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Abstract

Objective: To evaluate the efficacy and safety of concurrent non- invasive stimulation 
of occipital and trigeminal nerves in acute treatment of migraine with or without aura.
Background: Non- invasive neuromodulation devices stimulating a single peripheral 
nerve or anatomic distribution are routinely used by patients with migraine refractory 
to the first- line drugs or those who opt out of pharmaceutical treatment. Concurrent 
occipital and trigeminal stimulation was described in an invasive setting, and its safety 
cost outweighed its efficacy gain. This study evaluated the efficacy and safety of an 
external concurrent occipital and trigeminal device in acute treatment of migraine.
Design and Methods: This was a randomized, sham- controlled, double- blind, multi- 
center trial. Patients 18 years of age or older who met the International Classification 
of Headache Disorders (2018) diagnostic criteria for migraine with or without aura, re-
ported 1– 6 migraine attacks per month, and other headaches no more than 6 days per 
month were enrolled. Of 131 intention- to- treat participants (67 and 64 in the active 
and sham groups, respectively), 109 (50 and 59 in the active and sham groups, respec-
tively) treated at least one migraine episode. Reduction of migraine headache (pain 
relief) 2 h after treatment initiation was the primary efficacy endpoint. Pain relief at 
1 h, and pain freedom and relief in most bothersome symptom at 2 h after treatment 
initiation were the secondary endpoints. Freedom from most bothersome symptom 
at 2 h and sustained pain freedom 24 h after treatment initiation were among the 
exploratory endpoints.
Results: Sixty percent of participants (30/50) in the active arm reported pain relief at 
2 h after initiation of the first eligible treatment (primary outcome) compared to 37% 
(22/59) in the control arm (difference, 23%; 95% confidence interval [CI], 2%– 41%; 
p = 0.018). Pain freedom at 2 h without rescue medication was reported by 46% 
(23/50) of participants in the active arm and by 12% (7/59) of participants in the sham 
arm (p < 0.001). Pain freedom 2 h after the treatment and, subsequently, at 24 h, was 
reported by 4.25 times more participants in the active arm (36%; 18/50) than in the 
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INTRODUC TION

Migraine is the second most common neurologic disorder affecting 
more than 1 billion people worldwide.1,2 It is two to three times more 
likely to be experienced by women,3 with prevalence peaking at 35– 
39 years of age in both sexes.4

Migraine spares no aspect of everyday life, and substantial im-
pairment is registered in professional, academic, and social activities 
of people with migraine.5,6 Often a debilitating condition, migraine 
is a prominent contributor to the global neurological disability- 
adjusted life years, second only to stroke.7 It is also the seventh 
highest cause worldwide of years lost due to disability,8 third in both 
sexes under 50.2

The underlying biology and pathophysiology pathways of mi-
graine are complex,9 which may explain the considerable rate of fail-
ure of the current first- line acute therapy agents, such as triptans, 
to provide relief of headache, the main migraine symptom.10 Severe 
baseline headache as well as photophobia, nausea, and phonopho-
bia, the three most bothersome symptoms (MBS) of migraine,11 

predict poor response to triptans, and nausea may be further exac-
erbated by these agents.12– 14 Switching to a different drug, class, or 
formulation may benefit some people.14 However, a large fraction of 
patients remain refractory to pharmacological treatment, contraindi-
cations prevent use of certain agents in some people, and a minority 
of patients may experience uncommon but potentially harmful treat-
ment intolerance.15– 17 Treatment alternatives are warranted.

Use of unifocal non- invasive neuromodulation devices is gain-
ing acceptance in migraine care18– 27 and a non- invasive supraorbital 
trigeminal stimulation device (external trigeminal nerve stimulator 
[e- TNS])18– 20 was cleared by the US Food and Drug Administration 
(US FDA) for acute and preventive migraine treatment. Concurrent 
trigeminal and occipital stimulation was described only in an inva-
sive setting.28,29 Although the potential gain in efficacy was evident 

in the early clinical work and seemed to hold promise for further 
research, the discouragingly high rate of complications associated 
with the invasive nature of the procedure30 may have dampened the 
enthusiasm of the technology developers.

The non- invasive Relivion MG system30 (Figure 1), US FDA 
cleared31 and CE- marked following the study described below, 
applies non- invasive external concurrent occipital and trigemi-
nal neurostimulation (eCOT- NS) in a bid to harness the potential 
strengths of multifocal neural action and to mitigate the weaknesses 

sham arm (8%; 5/59). The 28% difference was statistically significant (95% CI, 1%– 
43%; p < 0.001). A 4.25- fold difference was also observed comparing the proportion 
of participants free from pain and most bothersome symptom 2 h after the stimula-
tion (47% [17/36] and 11% [5/45] in the active and sham arms, respectively; 95% CI, 
14%– 54%; p < 0.001). Adverse events were not serious or severe. All study- related 
events resolved without treatment.
Conclusion: External concurrent occipital and trigeminal neurostimulation is a well- 
tolerated, safe, and effective migraine treatment that provided a fast and durable 
relief and freedom from migraine pain and associated symptoms in a randomized set-
ting. The observed safety and performance suggest external concurrent occipital and 
trigeminal neurostimulation is a viable alternative to the currently available acute mi-
graine treatments.
Trial registration: clini caltr ials.gov identifier NCT03631550.

