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Abstract

Background/Objectives: Pediatric migraine disrupts school performance and daily func-
tioning. Concerns about medication overuse and limited efficacy highlight the need for
non-pharmacologic treatments. The Nerivio remote electrical neuromodulation (REN)
device, which is FDA-cleared for ages 8 and above, was evaluated in this study to assess
real-world perceptions among patients in a pediatric neurology clinic. Methods: Patients
aged 10-18 years who had used both acute medications and Nerivio completed two struc-
tured questionnaires, one reflecting on experiences with acute medication and one reflecting
on experiences with acute REN treatment, assessing school and daily functioning, headache
control, medication use, satisfaction, and preference. Descriptive statistics summarized
the responses. Results: Twenty-four patients participated (91.7% female, mostly aged
13-18 years). Primary outcomes: Nerivio stopped headaches in 33.3% of patients and
shortened them in 50.0%, with 41.7% reporting reduced medication use. Exploratory func-
tional outcomes: Missed full school days were unchanged (3.8), partial absences decreased
slightly (3.1 to 3.0, ~3%), limited-activity days declined from 3.5 to 2.7 (23%), and days
with <50% functioning fell from 4.1 to 3.2 (22%). Preference favored Nerivio in 37.5%,
medications in 20.8%, and both equally in 41.7%. Most patients (83.3%) wished to continue;
12.5% reported only mild, transient discomfort, and all continued treatment. Conclusions:
This preliminary real-world study suggests that REN is feasible and beneficial in pediatric
headache care. Primary outcomes demonstrated meaningful headache improvement, while
exploratory measures suggested functional gains. REN reduced acute medication use and
achieved high satisfaction, supporting its potential role as a patient-centered adjunct in
pediatric headache management. Larger studies are needed to confirm these findings.

Keywords: pediatric headache; migraine; remote electrical neuromodulation; Nerivio;
acute treatment; non-pharmacologic therapy; real-world evidence

1. Introduction

Migraine and recurrent headache disorders are common in children and adolescents
and may substantially interfere with their daily functioning, school performance, and qual-
ity of life [1]. Global migraine prevalence estimates reach approximately 8%, underscoring
the importance of recognizing the disorder during formative developmental years [2]. In
pediatric populations, acute treatment has traditionally relied on over-the-counter (OTC)
medications, such as ibuprofen and acetaminophen, which have shown moderate efficacy
in randomized trials of children aged > 4 years, and their use is supported by international
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guidelines [3,4]. However, the frequent use of acute migraine medications can contribute to
the development of medication overuse headache (MOH) [5], and treatment outcomes are
variable. No single therapy for migraine has been shown to be clearly superior, and many
patients require tailored interventions when pharmacologic therapy alone is insufficient [6].

Non-pharmacologic approaches, including neuromodulation, are increasingly recog-
nized as promising adjuncts or alternatives for pediatric migraine. The Nerivio device is
a remote electrical neuromodulation (REN) wearable that delivers 45 min of controlled
electrical stimulation to A and C nerve fibers in the upper arm when a migraine begins,
activating conditioned pain modulation pathways that inhibit nociceptive signaling [7,8].
It was initially cleared by the FDA for acute migraine in individuals aged 12 years and
older, with more recent clearance extending to children aged 8 years and above. Although
pediatric evidence remains limited, prior studies have found that up to 60% of users experi-
ence pain relief within two hours, with improvements in functional outcomes and minimal
adverse effects [7,8].

While these early studies support the safety and efficacy of REN, less is known about
its real-world role alongside standard acute medications in pediatric practice, where treat-
ment decisions are strongly influenced by patient and family experiences. Understanding
these real-world, patient-centered perspectives is critical for guiding the adoption and
integration of REN into routine migraine management. To address this gap, we undertook a
preliminary real-world study aimed at characterizing the clinical and experiential outcomes
of Nerivio.

