. Certainty was downgraded one level
for sample sizes between 150-250 (30-50% of OIS) and
two levels for samples below 150 (<30% of OIS). We
adopted the more conservative assessment when the two
approaches yielded different results. Two reviewers
(J-TY, HY) independently verified the GRADE tables,
with disagreements resolved through consensus with
senior members (SLO).

Meta-analysis

Meta-analyses were performed on outcomes reported in
multiple studies using the meta and metafor packages in
R statistical software (26). Heterogeneity was assessed
using Cochran’s Q test, with P <0.1 considered statistically
significant. Analyses were conducted using both fixed and
random effects models, with results from the random
effects model adopted when significant heterogeneity was
detected.

Evidence-based recommendations

The GRADE approach provides a systematic framework for
developing evidence-based recommendations through a struc-
tured and transparent process (27-29). Expert panels follow a
two-step process: first, we evaluated four key domains: the

balance between desirable and undesirable outcomes based
on available evidence across multiple outcomes important
for optimal management, overall certainty/quality of that evi-
dence on the desirable vs. undesirable effects, confidence in
values and preferences (e.g., cost-effectiveness, usage feasi-
bility, device acceptability), and resource/cost considerations.
Second, through consensus discussions, we determined both
the direction (for/against an intervention) and the strength
(strong/weak) of recommendations. “Strong recommenda-
tions” indicate high confidence that benefits clearly outweigh
harms for the majority of patients. A strong recommendation
implies that most or all individuals will be best served by the
recommended course of action. “Weak (conditional) recom-
mendations” imply that the desirable effects probably out-
weigh the undesirable effects, but not all individuals will be
best served by the recommended course of action. “No rec-
ommendation” is made when the confidence in effect esti-
mates is so low that the panel feels that a recommendation
is too speculative, the trade-offs are so closely balanced that
the panel has great difficulty deciding on the direction of a
recommendation, or the values and preferences and resource
implications are not known or too variable.

Expert consensus suggestions

The expert consensus suggestions were formulated to com-
plement the evidence-based recommendations by addressing
clinical scenarios and patient populations inadequately repre-
sented in eligible RCTs. These suggestions are intentionally
framed as options rather than prescriptive recommendations.
No formal level of evidence or strength of suggestion was
assigned, reflecting the inherent limitations of the supporting
data. These suggestions were informed by additional sources,
including ineligible RCTs, open-label studies, post-marketing
observational studies, case series, real-world evidence,
post-hoc analyses, and conference abstracts. Each suggestion
is accompanied by a clear rationale (see Online
Supplementary Material) and supported by available data,
even when they did not meet the criteria for formal
GRADE assessment. Accordingly, these suggestions should
be interpreted as considerations for clinical decision-making.

Results

From 1536 initial records, we screened 957 unique records
and retrieved 311 full texts for detailed assessment
(Figure 1). We excluded 197 records (10 ongoing clinical
trials, 92 duplicates or have manuscripts, and 95 studies
with ineligible PICO characteristics). Of the remaining
114 full texts reviewed, we found 82 non-RCTs (27
abstracts, 55 publications) and 32 RCTs (six abstracts, 24
publications, two clinicaltrial.gov entries). After excluding
six abstracts and studies focused on non-migraine diagno-
ses (four trigeminal autonomic cephalalgia, one tension-
type headache), ineligible study type (three), ineligible
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Identification of new studies via databases and registers
Records identified from:
Databases (n = 1,536):
= MEDLINE (n = 271)
% EMBASE (= Ted) Records removed before screening:
= GINAIL _(n N 14_4) Duplicate records (n = 579)
b= Cochrane Trials (n=315)
g ClinicalTrials.gov (n = 63)
WHO ICTRP (n = 17)
Registers (n = 0)
4
Records screened Records excluded
(n =957) (n = 646)
A 4
Reports sought for retrieval Reports not retrieved
(n=311) (n=0)
()
£
(=
[}
o
O
@ Reports excluded (single primary reason):
Non RCT (n = 146)
Reports assessed for eligibility Non-migraine RCT (n = 8)
(n=311) . Ongoing trials (n = 7)
Duplicates, has manuscripts (n = 64)
Ineligible design (n=71)
\ 4
§ New studies included in review
3 (n=15)
<
Figure |. PRISMA flow diagram of literature search.
intervention (one), and ineligible outcomes (two), 15 PICO Question 1: Is SAVI Dual superior to sham for
studies met the inclusion criteria for evidence assessment. the treatment of acute migraine attacks?
The PICO questions are sorted by device clearance date SAVI Dual delivers a single pulse of transcranial magnetic

for migraine treatment. Risk of bias assessment showed stimulation (Table 1). In adult patients living with episodic
that most studies were generally low risk, although a few migraine (EM) with aura, SAVI Dual (2 pulses, 30 s apart)
exhibited some or high concerns (Figure 2). is superior to inactive sham for the treatment of acute
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Risk of bias domains

—

Study

000000V OO OOOS
00000000000 O0OS
00000000 OOOO®
000000000 OOOOS

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data. -
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

0000000000 OGS

00000600V O0OS

Judgement

® Hign

Some concerns

' Low

Figure 2. Risk of bias summary for each included study.

migraine attacks. A single RCT (including patients living
with EM with aura; treated >1 attack, 1hr within aura
onset) showed the benefits of SAVI Dual over non-active
sham, considering the outcomes of pain freedom at 2hr
(primary endpoint; OR 2.28, 95%CI 1.15-4.52) and sus-
tained pain freedom at 24hr (OR 2.20, 95%CI 1.03-4.70)
(30). The AE rate was comparable to the sham group.
The quality of the evidence was low due to very serious
imprecision (Table 3). Overall, the desirable effects prob-
ably outweigh the undesirable effects based on one RCT

with low-quality evidence. The high cost and device
accessibility remain problematic.

Evidence-based recommendation

The panel conditionally recommends SAVI Dual for the
treatment of acute migraine attacks in adult patients with
EM with aura.
Strength of the recommendation: weak in favor (1)
Quality of the evidence: low (HHOO)
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Table 3. GRADE evidence table for SAVI dual vs sham in the treatment of acute migraine attacks (mITT).

Effect

Ne of patients

Certainty assessment

Absolute
(95% Cl)

Relative
(95% Cl)

Other

Risk of
bias

Study

Ne of

Certainty

Indirectness Imprecision  considerations Verum Sham®

Inconsistency

design

studies

Pain freedom 2hr®

210)0)

Low

171 more per

18/82 OR 2.28

32/82

None

Very

Not serious

RCT not NA

| (30)

1000
(from 25 more to

(1.15 to 4.52)

(22.0%)

(39.0%)

c

serious

serious

340 more)

Sustained pain freedom 24hr

SL00)

134 more per

13/82 OR 2.20

24/82

None

Very

Not serious

RCT not NA

| (30)

Low

1000
(from 4 more to

(159%)  (1.03 to 4.70)

(29.3%)

serious®

serious

311 more)

?Inactive sham. °Primary endpoint. °Cl upper/lower ratio > 2.5.