K E Y W O R D S

headache, migraine, neuromodulation, neurostimulation, occipital nerve, trigeminal nerve

F I G U R E  1  External combined occipital and trigeminal 
neurostimulation (eCOT- NS) system. TCC, trigeminocervical 
complex; Channel 1, occipital stimulation channel; Channel 2 and 
Channel 3, trigeminal (supraorbital/supratrochlear) stimulation 
channels; numbers 1– 6 represent the six electrodes.

http://clinicaltrials.gov
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of the invasive approach. In this, randomized, double- blind, sham- 
controlled, multi- center Relivion in Migraine (RIME) study, efficacy 
and safety of the eCOT- NS device were evaluated in adults with mi-
graine with or without aura. The primary endpoint was pain relief 2 
h after treatment initiation. We hypothesized that the proportion of 
patients reporting pain relief level 2 h after treatment initiation will 
be higher in the active arm. The trial also assessed pain freedom and 
MBS absence 2 h after treatment initiation32– 34 in secondary and 
exploratory analyses, respectively. Sustained response was evalu-
ated at 24 h after treatment initiation. This publication contains the 
primary analysis of data collected in the trial.

DESIGN AND METHODS

Study design and participants

This was a prospective, randomized, sham- controlled, double- blind 
clinical trial approved by institutional review boards (IRB) in the United 
States (Western Institutional Review Board, Inc. and Dartmouth- 
Hitchcock Medical Center) and by the Ethics Committee of the Israeli 
Ministry of Health. The trial was prospectively registered on clini caltr 
ials.gov, in accordance with the requirements in 42 CFR Part 11 (regis-
tration number NCT03631550). Patients known to sites participating 
in the study as migraine, and those responding to IRB- approved adver-
tisements could be recruited. Written informed consent was obtained 
from all participants. The study was open for enrollment at six sites 
in the United States and six sites outside the United States (OUS), in 
Israel. The first participant provided informed consent on November 
29, 2018, and the last participant made the last visit on August 4, 2020.

Investigators or site team members delegated by the investi-
gators obtained written informed consent and assessed eligibil-
ity for this study. Patients 18 years of age or older who met the 
International Classification of Headache Disorders, 3rd edition di-
agnostic criteria for migraine with or without aura, reported one to 
six migraine attacks per month and other headaches no more than 
6 days per month, and were willing to and capable of complying with 
the study requirements could be enrolled. Main exclusion criteria 
were onabotulinumtoxinA treatment in the head region in the 3 
months preceding screening; supraorbital or occipital nerve blocks 
in the month preceding screening; history of chronic migraine, new 
daily persistent headache, or chronic tension- type headache in the 6 
months preceding screening; >10 headache days per month; medica-
tion overuse headache at the time of screening; opioid or barbiturate 
use in the month preceding screening; metal/shrapnel or electrical 
devices implanted in the head (not including dental implants), a 
cardiac pacemaker, or an implanted or wearable defibrillator; par-
enteral infusions for migraine in the 2 weeks preceding screening; 
uncontrolled epilepsy; history of neurosurgical interventions; im-
planted neurostimulators, surgical clips (above the shoulder line) or 
any medical pumps; skin lesion or inflammation at the region of the 
stimulating electrodes; personality or somatoform disorder; docu-
mented history of cerebrovascular events; brain or facial trauma in 

the 3 months preceding screening; and participation in a previous 
study of the investigational device. Full list of the study eligibility 
criteria is provided in (Table 1).

The study included a 28- day screening period, at the beginning 
of which the participants completed a 3- month– retrospective mi-
graine history questionnaire. During a 28- day run- in period, partici-
pants were asked to complete a run- in diary describing the migraine 
and headache days that occurred during that time.

Participants who completed the questionnaire and diary and 
were otherwise eligible for the study, as confirmed by the study in-
vestigators, were randomly allocated by the sites, through an inter-
active Web response system, 1:1 to either active or sham groups 
using a permuted block method stratified by center. The random-
ization scheme was prepared by the study statistician using the SAS 
software (version 9.4; SAS Institute) random number procedure. 
Randomization block size was random and known only to the un-
blinded statistician and the sponsor unblinding party not involved 
in the conduct of the study. The study electronic data collection 
system device management module assigned serial numbers of each 
study device, active or sham, to a participant number, according to 
the prespecified randomization scheme. Device appearance, pack-
aging, and labeling were identical in both study arms.

After reading the device manual and watching an instructional 
video, participants trained on use of the device, the device- linked 
smartphone application, and completion of the outcome diary. After 
training, participants were equipped with their allocated device 
(same on which they were trained) and a dedicated smartphone.

