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Abstract

New findings from migraine studies have indicated that this common headache disorder is associated with anomalies in
attentional processing. In tandem with the previous explorations, this study will provide evidence to show that visual atten-
tion is impacted by migraine headache disorders. 43 individuals were initially recruited in the migraine group and 33 people
with non-migraine headache disorders were in the control group. The event-related potentials (ERP) of the participants were
calculated using data from a visual oddball paradigm task. By analyzing the N200 and P300 ERP components, migraineurs,
as compared to controls, had an exaggerated oddball response showing increased amplitude in N200 and P300 difference
scores for the oddball vs. standard, while the latencies of the two components remained the same in the migraine and con-
trol groups. We then looked at two classifications of migraine with and without aura compared to non-migraine controls.
One-Way ANOVA analysis of the two migraine groups and the non-migraine control group showed that the different level
of N200 and P300 amplitude mean scores was greater between migraineurs without aura and the control group while these
components’ latency remained the same relatively in the three groups. Our results give more neurophysiological support
that people with migraine headaches have altered processing of visual attention.
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Introduction

Migraine is a well-known neurological headache disorder
that is often characterized by many physiological symptoms
including light sensitivity, nausea, and throbbing headaches
during headache attacks—also known as ictal periods.
Among all different types of this primary headache disor-
der, migraines with aura cause more pronounced clinical
symptoms and have diverse manifestations that vary from
visual disturbances to paresthesia or speech disturbances,
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with visual auras as the most common symptom with 90%
of occurrence in this subcategory (Dodick 2018). Migraines
without aura are a more recurrent type of migraine with less
visual phenomena and include menstrual migraines (Head-
ache Classification Committee of the International Head-
ache Society 2018). Migraines are predominantly reported to
cause not only adverse pain but also subjective impairments
in cognition (Vuralli et al. 2018). Although the memory
and cognitive interruptions are usually found before (pre-
ictal) and during (ictal) headache attacks, studies show the
cognitive dysfunctions could last between the main attacks
(known as the interictal phase) (Mickleborough et al. 2014).

Visual attention is one of the most critical cognitive pro-
cesses and is frequently found to be impaired based on the
subjective clinical reports of migraine sufferers. Attention is
the way we focus our cognitive resources on aspects of the
visual world that are behaviourally relevant to our current
task while diminishing the extent to which we are distracted
by less relevant inputs. Research from the past decade has
started to paint a picture that while controls readily identify
behaviourally relevant stimuli and suppress non-relevant
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stimuli, migraineurs have a decrease in the ability to sup-
press behavioral irrelevant stimuli (Mickleborough et al.
2011). Specifically, it is found that the migraine brain shows
altered habituation to repeated visual stimuli (Fong et al.,
2020; Guo et al., 2019a, b; Coppola et al. 2019). For exam-
ple, Mickleborough et al. (2013) used logos as visual stimuli
for 25 migraineurs and 25 non-migraineurs to compare their
post-sensory processing. While viewing the repeatedly pre-
sented images, the migraine group had an amplified cortical
response to the repeated visual stimuli while the controls
showed almost no change in brain response across the same
repeated stimuli. Yet the current literature shows contradic-
tory results regarding whether migraine causes an ampli-
fication (Mickleborough et al. 2013; Coppola et al. 2009;
Chen et al. 2020; Kam et al. 2015) or an attenuation of
attentional processing (Guo et al. 2019a, b; Raggi and Ferri
2020), suggesting that more supporting research is needed
to show the potential impairment and attentional dysfunc-
tion in migraineurs. Recent research has identified a need for
continued research assessing altered habituated responses in
the evoked potentials of migraineurs vs. non-migraine con-
trols to explore whether the failure for habituated responses
could be reproducible in different contexts including with
different stimulation parameters (Sand et al. 2008; Omland
et al. 2016).

Evidence is building that migraineurs have attentional
issues specific to the decision to suppress responses to
behaviourally irrelevant stimuli. As an example, Chen
et al. (2020) described dysfunctional inhibitory control in
migraineurs when suppression of response is expected, and
Mickleborough et al (2011) report migraineurs have a sig-
nificant decrease in normal suppression of cortical responses
to visual events outside their zone of attentional. It is not
surprising then to find that migraineurs also have increased
attentional orienting to sudden-onset stimuli as compared to
controls (Mickleborough et al. 2011). Adding to this, previ-
ous neuroimaging studies exhibit the altered cortical activi-
ties in the attentional control network of migraineurs during
visuo-spatial tasks including regions such as the frontal eye
field, superior parietal lobule, superior temporal gyrus, and
superior temporal sulcus (Kelley et al. 2007; Mickleborough
et al. 2016). During visual spatial-orienting tasks in controls
as compared to migraineurs, Mickleborough et al. (2016)
found that controls have more activation than migraineurs
(in between attacks) in the right temporal-parietal junction
(rTPJ), a key area in the visual attentional network which
has a suggested role of assessing unattended stimuli for
behavioural relevance before sending the signal to redirect
attention to behaviourally relevant sensory stimuli that are
outside the focus of attention (Corbetta et al. 2000; Giesbre-
cht et al. 2006; Kelley et al. 2007). Therefore, the decreased
activity in the rTPJ (in migraineurs as compared to controls)
supports the theory that migraineurs have attentional issues
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related to processing behavioural significance of stimuli
and selecting irrelevant stimuli to ignore. Given this grow-
ing evidence that the migraine brain may not be adequately
assessing the relevance of behavioral stimuli, impacting the
amount to which it is attended to, suppressed or habituated
to, a sustained attention paradigm is an appropriate task
to further understand migraineurs dysfunctional attention.

The Hillyard sustained attention paradigm is a common
experimental design which includes a sequence of auditory
or visual repetitive stimuli that are randomly interrupted
with a deviant stimulus, such an interruption can cause a
measurable change to event-related potential (ERP) com-
ponents with predictable negative and positive peaks (i.e.,
amplitude) and timing (also called latency) after the onset of
the stimulus (Luck and Kappenman 2017). While the ampli-
tude of each component indicates the intensity of its relevant
sensory or cognitive response, the shortened or prolonged
duration of a component is shown in its latency which could
reflect separate indications about the individual’s response.
The visual oddball paradigm task is an example of this
experimental design where participants are given multiple
visual stimuli (such as letters, shapes, or colours) that could
appear on the central fixation point or in other visual fields
depending on which specific type of attention (such as visuo-
spatial attention, or involuntary attention) is investigated.
Right after the onset of the stimulus in an oddball paradigm,
the early components with negative and positive polarity
are attributed to the motor response and sensory process-
ing of the input, always followed by the emergence of other
components that indicate higher cognitive processing as the
main focus of attention studies.

