Journal of Pain Research

Dove

REVIEW

A Systematic Review and Meta-Analysis on the
Efficacy of Repeated Transcranial Direct Current
Stimulation for Migraine

Guoshuai Cai'*
Zhu Xia>*
Leigh Charvet?
Feifei Xiao*
Abhishek Datta>®

X Michelle Androulakis (%78

'Department of Environmental Health
Sciences, Arnold School of Public Health,
University of South Carolina, Columbia,
SC, 29208, USA; 2Department of
Epidemiology, School of Public Health,
Nanjing Medical University, Nanjing,
211166, People’s Republic of China;
3Department of Neurology, NYU
Grossman School of Medicine, New York
City, NY, USA; 4Department of
Epidemiology and Biostatistics, Arnold
School of Public Health, University of
South Carolina, Columbia, SC, 29208,
USA; >Research and Development,
Soterix Medical, New York, NY, USA;
®Department of Biomedical Engineering,
City College of New York, New York,
NY, USA; 7Neurology, Columbia VA
Health System, Columbia, SC, USA;
8School of Medicine, University of South
Carolina, Columbia, SC, USA

*These authors contributed equally to
this work

Correspondence: X Michelle Androulakis
Columbia VA Health System, 6439
Garners Ferry Road, Columbia, SC,
29209, USA

Email Xiao.androulakis@va.gov

Purpose: Transcranial direct current stimulation (tDCS) may have therapeutic potential in
the management of migraine. However, studies to date have yielded conflicting results. We
reviewed studies using repeated tDCS for longer than 4 weeks in migraine treatment, and
performed meta-analysis on the efficacy of tDCS in migraine.

Methods: In this meta-analysis, we included the common outcome measurements reported
across randomized controlled trials (RCTs). Subgroup analysis was performed at different
post-treatment endpoints, and with different stimulation intensities and polarities.

Results: Five RCTs were included in the quantitative meta-analysis with a total of 104
migraine patients. We found a significant reduction of migraine pain intensity (MD: —1.44;
CI: [-2.13, —0.76]) in active vs sham tDCS treated patients. Within active treatment groups,
pain intensity and duration were significantly improved from baseline after tDCS treatment
(intensity MD: —1.86; CI: [-3.30, —0.43]; duration MD: —4.42; CI: [-8.11, —0.74]) and
during a follow-up period (intensity MD: —1.52; CI: [-1.84, —1.20]; duration MD: —1.94; CI:
[-3.10, —0.77]). There was a significant reduction of pain intensity by both anodal (MD:
—1.74; CI: [-2.80, —0.68]) and cathodal (MD: —1.49; CI: [-1.89, —1.09]) stimulation
conditions.

Conclusion: tDCS treatment repeated over days for a period of 4 weeks or more is effective
in reducing migraine pain intensity and duration of migraine episode. The benefit of tDCS
can persist for at least 4 weeks after the completion of last tDCS session. Both anodal and
cathodal stimulation are effective for reducing migraine pain intensity.

Keywords: transcranial direct current stimulation (tDCS), neuromodulation, migraine, meta-

analysis

Introduction

Migraine is one of the most common neurological disorders associated with
significant disability."> The global prevalence of migraine was estimated at
14.7% (around 1 in 7 people).” Defined as a primary headache disorder with
repeated episodic flare up lasting 4-72 hours, characteristic migraine headache
has moderate to severe head pain intensity, unilateral location and throbbing/
pulsating pain quality, associated with photophobia, nausea and/or vomiting.*

The exact pathophysiology of migraine is still unknown and is thought to
involve both central and peripheral nervous systems.” Current advances in migraine
research suggest that calcitonin gene-related peptide (CGRP) plays a significant
role in the activation of trigeminal vascular pathway that is sufficient to trigger a
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cascade of downstream effect of neurogenic inflammation,
mast cell degranulation and vasodilatation.® Even though
CGRP receptor antagonists have emerged as a promising
therapeutic opportunity for the management of migraine’
along with other pharmaceutical treatments such as ergots,
triptans, 5-HT 1F receptor agonist, these are generally of
moderate efficacy but may have low tolerability due to
adverse effects such as gastrointestinal disturbances, mem-
ory and concentration problems, fatigue, and nausea.®
Therefore, there is an unmet clinical need for using novel
non-pharmacological interventions for this debilitating pri-
mary headache disorder.

Non-invasive brain stimulation (NIBS) has emerged as
a promising therapeutic option for migraine management
due to its potential ability to induce changes in brain
plasticity.” NIBS includes but is not limited to transcranial
magnetic stimulation (TMS), transcranial electrical stimu-
lation such as transcranial direct current stimulation
(tDCS) and transcranial alternating current stimulation
(tACS), transcutaneous auricular vagus nerve stimulation,
peripheral nerve stimulation (vagus nerve, trigeminal
nerve, supraorbital nerve, occipital nerve), pulsed radio
frequency, transcranial near-infrared stimulation (NIRS)
and electro acupuncture. So far, only single pulse TMS,
vagus nerve stimulation (VNS), and supraorbital neurosti-
mulation have been approved by FDA for migraine.

