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Abstract Visual system pathway dysfunction has been

postulated in migraineurs. We wanted to investigate if any

difference exists interictally in visual attention and visual

evoked habituation of frequently attacked migraineurs

compared to the healthy control group. The effects of

3-month prophylactic migraine treatment on these param-

eters were also assessed. The migraineurs at headache-free

interval (n = 52) and age, sex-matched healthy controls

(n = 35) were compared by habituation response to 10

blocks of repetitive pattern-reversal visual stimuli (each

block consisted 100 responses). The amplitude changes of

5th and 10th blocks were further compared with that of

block 1 to assess the response of habituation (i.e., decrease)

or potentiation (i.e., increase). The level of sustained visual

attention was assessed by Cancellation test. Migraineurs

were randomized to three different preventive treatments:

propranolol 40 mg tid, flunarizine 5 mg bid, or topiramate

50 mg bid. After 3 months of preventive treatment,

migraineurs data were compared with their baseline values.

The groups did not differ by sex and age. In electrophys-

iological studies, the habituation ability observed in the

healthy group was not observed in migraineurs. However,

it was restored 3 months after preventive treatment. In

migraineurs, compared to their baseline values, the

distorted visual attention parameters also improved after

treatment. All drugs were effective. The loss of habituation

ability and low visual attention performance in migraineurs

can be restored by migraine preventive treatment. This

electrophysiological study accompanied by neuropsycho-

logical test may aid an objective and quantitative assess-

ment tool for understanding migraine pathophysiology.

Keywords Headache � Propranolol � Flunarizine �
Topiramate � Prophylactic treatment

Introduction

Migraine is one of the most common and burdensome

primary headache disorder [1]. Headache is accompanied

by nausea, vomiting, and light/sound sensitivity, and

increased by routine physical activity [2]. Research on

investigating the pathophysiological mechanisms of

migraine is still one of the hottest topics. During an attack,

photophobia is reported in 82.5% of the migraineurs [3].

Anatomy and physiology of photophobia have been

reviewed in detail [4]. Basically, ‘‘visual system pathway

dysfunction’’ has been postulated in migraineurs [5, 6].

Compared to the healthy control, the brains of migraineurs

are reported to be hyperresponsive, especially in the

occipital cortex, demonstrated by functional MRI studies

[7]. Besides, light or glare is known to trigger migraine

attacks. Similarly, among the aura symptoms, visual aura is

reported to be the most common type of aura compared to

the speech/language disturbances, sensory, motor, brain-

stem, or monocular visual loss [8]. On electrophysiological

studies, pattern-reversal repetitive visual evoked potential

(rVEP) dominates in migraineurs, supported by the evi-

dence of lack of habituation to the repeated stimuli,
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interictally [9]. In migraineurs, increased responsiveness in

the visual cortex is reported [10].

Some migraineurs report transient cognitive dysfunc-

tions such as concentration and comprehension difficulties

during or shortly after an attack [11]. Among the migrai-

neurs with frequent attacks and long history of migraine,

disturbances of memory, attention, and low speed of

visuomotor processing are reported [12]. However, due to

methodological differences, there are some controversial

reports about cognitive functioning in migraineurs, either

poor or normal cognitive performance [13]. The migraine

severity and duration may also be confounding factors for

this discrepancy. Children with migraine are reported to

have visual attention deficits [14]. Visual attention may be

assessed by Cancellation Test [15]. It measures the

capacity of sustained attention, the sensory component

related with perceptual representations, and motor com-

ponent related with visual search/scan [15]. The structure

of the test includes factors that are labeled as visual search,

scan, impulsivity, and response speed.

In this study, we aimed to investigate if any difference

exists, interictally, in visual attention and visual habituation

of frequently attacked migraineurs compared to the healthy

control group. The effects of migraine preventive drugs on

these parameters were also assessed.