2. Materials and Methods

This project was conducted at the Pediatric Neurology Clinic of Children’s Mercy Hos-
pital, a tertiary care center in Kansas City, MO, USA, from 3 March to 30 June 2025. Eligible
participants were children and adolescents aged 10-18 years with a clinical diagnosis of
migraine, according to the International Classification of Headache Disorders (ICHD-3)
criteria, who were using both over-the-counter (OTC) acute medications and the Nerivio
device (Theranica Bio-Electronics Ltd., Netanya, Israel) for migraine treatment. Patients
were recruited during routine neurology follow-up visits. All participants had previously
used over-the-counter (OTC) acute medications before initiating Nerivio and were main-
tained on stable preventive regimens throughout the study period. The questionnaires
were completed at a single timepoint, based on participants’ retrospective reports after they
had gained experience with both treatments, ensuring consistent recall.

Data were collected using two structured questionnaires. The “acute medications”
questionnaire assessed headache characteristics, school absences, functional disability,
medication response, and satisfaction with acute pharmacologic therapy. The “acute
treatment with REN” questionnaire evaluated perceived changes in headache burden,
school attendance, activity limitation, medication use, and treatment satisfaction. In the
REN questionnaire, patients were also asked to describe their perceived treatment effects
using predefined categories: “stopped headache” (complete resolution of pain within
two hours after stimulation), “shortened headache” (>50% reduction in attack duration
compared with typical episodes), and “less medication” (a subjective patient-reported
decrease in the frequency or amount of acute medication used after starting Nerivio).

Information on the number of acute Nerivio treatments per participant was not sys-
tematically recorded; therefore, findings primarily reflect general real-world impressions
following limited exposure to REN.

Questionnaires were initially distributed electronically through a REDCap-based
clinical registry (Research Electronic Data Capture; Vanderbilt University, Nashville, TN,
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USA); however, due to low response rates, subsequent data were collected on paper during
clinic visits. Participation was voluntary, and responses were anonymized.

Functional outcomes, including missed school days, reduced activity, and impaired
functioning, were adapted from the Pediatric Migraine Disability Assessment (PedMIDAS),
a validated instrument for measuring headache-related disability in pediatric populations.
Because both questionnaires were completed concurrently for patients with prior docu-
mented use of both treatments, PedMIDAS items were used descriptively rather than as
longitudinal measures. To align with the retrospective design, participants were asked to
report functioning over a recent representative period rather than the original three-month
PedMIDAS timeframe.

Descriptive statistics were used to summarize categorical responses and to estimate
mean values for ordinal ranges (e.g., 1-2 days, 3-5 days). Results are presented as absolute
values, mean changes, and percent reductions, which serve as effect size estimates to
illustrate the magnitude and direction of change. Comparisons between baseline and
post-Nerivio periods were descriptive; no formal inferential statistics were applied given
the exploratory design and limited sample size. Data were visualized using bar charts and
comparative plots.

3. Results
3.1. Study Population

A total of 24 pediatric patients diagnosed with migraine according to the International
Classification of Headache Disorders (ICHD-3), aged 10-18 years, were included. Most
(87.5%) were in the 13-18-year-old age group, and 91.7% identified as female. This distribu-
tion reflects the well-documented higher prevalence of migraine in female adolescents and
the randomized nature of the questionnaire distribution within the clinic. All participants
reported a long-standing history of migraine attacks, typically lasting either 1-6 h or more
than 24 h (Figure 1).
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Figure 1. Distribution of headache episode duration reported prior to Nerivio use.

3.2. Treatment Effectiveness and Medication Reduction

When asked about the specific effects of Nerivio, 8 out of 24 patients (33.3%) reported
that it “stopped the headache”. A further 12 out of 24 respondents (50.0%) indicated that it
“shortened the headache,” and 10 out of 24 participants (41.7%) reported a reduced need
for acute medications after Nerivio use (Figure 2).
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Figure 2. Percentage of patients reporting clinical benefit from Nerivio use.

