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Abstract

Purpose: External trigeminal nerve stimulation (eTNS) is a noninvasive neuromodulation technique used to treat migraine. This 
study evaluated the feasibility and safety of Elexir®, a newly developed eTNS device, for the acute treatment of migraine at 
home.

Methods: This prospective, randomized, sham-controlled postmarketing study enrolled participants with migraine who report-
ed 2–8 attacks per month. Participants were assigned 1:1 to verum or sham stimulation and instructed to use Elexir® at home 
for 60 minutes during an eligible migraine attack. Feasibility of home use was assessed in terms of per-protocol use and treat-
ment completion at both the participant and session levels; session completion was defined by 60 (±5)-minute stimulation re-
corded in the device log. Assessments also included adverse events (AEs) and exploratory efficacy outcomes: changes in pain 
intensity, pain freedom and relief, and resolution of associated symptoms.

Results: Of the 100 randomized participants, 79 formed the home-use population. Within this population, 78 (98.7%; 95% 
confidence interval [CI], 93.2%–99.8%) used Elexir® during an eligible migraine attack, and 75 (94.9%; 95% CI, 87.7%–98.0%) 
completed at least one session. Of the 139 treatment sessions conducted at home, 103 (74.1%; 95% CI, 66.2%–80.7%) were 
completed within the protocol-defined duration. Ten participants (10.0%) reported AEs and eight participants (8.0%) reported 
device-related AEs. No serious device-related AEs were observed. The groups did not differ significantly in exploratory efficacy 
outcomes.

Conclusion: These findings support the feasibility of using Elexir® for the acute treatment of migraine; no serious device-relat-
ed AEs were observed. Further studies are required to support efficacy.
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INTRODUCTION

Migraine is a primary headache disorder with a global 

prevalence of approximately 14% and is one of the leading 

causes of disability worldwide.1-3 Despite the substantial 

disease burden, adherence and persistence with acute and 

preventive treatments for migraine remain limited due to 

intolerable adverse events (AEs), insufficient efficacy, and 

contraindications.4-7 These limitations highlight an unmet 

clinical need for alternative or adjunctive treatment op-

tions, including neuromodulation approaches.

The pathophysiology of migraine is multifactorial, with 

the trigeminovascular system playing the most import-

ant role.8 External trigeminal nerve stimulation (eTNS) 

non-invasively delivers electrical stimulation to the supra-

orbital branch of the trigeminal nerve.9 Randomized trials 

have demonstrated the safety and efficacy of eTNS for both 

acute treatment and prevention of episodic migraine, and 

Cefaly (Cefaly Technology, Belgium), the first commercial-

ly available eTNS device, has received regulatory approval 

for acute and preventive treatment of migraine from the 

U.S. Food and Drug Administration (FDA).10-12

Current evidence for the efficacy and safety of eTNS for 

acute migraine treatment has been provided only based 

on Cefaly. Elexir (NuEyne Inc., South Korea) is a newly 

developed eTNS device that was cleared by the U.S. FDA 

through the 510(k) pathway (K211380) based on substan-

tial equivalence to Cefaly. The device also received CE 

markings under the Medical Device Directive (CE-MDD), 

Health Canada, and approval from the Korean FDA. This 

study aimed to assess the feasibility and safety of Elexir for 

the acute treatment of migraine.

MATERIALS AND METHODS

1. Ethics and consent statement

The Institutional Review Board of Seoul National Univer-

sity approved the study protocol (reference number: SNU-

2302-070-1405; date of approval: June 27, 2023). The study 

was conducted in accordance with the ethical guidelines 

of the Declaration of Helsinki of the World Medical As-

sociation. All the participants provided written informed 

consent prior to participating in the study. As this study 

enrolled participants who were between the ages of 19 and 

65 years, obtaining consent from a parent or guardian was 

not required.

2. Study design and population

This was a prospective, randomized, double-blind, sh-

am-controlled, post-marketing clinical trial of Elexir for the 

acute treatment of migraine, conducted across two head-

ache centers in South Korea (Seoul National University 

Hospital and Uijeongbu Eulji Medical Center).