Expert consensus suggestion

1. SAVIDual can be an option for the treatment of acute
migraine attacks in subjects with EM without aura or
chronic migraine (CM) with/without aura (31).

PICO Question 2: Is SAVI Dual superior to sham for pre-
ventive migraine treatment?
No RCT met the eligibility criteria for this PICO question.

Evidence-based recommendation

There was no RCT to assess the use of SAVI Dual for pre-
ventive migraine treatment.
Strength of the recommendation: N/A

Expert consensus suggestion

1. SAVI Dual can be an option for preventive treatment
in subjects with migraine, with or without medication
overuse headache (MOH), in adults, adolescents, and
pregnant patients (31-36).

PICO Question 3: Is Cefaly superior to sham for the treat-
ment of acute migraine attacks?

Cefaly delivers transcutaneous electrical supraorbital tri-
geminal nerve stimulation (Table 1). In adult subjects with
EM with and without aura, Cefaly is superior to active sham
for the treatment of acute migraine attacks. Two RCTs
(ACME: 1hr stimulation for headache lasting >3hr;
TEAM: 2hr stimulation, within 4hr of migraine onset)
showed a moderate effect (OR 1.62, 95%CI 1.09-2.39)
for pain freedom at 2hr in the ITT population (primary end-
point for TEAM study) of patients with EM (37,38),
although pain freedom at 2hr was not significant in the
ACME study (Figure 3). Other endpoints included pain
relief at 2hr (OR 1.85, 95%CI 1.30-2.64), sustained pain
freedom at 24hr (OR 1.66, 95%CI 1.08-2.54), and pain
intensity difference at 2hr (MD 1.02, 95%CI 1.82-0.22).
The AEs were infrequent and minor. There were some
risk-of-bias concerns in the ACME study, and its primary
endpoint was pain intensity change at lhr, but not the
recommended pain freedom at 2hr. Blinding analysis was
also not reported in the ACME study. The quality of evi-
dence for the different outcomes ranged from low to high,
and overall, it was judged as moderate due to serious impre-
cision (Table 4). Overall, the desirable effects outweigh the
undesirable effects, based on two RCTs of moderate-quality
evidence (37,38), although a longer stimulation duration
may be needed. Cefaly is currently available without pre-
scription in many countries.
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Pain freedom 2h
Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Kuruvilla, 2022 66 259 51 279 __'.— 1.53 [1.01;2.31] 91.9% 90.1%
Chou, 2019 9 52 4 54 ———— 2.62 [0.75; 9.10] 8.1% 9.9%
Common effect model 75 3N 55 333 S 1.62 [1.09; 2.39] 100.0% -
Random effects model e 1.61 [1.09; 2.39] = 100.0%
Heterogeneity: I = 0%, © = 0, p = 0.42
Test for overall effect (common effect): z = 2.41 (p = 0.02) 02 05 1 2 5
Test for overall effect (random effects): z =2.39 (p = 0.02)
Sustained pain freedom 24h
Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Kuruvilla, 2022 59 259 44 279 |-~ 1.58 [1.02; 2.43] 98.6% 95.1%
Chou, 2019 3 52 0 54 ——————— 7.71 [0.39; 152.96] 14% 4.9%
t
Common effect model 62 311 44 333 < 1.66 [1.08; 2.54] 100.0% -
Random effects model et 1.70 [0.87; 3.32] - 100.0%
Heterogeneity: /2 = 6%, 2 = 0.0735, p = 0.30 I T T L
Test for overall effect (common effect): z = 2.33 (p = 0.02) 0.01 0.1 1 10 100
Test for overall effect (random effects): z = 1.56 (p = 0.12)

Figure 3. Forest plots of meta-analysis of trials assessing the efficacy of Cefaly in the treatment of acute migraine attacks.

Evidence-based recommendation

The panel conditionally recommends the use of Cefaly for
the treatment of acute migraine attacks in adult subjects
with EM.

Strength of the recommendation: weak in favor (1)
Quality of the evidence: moderate (PHDO)

Expert consensus suggestions

1. Cefaly can be an option for the acute treatment of
pediatric migraine and vestibular migraine (39,40).
2. Cefaly can be an option for the treatment of acute
migraine attacks in adults with CM (41).
PICO Question 4: Is Cefaly superior to sham for prevent-
ive migraine treatment?

In adult subjects with EM with and without aura,
Cefaly (20 min stimulation daily) is probably superior
to active sham for preventive migraine treatment. The
single RCT assessed did not meet one of its primary end-
points (MMD reduction; MD 1.74, 95%CI —0.32-3.8) in
the ITT population in subjects with EM (42). The 50%
responder rate, the second primary endpoint, favored
the Cefaly device over the sham (OR 4.49, 95%CI
1.28-15.72), but this was not true for MHD reduction
(MD 2.28, 95%CI —0.01-4.57). The study was not
powered for co-primary endpoints. No blinding analysis
was done, and the study was not registered. The AEs
were usually mild. The quality of the evidence was
very low due to very serious imprecision (Table 5).
Overall, the desired effects probably outweigh the

undesired effects based on one RCT of very low-quality
evidence, half of the primary endpoints being positive,
and positive secondary endpoints (42). Cefaly is cur-
rently available without prescription in many countries.

Evidence-based recommendation

The panel conditionally recommends the use of Cefaly
for preventive migraine treatment in adult subjects with
EM.

Strength of the recommendation: weak in favor (1)
Quality of the evidence: very low (POOO)

Expert consensus suggestion

1. Cefaly can be an option for preventive treatment of
CM and MOH in the pediatric and adult populations
(43-48).

PICO Question 5: Is gammaCore Sapphire superior to
sham for the treatment of acute migraine attacks?
GammaCore Sapphire delivers transcutaneous vagus
nerve stimulation in the neck (Table 1). In adult subjects
with EM with/without aura, gammaCore Sapphire (2 min
stimulation on each side) may not be superior to active
sham for the treatment of acute migraine attacks. The RCT
(subjects with EM, treated >1 attack, 20 min within migraine
onset, including mild headache) did not meet its primary end-
point (pain freedom for the first-treated attack at 2hr; 30.4%
vs. 19.7%, p=0.067), although significant benefits were
seen at 30/60 min (pain freedom) and 2hr (pain relief) (49).
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Table 5. GRADE evidence table for Cefaly vs sham in preventive migraine treatment (ITT population)

Effect

Ne of patients

Certainty assessment

Absolute
(95% Cl)

Relative
(95% ClI)

Other

Risk of
bias

Study

Ne of

Certainty

Indirectness Imprecision  considerations Verum sham®

Inconsistency

design

studies

Change in MMDP®

o000

Very Low

MD —1.74

trial not registered 34 33

very

not serious

not NA

RCT

1l (42)

(-3.8 t0 0.32)

d

serious

serious

Change in MHD

000

Very Low

MD -2.28

trial not registered 34 33

very

not serious

RCT not NA

1l (42)

(—4.57 to 0.01)

serious®

serious

50% responder rate

000
(from 29 more to 536 Very Low

261 more per 1000

OR 4.49
(128 to

13/34 4/33

trial not registered

very

not serious

not NA

RCT

1l (42)

(12.1%)

(38.2%)

d

serious

serious

more)

15.72)

*Active sham. ®Co-primary endpoint. °N less than 150.

