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Abstract

Introduction: Many migraine patients report cognitive complaints during the first hours or days following a migraine attack.
The aim of this study was to assess whether and which cognitive (perceptual, attentional, or memory) processes are
impaired during the first 48 hours after a migraine attack.

Methods: Three different cognitive tasks (global-local task, the attentional network task, and N-back task) were admin-
istered to |6 migraine patients (I3 migraine without aura; mean age 58 years, |5 female) and 18 controls (59 years, 15
female), matched on age, gender, and educational level. Tasks were administered at three time points; during the first
headache free day following a migraine attack (first session), 24 hours later (second session), and |12 days after the attack
(third session).

Results: The attentional network and N-back tasks showed no significant differences between migraineurs and controls. In
the global-local task, controls showed faster reaction times to global than to local stimuli, which is the standard global-
precedence effect. This effect was absent in the migraineurs in all three sessions, especially if they used prophylaxis.
Conclusion: Migraineurs had no impaired attentional or working-memory functioning in the 2 days after an attack. They
did show impairments in the processing of global visual features compared with controls, both between and immediately
after an attack.
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Intr ion . . . .. .
troductio attack failed to find differences in cognitive function,

Many migraine patients report mild cognitive com-
plaints, such as slowing of reaction and memory prob-
lems, during both the ictal- and the post-ictal phase
(1,2). Studies comparing cognitive functioning of
migraine patients in the inter-ictal phase with controls
are abundant but showed inconsistent findings. Some
studies reported inter-ictal cognitive deficits in the
domains of psychomotor speed (1,3), executive function
(4), language (5), visual processing (6), attention (2,3),
and memory (2,7), while other studies demonstrated no
differences in cognitive functioning between migrain-
eurs and controls (8—10).

However studies of specific after-effects of a
migraine attack on cognitive functioning are scarce.
One study investigating after-effects of a migraine

even though patients did report subjective impairments
(2). However, there is some evidence for post-ictal phys-
iological alterations, like altered regional cerebral
bloodflow (11) and reduced alpha activity in the elec-
troencephalograph (12), which might suggest tempo-
rary cognitive deficits. The available findings suggest a
number of candidate processes but a systematic model

'"Haga Hospital, The Netherlands.
2Leiden University Medical Center, The Netherlands.

Corresponding author:

B Hommel, Leiden University, Cognitive
Wassenaarseweg 52, NL-2333 AK Leiden

Email: hommel @fsw.leidenuniv.nl, b.hommel@fsw.leidenuniv.nl

Psychology  Unit,



XML Template (2011) [8.7.2011-4:57pm] [1-9]
{APPLICATIONCEP/CEP 417900.3 () [PREPRINTER stage]

Cephalalgia 0(0)

on the impact of migraine on human information pro-
cessing is lacking. Therefore, we chose a number of
theoretically motivated, well-understood cognitive
tasks that investigated the complete process from per-
ception and attention to working memory.

The aim of the present study was to identify specific
cognitive processes (perceptual, attentional, or
memory) that might be impaired by migraine attacks
during the first 48 hours after the attack, as compared
to an inter-ictal baseline.

Methods
Participants

Sixteen migraine patients diagnosed according to the
International Headache Society (ICHD) II criteria
(13) were recruited from the neurology headache out-
patient clinic databases of the Leiden University
Medical Center, Leiden, the Netherlands. Eighteen
healthy controls were matched on age, gender, and edu-
cational level. Controls without a history of headache
attacks were recruited among relatives of investigators
and patients. Excluded were subjects who were: suffer-
ing from depression, illiterate, had a history of stroke
or other brain injuries, or had more than 10 migraine
days per month. Approval for the study was obtained
from the local medical ethics committee of the Leiden
University Medical Center; all participants provided
informed consent.