Participants were considered eligible for enrollment 

if they: were aged ≥19 and <65 years; met the diagnostic 

criteria for migraine without aura or migraine with aura 

according to The International Classification of Headache 

Disorders, 3rd edition (2018, Sections 1.1 and 1.2);13 pa-

tients with typical aura without headache, migraine with 

brainstem aura, and hemiplegic migraine were excluded; 

had a history of migraine for at least 1 year; experienced 

migraine onset before age 50; reported 2–8 migraine at-

tacks per month during the 2 months preceding screening; 

and provided written informed consent. A migraine attack 

was defined as a headache lasting 4–72 hours (untreated 

or unsuccessfully treated) with unilateral throbbing pain of 

moderate or severe intensity. The exclusion criteria were 

predefined as follows: inability to distinguish migraine 

from tension-type headache; ≥15 headache days per 

month; supraorbital nerve block within 4 months prior to 

screening; botulinum toxin injection for migraine preven-

tion within 4 months prior to screening; change in preven-

tive migraine therapy within 3 months prior to screening; 

contraindications to use of the study medical device, in-

cluding implanted metallic or electronic devices such as 

deep brain stimulators or cardiac pacemakers (excluding 

dental implants). Additional exclusion criteria are listed 

in Supplementary Material (Supplementary Appendix 1, 

available online).

The sample size was calculated based on a previous 

study on eTNS.10 A two-sample t-test assuming a two-sided 

significance level of 5% and 80% power was used. Allowing 

for a 20% dropout rate, the calculated sample size was in-

creased conservatively.

3. Device information

Participants used a portable eTNS device (Elexir; model 
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ALLIVE2), which delivers transcutaneous electrical stim-

ulation to the supraorbital branch of the trigeminal nerve 

via forehead electrodes. The device has been approved for 

two stimulation programs, an acute treatment mode (60 

minutes) and a preventive daily-use mode (20 minutes), 

and is designed as a wearable, home-use neuromodu-

lation system. The acute stimulation mode provides a 

pulsed current at 100 Hz for 60 minutes, consisting of a 

ramp-up, stable-intensity, and ramp-down phase. Device 

output parameters included a maximum current of 16 mA, 

maximum voltage of 8±1 V (500 Ω load), and 250-µs pulse 

width. The sham device was identical in appearance and 

interface to the active device but delivered only a minimal 

symmetric biphasic pulse (0.5 mA, 50 μs) at 30 seconds in-

terval to monitor electrode-skin contact. This stimulation 

was below the somatosensory threshold and, therefore, 

not perceptible to participants and was insufficient to pro-

duce any therapeutic effects.14

4. Treatment protocol

The patients were randomized to the verum and sham 

stimulation groups at a 1:1 ratio. Both investigators and 

patients were blinded to the randomization process, and 

a third party was responsible for randomization and con-

cealment. After randomization, all participants under-

went in-clinic training on the use of the allocated device, 

including device application and stimulation. Following 

the training, participants were instructed to self-apply 

the allocated device at home for 60 minutes (±5 minutes) 

at the onset of an eligible migraine attack, defined as: 1) 

migraine-specific headache with at least one associated 

symptom (photophobia, phonophobia, nausea, or vomit-

ing); 2) moderate or severe pain intensity within 2 hours of 

onset; 3) no prior headache within the preceding 48 hours; 

4) not spontaneously resolving; and 5) no use of acute 

migraine medication before device application. Partici-

pants were followed for up to 8 weeks after enrollment for 

the occurrence of an eligible migraine attack. Participants 

completed study questionnaires assessing changes in pain 

intensity, resolution of associated symptoms, and rescue 

medication use at prespecified post-treatment time points, 

as applicable. After one completed stimulation session, 

participants were required to visit the study site within 7 

days to return the device and submit study-related mate-

rial, including headache diaries and AE reporting forms. 

When an eligible migraine attack occurred and the device 

was applied, the use of any acute migraine medication was 

prohibited for the first 2 hours after device initiation. After 

2 hours, permitted acute migraine treatments (including 

triptans, ergots, nonsteroidal anti-inflammatory drugs, 

acetaminophen, combination analgesics, and lasmiditan) 

were administered as needed.

5. Analysis populations

The intention-to-treat (ITT) population included all ran-

domized participants. The home-use population included 

participants who used the device at home at least once, re-

gardless of whether the treated migraine attack met the eli-

gibility criteria. The per-protocol (PP) population included 

participants who used the device at home during at least 

one eligible migraine attack.