For all treated attacks, there were significant differences at 2hr
(pain freedom; 22.9% vs. 14.8%, p=0.026) (50). Most AEs
were mild-moderate, with a few subjects withdrawing due to
AEs. The active sham might have created some treatment
effects, although blinding was successful. The quality of the
evidence was low due to very serious imprecision
(Table 6). Overall, the desirable effects possibly outweigh
the undesirable effects based on one RCT with low-quality
evidence (49,50), but remain to be properly studied, as
current data showed only positive secondary but not
primary endpoints. The high cost and device accessibility
remain problematic, although
functionally similar non-prescription non-invasive vagus
nerve stimulators are sold over-the-counter as wellness
products.

Evidence-based recommendation

There were no solid efficacy data to recommend the use of
gammaCore Sapphire for the treatment of acute migraine
attacks.

Strength of the recommendation: no recommendation

Quality of the evidence: low (BDHOO)
Expert consensus suggestions

1. The gammaCore Sapphire can be an option for the treat-
ment of acute migraine attacks, and associated vertigo
and nystagmus in subjects with vestibular migraine
(49-52).

2. The gammaCore Sapphire can be an option for the
treatment of acute migraine attacks in adolescents
(53).

3. The gammaCore Sapphire can be an option for the
treatment of acute migraine attacks in subjects with
CM, although perhaps to a lesser degree than in EM
and probably ineffective in refractory CM (54,55).

4. The gammaCore Sapphire can be an option for the
treatment of acute migraine attacks in subjects with
MOH (56,57).

PICO Question 6: Is gammaCore Sapphire superior to
sham for preventive migraine treatment?

In adult subjects with migraine, gammaCore Sapphire
(2 min stimulations twice, three times daily) is superior to
sham for preventive migraine treatment from two RCTs
(PREMIUM, PREMIUM 1I) (58,59). The EVENT study
was excluded due to the lack of proper endpoints at three
months (60). The treatment effects from two RCTs, when
defined as a reduction in mean MMD (primary endpoint
for PREMIUM 1I), were small but significant (MD 0.72,
95%CI10.31-1.14) in the mITT population (>67% treatment
adherence) in subjects with EM (PREMIUM) and EM/CM
(PREMIUM 1II) (Figure 4) (58,59). Other endpoints include
a change in MHD (MD 0.91, 95%CI 0.43-1.40), 50%
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Change in MMD

Test for overall effect (random effects): z = 2.01 (p = 0.04)

Experimental Control Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Najib, 2022 56 3.16 3.8800 57 2.62 4.1700 ——-—-— 0.54 [-0.94; 2.02] 7.8% 7.8%
Diener, 2019 138 2.27 1.8600 140 1.53 1.8100 . 0.74 [0.31;1.17) 92.2% 92.2%
i
Common effect model 194 197 - 0.72 [ 0.31; 1.14] 100.0% -
Random effects model g 0.72 [ 0.31; 1.14] - 100.0%
Heterogeneity: 12=0%, % =0, p=0.80 f T T 1
Test for overall effect (common effect): z = 3.43 (p < 0.01) -2 -1 0 1 2
Test for overall effect (random effects): z = 3.43 (p <0.01)
Change in MHD ) . )
Experimental Control Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Najib, 2022 56 4.69 4.3300 57 3.24 4.5800 4———+—— 1.45 [-0.19; 3.09] 8.7% 8.7%
Diener, 2019 138 2.85 2.1900 140 1.99 2.1300 - 0.86 [0.35;1.37] 91.3% 91.3%
Common effect model 194 197 - 0.91 [0.43; 1.40] 100.0% -
Random effects model = 0.91 [0.43; 1.40] - 100.0%
Heterogeneity: /% = 0%, t* =0, p = 0.50 T T T 1
Test for overall effect (common effect): z = 3.68 (p < 0.01) 3 -2 1 0 1 2 3
Test for overall effect (random effects): z = 3.68 (p < 0.01)
50% responder rate
Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Najib, 2022 25 56 15 57 2.26 [1.02; 4.98] 27.3% 31.3%
Diener, 2019 43 138 32 140 1.53 [0.90; 2.61] 72.7% 68.7%
Common effect model 68 194 47 197 — 1.73 [1.11; 2.69] 100.0% .
Random effects model i 1.73 [1.11; 2.69] 100.0%
Heterogeneity: = 0%, “= 0,p =042
Test for overall effect (common effect): z =2.42 (p = 0.02) 0.5 1 2
Test for overall effect (random effects): z = 2.42 (p = 0.02)
Change monthly acute medication use days
Experimental Control Weight Weight
Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl (common) (random)
Najib, 2022 53 2.654.1400 55 1.79 4.5200 ——f————— 0.86 [-0.77; 2.49] 236%  23.6%
Diener, 2019 138 1.94 3.9200 140 1.14 3.8000 — 0.80 [-0.11;1.71] 76.4%  76.4%
Common effect model 191 195 [— 0.81 [0.02; 1.61] 100.0% -
Random effects model e 0.81 [0.02; 1.61] - 100.0%
Heterogeneity: /= 0%, ©* =0, p = 0.95
Test for overall effect (common effect): z = 2.01 (p = 0.04) -2 = | 0 1 2

Figure 4. Forest plots of meta-analysis of trials assessing the efficacy of gammaCore in migraine prevention.

responder rate (OR 1.73, 95%CI 1.11-2.69), and change in
AMD (MD 0.81, 95%CI 0.02-1.61). While PREMIUM 1
but not II used an active sham, both studies achieved suc-
cessful blinding. AEs were generally mild, with no
serious adverse events (SAEs) in either study. The quality
of the evidence was moderate due to serious imprecision
(Table 7). Overall, the desirable effects likely outweigh
the undesirable effects based on two RCTs with moderate-
quality evidence (58,59). However, the beneficial effect of
the gammaCore Sapphire may depend on the degree of
adherence to the treatment, which is likely to be inferior
with real-world use compared to the trial setting. The
device cost and accessibility remain problematic.