Design

If patients agreed to participate, they were instructed to
contact the study coordinator at the end of a migraine
attack on the first headache-free morning after a
migraine attack. It was required that patients were
headache-free, had had a good night sleep, and did
not use attack medication during the last night to
ensure testing was not influenced by pain, tiredness,
or medication effects. Patients were then visited at
home the same day to obtain the cognitive tests
during the first session. The cognitive tests were
repeated 24 hours later (second session) and 12 days
post attack (third session). Within each participant
the second and third session were on the same hour
of the day as the first session. If a new migraine
attack had occurred in between sessions 2 and 3, the
third session had to be at least 3 days after the new
attack. Session 3 was not allowed to take place
during the prodromal phase of a following attack. To
limit the time between the baseline and two post-attack
sessions, a design was chosen in which the first test
session was always the first day after the attack and,
consequently, the second and third session were also in

a fixed order. To control for any learning effect as a
result of this repeated testing, control participants with-
out migraine history were tested with the same proto-
cols on three sessions with the same time intervals in
between. Participants were tested by four specially
trained students. All participants received the same
instructions. Participants were tested by the same stu-
dent during all three sessions. Participants were seated
in front of a laptop monitor (Dell Latitude D-600,
screen size 14.1 inch, resolution 1024 x 768, luminance
99.1cd/m2, 85Hz) and performed all tests under the
same quiet circumstances. Participants were instructed
to keep caffeine or nicotine use before the second and
the third session at the same level as before the first
session, so that the intra-individual consumption was
likely to be constant over the three sessions. Before
cognitive testing started, questionnaire data were
obtained on general migraine characteristics, preceding
migraine attack characteristics, general history, and
medication use. Instructions for each test were accord-
ing to protocol: they were read aloud by the investiga-
tor and were also shown on the computer monitor.

Neuropsychological testing

The tasks were constructed with E-prime software. The
three following computerized different tests were
administered during a 60-minute session at three differ-
ent time points.

Perceptual organization (global-local) task

Perceptual organization capabilities were assessed by
means of a global-local task (14). Participants were pre-
sented with hierarchically organized visual figures, in
which a larger (global) letter was composed of smaller
(local) letters. Letters used were H, S, and O. Stimuli
could be congruent (if the local letters were identical to
the global letter), incongruent (if the local letter and the
global letter were different), or neutral (if a large or
small O was presented).

Before the presentation of each stimulus, the partic-
ipant was instructed to identify the global letter or the
local letter, which always was an H or an S, and to
press the respective response key on the keyboard.
The letter at the to-be-ignored level could be an H, S,
or O. This resulted in a total of 12 different letter com-
binations, which could be categorized in terms of global
vs. local level (of the relevant stimulus) and congruent
vs. incongruent vs. neutral relationship between the
stimulus at the relevant level, and the stimulus at the
irrelevant level.

One session consisted of 10 mini-blocks of 12 stim-
uli, presented in random order each. The visual instruc-
tion to respond to the local or global letter was
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presented for 2000 ms, followed by a 1000-ms blank
screen and the stimulus, which was presented for
8000 ms or until a response was being made. Each stim-
ulus measured 2 x 4 cm and was seen from a distance of
about 60cm. Each global letter consisted of 44 local
letters. Reaction time and the accuracy of responses
were recorded, with reaction times for correct responses
being the main dependent variable.

Attention task (ANT)

The Attentional Network Task developed by Fan and
colleagues (15) assesses three separable attentional
functions (and, presumably, the underlying neural net-
works): alertness, orienting, and executive control of
attention. The task is a combination of a flanker task
(16) and a spatial cueing task (17). In each trial, partic-
ipants are facing a visual cue followed by a visual target
stimulus, which they respond to by pressing a left or
right keyboard button.

The target stimulus consists of a horizontal row of
five symbols, and participants are to respond to the
central symbol, which is an arrowhead pointing to the
left or right (calling for a left or right button press,
respectively). The central arrow is flanked by four irrel-
evant symbols, two on either side. These flankers can be
either congruent (arrowheads pointing into the same
direction as the target, e.g. > > > > >), incongruent
(arrowheads pointing into the opposite direction,
e.g. < <> < <), or neutral (e.g. — —>— —). The row
of symbols randomly appears at the top or bottom of
the screen and it may or may not be preceded by a cue
informing about target location. In particular, there are
four cue conditions: the no-cue condition, where the
cue is omitted, the centre-cue condition, in which an
asterisk appears at the centre of the screen, the
double-cue condition, where two asterisks appear at
the centre of the possible target-stimulus locations,
and the spatial-cue condition, where just one asterisk
appears at the location where the target stimulus will be
appearing.