6. Study variables

Baseline demographic and clinical variables included age, 

sex, disease duration, history of preventive medication 

use, monthly headache days, monthly migraine headache 

days, monthly acute medication use days, and response 

to triptans. Characteristics of the eligible migraine attack 

included pretreatment headache intensity, the presence 

of aura, associated symptoms, including nausea, vomit-

ing, photophobia, and phonophobia, and the most both-

ersome associated symptom. Pretreatment headache 

intensity was assessed using both a 4-point pain intensity 

scale (0=no pain, 1=mild, 2=moderate, and 3=severe) and 

a visual analog scale (VAS; 0–10). Several of these baseline 

clinical variables were added to the data collection proto-

col after study initiation and were therefore available only 

for a subset of participants. Device-log data were used to 

determine the number and duration of home-use stimu-

lation sessions. For the session-level feasibility analysis, 

home-use device-log entries with a stimulation duration 

of ≥1 minute were considered treatment sessions, thereby 

excluding brief device activations or immediate shut-

downs that were unlikely to represent treatment attempts. 

A completed treatment session was defined as a stimu-

lation duration of 60±5 minutes based on device-logged 

data. Safety variables included the occurrence of AEs, their 
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relationship to device use (device-related or device-unre-

lated), serious adverse events (SAEs), and discontinuation 

owing to AEs. Patient satisfaction with the device was eval-

uated using a questionnaire based on a 5-point Likert scale 

(1=very dissatisfied; 2=dissatisfied; 3=neutral; 4=satisfied; 

5=very satisfied). Satisfaction was defined as a score of 4 

or 5. Efficacy variables included changes in headache in-

tensity, pain freedom, pain relief, resolution of associated 

symptoms, freedom from the most bothersome associat-

ed symptom, and rescue medication use. Post-treatment 

headache intensity was assessed using the VAS at 1 hour 

after initiating stimulation and using a 4-point pain inten-

sity scale at 1, 2, and 24 hours after initiating stimulation. 

Pain freedom was defined as a reduction from moderate or 

severe intensity (grade 2 or 3) at baseline to no headache 

(grade 0), whereas pain relief was defined as a reduction 

from moderate or severe intensity (grade 2 or 3) at baseline 

to mild or no headache (grade 0 or 1). Both variables were 

assessed at 1, 2, and 24 hours after initiating stimulation. 

Resolution of associated symptoms and freedom from the 

most bothersome associated symptom were assessed us-

ing binary (yes/no) questionnaire items at 1 and 2 hours 

after initiating stimulation. Data on the use of rescue med-

ication between 2 and 24 hours after initiating stimulation 

were also collected.

7. Outcomes

The primary outcome was the home-use feasibility of 

eTNS for acute migraine attacks. Home-use feasibility was 

evaluated in the home-use population using the follow-

ing measures: 1) appropriate device use, defined as the 

proportion of participants who used the device during 

an eligible migraine attack; 2) participant-level treatment 

completion, defined as the proportion of participants who 

completed at least one stimulation session within the pro-

tocol-defined duration of 60±5 minutes, as determined 

from device-log data; and 3) session-level treatment com-

pletion, defined as the proportion of home-use treatment 

sessions lasting ≥1 minute that were completed within the 

protocol-defined duration of 60±5 minutes.

Safety outcomes were evaluated in the ITT population 

and included 1) the proportion of participants reporting 

AEs, 2) classification of AEs by device relatedness, and 3) 

identification of SAEs and discontinuations due to AEs. Pa-

tient satisfaction and exploratory efficacy outcomes were 

evaluated in the PP population. The primary exploratory 

efficacy outcome was the change in VAS score from before 

device application to 1 hour after initiating stimulation. 

Secondary exploratory efficacy outcomes included the 

proportions of participants reporting pain freedom, pain 

relief, resolution of associated symptoms, freedom from 

the most bothersome associated symptom, and the use of 

rescue medication.

8. Statistical analysis

Continuous variables following a normal distribution were 

presented as mean±standard deviation, whereas those 

that did not meet normality assumptions were expressed 

as median with interquartile range (IQR). Categorical 

variables were described as counts and percentages. 

