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Abstract We report the efficacy of three versus single

session of 10 Hz repetitive transcranial magnetic stimula-

tion (rTMS) in chronic migraine (CM) and chronic tension-

type headache (CTTH). Ninety-eight patients with CM or

CTTH were included and their headache frequency,

severity, functional disability and number of abortive

medications were noted. Fifty-two patients were randomly

assigned to group I (three true sessions) and 46 to group II

(one true and two sham rTMS sessions) treatment. 10 Hz

rTMS comprising 600 pulses was delivered in 412.4 s on

the left frontal cortex. Outcomes were noted at 1, 2 and

3 months. The primary outcome was 50 % reduction in

headache frequency, and secondary outcomes were

improvement in severity, functional disability, abortive

drugs and side effects. The baseline headache characteris-

tics were similar between the two groups. Follow up at

different time points revealed significant improvement in

headache frequency, severity, functional disability and

number of abortive drugs compared to baseline in both

group I and group II patients, although these parameters

were not different between the two groups. In group I, 31

(79.4 %) had reduction of headache frequency and 29

(74.4 %) converted to episodic headache. In group II, these

were 24 (64.8 %) and 22 (59.2 %), respectively. In chronic

migraine, the severity of headache at 2 months reduced in

group I compared to group II (62.5 vs 35.3 %; P = 0.01).

Both single and three sessions of 10 Hz rTMS were found

to be equally effective in CM and CTTH, and resulted in

conversion of chronic to episodic headache in 67.1 %

patients.

Keywords Chronic daily headache � Chronic tension-type

headache � Chronic migraine � Magnetic stimulation �
Migraine prophylaxis

Introduction

Chronic daily headache (CDH) is characterized by primary

headaches that occurs for 4 h or more in a day on 15 or

more days per month for at least 3 months [1]. The treat-

ment of CDH is a challenge for the physician. In general

population, the prevalence of CDH ranges between 2.4 and

4.7 %. About 10–20 % patients in headache clinic in

Europe are due to CDH, and 50–80 % in USA [2]. CDH

may be due to chronic migraine (CM), chronic tension-type

headache (CTTH), medication overuse headache, hemi-

crania continua and new daily persistent headache.

Majority of CDH patients are due to migraine. Migraine

affects 18 % of women and 6 % of men with the highest

prevalence during 30–39 years of age [3]. Approximately

90 % of migraineurs have moderate to severe pain, 70 %

have functional impairment, and 20 % require bed rest

during an attack. About 2.5 % patients with episodic

migraine convert to chronic migraine annually [4]. The aim

of the therapy in CDH, therefore, is not to have complete

remission but at least to revert back to episodic migraine.

The quality of life is worse in CM compared to those with

episodic migraine resulting in the absence from work,

school, reduced productivity and more frequent visit to
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doctors which incur fourfold increase in annual health

budget per patient [5]. Various drugs have been tried in

migraine prophylaxis, which are effective in 50–60 %

patients [6, 7]. These studies included both episodic and

chronic migraine. The response to drug in CM is not as

good as to episodic migraine [8]. Chronic daily headache

patients are prone to develop medication overuse headache;

therefore, the role of non-pharmacological treatment needs

to be explored. Single pulse transcranial magnetic stimu-

lation (sTMS) is now an approved therapy for acute

migraine with aura in Europe and in USA [9]. High rate

repetitive transcranial magnetic stimulation (rTMS) has

been reported to be effective in reducing migraine fre-

quency and severity at 1 month in an open labeled ran-

domized controlled trial [10]. In this study, three sessions

of 10 Hz rTMS was delivered on alternate day requiring

three hospital visits in 5 days. There is paucity of report on

efficacy of high rate rTMS in CDH. If the efficacy and

safety of stimulation are objectively evaluated, it may help

in optimizing the stimulation parameters. In this commu-

nication, we compare the efficacy and safety of single

versus three sessions of high rate rTMS in the patients with

CDH due to CM and CTTH.

Materials and methods

Study design

This is a randomized placebo controlled trial comparing the

efficacy and safety of high rate rTMS in CDH due to CM

and CTTH. This is a single center investigator initiated trial

conducted in a tertiary care teaching hospital in India. The

protocol was designed by JK and UK, and the study was

approved by the Institute Ethics Committee (No. 2014-172-

IP-80). The patients who consented for the study were

included in this study.