The ERP analysis of these cognitive components could
help us explore whether migraineurs have an amplified or
attenuated excitatory mode in response to the repeated envi-
ronmental input. ERPs are prominent non-invasive meas-
urements of attention-related brain activities and include
components of the continuous EEG recording that occurs
immediately after the onset of a stimulus in an attention
task. If an individual is shown a series of stimuli, ERP
components could be measured by averaging the recurrent
EEG activity that occurs after each stimulus, resulting in
positive or negative polarities time-locked to the stimulus
onset (Luck and Kappenman 2017). ERPs are an appropri-
ate choice for our attention research in migraineurs, given
their clear temporal resolution of brain activities (Luck and
Kappenman 2017).

The N200 component of ERP is the negative polarity
that usually indicates cognitive processing before the motor
response to a stimulus as well as object recognition (Wood-
man 2010) after the onset of a visual stimulus. This early
exogenous component is generally associated with invol-
untary and unwanted processing of the stimuli (Patel and
Azzam 2005) but compared to other components such as
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P300, it is not broadly discussed in the migraine population
and needs more investigations as a component of interest
especially in the context of visual attention. An early study
by Drake et al. (1989) focused on auditory event-related
potentials giving 30 unmedicated migraineurs and 20 con-
trols various tones at 1000 and 3000 Hz. They showed no
difference in N200 amplitude (the minimal peak) and latency
(the time difference between the stimulus onset and the
peak amplitude) in migraineurs. On the other hand, Cop-
pola et al. (2019) and de Tommaso et al. (2014) focused
on the somatosensory stimulation of migraine without aura
and showed that when migraineurs without aura are given a
high-frequency repetitive transcranial magnetic stimulation
(HF-rTMS), the evoked potential showed a heightened N200
and P250 in high frequency somatosensory evoked poten-
tials of the migraineurs without aura while these components
showed a decreasing response to HF-rTMS in healthy con-
trols. On the other hand, Fong et al. (2020) associated the
increase in N200 amplitude with cortical hyperexcitability
that could happen in some non-migraineurs comparable to
migraineurs.

Here in this study, we will explore whether there could be
an alteration of the N200 component during a visual oddball
task when we compare migraineurs to non-migraine head-
ache sufferers. Reports on N200 latency are mainly contro-
versial indicating shortened, heightened or unchanged 200
timing among migraineurs, such inconsistency could be
associated with more sensory processing imbalance caused
in visual pathways (Guo et al. 2019a, b; Fong et al. 2020).

The P300 component of ERP data is a key component
of interest when assessing late exogenous ERPS and visual
attention processes (Krigolson et al. 2017). The P300 is best
elicited in oddball paradigms and is especially sensitive to
active attentional processing, which makes it a clear variable
for examination in a study focused on group differences in
visual attention (Krigolson et al. 2017). As is indicated by
the name, the P300 ERP is shown graphically as a positive
fluctuation as early as 300 ms after the presentation of a
stimulus. This component is mostly associated with stimulus
encoding, identification and categorization (Picton 1992).
Furthermore, the P300 ERP component can determine
whether an individual is attending to a stimulus by demon-
strating activities near the 300 ms window (Krigolson et al.
2017). For example, when someone is mind wandering, their
P300 amplitude is reduced compared to when they are given
a task-relevant stimulus (Kam et al. 2015). Regarding this, a
look at this component could help us discover how much the
participants are involved with attentional processing. Some
studies have focused on this component in migraineurs and
the findings controversially show increased (Micklebor-
ough et al. 2013) or decreased P300 peak amplitude (Guo
et al., 2019b). Both attenuation or amplification of P300
component indicate an altered attentional processing of the

migraineurs. In addition to P300 amplitude, the latency of
this component is used as an indication of the time indi-
viduals would spend on discriminating or categorizing the
standard stimulus from the oddball stimulus (Fong et al.
2020). Although Drake et al. (1989) earlier reported that
P300 could be prolonged for migraineurs with reference to
more expected stimulus processing time in migraineurs, we
would like to measure migraineurs and non-migraineurs’
P300 latency in an oddball paradigm.

While recent studies with a focus on attentional process-
ing in the oddball paradigm have compared migraineurs with
healthy controls showing alterations in N200 and P300 com-
ponents in terms of their amplitude and latency (Vila-Balld
etal. 2021; Guo et al. 2019a, b), we further explore if there
are any differences between migraine population and other
non-migraine headache sufferers.

The current study utilizes a 15-min visual oddball para-
digm task presentation along with an electrode headband—
the MUSE EEG system—to analyze the frontal and tem-
poral ERP activities of participants. This system has been
previously used by Krigolson et al. (2017) for the same
oddball task, and we are now applying it to migraine vs.
non-migraine groups. Such a portable system could pro-
vide more context-based information about attentional pro-
cessing in different everyday life settings. This study is an
opening exploration of a portable EEG headband to col-
lect the fronto-temporal activities of migraineurs during a
visual attention task. Given that migraineurs have an altered
response to repeated visual stimuli, we hypothesize that they
will show amplification of the normal oddball response. We
would like to address the current gap of a clear temporal
picture about how cognitive processing is altered in the
migraineurs and whether such predicted hyperexcitable may
differ in different types of headaches comparing migraineurs
to non-migraine headache sufferers as well as migraineurs
without-aura to migraineurs with aura who usually report
more neurological symptoms. Regarding the collected ERP
data, we expect the migraine brain will have an even greater
increase in attentional response as measured via ERP N200
and P300 components as compared to controls oddball stim-
uli appear in a series of standard stimuli. Additionally, we
will explore how these components differ if comparing two
migraine headache categories (with and without aura) with
the non-migraine headache controls.

Methods
Study design
We chose a cross-sectional study design to observe the

attentional response of migraineurs compared to non-
migraine headache sufferers in response to a visual oddball
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paradigm task. We subsequently categorized migraineurs
into migraineurs with and without aura to learn how these
two groups would show different levels of response com-
pared to the control group. Our dependent variables included
N200 and P300 components of the collected ERP while the
respondents were given a repetitive visual oddball paradigm
task.