3.3. Functional Outcomes Before and After Nerivio Use

Functional limitations due to headache were evaluated based on responses to the acute
medication and REN questionnaires, reflecting retrospective reports of patients who had
used both treatments. This design captured real-world perceptions of acute effects rather
than preventive outcomes. Accordingly, functional data were summarized descriptively
rather than interpreted as preventive effects. The average number of missed full school
days remained stable at 3.8 days. Missed partial school days decreased slightly from
3.1 to 3.0 days (~3% reduction). Days for which other activities (e.g., play, sports) were
stopped declined from 3.5 to 2.7 (23% reduction), and days with functioning at <50% ability
decreased from 4.1 to 3.2 (22% reduction). Formal statistical testing was not performed
given the sample size and preliminary design (Figure 3).
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Figure 3. Mean number of days with missed school, reduced activity, and impaired function before

vs. after Nerivio treatment.

3.4. Treatment Preference

Treatment preference responses favored Nerivio in 9 of 24 patients (37.5%) and favored
medications in 5 of 24 cases (20.8%). Patients demonstrated an equal preference for both
treatments in 10 out of 24 cases (41.7%) (Figure 4).
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Figure 4. Patient preference for Nerivio vs. medications.

3.5. Satisfaction and Tolerability

Most patients (20/24, 83.3%) expressed a willingness to continue using Nerivio. Three
patients (12.5%) reported mild discomfort (e.g., local tingling or tightness at the stimulation
site). All participants continued treatment despite these discomforts, which were consistent
with expected device-related sensations (Figure 5).
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Figure 5. Percentage of patients reporting satisfaction and discomfort with Nerivio.

4. Discussion

This preliminary study evaluated real-world patient experiences with Nerivio, a wear-
able remote electrical neuromodulation (REN) device, in the context of routine pediatric
headache management. Consistent with prior clinical and real-world studies of REN [7,8],
our findings provide preliminary evidence on functional outcomes, treatment satisfaction,
and patient preferences in children and adolescents with migraine.

Although the average number of missed full school days in our cohort remained
unchanged, Nerivio use was associated with fewer partial absences and a reduction in
days with limited activity and <50% functioning. These exploratory functional findings
parallel prior REN studies demonstrating decreased functional disability during migraine
attacks [7,8] and align with broader evidence that non-pharmacologic interventions—
including cognitive behavioral therapy, which has been shown to reduce headache days
and migraine-related disability in children [9], and psychologically based approaches such
as relaxation and biofeedback [10]—can support daily functioning and school attendance
in pediatric populations with migraine.

As the primary outcomes, a large proportion of patients reported meaningful headache
benefits with REN, including complete cessation in one-third and shortened durations in
about one-half of participants. These findings also align with clinical trial data showing
58.9-74.2% pain relief and 20.0-35.6% pain freedom at 2 h [7], as well as adolescent trial
findings of 71% pain relief and 35% pain freedom [8]. Importantly, 41.7% of patients
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required less acute medication after using Nerivio, supporting the potential of REN as a
medication-sparing strategy [7,8]. This is particularly relevant in pediatric populations,
where medication overuse headache, tolerability issues, and caregiver concerns remain
persistent challenges [5,6].

Treatment preference results in our cohort varied, with a little over one-third favoring
Nerivio, one-fifth favoring medication, and the remainder reporting equal benefits. This
heterogeneity underscores the individualized nature of migraine care and reinforces the
importance of offering a range of therapeutic options tailored to patient and family priorities.
Nerivio tolerability was favorable, with only 12.5% of patients reporting discomfort and
the majority (83.3%) expressing a willingness to continue use. Reported discomfort was
mild and transient, described mainly as brief tingling or tightness at the application site,
and all participants continued the treatment despite these sensations. These findings
are consistent with prior REN safety data [7,8] and support the device’s integration as a
non-pharmacologic adjunct in clinical practice.