Methods

Participants

Female and males aged between 18 and 60 years, who had

an adequate level of understanding the questionnaires with

written consent, were enrolled prospectively between July,

2009 and July, 2011. The Local Ethical Committee

approved the study. The migraine group composed of

headache patients admitted to Neurology Department who

were diagnosed with migraine based on ICHD-II criteria

[16]. The inclusion criteria were as follows: to have [4

migraine attacks/months for more than 3 months, each

attack severity of VAS C 3/10 (in a scale of 0–10, in which

‘‘0’’ is no pain and ‘‘10’’ worst pain imaginable), eligible to

take prophylactic treatment either with propranolol, flu-

narizine, or topiramate. The control group composed of

age- and sex-matched healthy volunteers. Exclusion crite-

ria for the participants were as follows: Migraine patients

currently taking or have received any medications

B3 months ago for migraine prophylaxis; patients who

have any contraindication to take the study drugs; patients

having any type of headaches other than migraine; patients

with any type of painful conditions, the presence of any

systemic, metabolic, endocrinologic, neurologic, or psy-

chiatric disease; patients taking any type of drugs which

may affect cognitive and electrophysiological studies,

history of optic neuritis, or any pathology of the visual

system, pregnancy, history of substance/drug abuse, history

of neurosurgery. Migraine history, neurological examina-

tion, laboratory evaluations, and when needed neuroradi-

ological examinations were performed. All participants had

a baseline VEP and Cancellation test interictally (head-

ache-free interval, at least 3 days before or after a migraine

attack). Migraine patients were randomized into 3 sub-

groups; propranolol 40 mg tid, flunarizine 5 mg bid, and

topiramate 50 mg bid. Baseline and 3 months after pro-

phylactic treatment, pattern-reversal repetitive VEP

recordings, and Cancellation test were performed.

The repetitive pattern-reversal VEP (rVEP)

Recording Method

The subjects were asked to focus on the red spot in the

center of the checkerboard, with one eye closed. Medelec

Synergy EMG/EP unit (MEDELEC Synergy, USA) was

used for VEP recordings. The sweep speed was 250 ms,

filters 1–100 Hz, sensitivity 5 lV, and contrast 100%. In a

standard VEP recording protocol, a minimum of 2 VEP

waves are averaged by 200 stimuli recorded from Oz–Cz

electrodes. For the repetitive pattern-reversal VEP tech-

nique, the responses to uninterrupted visual stimuli at

3.1 Hz were recorded during 10 sequential blocks. Each

block consisted of 100 averaged VEP responses. The peak-

to-peak amplitudes of N1-P1 and P1-N2 peaks were cal-

culated [10]. The amplitude changes of 5th and 10th blocks

were further compared with that of block 1 to assess the

response of habituation (i.e., decrease) or potentiation (i.e.,

increase) as described before [17]. All data were analyzed

offline, blinded to the study groups.

The Cancellation test

The Cancellation test (CT) involves searching and scan-

ning for target letter or symbols against a background of

distractor [15]. The test has four sheets: organized letters,

organized symbols, random letters, and random symbols

(Fig. 1). In organized sets, the distribution of stimuli

arranged in rows and columns follows a sequence. In the

random sets, stimuli are distributed randomly on sheets

without any logical sequence. Each set contains 60 target

stimuli (15 targets located in each quadrant) embedded in

300 items. Subjects are required to circle the target stimuli.

After every 10 correct responses, the colored pencil is

changed. The test was performed at hospital by one the

authors (FI). The total scores for correct target responses

(CT1), number of omission errors (CT2), number of

incorrect responses (CT3), total number of errors (CT4),

and time to complete/duration (CT5) were calculated. The
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test–retest reliability coefficients of CT scores in healthy

adults changed between 0.32 and 0.81 [18]. The data were

analyzed by an experienced clinical psychologist (EEB)

who was blinded to the groups.

Statistical analysis

The data were analyzed with the PASW Statistics version

18 software package. The normal distribution of variables

was verified by the Kolmogorov–Smirnov test and Sha-

piro–Wilk test. Comparisons of the dependent groups were

made either with Student’s t test (parametric) or Wilcoxon

signed-rank test (non-parametric). Comparisons of inde-

pendent groups were made either with Student’s t test

(parametric) or Mann–Whitney U test (non-parametric).

Chi-square (X2) test was used to investigate whether dis-

tributions of categorical variables differ within groups.