The combinations of the three flanker conditions
and four cue conditions provide the data base for cal-
culating three indices of theoretical relevance (alertness,
orientation, and executive control) (15).

Each trial would begin with the presentation of a
cue, except in the no-cue condition, for 100 ms. After
a blank interval of 400 ms, the target was presented for
1700 ms or until a response was being made. Three
blocks of 96 randomly determined trials were pre-
sented. Target and flankers were presented in black
on a white background. Each symbol measured about
5 x 7Tmm, seen from a distance of about 60 cm. Before
each session, a 2-minute training block was included in
the protocol. Reaction time and accuracy were

recorded, the primary dependent variable being reac-
tion time for correct responses.

Working memory (N-back) task

The N-back task requires the monitoring, updating,
and manipulation of remembered information and
places great demands on working memory. The partic-
ipant is required to monitor a series of letters shown on
the screen and to respond whenever a stimulus appears
that is the same as the one presented in trials before. In
our study the n was 0, 1, 2, or 3. The 0-back condition
served as a kind of control or baseline condition, the
target letter was the letter X’ and participants were to
respond to any ‘X’ they would see by pressing the space
bar of the computer keyboard. In the three remaining
conditions, the target letter was defined as any letter
that was identical to the one presented in the preceding
trial (1-back, that is), two trials before (2-back), or
three trials before (3-back).

There was a block for each of the four levels. Each
block consisted of 60 stimuli of which 12 were target
stimuli, that is, the probability of a target stimulus was
20%. Letters appeared in black on a white background,
measured 3 x 3cm and were seen from a distance of
about 60cm. Each letter was shown for 1000 ms, fol-
lowed by 1000 ms blank. Reaction time to target letters
and percentage of correct responses were recorded, with
accuracy being the main dependent variable.

Patient characteristics

During a face-to-face interview, migraine characteris-
tics were evaluated for the preceding attack as well as
migraine history and general health. The visual ana-
logue scale was used by participants to report the
pain experienced during the preceding attack, with a
value of 0 implying no pain and a value of 10 implying
agonizing pain. Furthermore, preceding migraine sever-
ity was assessed by a 4-point scale; no pain, mild pain,
moderate pain, or severe pain. Educational level was
dichotomized to low (primary school) vs. higher.

Statistical analysis

Baseline characteristics were analysed using t-tests for
continuous variables and chi-squared/Fisher exact tests
for dichotomous variables. Reaction time and percent-
age correct for all computerized tasks were analysed
using analysis of variance (ANOVA) for repeated mea-
surements. For the omnibus analysis of the global-local
task, a 3 x2222 ANOVA was used with session (3),
level (global/local, 2), and congruence (2) as within-
subject factors and group (migraine vs. control) as
between-subject factor. The paired sample t-test was
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used for comparing the global-local effect in each
group. For the omnibus analysis of each of the three
indicators of the ANT, 32222 ANOVAs were used
with session (3) and condition (2) as within-subjects
factors and group (migraine vs. control) as between-
subjects factor. For the omnibus analysis of the
N-back task a 32422 design was used with session
(3) and level (4: 0, 1, 2, or 3) as within-subjects factors
and group (migraine vs. control) as between-subject
factor. t-tests were used for more detailed comparisons.
The significance level was set to p=0.05 for all statis-
tical tests.

