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Abstract

Background: Clinical applications of transcranial magnetic stimulation (TMS) have shown promising results in the
treatment of headache disorders, with migraine being one of the most encountered.

Objective: To assess the role of low-frequency repetitive transcranial magnetic stimulation as a preventive treatment
of migraine (with and without aura) and correlate the results with the serum level of the inflammatory biomarker
(neurokinin A).

Methods: Forty patients, with age ranging from 15 to 55 years, diagnosed with migraine (30 migraine without aura
and 10 with aura) and 20 apparently healthy individuals, who were age and sex matched with the patient group,
were included in this study.

A low-frequency (1 Hz) rTMS protocol was applied for all patients for five consecutive days interictally. Assessment of
pain intensity using visual analogue scale and frequency and duration of attacks as well as number of pills taken by
patients as an abortive treatment according to the Basic Diagnostic Headache Diary for 4 weeks before and 4 weeks
after TMS sessions was done. In addition, the Migraine Disability Assessment scale (MIDAS) was applied to assess the

severity and degree of disability caused by migraine.

control group once.

Measurement of neurokinin A serum level was done by using ELISA for all patients before and after TMS and for

Results: There was a significant reduction in pain intensity, frequency and duration of migraine attacks, migraine
disability scores, and number of pills taken as abortive treatment for attacks after rTMS (P < 0.001). Also, serum level of
neurokinin A in the patients was significantly reduced after rTMS (P < 0.001).

Conclusion: Low-frequency rTMS is an effective prophylactic treatment for migraine with and without aura.
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Introduction
Migraine is a neurological disorder affecting about 15%
of the population, with a genetic, environmental, and
hormonal basis. This pathology causes continuous and
severe episodes of headache, and in some cases, it also
causes nausea, vomiting, and photophobia [1].

Despite the high prevalence of this headache, many of
the genetic causes and physiopathological mechanisms
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are still unknown, which makes it harder to find efficient
treatments [2].

Studies have shown the pathophysiology of migraines to
involve complex biochemical changes that lead to pain. One
underlying mechanism is cortical spreading depression
(CSD) of the neocortex and hippocampus, which then acti-
vates the trigeminal nucleus caudalis, causing vasodilation of
blood vessels and release of calcitonin gene-related peptide
(CGRP), substance P, and vasoactive intestinal polypeptide,
ultimately leading to meningeal irritation and pain. Other
changes include increased 5-hydroxytryptamine (5-HT)
and nitric oxide (NO) levels, leading to enhanced central
sensitization and pain [3].
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Pharmacologic therapies of migraine such as simple
analgesics and non-steroidal anti-inflammatory drugs
remain the first-line treatment. However, many individ-
uals continue to have headaches refractory to various
prophylactic and/or abortive therapies, while others are
at risk of medication overuse headaches [4].

There are a number of non-pharmacologic, non-
invasive neurostimulation techniques being researched,
which include transcranial magnetic stimulation (TMS),
transcranial direct current stimulation (tDCS), transcra-
nial alternating current stimulation (tACS), and transcu-
taneous electrical nerve stimulation (TENS) [5].

Among non-pharmacologic therapies, repetitive transcra-
nial magnetic stimulation (rTMS), a non-invasive neuromo-
dulation technique involving repeated series of dynamic
magnetic impulses, has been studied as a preventive migraine
treatment [6].

Although the exact mechanisms through which rTMS
works are not completely known, it is considered to be
multifactorial. The applied electric charges induced by
the magnetic field cause various neurochemical changes
such as increased dopamine levels in the hippocampus,
reduction in raclopride C11 binding in the caudate nu-
cleus, fluctuations in glutamate/glutamine levels at the site
of rTMS, and increased plasma [} endorphin levels [4].

Furthermore, rTMS has been shown to induce weak
electrical currents, causing depolarization of neurons
and inhibition of cortical spreading depression (CSD),
which ultimately terminates the aura and reduces the dur-
ation or severity of migraine [7]. Additionally, rTMS at the
motor cortex is thought to reduce pain by altering the motor
cortex projections to the medial thalamus and anterior cin-
gulate/orbitofrontal cortices, thereby modulating pain [4].