Sample size calculation

The sample size was calculated considering the reduction

in headache frequency by 70 % in the patients receiving

three sessions and 35 % in the single session rTMS arm

considering the previous report on three sessions of rTMS

in migraine and placebo response. The type I error was

considered as 0.05 and type II error 0.1 using Z test of

proportion. The sample size in each arm was 45 with 90 %

power of the test. It was a non-inferiority trial.

Inclusion criteria

Consecutive patients with CDH due to CM and long

duration CTTH were recruited from the outpatient

neurology service of our institute during 2014–2015. The

diagnosis of CM was based on the presence of headache

frequency 15 days or more per month lasting for more than

4 h if untreated for at least 3 months in the absence of

secondary headache [11]. The CM and CTTH patients were

further categorized into medication overuse headache

(MOH). The diagnosis of CTTH was based on ICHD IIR

criteria [11]. The diagnosis of MOH was based on ICHD

III b criteria [12]. Mixed CDH was considered if the

patients had tension-type headache with less than eight

migraine attacks per month.

Exclusion criteria

Children below 15 years of age, pregnant mother, patients

with secondary headache, pacemaker or any metallic

implant, seizure, major psychiatric illness, structural brain

disease, liver or kidney failure, organ transplantation,

uncontrolled hypertension, uncontrolled diabetes or

malignancy and those on immune suppressive therapy were

excluded. The patients who refused consent were also

excluded.

Clinical evaluation

A detailed clinical history was obtained and physical

examination was done. The demographic information and

duration of illness were noted. The patients were enquired

about visual aura, duration of migraine attack, frequency

per month, severity of associated symptoms and disability.

Presence of migraine triggers and allodynia was assessed

using a questionnaire [13, 14]. The severity of headache

was graded on a 0–3 scale (0 none, 1 mild, 2 moderate, 3

severe) and also assessed on a 0–10 visual analog scale

(VAS). The disability during the headache was assessed by

a 0–4 scale (0 none; 1 mid, 2 moderate, 3 severe, 4 most

severe needing bed rest). Presence of photophobia,

phonophobia, nausea and vomiting, number of analgesic,

and other abortive treatments were recorded. Hospital

Anxiety and Depression Scale (HADS) was done in some

patients.

Investigations

Blood counts, hemoglobin, erythrocyte sedimentation

rate at 1 h, fasting blood sugar, blood urea nitrogen,

serum creatinine, bilirubin, transaminase and lipid

profile were done. Cranial CT scan was done and MRI

or MR venography was done in selected patients in

whom cerebral venous sinus thrombosis was suspected.

Electrocardiogram and chest radiograph were also

done.
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Randomization and intervention

Patients were advised to stop prophylactic medication

15 days prior to the randomization. During this period, the

patients were advised to maintain a headache diary, and to

take paracetamol or a combination of ibuprofen and

paracetamol if the headache was unbearable. The patients

were randomized to group I (three sessions of high rate

rTMS) or group II (one session true rTMS and two sessions

sham stimulation). 10 Hz rTMS was delivered by a fig-

ure of eight coil on the left frontal region corresponding to

the hot spot of abductor digiti minimi which is approxi-

mately 7 cm lateral from midline and 2 cm anterior to

inter-aural line. Motor threshold was determined, and 70 %

of motor threshold was used for stimulation. The patients

received ten trains comprising 60 pulses in each train at

10 Hz with an inter train interval of 45 s. Each session of

rTMS comprised 600 pulses which were delivered in

412.4 s. The rTMS sessions were given on alternate day

between 10 a.m. and 2 p.m. The group II patients received

sham stimulation on second and third session which was

delivered using an identical looking figure of eight sham

coil producing similar sound.

Outcome measures

The patients maintained a headache diary and they were

evaluated on fifth day, 1, 2 and 3 months. The primary

outcome was 50 % or more improvement in headache

frequency at 1, 2 and 3 months and secondary outcome

measures were reduction in severity, functional disability,

number of abortive medication and side effects.

Statistical analysis

The baseline characteristics of group I and group II patients

were compared using Chi-square for categorical and inde-

pendent-t test for continuous variables. The improvement in

headache frequency, severity, functional disability and

number of abortive drugs at different time points within the

group was evaluated using one way ANOVA employing

Tukey post hoc correction. The primary outcome ([50 %

improvement in frequency) was evaluated by Chi-square

test. Per protocol and intention to treat analysis were done.