Evidence-based recommendation

The panel conditionally recommends the use of
gammaCore Sapphire for preventive treatment of EM/CM
in adult subjects with migraine, especially if they can main-
tain treatment adherence.

Strength of the recommendation: weak in favor (1)
Quality of the evidence: moderate (PHPHO)

Expert consensus suggestions

1. The gammaCore Sapphire can be an option for pre-
ventive treatment of menstrual and menstrually-
related migraine when used perimenstrually (61).

2. The gammaCore Sapphire can be an option for pre-
ventive treatment in adult subjects with CM (60).

PICO Question 7: Is HeadaTerm superior to sham for the
treatment of acute migraine attacks?

HeadaTerm is shown to be substantially equivalent to
Cefaly PREVENTIVE (Table 1). In the one RCT reviewed
(62), there were no eligible outcome data to assess the use
of HeadaTerm in the treatment of acute migraine attacks.
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Table 7. GRADE evidence table for gagmmaCore vs sham in preventive migraine treatment (mITT population).

Effect

Ne of patients

Certainty assessment

Absolute
(95% Cl)

Relative

Verum Sham® (95% ClI)

Other

Risk of
bias

Study

Ne of

Quality

Indirectness Imprecision considerations

Inconsistency

design

studies

Change in MMD"

257-58

DOPO

MD 0.72 (0.31-1.14)

197

194

. od
Serious None

Not serious  Not serious

Not

RCT

Moderate

serious

Change in MHD®

SIS IC)

MD 0.91 (0.43—1.40)

197

194

Not Not serious  Not serious Serious® None

RCT

2 (58,59)

Moderate

serious

Change in 50% responder rates

DOPO

113 more per 1000 (from 19

195 OR 1.73

191

Serious® None

Not serious

n/a

Not

RCT

2 (58,59)

Moderate

more to 219 more)

(1.11-2.69)

serious

Change in AMD

SIS IC)

MD 0.81

195

191

Serious® None

Not serious

Not serious

Not

RCT

2(58,59)

Moderate

(0.02 to 1.61)

serious

*PREMIUM active sham, PREMIUM Il inactive sham. ®Primary endpoint for PREMIUM Il study. “Primary endpoint for PREMIUM study. “Cl crosses the MID of 0.5, °Cl crosses the threshold of 1.2.

Evidence-based recommendation

No recommendation.
Strength of the recommendation: N/A

Expert consensus suggestion

1: HeadaTerm can be an option for the treatment of acute
migraine attacks in adult subjects with EM (62).

PICO Question 8: Is HeadaTerm superior to sham for pre-
ventive migraine treatment?
No RCT met the eligibility criteria for this PICO question.

Evidence-based recommendation

No recommendation.
Strength of the recommendation: N/A

Expert consensus suggestion

1. Based on a predicate device (Cefaly PREVENTIVE),
HeadaTerm can be an option for preventive migraine
treatment.

PICO Question 9: Is Nerivio superior to sham for the treat-
ment of acute migraine attacks?

Nerivio delivers transcutaneous electrical stimulation to
the upper arm skin to activate endogenous analgesia
(Table 1). In adult subjects with EM with or without aura,
Nerivio may be superior to an active sham for the treatment
of acute migraine attacks based on two RCTs (10,63). A par-
ameter assessment exploratory study by Yarnitsky et al. was
excluded because the stimulation parameters differed from
the currently cleared device (64). The 2017 RCT
(NCTO03076515, data not published; stimulation for 25 min
at the migraine onset) failed its primary endpoint (pain
relief at 2hr) and was terminated early due to lack of adher-
ence (63). The 2019 RCT (30/45-min stimulation, 1hr within
symptom onset) showed significant improvement in pain
relief at 2hr (primary endpoint) and pain freedom at 2hr in
the mITT population (Figure 5) (10). Device-related AEs
were primarily topical issues, with no SAEs. Neither study
used pain freedom at 2hr as the primary endpoint. Blinding
analysis was not reported in the 2017 study, but was success-
ful in the 2019 study. The quality of the evidence was very
low due to a serious risk of bias for the 2017 study and
very serious imprecision (Table 8). Overall, the desired
effects probably outweigh the undesired effects based on
two very low-quality studies, although a longer stimulation
of 45 min was cleared as the recommended dosing (10,63).
Insurance coverage is available for some payers in the US,
but device accessibility remains problematic outside the US.
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Pain relief 2h

Experimental Control
Study Events Total Events Total
Yarnitsky, 2019 66 99 40 103
Theranica, 2017 12 33 9 33
Common effect model 78 132 49 136

Random effects model

Odds Ratio

|
—_— i

Weight Weight
OR 95%-Cl (common) (random)
—=#— 3.15 [1.77; 5.60]
: 1.52 [0.54; 4.33]

69.5%
30.5%

68.7%
31.3%

100.0%

i
—~=—— 2.65 [1.61; 4.38]

—==— 251 [1.30; 486] 100.0%

Heterogeneity: /2 = 30%, v = 0.0786, p = 0.23 I
Test for overall effect (common effect): z = 3.81 (p <0.01) 0.2
Test for overall effect (random effects): z = 2.73 (p < 0.01)

T
0.5

1 2 5

Figure 5. A forest plot of meta-analysis of trials assessing the efficacy of Nerivio in the treatment of acute migraine attacks.

Evidence-based recommendation

The panel conditionally recommends the use of Nerivio for
the treatment of acute migraine attacks in adult subjects
with EM.

Strength of the recommendation: weak in favor (1)
Quality of the evidence: very low (§OOO)

Expert consensus suggestions
1. Nerivio can be an option for the treatment of acute

migraine attacks in pregnant women or patients

with menstrually-related migraine (65,66).

Nerivio can be an option for the treatment of acute

migraine attacks in pediatric patients (>8 years old)

(67-70).

. Nerivio can be an option for the treatment of acute

migraine attacks in adults with CM (71,72).

Nerivio can be used for managing MOH (73,74).

Nerivio can be combined with behavioral interven-

tion (75).

PICO Question 10: Is Nerivio superior to sham for pre-
ventive migraine treatment?

