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Abstract

Background: The outcomes of drug therapies in migraine vary and
the development of novel non-pharmacological treatments is a prior-
ity. Non-invasive neuromodulation using transcranial direct current
stimulation (tDCS) in small-sample studies with brief treatment pro-
tocols has shown preliminary efficacy in management of migraine
symptoms. We have piloted a use of tDCS modified for applications
of longer treatment protocols in home settings and conducted a pilot
randomized sham-controlled study involving 60 daily at-home tDCS
applications in migraine patients (targeted N = 60). The COVID-19
pandemic precipitated early study closure, and the final enrollment
(N = 22) was insufficient to test efficacy. Here we report findings on
treatment feasibility, adherence, and satisfaction.

Methods: Participants were enrolled from the New York metropoli-
tan area in 2018 - 2020. Main eligibility criteria included diagnosis of
episodic or chronic migraine, history of headache for > 1 year and >
4 days with headache per month during a 30-day baseline period. At-
home tDCS with remote supervision delivered the current at intensity
of 1.5 mA or sham for one 20-min session per day on 60 consecu-
tive days. The feasibility was determined by the drop-out rate after
treatment started. Adherence was measured as the proportion of days
during the 60-day study period that the patient activated the device.
Satisfaction was evaluated from the satisfaction survey completed af-
ter the 60-day use of the device.
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Results: Thirty-six patients provided consent and were assessed for
eligibility; 22 of them (17 F, 5 M, age of 38.4 = 11.0 years) met eli-
gibility criteria and were enrolled. Six patients dropped out after the
intervention started; 16 patients (73% of enrolled) continued through
the 60-day treatment. In this group, adherence was high; the mean
(standard deviation (SD)) number of sessions per patient was 49.3
(13.1); the median was 52.5. All 16 patients were satisfied with edu-
cation about tDCS and 13 (81%) found the use of the tDCS device
easy. No significant adverse events occurred.

Conclusions: At-home tDCS with remote supervision is feasible in
migraine patients. If efficacy is confirmed in future research, at-home
tDCS could become a useful tool for patients with severe migraine
headache.

Keywords: Chronic and episodic migraine; Non-invasive neuromod-
ulation; Transcranial direct current stimulation; At-home tDCS with
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Introduction

Migraine is a highly prevalent disorder and is associated with
high rates of disability and health care utilization [1-4]. In the
USA, migraine affects approximately 17% of women and 6%
of men, and 30% of those diagnosed report a frequency or
severity of headache that justifies daily preventative therapy
[5]. Abortive and preventative drug therapies are the mainstay
therapy and numerous drugs are recommended [6]. Many non-
pharmacological treatments - usually psychoeducational, cog-
nitive, behavioral, or integrative - also are used [7] and the
development of new approaches is a priority.

Non-invasive neuromodulation is a nonpharmacological
approach with potential benefits for many types of chronic
pain, including headache [8-14]. For the treatment of migraine,
transcranial direct current stimulation (tDCS) via electrodes
applied on the scalp is especially interesting given the growing
evidence of efficacy in numerous conditions [15] and promis-
ing results from early trials in migraine populations [10, 15]. A
recent meta-analysis of tDCS in migraine involving five rand-
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omized controlled trials with the total of 104 migraine patients
found a significant reduction of pain intensity in active vs. sham
tDCS treated patients and the effects persisted to the follow-up
post-intervention period [9]. The method has a favorable side
effect profile and minimal contraindications to its use [9-12],
which further highlights its potential for adaptation into a rela-
tively low-cost at-home therapy for long-term use [16].

An at-home tDCS device has been developed that incor-
porates technology to ensure safety, monitor adherence, and
provide remote connection to support staff [ 16, 17]. We piloted
the use of this device in a sample of patients with severe epi-
sodic or chronic migraine using a randomized design evalu-
ating 60 days of daily at-home sessions. The study planned
an assessment of feasibility, treatment adherence, patient
satisfaction, and efficacy. The COVID-19 pandemic precipi-
tated early study closure; however, and the final enrollment
(N = 22) was insufficient to test efficacy (see clinicaltrials.gov
NCTO03874351). Treatment feasibility, adherence, and satis-
faction could be assessed, however, and is reported herein.