Participants

The current study recruited undergraduate students from
the University of Saskatchewan. All the participants were
rewarded 1 course credit or a gift card honorarium for their
voluntary participation. All the participants gave their writ-
ten consent form approved by the Biomedical Research Eth-
ics Board at the University of Saskatchewan (Bio-REB 652)
before they filled out a self-report questionnaire on their
headache characteristics and had a quick tutorial (less than
30 min) on the MUSE headband and their oddball paradigm
task. A total of 85 participants were initially recruited for
this study all of whom reported some headache experiences.
After data collection, five participants were eliminated due
to missing or poor EEG data, one who had taken medicines
less than 24 h before testing, two participants with head-
ache experience within the past 48 h prior to data collection,
and two individuals with probable migraine but not enough
symptoms to be considered in the migraine group. Based on
the headache criteria of the International Classification of
Headache Disorders guide (Headache Classification Com-
mittee of the International Headache Society 2018), we ana-
lyzed 75 participants (57 females, 15 males and 3 unspeci-
fied, age > 18 with a mean age of 13 as the onset of their
headache symptoms), who were placed in migraine (n=42)
and the non-migraine headache control groups (n=33). 33
identified female (78.5%) and 8 male (19.04%) were in the
migraine group and 24 female (72.7%) and 7 male (21.2%)
were included in the non-migraine group. The female to
male ratios in our groups reflect reports that migraine is
reported to be almost three times more prevalent among
women than the males (Al-Hassany et al. 2020). The groups
were matched as a function of age and education.

Reported headache characteristics

The participants initially filled out a self-administered ques-
tionnaire which included 19 customized open-ended and
closed-ended questions based on ICHD (2018) migraine
criteria to collect more headache characteristics and place
the participants in migraine vs. non-migraine group (Mick-
leborough et al. 2016).

In the migraine group, each headache attack lasted with
a mean score of 12.10 h (SEM =4.17). The duration of each
headache attack in non-migraine headache sufferers had a
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mean score of 12.23 h (SEM =5.55). Mean scores of total
headache frequency in the past three months were 5.19
(SEM = 1.22) for the migraine group and 2.26 (SEM =0.41)
for the non-migraine headache sufferers. We also looked at
headache frequency among those migraineurs who could be
potentially categorized into subtypes of migraine with aura
and migraine without aura. The mean scores of reported
headache frequency were 6.35 in the migraineurs with aura
(SEM=2.19) and 4.12 (SEM =0.98) in migraineurs without
aura. More information on participants’ headache character-
istics in migraine and control non-migraine headache groups
is found in Tables 1 and 2.

EEG recording apparatus

This study used a portable EEG headband called MUSE
(Interaxon, Ontario, Canada) with 500 Hz sampling rate
and no onboard data processing. The MUSE EEG system
comprises 4 electrodes (AF7, AF8, TP9, and TP10) anal-
ogous to electrode Fpz which is considered the reference
electrode (Fig. 1). The device is light-weighted and does not
require gel application; however, the skin of the forehead and
mastoids were dampened to enhance electrical conductance.
Like a standard non-portable EEG, the MUSE headband is
sensitive to motor movements; therefore, the participants
were asked to remain still throughout the whole process of
data collection. The EEG data were processed in MATLAB_
R2020a based on the protocol earlier utilized by Krigolson
et al. (2017) using Brain Vision Analyzer software. The final
data were then transferred to SPSS 27.0 for data analysis.

The oddball task procedure

The oddball paradigm task was performed in our lab’s
soundproof booth on an iPad mini (Apple Inc., California,
USA). After completing the self-administered questionnaire,
the participants were instructed by a researcher on how to
perform the task. They were asked to remain still while
being alone in the booth. All the participants were given an
identical oddball task while wearing a MUSE EEG Head-
band. A black fixation cross appeared in the center of the
screen (RGB value=[0, 0, 0]) and participants were directed
to limit eye movements away from the center of the screen.
The participants could see a series of random orange (RGB
value=[0 0 255]) and purple (RGB value =[0 255 0]) col-
oured circles that were set to replace the fixation cross at
random intervals and each last for 800-1200 ms in the center
of the dark gray screen (RGB value=[108 108 108]). The
standard stimulus (orange circle) occurred 75% of the time
and comparatively, the target oddball stimulus (the purple
circle) was less frequent with 25% of the appearances on
the screen (Fig. 2). The circles were presented in random
sequence order. Participants were prompted to tap the left
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Table 1 The main headache characteristics in the migraine and non-migraine groups

Nausea N (%)

Functionality N (%)

Exercise N (%)

Intensity N (%)

Pain N (%)

Side N (%)

Nausea or No nausea

vomiting

Debilitat-
ing

Impaired Normal

Makes it
better

Makes it

worse

Severe Has no

Moderate

Pulsating  Mild

Both sides Pressure

One side

or vomiting

effect

19 (47.5%)

21 (52%)

17

3(7.7%)

19

12(30%) 3 (7.5%) 36

20 (50%) 4 (10%) 24 (60%)

13 20 (50%)

27

Migraine

(43.6%)

(48.7%)
5(16.1%) 9 (29.0%) 17 (54%)

(92.3%)
309.7%)

(32.5%)
21 (70%)

(67.5%)
9 (30%)

30 (96.8%)

1(3.2%)

19 11 1(3.2%) 27

10

19

Non-

(87.1%)

(34.5%) (63.3%)  (36.7%)

(65.5%)

migraine

Table 2 The reported visual symptoms in migraine and non-migraine
groups (e.g., flickering lights in vision, spots or lines in vision, loss of
vision, sensitivity to light)

Visual symptoms ~ No visual 1-2 visual >3 visual
symptoms N symptoms N symptoms N
(%) (%) (%)

Migraine 11 (27.5%) 23 (57.5%) 8 (15%)

Non-migraine 23 (69.6%) 8 (24.2%) 2 (6.06%)

side of the screen when viewing the purple stimuli (oddball
stimulus) and to tap the right side of the screen when the
circle was orange (standard stimulus). All stimuli were pre-
sented in front of a light grey background to prevent atten-
tional distraction or discomfort on the participant’s eyes.
Stimuli colours and circles were all with the same brightness
and dimensions. We used 10 blocks of 50 trials which on
average lasted 15 min for each participant to complete. All
data were recorded for each session of the study and evalu-
ated on a time-continuum scale.