Group comparisons were performed using the indepen-

dent-samples t-test or Mann-Whitney U-test for contin-

uous variables, and the chi-square test or Fisher’s exact 

test for categorical variables, depending on distributional 

characteristics. To assess potential attrition bias, baseline 

demographic and clinical characteristics were compared 

between the PP and non-PP populations. For home-

use feasibility outcomes, 95% confidence intervals (CIs) 

for proportions were calculated using the Wilson score 

method. As a sensitivity analysis of home-use feasibility, 

participant-level treatment completion was additionally 

evaluated for the first eligible migraine attack in the PP 

population. For the analysis of patient satisfaction, re-

sponses were dichotomized as satisfied (scores of 4 or 5) 

and not satisfied (scores of 1–3), and the proportions of 

satisfied participants were compared between the verum 

and sham groups using the chi-square test. For exploratory 

efficacy outcomes, effect estimates with corresponding 

95% CIs were calculated. The between-group effect for the 

change in VAS score was estimated using the Hodges-Leh-

mann estimator with a corresponding 95% CI. Effect esti-

mates for binary efficacy outcomes were expressed as risk 

ratios with corresponding 95% CIs, with the sham group 

as the reference. Statistical significance was determined 

using a two-sided p-value of <0.05. No interim analyses 

were conducted, and missing data were analyzed without 

imputation. All statistical analyses were performed using 

the IBM SPSS Statistics software (version 29.0; IBM Corp.).



Figure 1. Study flowchart.
ITT, intention-to-treat; AE, adverse event; SAE, serious adverse event; PP, per-protocol.

Screened participants (n=102)

Randomized: ITT population (n=100)

Verum (n=50)

Verum (n=48)

PP: Verum (n=39)

Sham (n=50)

Sham (n=49)

PP: Sham (n=39)

Not fulfilling the inclusion criteria (n=1)
Withdrawal of consent (n=1)

Withdrawal of consent before home use (n=1)

Did not experience an eligible migraine attack and 
did not use the device at home (n=10)

Withdrawal before home use (n=2)
• AE when applying the in-clinic device use (n=1)
• SAE unrelated to device during study period (n=1)

Did not experience an eligible migraine attack and 
did not use the device at home (n=8)

Used the device during a non-eligible migraine 
attack (n=1)
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RESULTS

1. Participant disposition and analysis populations

A total of 102 individuals were screened and provided writ-

ten informed consent between November 2023 and June 

2024. Of these, two were excluded before randomization: 

one did not meet the inclusion criteria and the other with-

drew consent before in-clinic device training. The remain-

ing 100 participants were randomized and constituted the 

ITT population. All participants in the ITT population un-

derwent in-clinic device training before home use. Three 

participants discontinued the study before home device 

use: one voluntarily withdrew consent, one withdrew due 

to an AE during in-clinic device application, and one dis-

continued due to a SAE unrelated to the device. Of the re-

maining 97 participants, 18 did not experience an eligible 

migraine attack during the study period and therefore did 

not use the device at home, whereas one participant used 

the device during a non-eligible migraine attack. Thus, the 

home-use population comprised 79 participants. The PP 

population consisted of 78 participants, defined as those 

who used the device at home during an eligible migraine 

attack. A flowchart of the population disposition is shown 

in Figure 1.

2. Home-use feasibility

Home-use feasibility was evaluated in the home-use pop-

ulation (n=79). Of these participants, 78 (98.7%; 95% CI, 

93.2%–99.8%) used the device during an eligible migraine 

attack, whereas one participant used the device during a 

non-eligible attack. Seventy-five participants (94.9%; 95% 

CI, 87.7%–98.0%) had at least one device-log-confirmed 

completed stimulation session within the protocol-de-

fined duration of 60±5 minutes. Three participants had 

home-use sessions recorded in the device logs but did 

not complete a session within the predefined duration, 

with maximum stimulation durations of 25, 27, and 46 

minutes, respectively. In one of these participants, the 

incomplete session was terminated because of an imped-

ance-error shutdown. For one participant in sham group, 

home device use for 60 minutes was reported in the study 

records, but the corresponding home-use session could 

not be confirmed from the device logs. In a sensitivity 

analysis restricted to the first eligible migraine attack, 72 
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of 78 participants (92.3%; 95% CI, 84.2%–96.4%) had a de-

vice-log-confirmed completed stimulation session within 

the protocol-defined duration of 60±5 minutes. After ex-

cluding in-clinic training sessions and brief device activa-

tions lasting <1 minute, a total of 139 home-use treatment 

sessions were identified from the device logs. Of these, 103 

sessions (74.1%; 95% CI, 66.2%–80.7%) were completed 

within the protocol-defined duration of 60±5 minutes. 