Previous findings on rTMS as a therapy for migraine have
been inconsistent partly due to no standardized protocol
regarding area of stimulation, Frequency, amount of pulses,
intensity, and sessions needed to achieve reliable outcomes.
Low-frequency rTMS (1-3 Hz) and high-frequency rTMS
(10-20 Hz) over the dorsolateral prefrontal cortex consist-
ently have not demonstrated effective outcomes and have
not performed better than sham treatments. However,
there have been promising results following repetitive
transcranial magnetic stimulation of the motor cortex for
several pain conditions, including migraine [8].

Neurovascular inflammation is characterized by the
release of potent vasoactive neuropeptides, predominantly
calcitonin gene-related peptide, substance P, and neuroki-
nin A from activated peripheral nociceptive sensory nerve
terminals. These peptides lead to a cascade of inflammatory
tissue responses including arteriolar vasodilatation, plasma
protein extravasation, and degranulation of mast cells in
their peripheral target tissue. Neurovascular inflammatory
processes have long been implicated as a possible mechan-
ism in the pathophysiology of migraine [9].
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In this study, we evaluate the role of low-frequency rTMS
at 1 Hz over the vertex as a preventive treatment of migraine
(with and without aura) and correlate the results with serum
level of the inflammatory biomarker (neurokinin A).

Methods

This study included 40 patients who were diagnosed with
migraine (six of them are males and 34 are females). They
were divided into two groups: group A, 30 patients with mi-
graine without aura, and group B, 10 patients with aura; all
patients were selected from outpatient clinic of the Neur-
ology Department of Al Zahraa University Hospital. The pa-
tients’ age ranged from 15 to 55 years, and they fulfilled the
criteria of migraine with aura and migraine without aura
based on the International Classification of Headache Disor-
ders 3rd edition [10]. Patients on prophylactic treatment for
migraine and those with severe types of migraine (e.g., fa-
milial hemiplegic migraine or migraine with brain stem
aura) and epileptic patients were excluded from the study.
In addition, patients with other types of headache, other
neurological diseases, or psychiatric diseases and patients
with pacemaker or metallic implant were also excluded.

Also, 20 apparently healthy subjects, who were age and
gender matched with the patient group, were included as a
control group for serum levels of neurokinin A only. The
Ethical Committee of the Faculty of Medicine of Al Azhar
University approved the study. In addition, an informed
consent was signed by every patient for participation in the
study.

Patients had full clinical general and neurological
examination. Every patient had a headache diary to rec-
ord the frequency and duration of attacks as well as
number of pills taken as an abortive treatment during 4
weeks before and 4 weeks after TMS sessions according
to the Basic Diagnostic Headache Diary (BDHD) [11].

Pain intensity was assessed by using visual analogue
scale (on scale from 0 to 10), and the severity and degree
of disability of migraine were assessed by using the
Migraine Disability Assessment scale (MIDAS) 4 weeks
before and 4 weeks after TMS sessions.

Interictally, rTMS treatment was performed on five con-
secutive days using Neuro-MS/D Therapeutic device (Neu-
rosoft Ltd., Ivanovo, Russia). A repetitive magnetic stimulator
was used to apply two trains of 500 pulses separated by a 1-
min interval between the trains at a frequency of 1 Hz over
vertex (Cz, 10-20 EEG System). The center of figure-of-eight
coil magnetic stimulator was applied on the vertex.

The stimulation intensity was set to visual motor
threshold of the dominant hand, an intensity that corre-
sponds approximately to the resting motor threshold.

Assessment of visual motor threshold
We assessed the individual motor threshold of the first
dorsal interosseous muscle of the right hand for each
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subject by visual inspection. This was performed by put-
ting the probe (figure of eight) on the patient scalp over
the region of right hand motor cortex and starting
stimulation with single pulses with different intensities.
We determined the stimulator intensity that produced a
visually detectable minimal muscle contraction in the
target muscle in at least 5 out of 10 (50%) trials.