ERP analysis

We used MATLAB for raw data analysis and processing in
this study (Krigolson et al. 2017). The data was collected
from four electrodes AF7, AF8, TP9 and TP10. The data
were pooled from AF7 & AF8 electrodes for analysis. The
analysis began with data filtering followed by extracting
epochs of data from continuous EEG data individually (for
the oddball and the control) from 200 ms prior to and 600 ms
after stimulus onset. Baseline correction occurred based on
the 200 ms before stimulus onset. We subsequently used an
artifact rejection algorithm to discard any segment with an
absolute difference of more than 60 pv. The remaining seg-
ments were averaged for the conditional oddball and stand-
ard trials for each participant, then added up to reach grand
conditional waveforms (oddball and standard) for migraine
and control groups separately. Subsequently, we calculated
the grand difference waveform by subtracting the average
standard from the average oddball waveforms. The N200
peak component latency was defined (N200: 270 ms) and
a time window was picked for calculating the mean peak
amplitude of P300 with regard to its double-peaked shape
(P300: 330-408 ms). For this means, the voltage amplitudes
and latencies at the location between the two peaks of P300
were mean averaged.

Results
This study used SPSS 27 for statistical analysis. To reas-

sure the validation of our collected ERP data, we con-
ducted a Factorial ANOVA to examine the main effects
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Fig. 1 The position of the
MUSE electrodes on scalp.
AF7, AF8, TP9 and TP10 are
channel electrodes and FPZ

is marked as the reference
electrode in this device. In this
study, the data is pooled from
AF7 and AF8 for analysis

AN

FPZ

O channel
(O Reference

of ERP conditions (standard vs. oddball) and the groups
(migraineurs vs. controls). By looking at the within-subject
effects, we found a significant main effect of conditions on
the collected ERP responses across the two migraine and
control groups [F (1,816)=5.097, p=0.024].

For N200 component, we looked at the second mini-
mum peak that was found on the grand difference waveform

P

Fig.2 The oddball paradigm test: Each block of trials included 75%
of the standard stimulus (purple) for 75% and 25% of the oddball
stimulus (orange). The stimuli were presented at random intervals
at each block after the fixation cross. Each stimulus lasted for 800—
1200 ms at the center of the dark gray screen
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where N200 is usually expected. As explained earlier, we
extracted the mean peak amplitude by averaging the voltages
surrounding the two emerged peaks of P300 by choosing a
time window between the two emerged peaks on the grand
ERP difference waveform. As can be seen in Figs. 3 & 4,
while the standard waveforms were similar for both groups,
the oddball condition waveform was greater in amplitude
for the migraine group compared to the control group. In
other words, while both groups showed the typical oddball
response, the migraine group showed an even larger differ-
ence between oddball to standard, reflecting an amplified
oddball effect in N200 and P300. Figure 5 shows the N200
peak and P300 time window grand average difference wave-
forms in the two groups; for both the N200 and P300 ampli-
tudes, the difference scores between oddball vs. standard
were statistically greater in migraine participants when com-
pared to non-migraine controls [( (74) =— 2.406, p=0.019);
[1(74)=2.169, p=0.033], respectively].

We tried to look at the possibility of associations between
the two ERP components and some headache characteristics.
No relation was found between headache intensity and N200
amplitude [ (73)=— 0.16, p=0.18] or P300 amplitude [r
(73)=0.119, p=0.32]. We also didn’t find a significant
relation between headache frequency with the amplitudes
of N200 [r (73)=— 0.02, p=0.887] and P300 [r (73)=0.2,
p=0.17]. No sex differences were observed in the N200
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Fig.3 The individual ERP waveforms for Standard and Oddball conditions in migraine
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Grand Conditional Waveforms
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amplitude [#(75, 21.92)=0.286, p=0.778] and P300 ampli-
tude [#(75, 24.133)=— 0.14, p=0.889] respectively. In addi-
tion, there was no significant difference in N200 and P300
latencies between the two groups (Tables 3, 4).

Table 3 Descriptive statistics of the P300 and N200 peak amplitude
and latency for migraine and non-migraine groups in the grand differ-
ence waveform

Groups N Mean Std. Dev  Std. Error
P300 ampli- Migraine 42 2.9576 1.48533 0.22919
tude Non-migraine 33 2.2923 1.06809 0.18593
N200 ampli-  Migraine 42 —2.4427 1.16436 0.17966
tude Non-migraine 33 —1.8253 1.01941 0.17746
P300 latency ~ Migraine 42 0.4140 0.05414 0.00835
Non-migraine 33 0.4011 0.05300 0.00923
N200 latency ~ Migraine 42 0.2740 0.02732 0.00422
Non-migraine 33 0.2657 0.03097 0.00539

Grand Difference Waveform

P300 time window

0.5
»

<

Voltage (uV)
2

©
o

e Migraine Difference Waveform h200 peak

= Control Diference Waveform

-02 -0.1 0 0.1 0.2 03 0.4 0.5 0.6
Time (ms)

Comparison of the Grand Difference waveforms in migraine and control groups

For further exploration of the findings, we aimed to dis-
cover whether N200 and P300 amplitudes of the grand aver-
age difference waveform differed between migraineurs with
and without aura (Table 5) compared to the non-migraine
controls. The mean amplitude of N200 and P300 were sub-
sequently compared between the three groups by running
a One-Way ANOVA (Table 6). As shown in Table 6, the
mean score differences were statistically significant for both
N200 amplitude (¥}, ;,=3.180, p=0.048) and P300 ampli-
tude (F, 7,=3.168, p=0.048). Finally, the Fisher LSD Test
of variance was chosen as the post-hoc test in this study
to discover which groups’ mean scores showed significant
differences for N200 and P300 amplitudes. While the mean
difference score of N200 amplitude between migraineurs
with aura (N=29, Mean=— 2.43, SD=0.23) and those of
the control group (N=33 M =— 1.85, SD=0.18) was near to
the significance level (Mean difference =— 0.58, p =0.052),
migraineurs without aura (N=13, M=-2.69, SD.30) had a
larger N200 amplitude when compared to the control group

Table 4 T-test results for comparing the P300 and N200 amplitude and latency of the grand difference waveform for the migraine vs. non-

migraine groups

Levene’s Test for t df Sig Mean Differences Std. Error 95% Confidence Interval of