Among participants in the verum group who completed a 

treatment session, the median stimulation current was 5.1 

mA (IQR, 3.34–7.23 mA).

3. Safety

In the ITT analysis, 10 participants (10.0%) reported AEs 

during the study period, including eight in the verum 

group and two in the sham group, with no significant dif-

ference between the two groups (p=0.092). Eight partic-

ipants (8.0%) experienced device-related AEs, including 

somnolence (n=2; one in each group), skin eruption and 

pruritus (n=1; verum), aggravated headache (n=1; verum), 

pulling sensation in the forehead (n=1; verum), tingling 

over the forehead or at the patch application site (n=2; ver-

um), and afterimaging (n=1; sham). All device-related AEs 

were transient and resolved without intervention. The lon-

gest-lasting AE was somnolence in the sham group, which 

persisted for up to 2 weeks. No serious device-related AEs 

were reported. Two patients in the verum group reported 

AEs categorized as having a weak or no relationship with 

device use. One patient reported transient pressure-like 

discomfort and hyperemia in the left eye, which resolved 

on the same day and was considered to have a low likeli-

hood of being related to device use. Another participant 

was diagnosed with papillary thyroid carcinoma, which 

was determined to be a SAE that was unrelated to the de-

vice.

4. Patient satisfaction

In the PP population, 78 participants who used the device 

during at least one eligible migraine attack completed a 

usability questionnaire using a 5-point Likert scale. Partic-

ipant satisfaction with device usability and performance is 

presented in Table 1. In terms of user acceptability, satis-

faction with button placement, user manual, comfort while 

wearing the device, and device size were reported by 66.7% 

(52/78), 78.2% (61/78), 61.5% (48/78), and 69.2% (54/78) of 

participants, respectively. Regarding device performance, 

satisfaction with the operating conditions, output inten-

sity, and accuracy of output adjustment was reported by 

78.2% (61/78), 65.4% (51/78), and 64.1% (50/78), respec-

tively. Overall satisfaction during device use was reported 

by 50.0% (39/78) of participants, and the median time 

required to adjust the stimulation output was 2.0 minutes 

(IQR, 1.0–3.0 minutes).

In comparisons between the verum and sham groups, 

satisfaction with wearing comfort was significantly high-

er in the verum group than in the sham group (74.4% vs. 

Table 1. Satisfaction with device usability and performance in the verum and sham groups
Variable Per-protocol population (n=78) Verum (n=39) Sham (n=39) p-value
User acceptability
  Button placement 52 (66.7) 26 (66.7) 26 (66.7) >0.999
  User manual 61 (78.2) 32 (82.1) 29 (74.4) 0.411
  Comfort while wearing the device 48 (61.5) 29 (74.4) 19 (48.7) 0.020*
  Device size 54 (69.2) 29 (74.4) 25 (64.1) 0.326
Device performance
  Operating conditions 61 (78.2) 32 (82.1) 29 (74.4) 0.411
  Output intensity 51 (65.4) 29 (74.4) 22 (56.4) 0.096
  Accuracy of output adjustment 50 (64.1) 30 (76.9) 20 (51.3) 0.018*
Overall user evaluation
  Overall satisfaction 39 (50.0) 23 (59.0) 16 (41.0) 0.113
  Time needed to adjust stimulation output (min) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.178

Values are presented as number (%) or median (interquartile range). Satisfaction was defined by a Likert score of 4 or 5. The proportions of satisfied par-
ticipants were compared between groups using the chi-square test (*p<0.05).
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48.7%; p=0.020). Satisfaction with the output intensity was 

higher in the verum group than in the sham group (74.4% 

vs. 56.4%), although the difference was not statistically 

significant (p=0.096). Satisfaction with the accuracy of 

the output adjustment was also significantly higher in the 

verum group than in the sham group (76.9% vs. 51.3%; 

p=0.018). Overall satisfaction did not differ significantly 

between groups (59.0% vs. 41.0%; p=0.113) (Table 1).