Tepper et al. conducted a double-blind, sham-controlled
RCT of Nerivio 45 min every other day for eight weeks for
migraine prevention (73). Of 248 participants (130 CM),
179 (92 CM) qualified for the mITT analysis. Overall,
Nerivio reduced MMD by 4.0 +4.0 compared to 1.3 +4.0
in the sham device group with a therapeutic gain of 2.7
MMD (95%CI 1.5-3.9, p<0.001). A non-significant 0.8
(95%CI —1.0 to 2.5) and —1.1 (95%CI —5.0 to 2.9) of
HIT-6 and MSQ scores were reported, respectively.
Treatment adherence was high in this study. Nearly 90%
of participants in the Nerivio (89.8%) and sham (89.2%)
groups completed more than 75% of the treatments
during the eight-week intervention. In a post hoc analysis,
Blumenfeld et al. showed that both EM and CM patients
benefited, with EM showing significance at two weeks
and CM at six weeks (76). No device-related AE was
reported in the Nerivio arm except for one in the sham

group. The quality of the evidence was very low due to a
very serious imprecision and an eight-week follow-up dur-
ation (Table 9). Overall, the desired effects probably out-
weigh the undesired effects based on one very
low-quality study. Insurance coverage is available for
some payers in the US, but device accessibility remains
problematic outside the US.

Evidence-based recommendation

The panel conditionally recommends the use of Nerivio for
preventive treatment of EM/CM in adult subjects with
migraine.

Strength of the recommendation: weak in favor (1)
Quality of the evidence: very low (§OOO)

Expert consensus suggestion

1. Nerivio can be an option for preventive migraine
treatment in adolescents (77).

PICO Question 11: Is Relivion superior to sham for the
treatment of acute migraine attacks?

Relivion delivers external concurrent occipital and tri-
geminal neurostimulation (Table 1). In adult subjects with
EM, Relivion (1-hr stimulation within 30-60 min from
headache onset) is superior to active sham for the treatment
of acute migraine attacks. Two RCTs showed the benefit on
pain freedom at 2hr (OR 4.27, 95%CI 1.69-10.75), pain
relief at 2hr (OR 2.81, 95%CI 1.06-7.49), and sustained
pain freedom at 24hr (OR 6.08, 95%CI 2.06-17.94) in the
mITT population, mostly patients with EM (Figure 6)
(78,79). Neither study used pain freedom at 2hr as the
primary endpoint. AEs were infrequent and usually mild,
but with a few early withdrawals due to not tolerating par-
esthesias arising from stimulation. The quality of the evi-
dence was very low due to very serious imprecision and a
serious risk of bias. (Table 10). Overall, the desirable
effects possibly outweigh the undesirable effects based on
two very low-quality studies (78,79). The device is cur-
rently not covered by insurance, and the unit cost is high;
the device accessibility remains problematic outside the US.
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Table 8. GRADE evidence table for Nerivio vs sham in the treatment of acute migraine attacks (mITT population).

Effect

Ne of patients

Certainty assessment

Absolute
(95% Cl)

Relative
(95% Cl)

Other

Risk of
bias

Study

Ne of

Certainty

Indirectness Imprecision  considerations Verum sham®

Inconsistency

design

studies

Pain freedom 2hr

189 more per 1000

OR 2.64
(139 to
5.02)

19/103

37/99

none

very

not serious

serious

RCT

1 (10)

o000

(from 55 more to 347 Very Low

(18.4%)

(37.4%)

serious®

more)

Pain relief 2hr®

239 more per 1000

49/136 OR 2.65

78/132

CT serious not serious not serious  very none

R

2 (10,63)

o000

Very Low

(from 115 more to

(161 to

(36.0%)

(59.1%)

c

serious

351 more)

4.38)

*Active sham. PPrimary endpoint for both studies. “Cl upper/lower ratio>2.5.

Evidence-based recommendation

The panel conditionally recommends the use of Relivion for
the treatment of acute migraine attacks in adult patients with
EM.

Strength of the recommendation: weak in favor (1)
Quality of the evidence: very low (POOO)

Expert consensus suggestion

1. Relivion can be an option for the treatment of acute
migraine attacks in adults with CM (80).
PICO Question 12: Is Relivion superior to sham for pre-
ventive migraine treatment?
No RCT met the eligibility criteria for this PICO
question.

Evidence-based recommendation

No recommendation.
Strength of the recommendation: N/A

Expert consensus suggestion

1. Relivion can be an option for preventive migraine
treatment in adults with EM (81,82).

PICO Question 13: Is tVNS superior to sham for the treat-
ment of acute migraine attacks?

No RCT met the eligibility criteria for this PICO
question.

Evidence-based recommendation

No recommendation.
Strength of the recommendation: N/A

Expert consensus suggestion

No eligible study for suggestion.

PICO Question 14: Is tVNS superior to sham for pre-
ventive migraine treatment?

tVNS delivers transauricular electrical vagus nerve
stimulation (Table 1). In adult subjects with CM, tVNS
(4hr stimulation daily) was not superior to active sham
for preventive migraine treatment. One RCT failed to
meet the primary endpoint (MMD reduction; MD —2.6,
95%CI —5.58-0.38) in the ITT population in patients with
CM (83). There was no change in AMD (MD —0.7, 95%
CI —1.79-3.19) and no change in MIDAS score (MD
=3.1, 95%CI —-27.9-21.7), except for a change in HIT-6
score (MD 1.3, 95%CI 2.26-4.86). The quality of the evi-
dence was very low due to some concerns in the randomiza-
tion process (no information about whether the allocation
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Pain freedom 2h

Experimental Control

Study Events Total Events Total
Tepper, 2022 16 50 5 43
Daniel, 2022 9 21 2 19
Common effect model 25 M 7 62

Random effects model

Heterogeneity: 12=0%, ¥ =0, p =058

Test for overall effect (common effect): z = 3.08 (p < 0.01)
Test for overall effect (random effects): z = 3.06 (p < 0.01)

0.1

Weight Weight

Odds Ratio OR 95%-Cl (common) (random)

—n—

3.58 [1.18; 10.81]
——+#=——— 6.37 [1.16; 34.93]
!

75.3%
24.7%

70.3%
29.7%
i
e
i

4.27 [1.69; 10.75] 100.0%

4.25 [1.68; 10.73] - 100.0%

051 2 10

Figure 6. A forest plot of meta-analysis of trials assessing the efficacy of Relivion in the treatment of acute migraine attacks.

sequence was random and whether the allocation sequence
was concealed until participants were enrolled and assigned
to interventions) and very serious imprecision (Table 11).
Also, the active sham led to a significant reduction in the
MHD compared to the active intervention; no blinding ana-
lysis was reported. Overall, the available data do not favor
intervention based on the one RCT (83). Although tVNS is
available over-the-counter and received CE marking, for
migraine treatment, there is currently no evidence to
support the use of tVNS for preventive migraine treatment,
especially in subjects with CM. The optimal stimulation
parameter/setting for migraine prevention remains to be
studied.

Evidence-based recommendation

There were no solid efficacy data to recommend the use of
tVNS for preventive migraine treatment.

Strength of the recommendation: no recommendation
Quality of the evidence: very low (POOO)

Expert consensus suggestion

1. Transauricular VNS in general, not not limit to the
exact tVNS device, may have a role in migraine pre-
vention (13,84,85).