Equality of Vari- Difference the difference

ances

F Sig Lower Upper
P300 Amplitude 3.086 0.083 2.169 74 0.033%* 0.665252 0.30678 —0.05384 1.27665
N200 Amplitude 1.523 0.221 —2.406 74 0.019* —0.61732 0.25662 — 1.12876 —0.10588
P300 Latency 0.051 0.822 1.037 74 0.303 0.01294 0.01248 —0.01193 0.03781
N200 Latency 0.636 0.428 1.229 74 0.223 0.00829 0.00674 —0.00515 0.02172
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Table 5 Descriptive statistics of the P300 and N200 peak amplitude for subgroups of migraine (migraine with aura and without aura) in the

grand difference waveform

N N200 amplitude P300 amplitude
min max mean Std. Error Std. Dev min max mean Std. Error Std. Dev
Migraine with aura 29 —-5.71 -0.50 —-243 0.23 1.25 0.64 6.83 2.77 0.28 1.51
Migraine without aura 13 —4.63 —-0.90 —-0.269 0.30 1.06 1.79  6.19 343 0.43 1.39

(Mean difference =— 0.84, p=0.032). Additionally, P300
amplitude was significantly different between migraineurs
without aura (N=13, M=3.43, SD=0.40) and the control
group (N=33, M=2.32, SD=0.19) (mean difference=1.11,
p=0.016) (Table 7). The EEG datasets analyzed during the
current study are available from the corresponding author
on reasonable request.

Discussion

Previous research suggests that migraineurs have an ampli-
fied attentional response to visual stimuli (Coppola et al.
2009; Mickleborough et al. 2014), and neuroimaging
research suggests this may be due to the migraine brain not
adequately assessing the relevance of behavioral stimuli
leading to an unwanted increased processing of stimuli
(Mickleborough et al. 2016). For example, migraineurs
show an increase in ERP amplitude (late positive potential)
to repeatedly presented visual stimuli across trial blocks

while controls showed no significant effect of the block
(Mickleborough et al. 2013). Given this, we hypothesized
that migraineurs would show an amplified response to the
oddball visual stimuli in a visual oddball task. In other
words, we expected the migraine cortical activity would
show a greater increase in attentional response to an odd-
ball as measured via ERP N200 and P300 components as
compared to controls. As hypothesized, both migraineurs
and control participants demonstrated the expected rela-
tionship with the oddball having a larger amplitude than
the standard (Figs. 3 & 4), with migraineurs showing an
amplification of these N200 and P300 difference scores
(Fig. 2), suggesting migraineurs have an exaggerated
attentional response to the oddball stimuli. This provides
supporting evidence to the theory that migraineurs could
find it more difficult not to attend to unwanted amplified
processing of visual stimuli. This could directly affect the
top-down attentional processing in regard to inhibition of
irrelevant visual stimuli.

Table 6 Results of One-Way

. . Effect Univariate tests of significance F Sig
Analysis of Variance based on
visual symptoms between three Sum of squares df Mean square
groups of migraine with aura,
migraine without aura and non- N200 Amplitude Between Groups 8.212 2 4.106 3.180 0.048*
migraine controls Within Groups 89.095 72 1.291
Total 97.307 74
P300 Amplitude Between Groups 11.143 2 5.571 3.168 0.048%*
Within Groups 121.342 72 1.759
Total 132.485 74

Table 7 ANOVA Post Hoc: Fisher LSD test of variance

Dependent variable (I) Group () Group

Mean Difference (I-J)

Std. Error  Sig (95%) Confidence interval

Lower band Upper band

N200 amplitude Migraine with aura Migraine without aura
Non-migraine control

Migraine without aura Non-migraine control

P300 amplitude Migraine with aura Migraine without aura

Non-migraine control

Migraine without aura Non-migraine control

0.26289 0.39004  0.503 - 0.5152 1.0410
- 0.58029 0.29356  0.052  —1.1659 0.0054
—0.84318%* 0.38634  0.032* —1.6139 —0.0725
—0.66359 0.45518 0.149 —-1.5716 —0.2445

0.45346 0.34259  0.190 —0.2300 1.1369

1.11705%* 0.45086  0.016% —2.0165 -0.2176

The asterisk shows a meaningful level of significance
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Our findings align with previous research that has indi-
cated reduced sensory habituation, attentional deficits, and
increased cortical excitability between headache periods
in migraineurs (Mickleborough et al. 2011, 2014; Coppola
et al. 2009; Siniatchkin et al. 2003). Below we discuss
what the N200 and P300 represent in oddball paradigms
and what this might mean for migraineurs.

N200 amplitude as indication of an exaggerated
attentional shift in migraineurs

The N200 component indicates perceptual processes by
showing how a subject shifts attention to a visual stimu-
lus (Papaliagkas et al. 2008; Piras et al. 2003; Kappenman
et al. 2021). In addition, based on Hoffman (1990), N200 is
a stimulus-oriented component that refers to how individu-
als distinguish the stimulus before giving a motor response.
Accordingly, our results suggest that our sample migraineurs
detected and shifted attention to the oddball stimuli more
excessively than the controls. Fong et al. (2020) suggested
that the increase in N200 could reflect that impairment of
inhibitory control over the cortical pyramidal cells resulting
in a wide neural activity in the visual cortex during visual
stimulation (Fong et al. 2020; Sand et al. 2009). This fits
with the proposed abnormality in GABAergic inhibitory
interneurons in migraineurs (Chronicle et al. 1994). Our
results are consistent with those of de Koning et al. (2001),
who also found that in the interictal phase, N200 ampli-
tude was heightened for migraine without aura. In previous
research, specific high-frequency patterns such as gratings
and checkerboard stimuli resulted in a higher spike of N200
in migraineurs (Oelkers et al. 1999); our findings showed
that even a visually simple oddball paradigm could cause a
distinguished increase in N200 amplitude. Therefore, this
component could be considered as a potential indicator of
anomalies in migraineurs’ visual hyperexcitability regard-
less of the choice of stimulus. We imply that migraineurs
could find it more challenging to disregard even the simplest
irrelevant information in the given input; such an involun-
tary attentional shift to the unwanted stimuli could further
be discussed in relation to migraineurs’ pain intensity and
avoidance behaviour during and between migraine attacks.
The failure of attentional control could result in an over-
load of irrelevant and unnecessary data to process may be
presumed in close association with the gradual wear and
tear of the brain (also described as allostatic load) which is
hypothesized to progressively cause migraine chronification.