Low-frequency TMS was used based on the rationale that
cortical hyperexcitability is proposed to be the putative basis
for the pathophysiological disturbances in migraine.

Neurokinin A serum level was estimated for the con-
trol group and during interictal period immediately be-
fore and after TMS treatment for the patient group
using the RayBio (RayBiotech Life, Peachtree Corners,
GA, USA) Neurokinin A Enzyme Immunoassay (EIA)
Kit which is an in vitro quantitative assay for detecting
neurokinin A peptide based on the competitive enzyme
immunoassay principle.

Study design
This is a clinical controlled prospective study.

Statistical analysis

Data were analyzed using the Statistical Program for
Social Science (SPSS) version 21.0. Qualitative data were
presented as numbers and percentages and compared
between groups using chi-square test while quantitative
data were presented in the form of mean, standard devi-
ation (SD), range, median, and interquartile range (IQR)
according to their distribution. The comparison between
two independent groups regarding quantitative data with
parametric distribution was done by using independ-
ent ¢t test while comparison of quantitative data with
non-parametric distribution was done by using the
Mann-Whitney test. Also, the comparison between
two independent groups regarding quantitative data
with parametric distribution was done by using paired
t test while comparison of quantitative data with non-
parametric distribution was done by using Wilcoxon’s
rank test. Spearman’s correlation coefficient test was
used to assess the correlation between two quantita-
tive parameters in the same group. The confidence
interval was set to 95% and margin of error accepted
5%. So, the P value was considered significant at the
level of < 0.05.

Results

Characteristics of the study population

The study included 40 migraine patients (34 females
(85.0%) and six males (15.0%)), with a mean age of 30.53
+ 8.47 years. The control group included 20 subjects (13
females (65.0%) and seven males (35.0%)) with a mean
age of 29.75 + 4.94 years. Thirty Patients with migraine
without aura (group A) (25 females (83.3%) and five
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males (16.7%)) had a mean age of 31.53 + 8.76 years.
Ten patients with migraine with aura (group B) (nine fe-
males (90%) and 1 male (10%)) had a mean age of 27.50
+ 7.08 years. There was no statistically significant differ-
ence between both groups as regards age and gender.

Changes of clinical data after TMS treatment

Comparison between pre- and post-rTMS reveals a
highly significant reduction in the number of headache
attacks, duration of individual attack, number of pills per
month, pain intensity, MIDAS score, and MIDAS grade
post-TMS in comparison with pre-TMS (P value <
0.001) in the patient group (Table 1).

Generally, treatment of migraine by rTMS was easy to
be applied and well tolerated by the patients. No facial
twitching, headache, mood changes, tinnitus, dizziness,
fatigue, or more serious adverse effects (e.g., seizures)
were reported.

Results of serum neurokinin A level
There was a significantly higher serum level of neuroki-
nin A in patients with migraine than in the control
group (P value < 0.001) (Table 2).

After TMS, there was a highly significant reduction in
the serum level of neurokinin A in the patient group
(Table 2). However, still serum level in the patient group
was significantly higher than that in the control group
(Table 2).

Comparison between the pre- and post-rTMS reveals a
highly significant reduction in the number of headache
attacks, duration of individual attack, number of pills per
month, pain intensity, MIDAS score, and serum level of
neurokinin A in group A (migraine without aura) (Table 3).

Also, comparison between the pre- and post-rTMS re-
veals a highly significant reduction in the number of
headache attacks, duration of individual attack, number
of pills per month, pain intensity, MIDAS score, and
serum level of neurokinin A in group B (migraine with
aura) (Table 4).

There was a positive correlation between neurokinin A
serum level and number of headache attacks, duration of
individual attack, number of pills per month, pain in-
tensity, and MIDAS score pre- and post-TMS (Tables 5
and 6; Figs. 1 and 2).