PICO Question 15: Is Ozilia superior to sham for the treat-
ment of acute migraine attacks?

Ozilia delivers intranasal kinetic oscillation stimulation.
(Table 1). In subjects with EM, Ozilia (15 min stimulation
each nostril) is marginally superior to inactive sham for the
treatment of acute migraine attacks. A single RCT demon-
strated pain freedom at 2hr (not a primary endpoint; OR
11.00, 95%CI 1.16-103.9) and sustained pain freedom at
24hr (OR 8.80, 95%CI 0.93-83.4) in the PP population of
adult subjects with EM (86). The study met the primary end-
point (change in pain intensity 15 min after stimulation com-
pletion; 45 min from stimulation onset). The acute use of
Ozilia was generally well tolerated, but one patient

experienced a vasovagal reaction. Blinding analysis was not
reported. The quality of the evidence was very low due to
some risk-of-bias concerns and very serious imprecision
(Table 12). Overall, the desirable effects possibly outweigh
the undesirable effects. Insurance companies currently do
not cover the device; the cost and device accessibility can
be issues. Since the device requires inserting a catheter into
the nostril and attaching a catheter to a pump, the feasibility
of use can be problematic, particularly in the acute setting,
as it requires a health professional to administer.

Evidence-based recommendation

There were no solid data to recommend Ozilia for the treat-
ment of acute migraine attacks.

Strength of the recommendation: no recommendation.
Quality of the evidence: very low (§OOO)

Expert consensus suggestion

No eligible study for suggestion.

PICO Question 16: Is Ozilia superior to sham for pre-
ventive migraine treatment?

In subjects with migraine, Ozilia (15 min stimulation
of each nostril daily) is not superior to inactive sham
for preventive migraine treatment based on a single
RCT (NCT02243865, not published) (87). A recent
study by Hoffman et al. was excluded as it did not have
12-week data (22). The included RCT investigated the
preventive efficacy of Ozilia for patients with migraine
(EM vs. CM not specified) (87). It did not meet the
primary endpoint, as demonstrated by a non-significant
MMD reduction (MD 0.2, 95%CI —1.27-1.67) in the
PP population. Paresthesia and nasolacrimal secretion
were common, but no SAE was reported. No blinding
analysis was reported. The quality of the evidence was
very low due to the high risk of bias and very serious
imprecision (Table 13). Overall, the desirable effect
may not outweigh the undesirable effect. Insurance com-
panies currently do not cover the device; the cost and
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device accessibility can be issues. Since the device
requires inserting a catheter into the nostril and attaching
a catheter to a pump, the feasibility of use can be
problematic.

Evidence-based recommendation

There were no solid data to recommend Ozilia for prevent-
ive migraine treatment.

Strength of the recommendation: no recommendation
Quality of the evidence: very low (§OOO)

Expert consensus suggestion

1. Ozilia can be an option for preventive migraine treat-
ment in adults with CM (22).

Discussion

Based on our systematic evaluation of evidence from eligible
RCTs, non-invasive neuromodulation devices demonstrate
varying levels of efficacy for migraine treatment. The evi-
dence assessment yielded several key findings (Table 14).
For the treatment of acute migraine attacks, the panel condi-
tionally recommends the use of Cefaly, SAVI Dual,
Relivion, and Nerivio based on moderate to very low-quality
evidence. For preventive migraine treatment, the panel con-
ditionally recommends the use of gammaCore Sapphire,
Cefaly, and Nerivio based on moderate to very low quality
evidence. Insufficient evidence prevented us from making
evidence-based recommendations for several devices,
including SAVI Dual (preventive), gammaCoreSapphire
(acute), HeadaTerm (acute/preventive), tVNS (acute/pre-
ventive), Relivion (preventive), and Ozilia (acute/prevent-
ive). To address these evidence gaps, the panel developed
expert consensus suggestions (Table 15), since many of
these devices may be viable options for specific patient popu-
lations, including those with CM, MOH, menstrual migraine,
and pediatric migraine, broadening the potential therapeutic
applications beyond contexts with formal evidence-based
recommendations.

We recognize that evaluating medical devices presents
unique challenges beyond traditional evidence assessment
frameworks. Device trials face inherent methodological
constraints: implementing reliable sham controls proves
difficult, recruiting adequate sample sizes poses significant
challenges, and manufacturers operate under different
financial and resource constraints than pharmaceutical com-
panies. Furthermore, while regulatory pathways such as
510(k) clearance or CE-marking ensure basic safety stan-
dards, they may not fully validate clinical efficacy.

This complex landscape necessitated a balanced
approach to formulate practical guidelines. While ground-
ing our primary recommendations in systematically

Table 14. Summary of the evidence-based recommendations.

Treatment of acute migraine attacks

Cefaly: moderate @HHO™
SAVI Dual: low &®OO*
Relivion: very low ®00o™
Nerivio: very low ®O0e™*
gammaCore Sapphire: low BPoe™ No

Ozilia: very low ®O0O™ recommendation

Weak in favor (1)

Preventive migraine treatment

gammaCore Sapphire: moderate
SOOO™

Cefaly: very low @OOO™

Nerivio: very low DO

tVNS: very low ®OOO° No

Ozilia: very low ®O0O™* recommendation

Weak in favor (1)

Recommendations were based on published studies eligible for GRADE
evaluation. No eligible outcome/study for SAVI Dual (preventive), tVNS
(acute), headaTerm (acute, preventive), and Relivion (preventive).

?For episodic migraine with aura. ®For episodic migraine without aura. “For
chronic migraine.

evaluating eligible RCTs using GRADE methodology, we
complemented this with expert consensus suggestions of
additional clinical data from ineligible RCTs, open-label
studies, and real-world studies. This allowed us to
provide more complete guidance while maintaining trans-
parency about the strength of supporting evidence. By dis-
tinguishing between evidence-based recommendations and
expert consensus suggestions, we offer clinicians a fuller
context for decision-making without compromising meth-
odological rigour. Our approach acknowledges that overly
restrictive evidence requirements for guideline generation
could have unintended consequences, potentially limiting
access to beneficial treatments, particularly for patients
with intractable conditions seeking non-pharmacological
options. Just as some pharmacological treatments remain
valuable in clinical practice despite limited supporting evi-
dence, medical devices may offer important therapeutic
alternatives even when evidence thresholds have not been
met. Our framework upholds scientific standards while rec-
ognizing the practical realities of device development and
clinical implementation, ultimately serving both the
imperatives of evidence-based medicine and clinical prac-
tice needs.

