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Abstract
Non-pharmacologic treatment modalities for migraine are in demand. High Frequency Repetitive Transcranial Magnetic Stimulation (rTMS) was
investigated as a potential prophylactic migraine treatment. Ten subjects suffering from chronic migraine with and without aura were followed
over 7 months. Beginning at month 3, patients received 25 sessions of interventional rTMS treatment using a Neuro star TMS device. 1600
pulses per session were administered to the left dorsolateral prefrontal cortex at 90% of the motor threshold. 20Hz two-second pulse trains
were separated by 30 second rest intervals. When comparing baseline to post-treatment measurements, a statistically significant reduction in
the frequency of attacks, reduction in disability, and improvement in quality of life was shown. Reduction in severity of attacks trended toward
significance. These results confirm previous findings by others that rTMS may have a role in migraine prevention.
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Introduction
Migraine affects an estimated 20% of the population and
approximately three times more women than men [1]. In the
United States alone, more than 60 million individuals suffer
with migraine. While pharmacological treatment options are
available, demand for non-pharmacological modalities exist
[2,3]. TMS (Transcranial Magnetic Stimulation), proven to
relieve neuropathic pain, has been hypothesized as a treatment
modality to reduce the frequency of migraine attacks [2, 4-12].

Currently the most likely mechanism leading to migraines
with or without aura is trigeminovascular activation and Cortical
Spreading Depression (CSD) The trigeminal system consists of
nerve endings on meningeal vessels. Activation of this system
during a migraine attack releases substance such as calcitonin
and substance P that cause vasodilatation, leading to nociceptive
neural transmission via the trigeminal nucleus and resulting
pain+ [3,4,13,17,22,25, 27-30].

Medications that are effective in migraine prevention have been
shown to inhibit CSD in animal models [20]. Similarly, rTMS has
also been shown in animal models to inhibit CSD [12]. Using high
frequency rTMS over the DLPFC, in 2007 Brighina et al, showed a
significant reduction in migraine attacks, drug consumption, and
headache index [13]. Several subsequent studies demonstrated
mixed efficacy results. [4,5,13,15,]. Without a clear consensus
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on the role of rTMS for migraine prevention, more research is
needed, prompting our study.

Materials and Methods

We chose to investigate rTMS for migraine treatment using
an interrupted time-series study design. Ten subjects were
followed for 7 months and received a 6-week rTMS intervention
after the third month. Subjects were asked to record every
migraine attack they experienced using a provided migraine log.
Log entries included a MIGSEV scale, abortive medicines taken,
and other basic details describing the length and timing of the
of the migraine attack. The MIGSEV is a validated four-question
scale used to assess migraine severity. Every month subjects
were also asked to complete one Midas scale and one QVM scale
used to measure disability and quality of life respectively.

The Neuro star TMS Therapy system was utilized for rTMS
therapy in this study. Subjects received TMS treatment at one of
2 study locations. 5 rTMS treatments sessions were performed
over 6 weeks. 20 of these treatment sessions were completed
within the first four weeks. The remaining five sessions were
completed over the fifth and sixth weeks. A maximum of one
treatment was performed per day. Subjects were treated on
weekdays only. Each treatment session consisted of 1600
pulses, or 40 trains, with 30-second resting intervals between
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trains. Each train was administered to the DLPFC at 20HZ for
2 seconds at an intensity set at 90% of the subject’s measured
motor threshold. To accommodate subject’s sensitivity to
treatment, during the first 3 treatments session, a reduction of
pulse intensity to a minimum of 80% of motor threshold was
considered acceptable upon subject request.

The study population included ten adults age 18 or older
with an average age of 51.3 years old. Nine of the ten participants
were female. All subjects met criteria for diagnosis of chronic
migraine, migraine with Aura, or migraine without Aura using
the International Headache Society Classification of Headache
Disorders (ICHD II). Each participant was required to have had
at least one migraine per month in the six months preceding
enrollment. Individuals with ferromagnetic material implanted
in their heads or within twelve inches of the treatment coil were
excluded from the study. Pregnant subjects or subjects with
implants controlled by physiological signals were also excluded
from the study. Subjects receiving pharmacological therapy
for migraine treatment prior to enrollment were encouraged
to continue treatment as usual without significant medication
regimen changes in order to avoid confounding effects.

was no statistically significant reduction in severity of migraines
between pre and post therapy periods (p=0.246). Disability was
significantly reduced post-therapy when compared to the pretherapy period (p=0.042). Negative impact on quality of life was
significantly reduced post-therapy when compared to the pretherapy period (p=0.0488).