Data are shown as mean ± SD for continuous variables

and absolute numbers for dichotomous variables. p value

less than 0.05 was considered statistically significant.

Results

In this study, 87 subjects were eligible. Age (35.6 ± 9.1

versus 34.2 ± 9.6 years) and sex (83 versus 77% female)

did not differ between the migraineurs (n = 52) and

healthy control group (n = 35) (p[ 0.05). Four migrai-

neurs were diagnosed with migraine with aura. The

migraineurs had 7.6 ± 4.3 attacks/month and disease

duration was 6.9 ± 5.8 years. For prophylaxis, the

migraineurs were randomized to flunarizine (n = 16),

propranolol (n = 19), and topiramate (n = 17) treatment

groups. The migraine attack frequency and disease duration

did not differ between the treatment groups (all p[ 0.05).

In migraineurs, sustained visual attention parameters,

assessed by the Cancellation test, were statistically dis-

torted compared to the healthy control group (Table 1a).

Compared to the healthy control group, before preventive

treatment, the number of correct targets was less

(59.33 ± 0.63 versus 58.53 ± 1.28 p\ 0.05), omission

errors were more (0.67 ± 0.63 versus 1.46 ± 1.28,

p\ 0.05), total number of errors were more (0.69 ± 0.69

versus 1.62 ± 1.38 p\ 0.05), and time to complete/dura-

tion of the tests were longer (80.36 ± 17.16 versus

105.3 ± 44.06 p\ 0.05). These results suggest attention

deficit and prolonged reaction time in frequently attacked

migraineurs compared to the age- and sex-matched healthy

control group.

Three months after preventive treatment, compared to

their baseline values, visual attention parameters in migrai-

neurs improved. The number of migraineurs completed the

study was less than recruited due to loss of follow-up.

However, the comparisons were made according to the pre-

and post-treatment data of the same group of patients who

completed the study. Basically, in migraineurs, compared to

their baseline values, 3 months after migraine preventive

treatment, the number of correct targets was more

(58.53 ± 1.24 versus 59.20 ± 0.94, p\ 0.05), omission

errorswere less (1.47 ± 1.24 versus 0.80 ± 0.94, p\ 0.05),

total number of errors were less (1.55 ± 1.20 versus

0.85 ± 0.98, p\ 0.05), and time to complete/duration of the

Fig. 1 The cancellation test

sheets
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tests were shorter (103.61 ± 44.73 versus 96.15 ± 39.29,

p\ 0.05) (Table 1b).

To assess habituation or potentiation response in migrai-

neurs and healthy control group, sub-averaged peak-to peak

amplitudes at blocks 5 and 10 were compared with that of

block 1. In healthy control, the amplitudes of the 1st and the

10th blocks were 8.91 ± 2.73 and 7.72 ± 2.71 lV on the

right side and 8.39 ± 2.29, 8.02 ± 3.72 lV on left side,

respectively. There was a decrease in amplitude and habit-

uation ability was statistically significant in the healthy

control (all p\ 0.05) (Table 2). However in migraineurs

before treatment, the amplitudes of the 1st and the 10th

blocks were 8.94 ± 3.63 and 8.78 ± 3.55 lV on the right

side and 8.67 ± 3.62, 8.55 ± 3.62 lV on left side, respec-

tively. Habituation ability was not detected in migraineurs

(all p[ 0.05) (Table 2). Three months after migraine pre-

ventive treatment, loss of habituation ability was restored

(Table 3). The amplitudes of the 1st and the 10th blockswere

8.93 ± 2.99, 7.96 ± 2.54 lV on the right and 9.23 ± 3.33,

8.30 ± 2.76 lV on the left side, respectively (all p\ 0.05).