Devices provided to participants randomized to the investiga-
tional arm administered symmetrical biphasic waveforms with phase 
duration of 330– 400 ms at an 80- Hz pulse frequency and generated 
peak output current of up to 6 mA for the bilateral V1 ophthalmic 
trigeminal branches (bilateral supraorbital/supratrochlear) and up to 
12 mA for the cervically derived bilateral greater occipital nerves. 
Devices assigned to participants in the control arm administered 
symmetrical biphasic waveforms with phase duration of 70– 100 ms 
at a 0.33- Hz pulse frequency and generated peak output current of 
up to 5 mA for the trigeminal branches and up to 10 mA for the 
occipital nerves. Software discontinued stimulation after 60 min in 
both arms.

In the next 14 days (maximum), all participants self- administered 
one to two 30– 60 min– long stimulations outside a migraine epi-
sode, for training, and completed the outcome diary. Failure to self- 
administer at least one treatment at a minimal stimulation intensity 
of 2 mA and/or complete the diary excluded participants from fur-
ther involvement in the study.

Participants were allowed to take their prophylactic medications 
as prescribed and rescue medications as needed during run- in and 
self- training and were asked to document this in the participant 
diary.

During the treatment period that ensued after self- training 
and lasting until up to 70 ± 10 days after randomization, all par-
ticipants were instructed to self- administer treatment at attack 
onset in up to five migraine episodes, excluding migraine attacks 

http://clinicaltrials.gov
http://clinicaltrials.gov
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upon awakening. For study treatment to be eligible, it had to be 
initiated as soon as possible but before 30 min from the headache 
onset, had to be administered for at least 30 min at a minimal in-
tensity of 2 mA, no analgesics or other pain relief drugs could be 
taken and/or no cannabis products could be consumed within 4 h 
before treatment initiation, and more than 48 pain- free hours had 
to have passed since the previous migraine episode. Participants 
had to refrain from taking rescue medication and/or consuming 
cannabis for at least 2 h after initiating treatment. There were 
no other limitations on use of prescribed or rescue anti- migraine 
treatments.

Assessments

The primary efficacy endpoint was reduction of migraine head-
ache (pain relief) 2 h after treatment initiation. The participant 
diary scored migraine headache pain on a four- point Likert scale 
(0 = none, 1 = mild, 2 = moderate, 3 = severe). Participants recorded 
baseline pain and pain levels 1, 2, and 24 h after initiating treatment. 
Participants identified their MBS (nausea, photophobia, phonopho-
bia, or none) before treatment and rated it present or absent and 
improved or not improved at 1 and 2 h after initiating treatment. 
Presence or absence of aura was also captured in the diary. Rescue 
medication intake was recorded at each time point.

Outcome measures

Endpoint analysis was performed on data from the first eligible 
treated migraine episode. A separate, ancillary analysis included 
data from all eligible treated episodes.

For the primary efficacy endpoint, participants were considered 
to have achieved pain relief if they reported a reduction of migraine 
headache pain from severe or moderate (2, 3) to mild or no pain (1, 
0) or from mild (1) to no pain (0) 2 h after treatment initiation. This 
also applied to pain relief 1 h after treatment (secondary endpoint).

Participants scoring pain as “none” on the Likert scale at 2 h 
after treatment initiation were deemed pain- free for 2- h pain free-
dom (secondary endpoint). Participants reporting MBS freedom at 
2 h were deemed MBS- free for the respective exploratory efficacy 
analysis. Use of rescue medication before 2 h from treatment initi-
ation was interpreted as failure and participants who took rescue 
medication before 2 h from treatment initiation were interpreted to 
have failed to respond to treatment.

Sustained pain relief was defined as pain relief at 2 h from study 
treatment initiation without rescue medications and absence of 
moderate– severe headache in the next 22 h without using rescue 
medication.

Sustained pain freedom was defined as pain freedom at 2 h from 
study treatment initiation without rescue medications and pain free-
dom in the next 22 h without using rescue medication.

TA B L E  1  Eligibility criteria

Inclusion

Participants 18 years of age and older

Participant meets the ICHD- 3 (2018) diagnostic criteria for migraine 
with or without aura

Participant reports 1– 6 migraine attacks per month; other 
headaches no more than 6 days per month

Participant is willing to and capable of complying with the specified 
study requirements, provided written informed consent, can 
complete the electronic diaries, and can be contacted by 
telephone

Exclusion

Participant having received onabotulinumtoxinA treatment in the 
head region in the prior 3 months

Participant having received supraorbital or occipital nerve blocks in 
the prior month

Past 6 months of chronic migraine, new daily persistent headache, 
and chronic tension- type headache per ICHD- 3 (2018) 
diagnostic criteria

Participant has >10 headache days per month

Current medication overuse headache

Use of opioid medications in the prior 1 month

Use of barbiturates in the prior 1 month

Implanted metal/shrapnel or electrical devices in the head (not 
including dental implants), a cardiac pacemaker, or an implanted 
or wearable defibrillator