5. Efficacy

The efficacy analysis was performed in the PP population 

(n=78; mean age, 42.9±11.6 years; female, 84.6%), de-

fined as participants who used the device during at least 

one eligible migraine attack. Baseline demographics and 

characteristics of the PP population are shown in Table 2. 

The median disease duration was 8.5 years (IQR, 3.0–15.5 

years). Among the treated eligible migraine attacks, all 

were of moderate or severe intensity and were accompa-

nied by at least one associated symptom. Of the 78 partici-

pants, 66 participants (84.6%) had moderate headache in-

tensity, and median VAS score was 6.0 (IQR, 5.0–7.0). The 

reported associated symptoms included nausea (61.5%), 

photophobia (53.8%), phonophobia (50.0%), and vomit-

ing (9.0%). The most bothersome associated symptoms 

were nausea (46.2%), photophobia (29.5%), phonophobia 

(23.1%), and vomiting (1.3%). To assess potential attri-

tion bias, the available baseline demographic and clinical 

characteristics were compared between the PP population 

(n=78) and the non-PP population (n=22). No statistically 

significant differences were observed between the two 

populations (Supplementary Table 1, available online).

Table 2. Demographic and clinical characteristics of the study participants
Variable PP population (n=78) Verum (n=39) Sham (n=39) p-value
Age (yr) 42.9±11.6 43.2±10.8 42.6±12.5  0.839
Female sex 66 (84.6) 30 (76.9) 36 (92.3) 0.114
Disease duration (yr) 8.5 (3.0–15.5) 8.0 (3.0–20.0) 10.0 (3.0–15.0) 0.489
Characteristics of the eligible migraine attack
  Presence of aura 42 (53.8) 20 (51.3) 22 (56.4) 0.821
  Pretreatment headache intensity
  Moderate (grade 2) 66 (84.6) 33 (84.6) 33 (84.6) >0.999
  Severe (grade 3) 12 (15.4) 6 (15.4) 6 (15.4) >0.999
    VAS score 6.0 (5.0–7.0) 6.0 (5.0–7.0) 6.0 (5.0–7.0) 0.686
  Associated symptoms
    Nausea 48 (61.5) 21 (53.8) 27 (69.2) 0.244
    Vomiting 7 (9.0) 3 (7.7) 4 (10.3) >0.999
    Photophobia 42 (53.8) 24 (61.5) 18 (46.2) 0.256
    Phonophobia 39 (50.0) 20 (51.3) 19 (48.7) >0.999
  Most bothersome associated symptom 0.066
    Nausea 36 (46.2) 15 (38.5) 21 (53.8)
    Vomiting 1 (1.3) 1 (2.6) 0 (0.0)
    Photophobia 23 (29.5) 16 (41.0) 7 (17.9)
    Phonophobia 18 (23.1) 7 (17.9) 11 (28.2)
History of preventive medication use (n=50) 18/50 (36.0) 7/25 (28.0) 11/25 (44.0) 0.377
Number of preventive medication classes (n=50) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.236
Monthly headache days (n=50) 5.0 (3.0–7.0) 5.0 (3.0–7.0) 5.0 (3.5–7.0) 0.694
Monthly migraine headache days (n=50) 4.0 (2.0–6.0) 4.0 (2.0–6.0) 4.0 (3.0–5.5) 0.673
Days of acute medication use per month (n=50) 4.0 (2.0–6.0) 4.0 (2.0–6.5) 4.0 (2.5–5.0) 0.797
Triptan responder (n=30) 27/30 (90.0) 12/14 (85.7) 15/16 (93.8) 0.586
Values are presented as mean±standard deviation, n (%), n/N (%), or median (interquartile range), as appropriate. Headache intensity during the eligible 
migraine attack was measured on both a four-point pain intensity scale (0=no pain, 1=mild, 2=moderate, and 3=severe) and a VAS (0–10). Participants 
could report multiple associated symptoms but identified a single most bothersome associated symptom.
PP, per-protocol; VAS, visual analog scale.
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Exploratory efficacy outcomes are presented in Table 3. 