Widely investigated across a range of therapeutic appli-
cations, tDCS has advantages of low cost, device portabil-
ity for potential home use, well-established safety and
tolerability. Depending on the montage configurations,
the electrical field generated via tDCS generally spreads
to nearby cortical and subcortical structures.'® Duration of
electrical changes is typically maintained only for an hour
locally after one time tDCS treatment,'' while sustained
and repeated tDCS sessions can provoke cumulative and
long-lasting neuroplastic changes in the cerebral cortex.'?
Even though the majority of current clinical trials using
tDCS for a variety of neurological disorders have been
limited by the number of sessions (many studies report
findings after 10 or less daily sessions), those that have
used extended designs have demonstrated cumulative
behavioral'>'* and motor'® effects.

A systematic review and meta-analysis in 2016'® sug-
gested that tDCS could be a promising non-pharmaceutical
alternative for migraine. Another meta-analysis in 2019'7
evaluated the effect of both TMS and tDCS for migraine
treatment, and found that the excitatory stimulation of
primary motor cortex (M1) may reduce the intensity and

frequency of headache in migraine patients.'” However,
these studies did not focus on repetitive tDCS treatment of
at least 4 weeks. Recently published studies used different
tDCS sessions for migraine yield inconsistent results,
which may be partially associated with insufficient treat-
ment as repetitive tDCS stimulation may enhance brain
plasticity via long-term potentiation (excitatory) or long-
term depression (inhibitory)."®

There is a paucity of comprehensive analysis on repe-
titive tDCS treatment results and whether tDCS has long-
term effects on migraine. Furthermore, subgroup analysis
to compare specific stimulation polarity (anodal and cath-
odal) is needed. The aim of this review was to summarize
and critically evaluate human studies examining the effi-
cacy of repetitive tDCS for at least 4 weeks for manage-
ment of migraine. Additionally, we provided suggestions
to facilitate tDCS clinical trials for migraine in the future.

Methods

Literature Search

Literature search was conducted in three databases includ-
ing PubMed, EMBASE and Web of Science from the date
of first available article up to December 2019. We identi-
fied studies related to tDCS and migraine using keywords
“DCS” or “Transcranial Direct Current Stimulation” for
tDCS and “Migraine”, “Migraine Disorders”, “Migraine
Headache”, “Migraine with Aura”, “Migraine without
Aura” or “Chronic Migraine” for migraine. No other filters
were used. We applied the principles of the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement'’ to further screen and
filter studies.

Two reviewers independently screened studies to deter-
mine whether they meet the eligibility criteria shown
below. To solve the differences, reviewers negotiated
together or consulted with the third reviewer. Then, the
full text of all potentially relevant studies was analyzed to
verify compliance with eligibility criteria and whether the
results were adequately reported.

Eligibility Criteria

We followed the PICOS?® (Participants, Intervention,
Comparators/Controls, Outcomes, Study types) framework
to organize the inclusion criteria. Participants (P): adults
18-65 years old with migraine including migraine with/
without aura and chronic migraine; Interventions (I): tran-
scranial direct current stimulation (tDCS); Comparators/
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Controls (C): sham stimulation treatment; Outcomes (O):
outcomes related to headache intensity, duration of each
headache episode, migraine frequency, number of head-
ache attacks and use of pain medication; and Study types
(S): randomized controlled trials (RCTs).

We excluded studies that did not used randomized
controlled designs as well as those that: (1) administered
fewer than 145 repetitive tDCS stimulation sessions (i.e.,
less than 4 weeks of treatment); (2) used other types of
electrical stimulation instead of sham for control compar-
ison; (2) included subjects with headache disorders other
than migraine; (3) were published in the form of reviews,
conference abstract/posters, editorials, or consensus guide-
lines; and/or (4) provided insufficient data for analyses
(such as raw data, means or p-values only).

Risk of Bias Assessment

Two researchers independently assess risk of bias of each
study. Discrepancies were resolved by a third researcher.
The following criteria were considered to assess the risk of
bias in our analysis: sequence generation (selection bias),
allocation sequence concealment (selection bias), blinding
of participants and personnel (performance bias), blinding
of outcome assessment (detection bias), incomplete out-
come data (attrition bias), selective outcome reporting
(reporting bias), and other potential sources of bias.”'
The RevMan 5.3 software was applied to assess and
visualize such Cochrane risk of bias.

Data Extraction and Data Items

Data were extracted by the same researcher from each
article and included the following items: study design
(type, randomization, and blinding), participants in each
group, stimulation protocols (montage-stimulation elec-
trode and reference electrode, electrode size, current inten-
sity and duration), outcome measurements, and results.
Outcomes included head pain intensity (scaled from 0 to
10 monthly) and duration of each migraine episode (hours
per migraine per month). We also reviewed studies on
migraine frequency (migraine-related days per month),
number of migraine attacks (monthly average), and use
of pain medications (monthly average). However, only
very few studies reported these outcomes and therefore
we did not perform meta-analysis.