Materials and Methods

The study was approved by the Ethical and Independent Re-
view Services Institutional Review Board (IRB #19008-01)
and conducted in compliance with all applicable ethical stand-
ards and guidelines. The study began in 2018 and was closed
in 2020.

The design was double-blind, randomized, and sham-
controlled. Patients were recruited from a headache specialty
practice in the New York metropolitan area. Eligibility crite-
ria included: 1) age 18 - 65 years, 2) diagnosis of episodic or
chronic migraine, with or without aura, as defined by the In-
ternational Classification of Headache Disorders third edition
(ICHD-3), 3) history of headache for > 1 year, 4) > 4 days with
headache per month, 5) no change in headache therapy dur-
ing the preceding 3 months, and 6) able to follow instructions
in English and provide consent. Patients receiving botulinum
toxin injections, any calcitonin gene-related peptide (CGRP)
monoclonal antibody, any N-methyl-D-aspartate (NMDA)-
receptor antagonist, or any opioid or barbiturate drug for > 2
days/week were excluded. The reason why these medications
were excluded was that botulinum toxin injections and CGRP
monoclonal antibody treatments may provide incremental re-
lief with repeated administration and those who frequently use
opioid and barbiturate drugs tend to have rebound headaches
that do not respond well to any therapy. NMDA blockers were
excluded because tDCS effect in part depends on NMDA plas-
ticity. Other exclusions included history of seizures, severe
head trauma, brain surgery, implants in the head or neck, skin
disorders at or near the tDCS electrode locations, any unstable
medical or psychiatric disorder, and the use of any investiga-
tional treatment within the past 30 days.

The study period included baseline data collection (30
days) and study intervention (60 days). On each day of the
study period, patients completed a headache and medication
diary. After the baseline period, eligible patients were ran-
domized in a double-blind manner to either active tDCS or
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sham stimulation.

The tDCS device (Soterix mini-CT, Soterix Medical Inc.,
New York, NY) was programmed by the manufacturer to de-
liver active tDCS at a current intensity of 1.5 mA or sham
treatment for one 20-min session per day. The equipment in-
cluded a size-fitted headband, saline presoaked electrodes (5
x 5 cm) clipped into the headband, a battery-powered device,
and a tablet allowing videoconferencing for quality checks and
remote support as needed. The headband was constructed so
that a trained patient could position it consistently across treat-
ment sessions, with the anode over the area of C4 (the left
primary motor cortex) of the 10-20 electroencephalography
(EEG) system and the cathode over the contralateral supraor-
bital region [18].

The randomization was done using a computer-generated
randomization list prepared by the study statistician using the
block-of-six method. Both the patient and study personnel in-
volved in the study development, study procedures and data col-
lection except for statistician were blinded to the sham vs. active
tDCS treatment assignment. tDCS devices were programmed
by the manufacturer to sham or active tDCS mode in accordance
with the randomization list. After randomization, patients were
trained in the use of the tDCS device at home and performed
the first study session (active/sham) with in-person supervision.
Thereafter, patients self-administered one session per day for
60 days and could access study personnel via videoconference
whenever needed. Safety monitoring was performed during the
60 days of study intervention, and 30 days thereafter, via vide-
oconference or telephone. A satisfaction survey, administered
when the device was returned after 60 days, included seven
statements related to tDCS training and use; respondents indi-
cated if they strongly agree, agree, neither agree nor disagree,
disagree, or strongly disagree with the statements.

Descriptive statistics were used to evaluate feasibility, ad-
herence, and satisfaction. The feasibility of the at-home tDCS
was determined by the proportion of eligible patients who
could be trained and the drop-out rate after treatment started.
Treatment adherence was measured as the proportion of days
during the 60-day study period that the patient activated the
device. Satisfaction was measured using the satisfaction sur-
vey completed at visit 3.