Received parenteral infusions for migraine within the previous 
2 weeks

Participant has known uncontrolled epilepsy

History of neurosurgical interventions

Participant with implanted neurostimulators, surgical clips (above 
the shoulder line) or any medical pumps

Current substance use disorders

Participant is participating in any other clinical study

Skin lesion or inflammation at the region of the stimulating 
electrodes

Personality or somatoform disorder

Pregnancy or lactation

Women with childbearing potential without medically acceptable 
method of contraception (NOTE: Females of childbearing 
potential must have a negative pregnancy test)

Documented history of cerebrovascular event

Participant with recent brain or facial trauma (occurred less than 3 
months prior to this study)

Participant participated in a previous study with the Relivion device

The participant does not have the basic cognitive and motor skills 
needed to operate a smartphone

Participant with head circumference smaller than 51 cm or head 
circumference larger than 60 cm

Participant with other significant pain problem that in the opinion of 
the investigator may confound the study assessments

Abbreviation: ICHD- 3, International Classification of Headache 
Disorders, 3rd edition.
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Adverse events (AEs) and device deficiencies were documented. 
Event severity was classified as mild (participant is aware of a sign or 
symptom, but it is easily tolerated), moderate (discomfort or inter-
ference with usual activity), or severe (incapacitating, with inability 
to engage in usual activity).

Statistical analyses

The sample size of 200 (100 per arm) with allowance for 10% at-
trition was calculated to test the null hypothesis of equal response 
rates with 80% power at a 5% level of significance, assuming that 
45% of participants in the active treatment arm would have success-
ful pain relief versus 25% with the sham.

The manufacturer identified a technical issue with the device 
during the course of the investigation. A corrective and preventive 
action was implemented by May 31, 2019. The issue was unlikely 
to have a significant impact on participant safety but could have 
affected treatment efficiency and, consequently, could have had 
significant impact on the scientific value of the data collected. To 
mitigate this risk, data of participants who completed the study or 
left the study without administering a treatment (including for train-
ing purposes) prior to May 31, 2019, were prospectively excluded 
from the intention- to- treat (ITT) analysis set. Both investigators and 
sponsor remained blinded to the results at this time. A request for 
a compensatory increase in the number of enrolled participants was 
submitted to and approved by all administrative bodies providing 
oversight.

In 2020, the COVID- 19 pandemic severely affected trial re-
cruitment and conduct and forced early trial stoppage before 
accrual of the initially approved number of participants could be 
completed, despite efforts of sponsor and investigators. On July 
2nd, 2020, a premature trial termination notice was sent to all 
parties. Adaptations were made to the statistical analysis, before 
unblinding, in accordance with35 and concurred by the US FDA. 
Eventually, the ITT population included all randomized partici-
pants, and safety analyses were conducted on the ITT dataset. A 
sensitivity safety analysis was conducted on the full analysis (FA) 
set, which contained data of participants excluded as explained 
above.

The modified ITT (mITT) dataset included data of all participants 
from the ITT analysis dataset who treated at least one eligible epi-
sode (excluding training sessions) and served as the principal dataset 
for the efficacy analyses. Participants in the mITT population were 
analyzed as treated.

The per- protocol (PP) analysis set included all participants in the 
mITT population who had no major protocol deviations. Major pro-
tocol deviations in this study included but were not limited to: 

• Completion of baseline diary reporting more than 30 min be-
fore treatment initiation for the first eligible episode treatment 
or at any time after the first eligible episode treatment initia-
tion; and

• Completion of outcome diary outside of window for the first eli-
gible attack

Participants in the PP population were analyzed as treated.
Data were analyzed using SAS software. Continuous variables 

were summarized by a mean, standard deviation, minimum, and 
maximum and categorical variables by a count and percent. For 
continuous variable comparisons, an independent- samples t- test 
or analysis of covariance (ANCOVA) were used; when all valid 
episodes were analyzed, repeated measures ANCOVA was used. 
Appropriateness of each analysis method was verified visually 
using plots. For comparison of categorical variables in the first 
valid episode, the chi- squared test was used; when all valid epi-
sodes were analyzed, a repeated measures generalized estimating 
equations (GEE) model with identity link function and binary dis-
tribution, was used to account for within- participant correlation 
(variance components covariance structure). All statistical tests 
were two- sided. Required significance level of findings was lower 
than 5% (p < 0.05); nominal p values were presented. The hier-
archy approach was adopted to control for type I error due to 
multiple endpoint testing. Thus, the primary endpoint was tested, 
and only if p < 0.05 were the following endpoints tested. For the 
three secondary endpoints, the Benjamini– Hochberg step- up 
method was used to adjust p- values to control familywise type 
I error rate.

Primary and secondary efficacy endpoints were summarized by 
a count and percentage and presented for both study groups with a 
two- sided 95% exact confidence interval (CI). The study arms were 
compared with a chi- squared test.