Results

Demographics of migraine patients and controls did
not differ significantly, as shown in Table 1. Mean
age of patients was 58 years and 13 (81%) had migraine
without aura. The characteristics of the attack preced-
ing the first test are shown in Table 2. None of the three
migraineurs with aura actually had an attack with aura
preceding the study. Mean duration between the end of
the attack and first testing was 17 hours (SD 6.9, range
5-27). The second test session took place 23.3 hours
(SD 2.1, range 21-30) after the first, and the third ses-
sion 12 days (SD 14, range 3—70) after the second. Two
participants suffered another migraine attack before the
third visit, causing the third visit to be postponed.

shown in Figure 1: controls showed faster reaction time
when responding to global than to local stimuli
[t(1,15)=3.86, p=0.035 (one-tailed)], a replication of
the standard global-precedence effect (14). Migraineurs
actually showed a trend towards the opposite pattern
with longer reaction times to global than to local stim-
uli, but this difference did not reach significance
(p=0.12). In other words, the standard global-
precedence effect was eliminated in migraine patients.
Even though the figure suggests a modulation by ses-
sion, there was no three-way interaction (p =0.26) of
global vs. local, migraine vs. controls, and session, sug-
gesting that the difference between migraineurs and
controls was statistically comparable across sessions.
Interestingly, the interaction of group and level
approached significance if only the prophylaxis-using
migraineurs were considered (p=0.055) but was far
from significance if non-prophylaxis users were com-
pared with controls (p =0.2).

The one participant not using triptans did not per-
form differently compared to triptan users on the
global-local test.

Table 2. Characteristics of preceding migraine attack

Characteristic Migraine patients (n=16)

L Attack duration (hours) 39+35
Perceptual organization (global-local) task Visual analogue scale 6419
Mean reaction times for the global-local task are shown  Moderate or severe attack 13 (81)
in Table 3. Reaction times decreased with each session  Aura accompanied attack 0(0)
in both migraineurs and controls [F(2,27)=16.94, Nausea 10 (63)
p <0.0001] and congruence between the letters at the  vomiting 3(19)
two lev§:ls (global and local) yielded faster responses Photophobia 10 (63)
tha.n incongruence [F(1,28)=81.56, p <0.0001]. Phonophobia 10 (63)
Neither Migraine group vs. controls nor global vs. Triptans used 15 (94)
local produced a main effect [F(1,28) < 1]. There was o i
a migraine vs. controls-by-global vs. local interaction Migraine prophylaxis use 9 (56)
[F(1,28)4.99, p =0.034]. The source of this interaction iS  Values are n (%) or mean = standard deviation.
Table I. Characteristics of participants
Migraine patients (n= 16) Controls (n=18) p-value
Female gender 15 (94) 15 (83) 0.6
Age (years) 58 +9.1 59+74 0.7
Education moderate/high 9 (56) I (6l) 0.8
History of depression 4 (25) 2(11) 0.4
Current antidepressive use 2 (13) 2(11) 1.0
Migraine without aura 13 (81) — NA

Values are n (%) or mean = standard deviation. NA, not applicable.
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Table 3. Global-local reaction time (ms)

Session Flanker type

Migraine patients (n=16) Controls (n=18)

Total
Global
Local

| (day | post attack)

Congruent
Incongruent
Total

Global

Local

2 (day 2 post attack)

Congruent
Incongruent
Total

Global

Local

3 (interictal, baseline)

Congruent

Incongruent

1199 +£93 1137 +87
1226 +94 1100+ 88
1173 +95 1174 +89
1078 +-88 1062 +82
1321 £ 103 1211 +£96
989 +74 914+ 69
993 +83 907 £77
986 + 69 922 + 64
933+68 839+63
1046 + 82 990176
959 +68 862 + 64
973+75 839470
945 + 64 887 + 60
871+ 66 802+ 62
1048 +72 924 £ 67

Values are mean =+ standard error of the mean. Reaction time for correct answers is shown.
Total, average time over all stimuli (global or local level and congruent or incongruent).

Migraine patients Healthy controls
1300 + —@— Global processing | [ —@— Global processing
—O~— Local processing =0~ Local processing
'S 1200 -
(2]
E
o 1100 1 2
=
c
S 1000 - :
[&]
I
Q
o 900 - -
800 -
1D post attack 2D post attack Baseline 1D post attack 2D post attack Baseline
Time of test Time of test
Figure 1. Plot of reaction time for the perceptual organization for migraine patients and healthy controls.