Discussion

In this study, the tested rTMS protocol was effective in
the overall reduction in days of migraine/month, dur-
ation of migraine attack, number of analgesics taken
during acute attacks, intensity of pain, and degree of
disability assessed by MIDAS score 4 weeks after the
sessions. In addition, we noticed that improvement even
has lasted more than 1 month in five patients who were
followed up to 6 months considering decreasing the
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Table 1 Comparison between 4 weeks pre- and 4 weeks post-TMS treatment as regards clinical data of migraine and MIDAS in the

patient group

Pre-TMS, no. = 40 Post-TMS, no. = 40 Test value P value

No. of headache attacks (days per month) Median (IQR) 17.00 (16-22.5) 5.00 (2-8) -5515 <0.001
Range 7-27 0-25

Duration of individual attack (hours) Median (IQR) 15.63 (12.5-19.5) 0.25 (0.13-0.53) — 5484 < 0.001
Range 4.75-42 0-19.50

No. of pills (per month) Median (IQR) 23.00 (15-33) 0.00 (0-1) —5345% <0.001
Range 0-79 0-33

Pain intensity Median (IQR) 750 (7.25-7.75) 1.63 (0.5-2.25) — 5450 <0.001
Range 5.25-8.75 0-7.75

MIDAS score Median (IQR) 31.00 (22.5-44) 2.00 (0-4.5) —5492F <0.001
Range 6-57 0-50

MIDAS grade | 0 (0.0%) 33 (82.5%) 62.280*% <0.001
Il 3 (7.5%) 4 (10.0%)
MMl 5 (12.5%) 1 (2.5%)
v 32 (80.0%) 2 (5.0%)

P value > 0.05, non-significant (NS); P value < 0.05, significant (S); P value < 0.001, highly significant (HS)

*Chi-square test
*Wilcoxon’s rank test

effect of TMS with increasing the period post-sessions.
Our results were partially consistent with those of Teepker
et al. [12] who treated twenty-seven migraineurs with low-
frequency rTMS (1Hz) using the same protocol with a
round coil; the study was a placebo-controlled, blinded
study that resulted in a moderate and significant reduction
regarding migraine attacks, days with migraine, and total
hours with migraine, whereas no effects were evident for
pain intensity and the use of analgesics.

This improvement in these migraine parameters can
be explained by reduction in cortical excitability caused
by low-frequency rTMS. Central neuronal hyperexcit-
ability is proposed to be the putative basis for the
physiological disturbances in migraine. In addition, stud-
ies of the visual cortex in patients with migraine have
generally concluded that migraine (particularly migraine

with aura) is associated with a state of functional cortical
hyperexcitability [2].

In another explanation regarding the effects of TMS in
migraine, previous studies have also suggested that blood
flow and metabolic changes at the stimulation site,
brain-derived neurotrophic factor upregulation, improve-
ments in synaptic plasticity, and changes in the activity of
the neural circuitry of the dorsolateral prefrontal (DLPF
C)-cingulate cortex, including both the DLPFC and the
anterior cingulate cortex, are involved [13].

Other studies, moreover, have demonstrated that the
suppressive effects of low rTMS can be propagated to
other regions not directly stimulated, presumably by
functional connections. For instance, low rTMS of the
left primary motor cortex reduces motor evoked poten-
tials elicited by single-pulse TMS administered to the

Table 2 Comparison between the patient group (pre-TMS) and control group as regards neurokinin A serum level, and comparison
between pre-TMS and post-TMS treatment neurokinin A serum level in the patient group

Neurokinin A serum level Control group, no. = 20 Patient group, no. = 40 Test value’ P value

Pre-TMS Mean + SD 1.15 + 0.28* 2411 £ 226 —-45.131 <0.001
Range 051-1.85 19.38-27.93

Post-TMS in patient group Mean + SD 1.15 + 0.28* 12.60 + 3.08 —16.524 <0.001
Range 0.51-1.85 9.32-2545

Paired t test -5.511

P value <0.001 (HS)

P value > 0.05, non-significant (NS); P value < 0.05, significant (S); P value < 0.01, highly significant (HS)