P300 amplitude indicates intensified active
attentional processing in migraineurs

As explained earlier, P300 could be considered as the most
important component in the post-sensory (i.e., cognitive)

@ Springer

level of the ERP when individuals are given visual or audi-
tory stimuli. The P300 is reliably reflective of active atten-
tional processing, a term that refers to the state of identi-
fying, encoding, and categorizing a stimulus during an
oddball paradigm task (Krigolson et al. 2017). By measur-
ing the grand average difference waveforms in migraineurs
compared to the control counterparts, we found an evident
heightened migraine-related amplitude in P300, indicating
intensified active attentional processing of the oddball stim-
uli. Compared to N200, P300 has been more investigated
in migraine studies and stands as a vivid representation
of selective attention and information processing. Previ-
ous research suggests that migraineurs have a decrease in
attenuation of unattended external (environmental) stimuli
when attention is located in another region of visual space
(covert visuospatial orienting) (Mickleborough et al. 2016)
but migraineurs do show normal attenuation of visual stimuli
when attention is directed to an internal train of thought
(mind wandering). Kam et al. (2015) used a sustained atten-
tion to response task (SART) for migraine and non-migraine
individuals, asking them to stay attended to or unattended
to some selected visual tasks. This study showed that the
P300 was attenuated in migraineurs respective to their non-
migraine counterparts when given SART. Our detected
increase in P300 amplitude is a evidence of alterations in
cognitive processing of external visual stimuli. This sup-
ports the subjective complaints that migrainuers have about
feeling overwhelmed by most visual stimuli (such as when
presented with flashing lights, or a specific checkerboard or
striped patterns). We showed that P300 latency was the same
for migraineurs and non-migraineurs. Some studies reported
a prolonged P300 in the migraine population compared to
healthy subject (Huang et al. 2017), indicating that cogni-
tive performance could be delayed in migrainuers. Yet our
result did not show a difference in P300 timing when migra-
neurs were compared to non-migraine headache sufferers.
Similar to the findings of Titlic et al. (2015), we speculate
that migraineurs spend a similar amount of time on stimulus
evaluation as non-migraineur headache sufferers.

Migraine with vs. without aura

Looking at the differences between the headache catego-
ries, we found that although the N200 amplitude difference
between migraineurs with aura and non-migraineurs nearly
reached significance (p <0.052), the migraineurs without
aura showed a significant reduction in both N200 and P300
amplitudes when compared to the non-migraine controls.
Regarding such discrepancy between our study’s migraine
categories (with and without aura), we would like to bring
attention to paucisymtomatic or “symptom-free” auras, a
pathophysiological experience that could impact the cor-
tical mechanisms in migraineurs without a symptomatic
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emergence (Hajdikhani and Vincent 2019) and how they are
associated with cortical hyperexcitability. Some migraineurs
do not report any evident aura-related symptoms, so their
situation could be translated as migraine without aura while
their cortical activities may indicate that they are suffering
in the same way as migraineurs with aura. A recent study
by Hadjikhani and Vincent (2019) indicated that some
silent neurological symptoms could specifically occur in
the frontal lobe even in the absence of apparent sympto-
matic lesions, indicating the potential for “silent auras” and
suggesting these two groups may not differ physiologically.
Although we propose that the discovered neurophysiological
responses are a potential means to track migraine irrespec-
tive of the reported visual symptomology, there is a need to
probe neurophysiological characteristics of migraine, such
as intercellular inhibitory processes, for better detection and
classification of migraine anomalies. Future investigations
could help us learn whether or not all migraine headaches
are involved with intrinsic cortical dysfunctions with simi-
lar phenomena to cortical spreading depression (CSD), a
gradual neuronal and glial depolarization wave that is more
frequently found to happen in migraineurs with aura but
is recently being hypothesized as migraine pathogenesis
(Harriott et al. 2019). In accordance with the attention that
International Classifications of Headache Disorders (ICHD)
brought to further neuroscientific and clinical studies of
migraine without aura (Headache Classification Committee
of the International Headache Society 2018), we encourage
explorations of glial and intracortical hyperactivity found in
prefrontal areas compared to the extrastriate visual cortex
activities and how they could be associated with the fre-
quency of reported visual phenomena such as scotoma. In
addition to that, future studies could explore in more detail
how attentional processing of migraine as a predominant
primary headache disorder is similar to and different from
secondary headache due to neurological diseases or post-
concussion/mTBI, which may also have reported impaired
visual disturbances.

Finally, while we used a portable EEG device that could
give convenient output about attentional processing in eve-
ryday settings, we decided to keep our environment homoge-
neously controlled for all the participants during this study.
Our oddball paradigm was run in a soundproof booth with
controlled visual or auditory distractors. Additionally, com-
pared to the conventional 10-20 EEG system, our utilized
apparatus is easy to wear and does not cause any discom-
fort for headache sufferers presumably even if diagnosed
with allodynia. We accordingly suggest future studies to
explore attentional processing in everyday life contexts
in individuals with headaches, including migraineurs and
extending to individuals with a secondary headache from
concussions, TBIs, and other neurological disorders. This
could shed an eye on anticipations of modifying urban light

pollution for those who suffer from light sensitivity, specifi-
cally migraineurs who are dealing with an ongoing cause of
disability and may need lifelong support and adjustments in
their living conditions. Along with the neurophysiological
measurement of attentional processing, neuropsychological
evaluations of executive functions could be added in order
to learn migraineurs’ behavioural responses as well.

Limitations of the study

In our study, participants were instructed to hold the iPad
in a comfortable manner so as to limit the movement of the
head during the experiment. However, this may present a
confound as the iPad—and therefore, the presented stim-
uli—was not at a homogenous distance from the partici-
pants’ face, both within and between subjects. Therefore,
data relevant to small muscle and eye movements were not
able to be appropriately collected and analyzed. This may
have negatively impacted the study’s results, as some effects
may be a result of neglecting eye movements, which have an
impact on resulting ERP data. Furthermore, we conducted
our research in a laboratory setting using university students,
which may be taken into consideration for generalizability.
Finally, more information could have been gathered regard-
ing participants’ depression or anxiety and a more diverse
sample with different genders, age groups, neurological
conditions could have been collected, along with demo-
graphic information such as education, race/ethnicity, socio-
economic status. Moreover, no information was collected
about the frequency of migraine vs. non-migraine attacks in
the migraine group.