The median reduction in VAS score at 1 hour was 2.0 (IQR, 

0.0–4.0) in the verum group and 2.0 (IQR, 1.0–4.0) in the 

sham group (Hodges–Lehmann estimate, 0.0; 95% CI, –1.0 

to 1.0; p=0.480). No statistically significant between-group 

differences were observed in pain freedom or pain relief at 

1, 2, or 24 hours after initiating stimulation. Similarly, the 

resolution of associated symptoms and freedom from the 

most bothersome associated symptom at 1 and 2 hours did 

not differ significantly between the groups. Rescue med-

ication use between 2 and 24 hours was reported by 18 of 

39 participants (46.2%) in each group. Among participants 

who achieved pain freedom or pain relief at 24 hours, 

rescue medication use also did not differ significantly be-

tween the groups (Table 3).

DISCUSSION

Our findings support the feasibility of home use of Elexir 

for the acute treatment of migraine, with most participants 

who used the device at home completing at least one 

stimulation session within the protocol-defined duration. 

No serious device-related AEs were observed in this sam-

ple. Exploratory efficacy findings showed no significant 

differences between verum and sham stimulation in pain 

freedom, pain relief, or resolution of associated symptoms 

following treatment.

At the participant level, most participants who used the 

device at home completed at least one stimulation session, 

and an impedance-error shutdown resulting in incom-

plete treatment was identified in only one participant, sug-

gesting that device-related interruption was uncommon. 

At the session level, 74.1% of home-use treatment sessions 

were completed within the protocol-defined duration. 

Table 3. Efficacy outcomes in the verum and sham stimulation groups
Variable Verum (n=39) Sham (n=39) Effect estimate (95% CI) p-value
Headache intensity (VAS)
  Before device use 6.0 (5.0–7.0) 6.0 (5.0–7.0) 0.686
  At 1 hr after initiating stimulation 4.0 (2.0–6.0) 3.0 (2.0–5.0) 0.636
  Change at 1 hr (ΔVAS) 2.0 (0.0–4.0) 2.0 (1.0–4.0) 0.0 (–1.0 to 1.0) 0.480
Pain freedom after initiating stimulation
  At 1 hr 2 (5.1) 4 (10.3) 0.500 (0.097 to 2.573) 0.675
  At 2 hr 7 (17.9) 7 (17.9) 1.000 (0.387 to 2.583) >0.999
  At 24 hr 20 (51.3) 24 (61.5) 0.833 (0.562 to 1.236) 0.494
Pain relief after initiating stimulation
  At 1 hr 22 (56.4) 24 (61.5) 0.917 (0.633 to 1.328) 0.818
  At 2 hr 24 (61.5) 28 (71.8) 0.857 (0.625 to 1.176) 0.472
  At 24 hr 32 (82.1) 36 (92.3) 0.889 (0.748 to 1.056) 0.310
Resolution of associated symptoms after initiating stimulation
  At 1 hr 11 (28.2) 13 (33.3) 0.846 (0.433 to 1.652) 0.807
  At 2 hr 15 (38.5) 18 (46.2) 0.833 (0.494 to 1.405) 0.647
Freedom from the most bothersome symptom after initiating 

stimulation
  At 1 hr 11 (28.2) 13 (33.3) 0.846 (0.433 to 1.652) 0.807
  At 2 hr 15 (38.5) 18 (46.2) 0.833 (0.494 to 1.405) 0.647
Rescue medication use (2–24 hr) 18 (46.2) 18 (46.2) 1.000 (0.619 to 1.615) >0.999
Rescue medication use among participants with pain  

freedom at 24 hr (n=44)
7/20 (35.0) 9/24 (37.5) 0.933 (0.424 to 2.056) >0.999

Rescue medication use among participants with pain relief  
at 24 hr (n=68)

14/32 (43.8) 15/36 (41.7) 1.050 (0.605 to 1.822) >0.999

Values are presented as median (interquartile range), n (%), or n/N (%). The effect estimate for the change in VAS score is the Hodges–Lehmann estimate 
of the between-group location shift; estimates for binary outcomes are risk ratios. All effect estimates are accompanied by 95% CIs.
CI, confidence interval; VAS, visual analog scale.
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These findings support the feasibility of using the device in 

a home setting.