Data Analysis
For the meta-analysis, we processed data at three phases
(before stimulation, after the last stimulation and in the

follow-up phase). Two outcome measurements were inves-
tigated: pain intensity and duration of each migraine epi-
sode. Based on the central limit theorem, we assumed the
difference of means of samples in comparison is normally
distributed, thus we can calculate mean difference (MD)
and 95% confidence interval (CI) from the standard nor-
mal distribution with mean and standard deviation or p—
value estimated in each study. Upon availability, either
mean or median difference were considered as good esti-
mator of population mean difference. Studies used two
different scale ranges for pain intensity, either with a 0-3
or 0-10 score range. Therefore, for uniform comparison,
we normalized the pain intensity measurement to a 0—10
score scale for all studies by min-max normalization.

To evaluate the efficacy of tDCS treatment, we per-
formed between-group and within-group analyses. For
between-group analysis (active versus sham), we com-
pared the change of each outcome measurement in tDCS
treatment group with that in sham group. The mean change
was calculated by comparing the mean measurement after
treatment with that before treatment. For within-group
analysis, we compared the changes in outcome measures
after the intervention within the tDCS treatment group and
the sham group (if available) separately. In each group, the
mean effect showing after treatment was assessed by the
change of measurement after last stimulation from base-
line, and the long-term effect was assessed by the change
of measurement at the follow-up endpoint from baseline.
Using the same analysis approach, we further conducted a
subgroup comparison to evaluate the effects of stimulation
polarity (anodal versus cathodal). To account for the het-
erogeneity, all pooled effects were estimated from meta-
analysis using random-effects models.

We used R (v.3.6.3) software for data processing and
obtained summary statistics including the mean and the
95% confidence interval of difference. With the summary
statistics, performed using the
Comprehensive Meta-Analysis (CMA) V3
(Biostat, NJ, USA). We also evaluated the impact of
each study on the overall effect size by sensitivity analysis

meta-analysis was

software

using the one-study remove (leave-one-out) approach.??

Results
Selection and Characteristics of Studies,

and Bias Risks Assessment
According to the search criteria, our preliminary search
yielded 267 results in which 155 non-duplicated studies
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were identified. Removing irrelevant and incomplete arti-
cles such as meeting abstracts and posters, 84 articles were
left for rigorous screening of eligibility. Finally, a total of 5
eligible studies were included for meta-analysis. The
detailed procedure for the study selection and exclusion
is shown in Figure 1. Data from a total of 104 migraine
patients receiving either active or sham tDCS were used to
evaluate of the effects of tDCS on migraine pain intensity
and duration of each migraine episode. We provided the

summary of these studies in Table 1.

We evaluated possible risks of bias for each individual
study according to the Cochrane handbook?* and summar-

2325 shown potential risks

ized in Figure 2. Three studies
of selection bias, including two studies did not specify or
mention the methods used for randomization and hidden

2325 and one study performed random sequence

allocation
generation by using the patient order of entrance in the
study.”* Except for Rocha’s study,”® which had a high rate
of loss to follow—up, all studies were considered to have a

lower risk of attrition bias.

Records identified through
) database searching
c (n=267)
2 PubMed (n=48)
S EMBASE (n=145)
’:E', Web of Science (n=74)
®
— \ 4
PR Records after duplicates removed
(n=155)
&
.QE, Records excluded
g (n=71)
v Records screened Irrelevant articles (n=38)
(n=155) ™ Conference abstracts  (n=26)
) Posters (n=7)
) v
Full-text articles assessed Full-text articles excluded, with
F for eligibility > reasons
3 (n=84) (n=79)
;%” Reviews and meta-analysis (n=54)
Editorial papers (n=2)
r Consensus and guidelines  (n=3)
— Studies included in Study protocols (n=13)
qualitative synthesis Crossover study (n=3)
) (n=5) Observational study (n=2)
Insufficient data for analysis (n=2)
-
S
T:: Studies included in
= guantitative synthesis
(meta-analysis)
(n=5)

Figure | PRISMA flow diagram for study selection.

Notes: Adapted from Moher D, Liberati A, Tetzlaff ], Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The

PRISMA Statement. PLoS Med 6(7): 1000097."°

1174 =

Dove!