Conclusion

We explored visual attention processing of migraineurs com-
pared to non-migraine headache sufferers by focusing on
N200 and P300 components of ERP data in response to the
oddball paradigm—a method for assessing sensory and post-
sensory processes following the onset of a stimulus. The
migraineurs presented an amplified difference in their post-
sensory processing of the visual oddball stimuli in N200 and
P300 as compared to controls, indicating that migraineurs
detected, shifted attention to, and actively attended the odd-
ball stimuli more excessively than the controls. Overall, we
provided further evidence for a heightened cortical response
when attending to visual stimuli in migraineurs. Our results
imply that migraineurs go through a more complicated
attentional processing in response to what they see around
them every day, during the headache-free phases of their
lives. This study adds to the growing picture that abnormal
attentional processing may contribute to an increased brain
response to ordinary visual stimuli, and the extent to which
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this response is related to hyperexcitability of the cortex and
headache pain in migraine, as well as how it may relate to
other neurological conditions which have similar headache
pain and visual sensitivity, such as post-concussion system,
warrant future work.

Funding This research was supported by the Natural Sciences and
Engineering Research Council (NSERC) of Canada in the form of
an NSERC Discovery Grant to the senior author M. Mickleborough
(RGPIN-2016005811) and an NSERC Undergraduate Student Research
Award to G. Sun.

Declarations

Conflict of interest The authors declare no relevant competing finan-
cial or non-financial interests.

Ethics approval and patient consent This study was approved by the
Biomedical Research Ethics Board at the University of Saskatchewan
(Bio-REB 652). All the participants were informed about their rights
to withdraw and gave their written consent form to be included in this
study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Al-Hassany L, Haas J, Piccininni M, Kurth T, Van Den Brin AM,
Rohmann JL (2020) Giving researchers a headache-sex and gen-
der differences in migraine. Front Neurol. https://doi.org/10.3389/
fneur.2020.549038

Chen G, Li Y, Dong Z et al (2020) Response inhibition alterations
in migraine: evidence from event-related potentials and evoked
oscillations. ] Headache Pain 21(1):1-13. https://doi.org/10.1186/
$10194-020-01187-2

Chronicle E, Mulleners W (1994) Might migraine damage the brain?
Cephalalgia 14(6):415-418. https://doi.org/10.1046/j.1468-2982.
1994.1406415.x

Coppola G, Pierelli F, Schoenen J (2009) Habituation and migraine.
Neurobiol Learn Mem 92(2):249-259. https://doi.org/10.1016/j.
nlm.2008.07.006

Coppola G, Di Lorenzo C, Parisi V et al (2019) Clinical neurophysiol-
ogy of migraine with aura. J Headache Pain 20:42. https://doi.org/
10.1186/s10194-019-0997-9

Corbetta M, Kincade JM, Ollinger JM, McAvoy MP, Shulman GL
(2000) Voluntary orienting is dissociated from target detection in
human posterior parietal cortex. Nat Neurosci 3:292-297

@ Springer

de Koning DH, Woestenburg JC, Elton M (2001) Visual spatial atten-
tion in migraine sufferers in postictal and interictal phases: an
event-related potential study. J Psychophysiol 15(1):22-34

de Tommaso M, Ambrosini A, Brighina F et al (2014) Altered process-
ing of sensory stimuli in patients with migraine. Nat Rev Neurol
10(3):144-155. https://doi.org/10.1038/nrneurol.2014.14 (Epub
2014 Feb 18 PMID: 24535465)

Dodick DW (2018) A phase-by-phase review of migraine pathophysiol-
ogy. Headache 58:4-16. https://doi.org/10.1111/head.13300
Drake JM, Pakalnis AE, Padamadan H (1989) Long-latency auditory

event related potentials in migraine. Headache 29(4):239-241

Fong CY, Law WHC, Braithwaite J, Mazaheri A (2020) Differences
in early and late pattern-onset visual-evoked potentials between
self- reported migraineurs and controls. Neuroimage. https://
doi.org/10.1016/§.nic1.2019.102122

Giesbrecht B, Kingstone A, Handy T, Mangun GR (2006) Functional
neuroimaging of human attention. In: Cabeza R, Kingstone A
(eds) Handbook on functional neuroimaging of cognition, 2nd
edn. MIT Press, pp 85-111

Guo Y, Tian Q, Xu S et al (2019a) The impact of attack frequency
and duration on neurocognitive processing in migraine suffer-
ers: evidence from event-related potentials using a modified
oddball paradigm. BMC Neurol 19(1):1-11. https://doi.org/10.
1186/s12883-019-1305-7

Guo Y, Xu S, Nie S et al (2019b) Female versus male migraine:
an event-related potential study of visual neurocognitive
processing. J Headache Pain 20:38. https://doi.org/10.1186/
$10194-019-0995-y

Hadjikhani N, Vincent M (2019) Neuroimaging clues of
migraine aura. Headache Pain. https://doi.org/10.1186/
$10194-019-0983-2

Harriott AM, Takizawa T, Chung DY et al (2019) Spreading depression
as a preclinical model of migraine. J] Headache Pain 20:45

Headache Classification Committee of the International Headache
Society (IHS) (2018) The International Classification of Head-
ache Disorders, 3rd edn. Cephalalgia 38: 1-211

Hoffman JE (1990) Event-related potentials and automatic and con-
trolled processes. In: Rohrbaugh JW, Parasuraman R, Johnson
R (eds) Event related brain potentials. Oxford University Press,
New York, pp 145-157

Huang L, Juan Dong H, Wang X, Wang Y, Xiao Z (2017) Duration and
frequency of migraines affect cognitive function: evidence from
neuropsychological tests and event-related potentials. ] Headache
Pain 18(1):54. https://doi.org/10.1186/s10194-017-0758-6

Kam JW, Mickleborough MJ, Eades C, Handy TC (2015) Migraine and
attention to visual events during mind wandering. Exp Brain Res
233(5):1503-1510. https://doi.org/10.1007/s00221-015-4224-x
(Epub 2015 Feb 21)

Kappenman ES, Farrens JL, Zhang W et al (2021) ERP CORE: an open
resource for human event-related potential research. Neuroimage
225:117465

Kelley TA, Serences JT, Giesbrecht B, Yantis S (2007) Cortical mecha-
nisms for shifting and holding visuospatial attention. Cereb Cortex
18:114-125. https://doi.org/10.1093/cercor/bhm036