For primary endpoint analysis, when pain level at 2 h was not re-
corded, pain at 1 h was used instead. When the pain level was miss-
ing at both times, the participant was considered as not having pain 
reduction. Additional sensitivity analyses of the primary endpoint 
were performed to assess impact of missing data on study outcome 
using the following imputation methods for binary data:

• Participants with missing pain level at the 2- h assessment in their 
first treated valid episode were excluded from analysis.

• Participants with missing pain level at the 2- h assessment in 
their first treated valid episode were considered as having pain 
improvement.

• Participants with missing pain level at the 2- h assessment in their 
first treated valid episode were considered as having no pain 
improvement.

The study arms were compared with a chi- squared test, Fisher's 
exact test, and Mantel- Haenszel test. When all valid episodes were 
analyzed, a repeated measures GEE model with identity link function 
and binary distribution was used to account for within- participant 
correlation (variance components covariance structure).

Migraine pain levels were also reported as a numerical score 
(pseudo- continuous): “No pain” = 0, “Mild” = 1, “Moderate” = 2, 
and “Severe” = 3, as in other studies.36 If rescue medication was 
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used within the 1– 2- h–  or 24- h– window, score at the correspond-
ing hours post- treatment after rescue intake was set to the baseline 
value. The change from baseline in pain level at each time point was 
modelled with ANCOVA; baseline pain level and site were entered 
as covariates. Least- squares means were compared between groups. 
When all valid episodes were analyzed, a repeated statement (with 
variance components covariance structure) was added to the model 
(SAS PROC MIXED).

Blinding assessment and poolability of US and OUS data were 
analyzed by adding the variables to a logistic regression model; type 
III p values of the interaction terms with treatment group are re-
ported. Incidence of AEs was compared between groups with a chi- 
squared test or Fisher's exact test, as appropriate.

RESULTS

Participant disposition and demographics

Of 245 people who provided informed consent to participate, 187 
were found eligible and randomly assigned to receive active (n = 94) 
or sham (n = 93) eCOT- NS. Twenty- seven participants assigned to 

the active arm and 29 participants assigned to the sham arm who 
completed the study or did not treat any migraine episode before 
May 31, 2019, were excluded from analysis. Study participant dispo-
sition is in Figure 2.

Mean age was 40.3 years (range, 20– 70.5, standard deviation 
[SD] = 12.7). Eighty- three percent (109/131) were female. There 
were no statistically significant differences in demographic charac-
teristics between study arms (Table S1 in supporting information), 
except for body mass index (BMI), which was higher in the active arm 
(27.2 ± 6.8 and 24.8 ± 5.1, respectively, p = 0.023). There were no 
statistically significant differences between study arms in migraine 
characteristics, including mean onset age, aura presence, number 
of participants on prophylaxis at baseline (Table S2 in supporting 
information); number of migraine days, number of all migraine epi-
sodes, those preceded by an aura, and number of headaches that oc-
curred during the run- in period (Table S3 in supporting information). 
Photophobia was the most common MBS in both groups (Table S4 

in supporting information), matching demographics of other acute 
medication and device studies, and suggesting that the study obser-
vations are generalizable despite early termination.11

Twenty- two participants did not treat any eligible episode, 
leaving 109 (50 in the active and 59 in the sham group) analyzable 

F I G U R E  2  Disposition of participants. FA, full analysis; ITT, intention to treat; mITT, modified intention to treat.
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participants in the mITT analysis set, and one participant from the 
sham group was removed from the PP analysis set due to reporting 
baseline pain level after initiation of treatment for the first eligible 
episode.

Two or more eligible episodes were treated by 58% (29/50) of 
participants in the active group and 61% (36/59) of participants 
in the sham group in the mITT analysis set. More specifically, two 
episodes were treated by 11 (22%) and 15 (25%) participants, 
three episodes— by 11 (22%) and 11 (19%) participants, four epi-
sodes— by 3 (6%) and 6 (10%) participants, and five episodes— by 
4 (8%) and 4 (7%) participants in the active and sham group, 
respectively.

Aura was reported by 24% (12/50) of mITT participants in the ac-
tive group and 27% (16/59) of participants with the sham (p = 0.710) 
in the first treated valid episode (first eligible treatment). Aura fre-
quency was consistent with migraine epidemiology, suggesting a 
characteristic study population.

Pain and MBS relief

In the primary endpoint analysis, a substantial and statistically 
significantly greater proportion of participants in the active arm 
(30/50 participants— 60%; 95% CI, 46%– 72%) reported 2- h pain 
relief after initiation of the first eligible treatment than in the 
sham arm (22/59 participants— 37%; 95% CI, 26%– 50%) in the 
mITT analysis (absolute difference, 23%; p = 0.018; see Figure 4). 
Adjusting for missing values (three in the active and two in the 
sham) in a sensitivity analysis did not alter the result (Table S5 in 

supporting information). Data from US and OUS sites were similar 
and acceptable for pooling.