Journal of Pain Research 2021:14


http://www.dovepress.com
http://www.dovepress.com

Cai et al

Dove

‘aew ‘| ‘a[ew?y Y ‘dnoug weys ‘g ‘dnoud Juswnea.ny ‘| :suolyelAlIqqy

sypene
sueJ3iw jo Jaquinu
‘aposida auregiw
Jo uoneunp “Aouanbauy WT (ezezes pa||0J3uod-weys
aureaBiw Asuanul ureg Syeam 8 SyPIm 9 Syeam 8 HIIS ‘WIATIEL ‘ronTeeL (€1's ‘€1:L) 9z=u II-aHDI ‘paziwopue. ‘puijg-aj3uls yz| 10T B3V
aposida suresdiw jo Ty) p3||03u0d-wWeys
uone.np “Asusiul uleq | $HHIM 9|°g R4 M | WT/HES ‘WEHSL SH'S (69T SHL (g's ‘g'L) €1=u II-aHDI ‘paziwiopued ‘pulig-aj3uIS | T|0T BAlIseQ
suopesipaw ured jo pajjosauod
asn ‘sypene sureddiw jo EET WS FS°€1)90°SE:S -Weys ‘paziwopuel 2210
Jaquinu ‘Aaisuaiul ureq [4k:54 SPIM SeIM HTI'S ‘WIHP 1L (€8'9)09'8T:L (1S ‘orL) Le=u II-|AHDI ‘puliq-sjgnog sededeydiany
suopesipaw
ured jo asn ‘sypene
sureJSiw jo Jaquinu
‘oposids aures3iw jo pajjoJauod-weys
uoneanp ‘Asuanul ured SHPIM SPIM SPIM 45'S ‘WI/H6'L F1)8Ts ‘et (§'s ‘01:L) SI=u II-QHDI | ‘p3ziwopuel puljg-3|qnoq 97510T BY20y
Fensves €Rq p3jjo3uod-Lreys
Asusauy ureq | payisadsun $9M | payadsun WTHTS ‘WH/HS L orDLL1eL (F's ‘6:L) €1=u II-QHDI | psziwopued pulig-3jqnoqg | .10 dpeIpuy
uoneang
dn uoneiang uoneiang eLUD FLTT
sawod3InQ -Mojjo4 | 3juswedd] suleseg x3s | (@s) uesy 23y syuedppied | snsousdelq udisaq Apms Aoyiny jsJig

sisA[euy/-€19 Ul PSpN[ou| SSIpPMS JO SONISIISIDEIRYD) | S|l

1175

http:

Journal of Pain Research 2021:14

Dove:


http://www.dovepress.com
http://www.dovepress.com

Cai et al

Dove

Andrade 2017127}

. Random sequence generation (selection bias)

Antal 2011[24) ' 2

- . Allocation concealment (selection bias)

Auvichayapat 201223} *# | %

Dasilva 2012125] # ?

Rocha 2015126}

. -~ . . . Selective reporting (reporting bias)
® S| ® @ |® | otherbias

. . . . -3 | Incomplete outcome data (attrition bias)

. . . -~ . Blinding of participants and personnel (performance bias)
. . . . . Blinding of outcome assessment (detection bias)

Figure 2 Risk of bias summary. Green “+*, red “-” and yellow “?“ were used to classify the risk of bias of each criteria as: “low risk of bias*, "high risk of bias* and “unclear*.

tDCS Protocols

tDCS delivers mild electric current passed through two elec-
trodes placed on the scalp to target the regions of interest,
with positioning based on the international 10-20 EEG elec-
trode placement system. The electrode montage varied in
position across studies, including the L-M1 (C3),>*°*" L—
DLPFC (F3),>” and primary visual cortex (0z).***® The

reference electrode was placed away from the stimulation

electrode, located at the contralateral superior orbital area
(Fp2),22>%" or vertex (Cz).>**® Three studies used anodal
e studies cathodal
stimulation.”**® One study used electrodes size of 5*5 cm?’
and the others used that of 5*7 cm.>2° In all studies, the
stimulation intensity of tDCS was between 1~2 mA.