Figure 2 illustrates percent efficacy effects amongst study
subjects who exhibited measured beneficial response to
therapy. 70% of patients showed a 56.5% mean reduction in
the frequency of migraines after intervention. 50% of patients
showed a 42.3% mean reduction in the severity of migraine
attacks. 60% of patients reported a 76.6% mean reduction in
disability. Two patients were not included in our analysis: one
patient who discontinued participation before receiving any
rTMS therapy in order to pursue an alternate form of migraine
therapy and one patient who completed the rTMS therapy but
did not provide any survey data.

Results

Pre-Therapy was defined as month 1 of subject data.
Post Therapy was defined as month 5 of subject data. Months
were analyzed using one-tailed Wilcoxon signed rank tests to
evaluate if post therapy data showed significant improvement
at endpoints when compared to pre-therapy data. An alpha level
less than 0.05 was used to determine statistical significance.
One subject’s month 4 data were utilized as post-therapy data
in place of month 5, as the patient was lost to follow-up after
month 4.

Figure 2:

Discussion

Figure 1:

Figure 1 illustrates comparisons of pre and post therapy
data of primary and secondary endpoints amongst all subjects.
Frequency of migraines was significantly reduced post-therapy
when compared to the pre-therapy period (p = 0.0159). There
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High frequency rTMS (10-20Hz) as opposed to low
frequency (1Hz) has shown improvement in the prophylaxis of
migraines in some studies while failing to show improvement
in others [19]. In a randomized study of 11 patients, 6 receiving
active treatment and 5 receiving sham treatment,12 sessions of
rTMS were delivered on alternative days to the left dorsolateral
prefrontal cortex using a protocol delivering 400 pulses of 20
HZ at 90%of motor threshold, showing significant improvement
of outcome measures in active versus sham treatment [13].
Another study using 10Hz protocol failed to reproduce these
findings [22]. In a third randomized study, patients were
treated with 3 alternate-day sessions of 600 pulse at 10 HZ to
the right abductor digiti-minimi locus of the motor cortex, and
improvement in outcome measures were shown in the group
receiving active versus sham treatment. The differences in these
results may be due to the different protocols. Amongst these
studies, the type of patients, stimulation parameters, number of
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pulses and site of [4] stimulation vary. Our study differs from
these previous trials in that a longer treatment course was used.
In the treatment of other disorders, such as fibromyalgia, chronic
pain, and major depressive disorder more treatment sessions
resulted in improved results [6,7,23]. This knowledge was the
basis for our choice to utilize a longer versus a shorter treatment
course. Migraines are related to these other disorders as they all
lead to altered excitability of cortical and subcortical structures
secondary to dysfunction of neuronal ion channels.
While significant improvement of migraine symptoms were
demonstrated, lack of sham treatment and small sample size are
limiting factors to the generalizability of our results. Difficulty
collecting complete data sets from participants over seven
months may have impacted results, given all post-therapy data
was not able to be utilized in analysis. However, incomplete
post-therapy data not included in our results appeared without
formal analysis to trend in the direction of our findings.

Our results suggest that rTMS therapy may be an effective
prophylactic treatment as well as a non-medication treatment
intervention that reduces disability caused by migraines and
improves quality of life in migraine sufferers. Study conditions
mimicked real-world clinical treatment scenarios, as patients did
not alter pre-existing pharmacotherapy regimens throughout
the course of the study. Women comprised the majority of our
study population, which reflects the prevalence of migraines
across gender in the United States. Additionally, as study
participants logged migraines on a daily basis, recall bias was
kept to a minimum during data collection.
rTMS was shown to successfully prevent migraine attacks
in our study indicating there is clear need for large doubleblind randomized control trials. Future trials should investigate
migraine prophylaxis via rTMS with longer treatment courses
similar to the protocol used in our study. The future of migraine
treatment and/or prophylaxis is likely to include rTMS therapy
and further research remains necessary.

Conclusion

These results demonstrate that a course of 25 sessions of
rTMS delivered over the DLPFC at 20Hz with 1600 pulses per
session at 90% of motor threshold reduces migraine frequency,
reduces disability from migraines, and increases quality of life
in migraineurs, confirming similar findings in previous studies.
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