Number of CDH patients converted to episodic headache

after rTMS at different time points between group I and

group II were evaluated using Chi-square test. The sec-

ondary outcomes within the groups and in between the

groups were evaluated using one way ANOVA employing

post hoc Tukey correction. The sub analysis was also done

in the patients with CM, and CM with and without MOH to

evaluate the effects of rTMS. The variable with a two tailed

P value of less than 0.05 was considered significant. The

statistical analysis was done using SPSS 16 version software

and graphs were prepared by GraphPad prism 5.

Results

During the study period, 107 patients with CDH due to CM

and long duration CTTH were screened, and nine of them

were excluded due to refusal of consent in two, major

psychiatric illness in two, and pregnancy, history of sei-

zure, pituitary adenoma, chronic kidney disease and tech-

nical default in one patient each. This study is therefore

based on 98 patients (Fig. 1). Their age ranged between 18

and 55 (median 32) years and 79 (80.6 %) were females.

Six (6.1 %) patients had migraine with aura. The duration

of illness ranged between 0.75 and 20 (median 7) years and

the median duration of CDH was 12 (range 3–120) months.

82 (83.7 %) patients had CM, ten (10.3 %) long duration

CTTH and six (6.1 %) both features of CM and CTTH.

Randomization

Fifty-two patients were randomized to group I (triple true

rTMS) and 46 to group II (one true and two sham rTMS).

The baseline demographic, duration of illness, migraine

trigger and migraine characteristics were not significantly

different between group I and group II patients (Table 1).

Follow up

Thirty nine patients in group I and 37 in group II adhered to

treatment till 3 months. Ten patients (seven in group I and

three in group II) were lost from follow up and 12 (six each

in group) had to be shifted to other treatment modalities

due to lack of satisfactory response.

Outcome

Primary outcome

In group I, the frequency of headache significantly reduced

at 1 month (P\ 0.001), 2 months (P\ 0.001) and

3 months (P\ 0.001) compared to the baseline. Similar

reduction in headache frequency was also observed in

group II patients. At 3 months, 81.6 % patients could be

converted to episodic headache or complete remission;

four (7.7 %) patients had complete remission and CDH

converted to episodic headache in 29 (74.4 %) patients in

group I, and these were seven (18.9 %) and 22 (59.2 %),
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respectively, in group II (Fig. 2). The reduction in fre-

quency of headache and number of patients converted to

episodic migraine was not significantly different between

group I and group II. On per protocol and intention to treat

analysis, the primary outcome was also not significantly

different between group I and group II patients (Table 2).

Secondary outcome measures

The duration and severity of headache, and number of

abortive medication at 1, 2 and 3 months also improved

significantly compared to baseline in both group I and

group II (Supplementary Table 1). The improvement in

these parameters, however, was not significantly different

between group I and group II (Fig. 3). The details are

presented in Supplementary Table 2.

Side effects

None of the patients had severe adverse events needing

termination of rTMS. Acceptable discomfort due to noise

of rTMS, however, was reported by all.

Sub analysis

Out of 82 patients with CM, 48 were in group I and 34 in

group II, and their baseline characteristics were not dif-

ferent. All the primary and secondary outcome parameters

improved significantly in group I and group II. The fre-

quency of headache at 2 months was significantly reduced

in group I compared to group II on intention to treat

analysis (62.5 vs 35.3 %; P = 0.01) and per protocol

analysis (69.8 vs 35.3 %; P = 0.005).

Fig. 1 Flow chart of patient

randomisation and follow up
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In group I, 48 patients had CM and 17 of them had

MOH. In group II out of 34 patients with CM, 19 had

MOH. The reduction in frequency of headache at 1, 2 and

3 months between CM patients with and without MOH was

not significantly different following single and triple

stimulation (Supplementary Table 3).

Amongst the patients with CTTH (10) and mixed type of

CDH (6), five had MOH. Three out of five patients in MOH

and out of 11 without MOH had improvement in headache

frequency following rTMS, and the difference is not sta-

tistically significant (P = 1.00).

Table 1 Baseline characters of

group I (three true rTMS) and

group II (one true and two sham

stimulation) patients

Characteristics Group I (n = 52) Group II (n = 46) P value

Age (years) 33.40 ± 8.12 30.07 ± 9.01 0.05

Gender (female) 42 (80.8 %) 37 (80.4 %) 1.00

Dwelling

Rural 24 (46.2 %) 24 (52.2 %) 0.68

Urban 28 (53.8 %) 22 (47.8 %)