tDCS effects are cumulative, with protocols adminis-

stimulation and two used

tering daily or near-daily treatments of 15 to 20 minutes in
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duration. Baseline duration among studies ranged from 1
week to 8 weeks, treatment length varied from 4 weeks to é
6 weeks, and follow-up duration ranged from 4 to 16 “; S
weeks. In addition, one study conducted electrophysiolo- -g " li c < c c| e
gical studies before tDCS treatment,® showing that tDCS 58 § E g E E E
can restore the abnormal visual cortical excitability in aeo s - - i
migraine patients. We summarized the included studies in § *;
Tables 1 and 2. S § < < <€
O £ ~ ~ - ~ | =
Pain Intensity g
The active vs sham tDCS participants had significantly % o 5 5 5 §| §
higher reduction of pain intensity. Based on a 10-point z a5 2 E E E E
scale, the reduction of pain intensity in active group was v o
1.44 points more than that in sham group (MD: —1.44, § '§ Q 9 9
95% CI: [-2.13, —0.76]; P<0.01; Figure 3A). .g g £ . £ £ .
Within the active tDCS participants, the pain intensity e ou « Y « | v
after treatment with tDCS stimulation was significantly 5 3 8
lower than the baseline (after tDCS treatment (MD: Fi % E E = _ s
~1.86, 95% CI: [-3.30, —0.43]; P=0.01; Figure 3B). ¢ |Zo|2 |z |z|2
Significant reduction of pain intensity was also found in h ow 320 3 3|0
the long-term follow-up period (MD: —1.52, 95% CI: 5
[-1.84, —1.20]; P<0.01). Further, we observed significant '_5 - E - |3
effects of both anodal (MD: —1.74, 95% CI: [-2.80, g 3 J.% 3 3 .%
—0.68]; P<0.01) and cathodal (MD: —1.49, 95% CI: @ < Y < <
[-1.89, —1.09]; P<0.01) stimulation on pain intensity &
(Figure 3C). In addition, the significant reduction was 8 B 'é o
achieved by both 1mA (MD: —1.50, 95% CI: [1.83, é ‘g ,_2 E g §
—1.17]; P<0.01) and 2mA (MD: —1.86, 95% CI: [-3.30, 2 S 2 E E £
—0.43]; P=0.01; Figure 3D) current intensities (Figure 3D). E, 'T;; Z ;_‘3 o g :;
Within the sham participants, we did not observe a sig- é S % = EEl ; g
nificant difference after treatment compared to the baseline E_, g .; ,_E 2 § ]
(Figure S1A) or between different types of stimulation % E _ % % g :’g é < g
(Figure S1B and Q). 5 5 £ : £l 2 E| g g 8
, N HEEE NIk
Duration of Each Migraine Episode =14 IR AR
There was a trend in reduction of migraine duration (1.31 ‘% ] 3 g _'_;é % g § 5 g g g
hrs) in the active vs sham tDCS participants. However, the E e <I|«<«z|0oB®|<|<30 _
reduction was not statistically significant (MD: —1.31, a g
95% CI: [-3.03, 0.41]; P=0.14; Figure 4A). g P < |2 |5 |42 £
Within the active tDCS participants, a significant ° g o =] S ol f
reduction was observed in migraine headache duration f‘j g '% E E’ E/ % %L
after treatment (MD: —4.42, 95% CI: [-8.11, —0.74]; 0| & [ A B B =
P=0.02) and in follow-up period (MD: —1.94, 95% CI: % L o g
[-3.10, —0.77]; P<0.01) as compared to the baseline g % R § . E
(Figure 4B). Although not significant, we found a trend = _g 3 32 g é 3 d
of reduction after applying cathodal stimulation (MD: 2 < 3 % Er ‘; =) §
—2.61, 95% CI: [-5.29, 0.08]; P=0.06). In the only study = g S S § 7| 8 g
which applied anodal stimulation, there was no reduction ol < - < e« 2
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A Study name Sample size Statistics for each study
Difference  Lower Upper
Active Sham  in means limit limit p-Value
Rocha et al.? 10 5 -0.33 -3.24 2.58 0.82 ——
Antal et al.?] 13 13 -1.63 -2.21 -1.05 0.00 =
Auvichayapat et al.’*’! 20 17 -097 -1.88 -0.06 0.04 -
Andrade et al.M1%"] 6 4 -2.60 -5.96 0.76 0.13
Andrade et al. DLPFC "] 3 4 -5.70 -10.80 -0.60 0.03 e
-1.44 -2.13 -0.76 0.00
-12.00 -6.00 0.00 6.00 12.00
B Group by Study name Statistics for each study
Stage i
Difference Lower Upper
Total inmeans limit  limit p-Value
after Andrade et al.M1?7] 6 310 571 -0.49 0.02 ———
after Andrade et al. DLPFC?1 3 -6.20 -1212 -0.28 0.04
after Rocha et al.®®! 10 -1.33 309 043 0.14 ————
after Dasilva et al.”?®! 8 -0.90 -2.91 1.1 0.38 s o ]
after -1.86  -3.30 -0.43 0.01 e
follow-up Rocha et al?! 10 233 449 017 0.03 e ———
follow-up Dasilva et al.1?] 8 -1.50 -3.87 0.87 0.21
follow-up Auvichayapat et al.??] 20 -1.50 205 -0.95 0.00 -
follow-up Antal et al.?] 13 -1.50 191 -1.09 0.00 =
follow-up -1.52 184  -1.20 0.00 L 2
-8.00 -4.00 0.00 4.00 8.00
c Group by Study name Statistics for each study
Group-stimulation )
Difference  Lower  Upper
Total in means limit limit p-Value
anodal Andrade et al.M1%" 6 310 571 -0.49 0.02 ———
anodal Andrade et al. DLPFC?7 3 620 -12.12 -0.28 0.04
anodal Dasilva et al.®’! 8 -0.90 -2.91 1.11 0.38 e
anodal Auvichayapat et al.[2?] 20 -1.50 205 -0.95 0.00 -
anodal -1.74 -2.80 -0.68 0.00 -
cathodal Rocha et al %] 10 -1.33  -309 043 0.14 —_—
cathodal Antal et al.?¥ 13 -1.50  -1.91 -1.09 0.00 =
cathodal -1.49  -189  -1.09 0.00 L J
-8.00 -4.00 0.00 4.00 8.00
Group by Study name Statistics for each study
Current intensity i
Difference  Lower Upper
Total in means limit limit p-Value
1 mA Auvichayapat et al 2! 20 150 205 -0.95 0.00
1mA Antal et al.’?! 13 -1.50  -1.91 -1.09 0.00
1mA -1.50 -1.83  -1.17 0.00
2mA Andrade et al.M1%") 6 310 571 -0.49 0.02
2mA Andrade et al.DLPFC?"] 3 -6.20 -12.12 -0.28 0.04
2mA Rocha et al.l?] 10 -1.33  -3.09 0.43 0.14
2mA Dasilva et al.**] 8 090 -2.91 1.11 0.38
2mA -1.86 -3.30 -0.43 0.01
-8.00 4.00 8.00