Understanding the role of peer-reviewed publication
vs. clinical guidelines

An important consideration for clinicians is understanding the
fundamental difference between journal publication standards
and clinical recommendation development. While peer-
reviewed journals serve as critical gatekeepers for scientific
rigor, their manuscript acceptance does not constitute an



22

Cephalalgia 45(10)

Table 15. Summary of the expert consensus suggestions.

Device

Statements

SAVI Dual

gammaCore
Sapphire

SAVI Dual can be an option for the treatment of acute migraine attacks in patients with EM/CM with/without
aura.

. SAVI Dual can be an option for preventive treatment in patients with migraine, with or without MOH, in adults,

adolescents, and pregnant patients.

. The gammaCore Sapphire can be an option for the acute treatment of headache and associated vertigo and

nystagmus in patients with vestibular migraine.

. The gammaCore Sapphire can be an option for the treatment of acute migraine attacks in adolescents.
. The gammaCore Sapphire can be an option for the treatment of acute migraine attacks in CM, although

perhaps to a lesser degree than in EM and probably ineffective in refractory CM.

. The gammaCore Sapphire can be an option for the acute treatment of a migraine attacks in patients with MOH.
. The gammaCore Sapphire can be an option for preventive treatment of menstrual and menstrually-related

migraine when used perimenstrually.

6. The gammaCore Sapphire can be an option for preventive treatment in adult patients with CM.

tVNS I
migraine prevention.
Cefaly

HeadaTerm

Relivion

—_ NN =N = WwWN —

Nerivio
menstrually-related migraine.

N

(=8 year-old) patients.

—_ U1 AW

Ozilia

Transauricular vagus nerve stimulation, in general, not limited to the exact tVNS device, may have a role in

. Cefaly can be an option for the acute treatment of paediatric migraine and vestibular migraine.

. Cefaly can be an option for the treatment of acute migraine attacks in patients with CM.

. Cefaly can be an option for preventive treatment of CM and MOH in the paediatric and adult populations.

. HeadaTerm can be an option for treatment of acute migraine attacks in adults with EM.

. As a predicate device, HeadaTerm can be an option for preventive migraine treatment.

. Relivion can be an option for the acute treatment of migraine in adults with CM.

. Relivion can be an option for preventive treatment of adult patients with EM.

. Nerivio can be an option for the treatment of acute migraine attacks in pregnant women or patients with

. Nerivio can be an option for the treatment of acute migraine attacks treatment in paediatric and adolescent

. Nerivio can be an option for the treatment of acute migraine attacks in adults with CM.
. Nerivio can be used for managing medication overuse headache.

. Nerivio can be combined with behavioral intervention.

. Ozilia can be an option for preventive migraine treatment.

Suggestions were based on expert consensus from published studies not eligible for GRADE evidence.
EM: episodic migraine. CM: chronic migraine. MOH: medication overuse headache.

endorsement of clinical recommendations. Journal peer
review primarily evaluates methodological soundness, statis-
tical appropriateness, and scientific contribution within the
context of the specific study design. A well-conducted RCT
may merit publication even if it has limitations affecting its
translation to clinical practice, such as small sample sizes,
short follow-up periods, or populations that differ from
typical clinical patients.

In contrast, clinical guidelines require a more compre-
hensive evaluation beyond individual study quality. The
GRADE methodology systematically considers the internal
validity of studies and their directness to the clinical
question, consistency across multiple studies, precision
of estimates, patient values and preferences, resource util-
ization, and implementation feasibility during the
evidence-to-recommendation generation. This distinction
explains why high-quality studies published in reputable
journals may still receive weak recommendations in clinical
guidelines. For example, a methodologically sound RCT
demonstrating efficacy of a neuromodulation device may

be appropriately published while simultaneously receiving
a weak recommendation due to concerns about cost-
effectiveness or device accessibility. Clinicians should
therefore view published studies as essential building
blocks of evidence rather than direct practice directives,
with guideline synthesis providing the comprehensive
evaluation necessary for clinical decision-making.

Regulatory perspective

In the US, medical devices are stratified into three regulatory
categories (Class I, II, or III) based on risk, as defined in
Section 513 of the Federal Food, Drug, and Cosmetic Act
(88). The classification reflects the level of regulatory control
necessary to ensure safety and effectiveness. Most non-
invasive neuromodulation devices are designated as Class II,
indicating a moderate risk. Prior to initiating clinical investiga-
tions in the US, manufacturers must secure an Investigational
Device Exemption (IDE) from the FDA. IDE requirements
depend on the study’s risk profile: significant risk studies
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necessitate comprehensive FDA IDE approval and IRB over-
sight, whereas nonsignificant risk studies require only IRB
approval. This framework ensures appropriate human subject
protections while allowing manufacturers to generate the
necessary clinical evidence for marketing. The FDA
encourages early engagement through its pre-submission
program to clarify optimal regulatory pathways and evidence
expectations.

For novel devices lacking predicates, manufacturers
must pursue the De Novo classification process, which
establishes a new device type and regulatory framework.
The De Novo pathway requires more robust clinical evi-
dence than traditional 510(k) submissions, including data
demonstrating reasonable assurance of safety and efficacy,
but generally less than that required for Class III premarket
approval (PMA). Once granted, a De Novo device may
serve as a predicate for subsequent 510(k) submissions of
similar products. Modifications to existing devices may
qualify for the “special 510(k)” pathway if their intended
use and fundamental technology remain unchanged.
Manufacturers must demonstrate substantial equivalence
to a legally marketed predicate in terms of intended use,
technological characteristics, and safety/effectiveness.
Most 510(k) submissions demonstrate substantial equiva-
lence through bench testing, engineering data, and compari-
son to predicate devices, typically without the need for
large clinical trials. When clinical data are required for
510(k), manufacturers can often rely on smaller studies,
observational studies, or real-world studies rather than the
large RCTs mandatory for drug approvals. However,
higher-risk devices pursuing De Novo or PMA pathways
may require more robust clinical evidence, though still typ-
ically less extensive than pharmaceutical trials.

When expanding indications for cleared devices, the
regulatory pathway is contingent upon similarity to the ori-
ginal intended use. Indications analogous to the original
cleared use may proceed via traditional 510(k) with moder-
ate clinical evidence, whereas significant indication
changes demand more extensive data. This is exemplified
by several newly cleared indications that were established
based on open-label studies rather than RCTs. Completely
novel indications that raise new questions of safety or effi-
cacy may necessitate pursuing a new De Novo classification
or PMA submission.