Duration of headache (years) 8.89 ± 5.02 6.62 ± 4.91 0.02

Trigger ?ve 52 (100 %) 43 (93.5 %) 0.33

Number of triggers 8.08 ± 2.48 7.0 ± 3.14 0.07

Headache days/month 22.12 ± 6.78 21.70 ± 6.95 0.42

Severity headache

Severe 13 (25 %) 8 (17.4 %) 0.46

Moderate 39 (75 %) 38 (82.6 %)

Duration of headache (h) 21.88 ± 14.39 17.48 ± 9.46 0.07

Nausea 38 (73.1 %) 27 (58.7 %) 0.14

Vomiting 26 (50 %) 18 (39.1 %) 0.31

Photo/phonophobia 48 (92.3 %) 44 (95.7 %) 0.68

Number of abortive drugs/month 14.94 ± 11.23 15.41 ± 8.30 0.81

VAS score 5.60 ± 0.93 5.30 ± 0.78 0.09

HADS score 6.37 ± 4.37 5.65 ± 4.00 0.40

HADS score (anxiety) 3.46 ± 2.45 (median = 3) 3.02 ± 2.08 (median = 3.0) 0.44

HAD score (depression) 2.92 ± 2.71 2.61 ± 2.67 0.56

HADS Hospital Anxiety and Depression Scale, VAS Visual Analog Scale

Fig. 2 Bar diagram shows improvement in frequency of headache in

group I and group II patients. a, b The frequency of headache

significantly reduced at 1, 2 and 3 months follow up compared to

baseline in both group I and group II patients. c, d Number of patients

who had [50 % reduction in frequency, converted to episodic

headache, complete remission and remained as chronic daily head-

ache at 1, 2 and 3 month follow up in group I (c) and group II which

was not significantly different between the two groups
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Discussion

In the patients with CM and CTTH, both single and three

sessions of high rate rTMS were effective in reducing

frequency and severity of headache and number of abortive

drugs till 3 months. 81.6 % of patients converted to epi-

sodic, but only 14.5 % patients achieved complete remis-

sion. On per protocol and intension to analysis, there was

no difference in primary outcome between the two groups.

This study reports the role of high rate rTMS in CM and

CTTH including adequate sample size. There is only one

study in which high rate rTMS was compared with sham

stimulation in 18 patients with CM having severe depres-

sion. In this study, 32 trains of 10 Hz rTMS comprising

1600 pulses were delivered over the left dorsolateral pre-

frontal cortex and 23 sessions were given in 8 weeks. The

severity and frequency of headache at 4 and 8 weeks after

the rTMS did not improve compared to placebo. The

protocol used in this study was extrapolated from the rTMS

protocol for depression [15]. There are only few random-

ized controlled trials of rTMS in migraine prophylaxis. In a

randomized placebo controlled trail, 10 Hz rTMS over left

dorsolateral frontal cortex corresponding to the hot spot of

abductor digiti minimi resulted in significant reduction in

frequency and severity of headache and number of anal-

gesic intake at 1 month in the rTMS group compared to the

placebo. These effects were maximum at 15 days after the

rTMS. At 1 month, 78.7 % had more than 50 % reduction

in frequency in the rTMS group compared to 33.3 % in

sham group. The VAS score also improved ([50 %) in

76.6 % in the rTMS group compared to 27.1 % in the sham

group [10]. Similar improvement has also been reported in

other studies [16, 17]. In one study, six patients received 12

sessions of 400 pulses delivered at 20 Hz at 90 % of motor

threshold and five patients received sham stimulation.

Headache frequency, headache index and abortive pill

intake reduced significantly from the baseline and the

benefit lasted for 2 months in the rTMS group [17]. In

another study, low-frequency rTMS in 27 migraine patients

although resulted in improvement of headache frequency

from the baseline but the difference was not significant

when compared with the sham stimulation group [18]. The

variation in the results in different studies may be due to

different patient population, inadequate sample size and

difference in rTMS protocol. The stimulation rate, number

of pulses, number of session and site of stimulation are

different in different studies [15–18]. In this study, we have

used the same protocol which was used in our earlier study

[10, 17].

Left dorsolateral frontal cortex has an important role in

pain relief. Capsaicin induced pain on dorsum of hands in

the volunteers was relieved by stimulating left dorsolateral

frontal cortex, whereas this effect was not observed by

right side stimulation [19]. Electrical cathodal stimulation

of supra orbital region, occipital region and cerebellum has

also been reported effective in migraine [20–22].