Figure 3 Pain intensity Meta-analysis in treatment group. (A) Between group analysis; (B) after versus baseline and follow-up versus baseline; (C) subgroup analysis

considering type of stimulation; (D) subgroup analysis considering current intensity.

in migraine duration (MD: —3.00; 95% CI: [-11.04, 5.04];
P=0.46) (Figure 4C). Both treatments with 1mA (MD:
—1.75, 95% CI: [-2.98, —0.52]; P=0.01) and 2mA (MD:

—4.42, 95% CI: [-8.11, —0.74]; P=0.02) current intensities
significantly reduced the migraine duration (Figure 4D).
Within the sham participants, there was no significant
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Study name Sample size Statistics for each study
Difference Lower Upper
Active Sham in means limit limit p-Value
Rocha et al.?®! 10 5 -2.30 -9.62 5.02 0.54 !
Antal et al.?4 13 13 -1.25 -3.02 0.52 0.17 —.+
-1.31 -3.03 0.41 0.14 |
-12.00 -6.00 0.00 6.00 12.00
Group by Study name Statistics for each study
Stage .
Difference Lower  Upper
Total in means limit limit p-Value
after Rocha et al.?! 10 -4.80 -895  -0.65 0.02 et —
after Dasilva et al.”*”! 8 -3.00 -11.04 5.04 0.46
after -4.42 -8.11 -0.74 0.02 et
follow-up Rocha et al.’® 10 -3.70 -8.13 0.73 0.10
follow-up Dasilva et al.** 8 -3.70  -11.07 3.67 0.33
follow-up Antal et al.?¥ 13 -1.75 -2.98 -0.52 0.01 -
follow-up -1.94 -3.10 -0.77 0.00 L
-12.00 -6.00 0.00 6.00 12.00
Group by Study name Statistics for each study
Group-stimulation )
Difference Lower Upper
Total in means limit limit p-Value
anodal Dasivaetal® 8 300 -11.04 5.04 0.46 ——]
anodal -3.00 -11.04 5.04 0.46
cathodal Rocha et al.®! 10 -4.80 -8.95 -0.65 0.02
cathodal Antal et al.?4! 13 -1.75 -2.98 -0.52 0.01 il
cathodal -2.61 -5.29 0.08 0.06
-12.00 -6.00 0.00 6.00 12.00
Group by Study name Statistics for each study
Current intensity )
Difference Lower Upper
Total in means limit limit p-Value
1mA Antal et al.??4 13 -1.75 -2.98 -0.52 0.01 -
1mA -1.75 -2.98 -0.52 0.01 L
2mA Rocha et al.l?®! 10 -4.80 -8.95 -0.65 0.02 —fl—
2mA Dasilva et al.l®®! 8 -3.00 -11.04 5.04 0.46
2mA -4.42 -8.11 -0.74 0.02 ~—=eupuiiiiNeee-— |
-12.00 -6.00 0.00 6.00 12.00

Figure 4 Duration of migraine episode Meta-analysis in treatment group. (A) Between group analysis; (B) after versus baseline and follow-up versus baseline; (C) subgroup
analysis considering type of stimulation; (D) subgroup analysis considering current intensity.

effect on the duration of headache episode after treatment Qther Qutcomes
or in the follow-up period (Figure S2A) using cathodal  Additionally, we performed a narrative review on tDCS
stimulation (Figure SZB) or anodal stimulation at different efﬁcacy in terms of migraine days per month’ number of

current intensities (Figure S2C).

migraine attacks per month, and the use of pain
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medications. Not all studies reported these outcome mea-
sures and therefore we did not perform meta-analysis. We
summarized the reported results of these studies in
Table 3. Using the data from the original studies, we tested
the differences of each outcome measurement in active vs
sham tDCS treatment participants by accounting the dif-
ference in the baseline assessment (see Methods).

Migraine Days per Month

Only one study** meet our eligibility criteria in evaluating
migraine frequency. This study found a significant reduction
in migraine-related days after stimulation in the active tDCS

group (p=0.004) but not in the sham group (p=0.17). While
the original study did not find a significant difference
between active and sham participants (p=0.61), the investi-
gators had not accounted for the migraine frequency differ-
ence between the groups in the baseline. Our re-analysis
found that headache frequency improved in the active vs
sham tDCS participants by 3.45 days (p=0.001).