When each study drugs were analyzed separately, all drugs

were effective in restoring the habituation ability in migrai-

neurs (Table 3). The percentage changes (%mean ± SD) are

also included in Table 3. For propranolol, the amplitudes of

the 1st and the 10th blocks were 9.32 ± 2.67,

7.82 ± 2.57 lV on the right and 9.37 ± 2.88,

8.03 ± 2.56 lV on the left side, respectively. For flunarizine,

the amplitudes of the 1st and the 10th blocks were

8.63 ± 3.86, 7.83 ± 3.34 lV on the right and 9.78 ± 4.28,

8.82 ± 3.48 lV on the left side, respectively. For topiramate,

the amplitudes of the 1st and the 10th blocks were

8.82 ± 2.53, 8.29 ± 1.56 lV on the right and 8.48 ± 2.81,

8.08 ± 2.30 lV on the left side, respectively (Table 3).

Discussion

In this study, we aimed to identify if any difference exists in

visual attention and visual evoked habituation of frequently

attacked migraineurs compared to age- and sex-matched

healthy control group. The effects of migraine preventive

treatment on these parameters were also assessed.

Migraine is a common primary headache with a preva-

lence of 15–17% in females and 6% in males [19]. In our

study, the female migraineurs were also 4.8 times more than

themale migraineurs. Age and sex did not differ between the

groups. The pathophysiology of migraine is complex [20].

The migrainous brain is structurally, anatomically, and

functionally altered, and very sensitive to fluctuations in

homeostasis [20]. It is both hypersensitive to external stimuli

and hyperresponsive to repeated stimuli [21]. In a repetitive

pattern-reversal VEP study, loss of habituationwas proposed

to be related with a functional disconnection of the thalamus

leading to decreased intracortical lateral inhibition in

migraineurs [22]. Altered processing of sensory stimuli and

altered synchronicity in migraine patients were also pro-

posed to be relatedwith thalamocortical dysrhythmia [23]. In

a recent human imaging study, the presence of abnormal

low-frequency oscillations in thalamocortical networks in

the interictal phase of migraineurs was demonstrated [24].

Table 1 (a) Comparison of Cancellation test scores in healthy control and migraineurs before treatment. (b) Comparison of Cancellation test

scores, baseline, and 3 months after treatment in migraineurs

(a)

Cancellation test Healthy control (n = 35) Baseline migraineurs (n = 52) z value p value

Score (mean ± SD) Score (mean ± SD)

CT1 (correct targets) 59.33 ± 0.63 58.53 ± 1.28 -3.23 0.001*

CT2 (omission errors) 0.67 ± 0.63 1.46 ± 1.28 -3.22 0.001*

CT3 (incorrect targets) 0.04 ± 0.09 0.16 ± 0.49 -1.70 0.088

CT4 (total number of errors) 0.69 ± 0.69 1.62 ± 1.38 -3.66 0.000*

CT5 (duration) 80.36 ± 17.16 105.3 ± 44.06 -2.66 0.008*

(b)

Cancellation test Baseline (n = 33) 3 months after treatment (n = 33) z value p value

Score (mean ± SD) Score (mean ± SD)

CT1 (correct targets) 58.53 ± 1.24 59.20 ± 0.94 -3.552 0.000*

CT2 (omission errors) 1.47 ± 1.24 0.80 ± 0.94 -3.552 0.000*

CT3 (incorrect targets) 0.08 ± 0.14 0.05 ± 0.12 -0.842 0.400

CT4 (total number of errors) 1.55 ± 1.20 0.85 ± 0.98 -3.568 0.000*

CT5 (duration) 103.61 ± 44.73 96.15 ± 39.29 -3.342 0.001*

* Statistically significant (all p\ 0.05)
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Although migraine is known to be relatively a benign

and episodic neurological disease, some neuroimaging

findings [25] and neuropsychological impairments are

reported in frequently attacked migraineurs and with long

disease duration [13]. Frequently attacked migraineurs are

reported to have compromised physical, mental, and social

functioning [26]. In a healthy brain, the normal selective

attention function requires attenuation of sensory responses

in the cortex [27]. It is suggested that loss of habituation

might affect daily cognition in migraineurs such as diffi-

culties in attention [28]. In migraineurs, interictally, neu-

rocognitive processing of visual stimuli is reported to be

dysfunctional, called as ‘‘lack of cognitive-level visual

habituation’’ [28]. In a neurophysiological study, 232

unfamiliar images were viewed and event-related poten-

tials were recorded in the healthy control group and

migraineurs [28]. The amplitude of late positive potentials

was found to be increased across trial blocks in migraineurs

[28]. In the literature, compared to the healthy control

group, slower reaction times are reported in migraineurs

assessed by the Stroop test [29]. Cancellation Test (CT)