‘Independent t test

*Neurokinin A serum level was calculated in the control group one time used in the comparison with the patient group serum level pre-TMS and post-TMS
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Table 3 Comparison between 4 weeks pre- and 4 weeks post-TMS as regards clinical data of migraine, MIDAS, and serum levels of

neurokinin A in group A (migraine without aura)

Without aura Test P value
Pre-TMS, no. = 30 Post-TMS, no. = 30 value
Neurokinin A serum level Mean + SD 2426 + 2.38 1244 + 294 —4.782 <0.001
Range 19.38-27.93 9.32-2545
No. of headache attacks Median (IQR) 17.50 (16.00-25.00) 6.00 (2.00-8.00) —4786" <0.001
(days per month) Range 7.00-27.00 0.00-25.00
Duration of individual Median (IQR) 15.63 (12.75-18.25) 25 (0.13-0.38) - 4762* <0.001
attack (hours) Range 475-42.00 0.00-19.50
No. of pills (per month) Median (IQR) 27.00 (15.00-33.00) 0.00 (0.00-2.00) —4683* <0.001
Range 0.00-79.00 0.00-33.00
Pain intensity Median (IQR) 7.50 (7.25-7.75) 1.75 (0.75-2.50) —4708* <0.001
Range 5.25-8.75 0.00-7.75
MIDAS score Median (IQR) 30.50 (23.00-39.00) 2.00 (0.00-5.00) —4783* < 0.001
Range 6.00-57.00 0.00-50.00

P value > 0.05, non-significant (NS); P value < 0.05, significant (S); P value < 0.001, highly significant (HS)

“Paired t test
*Wilcoxon's rank test

right primary motor cortex, an effect presumably medi-
ated by transcallosal projections [14].

The reduction in pain intensity in our study and subse-
quently reduction in abortive analgesics intake but not in
Teepker et al’s study may be explained by the use of figure-
of-eight coil in our study while using round coil in Teepker
et al’s [12] study assuming that figure-of-eight coil is more
effective than round coil as proven by Rollnik et al. [15].

In contrast to a circular coil, a figure-of-eight coil in
which two coils are placed beside each other, wired such

that the stimulator current rotates in opposite directions
in the two coils, produces a more localized peak induced
field and can decrease the uncertainty as to the site of
stimulation. In fact, the area under the center of the
side-by-side coils experiences approximately twice the
induced electric fields that occur elsewhere in the vicin-
ity of the coils [16].

These results are consistent with the study made
by Tamura et al. who revealed that low-frequency
rTMS over M1 induced earlier recovery from acute

Table 4 Comparison between 4 weeks pre- and 4 weeks post-TMS as regards clinical data of migraine, MIDAS, and serum levels of

neurokinin A in group B (migraine with aura)

With aura Test P value
Pre-TMS, no. = 10 Post-TMS, no. = 10 value
Neurokinin A serum level Mean + SD 2364 + 1.87 13.09 + 3.58 —2.803° 0.005
Range 2046-26.45 9.69-22.55
No. of headache attacks Median (IQR) 16.50 (15.00-20.00) 3.00 (2.00-6.00) —-2807* 0.005
(days per month) Range 12.00-21.00 0.00-20.00
Duration of individual Median (IQR) 15.00 (12.25-25.50) 25 (0.13-0.69) -2803* 0.005
attack (hours) Range 475-28.50 0.00-13.00
No. of pills (per month) Median (IQR) 19.50 (12.00-26.00) 0.00 (0.00-0.00) — 2666 0.008
Range 0.00-36.00 0.00-20.00
Pain intensity Median (IQR) 7.50 (7.25-7.75) .75 (0.50-2.00) —2812% 0.005
Range 6.50-8.50 0.00-7.00
MIDAS score Median (IQR) 35.00 (22.00-46.00) 2.00 (0.00-4.00) -2705° 0.007
Range 17.00-49.00 0.00-47.00

P value > 0.05, non-significant (NS); P value < 0.05, significant (S); P value < 0.001, highly significant (HS)