Attention task (ANT)

Alerting. Main effects of session [F(2,58)=15.21,
p<0.0001] and warning cue (present/not present)
[F(1,29)=53.99, p<0.0001] indicated that reaction
time decreased over sessions and was faster with an
alerting cue. Thus the standard alerting effect was rep-
licated (18). However, no significant effect was found
for group [F(1,29) <1] or any interaction involving
group [F(1,29 <1]. The ANOVA of the error rates

yielded no reliable effect, only a trend towards a
group-by-cue interaction showing that migraineurs
had a higher percentage of correct responses
[F(1,32)=3.55, p=0.069].

Orienting. Main effects of session [F(2,58)=20.6,
p<0.0001] and warning cue (spatial vs. neutral)
[F(1,29)=291.2, p<0.0001] indicated that reaction
time decreased over sessions and was faster with spatial
than with neutral cues. That is, the standard benefit of
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Table 4. ANT reaction time (ms) according to flanker type

Session Flanker type

Migraine patients (n=16) Controls (n=18)

| (day | post attack) Congruent
Incongruent
Neutral

2 (day 2 post attack) Congruent
Incongruent
Neutral

3 (interictal, baseline) Congruent
Incongruent

Neutral

653+29 648+ 35
781 +32 782+ 42
657 +28 647 £33
643+29 61127
747 +£32 731 £33
639126 600 + 24
607 +20 596 +26
707 +24 711+£32
601 +18 587+26

Values are mean =+ standard error of the mean.

Table 5. N-back reaction time (ms)

Session Level Migraine patients (n=16) Controls (n=18)
| (day | post attack) 0 436.6£226 4524203
I 468.0 £24.6 520.6 £22.1
2 580.1 £30.2 611.3£272
3 666.2+23.0 649.2 +20.6
2 (day 2 post attack) 0 417.4£200 4327180
| 480.0 £24.6 502.3 +£22.1
2 561.8+28.9 569.4 £26.1
3 629.2+24.7 643.3+£223
3 (interictal, baseline) 0 4075+ 13.7 4378+ 124
| 45744193 4753+ 174
2 545.6 £23.3 554.4+21.0
3 600.6 +-22.1 637.6 £20.0
Values are mean =+ standard error of the mean.
spatial orienting was replicated (17). However, no sig- that incongruent flankers induced more errors.

nificant effect was observed for the group variable
[F(1,29) < 1] or any interaction involving it. There
was an advantage of spatial over neutral cues in both

groups in the error-rate analysis [F(1,32)=9.88,
p=0.004].
Executive  control. Main  effects of  session

[F(2,58)=18,57, p<0.0001] and flanker congruency
[F(1,29)=207,2 p<0.0001] showed reaction time
decreased over sessions and was faster with congruent
than with incongruent flankers. That is, the standard
flanker-congruency effect was replicated (16). However,
no significant effect was observed for the migraine vs.
control variable [F(1,29) < 1] or any interaction involv-
ing it. The error rate analysis showed an effect on flan-
ker congruency [F(2,58)=6.13, p=0.004], indicating

Reaction times according to flanker type are presented
in Table 4.

Working memory (N-back) task

Mean reaction times decreased over session
[F(2,54)=4.54, p=0.015] and increased with level
[F(3,81)=113.09, p <0.0001], thus replicating the stan-
dard N-back effect (19). However, all effects involving
migraine group vs. control were far from significant

[F’s<1]. Error rates decreased with session
[F(2,64)=25.68, p<0.0001] and decreased with
lower  levels of  difficulty [F(3,96) =104.46

p <0.0001]. Reaction times for each session are pre-
sented in Table 5.
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Discussion

Migraineurs often complain about cognitive impair-
ment shortly after a migraine attack. Studies showed
evidence of profound post-ictal effects on cognitive
tests after epileptic attacks, however this has not been
demonstrated after migraine attacks. The aim of this
study was to assess the degree to which a recent
migraine attack affects cognitive functions at different
processing levels. We tested migraineurs in various, the-
oretically motivated experimental tasks at three points
in time post-ictally and compared their performance
with healthy controls. Three results of this study are
particularly noteworthy.