measures the capacity of selective sustained attention, the

sensory component related with perceptual representations,

motor component related with visual search and scan, and

motivational component related with affect. In our study,

we found distorted visual attention performance in

migraineurs assessed by CT. Compared to the healthy

control group, the number of correct targets was less,

omission errors were more, total number of errors were

more, and time to complete/duration of the tests were

longer in migraineurs. These results suggest attention

deficits and prolonged reaction time in migraineurs com-

pared to the age- and sex-matched healthy control group. In

a previous study, children with migraine were also shown

to have selective and alternate attention difficulties com-

pared to the healthy control group [14]. Abnormal neuronal

oscillations, mainly thalamocortical dysrhythmia and mis-

guided striatal oscillations, were also proposed in children

with attention deficit/hyperactivity disorder [30].

In our study, the migraineurs were randomized to flu-

narizine (n = 16), propranolol (n = 19), and topiramate

(n = 17) treatment groups. The migraine attack frequency

and disease duration did not differ between the treatment

groups (all p[ 0.05). Three months after migraine pre-

ventive treatment, compared to their baseline values, visual

attention parameters improved. The number of correct

targets was more, omission errors were less, total number

of errors was less, and time to complete/duration of the

tests were shorter. Similar to our findings, children with

migraine reported to have visual attention deficits and

migraine preventive treatment (sodium valproate,

amitriptyline, flunarizine) reversed their performance

assessed by CT [31]. We do not think this is a sole training

effect, because CT was performed 3 months apart and it

does not test the long-term memory, but only attention.

Although propranolol, flunarizine, and topiramate may

produce memory disturbances and behavioral side effects

(e.g., depression) [32, 33], our results suggest that migraine

itself might have deleterious effects on attention. Migraine

preventive treatment may restore visual attention.

Repetitive stimulation is associated with selective acti-

vation of anaerobic glycolysis. The amplitude of evoked

cortical response to repetitive stimuli normally decreases in

healthy brain, which is known as ‘‘habituation’’ [34]. This

habituation phenomenon is known to protect brain against

over-excitation and lactate accumulation due to repetitive

Table 2 Comparisons of p100 amplitudes between the 1st–5th–10th blocks in healthy control and migraineurs

Repetitive p100 amplitudes

of the 1st, 5th, 10th blocks

Healthy control (n = 35) Migraineurs (n = 52)

Amplitude

(lV)
p value Percentage change

(%mean ± SD)

Amplitude

(lV)
p value Percentage change

(%mean ± SD)

Right side block 1 8.91 ± 2.73 0.088 -3.55 ± 15.69 8.94 ± 3.63 0.447 3.16 ± 21.05

Right side block 5 8.58 ± 3.10 9.11 ± 3.91

Right side block 1 8.91 ± 2.73 0.000* -9.57 ± 10.14 8.94 ± 3.63 0.120 -0.61 ± 23.07

Right side block 10 7.72 ± 2.71 8.78 ± 3.55

Right side block 5 8.58 ± 3.10 0.000* -13.39 ± 13.56 9.11 ± 3.91 0.148 0.12 ± 22.09

Right side block 10 7.72 ± 2.71 8.78 ± 3.55

Left side block 1 8.39 ± 2.29 0.269 -1.08 ± 12.28 8.67 ± 3.62 0.921 5.62 ± 34.70

Left side block 5 8.30 ± 2.42 8.69 ± 3.63

Left side block 1 8.39 ± 2.29 0.003* -5.08 ± 22.66 8.67 ± 3.62 0.619 0.66 ± 19.14

Left side block 10 8.02 ± 3.72 8.55 ± 3.62

Left side block 5 8.30 ± 2.42 0.002* -6.67 ± 23.10 8.69 ± 3.63 0.521 4.90 ± 40.53

Left side block 10 8.02 ± 3.72 8.55 ± 3.62

* Statistically significant (all p\ 0.05)
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stimulation [35]. However, in migraineurs, this protective

phenomenon is shown to be dysfunctional and loss of

habituation and even potentiation have been reported [36].