Results

Thirty-six patients provided consent and were assessed for
eligibility; 22 met eligibility criteria and were enrolled (Ta-
ble 1). The 17 women and five men had an average age of
38.4 (standard deviation (SD): 11.0) years. Most were White
(15/22; 68.2%) and single (14/22; 63.6%) and had completed
college (16/21; 72.7%). All patients had episodic migraine and
15 met criteria for chronic migraine.

All eligible patients who were offered the tDCS trial
agreed to proceed after learning about the device. Five patients
(23% of those who were enrolled, including three receiving ac-
tive tDCS and two receiving sham treatment) dropped out after
starting daily sessions because they perceived the approach as
time-consuming.
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Table 1. Baseline Characteristics (N = 22)

Characteristics xelglz;)(lQR)
Demographics
Age 37 (27 - 46)
Gender 17F,5M
Race?
White, non-Hispanic 15 (68%)
African American 2 (9%)
Hispanic 3 (14%)
Asian 2 (9%)
Education®
Completed high school 1 (5%)
Some college 4 (18%)
Completed college 16 (73%)
Graduate school 1 (5%)
Marital status
Single 14 (64%)
Married or living with partner 8 (36%)
Clinical characteristics
Migraine duration (years) 17 (10 - 29)
Chronic migraine status
Episodic 7 (32%)
Chronic 15 (68%)
KPS
70 1 (5%)
80 8 (37%)
90 12 (55%)
100 1 (5%)
Baseline diary data/30 days
Migraine days 23 (11 -28)
Migraine attacks 5(2-6)
Acute medication days 6(1-16)
Acute medication doses 11 (2-28)
Average migraine pain intensity 5(4-6)
Aura days 0(0-2)
Nausea days 2(0-6)
Photophobia days 8(2-24)
Phonophobia days 6(2-16)
MSQ total 42 (38 -48)
MSQ role restriction 23 (21-29)
MSQ role prevention 9(6-11)
MSQ emotion function 10 (8 - 12)
Ham-D 9(4-13)

2Race analyses are White, Non-Hispanic vs. African American, Hispanic
or Asian. PEducation analyses are completed high school and some col-
lege vs. completed college and graduate school. MSQ: Migraine-Specific
Quality of Life; Ham-D: Hamilton Depression Scale; KPS: Karnofsky Per-
formance Status: (100 - Normal, no complaints, no evidence of disease;
90 - Able to carry on normal activity, minor signs or symptoms of disease;
80 - Normal activity with effort, some signs or symptoms of disease; 70 -
Cares for self, unable to carry on normal activity or do work).
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One patient was unable to follow study procedures and
was discontinued by the investigators. The remaining 16 pa-
tients (73% of those enrolled; seven receiving active tDCS and
nine receiving sham) continued through the 60-day treatment
period. In this group, adherence to the daily treatment schedule
was high, as measured by the proportion of 60 daily sessions
that were performed by each patient (Table 2). The mean (SD)
number of sessions per patient was 49.3 (13.1); the median was
52.5 (range 13 - 60). Comparing the initial 30 days of the study
period with the subsequent 30 days revealed no difference in
adherence. Eleven patients (68.8%) completed at least 80% of
the daily treatments, and four patients (25%) completed all 60
study treatments.

The adverse events were minor. One participant in the ac-
tive tDCS group had three instances of nausea and one partici-
pant in the sham group reported two occasions of sore throat.

On the satisfaction survey, all 16 patients “agreed/strongly
agreed” with the statement “I was satisfied with the educa-
tion and information I received before using the device”, 14
agreed/strongly agreed with the statement “I was comfortable
using the tDCS device”, and 13 agreed/strongly agreed with
the statement “I find the use of tDCS device easy” (Fig. 1).
Twelve participants “agreed/strongly agreed” with the state-
ment “If I were offered this device and equipment in the future,
I would use it again” and “With the help of the tDCS device I
am more confident managing the symptoms at home”. Eleven
would recommend the device to others, and 10 agreed/strongly
agreed that they were “satisfied with the overall experience of
using the tDCS device”.