Several limitations should be noted. The small sample size, single-site design, and
reliance on self-reported outcomes limit generalizability and introduce a potential report-
ing bias. Because both acute medications and acute treatment with REN questionnaires
were completed during the same visit, this study reflects retrospective perceptions rather
than longitudinal outcomes, and therefore preventive or causal effects cannot be inferred.
Detailed frequency data on headache episodes and acute medication use before and after
Nerivio initiation were not systematically collected, as the study emphasized patients’
perceived experiences and real-world impressions of treatment efficacy. Additionally, some
participants may have continued using acute medications alongside REN, which could par-
tially confound treatment attributions. Finally, analyses were descriptive and exploratory,
aimed at illustrating effect size trends rather than testing statistical significance.

Despite these limitations, this study contributes to the body of growing evidence
that demonstrates that REN is feasible, acceptable, and potentially beneficial in pediatric
migraine care. It highlights the importance of incorporating patient-reported experiences
into evaluations of new therapies and suggests that REN may reduce functional disability
and reliance on acute medications in everyday practice. Future research with larger, more
diverse samples and controlled designs will be critical to confirm these findings and to
guide the integration of REN into pediatric headache management pathways.

5. Conclusions

In this preliminary real-world study, the Nerivio REN device demonstrated meaning-
ful clinical benefits for pediatric patients with migraine, with primary outcomes showing
headache improvement and exploratory measures suggesting potential functional gains.
Most patients expressed satisfaction, and more than 80% reported a willingness to continue
use, underscoring the device’s acceptability in routine care. Although these findings are
based on retrospective patient reports from a small, single-site sample, they support the
feasibility and potential clinical value of REN as a patient-centered, non-pharmacologic
adjunct in pediatric headache management.

Author Contributions: Conceptualization, A.B., T.G., M.C. and G.J.; methodology, A.B., T.G., M.C.
and G.J.; investigation, A.B., T.G. and T.W.; data curation, A.B.; formal analysis, A.B.; writing—
original draft preparation, A.B.; writing—review and editing, T.G., M.C., TW. and G.J.; supervision,
G.J. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Children 2025, 12, 1500 70f7

Institutional Review Board Statement: This project was reviewed by the hospital’s Office of Research
Integrity and was determined not to meet the definition of human participant research under 45 CFR
46.102(1). Therefore, Institutional Review Board approval was not required.

Informed Consent Statement: Not applicable. This project was determined not to meet the
definition of human participant research; therefore, informed consent was not required under
institutional policies.

Data Availability Statement: De-identified questionnaire data and the aggregated dataset used for
analysis are available from the corresponding author upon reasonable request. Individual patient-
level data cannot be shared publicly to protect privacy.

Acknowledgments: During the manuscript preparation, the authors used generative artificial intelli-
gence (GenAl) for assistance with the preparation of graphs. All outputs were reviewed and verified
by the authors, who take full responsibility for the accuracy and integrity of the manuscript.

Conflicts of Interest: Dr. Gerson received an honorarium from Theranica for participation in a past
advisory board. The other authors declare no conflicts of interest.

References

1.  Powers, S.W.,; Patton, S.R.; Hommel, K.A.; Hershey, A.D. Quality of life in childhood migraines: Clinical impact and comparison
to other chronic illnesses. Pediatrics 2003, 112, e1-e5. [CrossRef] [PubMed]

2. Abu-Arafeh, I; Razak, S.; Sivaraman, B.; Graham, C. Prevalence of headache and migraine in children and adolescents: A
systematic review of population-based studies. Dev. Med. Child Neurol. 2010, 52, 1088-1097. [CrossRef] [PubMed]

3.  Hamadldinen, M.L.; Hoppu, K,; Valkeila, E.; Santavuori, P. Ibuprofen or acetaminophen for the acute treatment of migraine in
children: A double blind, randomized, placebo controlled, crossover study. Neurology 1997, 48, 103-107. [CrossRef] [PubMed]