The proportion of participants reporting pain relief 1 h after 
initiation of the first eligible treatment, a secondary endpoint, was 
greater in the active arm (42%; 21/50) than in the sham arm (25%; 
15/59; p = 0.068). In an analysis carried out in accordance with the 
US FDA guidance on “Statistical Considerations for Clinical Trials 
During the COVID- 19 Public Health Emergency,”35 migraine head-
ache pain level was transformed into a pseudo- continuous numeri-
cal score (Figure 3). Upon rescue medication intake the score was set 
to the baseline value. In this analysis, mean percent pain reduction 
from baseline was 29% and 14% after 1 h (p = 0.012) in the active 
and sham arms, respectively (Table 2 and Table S6 in supporting in-
formation). Expanding this analysis to include datapoints from all el-
igible treatments produced a greater difference between the study 
arms (Table 3 and Table S7 in supporting information).

Two hours after initiation of the first eligible treatment, 81% 
(29/36) of participants in the active arm and 60% (27/45) of par-
ticipants in the sham arm reported improvement in their MBS 
(p = 0.047), another secondary endpoint.

Pain and MBS freedom

Freedom from pain 2 h after initiation of the first eligible treatment 
without any rescue medication (secondary endpoint, Figure 4) was 
reported by 46% (23/50) of participants in the active arm and by 
12% (7/59) of participants in the sham arm (absolute difference, 
34%; p < 0.001). Differences in freedom from migraine headache 

F I G U R E  3  Pain relief over time after treatment.
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pain between the arms were substantial and statistically signifi-
cant also at 1 h (absolute difference, 15%; p = 0.012) and at 24 
h (absolute difference, 27%; p = 0.044) from treatment initiation 
(Table 4).

In the ad hoc assessment of sustained pain freedom, active treat-
ment showed a prominent therapeutic gain of 28% over sham stim-
ulation (p < 0.001; Figure 4 and Table 4). Exploratory analysis of pain 
freedom in all eligible treatments produced similar results (Table 4).

Freedom from MBS, an exploratory endpoint, was reported by 
75% (27/36) and 47% (21/45) of participants in active and sham 
arms, respectively, at 2 h from treatment initiation (absolute differ-
ence, 28%; p = 0.010). Therapeutic gain of active over sham was 
also evident in the exploratory analysis of freedom from MBS in all 
eligible treatments at 1 h (52% vs. 21%; p = 0.001) and 2 h (70% vs. 
39%; p = 0.001) after treatment initiation.

Finally, a significantly greater proportion of participants in the 
active arm reported both pain and MBS freedom 2 h after initiation 

of their first eligible treatment, an exploratory prespecified endpoint 
(Figure 4 and Table 5). Superiority of the active treatment was evi-
dent after pooling all eligible treatments (Table 5).

Pain relief and pain freedom in participants with 

moderate or severe pain at baseline

The differences observed between the study arms in the mITT as-
sessment of pain relief and pain freedom in the first eligible treat-
ment were more pronounced when only participants with baseline 
moderate- severe pain were included in an exploratory analysis at all 
time points (Table 6). Analysis of pain freedom showed greater abso-
lute differences between study arms compared to the mITT analysis 
at all time points after treatment initiation (Table 6).

Rescue medication

After the first eligible treatment, 29% of participants (14/48) in the 
active group and 53% of participants (30/57) in the sham group re-
ported rescue medication use (p = 0.015).

Safety and tolerability

None of the AEs reported in the study were serious or severe 
(Table 7). None of the events were caused by device deficien-
cies. All device-  or procedure- related events resolved without 
treatment.

In the ITT analysis, 21 AEs were reported in 10 participants, 8 in 
the active arm (incidence, 12%; 8/67), and 2 with sham (incidence, 
3%; 2/64). Differences in the incidence between groups were not 
statistically significant (p = 0.097). Sixteen events were causally, 
probably, or possibly related to the study device (of these seven oc-
curred in five participants randomized to active arm; and nine were 
reported in two participants with sham).

In the FA analysis dataset, 51 AEs were reported in 21 partici-
pants, 12 in the active arm (incidence, 13%; 12/94), and 9 with sham 
(incidence, 10%; 9/93). Differences in incidence between groups 
were not statistically significant (p = 0.503).

Two participants in the ITT population assigned to the active arm 
at the same study site left the study during the training phase, citing 
inability to tolerate stimulation as reason for consent withdrawal. 
One additional participant withdrew from the study during the train-
ing phase citing discomfort during stimulation.

Blinding assessment

The majority of participants (70%) did not guess their treatment 
assignment. Only 10% of participants (6/59) in the sham group 
and 38% (19/50) in the active group correctly guessed their 

TA B L E  2  Change in pain level over time— first eligible 
treatment— mITT

Time point

Study arm  

(as randomized)

Least- squares 

mean (95% CI) p- value*

1 h Active −0.6 (−0.9 to −0.4) <0.001

Sham −0.3 (−0.5 to −0.1) 0.010

Diff. (Active- Sham) −0.3 (−0.6 to −0.1) 0.012

2 h Active −1.1 (−1.4 to −0.8) <0.001

Sham −0.4 (−0.7 to −0.1) 0.003

Diff. (Active- Sham) −0.6 (−1.0 to −0.3) <0.001

24 h Active −1.1 (−1.4 to −0.8) <0.001

Sham −0.7 (−1.0 to −0.4) <0.001

Diff. (Active- Sham) −0.4 (−0.7 to −0.0) 0.031

Abbreviations: CI, confidence interval; mITT, modified intention to 
treat.
*ANCOVA.