Discussion

This trial was undertaken in a population with severe migraine
headache to evaluate the feasibility of treatment with an at-home
tDCS device, patient adherence to a 60-day treatment period,
and satisfaction with the approach, and to obtain initial infor-
mation about treatment efficacy. The onset of the COVID-19
pandemic interrupted the study; however, and it was terminated
early. The sample size accrued prior to closure was insufficient
to evaluate efficacy but adequate to assess other endpoints. Fea-
sibility was supported by the observation that almost three-quar-
ters of those who consented and were eligible could be trained
in the use of the tDCS device and initiate daily treatment. Both
adherence to a daily stimulation protocol and patient satisfaction
after 60 days of daily treatment were, respectively, very high.
There were no significant adverse events among those who re-
ceived active treatment. The findings were in accordance with
the anticipation that the at-home remotely-supervised interven-
tion would be feasible and well accepted by migraine patients.
Although the main hypothesis that the 2-month neuro-
modulation protocol would significantly decrease the number
of migraine days and decrease migraine pain and other symp-
toms could not be tested, studies of neuromodulation therapies
- both tDCS and transcranial magnetic stimulation (TMS) -
have addressed the therapeutic potential. Although this work is
limited [15], the data support the potential utility of both tDCS
and TMS for migraine headache [9-14]. TMS is feasible and
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Table 2. Adherence to the Prescribed 60-Day Intervention (N = 16)

Stimulation days, Stimulation Stimulation Adherence > 80% of Adherence 100% of
mean (SD) days, range days, median delivered sessions, N (%)  delivered sessions, N (%)
Month 1 25.7(5.2) 10-30 27.5 12 (75%) 4 (25%)
Month 2 23.6 (8.8) 3-30 27.5 11 (68.8%) 4 (25%)
Total 60-day period ~ 49.3 (13.2) 13-60 52.5 11 (68.8%) 4 (25%)

SD: standard deviation.

acceptable [10], and is now available through a hand-held, pa-
tient-administered device for prevention and acute treatment in
migraine with aura. This type of device, like the at-home tDCS
therapy evaluated in this study may be particularly useful for
chronic conditions, such as migraine, because they facilitate
longer stimulation protocols. At-home tDCS has low patient
burden and is relatively low cost and can be adapted for both
stand-alone and add-on treatment protocols. Our findings sup-
port prior studies that suggest the acceptability of this at-home
tDCS device with remote supervision [19-21] and did not ob-
serve the type of patient difficulties (including a drop-out rate
of 41%) that have occurred when remote supervision was not
available [22]. Remote supervision also may reduce variation
in the use of the device and increase safety monitoring.

The main limitation of our study is the low sample size. Not
only the main hypothesis on tDCS efficacy could not be tested,
but the insufficient sample size also limited exploratory analysis.
From that perspective, some clinically relevant questions, such
as the role of specific demographic characteristics (e.g., sex,
ethnicity) as modulators of tDCS adherence, could not be exam-
ined and our findings on adherence, feasibility and satisfaction

are preliminary. Regardless of the limitations, we hope that our
study can facilitate further research in the field of home-based
tDCS. From the perspective of clinical utility of tDCS, evidence
gaps remain in multiple aspects, including neurophysiological
mechanisms and modulators of tDCS effects, dose optimization
and the development of patient-tailored protocols.

Overall, our findings suggest that an at-home tDCS device
with remote supervision, implemented with a training session
and a device that provides replicable headband placement and
a time-lock that limits treatment to once daily, could be used
in the management of migraine headache. If efficacy is con-
firmed in future research, at-home tDCS could become a use-
ful non-invasive and non-pharmacological therapy for patients
with migraine headache.
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