The exact mechanism of rTMS in preventing migraine is

not well understood. Low intensity TMS probably stimu-

lates low-threshold inhibitory interneurons, whereas higher

intensities excite projection neurons. Depending on the

frequency of rTMS, it can induce either long-term poten-

tiation or long-term depression; high frequency rTMS

(C5 Hz) increases excitability, whereas slow rTMS

(B1 Hz) decreases it [23]. The excitation and impaired

habituation of sensory neurons in migraineurs have been

demonstrated using visual, somatosensory and event rela-

ted potentials [24–26]. Improvement in impaired habitua-

tion and reduction in neuronal excitability have been

observed in visual evoked potential following rTMS [27].

These biological phenomena may also be altered by

amitriptyline, beta blocker and antiepileptic drug, and are

also found effective in migraine prophylaxis in randomized

controlled trials. High rate rTMS in migraine has been

reported to increase in endorphin release that correlated

with clinical improvement suggesting the role of endorphin

in migraine [28]. Endorphin is closely linked to hypotha-

lamus and hypothalamic abnormalities have been reported

in PET and functional MRI studies [29]. Following rTMS

Table 2 Primary outcome

using per protocol analysis

(PPA) and intention to treat

analysis (ITT) revealed no

significant difference between

group I and group II at 1, 2 and

3 months

ITT 1 Month post rTMS 2 Months post rTMS 3 Months post rTMS

Group I (52) Group II (46) Group I (52) Group II (46) Group I (52) Group II (46)

;Frequency/months

[50 % 20 (38.5 %) 21 (45.7 %) 31 (59.6 %) 21 (45.7 %) 31 (59.6 %) 24 (52.2 %)

B50 % 32 (61.5 %) 25 (54.3 %) 21 (40.4 %) 25 (54.3 %) 21 (40.4 %) 22 (47.8 %)

PPA 1 Month post rTMS 2 Months post rTMS 3 Months post rTMS

Group I (45) Group II (43) Group I (41) Group II (37) Group I (39) Group II (37)

;Frequency/months

[50 % 19 (42.2 %) 21 (48.8 %) 31 (75.0 %) 21 (56.7 %) 31 (79.4 %) 24 (64.8 %)

B50 % 26 (57.8 %) 22 (51.2 %) 14 (34.1 %) 25 (67.5 %) 14 (35.9 %) 19 (51.3 %)
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increase in hippocampal dopamine, reduction in 11C

raclopride and change in glutamate/glutamine has been

reported [30–32]. These changes result in headache relief

for variable duration.

The aim of treatment of CDH is to convert it to

episodic headache if not total remission. In an epi-

demiological study, 26 % patients with CM remitted to

episodic migraine annually. Patients who had headache

remission had lower headache frequency compared with

the patients with persistent CM [33]. Preventive medi-

cine alone or in combination also reduces more than

50 % headache frequency in about 60 % patients at the

end of 12 weeks [34]. In a pooled analysis of double

blind randomized controlled trials, topiramate was found

to be superior to placebo resulting in at least 50 %

reduction in migraine parameters in 46.3 % patients

[35]. Following rTMS, 62.5 % patients had more than

50 % reduction in headache frequency which is compa-

rable to the pharmacological treatment. Conversion to

episodic headache in 80.3 % of our patients in turn

reduced the frequency of MOH. Other non-pharmaco-

logical treatment like acupuncture has been reported to

reduce headache days by 10–12 in a randomized con-

trolled trial [36].

Fig. 3 Frequency curve

showing various outcome

parameters in group I and II at

1, 2 and 3 months follow up.

The frequency, severity, visual

analog scale (VAS) score,

duration of headache and

analgesic use although

improved significantly

compared to baseline in group 1

and 2, but these outcome

parameters were not

significantly different between

the two groups
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Strength and weakness

This is the first study on the role of three versus single

session of rTMS in the patients with CM and CTTH, using

well defined inclusion and evaluation criteria having ade-

quate sample size. This study is limited by lack of placebo

arm and double blind design. We did not have a placebo

arm because of ethical issues and previous report of effi-

cacy of three sessions of rTMS in migraine prophylaxis

[10]. Our aim was to evaluate the efficacy of three versus

single session of rTMS, and if single session is effective,

the protocol will be more acceptable to the patients. Our

patients were blinded about the stimulation type; however,

the examiners were not. This is unlikely to influence our

results as outcome measure was based on the headache

diary maintained by the patients.

It can be concluded from this study that single session of

10 Hz rTMS over left frontal cortex is equally effective to

three sessions in CM and CTTH. Further studies are needed

to evaluate the effect of rTMS in combination with

antimigraine drugs in the patients with CM.
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