‘Paired t test
*Wilcoxon's rank test
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Table 5 Correlation between neurokinin A serum level and clinical parameters of migraine pre-TMS

Neurokinin A serum level pre-TMS

R P value
No. of headache attacks (days per month) pre-TMS 0.818 <0.001
Duration of individual attack (hours) pre-TMS 0.424 0.006
No. of pills (per month) pre-TMS 0.389 0.013
Pain intensity (on scale from 0 to 10) pre-TMS 0.421 0.007
MIDAS score pre-TMS 0.329 0.038

P value > 0.05, non-significant (NS); P value < 0.05, significant (S); P value < 0.01, highly significant (HS)

“Pearson'’s correlation coefficient test

pain compared with the sham or control conditions
after induction of acute pain by intradermal capsa-
icin injection. This modulation of pain is thought to
be through modification of C-fiber pathways by slow
rTMS [17].

The current study revealed non-significant difference
between patients with migraine without aura and migraine
with aura regarding the response to rTMS sessions. How-
ever, this may be due to the small number of the patients
with migraine with aura in our study. This corresponds to
the conclusion of Misra et al’s study which cited that
there is no significant difference between patients with mi-
graine with aura and patients with migraine without aura
regarding to the response to rTMS [18]. This also can be
explained through that most of the neurophysiological
characteristics are certainly common to migraine patients
with and without aura because most patients with mi-
graine with aura also experience migraine attacks without
aura [19].

Neurokinin A plays an important role in the patho-
physiology of migraine through enhancing the neurovas-
cular inflammation mechanism being released from
primary sensory neurons of the trigeminal ganglia (TG)
and increasing its level during the migraine attack [20].

In this study, there was a highly significant increase in
neurokinin A serum level in the patient group in
comparison to the control group before rTMS sessions.
However, after sessions, there was a reduction in neurokinin

A serum level by about 50% in the patient group.
Nevertheless, it is still higher than the control group.
This may be due to the neurovascular inflammatory
processes, which have long been implicated as a pos-
sible mechanism in the pathophysiology of migraine.
The results also revealed a positive correlation between
neurokinin A serum level and number of headache at-
tacks, duration of individual attack, number of pills per
month, pain intensity, and MIDAS score pre- as well as
post-TMS treatment. These results are in agreement
with Sarchielli et al’s [21] study results where ten
migraineurs were treated with rizatriptan. He assessed
neurokinin A serum level before and after treatment,
where he found a significant decrease in neurokinin A
serum level with significant pain relief and alleviation
of accompanying symptoms. Patients who did not re-
spond to rizatriptan had less significant variations in
neurokinin A serum level before and following rizatrip-
tan administration, which indicate that neurokinin A is
a good indicator for migraine improvement.

Generally, treatment of migraine by rTMS was easy to
be applied and well tolerated by the patients, with min-
imal (e.g., mild dysesthesias and scalp discomfort) or no
side effects.

Limitations of the study were the relatively small sam-
ple of migraine patients and no control group for TMS
as the sham group. In addition, low-frequency TMS was
used, while most studies used high-frequency TMS.

Table 6 Correlation between neurokinin A serum level and clinical parameters of migraine post-TMS

Neurokinin A serum level post-TMS

R P value
No. of headache attacks (days per month) post-TMS 0.824 <0.001
Duration of individual attack (hours) post-TMS 0.820 <0.001
No. of pills (per month) post-TMS 0.774 <0.001
Pain intensity (on scale from 0 to 10) post-TMS 0.827 <0.001
MIDAS score post-TMS 0.854 <0.001

P value > 0.05, non-significant (NS); P value < 0.05, significant (S); P value < 0.01, highly significant (HS)

“Pearson'’s correlation coefficient test
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Conclusion

In conclusion, the tested low-frequency rTMS protocol
was easy to be applied, well-tolerated, safe, and effective
method for migraine prevention with less or no side
effects. Further research examining non-daily treatment
rTMS protocol among larger study populations with
variable migraine subtypes is warranted.
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