In our study, we evaluated interictal habituation response by

repetitive visual stimulation as described before [17]. In the

healthy control group, the habituation ability was preserved;

however, it was not detected in migraineurs. There are some

conflicting reports against the loss of habituation in

migraineurs [37]. We may assume methodological differ-

ences such as repetitive VEP technique, migraine severity,

and disease duration may affect these negative reports. As

reported before, we suggest comparing the N1-P1 ampli-

tudes of the 1st block to the 10th block of 100 VEPs each, in

frequently attacked migraineurs [17]. In a recent test–retest

reliability study of visual habituation, loss of habituation

was confirmed in migraineurs [38]. Similarly, both in blin-

ded and non-blinded analyses, VEP habituation was reported

to be deficient in migraineurs interictally [39].

Three months after migraine preventive treatment, loss of

habituation ability was restored in our migraineurs. When

each study drugs were analyzed separately, all drugs were

effective in restoring the habituation ability. In a transcranial

magnetic stimulation study of 29 migraineurs, cortical

excitability of the visual cortex was also shown to be modu-

lated by propranolol preventive treatment [40]. The action

mechanism of flunarizine in migraine prophylaxis is not

completely understood. In a whole-cell patch clamp record-

ings of cultured rat cortical neurons, flunarizine was shown to

block sodium and calcium currents, a potential mechanism of

cortical hyperexcitability [41]. In our clinical study, we were

able to show that flunarizine restored loss of habituation in

migraineurs, probably through the same mechanism. Topira-

mate was also able to restore habituation in our migraineurs.

Similar to our result, in a study of migraine patients without

aura, 2-month treatmentwith topiramatewas shown to reverse

loss of habituation assessed by acoustic stimulation [42]. In

another study conducted by magnetoencephalography, visual

cortex excitability was shown to be associated with remission

in chronic migraineurs after topiramate preventive treatment

[43]. One of the limitations of our study might be the limited

number of migraine patients in each group to demonstrate a

statistically significant difference among three different

migraine preventive drugs. The number of subjects who were

retested after 3 months of treatment was lower than the

recruited. However, the comparisons and analyses weremade

according to the pre- and post-treatment data of the same

patients who completed the study. The other limitation of our

study was that we were not able to identify a possible corre-

lation between the VEP habituation parameters, Cancellation

Test items, and the clinical response to the prophylactic

treatments because of insufficient clinical data. However, our

study was designed only to assess the effects of 3 months of

migraine prophylactic treatment on visual attention and

electrophysiological (visual habituation) parameters in

migraineurs. Propranolol, flunarizine, and topiramate are

drugs that are approved to be clinically effective on migraine

prophylaxis. In our study, we did not design to collect data in

detail of the clinical outcome measures such as more than 30

or 50% of reduction in migraine attack frequency or migraine

severity.

In this study, we demonstrated that 3 different preven-

tive drugs (propranolol, flunarizine, and topiramate)

restored visual attention and evoked cortical hyperrespon-

siveness in migraineurs. We may assume that visual

attention deficit in migraineurs may be due to the same

pathophysiological mechanisms underlying VEP habitua-

tion deficit such as ‘‘thalamocortical dysrhythmia’’. This

proposal may require further detailed investigations.

Conclusions

In summary, this is a prospective, randomized, electro-

physiological, and neurophysiological study to assess the

effects of preventive treatment in frequently attacked

migraineurs compared to the healthy control group. It

demonstrates an objective data on how frequent migraine

attacks affect brain responsivity and attention. It also pro-

vides how migraine preventive drugs restore these brain

functions. The loss of habituation ability and low visual

attention performance in migraine patients may be restored

by migraine preventive treatments. We hope this electro-

physiological study accompanied by neuropsychological

tests may provide an objective and quantitative assessment

tool for our understanding of migraine pathophysiology

and response to different treatment modalities.
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