Krigolson OE, Williams CC, Norton A et al (2017) Choosing MUSE:
validation of a low-cost, portable EEG system for ERP research.
Front Neurosci 11(109):1-10

Luck SJ, Kappenman ES (2017) Electroencephalography and event-
related brain potentials. In: Cacioppo JT, Tassinary LG, Berntson
GG (eds) Handbook of psychophysiology. Cambridge University
Press, pp 74-100

Mickleborough MJS, Hayward J, Chapman C et al (2011) Reflexive
attentional orienting in migraineurs: the behavioral implications
of hyperexcitable visual cortex. Cephalalgia 31:1642-1651

Mickleborough MJS, Chapman CM, Toma, et al (2013) Interictal neu-
rocognitive processing of visual stimuli in migraine: evidence


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fneur.2020.549038
https://doi.org/10.3389/fneur.2020.549038
https://doi.org/10.1186/s10194-020-01187-2
https://doi.org/10.1186/s10194-020-01187-2
https://doi.org/10.1046/j.1468-2982.1994.1406415.x
https://doi.org/10.1046/j.1468-2982.1994.1406415.x
https://doi.org/10.1016/j.nlm.2008.07.006
https://doi.org/10.1016/j.nlm.2008.07.006
https://doi.org/10.1186/s10194-019-0997-9
https://doi.org/10.1186/s10194-019-0997-9
https://doi.org/10.1038/nrneurol.2014.14
https://doi.org/10.1111/head.13300
https://doi.org/10.1016/j.nicl.2019.102122
https://doi.org/10.1016/j.nicl.2019.102122
https://doi.org/10.1186/s12883-019-1305-7
https://doi.org/10.1186/s12883-019-1305-7
https://doi.org/10.1186/s10194-019-0995-y
https://doi.org/10.1186/s10194-019-0995-y
https://doi.org/10.1186/s10194-019-0983-2
https://doi.org/10.1186/s10194-019-0983-2
https://doi.org/10.1186/s10194-017-0758-6
https://doi.org/10.1007/s00221-015-4224-x
https://doi.org/10.1093/cercor/bhm036

Experimental Brain Research (2022) 240:2499-2511

2511

from event-related potentials. PLoS ONE 8(11):e80920. https://
doi.org/10.1271/journal.pone.0080920

Mickleborough MJS, Chapman CM, Toma AS et al (2014) Cognitive
processing of visual images in migraine populations in between
headache attacks. Brain Res 1582:167-175

Mickleborough M, Ekstrand C, Gould L et al (2016) Attentional net-
work differences between migraineurs and non-migraine controls:
fMRI evidence. Brain Topogr 29(3):419-428

Oelkers R, Grosser K, Lang E et al (1999) Visual evoked potentials in
migraine patients: alterations depend on pattern spatial frequency.
Brain 122(6):1147-1155

Omland PM, Uglem K, Linde M, Tronvik E, Sand T (2016) Visual
evoked potentials in migraine: is the “neurophysiological hall-
mark” concept still valid? Clin Neurophysiol 127(1):810-816

Papaliagkas V, Kimiskidis V, Tsolaki M, Anogianakis G (2008) Useful-
ness of event-related potentials in the assessment of mild cognitive
impairment. BMC Neurosci 9:107

Patel SH, Azzam PN (2005) Characterization of N200 and P300:
selected studies of the Event-Related Potential. Int J Med Sci
2(4):147-154. https://doi.org/10.7150/ijms.2.147

Picton TW (1992) The P300 wave of the human event-related potential.
J Clin Neurophysiol 9(4):456-479

Piras MR, Magnano I, Canu EDG et al (2003) Longitudinal study of
cognitive dysfunction in multiple sclerosis: neuropsychological,
neuroradiological, and neurophysiological findings. J Neurol Neu-
rosurg Psychiatry 74:878-885

Raggi A, Ferri R (2020) Information processing in migraine: a review
of studies on P300. Appl Psychophysiol Biofeedback 45(3):131-
144. https://doi.org/10.1007/s10484-020-09469-w

Sand T, Zhitny N, White LR, Stovner LJ (2008) Visual evoked poten-
tial latency, amplitude and habituation in migraine: a longitudinal
study. Clin Neurophysiol 119:1020-1027

Sand T, White LR, Hagen K, Stovner LJ (2009) Visual evoked poten-
tial and spatial frequency in migraine: a longitudinal study. Acta
Neurol Scand 120:33-37

Siniatchkin M, Kropp P, Gerber WD (2003) What kind of habituation
is impaired in migraine patients? Cephalalgia 23:511-518

Titlic M, Mise NI, Pintaric I et al (2015) The event-related poten-
tial P300 in patients with migraine. Acta Informatica Medica
23:339-342

Vila-Ball6 A, Marti-Marca A, Torres-Ferrtis M, Alpuente A, Gallardo
VI, Pozo-Rosich P (2021) Neurophysiological correlates of abnor-
mal auditory processing in episodic migraine during the interictal
period. Cephalalgia 41(1):45-57. https://doi.org/10.1177/03331
02420951509

Vuralli D, Ayata C, Bolay H (2018) Cognitive dysfunction
and migraine. J Headache Pain. https://doi.org/10.1186/
$10194-018-0933-4

Woodman GF (2010) A brief introduction to use of ERPs in studies of
perception and attention. Atten Percept Psychophys 72(8):1-29.
https://doi.org/10.3758/APP.72.8.2031.A

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1271/journal.pone.0080920
https://doi.org/10.1271/journal.pone.0080920
https://doi.org/10.7150/ijms.2.147
https://doi.org/10.1007/s10484-020-09469-w
https://doi.org/10.1177/0333102420951509
https://doi.org/10.1177/0333102420951509
https://doi.org/10.1186/s10194-018-0933-4
https://doi.org/10.1186/s10194-018-0933-4
https://doi.org/10.3758/APP.72.8.2031.A

	ERP evidence of heightened attentional response to visual stimuli in migraine headache disorders
	Abstract
	Introduction
	Methods
	Study design
	Participants
	Reported headache characteristics
	EEG recording apparatus
	The oddball task procedure
	ERP analysis

	Results
	Discussion
	N200 amplitude as indication of an exaggerated attentional shift in migraineurs
	P300 amplitude indicates intensified active attentional processing in migraineurs
	Migraine with vs. without aura
	Limitations of the study

	Conclusion
	References