First, we did not find evidence for any reliable
changes in cognitive performance during the post-
attack phase, as indicated by the absence of any inter-
action between session, group, and cognitive measures.
In other words, no temporal negative effect on cogni-
tive function after the attack was found. This observa-
tion is in line with the one previous study reporting no
negative influence during the post-ictal phase of a
migraine attack (2). However, while Mulder et al. (2)
tested participants who still had mild headache during
testing, we defined the post-ictal phase by the absence
of headache. Moreover, while Mulder et al. (2)
recruited their participants from a student population,
we recruited migraine patients from the outpatient
headache, which resulted in a higher mean age.

Second, reliable and stable differences between
migraine patients and controls were observed with
respect to the organization of local and global visual
stimuli. The controls showed the standard global pre-
cedence effect (14) with better performance on global
than on local stimulus features (trend). Interestingly,
this standard global precedence effect was not present
in migraineurs. The fact that this difficulty did not
change across sessions suggests that it is not caused
by, or associated with, the migraine attack per se but,
rather, seems to be associated with the (enduring)
migraine disposition.

Third, none of the remaining measures (N-back,
ANT) showed any hint of an interaction with group
(migraineurs vs. controls). Even though null effects
need to be interpreted with the necessary caution, it is
important to point out that the tasks as such worked
very well i.e., we were able to replicate all the standard
effects and yet we found no association between
migraine and alerting, orientation, executive control,
and working memory measures. Thus, even though
more systematic research on this issue is required, we
tentatively conclude that alerting, orientation, executive
control, and working memory do not play a role in, and
do not seem to be impaired by, migraine. This leaves
the global-local task, investigating organization of local

and global visual stimuli, as the test differing between
migraineurs and controls, a finding which is consistent
with the previous observation that migraineurs have
higher perceptual thresholds for the recognition of
global shape (20).

The global-local task was developed by Navon (14)
and taps into the organization of visual information
into coherent objects or Gestalts and assesses this per-
formance by presenting participants with hierarchically
organized visual stimuli, such as a global letter that is
made of a number of local letters. Healthy humans
have a strong preference to perceive the global letter
first and faster, suggesting that they organize the local
information into a coherent global whole the so-called
global precedence effect (14). The first evidence for spe-
cific dysfunction in migraineurs comes from two recent
studies (20,21) showing that migraineurs did not differ
from healthy controls in a visual task tapping into very
early sensory processes (presumably performed by
brain area V1) but have higher thresholds than controls
for the perception of global shape (presumably per-
formed by the extrastriate area V4). This suggests a
locus in the cortical information-processing stream
later than visual stages (V1) but earlier than at encod-
ing into working memory, which implies higher visual
areas that are either directly involved in feature integra-
tion or that provide integration processes with global
information. As demonstrated by Badcock and col-
leagues (23), the global precedence effect can be elimi-
nated by filtering out low-spatial frequency information
in Navon-type stimuli. It is thus possible that in
migraineurs the processing through low-spatial fre-
quency tuned visual channels is impaired. This would
fit with the observation that channels that prefer higher
flicker rates (commonly tuned to lower spatial fre-
quency ranges) can have lower sensitivity in migrain-
eurs during their inter-ictal period (24). Hence, patients
may not be able to process or to integrate more global
features into perceptual representations of objects and
events.

The organization of perceptual information is fol-
lowed by attentional selection processes, in which no
difference was found in our study between migraineurs
and controls by ANT test. Human attention is thought
to fall into a least three different abilities, which are
handled by three neurally dissociable networks (15):
alerting (activating the system in response to the pres-
ence of a relevant stimulus), orienting (selecting a par-
ticular stimulus or location for further processing), and
executive control (biasing response selection towards
appropriate responses). Not one of these abilities
seems to be impaired by migraine.