TA B L E  3  Change in pain level over time— all eligible 
treatments— mITT

Time point

Study arm  

(as randomized)

Least- squares 

mean (95% CI) p- value*

1 h Active −0.8 (−1.0 to −0.6) <0.001

Sham −0.3 (−0.5 to −0.1) <0.001

Diff. (Active- Sham) −0.5 (−0.7 to −0.3) <0.001

2 h Active −1.0 (−1.3 to −0.8) <0.001

Sham −0.5 (−0.7 to −0.2) <0.001

Diff. (Active- Sham) −0.6 (−0.8 to −0.4) <0.001

24 h Active −1.1 (−1.4 to −0.8) <0.001

Sham −0.9 (−1.2 to −0.7) <0.001

Diff. (Active- Sham) −0.2 (−0.4 to 0.1) 0.164

Abbreviations: CI, confidence interval; mITT, modified intention to 
treat.
*Repeated measures mixed model.
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assignment, demonstrating that the sham was effective in main-
taining blinding.

DISCUSSION

The results of this pivotal randomized, double- blind, sham- controlled 
trial attest to the superiority of eCOT- NS compared to sham stimu-
lation. The study met its primary endpoint by showing a statisti-
cally significant difference between the groups in 2- h pain relief. 
Higher mean BMI of participants in the active treatment arm, the 

only parameter not balanced between the groups, does not predict 
better migraine treatment outcome, hence, does not interfere with 
outcome interpretation.

Therapeutic gains of the eCOT- NS were also consistently evident 
in the secondary and exploratory analyses. Superiority of active stim-
ulation over sham in providing pain freedom was seen as early as 1 
h after treatment initiation. Differences became much more appar-
ent 2 h after treatment initiation, with active stimulation presenting 
a 34% gain over sham (46% and 12%, respectively). Thirty- six per-
cent were pain- free at 2 h and reported freedom from pain 24 h after 
the treatment, a sizable 27% advantage over the 9% of participants 

F I G U R E  4  1st eligible treated episode mITT, left to right: Pain relief 2 h post- treatment; Freedom from pain 2 h post- treatment— ; 
Freedom from pain 2– 24 h post- treatment; Freedom from pain and MBS 2 h post- treatment. CI, confidence interval; MBS, most bothersome 
symptom; mITT, modified intention to treat.

TA B L E  4  Freedom from pain— mITT

First eligible treatment All eligible treatments

Active Sham

p- value*

Active Sham

p- value**n N % n N % n N % n N %

2 h 23 50 46% 7 59 12% <0.001 43 108 40% 17 130 13% <0.001

1 h 9 50 18% 2 59 3% 0.012 27 108 25% 4 130 3% <0.001

24 h 28 50 56% 17 59 29% 0.004 58 108 54% 50 130 38% 0.070

2– 24 h 18 50 36% 5 59 8% <0.001 32 108 30% 13 130 10% 0.002

Abbreviation: CI, confidence interval; mITT, modified intention to treat.
*χ2 test; **Generalized estimating equations model.
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with sustained pain freedom in the sham arm. Therapeutic gains were 
even greater in the participants with moderate- severe pain intensity. 
All- around benefit was further underscored by a greater proportion 
of participants experiencing MBS freedom (group difference, 28%), 
and of those pain-  and MBS- free at 2 h (group difference 36%).

Comparison of effect sizes reported in this study with those of 
other treatments should be interpreted with caution, as it can be 

obscured by several factors, for example, heterogeneity of partici-
pants between the studies. While systematic analysis of responses 
to treatment is not in the scope of this work, general observations 
based on assessment of comparable trials may still provide valuable 
insights.

In particular, with regard to pain freedom, Chou et al. evaluated 
e- TNS in a comparably sized study of 106 people for acute treatment 

TA B L E  5  Freedom from pain and MBS— first eligible treatment— mITT

Active Sham

p- valuen N % n N %

2 h

First eligible treatment 17 36 47% 5 45 11% <0.001***

All eligible treatments 34 86 40% 10 94 11% <0.001**

1 h

First eligible treatment 7 38 18% 2 46 4% 0.072*

All eligible treatments 19 90 21% 2 97 2% 0.003**

Abbreviations: MBS, most bothersome symptom; mITT, modified intention to treat.
*Fisher's exact test; **Generalized estimating equations model; ***χ

2 test.