In Europe, medical devices require CE marking for market-
ing within the European Economic Area (89). The CE marking
process involves assessment by Notified Bodies: independent
organizations designated by EU member states to conduct con-
formity assessments. Devices are categorized into four risk
classes (I, IIa, IIb, and III), with most non-invasive neuromodu-
lation devices falling into Class Ila or IIb. Under the new
Medical Device Regulation (MDR), which superseded the pre-
vious Medical Device Directive, manufacturers must demon-
strate compliance with Enhanced Essential Requirements,
including more rigorous clinical evaluation, risk management,

and quality system requirements. Historically, European regu-
lations allowed greater flexibility in clinical evidence require-
ments compared to the FDA, but the MDR has substantially
increased scrutiny of clinical evidence and post-market surveil-
lance. The MDR also introduced Unique Device Identification
(UDI) requirements and enhanced transparency through the
EUDAMED database.

Future study design perspective

Evaluating non-invasive neuromodulation devices for
migraine presents significant methodological challenges
that affect evidence quality and guideline development.
Most reviewed RCTs in this domain demonstrate low or
very low-quality evidence, primarily due to imprecision
from small sample sizes yielding wide confidence intervals
and various risk-of-bias concerns. Notably, all eligible
RCTs were initiated before the publication of IHS’s 2021
neuromodulation device controlled trial guidelines (18),
resulting in methodological approaches not aligned with
the trial guidelines. In acute treatment studies, Nerivio,
Relivion, and Ozilia trials selected primary endpoints
other than the currently recommended 2hr pain freedom.
Many device protocols permitted treatment within lhr of
symptom onset (including during mild headache phase),
differing from the typical drug trial designs, which require
treatment initiation when the headache intensity is at least
moderate (80). In preventive treatment evaluations,
several studies employed treatment monitoring durations
below the current 12-week recommendations. While
acknowledging resource constraints manufacturers face in
conducting adequately powered studies, the panel empha-
sizes that future research should align with current THS
methodological standards to strengthen the evidence base
and advance the field with higher-quality data.
Implementing proper sham controls and blinding
procedures represents a fundamental methodological chal-
lenge in device trials. While an optimal sham device
should replicate the active intervention’s sensory character-
istics without delivering therapeutic effects, emerging evi-
dence suggests this ideal is difficult to achieve in practice.
Recent research has revealed that presumed non-therapeutic
sham gammaCore can unexpectedly modulate the
trigeminal-autonomic reflex (90), challenging its validity
as a true sham. This phenomenon extends to a tVNS
study, where sham stimulation (1 Hz) unexpectedly outper-
formed verum stimulation (25 Hz) (83), with both frequen-
cies affecting functional connectivity in the vagal nerve
pathway and periaqueductal gray (14,85). Thus, it is
important to recognize that the stimulation dosing and para-
meters for both verum and sham devices may not have been
fully optimized. Furthermore, our practical recommenda-
tions were based only on the evaluated dosings, ranging
from a single zap to 4hr per use for acute treatment, and
from daily use to once a week for preventive treatment.
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More prolonged stimulation may render treatment effective,
such as in Cefaly’s ACME (lhr) vs. TEAM (2hr) or Nerivio
2017 (25 min) vs. 2019 (30-45 min) studies. Still, the
therapeutic effect of this treatment duration/frequency
remains to be adequately evaluated. Rigorous sham valid-
ation, systematic dose-response assessment, and compre-
hensive blinding verification are essential to strengthen
the methodological foundation prior to clinical
implementation.

Device adherence presents distinct analytical challenges
that require careful methodological consideration, particu-
larly for preventive interventions. Unlike pharmaceutical
trials, where mITT typically includes all subjects receiving
at least one treatment dose, device trials often impose
longer adherence thresholds in the mITT population. This
approach may introduce selection bias, limit generalizabil-
ity to real-world settings, and affect statistical analysis.
Research from behavioral intervention studies suggests
that nonadherence patterns may correlate with treatment
assignment or early intervention effects (91), potentially
introducing systematic bias. Also, the PREMIUM I1I trial
illustrates these challenges, where stringent adherence cri-
teria (>66% weekly adherence and >70 days completion
requirements) substantially reduced the analyzable popula-
tion (59), affecting both study power and outcome assess-
ment. It is, therefore, important to prospectively define
adherence criteria and study populations rather than
making these determinations during analysis. Careful con-
sideration must be given to defining and analyzing adher-
ence in ways that balance methodological rigour with
real-world applicability.

Society’s perspective

The IHS positions neuromodulation devices as valuable
components in the migraine treatment landscape, particu-
larly for patients who prefer non-drug therapies, respond
inadequately to medications, experience AEs, or have con-
traindications to pharmacological treatments. Through the
2021 guidelines for clinical trials with neuromodulation
devices (18), the IHS emphasizes the importance of strict
and rigorous evidence evaluation and generation, while
acknowledging that these technologies may still serve
both acute and preventive treatment purposes for many
patients. The IHS supports using various FDA-cleared or
CE-marked neuromodulation technologies, recognizing
their therapeutic efficacies and advantages in terms of
minimal side effects, lack of systemic interactions, and no
risk of MOH. From a clinical usage perspective, the IHS
encourages clinicians to prioritize on-label indications and
FDA-cleared parameters when possible, recognizing that
thoughtful off-label use may be appropriate when supported
by sound medical judgment. In alignment with the broader
position on “Setting higher standards for migraine preven-
tion,” (92) the THS advocates for continued research to

refine neuromodulation approaches while positioning
these devices as important options that can help address
the significant burden of migraine when properly evaluated
and applied based on sound scientific evidence. IHS also
recognizes that expanding insurance coverage for these
devices is critical, as data shows increased device utilization
in systems with better coverage, such as the Veterans
Administration Health Care System and certain commercial
insurers (93,94). Removing cost barriers would likely yield
reduced healthcare utilization and improved workplace
productivity (95).

It ’s important to note that some IHS recommendations
in these guidelines may not fully align with current
FDA-cleared indications for specific devices. Regulatory
clearance and clinical practice guidelines serve different
purposes and may result in different scopes of recommen-
dations. FDA clearance establishes safety and efficacy for
specific indications through a regulatory pathway. At the
same time, clinical practice guidelines synthesize available
evidence to provide broader clinical guidance that may
encompass both on-label and off-label applications. This
divergence underscores the importance of clinical judgment
in applying regulatory guidance and professional society
recommendations, recognizing that FDA clearance pro-
vides a regulatory framework while clinical guidelines
offer evidence-based recommendations and expert consen-
sus suggestions that may inform but do not supersede indi-
vidual clinical decision-making and the physician-patient
relationship.

Conclusion

Non-invasive neuromodulation devices offer an innovative
alternative for migraine management, providing valuable
options for patients seeking non-pharmacological treat-
ments. Most existing devices received weak recommenda-
tions due to limitations in study quality and precision, as
well as device accessibility and insurance coverage.
Despite varying levels of evidence-based recommenda-
tions, these devices may be integrated into clinical practice
based on expert consensus suggestions. Future research
should prioritize adherence to IHS guidelines to ensure
study validity and optimize patient outcomes.
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