The outcome of attentional selection processes are
thought to be transferred to working memory, which
organizes further processing or storage of the selected
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information. To assess the impact of migraine on work-
ing memory efficiency, we employed the well-
established N-back task (for an overview, see Kane
et al. (19)), which requires participants to hold infor-
mation and continuously update this information based
on new incoming stimuli. In this study, however, no
difference in N-back task was found between migrain-
eurs and controls.

Several caveats are in order and some limitations
apply. It is possible that migraine-specific prophylaxis
played a role in producing the observed elimination of
the global-local effect in migraineurs. Various adverse
effects of prophylaxis on cognition have been reported
(22) and a direct effect of the prophylactic medication
can be suggested. Migraine characteristics between pro-
phylaxis users and non-users as age of migraine onset,
total migraine years, current attack frequency, current
attack duration, and current presence of photophobia
or phonophopia did not differ. However this does not
rule out that some clinical characteristics before the
start of prophylaxis were in fact different (for example
attack frequency) compared to the non-prophylaxis
using group. The types of prophylaxes used by our par-
ticipants were too heterogeneous to correct for their
respective type-specific potential effects.

The absence of a post-attack effect could be
explained by the high percentage of triptan users in
our study, 94% of the participants used triptan
during the attack preceding the tests. Possibly the use
of triptans prevented the development of cognitive
complaints, and differences would probably be easier
to detect after untreated attacks. However, participants
willing to skip their attack treatment will probably lead
to the inclusion of less severely affected migraineurs.
Another explanation for the absence of a post-attack
effect is the long time which passed between the end of
the attack and actual testing. However, testing sooner
would invite possible artefacts, such as side effects of
headache, mood, medication, and exhaustion. A fatigue
score in each participant before each session was not
obtained, and therefore adjusting for this possible
important factor was not possible.

Another caveat relates to testing procedures. With
regard to the fact that we tested participants repeatedly,
it is important to point out that there were pronounced
session effects, i.e. learning improved performance con-
siderably. This underscores the need for a control
group in studies investigating post-attack changes, as
this permits the correction for learning effects, which
might be particularly strong if participants are rela-
tively old and not used to computerized testing. Even
though the examiners were not blinded for diagnosis,
all the relevant tests were computerized and the
sequence of trials was fully randomized which should
have prevented systematic biases.

Moreover, recruiting patients for tests on cognitive
functioning might bias the study towards patients with
a higher education and, indeed, in our study the edu-
cational level was above average. Furthermore,
migraineurs recognizing cognitive decline themselves
(after an attack) might be more likely to participate in
a study focusing on (post-attack) cognitive effects.

Finally, due to the rather high demands posed by
our experimental protocol and the relatively selective
recruiting procedure, only a limited number of patients
could be tested. In addition, the requirement to match
the members of the control group to the patients cre-
ated a sample that was considerably more heteroge-
neous than the student samples that have been used
to develop the tasks we employed. All this is likely to
have increased the error variance and made our statis-
tical tests relatively conservative. Therefore, the
absence of statistically significant effects, such as with
the numerically reversed global precedence effect in
migraineurs or the interaction between group and ses-
sion, should be interpreted with caution. In any case,
the strength of the present study is the design with
matched controls that were tested within the same
time intervals and the exclusion of effects of the
actual headache phase by delaying post-ictal testing
until the first headache free day. Future studies on
post-ictal cognitive functioning should probably
exclude prophylaxis users and consider starting testing
somewhat sooner after the (untreated) attack. While in
previous studies on cognitive function in migraineurs,
specific differences were found between migraineurs
with aura and migraineurs without aura, in future stud-
ies groups of both migraine with aura and without aura
should be reasonable large to make comparisons
between these groups.

In conclusion, no evidence for temporary changes in
cognitive performance could be found during the post-
ictal phase (on average 17 hours after the end of the
attack) in migraineurs on attentional function, working
memory, or perceptual organization capabilities using
this study design. However we found that the normal
global precedence was absent in migraineurs, specifi-
cally in prophylaxis users — a deficit that is likely to
impair the processing of the visual context and
Gestalts.
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