TA B L E  6  Pain relief and freedom from pain in participants with moderate or severe pain at baseline— first eligible treatment— mITT

Active Sham

p- valuen N % n N %

Pain relief

2 h 22 29 76% 20 43 47% 0.013*

1 h 19 31 61% 15 44 34% 0.019*

24 h 23 31 74% 21 44 48% 0.022*

Freedom from pain

2 h 16 29 55% 5 43 12% <0.001*

1 h 7 31 23% 2 44 5% 0.028**

24 h 21 31 68% 13 44 30% 0.001*

Abbreviation: mITT, modified intention to treat.
*χ2 test; **Fisher's exact test.

TA B L E  7  Summary of adverse events by type

Adverse event term

Active Sham

# of reports # of subjects Incidence # of reports # of subjects Incidence

Migraine 2 1 1% – – – 

Unpleasant sensation 
during treatment

1 1 1% 3 1 2%

Scalp numbness sensation 1 1 1% – – – 

Pain 2 1 1% – – – 

Skin redness – – – 3 1 2%

Tingling 1 1 1% – – – 

Twitching 1 1 1% – – – 

Other 4* 3 4% 3** 1 2%

*COVID, upper respiratory infection, inner ear scratch, lip numbness; **Pressure/discomfort of head.
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of migraine.18 Seventeen percent of participants in the active arm 
and 7% of participants with sham reported 2- h pain freedom after 
treatment (p = 0.15). Sustained pain freedom for 24 h was reported 
by 6% (3/52) of participants in the active arm and by none with 
sham. Tassorelli and collaborators investigated safety and efficacy 
of non- invasive vagus nerve stimulation (nVNS).24– 26 Freedom from 
pain 2 h after treatment was reported by 30% and 20% of partici-
pants in the active and sham arm, respectively, and this difference 
also failed to reach statistical significance (p = 0.067). Yarnitsky and 
colleagues21,22 assessed a remote electrical neuromodulation (REN) 
device, and 37% participants in the active arm experienced 2- h pain 
freedom post- treatment versus 18% with sham (therapeutic gain 
19%, p = 0.003).21,22 Overall, two of the three of the assessed non- 
invasive neurostimulators demonstrated a similar response pattern, 
with a minor and statistically non- significant effect on pain freedom 
at the 2- h mark.18,24 The third showed a 19% gain over sham, sub-
stantially less than the 34% gain demonstrated in the present study. 
MBS freedom at 2 h for REN was not statistically different between 
study arms (41% vs. 36% for active and sham stimulation, respec-
tively; p = 0.559).21

Seven participants (five and two in active and sham arms, respec-
tively) in the Chou et al. trial left the study due to painful paresthesia 
and treatment- emergent nausea.18 Two of the nVNS study partici-
pants (both in the sham arm) withdrew due to AEs.24 Overall inci-
dence of device- related AEs experienced with REN (4.8% vs 2.4% in 
active and sham arms, respectively)21 and nVNS (6% and 8%)24 was 
similar to results presented in the current study.

Results of the RIME trial suggest that in the most clinically im-
portant endpoints, pain freedom and MBS freedom, the eCOT- NS 
device may have a greater effect than e- TNS, nVNS, and REN neu-
romodulation devices. Oral triptan 2- h response rates are compara-
ble to those reported in this trial.37 The AE profile of the eCOT- NS 
device is likely more tolerable, and given the absence of triptan- 
induced vasoconstriction, also likely safer than triptans for acute 
treatment of migraine.

Multi- focal concomitant stimulation offers the prospect of addi-
tive or synergistic benefit.38- 41 Unfortunately, the burden of complica-
tions makes the invasive approach less attractive. On the other hand, 
eCOT- NS seemed a challenging endeavor, in view of the increased 
impedance due to the presence of hair and the potential of causing 
discomforting electrically induced contractions in neighboring cervical 
muscles.30 The current study shows that eCOT- NS is not only feasible 
but is also highly effective. The US FDA- cleared and CE- marked de-
vice used in this study also offers flexibility of supervised adjustment 
of treatment by providing a patient- facing mobile application, a secure 
cloud database, and a web- based physician interface for monitoring of 
patient data by health- care providers.

This study is not free of limitations, such as its inability to meet 
the recruitment target, due to pandemic- imposed premature termi-
nation. However, the prospectively and carefully implemented sta-
tistical adjustments, which relied on the guidance published by the 
US FDA, in concert with the strict adherence to principles of good 
clinical practice likely minimized risk of bias.

CONCLUSIONS

eCOT- NS is a well- tolerated and safe non- invasive, self- administered, 
home- use device and demonstrated a substantial clinical benefit for 
those with migraine in providing a fast and durable relief and free-
dom of migraine symptoms. The RIME results show that the effect 
size of the eCOT- NS device is comparable and potentially higher 
than that of commercially available non- invasive neuromodulation 
devices for acute treatment of migraine. Efficacy, safety, and tol-
erability also suggest that eCOT- NS may be a viable alternative to 
first- line acute medication treatments, such as triptans.37 Remote 
monitoring of patient data by health- care providers, allowing for in- 
line personalized treatment optimization, may also be of great value 
for patients' health and quality of life, especially in the era of social 
distancing and travel restrictions.
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