In our study, device-related AEs occurred in 8.0%; no 

serious device-related AEs were identified. Previous stud-

ies on eTNS have similarly reported only minor AEs, such 

as paresthesia, nausea, headache, and discomfort, and no 

SAEs, which is consistent with our findings.10,11,15,16 These 

results provide additional safety data on eTNS for the acute 

treatment of migraine.

Satisfaction with individual aspects of device usability 

and performance varied across measures, ranging from 

61.5% to 78.2%, whereas overall satisfaction was reported 

by half of the participants. Among the satisfaction mea-

sures, wearing comfort and accuracy of output adjust-

ment differed significantly between the verum and sham 

groups. Although the clinical relevance of these differences 

remains uncertain, the higher satisfaction with output-re-

lated aspects in the verum group may have been related 

to differences in the active stimulation of the device be-

tween the groups. In addition, concerns related to mobility 

during stimulation were common, with participants re-

porting difficulty performing routine activities and a per-

ceived need to lie down during use. These limitations in 

mobility and convenience may have contributed to overall 

satisfaction.

Exploratory efficacy assessment revealed no significant 

difference in the clinical response between the verum 

and sham groups across pain freedom, pain relief, resolu-

tion of associated symptoms, and freedom from the most 

bothersome symptom. Therefore, the present study did 

not demonstrate a treatment benefit of verum over sham 

stimulation. In contrast to a previous study that reported 

the significant efficacy of eTNS for acute migraine treat-

ment in hospital settings,10 our study was conducted in a 

home-use environment, reflecting a real-world setting. 

Device-log data indicated that the participants generally 

used the device at relatively low stimulation intensities 

compared with the device’s maximum current. Although 

the present study was not designed to evaluate an inten-

sity-response relationship, the potential influence of the 

relatively low stimulation intensity on treatment response 

cannot be excluded. In addition, several participants did 

not experience an eligible migraine attack during the study 

period, leading to an unexpectedly large reduction in the 

number of participants included in the PP population. Fu-

ture studies should be conducted under stricter inclusion 

criteria (e.g., higher migraine frequency over 3 or more 

consecutive months). As our study evaluated only a single 

attack, the efficacy outcomes may reflect participants’ first-

time self-use of the device. Future research involving serial 

applications over multiple consecutive attacks would be 

beneficial to determine whether clinical efficacy increases 

as users become more accustomed to the device use and 

stimulation adjustment.

Our study has several strengths. This randomized con-

trolled trial provides one of the first evaluations of the fea-

sibility and safety of a next-generation non-invasive eTNS 

device following Cefaly. Together with previous studies on 

eTNS, our findings provide additional evidence regarding 

the feasibility of eTNS for the acute treatment of migraine. 

In addition, this trial was conducted in a home-use setting, 

providing clinically relevant insights into actual device use 

conditions.

This study had several limitations. First, the sample size 

for the exploratory efficacy analyses may have been rela-

tively small. Although 100 participants were enrolled, the 

efficacy analyses were restricted to participants who used 

the device during eligible migraine attacks. Participants 

who did not experience an eligible migraine attack during 

the study period were not included in the PP population. 

Although no statistically significant differences in the avail-

able baseline demographic and clinical characteristics 

were observed between PP and non-PP populations, the 

possibility of selection bias could not be excluded. Second, 

efficacy was evaluated for only a single eligible migraine 

attack per participant. Given the potential for attack-to-at-

tack variability in migraine characteristics and treatment 

response within the same individual, efficacy estimates 

based on a single attack may not adequately represent an 

individual’s typical response to treatment. Repeated treat-

ment across multiple attacks within the same participant 

could account for within-participant attack variability and 

could provide more stable efficacy estimates than those 

obtained from a single-attack design. Third, pain out-

comes were based on self-reported measures, which may 

have introduced measurement bias.

CONCLUSION

This study provides evidence regarding the feasibility of 
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Elexir, a non-invasive eTNS device, for the acute treatment 

of migraine, with no serious device-related AEs observed 

in this sample. Further studies are required to evaluate the 

efficacy of this device for acute migraine attacks.
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