Number of Migraine Attacks per Month

Although three studies®****® investigated the efficacy of
tDCS on monthly migraine attacks, Antal et al did not
report raw values (only the p values). When comparing to

Table 3 tDCs on Migraine Days per Month, Number of Migraine Attacks and the Use of Pain Medications

After last stimulation versus baseline in sham group
Follow-up versus baseline in sham group

Original study, active tDCS versus sham

Baseline 14.70+13.60
Baseline 14.70£13.60

Not available

After laststimulation |1.30+7.60
Follow-up 9.00+10.40

Not available

Study Comparison MeantSD MeantSD p-value

Migraine Days Per Month

Antal, 201 1% Follow-up versus baseline in active group Baseline 8.10£1.20 Follow-up 4.66+0.75 0.004
Follow-up versus baseline in sham group Baseline 6.40+1.39 Follow-up 5.50+1.75 0.17
Original study, active tDCS versus sham Follow-up 4.66+0.75 Follow-up 5.50+1.75 0.6l
Our analysis, active tDCS versus sham —3.45+1.42 —0.90£2.23 0.001

Number of Migraine Attacks

Rocha, 2015% After last stimulation versus baseline in active group Baseline 7.30+4.70 | After last stimulation 6.30£5.00 0.242
Follow-up versus baseline in active group Baseline 7.30+4.70 Follow-up 3.90+2.90 0.027

Not available
Not available

Not available

Our analysis, active versus sham

Not available

Not available

Our analysis, active versus sham —1.00+6.86 —3.40+15.58 0.672
Our analysis, active versus sham follow-up —3.40+5.52 —5.70+17.12 0.691
Auvichayapat, 2012% Follow-up versus baseline in active group Baseline 3.85+0.88 Follow-up 2.80+0.69 <0.01
Follow-up versus baseline in sham group Baseline 3.76+0.90 Follow-up 3.71£0.92 0.33
Original study, active tDCS versus sham Not available Not available | Not available
Our analysis, active versus sham —1.05%1.12 —0.05£1.29 0.012
Antal, 2011 Follow-up versus baseline in active group Not available Not available 0.38
Follow-up versus baseline in sham group Not available Not available 0.2
Original study, active tDCS versus sham Not available Not available 0.88

Not available

Use of Pain Medications

Rocha, 2015%

After last stimulation versus baseline in active group
Follow-up versus baseline in active group
After last stimulation versus baseline in sham group
Follow-up versus baseline in sham group

Original study, active tDCS versus sham

Baseline 3.70+2.20
Baseline 3.70+2.20
Baseline 12.7£15.1
Baseline 12.7+15.1

Not available

After laststimulation 1.70+1.90
Follow-up 1.60£1.10

After laststimulation 8.70+10.00
Follow-up 8.70£10.70

Not available

0.026

0.05

Not available
Not available

Not available

Our analysis, active versus sham —2.00+2.91 —4.00+18.11 0.724
Our analysis, active versus sham follow-up —2.10£2.46 —4.00+18.51 0.74
Auvichayapat, 2012% Follow-up versus baseline in active group Baseline 19.40+2.62 Follow-up 14.00+3.60 <0.01
Follow-up versus baseline in sham group Baseline 20.65+3.59 Follow-up 16.80£3.90 <0.01
Original study, active tDCS versus sham Not available Not available | Not available
Our analysis, active versus sham —5.40+4.45 —3.85+5.30 0.333

Note: p-values less than 0.05 were shown in bold.
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the sham group, the data from Auvichayapat et al*’
showed a significant reduction of the number of migraine
attacks in the active tDCs group (p=0.012). We did not
observe a significant reduction in Rocha et al*® study.

Within the active tDCS group, two studies®**° found
that attack frequency was significant decreased in the
follow-up period when compared to baseline, while the
study of Antal et al found no significant difference.** No
statistically significant reduction was found within the

sham group.

Use of Pain Medications
We reviewed two studies>°

the use of pain medications when comparing to active

and found no difference on

tDCS to sham group. However, active tDCS was asso-
ciated with a statistically significant reduction in use ofa-
bortive medications, including ergotamine, ibuprofen,
acetaminophen, triptans, paracetamol, and others as com-
pared to baseline. Notably, Auvichayapat et al** showed a
statistically significant reduction in the use of abortive
medications in a follow—up period (p<0.01). Our further
review found a significantly higher intake of pain medica-
tion at baseline in sham group (12.7+15.1 tablets) com-
pared to the tDCS treatment group (3.7+2.2 tablets) in that
study.”® After adjusting the difference in the baseline, we
did not find a significant reduction in pain medications use
in the active tDCS versus sham participants.

Discussion

There is a growing body of literature addressing the use of
tDCS for the management of migraine but very few stu-
dies have evaluated repeated tDCS stimulation treatments
spanning 4 weeks or longer. Combining across variations
in tDCS parameters including polarity, montage, and sti-
mulation intensity between 1-2 mA, we found that repeti-
tive active tDCS
reduction of pain intensity in migraine as compared to

stimulation resulted in significant

sham stimulation. We also observed a trend for reduction
in the duration of migraine episode. Based on literature
review, we also found migraine days per month and num-
ber of migraine attacks could be improved.