4. Oskoui, M.; Pringsheim, T.; Holler-Managan, Y.; Potrebic, S.; Billinghurst, L.; Gloss, D.; Hershey, A.D.; Licking, N.; Sowell, M.;
Victorio, M.C.; et al. Practice guideline update summary: Acute treatment of migraine in children and adolescents. Neurology
2019, 93, 487-499. [CrossRef] [PubMed]

5. Diener, H.C.; Holle, D.; Solbach, K.; Gaul, C. Medication overuse headache: Risk factors, pathophysiology and management. Nat.
Rev. Neurol. 2016, 12, 575-583. [CrossRef] [PubMed]

6.  VanderPluym, J.H.; Cheng, N.; Zhu, Y.; Wang, Z.; Morris, C.; Jones, A.; Gelfand, A.A.; Gautreaux, J. Treatment of medication
overuse headache in children and adolescents: A systematic review. Headache 2025, 65, 1148-1159. [CrossRef] [PubMed]

7. Tepper, S.J.; Lin, T.; Montal, T.; Ironi, A.; Dougherty, C. Real world experience with remote electrical neuromodulation in the
acute treatment of migraine. Pain Med. 2020, 21, 3522-3529. [CrossRef] [PubMed]

8.  Hershey, A.D,; Lin, T.; Gruper, Y.; Harris, D.; Ironi, A.; Berk, T.; Szperka, C.L.; Berenson, F. Remote electrical neuromodulation for
acute treatment of migraine in adolescents. Headache 2021, 61, 310-317. [CrossRef] [PubMed]

9. Powers, S.W.; Kashikar-Zuck, S.M.; Allen, J.R.; LeCates, S.L.; Slater, S.K.; Zafar, M.; Kabbouche, M.A.; O’Brien, H.L.; Shenk,
C.E.; Rausch, J.R,; et al. Cognitive behavioral therapy plus amitriptyline for chronic migraine in children and adolescents: A
randomized clinical trial. JAMA 2013, 310, 2622-2630. [CrossRef] [PubMed]

10. Trautmann, E.; Lackschewitz, H.; Kroner-Herwig, B. Psychological treatment of recurrent headache in children and adolescents:

A meta-analysis. Cephalalgia 2006, 26, 1411-1426. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1542/peds.112.1.e1
https://www.ncbi.nlm.nih.gov/pubmed/12837897
https://doi.org/10.1111/j.1469-8749.2010.03793.x
https://www.ncbi.nlm.nih.gov/pubmed/20875042
https://doi.org/10.1212/WNL.48.1.103
https://www.ncbi.nlm.nih.gov/pubmed/9008503
https://doi.org/10.1212/WNL.0000000000008095
https://www.ncbi.nlm.nih.gov/pubmed/31413171
https://doi.org/10.1038/nrneurol.2016.124
https://www.ncbi.nlm.nih.gov/pubmed/27615418
https://doi.org/10.1111/head.14973
https://www.ncbi.nlm.nih.gov/pubmed/40439245
https://doi.org/10.1093/pm/pnaa299
https://www.ncbi.nlm.nih.gov/pubmed/32935848
https://doi.org/10.1111/head.14042
https://www.ncbi.nlm.nih.gov/pubmed/33349920
https://doi.org/10.1001/jama.2013.282533
https://www.ncbi.nlm.nih.gov/pubmed/24368463
https://doi.org/10.1111/j.1468-2982.2006.01226.x
https://www.ncbi.nlm.nih.gov/pubmed/17116091

	Introduction 
	Materials and Methods 
	Results 
	Study Population 
	Treatment Effectiveness and Medication Reduction 
	Functional Outcomes Before and After Nerivio Use 
	Treatment Preference 
	Satisfaction and Tolerability 

	Discussion 
	Conclusions 
	References