Our results suggest that there is a long-term sustained
benefit of repetitive tDCS at least 4 weeks. The results
from a meta-analysis in 2016'® were consistent with our
findings in terms of the reduction of pain intensity and
number of migraine attacks. However, we did not find a
significant decrease for pain medication intake as reported
in their meta-analysis. Further evaluation found that the

previous analysis misused the duration of each migraine
attack as the number of pain medication intake (data
extracted from Rocha’s study®), leading to an erroneous
conclusion that pain medication use was decreased after
tDCS. Additionally, there is a significant mismatch of the
pain medication intake at baseline between sham group
and the tDCS treatment group in Rocha’s study.”® Future
studies with larger sample sizes and matched group assign-
ment are needed for validation.

Stimulation parameters, such as stimulation polarity,
electrode montage, duration of each session, number of
sessions, and current intensity are selected to achieve the
desired therapeutic effect of tDCS.*® At present, the 10/20
electroencephalography (EEG) electrode placement system
is usually used to guide the montage for the placement of
tDCS anode and cathode electrodes using a variety of
stimulation protocols.”” In general, anodal stimulation is
presumed to result in depolarization whereas cathodal sti-
mulation results in hyperpolarization.'' However, stimula-
tion of either polarity may have both depolarizing and/or
hyperpolarizing effects. For example, anodal and cathodal
tDCS applied to Wernicke’s area improved semantic pro-
cessing compared to sham stimulation in healthy subjects.*
In patients with stroke, anodal stimulation improved manual
dexterity and cathodal stimulation seemed to have some
benefit for force improvement.*'

In our meta-analysis, both anodal and cathodal stimu-
lation were significantly effective in the reducing pain
intensity. Importantly, studies with cathodal stimulation
targeted the occipital region while studies using anodal
stimulation targeted M1 or DLFPC. Our finding is consis-
tent with polarity to be dependent on the targeted region
for therapeutic effect. Both occipital cathodal stimulation
and anodal primary motor stimulation were selected in the
respective studies based on the current understanding of
pathophysiology of migraine. With at least two potential
regional targets, future studies should be designed to com-
pare montages to determine optimal treatment effects.

Depending on the montage configurations, the electri-
cal field generated via tDCS generally spreads to nearby
cortical and subcortical structures.'® Duration of electrical
changes is typically maintained only for an hour locally
after one time tDCS treatment,'' while sustained and
repeated tDCS sessions can provoke cumulative and
long-lasting neuroplastic changes in the cerebral cortex.'?
Even though the majority of current clinical trials using
tDCS for a variety of neurological disorders have been
limited by the number of sessions (many studies report
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findings after 10 or less daily sessions), those that have
used extended designs have demonstrated cumulative
1'*'* and motor'” effects. Recently, tDCS studies
have been performed with an increased diversity of mon-

behaviora

tages. Yet, no standard is available for montage
configuration.*> Some researchers have suggested that the
efficacy of tDCS in chronic migraine is dependent on
individualized montage design guided by thermography,
which can be customized to each single patient.*

In terms of study design, assessment of migraine-
related disability as one of the outcomes in tDCS clinical
trials is necessary to fully evaluate the efficacy of tDCS on
migraine. In our review, most of the studies did not con-
sider the impact of tDCS on migraine-related disability.
Only in one study, HIT-6 and SF-36 were used. This study
did report an improvement in HIT-6 and quality of life
after tDCS.?’ Pinchuk et al measured the level of state
anxiety and trait anxiety, which significantly decreased
after tDCS treatment.** Additionally, the assessment of
pain control in migraine patients is a subjective self-eva-
luation, which may change due to hormonal influence and
their own ethnic and cultural differences.> However, if
data collection during baseline and other endpoints is
completed for at least four to five weeks (one menstrual
cycle), hormonal influence may be minimized. Therefore,
baseline period of at least 4 weeks is necessary when
evaluating tDCS benefit in migraine. Lastly, it may be
helpful to perform subgroup analyses to compare treat-
ment response in men and women separately.

Future clinical trials using tDCS in migraine may
include administering tDCS while simultaneously measur-
ing neuronal activity using EEG or fMRI to better under-
stand the underlying mechanism of action. High-definition
transcranial direct current stimulation (HD-tDCS), which
can provide more focal stimulation in selected brain

regions, ¢’

is effective in facilitating the rate of verbal
learning and working memory in healthy subjects®® and
aphasia recovery in patients with stroke.** However, HD-
tDCS does not have the advantage of remote administra-
tion at home via telehealth, which can be done using
standard tDCS. In addition, the combination of tDCS
with other non-pharmacological therapy for migraine
may provide synergy and long-term effects.

Our meta-analysis study has some limitations. First,
our analyses did not include studies with insufficient

data, such as the study of Wickmann et al** which only
reported p-values, but their results supported our conclu-

sion. Second, we rescaled pain intensity in some studies,

which led to an estimated assessment. Furthermore, the
heterogeneity of these studies and small sample sizes limit
our conclusion to a certain extent.
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